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Preface

Within the framework of my study at the departmehtHuman-Technology Interaction |
conducted this present research. Although | haddbeof writing this thesis all by myself,
thankfully this doesn’t hold for the entire resdaproject. Without the help of some people
this would not have been possible. First of alldwd like to thank my supervisors Antal
Haans, Wijnand IJsselsteijn and Harm van Essen tr@amlTU Eindhoven for their support
and assistance during the full length of the projémtal your practical and theoretical
support were a big help for me, not to mention yoampany in the office. My gratitude also
goes out to Martin Bosman for his assistance inUkelLab, Loy Rovers for the technical
assistance and for allowing me to use part of bEgh for my research. Of course | would
like to thank my girlfriend Marieke for her suppatnd her mother Mieke Besuijen for
assembling the garment for the tactile vest. ThaRksJanssen, for your company during my
study and during this entire project. Last but leatst, | would like to thank my parents for
their endless support.

This leaves me some space to write down a few wabisit haptics. The subject
‘grabbed’ my mind during one of the projects | veasigned to within the framework of one
of Wijnand IJsselsteijn’s classes about Human Teldyy Interaction. This first project
about haptics was very general and it comprisededensive research on the current
possibilities of haptic devices, the human percapand social characteristics of touch, the
technical aspects of haptic devices and user expegs. It resulted in the formulation of
requirements for designing haptic communicationias: The second project about haptics, |
participated in exploring the emotional meanindhaptic language and the project comprised
the creation and exploration of different haptinsti and their emotional meaning. So, the
first project being rather general and the secoeitidorather technical (i.e., dealing with
frequencies, amplitudes, durations, and envelopesgs eager to focus on the social and
psychological aspects of touch and haptic commtinitalevices. An idea for a final thesis
was born.

Now, more than a year later, | am at the end of thesis and of my study at the
Technical University of Eindhoven and it was a gmegerience working on this subject and
conducting research. Along the way, Antal and | enétdto the Cursor (Information and
opinion magazine of TU Eindhoven) with our tactikst. Even more rewarding, the last four
weeks Antal, Wijhand and | worked on a paper forEBENCE 2006, the 9th Annual
International Workshop on Presence, which has resmisubmitted.



Summary

Touch is the first sense humans develop and weouss to localizeand recognize objects
and to get feedback from the environment (e.g.king] typing). Furthermore, touch implies
an important form of social presence, it plays @pnent role in human communication and
it is essential for the development of infants &mdthe wellbeing of humans. The need for
human contact through touch is acknowledged bygdess of communication devices. As a
result, tactile sensation is added to the rangeewiote communication possibilities, which
previously relied on visual and auditive cues. Bylementing tactile and kinesthetic cues,
designers of haptic communication devices oftenyintipat mediated tactile stimulation will
be experienced as a form of social touch. Yet, -defigned empirical research that has
provided evidence about the actual similaritiesvMeen real and mediated social touch does
not exist. This is the first study to investigate texistence of such similarities. For this
purpose, we designed a tactile vest that allowglpego touch each other over a distance. The
vest is equipped with several vibrotactile actuatbiat can transfer different types of tactile
stimuli (i.e., mediated touches) to different arefia person's upper body. In an experiment,
participants’ affective responses and judgmentgriwbicy invasion to mediated touches by a
fictional opposite-sex or a same-sex stranger \@ssessed. This allowed us to investigate
whether the gender differences generally found dgponses to unmediated same- and
opposite-sex touch are also present in mediateditgins. Response similarities would
contribute evidence that mediated touch is perceinesimilar ways to unmediated touch.

The results from this study on mediated touch showeffect of dyad composition
(i.e., whether the interaction partner was a maa @aroman), on affective responses within
the male sample. Although non significant, the effgas about ten times larger within our
male sample than within our female sample, explgimespectively 3.8% and 0.4% of the
variance in the total sample. In separate analysesffects were more pronounceds .11,

2 = 9.9% within the male sample apd= .73, #2 = 0.1% within the female sample. As
substantiated by existing studies on social tounhles were more reluctant to receive
mediated touch from another male than from a femalkeen relationship stage (i.e., single
vs. dating) of the participant was added to the ehodie found a marginally significant

interaction between participant’s gender and fi@iocinteraction partner's gendgp € .08,

2 = 5.3%). Additionally, we found an effect of retatship within the male sample € .05,

" = 7.4%), i.e., male participants with a relatidpsiperceived mediated touch as less
pleasant than single male participants. Similarlysea performed on judgment of privacy
invasion, showed no significant effects of genddyad composition and relationship.

However, male and female participants did percaigenall invasion of privacy.

Results further indicated that participants’ afifexztresponses and judgments of
privacy invasion varied with the stimulated bodgdtion. Touches on the stomach and arm
were significantly less pleasant than touches enutbper and lower back regions< .01).
Also a touch on the stomach was experienced agpleasant than a touch on the upper arm
(p < .01). Touches on the stomach elicited signifilgahigher feelings of privacy invasion,
than touches on the arm, wrist, upper and lowek Ibagions p < .01). This indicates that
participants probably perceived a mediated touam@® than just a vibration motor.



To be able to control for individual differencestive degree to which a person is comfortable
with touch, we adopted three attitude scales meapuwach participant’s attitude towards
tactile behavior. These scales were not able tdigreutcomes to the mediated touches as
presented in our experiment, probably due to thefdedictive value of the scales.

To conclude, with this present study we providedagve evidence, using the rather
limited means of a tactile vest, that similaritiestween real and mediated social touch
actually exist.



1. Introduction

An increasing amount of our social interactionsiediated, for example through (cell)
phones, video conferencing, text messaging, chatroril. These media forms rely heavily
on visual and / or auditive cues. There is howeaagther rich communication channel:
touch. We use touch for our everyday tasks, suchpaming a door, typing or playing a
musical instrument. Since touch implies direct aohtvith our bodies, it is probably the most
personal and intimate means of human interactiauchi can result in strong emotional
feelings, both positive and negative; a touch bgvad one can be a comforting experience,
opposed to the experience of fear when touched $tyaager. Although touch plays a vital
role in human social interaction and it has theeptél to improve computer mediated
communication, touch has been barely exploredritote communication between humans.

The field where humans interact using a senseusfhtds called the field of haptics.
Such interactions may be either direct or medidtieugh haptic devices). Over the years,
some prototypes of haptic communication devicesHasen developed. By implementing
tactile and kinesthetic cues, designers of hamimrounication devices often presume that
mediated tactile stimulation will be experiencedderm of social touch. However, empirical
proof that mediated touch actually works in suahag has not been provided yet. This is the
first study to investigate whether the gender diffees generally found in unmediated same-
and opposite-sex touch are also present in medsdtigations. We present different types of
tactile stimulus patterns to several loci of a ipgrant’s upper body through a tactile vest (a
vest equipped with vibrotactile actuators). Pguticits are led to believe that the study is
about the evaluation of a haptic communicationesysiand that another unknown participant
(i.e., male or female) is remotely touching therfteAeach stimulus the participant's affective
response (i.e., pleasant, unpleasant) to a paticoédiated touch coming from a particular
person is assessed. The goal of this study is tongwe response similarities between
mediated and unmediated social touch. Responséasties would contribute evidence that
mediated touch is perceived in similar ways to udiated touch, which has implications for
the design of haptic HCI as well as the study athoitself.

In the following chapter ‘the physiology of toucld,theoretical background will be
given on how we are able to sense touch. Chapti¥s8ribes the psychology of touch. It
comprises an extensive discussion about touch medrated interpersonal communication
(e.g., meanings of touch, responses to touchyddtit towards touch and gender differences).
Subsequently in Chapter 4, mediated touch in hucaanmputer interaction will be described.
In Chapter 5 the objective and specific researastjons of the present study are discussed.
In Chapter 6 the method of the experiment is dbsedti going through the design, the
participants, materials and apparatus, the usedulsti followed by a description of the
procedure and the measures. The results of thg satilidbe described in Chapter 7. Finally,
Chapter 8 is a discussion on the findings, theplications, and the limitations of the study.
Also recommendations for future research are prghos



2. Physiology of touch

In this chapter, a brief introduction will be givemthe theoretical background of how we are
able to sense touch. Additionally, basic terms defihitions will be introduced that facilitate
better understanding of the remainder of this thesi

The perception of touch results from mechanicadcteical, chemical or thermal
input. These inputs either work on the outsiderothe inside of the body and with that they
activate different neural systems. Inputs that wonkthe outside of the body activate the
cutaneous systenmputs that work on the inside of the body adtvthekinesthetic system
(Loomis and Lederman, 1986).

The cutaneous system refers to the receptors oedtawithin the skin (e.g.,
thermoreceptors, mechanoreceptors, pain receptdisg¢se receptors are sensitive to
vibration, temperature, pain and indentation (Btewand Brown, 2004). Receptors that are
sensitive to mechanical pressure or deformatiath@fkin are called mechanoreceptors. The
sensitivity for stimulation of the cutaneous syst@epends among other things on where the
stimulus is presented to the human body. Diffeskin locations have different sensitivity,
acuity and magnitude of tactile and thermal seosati(Klatzky and Lederman, 2003).
Sensitivity refers to detectability of pressuredeformation of the skin. Sensitivity is highest
on places where density of mechanoreceptors is (&ggh, lips and fingers) and lowest on
places where density is low (e.g., back and stojnaetuity, or two-point discriminability,
refers to the ability to resolve two closely spacethneous stimuli. It is measured with the
two-point threshold. The fingers have the lowesb-pwint threshold (about 2 mm). Places
with high sensitivity are often efficient at prosgg) spatial information, but not always. (For
reviews see Loomis and Lederman, 1986; SherrickGiralewiak, 1986; Johnson, Yoshioka,
and Vega-Bermudez, 2000; Johnson, 2001; Klatzkylaagrman, 2003).

The kinesthetic system refers to the perceptionoth movement and position of the
limbs. The receptors of the kinesthetic systema@rated inside the muscles and joints. These
receptors give information to the central neurateym about the changes in length and forces
in muscles and joints. From these signals we becomae of the position and movement of
our limbs, but it also gives us information abobjeats we touch (e.g., shape, weight).

Information perceived through touch is mediatedtiy kinesthetic and cutaneous
systems separately or combined. Perception whetle citaneous and kinesthetic senses
carry information about objects and events is refeto ashaptic perceptionMost of our
perception of touch can be ascribed to haptic ptiae



3. Psychology of Social Touch

3.1 The importance of touch

“The skin, the flexible, continuous caparison of bodies, like a cloak covers us all over. It
is the oldest and most sensitive of our organsfisgtr medium of communication, and our
most efficient protector” (Montagu, 1986, p. 3). rOlargest organ protects us from
mechanical damage (e.g., pushing and bumping)nsigtiermal influences (e.g., heat and
cold), and from harmful influences from our envineent (e.g., chemicals, UV radiation). The
skin also regulates our body temperature and kieaps constant level.

The skin is one of the five traditional sensoryag we have. Our other sensory
organs - mouth, nose, eyes, and ears - compriséivedy small areas of our bodies in
comparison to our skin. The surfaces on which theseses receive stimuli from the
environment are limited to the place where theylaczated on our body. In contrast, the skin
covers all of our body and can be seen as onesuafice on which to receive messages
(Thayer, 1986). With the skin being our largestssey organ, it is not surprising that touch is
an essential part of our lives. We use our tastlesing to localize and recognize objects and
to get feedback from the environment we touch (evglking, opening a door, sitting on a
chair, grabbing the remote control). Furthermores wse the skin as a channel to
communicate feelings and emotions in social intévas.

Touch is the first sense humans (and animals) dpvéit about six weeks, a baby in
the womb of its mother is able to experience asgord to touch. At that point the embryo
doesn’t even have eyes or ears (Montagu, 1986¢r Lahen the limbs start developing, the
baby can communicate with its mother through toddte baby might communicate dislike
by kicking and the mother may calm the baby bykétgp her abdomen. Once outside the
womb, touch is essential for the development dadritd and for the wellbeing of all humans.
Spitz (1945) argued that human infants who wereaaathed on regular basis, were hindered
in their development and showed signs of depress$iopopular literature, family therapist
Satir (1972) suggested that touch, and more spaliifia hug, is therapeutic and necessary
for survival. As part of her hug therapy the autboggested that, everyone needs four hugs a
day for basic survival, eight to maintain the catrkevel of mental health, and twelve hugs
for marital growth. Although it's uncertain whethérese claims can be substantiated, they
again emphasize the need and the importance df fouour general wellbeing.

Besides the positive effect of touch on the devaleqt of infants and on maintaining
mental health in general, touch plays an importah¢ in communication of emotions,
feelings and intimacy between people of all agesich can evoke strong positive or negative
emotional consequences; an appropriate touch caalbéng, while inappropriate touch can
be anxiety provoking (Wilhelm, Kochar, Roth, and&s, 2001). When considering touch as
a medium to communicate positive affects, imaghee gositive affect a hug, a kiss, or a pat
on the shoulder can have. Depending on the contextpuld express e.g., intimacy,
tenderness, love, or care. It would be impossibledmmunicate the meanings of such
touches solely with words. Thayer (1988, p. 35xdbed it well when he stated that “without
the social vocabulary of touch, life would be cattkchanical, distant, rational, verbal.”



3.2 Touch in interpersonal communication

3.2.1 Meanings of touch

We have discussed that tactile contact is importantour basic survival and wellbeing.
Furthermore, we mentioned that touch can inducétippsand negative affect. However,
touch can have several other meanings. Jones ammovdgh (1985) conducted research on
touch communication and the meanings of touchhéirtstudy, participants had to answer
guestions for each situation in which they eitloerched or were touched. The answers had to
give insight in the meaning of each particular toudn basis of the results a classification in
the meanings of touch was formulated. The followaajegories were drawn up: positive
affect touches, playful touches, control touchdsialistic touches, hybrid touches, task-
related touches, and accidental touches. Two typesiches are studied the most and will be
referred to in the next section: positive affeatdioes and control touches. Positive affect
touches are seen as the most important categooprdiog to Jones and Yarbrough (1985),
affectionate touches are generally used to ex@Hsstion, give support, show appreciation
and express physical attraction and sexual inte@esitrol touches are mainly applied to gain
compliance by means of influencing behavior, atttsior feelings of another person. Control
touches are also deployed to get attention. Lateapid and Hall (2002) expanded the
classification of Jones and Yarbrough (1985). Theged, among other things, touch as
physiological stimulus, touch as healing and toasmegative affect.

3.2.2 Responses to touch

We shortly mentioned touch as a mechanism to eseeamntrol, i.e., control touches. Control
touches can lead to increased willingness to hHelgomply with a request or to be more
generous. With a study in France, Guéguen and éiidabkou (2003) demonstrated that a
brief touch can lead to helpful behavior. Unsusipggparticipants standing at a bus stop were
asked for directions by a confederate who carrigoeps and diskettes. In half the cases the
confederate briefly touched them and in half theesehe did not. As the confederate walked
away in the indicated direction, he ‘accidentaltyfopped his diskettes on the ground.
Through observation the authors recorded how manticppants helped the confederate
picking up the diskettes. In the touch conditiggngficantly more help was offered than in the
no-touch condition.

With an experiment in a classroom situation in EeariGuéguen (2004) demonstrated
that touch made people more compliant to a reqiesing an exercise the teacher touched
some of the students on the forearm, while otheecsived no touch. After the exercise, the
teacher asked volunteers to demonstrate the egdrcigsont of the class. It was significant
that touching increased the volunteers’ rate. Alffoit is remarkable that touch has the
power to facilitate helping behavior and make peapbre compliant to a request, it is even
more striking that a subtle touch on the shoul@erlead to increased tips given to servers in
bars and restaurants (Hubbard, Tsuji, Williams, Sedtriz, 2003). Not to mention a simple
touch by a waitress leading to higher beer consiomgKaufman and Mahoney, 1999).



Jones and Yarbrough (1985) mentioned positive atfmeches as an important category in
touch communication. One of the earliest field expents on the affective outcomes of
touching was conducted by Fisher, Rytting, and iHedl976). They showed that a brief
touch between strangers would be experienced asaie and that it would arouse positive
affect. In a library, the affective and evaluato@sequences of a touch were measured. The
library clerks - male and female confederates clted half of the subjects, while the other
half received no touch. Afterwards the subjectsenasked to evaluate the clerks and the
environment. The results indicated that a briethboagould lead to positive feelings and a
positive evaluation of the library clerk and therdiry environment. The study proved that a
very short touch could influence attitudes betwstangers, even in cases where the touch
was not perceived. Fisher et al. (1976) not oniyntb that subjects in the touch condition
showed more positive responses than subjects itouatr conditions, they also noticed
gender differences in affective states. Femaleigigeints in the touch condition felt more
positive affect and evaluated the touch initiatod dhe environment more favorably than
female participants in the no-touch condition. Timale response to touch was more
ambivalent. Remarkable, however, was that no effeere found for the gender of the
library clerks. Fisher et al. (1976) ascribe tlusthe professional character of the situation,
where the relationship between initiator of a toacid the individual being touched is very
asocial and asexual. A more social situation mghtaw effects for the gender of the touch
initiator.

As Major (1981) noted correctly, most researchooich has emphasized the positive
aspects of touch. In contrast, the act of touchiag also lead to negative feelings and
aggressive verbal and physical reactions, e.g.nvehéouch is applied in an inappropriate
context, when a touch is perceived as inappropf&ate, hitting, pushing, harassing) or when
touching someone that prefers not to be toucheduin, affective and behavioral responses
to touch can be both positive and negative.

In addition to the behavioral and affective resgsnstouch may also elicit
physiological responses. For instance, in health,dherapeutic touch can promote healing
and wellness to people who are experiencing paixiety, tension, or stress. Knapp and Hall
(2002) labeled this ‘touch as healing’. Researdved that being touched also affects heart
rate (Nilsen and Vrana, 1998; Vrana and Rolloclk8 Vilhelm et al., 2001). Depending on
context, a touch may elicit an increase or a deerda heart rate. Being touched in a
threatening situation or ambiguous context mayease heart rate while it may decrease
when the situation does not allow escape. The pgoreof the meaning of a touch may play
an important role in determining the physiologicasponse (Wilhelm et al., 2001). Nilsen
and Vrana (1998) conducted an experiment to meashee effects of context on
cardiovascular reactivity. This was done for a essfonal touch (touch on the wrist to have
the pulse taken), a social touch (unexplained tdocthe same area of the arm) and a no-
touch control (pulse being taken automatically withbeing touched). The results showed
that the professional touch and the no-touch cmndied to a decrease in heart rate and blood
pressure, while the social touch condition led narecrease of both measures. Most studies
agree that touch evokes heart rate decrease whéormped by a familiar person in an
explained context and that being touched in a thndag or ambiguous context causes an



increase in heart rate (Nilsen and Vrana, 1998n&@nd Rollock, 1998). Other studies also
report changes in respiratory sinus arrhythmian stonductance, systolic/diastolic blood
pressure, stroke volume, and respiratory rate ess@at of being touched (Wilhelm et al.,
2001). These physiological responses to touch eyertd the scope of this present study and
will not be discussed any further.

3.2.3 Expectancy Violations Theory

Interpretation and evaluation of touching behawohighly complex, since multiple senses
are involved in a physical interaction. Think ofrbal and other nonverbal cues (e.g., eye
contact, gesture, body position, physical appea&sascent, tone of voice) accompanying a
touch. For example, a touch may communicate affecbut are we sure that it wasn’t due to
the prolonged gaze or the nice smile? Although smesearch has been done in the area of
tactile behavior, it is not always possible to jcedvhether a touch leads to a positive
outcome (e.g., liking, compliance to request, iasezl gratuities) or to a negative outcome
(e.g., disliking, display of aggression). A thedhat predicts communication outcomes of
nonverbal behavior is described by Burgoon (19783). In another paper, Burgoon,
Walther and Baesler (1992) apply this Expectancylafions (EV) Theory to touch.
Generally, the EV Theory suggests that interactantsinterpersonal encounters hold
expectancies about the nonverbal behaviors of atidrese communication expectancies are
formed from the characteristics of 1) thebmmunicator (e.g., physical appearance,
communication style), 2) theelationship between communicators (e.g., liking, attraction,
degree of familiarity) and 3) theontext(e.g., privacy, formality).

This scheme is activated in an encounter. WheretBeems to be a discrepancy
between the expectations of an interaction andattteial behavior in an interaction, a
violation of the expectations emerges. Whether Wi¢ation is interpreted and evaluated
positively or negatively not only depends on expgehs, but also depends on the
communicator reward valence (i.e., how favorabke ititeraction with the other person is).
Factors that could influence the communicator remalence are e.g., status, knowledge and
physical appearance of the communicator. Finallyttedse factors lead to an interaction
outcome. The above is summarized in Figure 1.

Communicator Relational Context

Characteristics Characteristics Characteristics
L

| 5|
|
[ 1

Expectancies Communicator
Predictive/Prescriptive Reward Valence

Enacted Behavior (
_) is Violation
I

) Behavior Interpretation (

and Evaluation

A4 ¢ hd

1 Interaction Patterns and Qutcomes ]

Figure 1: Expectancy Violations Theory (Burgon, 1993)



According to EV Theory, people have different typeg expectancies: general and
particularized. Specific expectancies apply in ateraction with a specific individual. In
contrast, general expectancies apply in an encouwtth unfamiliar others and the
expectations are identical to social norms. Sawiains are rules that say what behavior is
appropriate or inappropriate, what a person shoulshould not do. We use such norms to
guide our own behavior and to determine the behaw® expect of others. Social norms
reflect judgments of what behaviors are typical doparticular setting, purpose, and set of
participants (Burgoon et al.,, 1992). Think of hoacisl norms and expectations of an
interaction in a library will differ from interaains in team sports. In the former situation it is
not a common rule to touch someone, however itetiber situation high levels of contact are
not seen as abnormal. Kneidinger, Maple, and T{@881) argue that touching rules may be
relaxed in a sports context. Furthermore, integhi@d of a touch in a formal/professional
(e.g., a touch by a doctor or physiotherapistjragtwill be different from a touch in a social
setting (e.g., a touch from a friend or a strangex bar). The same goes for touches in private
versus public settings. In addition, according %@ Eheory, social norms are subject to
gender differences, i.e., there are differencesvd® men and women in interpretations,
expectations and favorability of a touch.

Besides information about the communicator, theatiwhship between the
communicators and the context, Floyd (1999) prabed differences in form and duration of
a touch might lead to differences in e.g., expewted of a touch. The author examined the
effects of form and duration of an embrace on oleser perceptions. Three different forms
of an embrace and three durations were used. Sshjated the embraces on intimacy,
expectedness and evaluation. All three manipulat{@arm, duration, and communicator sex)
influenced perceptions of how expected the embnaeand how favorably it was evaluated.
Although the study of Floyd (1999) was limited tmlrraces, it seems very likely that also
other touches might be affected by form and dumatitor example, a hand-touch to the face
is presumably interpreted differently when it islap (hard and short) than when it is a stroke
(gently and long). In support of EV Theory, Floyi®99) also discovered gender differences,
i.e., regardless of the form or duration, an embraas more expected when performed by
women than by men.

Logically, social or cultural norms vary from cukuto culture. Researchers (Frank,
1957; Hall, 1966; Jourard, 1966; Remland et al95]1®ibiase and Gunnoe, 2004) argued
that there are also cultural differences in toughiehavior and that the amount of touching
that people accept and expect is determined by gatitular society. Hall (1966) suggested
a classification into high-contact cultures and-gontact cultures. Where people from high-
contact cultures were likely to interact at clodstances and touch each other much more in
social conversations than people from non-contaltties.

Although EV Theory is a good attempt in trying teate a coherent framework for
analyzing touch as a means of communication, masnly a descriptive theory. In order to
predict touch outcomes using the EV Theory, mosggiit on all the aspects of touch has to
be gained. The important aspect that EV Theorytpant is that in interactions with others,
the expectancies within a culture vary as a functad communicator characteristics,
interpersonal relationship, and context (Burgooal £t1992).
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3.2.4 Attitude towards touch

Early tactile experiences play a crucial role ia ttevelopment of a person’s attitude towards
touch. Inadequacy and imperfection in the expegesfctouch can result in a general dislike
towards touch. Persons who were neglected or d=piirom touch in their younger years
may become non-touchers in any situation. Infarite were physically punished or abused
or infants who were victim of physical sexual harasnt are likely to develop a totally other
attitude towards touch than infants who weren’tasqal to such inappropriate forms of touch.
(For reviews see Spitz, 1945; Frank, 1957; Montd®®86; Heller, 1997). In sum, whatever
tactile experiences a person went through durirgy dii her lifetime, they underlie the
formation of a person’s attitude towards touch.sTitasults in individual differences in the
way in which a person is comfortable with touch [da1981). The attitude someone holds
towards tactile communication is likely to determiwhether touch produces positive or
negative outcomes on interpersonal relationships.

Remarkably, only a few scales have been designadetmsure a person’s attitude
towards touch. Two of the most frequently usedescare the Touch Avoidance Measure
(Andersen and Leibowitz, 1978) and the Same-Sexi &@cale (Larsen and LeRoux, 1984).
Before discussing these scales, it must be not#dhiy are not flawless. The shortcomings
of TAM1, TAM2 and SSTS are that these scales al&ysasing statements about touch in
general situations, mostly don't specify body pé#neg are involved in the touch and make no
distinction between strangers and acquaintances.wilfelater see that aspects like the
relationship between interactants, the settingedypf touch and initiating body parts are all
very important in judging the favorability of a wuand these scales simply neglected them.
In addition, the scales’ predictive validity hagd been thoroughly proven.

3.2.4.1 Touch Avoidance Measure

To determine a person’s attitude towards touching &eing touched, Andersen and
Leibowitz (1978) introduced a touch avoidance meas&cores on the touch avoidance
measure indicate whether a person has a genezdli.kk, a touch approacher) or dislike (i.e.,
a touch avoider) of touching (i.e., to initiate ¢buand to receive touch). The touch avoidance
measure of Andersen and Leibowitz (1978) actuatigsested of two fairly reliable Touch
Avoidance Measures (TAM), i.e., the same-sex toanbidance measure (TAM1) and the
opposite-sex touch avoidance measure (TAM2). Bodthes enable respondents to self-report
the extent to which they agree to statements atmughing and being touched. Items of
TAML1 included 9 statements like “A hug from a sases-friend is a true sign of friendship”
and “I find it difficult to be touched by a membafrmy own sex”. ltems of TAMZ2 included 9
statements like “I think it is vulgar when membefdhe opposite sex touch me” and “I like it
when members of the opposite sex touch me”. TAM1 BAM2 were adopted as self-report
measures in other studies about touch attitude €¢sssh, Andersen, and Lustig, 1987;
Remland and Jones, 1988; Guerrero and Anderseri,; 1dartin and Anderson, 1993;
Crawford, 1994b; Guerrero and Andersen, 1994).
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Andersen et al. (1987) noted that the touch ava@ied@onstruct does not directly indicate how
much a person actually touches or avoids beinghidicinstead, it is an index of a person’s
affect towards touch. However, Guerrero and Anderd®91) demonstrated a correlation
between someone’s degree of touch avoidance anar thier actual touching behavior. The
authors observed opposite-sex couples while waitingues for the movies and at the zoo.
Touch was recorded for 2 minutes and afterwardsestdbowere asked to fill out a touch
avoidance questionnaire. The results of the obtens were compared with the touch
avoidance scores of the respondents. Guerrero amtkréen (1991) found that touch
avoidance levels of the individuals within the dygmloduced a small but significant effect on
touch behavior, i.e., low touch avoiders touchedrttost and high touch avoiders touched the
least.

In another study, the predictive validity of the WA as self-report instruments was
examined by comparing the touch avoidance scor#és tive affective responses of a real
touch by a confederate. Sorensen and Beatty (3888gd an interaction between the results
of TAM1 (same-sex touch avoidance) and TAM2 (opgesex touch avoidance), and the
affective response of being touched under expetimheconditions. Participants had to
complete TAM1 and TAM2 and were subjected to a tshogus interview. Afterwards, a
participant was accompanied to the door by eithemaée or a female confederate. At the
door, half of the subjects were touched on the Isleolby the interviewer and half of them
were not touched. Results showed that high avoidetsuch responded less positively to
touch, whereas subjects scoring low on the toucidance scale responded more positively
when touched. Overall the female confederate wiasl faigher than the male confederate on
the interpersonal evaluation scale (Sorensen aattyBd4988). Besides the study of Sorensen
and Beatty (1988), there are to my knowledge nerottudies that proved an interaction
between the results of TAM1 and TAM2, and the dffec response of being actually
touched.

3.2.4.2 Same-Sex Touch Scale

In 1984 Larsen and LeRoux developed a new scateetsure same-sex touch, the Same-Sex
Touch Scale (SSTS). Larsen and LeRoux (1984) izgiitthe touch avoidance measure for
same sex touch (Andersen and Leibowitz, 1978), usecat only focused on the negative
(avoidance) side of attitudes towards same-sexhingcand that it neglected the positive
side. The SSTS, like the TAM, was constructed ateshents about touching and being
touched and respondents had to indicate the etdemhich they agreed to these statements.
SSTS included 20 statements like “Touch is impdriarmy communication with others of
my sex” and “l enjoy touching some persons of thme sex”. The SSTS was later deployed
by Crawford (1994a) and Willis and Rawdon (1994).
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3.2.5 Touching patterns: gender differences

Existing research on differences between men andeman both, actual touching behavior
and in interpretations, expectations and favorgbiif a touch will be discussed in this

section. In section 3.2.2 and 3.2.3 the studidsgifer et al. (1976), Burgoon et al. (1992) and
Floyd (1999) were discussed. These researchersedrgioat, in many situations, the

expectations, evaluations and reactions to toucied/dor males and females. Several other
researchers also studied the effects of gendeebavioral and affective responses in tactile
interactions (Heslin, Nguyen and Nguyen, 1983; Haid Veccia, 1990; Guerrero and

Andersen, 1991, 1994; Willis and Briggs, 1992; Raemdl et al., 1995; McDaniel and

Andersen, 1998; Willis and Dodds, 1998). In thetedies, researchers were typically
interested in questions like who touched who, had &here did the touch occur, how often
did people touch, what bodyparts were involved, hueasant/unpleasant was the touch
perceived? Some of those studies will be disculsetmiv.

3.2.5.1 Gender differences in touch attitude, intetation and evaluation

The Touch Avoidance Measure (Andersen and Leibowi®78) and the Same-Sex Touch
Scale (Larsen and LeRoux, 1984) were initially usedneasure individual (differences in)
attitudes towards tactile behavior. However, whesearchers compared all male scores to all
female scores, they found that females reporteatgrewvoidance of opposite-sex touch than
males (Andersen and Leibowitz, 1978; Guerrero amefsen, 1994). Andersen and
Leibowitz (1978) noted that these findings shoulnt be misinterpreted to support an
argument that says women touch less than men. Tiretiags only suggest that women
report more negative attitudes toward oppositetsexxh than men. Martin and Anderson
(1993) and later Crawford (1994) found dissimilasults and argued that men and women
did not significantly differ on avoidance of oppessex touch.

The results of same-sex touch avoidance were lefggaous. Researchers, either
using TAM1 or SSTS, generally found that men regubrore touch-avoidance in same-sex
interactions than did women, i.e., men showed mmagative attitudes towards same-sex
touch than women (Andersen and Leibowitz, 1978séarand LeRoux, 1984; Remland and
Jones, 1988; Martin and Anderson, 1993; Willis Rasdvdon, 1994; Crawford, 1994a/b).

Like mentioned in section 3.2.4, the shortcominthefscales described above, is that
they are solely using statements about touch iemsituations, mostly don't specify body
parts that are involved in the touch and make nstirgdition between strangers and
acquaintances. When studying gender differencedoirth attitude, interpretation and
evaluation, the use of body-maps and visuals (pigtures, slide shows, videoclips) could
facilitate imagining certain situations.

Heslin et al. (1983) adopted such a body-map tooexpgender differences in
touching behavior. The use of a body-map was nttebn new. In 1966 Jourard already
explored body-accessibility (i.e., willingness oparson to permit others to contact his/her
body) by means of a questionnaire and a body-mé#p 24 body areas marked. Heslin et al.
(1983) slightly modified the body-map, i.e., thesed 11 body locations instead of 24. In
their study, participants had to keep in mind thitlofving question “What does it mean to me
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when a close person (or stranger) of the oppositd@ same sex) touches the indicated area
of my body in a certain manner?” This question tatde answered for the 11 body areas, 4
modes of touch (stroke, pat, squeeze, brush) ame:&hings categories (e.g., pleasantness,
invasion of privacy). The authors found that regfeorts rated touch from a close, opposite-
sex person as less invasive of personal privaay ¢htouch from a close, same-sex person
and from strangers of either the same-sex or ofgesk. This is visualized in Figure 2. The
authors also found that, in judging the privacyaision of a touch, men pay more attention to
the gender of the toucher, than do women.

YES 3.0 _©Male, same sex
2.8 .
o Female, opposite sex
”“] Female, same sex
2.4+
2.2
2.0
1.8+
INVASION { ¢
OF
PRIACY 147
1.2+
1.0 . oMale, opposite sex
.8+ L7
6 -
44
.21
NO 0 1 1

CLOSE FRIEND STRANGER

Figure 2: Rated extent to which men and women seeuch
as invasion of privacy as a function of familiarityand sex of
the toucher (Heslin et al., 1983)

With respect to pleasantness, Heslin et al. (1888)d that respondents rated touches from a
same-sex person as unpleasant. However, it maifiei@dce whether the touch was initiated
by a stranger or by an acquaintance: with strantperdeeling of unpleasantness was even
larger.

In case of opposite-sex touch, important differenoetween males and females were
found. And again, it made a significant differendaether the other person was a stranger or
a close friend. For males, a touch from both, angfe female and from a female friend, were
perceived as pleasant. For women, however, a trooh a strange male was perceived as
much more unpleasant than a touch from a maledri€igure 3 shows the body-maps and
the results for opposite- and same-sex toucheggra strange male or female.
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Figure 3: Rated pleasantness of being touched bytteér
a same- or an opposite-sex stranger (Heslin et al983)

Another way of studying gender differences in iptetation and evaluation of touches, is by
having participants rate pictures or videoclipgpebple touching. In an experiment of Major
and Heslin (1982), participants observed slidesra/lopposite-sex or same-sex dyads either
touched each other with the hand or did not tolitle. participants had to rate the interactions
on warmth and status. It was found that, both naadd female participants rated female
touchers as significantly warmer than male touch&ssults also showed that female
observers rated actors involved in touch interastias more attractive than those involved in
no-touch interactions, whereas male observers ttdréverse. Remarkable is that female
observers did not rate touch more positively thamlenobservers, i.e., men and women
generally perceived touch similarly.

In an experiment of Derlega, Lewis, Harrison, Wéas&t, and Costanza (1989),
photographic stimuli were used where opposite-segame-sex dyads greeted each other,
either with a touch or without a touch. The papiits (male and female) had to rate the
interactions on the set of photos on appropriateresvas found that same-sex female touch
was seen as more normal and less sexual than atgctbetween males, although same-sex
touch in general was seen as less normal than i@sex touch. In addition, male observers
attributed greater sexual involvement to all péian did female participants. Similar results
were found by Floyd (2000), who concluded that higsveen men were rated less positive
and less expected than hugs between women. Iretiomd part of the study of Derlega et al.
(1989), pairs of participants had to imagine theyengreeting each other at the airport, where
one of them had just returned from a trip. The argliound that males displayed less tactile
intimacy with male friends than with female frierafsd less than females displayed with their
same-sex friends. Most male couples used the hakddio welcome each other, whereas
female and opposite-sex couples used more intifoates (e.g., a hug) to greet each other.
The authors speculated that cultural norms limitesién their touching behavior: men in our
culture are more likely than women to be seen asosexual if they engaged in same-sex
touch. Therefore the fear of being labeled as hemes motivates men to avoid touching
other men.
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3.2.5.2 Gender differences in touch behavior

Self-report measures as mentioned above, are assalléct information about for example,
attitudes and meanings of touch. However actualtiog behavior in a natural environment
can only be observed. The first observational stwidiouching behavior among adults was
conducted by Henley (1973). It is a study ofteeditvhen discussing gender differences in
touch. She observed and recorded intentional teualid the hands in public settings. The
results showed that men initiated more touch withiltands than women. She argued that this
asymmetry between the sexes was an issue of gpatey, and dominance, with the initiator
of touch being a person of higher-status thanehgient (Henley, 1973).

For touches initiated by the hands, Henley (19%&jor (1981) and Hall and Veccia
(1990) observed that males touched females morevica versa. In contrast, for touches not
initiated by the hands, females tended to touchenidall and Veccia, 1990). When ignoring
initiating body parts, Hall and Veccia (1990) ande@ero and Andersen (1991) found that
each sex touched the other intentionally with tames frequency. This indicates that, it is
important to take into account initiating body garthen studying which gender initiates
touch the most.

For same-sex touch Hall and Veccia (1990) indicabed male dyads touched less
than female dyads in public settings. Also Majd®81) argued that same-sex touch among
females is slightly more frequent than it is amonales. In contrast, Remland et al. (1995)
found no differences in touching behavior betweealemdyads and female dyads. The
discrepancy may be due to cultural tactile diffees; i.e., Remland et al. (1995) conducted
their study in Europe whereas the studies of M&}981) and Hall and Veccia (1990) were
conducted in the U.S.

In addition to the effects of initiating body parksall and Veccia (1990) discovered
age effects. Males overall touched females mone iz versa in the under-30 group and in
dyads over 30 the reverse was true. Remland €t385) observed that dyads in their 40s and
50s used touch less often than the younger dyamlsnéh were more likely to touch in
younger couples, women were more likely to touchoider couples and overall tactile
behavior decreases with age. Hall and Veccia (19@@¢d that age effects may actually
reflect sex differences that vary with the naturéhe relationship rather than their age.

That relationship stage might affect touch behawbthe genders was proven by
Guerrero and Andersen (1991, 1994). Guerrero artbkisen (1991) discovered that casually
dating and married couples overall showed lessipudttile behavior than seriously dating
couples. A few years later, McDaniel and Anderst®8) conducted an observational study
on the type of relationship and the total amourtbath between the partners. In a self-report
guestionnaire respondents had to specify to whfctine four categories of affiliation they
belonged: stranger/acquaintance, friend/lover, lfgnaind spouse. The results showed that
public touch was low during casual relationshipgd dnitial relationship stages, most
extensive among close friends and lovers, and ezbtlamong marital dyads and in families
(McDaniel and Anderson, 1998). The results shovedational stage to be curvilinear related
to public personal touch and results were condisiéttn those of Guerrero and Andersen
(1991).
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In another study of Guerrero and Andersen (19%)wds found that in casual dating
relationships, men touch more than women, whilenarried couples, women initiate touch
more. These results were consistent with those itifsVénd Briggs (1992). Guerrero and
Andersen (1994) posed that communication during fthet few interactions is mainly
controlled by social norms. Something similar wks® atated by the Expectancy Violations
Theory of Burgoon et al. (1992). Social norms mayade that males make the first move in
dating relationships (Guerrero and Andersen, 1994lJis and Dodds (1998) suggested that
early in a relationship, men initiate touch to abtsex, whereas in an established relationship,
women initiate touch in an effort to maintain resms and paternal involvement.

3.3 Conclusion

Considering the results of all the discussed ssjdiee conclude that touch matters. We use
touch to obtain feedback from our environment, koiscimportant for our general wellbeing
and for expressing ourselves in personal intemastidt would be fairly impossible to
communicate the meanings of touch solely with woAdguch can have different meanings,
e.g., control touches might lead to increased ngjtiess to help, to comply with a request or
to be more generous. The same touch in anotheextontight have a totally different
meaning (e.g., playful, affectionate) and subsetiylemight evoke a different response.
Expectancy Violations (EV) Theory attempts to pcediommunication outcomes of non-
verbal behavior, e.g., touch. According to the EhNédry, the interpretation and evaluation of
a touch mainly depends on characteristics of tlmenaonicator, the relationship between the
communicators, and the context. In an interactidth wtrangers, the touching style follows
the prevailing social norms. In addition, EV Theangdicates differences between men and
women in interpretations, expectancies and favbtgbif a touch.

Many other studies report gender differences irhbtituching behavior and in the
responses to touch. A general finding is that mizex dyads use touch more often than
female dyads and male dyads. The finding that nhgdels use touch less than female dyads is
prevalent, but the data is not conclusive (Stied Hiall, 1984). Self-report studies indicate
that females report less discomfort (are less t@wdidant) with same-sex touch than males.
Maybe since women are generally more touch-oriedtain American and some European
cultures, same-sex female touch is perceived as mmnmal and less sexual than any contact
between males (Derlega et al., 1989). As a remdtes are more likely than females to be
seen as homosexual if they engage in same-sex.t@iebe most heterosexual men fear
being labeled as homosexual, this motivates themwvtdd touching other men. Self-report
studies also indicate that opposite-sex touchingréferred to same-sex touching among
adults (Major, 1981). The effects mentioned abcue loe influenced by e.g., culture, age of
interactants, their relationship, the setting, sypttouch, and initiating body parts.

So far, we discussed touch in unmediated sociatantions, i.e., in situations where
people physically touch each other. Although tlsisoften studied by judging pictures of
people touching rather than observing actual towgchiehavior, the research pertains to
unmediated social touch. In contrast, it is alsssfile to use social touch in mediated or
remote communication, i.e., in situations where ansninteract through computers using the
sense of touch. The issue of mediated touch witlibeussed in the next chapter.
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4 Touch in mediated communication

4.1 Introduction

An increasing amount of our social interactionsnisdiated, for example through (mobile)
phones, video conferencing, text messaging, chag;mail. These media forms heavily rely
on visual and / or auditive cues. With these tetdgies it's easier than ever to stay in contact
with distant friends and family, i.e., they makepassible to communicate from your easy
chair at home, substituting direct person to persomact. However, they are not able to
replicate the physical interaction that comes waithoccasional visit. As mentioned before,
touch is probably the most personal and intimatamseof human interaction. A handshake,
an embrace, a pat on the shoulder, or a kiss &reesl important in giving a sense of
presence and showing affection, pleasure, or teeder Touch is also important for
maintaining mental health. In sum, there is a feethuman contact through touch. Over the
years, designers of communication devices becanaeeawf the vital role of touch in human
social interaction. They noticed a potential to ioye computer mediated communication by
adding tactile sensation to the range of remote ncomication possibilities. We define
mediated social touch as the ability to touch eaitter over a computer network through
tactile or haptic feedback technology (see Haaddsselsteijn, 2006).

In recent years, a substantial amount of haptidccdewwas developed for different
purposes. Haptic devices were implemented as serssdostitution systems for visual or
hearing impaired people (e.g., Braille systemsgames (e.g., force-feedback joystick), but
also in Teleoperation (e.g., remote operation) otudl Reality. These latter applications
mainly aim at remotely operating and exploring otge(e.g., form, mass, texture) and
environments. Another group of haptic interfaceamsai at remote interpersonal
communication. These devices were designed fronpliilesophy of staying (emotionally)
connected when physically separated and givinghaesef presence of a distant other. Such
haptic devices will be presented in the followirgtion.

4.2 Haptic devices in mediated communication

In the last several years various (proto-) typeshaptic communication devices were
introduced. Most of these devices aim at stayimgof@nally) connected when physically

separated and giving a sense of presence of andtaer. This is accomplished by either
stimulating the cutaneous/tactile sense, the Kiegist sense or both. Since both modalities
rely on stimulation of different receptors (i.eeceptors contained within the skin are
responsible for tactile sensing and receptors & jtnts and muscles are responsible for
kinesthetic sensing), the technological means bychvhiihese sensations of touch are
generated vary. The most used technology in taictitxfaces is electromagnetical actuation
(Benali-Khoudja, Hafez, Alexandre and Kheddar, 3004., cylindrical or disc-shaped

electric-motors that rotate an off-center massuaex to apply mechanical vibration patterns
to the skin. These vibration motors are relativielgxpensive, easy to install, operate and
control. However, technologies such as piezoelectyistals, shape memory alloys, or Peltier
Junctions are also used in tactile interfaces (Bé&tudja et al., 2004). Devices that

provide some form of tactile sensation are alserretl to as tactors (Lindeman et al., 2004).
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In remote haptic communication, stimulation of Kieesthetic system is mostly generated by
devices that are capable of resisting motion thindioagce-feedback. In these so called force-
feedback interaction systems, forces applied bydmsno a device are felt through another
device, i.e., one person applies a force to mowsoeeze an object, another person feels that
force through his or her object with the same isityrand direction. Force-feedback systems
typically control forces by controlling current ge. electrical motors) or by controlling
pressure (e.g., hydraulic and pneumatic actuatees)Pratt and Krupp (2004).

One of the earliest force feedback devices thatrgited to let users interact remotely
was Telephonic Arm Wrestling (Figure 4) developgdihite and Back (1986). The purpose
was to let two geographically separated contestamswrestle. They used a motorized
force-transmitting system that was interconnected lielephone data link. Although there
were problems with the time-delay in the connectimough the telephone line, the device
was sensitive enough to create ithesion of presencef the distant other (Shanken, 2000).

Figure 4: Telephonic arm wrestling (White and Back,1986)

The ‘InTouch’ system from Brave and Dahley (1997aswanother prototype of a force-
transmitting system. The system consists of twatidal objects as can be seen in Figure 5.
Each object consists of three cylindrical rollersumted on a casing. Two persons can
interact over a distance through this shared physibject; a force applied to the rollers by
one person is felt by the other person in the samng The goal of this device was $tay
emotionally in touctwhen physically separated. The designers condhle study with the
remark that they believe that ‘Intouch’, and morenegral, the application of haptic
technology, has the potentialdarich intimate personal communicatiaoross distance.

Figure 5: InTouch (Brave and Dahley, 1997)
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Most of us are familiar with pagers or mobile ph@nBoth applications have the ability to
attract our attention by displaying very simplisfierms of mechanical vibrations. The
‘ComTouch’ system from Chang, O'Modhrain, Jacobni@er and Ishii (2002) extended the
use of vibrations in mobile phone communicationeylkdesigned a sleeve that fitted over a
cellular phone that could add touch to speechvaayatoenrich communicatiarin the design
touch was translated into vibrotactile stimuli. Byerting pressure with the fingertips to the
Force Sensing Resistors of the ‘ComTouch’ sleevsigaal was activated and sent to the
other phone. The receiver felt the signal as aatitan on the base of the fingers (Figure 6). In
short period, users who were unknown to the ‘Conchodesign were able to communicate
through this tactile channel in different ways i(tiaking, emphasis, mimicry, etc.).

Figure 6: ComTouch (Chang et al., 2002)

Another handheld tactile device is the ‘LoveBontbiglre 7) designed by Hansson and Skog
(2003). It is a personal device that enables pempsmonymouslghow their feelings of love
(or happiness) and sadness to users within a egdius of the sender. The device has two
buttons for transmitting two pre-defined emotiorstidites; one button for sending love
(marked with a heart) and one for sending sadmeaskéd with a tear-drop). The love signal
generates a vibration that represents a heartimehthe sadness signal generates irregular
vibrations. Radio waves are used to send and retleé/emotional expressions.

Figure 7: The LoveBomb
(Hansson and Skog, 2003)
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In order to providea sense of awarene$s people who are physically separated, Tollmar,
Junestrand, and Torgny (2002) developed the ‘W8tibme’' concept, a device that makes use
of heat. The ‘White Stone’ is a white, round, alecic product about the same size as a
pager. In contrast to the ‘LoveBomb’ (which conmsetct various users within a certain radius
of the sender), the ‘White Stone’ should be usepains, which are automatically connected
to each other only. The device detects touch whkent in the hand and it sends a signal to
the other stone, which will be warmed up. The aghmention that the ‘White Stone’
concept enables two people to keep in touchfaatieach other's presenae another way
than by talking over the phone.

With the aim to support the human need for physicliseness in remote
communications, Gemperle, DiSalvo, Forlizzi and Mens (2003) envisioned ‘The Hug’
(Figure 8). ‘The Hug' concept consists of two cocteed pillows - covered with soft velour
and silk - in a shape that expresses the gesturaggfing. One can invite the communication
partner by squeezing the device. When the distidyer @ccepts the invitation, a connection is
established and senders can send all kinds of tiohrgatterns to the other person. In
addition, thermal fibers give warmth to the stomaoka while using ‘The Hug'. The warmth
increases with the duration of the hug. The authefsr to ‘The Hug' as a means of
facilitating richer social interactiorbetween distant family members.

Figure 8: The Hug (Gemperle et al., 2003)

A similar concept was created by Mueller, Veteréhbs, Kjeldskov, Pedell and Howard
(2005). Their ‘Hug over a distance’, consisted ¢éddy bear koala and a vest lined with air
compartments that cover the upper part of the b@dyen touching the koala on the touch
sensitive screen it sends a signal to the persamimgethe vest and the air compartments will
be inflated. Four seconds later, the air will bkeased again. The inflated compartments
should give the wearer a light pressure aroundohidier torso, a sensation assumed to
represent theensation of a real hug
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4.3 Conclusion

In this chapter we attempted to give the readeresmisight on devices and gadgets that were
designed to communicate presence or emotions (batgeographically separated people)
through haptics. The devices discussed ranged $roall devices - aimed at stimulating one
specific body part (e.g., the hand) - to vests toaer the whole upper part of the body. The
goal was not to present the reader with an exhabsit of available haptic interfaces, rather
we attempted to give an impression of haptic deviceremote communication and the
underlying philosophy of their designers. Designacknowledge the need for and the
importance of touch in communication. By implemagtitactile cues in a communication
device, they claim that their devices enrich oilitate richer social interaction (Brave and
Dahley, 1997; Chang et al., 2002; Gemperle et28i03). Yet, few have specified what is
meant by enriched or enhanced communication. Matstoas do refer to the characteristics,
functions and the importance of unmediated soociath in the presentation of their design
and with that, they assume that mediated touchhaie similar effects on humans as a real
touch. However, no well-designed research existsutustantiate the claims that are being
made and thus little is know about the actual sinties between real and mediated social
touch. Like Haans and IJsselsteijn (2006) arguleel,ieneficial effects of mediated social
touch are usually only assumed and have not yat elemitted to empirical scrutiny which
goes beyond the level of anecdotal descriptionsef experiences.
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5. Research objectives and questions

The main objective of this present study is to stigate whether computer mediated physical
contact can be experienced as a form of sociahtdear this purpose, we aim to examine the
response similarities between mediated and unneztligocial touch. Such response
similarities would demonstrate that mediated sotdaich is perceived in similar ways to
unmediated social touch. From this objective tha@nnguestion is derivedls computer
mediated touch experienced as a form of socialt®d® answer this question, we focus on
the gender differences in responses generally wbdein unmediated touch. The research
guestion is divided into two sub-questions:
1) Are there differences between men and women irr tlesiponses to same- and
opposite-sex mediated touch?
2) Can the responses in computer mediated touch bdictee by touch attitude
measures?

With respect to question 1), there are severaloresp dimensions to social touch that can be
studied (e.g., pro-social behavior, compliance toequest, affective responses). In this
present study we focus on gender differences iectiffe responses. Additionally, we do the
same for the experience of privacy invasion. Fraevipus research on unmediated social
touch we know that gender differences are notableffiective responses (Burgoon, 1978,
1993; Heslin et al., 1983; Derlega et al., 1989 ddon et al., 1992; Floyd, 1999). Generally
self-report studies indicated that females repoltsd discomfort with same-sex touch than
males. Self-report studies also indicated that apastults, opposite-sex touching is preferred
to same-sex touching. Heslin et al., 1983 also dogender differences in the experience of
privacy invasion. Men seemed to pay more attentmrihe gender of the toucher, than
women, i.e., male dyads experienced the highestl lel privacy invasion and males in
opposite-sex dyads the least when touched by ag&ralf this present study would reveal
similar gender differences in responses to medittadh, this would contribute preliminary
evidence for mediated touch being perceived inlamways to unmediated touch.

With respect to question 2), previous research estggthat a person’s attitude
towards touching and being touched is expectedtofbnfluence on that person’s affective
responses to touch (Andersen and Leibowitz, 1908er&sen and Beatty, 1988). Whether
touch produces positive or negative outcomes cerpetsonal relationships may therefore
partially depend on the attitude someone holds tdsvaactile communication, i.e., high
avoiders of touch are likely to respond less pesiyi to touch, whereas low avoiders of touch
are likely to respond more positively when beingcteed. To be able to measure a person’s
attitude towards touching, Andersen and Leibowit278) developed the ‘touch avoidance
measure’ (TAM). The authors argue that, since titeanes of the TAMs reflect a person’s
attitude towards touching, the scales have thétyaldl predict a person’s affective response
to an actual touch. In this present study thesdescaneasuring attitude towards tactile
behavior will be adopted. A correlation between #fifective responses to mediated touch
and the outcomes of these touch attitude scalesdwamntribute preliminary evidence for
mediated touch being perceived in similar waysrtmediated touch.
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0. Method

6.1 Design

A two (participant’s gender) by two (interactionripeer’s gender) between subjects design
was used in the present experiment (see Tableatlicipants were led to believe that the
study was about the evaluation of a haptic comnatigic system, and that another unknown
participant (i.e., from a different department) wamotely touching them. In other words,
participants were either remotely touched by ddial opposite-sex or a same-sex stranger.
Different types of tactile stimulus patterns (ithe remote touches) were presented to several
loci of the participants’ upper body through aitactest (a vest equipped with tactors). In the
presentation of the stimuli, two different orderere used. After each stimulus the
participant's affective response and judgment tfapy invasion to that particular mediated
touch were assessed.

By using one real respondent and one fictive redgonper trial, we could control
for possible differences in the type of relatiopsbétween the receiver and the initiator of the
touch. Since the participants were touched by cetapktrangers, their responses to a
mediated touch should be guided by the prevailogjas norms. The fact that there was no
visual aspect involved (the participant could nee gshe fictive other person) ruled out
possible effects of verbal (e.g., speech) and miwaecommunication (e.g., body position,
eye contact, attractiveness). Each participant reepeed the same types of stimuli,
administered to the same body locations. In additiee context within which the experiment
took place was the same for all participants. Kndaciors moderating the relationship
between gender and the responses were controliecdisfonuch as possible, e.g., only
respondents of the same sexual inclination andumulwere analyzed in the results.
Information about the gender of the fictional isietant was provided by the experimenter,
who read aloud the name of the interaction parffeeg., William). From this name,
participants derived the fictional interactant'sider.

A few days after the experiment, participants dillsut the Touch Avoidance Scales
(TAM1 and TAM2) and the Same Sex Touch Scale (SS#i#) the goal to obtain the
participants’ attitude towards touch. In addititimey had to answer some personal questions
regarding age, relationship, sexual inclination aationality.

6.2 Participants

Sixty students (30 male and 30 female) participatedhe experiment. Participants were
assigned to one of the four experimental conditi(me® Tabld). Initially, each condition
was assigned 15 participants. However, three maatits were either not heterosexually
orientated or chose not to indicate their sexu@ntation (as determined via a questionnaire
afterwards). To avoid that sexual orientation woblds the experimental effects, these
participants were removed from the sample, leawigparticipants for analyses. All 57
participants were of Dutch nationality, 28 were nagrd 29 were women. Participants’ mean
age was 24.7 (SD = 4.3; range 19 to 52 years)paticipants received a compensation of
€7,- for a 45 minute session.
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Table 1

Design with the actual amount of participants foreach condition
Interaction partner’'s gender
(initiator of mediated touch)

Male Female
Participant gender Male 13 15
(receiver of mediated
touch) Female 14 15

6.3 Material and apparatus

Stimulus patterns were presented to the particghaper body through a tactile vest. The
vest was made out of neoprene and was equippedtadgtbrs, more specifically vibration
motors. The vest was controlled by a PC. Belowaibi@ication of the tactile vest is discussed
in more detail.

6.3.1 Motors

In this experiment tactile sensation was provided rbechanical stimulation through
vibration. In this experiment, disk shaped pagetamsoof type 1E110 (Figure 9) were used.
These motors have a diameter of 14 mm, a heigBtsofnm and operate at a voltage range of
2.5-8.8 V DC. This type of motor produces vibraidoy rotating an off center mass. The
rotating mechanism is shielded by a casing, sorbamoving parts can interfere with the
participants’ skin.

Although, mediated touch by means of vibration mefrovides only a limited form
of touching, we deliberately choose these kindsactuators. First, vibration motors are
commonly used in commercial haptic applicationgy.(epagers, mobile phones, game
controllers). Chang et al. (2002) argue that treeafsvibration in prior research suggest it as
an obvious choice of output display. Probably bseasuch actuators are low cost, small,
light-weight, relatively easy to install, operatedacontrol. Secondly, if we would be able to
demonstrate that mediated touch is perceived iilasinmvays to unmediated social touch with
such simple actuators, this would make a strongraegt for the addition of tactile cues to
communication devices.

Figure 9: Disc shaped pager motor
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6.3.2 Garment

Garment was needed that would be able to keepteatdr fairly tight against the upper body

and it needed to fit different sized users. Simikgquirements were formulated by Lindeman,
Page, Yanagida and Sibert (2004) in the desigheif TactaVest, a tactile vest designed for
training Marines in virtual environments. To mebe tfirst requirement, the authors used
neoprene garment (a fairly elastic garment useavédsuits). To be able to fit different sized

users, Lindeman et al. (2004) used five individuaaits of neoprene and equipped them with
tactors, as can be seen in Figure 10.

Figure 10: TactaVest (Lindeman et al., 2004)

For the construction of the tactile vest as usedie present study, three parts of neoprene
were used: a vest for the body and two strapsHerarms (Figure 11 and Figure 12). By
using hook-and-loop fastener, the vest was madgcally and horizontally adjustable to
different body sizes. Hook-and-loop fastener wa® alsed to make the neoprene straps for
the upper arm and lower arm/wrist adjustable ttecbht arm sizes.

Figure 11: Tactile vest and arm straps © Bram Saey2005.
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Figure 12: Tactile vest and arm straps shown fromtte inside. Letters indicate the actuators for
the stomach (a), lower (b) and upper back (c), uppearm (d) and wrist (e).

After the wires were soldered to the tactors, theyre glued onto the outside of small
rectangular parts of hook-and-look fastener witican kit (Figure 13). The counterpart
pieces of hook-and-loop fastener were stitched ¢iméoinside of the tactile vest and arm
straps at places where tactors had to be mountedinibly pressing the tactors onto the vest
and straps, tactors were mounted. So, the hookempdfastener enabled easy placement and
replacement of the tactors.

Figure 13: Tactors mounted to small rectangular pats of hook-and-loop fastener with silicon kit
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6.3.3 Tactor placement

The placement of the tactors can be seen in FigjareEight vibration motors were placed
horizontally in the vest at the lower back regierght motors were placed vertically in the
vest at the upper back region, and eight motorse wpéaced horizontally in the vest at the
stomach region. Six motors were placed verticatlyaostrap for the upper arm region and
four motors were placed on another strap for thetaarm/wrist region.

6.3.4 Control

The hardware and software used for controllingtdwdile vest, were basically the same as
used by Rovers and Van Essen (2005) for their bidmotlO. The hardware consisted of a
processor board connected to the serial port o€ @il an output amplifier board connected
to the tactile vest. A 12V DC adapter with 1,1A waed to power the application. This setup
can be seen in Figure 14. The customized Footl@vact allowed for easy programming of

haptic patterns via a scripting language.

Figure 14: Output amplifier board, processor boardand a 12 V adapter (from left to right)

6.4  Stimuli

Five body loci were stimulated by two different tikc patterns. The first tactile pattern
consisted of the actuation of a single motor (rddigng a poke) and the second tactile pattern
consisted of the actuation of a sequence of maltipbtors (resembling a stroke). The latter
was done by placing four to eight tactors in limel @perating them one after another with
overlapping intervals. So basically each participadperienced ten different tactile stimuli (5
body loci x 2 tactile patterns). In the presentatid the stimuli, two different sequences were
used. The sequences are shown in Table 2.
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Table 2
Two sequences in presenting tactile stimuli

Stimulus number  Sequence 1 Sequence 2
1 poke wrist poke upper back
2 stroke upper arm poke lower back
3 stroke lower back stroke upper back
4 poke stomach poke upper arm
5 stroke wrist stroke stomach
6 stroke stomach stroke wrist
7 poke upper arm poke stomach
8 stroke upper back stroke lower back
9 poke lower back stroke upper arm
10 poke upper back poke wrist

With regard to the stimulus parameters - duratamplitude and frequency - the following
can be said. Duration was chosen on basis of falting where the criterion was that a
stimulus should be long enough to be felt, but tuation should be avoided. Geldard (1960)
suggested a range of 0.1 s — 2.0 s for vibratiomudit which seemed fair enough. Duration of
1000 ms for poke stimuli and duration of 350 mg%0 ms for stimuli sequences was chosen.
Amplitude was chosen on basis of pilot testing whée criterion was that a stimulus should
be intense enough to be felt, but discomfort shdaddavoided. Frequency could not be
controlled separately, since it depended on thetinpltage.

Even when amplitude and frequency would be knowetipely, it would be fairly
impossible to specify the force the vibration metexerted to the skin. First, this has to do
with characteristics of the vibration motors. Ewaehen equal voltage is applied to each
vibration motor, Lindeman and Cutler (2003) notedttthe vibration characteristics vary
from one motor to another, even with motors of $hene make and model. In addition the
characteristics of the motors change over timeo&alg, there is variability in skin sensitivity
from one body location to another and from one get® another, which makes an applied
fixed amplitude vary considerably in its “feel” ({dard, 1960). Also variations in body sizes
and postures made that the tactile vest would ihnevérybody the same way and breathing
motions complicated things even more. Thus, thdambrof the tactors with the body and
therefore the load with which the tactors are préde the skin varied from one individual to
another. As the load placed on a tactor changds, the frequency and amplitude of the
stimulus change drastically (Lindeman and Cutlé03).

It is therefore nearly impossible to know the psecimagnitude of the stimulus,
because not all of the forces are known, and theypatentially changing from moment to
moment. So from this point of view, it would be I complex to describe the stimulus
parameters and their effects in detail. For thesgme study it is also of minor importance to
do so. It would be sufficient to state that thdilastimuli should be intense enough to be felt
by participants, but discomfort should be avoided participants should be able to clearly
discriminate between the different stimuli.
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6.5 Procedure

The experiment was conducted at the UselLab of tman-Technology Interaction Group.
The UselLab is a usability laboratory equipped wstdmndard living room furniture as well as
state-of-the art observational technologies andstobhe UselLab consists of two separate
rooms; a control room and a laboratory room. Duthmy experiment, the male experimenter
was seated in the control room and the participeas seated in the laboratory room. The two
rooms were separated by a two-way mirror. The @pent was seated on a stool facing a
large table and perpendicular to the mirror. On tdlgle were some pens, a form with
guestions, two arm straps and two small printecuditboards to control the tactile vest and
arm straps. On the chair next to where the paditigvas seated, the tactile vest was laid. The
participant was offered a written instruction ofotwages on what his or her task during the
experiment was. He or she was requested to redidshpage of the instructions. The second
page of the instruction was read aloud by the exmter. The instruction stated that
participants were participating in an evaluationdgt of a haptic chat interface, in which
tactile stimuli would be presented to them by aknawn and distant other participant. The
full instructions can be found in Appendix 1.

Participants were led to believe that another umkngparticipant (i.e., male or
female) was remotely touching them. This other wmkm participant was not an actual
person, but a fictive one and was merely made umake the experiment plausible. The
participants were instructed to answer five questiafter each received stimulus. Further the
instructions stated that stimuli would be addressitti an interval of approximately one
minute. After they read the instructions, particifzawere asked if everything was clear to
them. Subsequently, the experimenter placed théletacest and the arm straps on the
participant’'s upper body and arm. The experimewsdked to the computer in the room and
administered each participant about five stimudifteey would get an idea of what was going
to happen. The experimenter walked back to theagyaaht and held his list in such a way
that participants were able to see the name ofr th&perimental counterpart. The
experimenter read the fictive person’s name (beitfter a male or a female name) from the
list as being the person initiating the mediatedcto As soon as the participant would
experience the first mediated touch, he or sheldhdlout the five questions on the first
page. When ready he or she should wait till the neediated touch and do the same thing.
The experimenter said he’'d be instructing the off@son that the experiment could begin
and he wished the participant good luck and ledtrbom. From the PC in the control room,
the experimenter administered the first stimulud abserved the participant. Either after
about one minute, or after the participant compldékee questionnaire, the next stimulus was
administered to the participant. After ten stimdlie experimenter left the control room,
entered the laboratory room and removed the hapst from the participant. Subsequently,
the participant was told that in a few days hehar would receive an e-mail with a link to an
online survey, which he or she had to fill out.
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6.6 Measures

During the experiment each participant received haptic stimuli. After each stimulus
participants had to answer five questions includthgee bogus questions to mask the
dependent variables ‘affective response’ and ‘gyvavasion’. This resulted in ten affective
response scores and ten privacy invasion scoresrédponse questionnaire can be found in
Appendix 2. A few days after the experiment, p#ptats filled out the Touch Avoidance
Scales (TAM1 and TAM2) and the Same Sex Touch §&84'S). These scales can be found
in Appendix 3.

Affective response scores

A participant’s affective response to a particutadiated touch was assessed with ten items.
The question for each stimulus was “How pleasaptaasant did you find it to receive this
mediated touch from the other person?” A bipolapomse format was used, ranging from -2
to +2 (-2=very unpleasant, -1=unpleasant, O=neitlrggleasant/nor pleasant, +1=pleasant,
+2=very pleasant). Afterwards the response formas vecoded into a 0 to 4 scale (so they
would measure in the same direction as the prigaoyes), with O=very pleasant, 1=pleasant,
2=neither unpleasant/nor pleasant, 3=unpleasantrgunpleasant. For each participant the
ten affective scores were averaged and resultederindividual affective score. The internal
consistency of the affect items was estimated. most common used estimator of the
consistency of a set of items is Cronbach Alpha Thonbach Alpha was rather low for the
group of items belonging to the affect scale.b6). There were no missing values.

Privacy invasion scores

A patrticipant’s privacy invasion to a particular disted touch was assessed with ten items.
The question for each stimulus was “To what degiideyou experience this mediated touch
by the other person as an invasion of your privagy® response format ranged from 0 to 4
(O=no invasion, 1=small invasion, 2=reasonable sio/ 3=large invasion, 4=very large
invasion). For each participant the ten privacyasion scores were averaged and resulted in
one individual privacy invasion score. The intergahsistency of the privacy items was
estimated. The Cronbach Alpha was rather high ler items belonging to the privacy
invasion scale (=.83). There were no missing values.

Touch attitude measures

After the experiment, participants had to fill aiiree touch attitude scales. We wanted
participants to set aside the haptic experimentfiiralit these measures independent of their
scores in the experiment. Therefore they received-mail with a link to the online survey
not until a few days after the experiment. Thermbkurvey consisted of the touch avoidance
scales (TAM1 and TAM2), the same sex touch sca®&l'& and some personal questions
regarding age, relationship, sexual inclination aationality. The touch avoidance measure
is an 18-item interval-level questionnaire measyusame-sex touch avoidance (TAM1) and
opposite-sex touch avoidance (TAM2). Both, TAM1 am&M2 consisted of 9 items. TAM1
included items like “A hug from a same-sex friesdaitrue sign of friendship” and “I find it
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difficult to be touched by a member of my own seKAM2 included items like “I like it
when members of the opposite sex touch me” antifiktit is vulgar when members of the
opposite sex touch me”. The same-sex touch scaB{pis a 20-item interval-level
guestionnaire measuring attitude toward same sehing. SSTS included items like “Touch
is important in my communication with others of mgx” and “l enjoy touching some
persons of the same sex”. All three scales askgmbrelents to self-report their agreement on
a -2 to +2 scale (-2=disagree, -1=slightly disagBeaeither disagree/nor agree, +1=slightly
agree, +2=agree). Cronbach Alpha was estimatecdoh attitude scale. For the present
study, the TAM1 alpha reliability coefficient wag7. The TAM2 alpha reliability coefficient
was .75. The alpha reliability for the SSTS was .92
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7. Results

In this experiment, participants were led to baditivat another participant (i.e., male, female)
was touching them from another geographical looafidve participants generally seemed not
aware of the fact that the latter person was avéigierson, but rather perceived them as a real
interaction partner. Written and verbal commentamfrparticipants during and after the
experiment indicated that the experimental setupthe ‘cover story’ produced the belief that
was necessary for the experiment. Participants waiee to the real procedure and purpose
of the research. A male participant wrote commékes“The wrist is private, William should
keep off” and “William should keep off my stomacl®® .female participant said afterwards “I
am usually not inclined to touch when | am unfaanilwith someone. Therefore | found it
pleasant that another female was on the other isistead of a male”. Another female
participant noted that she found it strange to daehied by an unknown person, because
normally she wouldn’t allow this.

The results are presented in three parts. Theskrdion presents the affective results
to mediated touch, followed by the results of privénvasion in section 2. The final section
presents the results of the touch attitude scaldsta correlation with the results of affective
responses and judgments of privacy invasion.

7.1 Affective responses to mediated touch

The first question we tried to answer wase there differences between men and women in
their responses to same- and opposite-sex medateti?In this section, we will analyze the
affective responses and in section 7.2 the respdoggrivacy invasion will be described.

7.1.1 Effects of gender and dyad composition

We performed a single between subjects ANOVA orstiiereported affective responses. To
investigate whether there were differences between and women in their responses to
same- and opposite-sex mediated touch, the eftéqis) gender of the participant, and (b)
gender of the fictional interaction partner, weestéd. The (c) order of the stimuli was
included as additional between-subjects factor.

We found neither a significant difference betweealanand female participants,
(F(1,52) < .1p = .85, = 0.1%), nor a significant effect of the interaatipartner's gender
(F(1,52) = .5p = .47, /7 = 0.9%) on the affective responses to mediatedaktmiich. The
interaction between the gender of the participardt that of the interaction partner was,
although also not significant, more pronounced tm éffect (F(1,52) = 1.8p = .19,

2 = 3.0%). Both male and female participants hadi¢helency to report on same-sex touch
as less pleasant than opposite-sex touch (see Jatrld Figure 15). Additional simple effect
analyses revealed that, although the effects asctegh were not significant, dyad
composition (i.e., whether the interaction partwas a man or a woman) had a larger effect
within our male (F(1,52) = 2.1p = .16, /2 = 3.8%) than within our female sample
(F(1,52) = 0.2p = .67, 12 = 0.4%), explaining, respectively, 3.8% compame®.?% of the
variance in the total sample. The effect size fatemwas ten times larger than the effect size
for females, i.e. in contrast to the male samgiera seemed to be practically no effect of
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dyad composition within the female sample. In sefgaANOVAs performed on the male and
female sample, we found that dyad composition haghiaginally significant effect within the
male sample, with F(1,25) = 2.8,= .11, /2 = 9.9% and a non-significant effect within the
female sample, with F(1,26) = 4= .73,/2 = 0.1%. This indicates that males are probably
more sensitive to the gender of the touch inititiian females.

Table 3
Statistics on affective responses for males and fates being remotely touched
Gender Condition n M SD
Male Same-sex 13 1.92 27
Male Opposite-sex 15 1.77 .24
Female Same-sex 15 1.89 41
Female Opposite 14 1.84 .36
2,24
214 T Opposite-sex mediated touch
° I:I Same-sex mediated touch
'g 2,0
§
©
O 1,94
2
3
1,8
1,7
1,6
Males Females

Figure 15: Mean affective responses for men and wamn in same- and opposite-sex dyads

In addition, we found a significant effect of ordeith F(1,52) = 5.1p = .03, /2 = 8.6%,
indicating that the sequence in which the stimudirevadministered affected participants’
affective responses. The statistics for order lewkr 1.77,SD= .28,N = 32 and for order 2

M = 1.96,SD= .35,N = 25. In other words, although both orders conthitie same set of
stimuli, there was an effect attributable to thdesrin which the stimuli were administered:
participants assigned to order 1 had the tendemegport the administered stimuli as more
pleasant than participants assigned to order 2a &cale from 0-4, the mean scores for both
orders lie between “pleasant (1)” and “neither gpégd/nor unpleasant (2)". From Figure 16
can be seen that the individual scores to stimudirder 2 followed about the same pattern as
scores to stimuli in order 1, however overall, Hteres were higher for order 2. A possible
explanation could be that the first administer@mhsius formed an anchor for determining the
scores given to the stimuli that followed.
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Figure 16: Affective responses for two different aders

7.1.2 Effects of gender, dyad composition and relianship

In section 3.2.5 the category of relationship (esgfranger, acquaintance, lover) and
relationship-stage (e.g., just dating, casual dativere mentioned to influence behavioral and
affective responses in interacting dyads. In thissent experiment, the interacting persons
were strangers to each other. However, some op#nticipants indicated they were in a
romantic relationship with someone. An interestopgestion would be if their romantic
relationship at home would affect the interactionh persons (male and female) other than
their lover. In other words, would their affectivesponses be different from affective
responses from participants who are single? Thestmque we tried to answer was:
Is relationship of influence on the affective rasg®min computer mediated touch?

To explore this question an extra condition wasiter@ by taking into consideration
the variable ‘relationship’. The variable ‘relat&np’ was not controlled for, which means
that males and females were not evenly distribotent the ‘relationship’ variable. Therefore
the next analysis has a highly explorative charadfable 4 shows the statistics and the
distribution of ‘relationship’ for each gender armhdition.

Table 4

Statistics on affective responses for males and fates, either in or without a relationship
Gender Condition Relationship n M SD
Male Same-sex Yes 6 2.12 27
Male Same-sex No 7 1.76 14
Male Opposite-sex Yes 11 1.81 .26
Male Opposite-sex No 4 1.65 .13
Female Same-sex Yes 12 1.90 .45
Female Same-sex No 3 1.87 .25
Female Opposite-sex Yes 8 1.75 .30
Female Opposite-sex No 6 1.95 42
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We performed a single between subjects ANOVA orstiiereported affective responses. To
investigate whether there were differences betweaen and women in their responses to
same- and opposite-sex mediated touch, the efdé¢ty gender of the participant, (b) gender
of the fictional interaction partner, and (c) raaship were tested. The (d) order of the
stimuli was included as additional between-subj&uttor.

We found neither a significant difference betweealamand female participants,
(F(1,50) = .4p = .54, 2 = 0.6%), nor a significant effect of the interaatipartner's gender
(F(1,50) = 1.0p = .32, 7 = 1.6%) on the affective responses to mediatedaboaich. In
addition, relationship was non-significant, with1H0) = 1.0,p = .33, /2 = 1.6%. The
interaction between the gender of the participand that of the interaction partner was
marginally significant, with F(1,50) = 3.p,= .08, /2 = 5.3%. This means that 5.3% of the
variability in the affective responses can be exjld or accounted for by dyad composition.
For the interaction of gender of the participand aelationship a marginal significant effect
was found, with F(1,50) = 3.5 = .08 and/? = 5.2%. So, both ‘gender’ and ‘relationship’
separately produced no significant effects, butetveas a marginally significant interaction
between both variables. To examine this interactiosimple effects analysis was performed.
It revealed that dyad composition (i.e., whethes thteraction partner was a man or a
woman) had a larger effect within our male (F(1,503.8,p = .06, /2 = 7.1%) than within
our female sample (F(1,50) = .B, = .57, /2 = 0.6%), explaining, respectively, 7.1%
compared to 0.6% of the variance in the total sampladdition, it revealed that relationship
was significant within the male sample (F(1,50).6,4 = .05,/2 = 7.4%) and non-significant
within our female sample (F(1,50) = .8,= .57, /2 = 0.6%). Male participants with a
relationship perceived mediated touch as less attdlan single male participants.

In separate ANOVAs performed on the male and fersataple we found that dyad
composition and relationship had significant efaetithin the male sample, with respectively
F(1,24) = 6.6p = .02,/2 = 18.3% and F(1,24) = 7.8,= .01, /2 = 21.6%. A similar analysis
performed on the female sample showed no significaain effects for dyad composition
(F(1,25) = .2p=.68,/2= 0.6%) and relationship (F(1,25) = dl5 .72, /2= 0.4%).

Again, we found a significant effect of order, wk(1,50) = 4.4p = .04, /2 = 7.1%,
indicating that the sequence in which the stimudirevadministered affected participants’
affective responses.

7.1.3 Effects of body location and type of stimulus

All participants experienced the same set of stimebardless of the condition they were
assigned to. We were interested if there would iferdnces in how pleasant participants
perceived different types of mediated touches tferint body loci. We performed a single
repeated measures ANOVA on the self-reported affectesponses. As within-subject
factors, we tested the effects of the location gtynupper arm, upper back, lower back, or
stomach) and type ("poke" vs. "stroke") of the sius. Since order appeared to be significant
in previous analyses, it was included as a betvgediects factor.

We found a significant effect of body location, 220) = 10.0p < .01, partial Eta
squared/2 = 15.3%, and a marginal significant effect of tyf€1,55) = 3.4,p = .07,
h? = 5.8%, indicating that participants’ affective pesases were affected by the location of
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the body that was stimulated and by the type ahudtis (see Table 5 and Figure 17).
Participants generally experienced poke-like tosd®less pleasant than stroke-like touches.
Touches on the stomach, arm and wrist were sigmifig less pleasant than touches on the
upper and lower back regions (F(1,55%6.9, p < .01). Also a touch on the stomach was
experienced as less pleasant than a touch on pger apm (F(1,55) 3.9,p < .01). On a scale
from 0-4, the stomach and the wrist scores lie betw'neither unpleasant/nor pleasant (2)”
and “unpleasant (3)”, whereas the back region aedupper arm mean scores lie between
“pleasant (1)” and “neither unpleasant/nor plea¢ayit In addition to these main effects, we
found a significant interaction between locationd atype (F(4,220) = 5.6p < .01,

h? = 9.3%). This indicates that the effects of locatsmd type cannot be described solely in
additive terms. Due to the tentative nature of explorations, we decided not to further
explore this complex interaction. Although orderswasgnificant (F(1,55) = 4.8 = .03,

M = 8.8%), we did not find any significant interactioinvolving order and the within-
subjects factors.

Table 5
Statistics on affective responses for body locaticaind type of mediated touch
Type of touch Body location n M SD
Poke Upper arm 57 1.81 72
Wrist 57 1.95 .67
Stomach 57 2.23 .57
Upper back 57 1.63 .59
Lower back 57 1.82 .63
Stroke Upper arm 57 1.96 .60
Wrist 57 2.09 .87
Stomach 57 1.98 .83
Upper back 57 1.63 77
Lower back 57 1.42 .63
2,4 Type of touch

---- “poke”

2.2 —— “stroke’

2,0

1,8+

1,64

Estimated Marginal Means on Self-reported Affect

T T T T T
Upper  Wrist Stomach Upper  Lower
arm back back

Body location

Figure 17: Mean affective responses for body locam and type of touch.
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7.2 Privacy invasion in mediated touch

Besides affective responses, also privacy invasias measured during the experiment. The
guestion we tried to answer wahre there differences between men and women in thei
judgment of privacy invasion to same- and oppasgemediated touch?

7.2.1 Effects of gender and dyad composition

We performed a single between subjects ANOVA onsiiéreported judgments of privacy
invasion. To investigate whether there were diffees between men and women in their
responses to same- and opposite-sex mediated tdleheffects of (a) gender of the
participant, and (b) gender of the fictional int#ian partner, were tested. The (c) order of the
stimuli was included as additional between-subjactor.

We found neither a significant difference betweealanand female participants,
(F(1,52) = .2p = .67, = 0.3%), nor a significant effect of the interaatipartner's gender
(F(1,52) < .1p = .83, /2 < 0.1%) on the affective responses to mediatedaktmiich. The
interaction between the gender of the participawot that of the interaction partner was, also
not significant (F(1,52) = .G = .45, /2 = 1.1%). On a scale from 0-4, all mean scores lie
between “no invasion (0)” and “small invasion (1yith a tendency towards 1. A one-sample
t-test proved the privacy scores to be signifigadifferent from zerot(56) = 12.0p < .01),
i.e., males and females perceived a small invasi@rivacy when receiving mediated touch
from either an opposite-sex or a same-sex straisger Table 6 and Figure 18). In addition,
we found a marginally significant effect of orderith F(1,52) = 3.1p = .09, /2 = 5.5%.
Presumably the sequence in which the stimuli wedmimistered affected participants’
judgments of privacy invasion.

Table 6

Statistics on privacy responses for males and fened being remotely touched
Gender Condition n M SD
Male Same-sex 13 .85 51
Male Opposite-sex 15 .95 .62
Female Same-sex 15 77 .60
Female Opposite 14 91 .48

Opposite -sex mediated touch

1,24
Same-sex mediated touch

L1

1,0

95% ClI privacyscore

0,8

0,61

0,4+

Males Females
Figure 18: Privacy scores for men and women in samand opposite-sex dyads
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7.2.2 Effects of gender, dyad composition and relianship

Now we will explore the questions relationship of influence on the judgment ofvpdy
invasion in computer mediated touch?

An extra condition was created by taking into cdasition the variable
‘relationship’. Like mentioned earlier, the variablrelationship’ was not controlled for.
Therefore the next analysis has a highly exploeativaracter. Table 7 shows the statistics and
the distribution of ‘relationship’ for each genderd condition.

Table 7

Statistics on privacy invasion for males and fematg either in or without a relationship
Gender Condition Relationship n M SD
Male Same-sex Yes 6 .88 .34
Male Same-sex No 7 .81 .65
Male Opposite-sex Yes 11 1.00 .69
Male Opposite-sex No 4 .80 41
Female Same-sex Yes 12 .89 .62
Female Same-sex No 3 .30 .10
Female Opposite-sex Yes 8 .89 .57
Female Opposite-sex No 6 .93 .39

We performed a single between subjects ANOVA ongléreported judgment of privacy
invasion. To investigate whether there were difiees between men and women in their
responses to same- and opposite-sex mediated toleheffects of (a) gender of the
participant, (b) gender of the fictional interactipartner, and (c) relationship were tested.
The (d) order of the stimuli was included as addii between-subject factor.

We found neither a significant difference betweealanand female participants,
(F(1,50) = .4p = .52, 2 = 0.8%), nor a significant effect of the interaatipartner's gender
(F(1,50) = .3,p = .61, /7 = 0.5%) on the judgment of privacy invasion to nagéed social
touch. In addition, relationship was non-significamith F(1,50) = 1.4p = .25, /2 = 2.5%.
The interaction between the gender of the partitipad that of the interaction partner was
also not significant, with F(1,50) = .@,= .41,/2 = 2.4%. The same applies for the interaction
of gender of the participant and relationship (6Q1=.2,p = .63 and#?2 = 0.4%). In addition,
we found a marginally significant effect of ordesith F(1,50) = 3.3p = .07,/2 = 6.0%.

In other words, non-significant results and loweetf sizes indicate that privacy
invasion is judged the same way by both gendersvileing remotely touched, i.e., neither,
dyad composition, nor relationship had any demab#treffect.

7.2.3 Effects of body location and type of stimulus

All participants experienced the same set of stimebardless of the condition they were
assigned to. We were interested how privacy invasias perceived for different types of
mediated touch and for different body loci. A siglepeated measures ANOVA was
performed on the self-reported privacy invasion. wshin-subject factors, we tested the
effects of the location (wrist, upper arm, uppeclkyaower back, or stomach) and type
("poke" vs. "stroke™) of t he stimulus. Since ordgpeared to be marginally significant in
previous analyses, it was included as between-stgjactor.
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We found significant effects of body location angd, with respectively F(4,220) = 32.3,
p < .01, A2 = 37.0%, and F(1,55) = 8.9,< .01, /2 = 13.3%, indicating that participants’
judgments of privacy invasion were affected by lbmation of the body that was stimulated
and by the type of stimulus (see Table 8 and Fig@e Participants generally experienced
poke-like touches as less of a privacy invasiom teaoke-like touches. Touches on the
stomach elicited significantly higher privacy ini@s responses, than touches on the arm,
wrist, upper and lower back regions (F(1,5530.4,p < .01). Also a touch on the wrist or
upper arm was experienced as less of a privacyiondhan a touch on the stomach and the
upper and lower back regions (F(1,55010.4,p < .01). On a scale from 0-4, the stomach
typically scored between “small invasion (1)” anédsonable invasion (2)". The arm region
and the back region typically scored between “nvagion (0)” and “small invasion (1)”.

In addition, we found a marginally significantenaction between location and type
(F(4,220) = 2.2p = .07, A2 = 3.8%. This indicates that the effects of locatamd type
probably cannot be described solely in additivengerDue to the tentative nature of our
explorations, we decided not to further explores tbomplex interaction. In addition, we
found a marginally significant effect of order (F§%) = 3.2,p = .08, #2 = 5.8%). We did not
find any significant interactions involving orderdathe within-subjects factors.

Table 8
Statistics on privacy invasion for body location ad type of mediated touch
Type of touch Body location n M SD
Poke Upper arm 57 46 .63
Wrist 57 .56 .87
Stomach 57 1.49 .98
Upper back 57 .67 74
Lower back 57 77 .76
Stroke Upper arm 57 .53 .78
Wrist 57 .54 91
Stomach 57 1.58 1.02
Upper back 57 .93 .92
Lower back 57 1.16 .96
1,8 Type of touch

---- “poke”
1,6

—  ‘“stroke”

1,2

1,0

0,8

Estimated Marginal Means on Self -reported

Upper Wrist ~ Stomach  Upper Lower
arm back back

Body location

Figure 19: Mean privacy invasion responses for bodipcation and type of touch.
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7.3 Touch Attitude Scales

The other research question we proposed @as:the responses in computer mediated touch
be predicted by touch attitude measur@d@re specifically, we are interested whether the
affective responses and the judgments of privaggsion correspond to participants’ attitude
towards touch (i.e., as measured by the touclud&timeasures).

A few days after the experiment the participanteneed an e-mail with a link to an
online survey. The online survey consisted of thkech avoidance scales TAM1, TAM2
(Andersen and Leibowitz, 1978) and the same seght@eale SSTS (Larsen and LeRoux,
1984). First the results from these scales willdiszussed. From literature we expected to
find TAM1 (measuring same-sex touch avoidance) @8dS (same-sex touch scale) to be
measuring the same construct and therefore to lbeelated. And indeed, for all 57
participants we found TAML1 to be highly correlateh SSTS ( = .84,p < .01). Further we
expected that TAM1 and SSTS would not be correlatitd TAM2, because they measure
different constructs. And indeed, for all 57 pap#nts we found TAM2 not to be correlated
with TAM1 (r = .10,p = .44), nor with SSTS & .11,p = .41).

Existing research also suggests that gender diffeewould be noticeable in scores
to TAM1, TAM2 and SSTS. An independent t-test wasdito test the scores to each scale on
gender differences. For TAM1 we fount{b5) = -5.6,p < .01; for TAM2 we found,
t(55) = 3.2,p < .01 and for SSTS we fourt(65) = -5.6,p < .01. This indicates that gender
differences appear to be highly significant for thitee scales. In Table 9 the statistics are
shown for male and female participants. The saaeged from -2 (high touch avoidance) to
+2 (low touch avoidance), i.e., low means on TAMIAM2 and SSTS indicate persons that
are less comfortable with touch (touch avoider) higth means indicate persons that are very
comfortable with touch (touch approacher). The Itesshow that female participants were
more touch avoidant than male participants in cafsepposite-sex touch (TAM2). The
opposite applied for same-sex touch (TAM1, SST8)sTs in correspondence with existing
literature (e.g. Andersen and Leibowitz, 1978; Rerdl and Jones, 1988; Martin and
Anderson, 1993). In addition, Table 9 clearly shanarger difference for males (1.25) than
for females (.01) when comparing scores of TAM1 @Ad12, which indicates that males are
more sensitive to gender of the interaction partinen females.

Table 9
Statistics of male and female scores on the threétitude scales
Males (h=28) Females (n=29)

n M SD M SD
TAM1 57 -.05 .59 a7 .52
TAM2 57 1.20 .36 .78 .61
SSTS 57 .10 .57 .96 .60

To examine the predictive value of the touch altitiscales, the affect and privacy scores
were correlated to TAM1, TAM2, and SSTS scores. &bparticipants in same-sex dyads,

the affect and privacy scores were correlated tigir TAM1 and SSTS scores (Table 10).

For all participants in opposite-sex dyads, thecifand privacy scores were correlated with
their TAM2 scores (Table 11).
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Table 10
Correlations between TAM1, SSTS, and Affect / Privay scores for
Same-Sex Dyads (N=28)

TAM1 SSTS Affect score Privacy score

TAM1 r 1.00 .88** -.04 -.09
SSTS r .88* 1.00 -.19 -.28
Affect score r -.04 .19 1.00 40*
Privacy score r -.09 -.28 A40* 1.00

Notes: All correlations are Pearson correlationSotrelation is significant at the
p<.05 level. ** Correlation is significant at the 01 level.

Table 11
Correlations between TAM2, and Affect / Privacy scres for
Opposite-Sex Dyads (N=29)

TAM2 Affect score Privacy score
TAM2 r 1.00 .02 -.07
Affect score r .02 1.00 .30
Privacy score r -.07 .30 1.00

Notes: All correlations are Pearson correlationSotrelation is significant
at the p<.05 level. ** Correlation is significartttae p<.01 level.

As mentioned before, the correlation between TAMA &STS is highly significant & .88,

p < .01). Also the affect scores and the privacy scamescorrelated in same-sex dyads
(r = .40,p = .04). However, no significant correlations occutw®en scores to the attitude

scales and scores of the experiment (i.e., affectasponses and judgments of privacy
invasion). So, although TAM1 and SSTS measure &ngesconstruct, neither TAM1, SSTS

nor TAM2 had any predictive value, i.e., the outesnof the experiment could not be

predicted by the attitude scales.

A shortcoming of the scales is, like Willis and Rim (1994) noted correctly, that
attitude towards touch varies with relationshipsd anth situations. The attitude scales that
were used in this present study often omit relatigws and never include situations.
Participants who filled out the attitude surveyioed these shortcomings in the questions.
One male participant noticed that the statemenitddoe interpreted in more than one way.
He stated that interpretation depended upon, égw people embrace and with what
intention. This information would affect the answera question. Another male participant
noted that with a lot of questions the context Veaking: “Where did it happen and with
whom?” A female participant made a comment aboat dtatements dealing with touches
from persons of the other sex. She noticed thatdastion would depend on who that other
person was and with what intention the touch oezurfTherefore | often filled out the
middle answer”. A similar reaction came from anotieenale participant. She had difficulties
answering some of the questions, because ‘a tauuh™a kiss’ were very ambiguous. “Do
you mean out of friendship or sexual? Becausedatierlyou accept from some people, but
not from the most.” A colleague female participatso had difficulties answering questions
about kissing. She argued that a statement lilejdy kissing persons of the same sex” was
hard to answer. Her first reaction would be ‘nait Ishe indicated that she does kiss her
mother or her sister. Yet another female partidigsated that information about the situation
was more important to her than knowledge aboubther person’s gender: “Whether | like a
touch or not depends more on the person, how vklblv him or her and from the situation
than from that person’s gender.”
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8.  Discussion

In the present study we investigated whether coemputediated social touch can be
experienced as a real touch, by examining the rsspgimilarities between mediated and
unmediated social touch. In the present thesifpagsed on the gender differences generally
found in the affective responses (i.e., pleasanumpleasant) to unmediated same- and
opposite-sex social touch. In addition, we did Haene for invasion of privacy. For this
purpose, we designed a tactile vest that allowplpgo touch each other over a distance. The
tactile vest is equipped with several vibrotactit#uators that can transfer different types of
stimuli (e.g., resembling a stroke or a poke) tfiedent areas of a person’'s upper body.
Obviously, mediated touch by means of vibrationar®provides a qualitatively limited form
of touching, especially in comparison to unmedigbégisical contact. However, it was not
our intention to recreate accurately the physiogleeience of a real touch. Rather, our
intention was to study, using a piece of wearablaputing, whether it would be possible to
discover response similarities between mediated wmdediated social touch. Vibration
motors were chosen, because they are perhaps tbeaften used actuators in mediated
social touch communication devices (e.g., Chang.e2000). Secondly, if we were able to
show response similarities between real and metlipte/sical contact even with such a
qualitatively limited haptic device like the taetiVest, this would make a strong case for the
significance of adding mediated social touch taenircommunication devices.

In the experiment, interaction possibilities wermmited to mediated touch (as
provided by the tactile vest), thereby ruling otfeets of other verbal and nonverbal cues
(e.g., speech, text, attractiveness) on the ppatits' affective responses. Additionally,
participants were led to believe that the study ved®ut the evaluation of a haptic
communication system, and that an unknown partitifize., from another department) was
remotely touching them. Information about the gerafethis fictional person was provided
by the experimenter, who read aloud the name ohtieeaction partner (e.g., William).

We found neither a significant difference betweealerand female participants, nor a
significant effect of the interaction partner's den Possibly our sample was too small (i.e.,
N=57) for the differences in group means to be iBmant. If anything would turn out
significant with a larger sample, it would mostIpably be the interaction between the gender
of the participant and that of the fictional inteian partner, as this effect was most
pronounced (F(1,52) = 1.8,= .19,/2 = 3.0%). This is what would be expected from engst
literature. Peoples' affective responses cannoprbdicted from their gender or from the
gender of their interaction partner alone. Instéad,the interaction between the two (i.e., the
same- or opposite-sex dyad composition), that oetexrs the amount of touching one would
expect and the affective responses one predictddslgrves in men and women.

In correspondence with existing research on unmedliaocial touch, the effect of
dyad composition (i.e., whether the interactiorntiparwas a man or a woman), although not
significant, was about ten times larger within male sample than within our female sample,
explaining respectively 3.8% and 0.4% of the var@in the total sample. Separate analyses
performed on the male and female sample showed @ mnounced effect of dyad
composition within the male sample#£ .11, /2 = 9.9%) against a negligible effect within the
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female samplep(= .73, /2 = 0.1%). Apparently, males were more reluctanteceive a
mediated touch from another male than from a female

The fact that male participants in the same-sexiated touch condition perceived a
mediated touch as more unpleasant than males iopthesite-sex mediated touch condition,
is in correspondence with existing studies on unated social touch. It is argued that males
prefer opposite-sex touching to same-sex touchmpagcording to Heslin et al. (1983), men
generally perceive touch from a woman as pleagemtpatter if it's a strange woman or a
woman they are acquainted to.

As relationship was added to the model as an exiriable, a marginally significant
interaction between the gender of the participaudt that of the fictional interaction partner
was found (F(1,50) = 1.§ = .08,/ = 5.3%). Also the interaction of participant gendad
relationship was marginally significant (F(1,5082,p = .08,/2 = 5.2%). This indicates that
the affective responses were not only sensitivedyad composition, but also to the
relationship stage (i.e., single vs. dating) of plagticipant. Additional simple effect analyses
revealed that dyad composition had a larger efigtttin our male (F(1,50) = 3.§ = .06,

2 = 7.1%) than within our female sample (F(1,50)3=p = .57, /2 = 0.6%), explaining,
respectively, 7.1% compared to 0.6% of the variaimcéhe total sample. In addition, it
revealed that the effect of relationship was sigaift within the male sample (F(1,50) = 4.0,
p = .05, /2 = 7.4%) and non-significant within our female s&n(~(1,50) = .3p = .57,

2 = 0.6%). In our study, male participants with &tienship perceived mediated touch as
less pleasant than single male participants. Applgrerelationship played a role in the
evaluation of a mediated touch. In contrast, fenafective responses to mediated touch
showed no differences, neither for same- or oppa®k touch, nor for the relationship
variable. The effect of being either single or imetationship on the experience of tactile
contact with others has not been previously stydiégl means we cannot compare our results
to existing literature. Drawing conclusions baseadar results would be very tentative, since
relationship was a variable that was not correctigtrolled for and sample sizes were rather
low. We can only speculate that relationship migghte an influence on the responses to
mediated touch. In future research, relationshquihdefinitely be correctly controlled for.

Results also indicated that affective responseghef receiver varied with the
stimulated body location. Touches on the stomagpipenarm and wrist were significantly
less pleasant than touches on the upper and loagk tegions (F(1,55) 6.9,p < .01).
Additionally a touch on the stomach was experienagdess pleasant than a touch on the
upper arm (F(1,55) 3.9, p < .01). This indicates that participants probabérceived a
mediated touch as more than just a vibration ma@tocording to studies of Jourard (1966),
the stomach is the least frequently used bodyipgshysical contact, even between friends.
In a study of Heslin et al. (1983), males ratedchms by strangers to the stomach as least
pleasant, even when the initiator was of the ofipesax.

Similar analyses were performed on privacy invas@ander, dyad composition and
relationship showed no significant effects on judgis of privacy invasion. Male and female
participants did perceive a small invasion of ptivavhen being remotely touched. Results
also indicated that privacy invasion of the recewaried with the stimulated body location.
Touches on the stomach elicited significantly highivacy invasion responses, than touches
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on the arm, wrist, upper and lower back regiond %) 30.4,p < .01). Although we have
no research to compare our results, we think thekh sesults would not be expected if a
mediated touch would solely be perceived as mechhwibrations.

Whether touch produces positive or negative regmonsay depend on the general
attitude someone holds towards tactile communinafiajor, 1981). To be able to control
for such individual differences, we adopted thremles (i.e., TAM1, TAM2, SSTS)
measuring each participant’s attitude towards leattehavior. The use of these scales gave
similar results as earlier studies (e.g., Ander@ed Leibowitz, 1978; Larsen and LeRoux,
1984; Guerrero and Andersen, 1994; Willis and Rawd®94), i.e., female participants were
more touch avoidant than male participants in a#sepposite-sex touch (TAM2) and the
opposite was true for same-sex touch (TAM1, SSA8hough gender differences appeared
to be highly significant within each of the thremles, they failed to predict outcomes of our
experiment, i.e., touch avoiders were not necdgaamcomfortable with mediated touch and
touch approachers were not necessarily comfortaittemediated touch. This may be due to
the fact that our own affective response scale mesvery reliable (=.56). It may also be
ascribed to the low predictive value of the attitimtales. Major (1981) noted that important
aspects like context and relationship are typicaltyitted in previous research on touching
behavior. The same applies for the scales we ugedhey comprised statements about touch
in general situations, barely specified body partd made no distinction between strangers
and acquaintances. Besides the study of SorensgénBeatty (1988), there are to our
knowledge no other studies that tested the predietalue of these scales.

Limitations and future research

By replicating existing studies on social psychataf effects of touch in a mediated

situation, several limitations are worth mentionifigpese are partly related to the intentional
limitations imposed on the design and proceduréhef experiment, which allowed us to

investigate the effect of mediated social touchsatation of other communication cues.

First of all, in order to obscure the intent of #ageriment from the participants, a
participant’'s affective response and judgment afgmy invasion to each stimulus were
assessed by means of a single self-report iteme Mems about affect and privacy would
easily raise suspicion and might give away theninté the study. However, the use of such a
single item scale is more sensitive to measurement. In addition, by letting participants
self-report their response to each stimulus, soales are very prone to bias. As an example,
the significant effect of order is a result of amclaoring bias, i.e., participants used their
response to the first stimulus as an anchor foir thebsequent scorings. Future research
should also include more objective measuring methsadch as increased pro-social behavior,
or compliance to a request.

Secondly, the use of a tactile vest with vibratiootors is a rather simplistic and
gualitatively limited way of presenting mediatedu¢h. More sophisticated haptic devices
might show more pronounced effects of dyad comjusifThis means that instead of using
vibration motors, other technologies (or combinadjo could be used to present tactile
stimuli, e.g., by means of piezoelectric crystalsape memory alloys, Peltier Junctions. This
means using actuators that present changes in tatapeor pressure. Future research could
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focus on comparing a range of devices, varyingyipetand quality of stimulation, to
investigate their ability to evoke response sintikes between the real and the virtual.

Thirdly, the research took place in a laboratonyirsg which might have caused the
effects to be less obvious. Such a setting is rahdicial and participants knew they were
going to be touched in a remote way. This mightarphe absence of gender differences for
privacy invasion, i.e., for an invasion of privaty occur there has to be a discrepancy
between the expected or desired level of contath wihers and the achieved or actual
contact with others (Altman, 1975). Our experiméntadiated touch situation required the
participants to agree with a certain level of pewanvasion. As a result the difference
between the expected and actual level of contastsmzall. In sum, in a laboratory setting,
participants might not react as strongly as thewld/on a ‘natural’ setting. A more social
situation might have shown more pronounced genffiecte (cf., Fisher et al., 1976).

Finally, in everyday communication between humdaach is just one cue in the
complex package of (constantly changing) cues. Winégrpreting the intention of the
interaction partner all these cues are important.r@mnoving many of those cues, and
isolating touch, our experimental setting may heagsed the effects of physical contact to be
considerably reduced. In other words, touch mayehavlarger effect when used in
combination with other cues then when presentedraggly. Adding more communication
cues to the experiment would also allow includingh@touch control condition in the
experiments. Richer mediated situations could bdiastl, where one uses mediated tactile
stimulation in combination with other verbal or nernbal cues.

Relevance of findings
This study breaks new ground in its effort to stuaydiated touch in a controlled setting. It is
a first step in the collection of empirical data msponse similarities between real and
mediated social touch. Despite the, often self-isgoly limitations, the results contribute
preliminary evidence for mediated social touch Beiperceived in similar ways to
unmediated social touch, i.e., gender differenaasernlly found in same- and opposite-sex
touch are to a certain extent also present in tediaed situation of our experiment. As
Haans and lJsselsteijn (2006) argue, this is aroitapt finding when one considers the
significant differences in stimulation between a mam hand and a vibrating
electromechanical actuator. With that, we think thadiated tactile ways of communication
should be given the opportunity to develop and igarto a mature level. The relevance of
this study on mediated social touch may even beneled beyond the implications for the
development of new haptic devices, and open newppetives in social psychological
research on touch. Research that typically relied tbe exposure of participants to
hypothetical (e.g., images, body-maps) touchesgerathan actual touches. Mediated social
touch might enable participants to actually feedl aespond to the impact of a touch, thus
increasing ecological validity without losing exjpeental control.

To conclude, with this present study we providest fievidence, by means of a tactile
vest, that similarities between real and mediatedas$ touch actually exist. Apparently
mediated social touch goes beyond the cover ofkinr as it is able to ‘grab’ our minds.
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Appendix 1: Instruction experiment

Instructie experiment: Evaluatie haptisch communica tiesysteem

Het aantal manieren om op afstand te communiceren is de laatste jaren fors
toegenomen. Denk aan het bellen of sms-en met de mobiele telefoon, het gebruik
van msn en e-mail, vidleocommunicatie, etc. De meeste van deze toepassingen
maken gebruik van spraak en/of beeld. Echter in ons dagelijks leven speelt ook tast
een belangrijke rol om iets over te brengen. Denk aan de betekenis van een arm om
je schouder als je het moeilijk hebt, een schouderklopje als je je best hebt gedaan,
een streling als je verliefd bent, etc. Het overbrengen van informatie middels tast
noemen we haptisch communiceren. Wanneer we dit doen met een aanraking op
afstand noemen we dat gemedieerde aanraking; de aanraking is immers niet direct,
maar wordt door een medium (internet, pc) van de ene op de andere persoon
overgebracht. In dit onderzoek richten we ons op haptische communicatie middels
gemedieerde aanrakingen.

Experiment
In dit onderzoek zal een eerste prototype van een haptisch communicatiesysteem

worden getest op gebruiksvriendelijkheid en op technische werking. Het systeem is
ontwikkelt in samenwerking met Industrial Design en bestaat uit haptische chat
interfaces en haptische vesten. Het is de bedoeling om in de toekomst met dit
apparaat op afstand (via internet) tekstberichten en tast te communiceren met één of
meerdere communicatiepartners. Tevens is er de mogelijkheid tot gebruik van een
webcam. Het unieke van dit communicatiesysteem is dat tekst, zicht en tast
gecombineerd worden. Het design van de interface is afgeleid van instant messaging
programma’s als MSN, ICQ, etc. In de figuur hieronder zie je de interface.

Figuur: Haptische chat interface

Aan dit experiment nemen telkens twee personen deel, welke zich in aparte ruimtes
bevinden. Omdat het hier om een prototype van het systeem gaat, is enkel de
haptische functie actief. Tevens werkt het systeem momenteel slechts in één richting.
Dit betekent dat één persoon signalen kan sturen en de andere persoon deze
haptische gebaren kan ontvangen. Daarom bedient de eerste persoon het haptische
chat programma en de andere persoon draagt het bijbehorende haptische vest.

Op de volgende pagina vind elke persoon zijn of haar persoonlijke instructie voor het
experiment.
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Instructie voor persoon met het vest

Je hebt zojuist kunnen lezen dat aan dit experiment telkens twee personen
deelnemen. Om het idee van communicatie op afstand te realiseren bevindt de
andere persoon zich op de afdeling Industrial Design. Hij of zij heeft het haptische
chat programma op de computer staan. Deze computer staat in verbinding met jouw
computer en daardoor met het haptische vest.

Hem of haar wordt gevraagd de interface te evalueren op verschillende aspecten
(o.a. uiterlijk, werking, gebruiksvriendelijkheid). Tevens is het zijn of haar taak om jou
gemedieerd aan te raken. De andere persoon is vrij om te kiezen om je buik,
onderrug, bovenrug, onderarm of bovenarm gemedieerd aan te raken. Zo kan hij of
Zij ervoor kiezen een streelbeweging of een lokale aanraking naar de genoemde
lichaamslocaties te sturen.

Jij zult in dit experiment gebruik maken van het haptische vest en de gemedieerde
aanrakingen van de andere persoon ontvangen. Het is de bedoeling dat je na elke
gemedieerde aanraking de bijbehorende 5 vragen beantwoordt. De duur van jullie
taken is op elkaar afgestemd; dit komt er op neer dat jij na elke aanraking ongeveer
een minuut de tijd hebt om de vragen in te vullen. De andere persoon zal in die tijd
de interface op kleine aspecten evalueren. Na deze tijd kun je de volgende aanraking
verwachten.

Om een idee te krijgen van wat je kunt verwachten zul je nu eerst ervaren hoe de
gemedieerde aanrakingen kunnen aanvoelen.

Succes!
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Appendix 2: Response questionnaire

zeer .. zeer
slecht slecht redelijk goed goed
Hoe goed/slecht was deze gemedieerde aanraking te
voelen?
niet
zeer .| onprettig/ : zeer
onprettig onprettig niet prettig prettig
prettig
Hoe prettig/onprettig vond u het om deze
gemedieerde aanraking van de andere persoon te
ontvangen?
geen kleine | redelijke| grote hriltee
inbreuk | inbreuk | inbreuk | inbreuk | .9
inbreuk
In welke mate ervaarde u deze gemedieerde
aanraking door de andere persoon als een inbrepk
op uw privacy?
zeer onnatuurliik niet onnatuurlijk/ natuurliik zeer
onnatuurlijk I niet natuurlijk I natuurlijk

Hoe natuurlijk/onnatuurlijk vond u het
trilpatroon van deze gemedieerde
aanraking?

Welke betekenis zou u aan deze aanraking toe kénnen yriendschappeli

(Meerdere antwoordopties mogelijk)
speels

sexueel getint
geruststellend
dominant

anders, namelijK ......cccccceeeiiiiiiiie e
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Appendix 3: Questionnaire social touch

Vragenlijst
Tast in sociale interacties

Algemene opmerkingen en instructies voor het invudin van de vragenlijst

- Dit instrument bestaat uit 57 stellingen ten aamzign gevoelens over het aanraken van
andere mensen en aangeraakt worden.

- Beantwoord alstublieft alle vragen, ook wanneerlifig¢talsof sommige vragen zich
herhalen.

- Het is voor het onderzoek belangrijk dat u eenquathijk en eerlijk antwoord op de
vragen geeft.

- Er zijn bij deze vragenlijst geen goede of foutenarorden. Het gaat erom wat op u van
toepassing is.

- Denk niet te lang na over afzonderlijke vragen, mggeef het antwoord dat spontaan in u
opkomt.
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Bij elke vraag staan steeds vijf blokjes die u kgebruiken om antwoord te geven. Boven de blolges i
een beschrijving van de antwoordmogelijkheden gege@eef aan in welke mate een stelling op u van
toepassing is door één van de volgende antwoordsogan te kruisen: (-2) mee oneens, (-1) enigszins
mee oneens, (0) noch mee oneens / noch mee ekersiddzins mee eens, (2) mee eens. Als de vraag
helemaal geen betrekking op u heeft, dan kiestou &le categorie ‘niet van toepassing’.

Noch
Mee Enigszins ~ mee Enigszins niet van
mee oneens / Mee een .
oneens mee eeng toepassing
oneens | noch mee
eens
Een omhelzing door een vriend(in) van mijn
1 |eigen geslacht is een teken van echte
vriendschap.
> Vrienden van heandere geslacht vinden het
fijn wanneer ik ze aanraak.
3 Ik sla regelmatig mijn arm een vriend(in) van
mijn eigen geslacht.
4 Wanneer ik zie dat twee mensen van hetzelfde
geslacht elkaar omhelzen vind ik dat afstotelijk.
5 Ik ervaar het als prettig wanneer personen van
hetandere geslacht mij aanraken.
6 Mensen moeten niet zo moeilijk doen over het
aanraken van personen van hun eigen geslaght.
Noch
Mee Enigszins ~ mee Enigszins niet van
mee oneens / Mee eens :
oneens mee eeng toepassing
oneens | noch mee
eens
7 Ik vind hetonbeschaafdvanneer personen van
hetandere geslacht mij aanraken.
8 Wanneer iemand van hahdere geslacht mij
aanraakt, ervaar ik dit atsprettig
Ik zou willen dat ik de vrijheid had om via
9 |aanraking mijn emoties te tonen aan personen
van mijn eigen geslacht.
10 Ik vind het prettig om een vriend(in) van het
andere geslacht te masseren.
11 Ik vind het prettig om personen van mijn eigen
geslacht te zoenen.
12 Ik vind het prettig om vriend(inn)en aan te raken

die hetzelfde geslacht hebben als ik.
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Mee
oneens

Enigszins
mee
oneens

Noch
mee
oneens /
noch mee

eens

Enigszins
mee eeng

Mee eens

niet van
toepassing

13

Wanneer ik een vriend(in) van mijn eigen
geslacht aanraak, voel ik me daagemakkelijk
bij.

14

Ik vind het prettig wanneer mijn afspraakje en
elkaar omhelzen.

15

Ik vind het fijn wanneer een persoon van het
andere geslacht mij over de rug wrijft.

16

Ik ervaar het alsnprettigom familieleden van
mijn eigen geslacht een kus te geven.

17

Intieme aanraking met personen vandredere
geslacht is plezierig.

18

Ik heb er moeite mee om aangeraakt te worden
door een persoon van mijn eigen geslacht.

19

In mijn communicatie met personen van mijn

k

eigen geslacht, speelt aanraking een belangrijke

rol .

Mee
oneens

Enigszins
mee
oneens

Noch
mee
oneens /
noch mee
eens

Enigszins
mee eeng

Mee eens

niet van
toepassing

20

Wanneer ik behoefte heb aan troost, dan
waardeer ik het omhelst te worden door een
persoon van mijn eigen geslacht

21

Ik ga graag om met personen van mijn geslacht
die zich gemakkelijk voelen bij een aanraking,

22

Ik vind het prettig om sommige personen van
mijn eigen geslacht aan te raken.

23

Wanneer ik een persoon van mijn eigen geslacht

omhels, ervaar ik het lichamelijke contact als
plezierig.

24

Ik voel me gemakkelijk bij het omhelzen van gen

goede vriend(in) van mijn eigen geslacht.

25

Wanneer ik mijn arm over de schouders van gen

persoon van mijn eigen geslacht sla, voel ik me
daar gemakkelijk bij.

26

Soms vind ik het prettig om vriend(inn)en van
mijn eigen geslacht te omhelzen.
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Mee
oneens

Enigszins
mee
oneens

Noch
mee
oneens /
noch mee
eens

Enigszins
mee eeng

Mee eens

niet van
toepassing

27

Ik vind het fijn wanneer sommige personen vgn
mijn eigen geslacht een arm over mijn schouders
slaan.

28

Ik vind het prettig om aangeraakt te worden door
iemand van mijn eigen geslacht.

29

Lichamelijke uiting van affectie tussen persongn
van mijn eigen geslacht is gezond.

30

Ik voel me gemakkelijk bij het geven van een
massage aan iemand van mijn eigen geslacht.

31

Wanneer ik gespannen ben, vind ik het fijn om
een nek- en schoudermassage te krijgen van een
persoon van mijn eigen geslacht.

32

Het liefst zou ik het aanraken van een persoon
van mijn eigen geslacht vermijden.

Mee
oneens

Enigszins
mee
oneens

Noch
mee
oneens /
noch mee
eens

Enigszins
mee eeng

Mee eens|

niet van
toepassing

33

Ik voel meongemakkelijlbij het aanraken van
een goede vriend(in) van mijn eigen geslacht

34

Aanraking tussen personen van hetzelfde
geslacht zou beperkt moeten blijven tot het
geven van een hand.

35

Het gevoel van genegenheid dat ik soms krijg bij
het aanraken van goede vriend(inn)en van mijn
eigen geslacht, vind ik prettig.

36

Wanneer ik hoofdpijn heb, voelt het goed
wanneer iemand van mijn eigen geslacht mijn
nek en schouders masseert.

37

Soms omhels ik personen van mijn eigen
geslacht die ik goed ken.

38

Het doet me goed om personen van hetzelfde
geslacht elkaar te zien omhelzen bij een
begroeting.
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Ten slotte willen we u verzoeken een aantal vrayen uzelf in te vullen. Gelieve uw antwoorden op
de stippellijnen in te vullen.

NBEIM: .o

Geslacht: ....... (M/7V)

Leeftijd: ......... jaar

Relatie: ......covvvvvveeviiiiieeiieeieeee e (Ja/ Nee / Geef ik liever geen antwoord op)
Nationaliteit: ..........ccccovvvvveeiiiiiineenns

Sexuele geaardheid: ..........cccceeeeenn. (Hstexueel / Homosexueel / Bisexueel / Geef ik

liever geen antwoord op)

Eventuele opmerkingen kunt u hieronder kwijt:
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