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“Ik krijg een heel apart gevoel van binnen 

Al raak ik jou maar even aan 

Dan wordt het warm en koud van binnen 

Ik kan niet zonder jou bestaan.” 
- CORRY KONINGS 
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English Summary 
People tend to touch each other on a regular basis during their social encounters. 
When such a touch, like for example a pat on the back or a hug, leads to systematic 
changes in the recipient’s thoughts, feelings, and/or behavior, we speak of social 

touch. Social touches can come in many different forms and can elicit a vast range of 
responses. Touches can, among others, have strong effects on bonding and 
attachment between people. This is easy to imagine when you think about the 
intimate physical contact between lovers or a gentle caress from mother to child. 
Moreover, touch can have a severe impact on one’s emotional state and physiological 
well-being. Receiving touch can for example help in the direct decrease of stress 
symptoms. The third effect of touch that is of particular importance for this 
dissertation, is the effect of touch on the recipient’s behavior and attitude. Receiving 
a touch can for example enhance one’s helpful behavior, one’s generosity, and one’s 
willingness to comply with a request. This is also known as the Midas Touch effect. 
Aforementioned effects of touch do not occur with all forms of physical contact and 
in any situation per se. There are various aspects that may modulate the responses, 
which include the physical composition of the touch (i.e., how the touch feels), the 
setting in which the touch takes place, the relationship between toucher and touchee, 
and several personality characteristics of the recipient of the touch, such as his or her 
attachment style and touch receptivity. 
 
Despite the importance of social touch in co-located interpersonal communication, 
this form of communication is underexposed in current communication technologies. 
In this dissertation, we provide a next step in the research on Social Touch 

Technologies; technologies in which human social touches are emulated through the 
use of various haptic actuators. We question whether the use of social touch 
technologies can elicit similar effects in the human recipient as actual human touches 
can, and if so, under which specific circumstances. Contrary to co-located human 
touch, social touch technologies enable the disentanglement of the various 
dimensions that may modulate the perception of a touch and to investigate each of 
these social touch building blocks in isolation. On this premise, we identified three 
broad main challenges that need to be addressed to advance the understanding of 
the use of social touch technologies. (1) We need to understand how a social touch 
technology should feel. What are essential physical qualities, and to what extent 
should it resemble an actual human touch? (2) We need to understand the 
importance of attributing the physical stimulus to a social source (i.e., the sender). 
Are the (anticipated) effects of a social touch technology mainly caused by the feel of 
the touch, or by the cognitive processes that are involved once the recipient knows 
who sent the touch? (3) We need to understand which contextual, relational, and 
personal elements may modulate the perception of a touch through a social touch 
technology, and how. In this dissertation, we addressed these challenges by 
researching two specific instances of social touch technologies. The research is 
intended to contribute to the understanding of the opportunities, limitations, and 
boundary conditions of interactions through social touch technologies, with the 
intention to eventually develop meaningful and effective interactions. 
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In Part II of this dissertation, we focused on mediated social touch; a sub-category of 
social touch technologies in which the recipient receives an artificial touch and 
attributes it to a remotely located other person. More specifically, we focused on the 
role that physical warmth can play in such interactions. On the premise that warmth 
is an important physical quality of a human touch, and on the premise that 
perceptions of physical warmth – either through warm objects, or via the ambient 
temperature – can activate perceptions of social warmth (a physical-social warmth 

link), we carried out three studies. In these studies, participants engaged in a form of 
communication with another person, in which they either received warmth or a 
stimulus at room temperature. The warmth was either presented through a heated 
chair (Study 1), or through a custom built mediated touch interface that dissipated 
warmth (Studies 2 and 3). When receiving a warm physical stimulus, this was either 
attributed to the sender (as (mediated) body heat), or to a non-social feature of the 
haptic interface (in order to better understand the role of attribution). Over the 
course of these studies, we also investigated the role of various possible modulators 
of the perceptions of warm mediated touches, such as the ambient temperature, the 
moment of presentation of the warmth during the communication, the duration of 
the exposure to the warmth, the relation between the sender and recipient, and the 
setting in which the warmth was perceived. Neither the outcomes of the studies, nor 
accompanying meta-analyses provided support for the suggestion that the physical-

social warmth link is also of practical use in mediated social touch interactions. As a 
consequence, we were not able to find insights in the role that attribution of the 
warmth or other possible modulators may play during such communication either. 
 
In Part III of this dissertation, we focus on another sub-category of social touch 
technologies, namely simulated social touch. In this category, the touch that is 
perceived through a haptic interface is attributed to a non-human social entity such 
as a virtual agent or a social robot. We specifically focused on robot-initiated touches, 
and questioned whether such touches could elicit similar effects as human touches. 
Moreover, we investigated some of the possible boundary conditions within which 
such robot-initiated touches could elicit beneficial effects with regard to the human 
recipient’s emotional state, his or her perceptions of the robot, and his or her pro-
social behavior. In three studies, participants were invited to watch a scary movie (to 
elicit stress) together with a social robot that either did or did not provide supposedly 
soothing touches occasionally. Throughout these studies, we varied the social 

presence of the robot (i.e., the extent to which the robot is actually considered a 
social entity rather than a non-social machine) and the bond the recipient had with 
the robot prior to the touch interaction. Although the majority of the dependent 
variables that we applied were not affected by the touch manipulations, we did find 
some beneficial effects of robot-initiated touch on one’s heart rate during stressful 
circumstances, the perceived intimacy that was felt towards the robot, and the 
attachment one had with the robot. These effects imply that robot-initiated touches 
indeed can have beneficial effects, but only within specific boundary conditions. To be 
able to exactly define these conditions, more research is warranted.  
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Since people are very well capable of imagining how a touch would feel, solely based 
on observing a touch or by merely thinking about it, we carried out three additional 
studies in which visual stimuli related to robot-initiated touch were employed in 
online crowdsourcing studies. From these studies, several guidelines for the design of 
the physical appearance of robots were derived, in order to optimize them for robot-
initiated social touch interactions. Robots should for example appear friendly and 
non-threatening, but only moderately humanlike and perhaps somewhat caricatured.  
 
Although the nine studies as presented in this dissertation do not unequivocally 
support the idea that social touch technologies can elicit similar responses as human 
touches can, this work contributes to the research area in several ways. Firstly, the 
results provide clear insights in the limitations of social touch technologies. Physical 
stimulation by means of haptic actuators does not necessarily lead to beneficial 
effects. The most important contribution of this dissertation is however the 
contribution to the maturation of the research field. Based on an extensive literature 
discussion we developed a working model for social touch and we defined several 
challenges that need to be addressed to advance the understanding of social touch. 
Moreover, we developed and applied various research methodologies such as the lab 
studies with the scary movie, but also the online experiments with visual materials. 
These aspects, combined with the outcomes of the studies and our suggestions for 
improvement may form a solid basis for upcoming research and will hopefully inspire 
other researchers. Progressing from a young research area with some haphazard 
studies and mostly anecdotal evidence, to a mature field with clear, coherent, and 
consistent insights is necessary to be able to eventually develop the meaningful 
interactions that social touch technologies may have to offer.  
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Nederlandse Samenvatting 
Mensen hebben de neiging om elkaar regelmatig aan te raken tijdens hun sociale 
contacten. Als een dergelijke aanraking, zoals een schouderklopje of een knuffel, leidt 
tot systematische verandering in de ontvanger zijn of haar gedachten, gevoelens 
en/of gedrag, spreken we over een sociale aanraking. Sociale aanrakingen bestaan in 
veel verschillende vormen en kunnen een breed spectrum aan reacties uitlokken. 
Aanrakingen kunnen, onder andere, sterke effecten hebben op het vormen en 
onderhouden van een band tussen twee mensen. Dit is gemakkelijk voor te stellen als 
je nadenkt over het intieme contact tussen twee geliefden, of een zachte aai over de 
bol van een moeder aan haar kind. Verder kan een aanraking sterke effecten hebben 
op de emotionele en fysiologische staat van de ontvanger. Het ontvangen van een 
sociale aanraking kan bijvoorbeeld helpen bij het reduceren van stress-symptomen. 
Het derde effect van aanraking dat van specifiek belang is voor deze dissertatie, is de 
invloed van een aanraking op iemands gedrag en houding. Het ontvangen van een 
aanraking kan bijvoorbeeld bijdragen aan de hulpvaardigheid en generositeit van de 
ontvanger, en ook aan de bereidheid om een verzoek in te willigen. De invloed van 
een aanraking op iemands sociale gedrag staat ook wel bekend als de Midas 

Aanraking. De genoemde effecten als gevolg van een sociale aanraking komen niet 
voor bij elke aanraking of in elke situatie. Er zijn verschillende aspecten die van 
invloed zijn op de reactie op een sociale aanraking. Zo spelen bijvoorbeeld de fysieke 

samenstelling (d.w.z. hoe de aanraking aanvoelt), de situatie waarin de aanraking 
plaatsvindt, de relatie tussen de aanraker en de persoon die aangeraakt wordt en 
verschillende persoonlijkheidskenmerken van de ontvanger van de aanraking (zoals 
iemands hechtingsstijl en ontvankelijkheid voor fysiek contact) mogelijk een rol.  
 
Ondanks het belang van sociale aanraking in contact tussen mensen, is deze vorm van 
communicatie nogal onderbelicht in de huidige communicatie-technologieën. In dit 
proefschrift zetten we een stap in het onderzoek naar Social Touch Technologies; 
technologieën waarin een menselijke aanraking geëmuleerd wordt door middel van 
verscheidene haptische actuatoren. We stellen ons hierbij de vraag of het gebruik van 
zulke sociale aanrakings-technologieën vergelijkbare reacties kan opwekken in de 
menselijke ontvanger als daadwerkelijke menselijke sociale aanrakingen. En als dat 
het geval is, onder welke omstandigheden dan? In tegenstelling tot menselijke sociale 
aanraking is het met social touch technologies mogelijk om de verschillende 
dimensies die mogelijk van invloed zijn uit elkaar te trekken, en om de invloed van elk 
van de sociale aanrakings-bouwstenen geïsoleerd te onderzoeken. Op basis van dit 
inzicht hebben we drie belangrijke uitdagingen gedefinieerd die aangegaan moeten 
worden om het begrip van de mogelijkheden van social touch technologies te 
vergroten. (1) We moeten begrijpen hoe een social touch technology moet 
aanvoelen. Wat zijn essentiële fysieke eigenschappen en in welke mate moet zo’n 
technologie een menselijke aanraking nabootsen? (2) We moeten het belang 
begrijpen van het attribueren van een fysieke stimulus aan een sociale bron (d.w.z., 
de zender). In feite is de vraag of mogelijke reacties in de ontvanger van een 
technologische sociale aanraking met name veroorzaakt worden door hoe de 
aanraking aanvoelt, of door cognitieve processen die van toepassing worden zodra de 
ontvanger zich realiseert door wie hij of zij aangeraakt wordt. 
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(3) We moeten begrijpen welke contextuele, relationele en persoonlijke 
eigenschappen de perceptie van een technologische sociale aanraking beīnvloeden en 
op welke manier. In dit proefschrift hebben we deze uitdagingen behandeld door het 
onderzoeken van twee specifieke soorten social touch technologies. Het onderzoek is 
bedoeld om bij te dragen aan het begrip van de mogelijkheden, de beperkingen en de 
randvoorwaarden voor interacties door social touch technologies, met de intentie om 
uiteindelijk betekenisvolle en effectieve interacties te ontwikkelen. 
 
In Deel II van dit proefschrift hebben we ons gericht op gemedieerde sociale 

aanraking; een sub-categorie van social touch technologies, waarbij de ontvanger een 
kunstmatige aanraking ontvangt van een ander persoon vanaf een andere locatie. 
Hierbij hebben we ons specifiek gericht op de rol die fysieke warmte kan spelen in 
dergelijke communicatie. Met als uitgangspunten dat fysieke warmte een belangrijk 
element is van een menselijke aanraking, en dat het voelen van fysieke warmte – 
ofwel door het vasthouden van een warm object, ofwel door de 
omgevingstemperatuur – gevoelens van sociale warmte kan activeren, hebben we 
drie studies uitgevoerd. In deze studies hadden de deelnemers een bepaalde vorm 
van communicatie met een ander persoon (op afstand), waarbij ze ofwel fysieke 
warmte, ofwel een stimulus op kamertemperatuur voelden. Deze warmte werd 
gepresenteerd via een warme stoel (Studie 1), of via een speciaal voor dit doel 
ontwikkelde interface voor gemedieerde aanraking (Studies 2 en 3). In het geval van 
een warme stimulus werd deze ofwel geattribueerd aan de andere persoon (als zijnde 
(gemedieerde) lichaamswarmte), ofwel aan een (niet-sociaal) onderdeel van de 
interface. Dit hebben we gedaan om de invloed van attributie beter te kunnen 
begrijpen. Gedurende de drie studies hebben we ook gekeken naar de mogelijke 
invloeden van bijvoorbeeld de omgevingstemperatuur, het moment van het 
presenteren van de warmte tijdens de communicatie, de duur van de blootstelling 
aan de warmte, de relatie tussen de zender en de ontvanger van de warmte en de 
context van de tactiele berichten. De uitkomsten van de studies en die van 
bijbehorende meta-analyses, bieden geen ondersteuning voor de suggestie dat de 
relatie tussen fysieke en sociale warmte van praktisch nut is voor gemedieerde sociale 
aanraking. Een gevolg hiervan is dat we ook geen duidelijke inzichten gevonden 
hebben met betrekking tot de rol die de attributie en andere mogelijke 
randvoorwaarden spelen tijdens dergelijke communicatie. 
 
In Deel III van dit proefschrift hebben we ons op een andere sub-categorie van social 
touch technologies gericht, namelijk gesimuleerde sociale aanraking. In deze 
categorie wordt de ontvangen aanraking toegeschreven aan een niet-menselijke 

sociale entiteit zoals een virtuele agent of een sociale robot. We hebben ons hierbij 
specifiek gericht op aanrakingen die gegeven worden door sociale robots, waarbij we 
ons afvroegen of dergelijke aanrakingen soortgelijke effecten kunnen hebben als 
menselijke aanrakingen. Daarnaast hebben we een aantal van de mogelijke 
randvoorwaarden onderzocht waarbinnen zulke robot-aanrakingen effectief kunnen 
zijn. Dat wil zeggen, in welke mate ze positieve effecten kunnen hebben op de 
menselijke ontvanger zijn of haar emotionele staat, het beeld van de robot, and pro-
sociaal gedrag. In drie studies hebben we deelnemers uitgenodigd om een enge film 
te komen kijken samen met een robot. Op bepaalde momenten tijdens de film, die 
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bedoeld was om stress op te wekken, gaf de robot de deelnemer een aanraking die 
bedoeld was als een kalmering. In de controle condities van de studies ontvingen de 
deelnemers geen aanraking. Gedurende de studies hebben we de sociale 

aanwezigheid van de robots (d.w.z., de mate waarin een robot als een daadwerkelijke 
sociale entiteit beschouwd wordt), alsmede de relatie tussen de robot en de 
deelnemer gemanipuleerd. Ondanks dat de meerderheid van de scores op de 
afhankelijke variabelen die we hebben toegepast niet beīnvloed werden door de 
robot-aanrakingen, hebben we toch een aantal positieve effecten van een robot-
aanraking gevonden. Een aanraking door een robot had een positief effect op de 
hartslag van de deelnemer tijdens de stressvolle omstandigheden, op het gevoel van 
intimiteit met de robot, en op de mate van hechting met de robot. Deze bevindingen 
suggereren dat robot-aanrakingen inderdaad positieve effecten kunnen hebben, maar 
alleen binnen specifieke randvoorwaarden. Meer onderzoek is nodig om deze 
randvoorwaarden beter in kaart te kunnen brengen.  
 
Omdat mensen goed in staat zijn om zich in te beelden hoe een aanraking zou voelen 
op basis van het observeren van een aanraking of zelfs door alleen maar te denken 
aan fysiek contact, hebben we drie extra studies uitgevoerd waarin gebruik gemaakt 
werd van visuele stimuli van robot-aanrakingen in online crowdsourcing studies. Op 
basis van de uitkomsten uit deze studies hebben we een aantal richtlijnen voor het 
uiterlijk van een sociale robot kunnen definiëren om ze te optimaliseren voor 
communicatie met mensen d.m.v. sociale aanraking. Robots moeten er bijvoorbeeld 
vriendelijk en niet bedreigend uitzien, maar zeker niet te menselijk en misschien zelfs 
een beetje als een karikatuur. 
 
Hoewel de negen studies zoals gepresenteerd in dit proefschrift niet ontegenzeggelijk 
aantonen dat social touch technologies vergelijkbare positieve effecten kunnen 
hebben als menselijke aanrakingen, draagt ons werk toch op verschillende manieren 
bij aan het onderzoeksveld. Ten eerste bieden onze resultaten duidelijke inzichten in 
de beperkingen van social touch technologies. Fysieke stimulatie door middel van 
haptische actuatoren leidt niet per se tot positieve reacties. De belangrijkste bijdrage 
van dit proefschrift is echter die aan de volwassenwording van het onderzoeksveld. 
Op basis van een uitgebreide discussie van relevante literatuur hebben we een 
werkmodel voor sociale aanraking gedefinieerd. Daarnaast hebben we drie 
uitdagingen geformuleerd die aangegaan moeten worden om meer inzicht te krijgen 
in de mogelijkheden van social touch technologies. Verder hebben we verschillende 
onderzoeksmethoden toegepast, zoals de lab studies met de enge film en de online 
studies met de visuele materialen. Deze aspecten, gecombineerd met de uitkomsten 
van de studies en onze suggesties voor verbetering, kunnen de basis vormen voor 
toekomstig onderzoek en zullen hopelijk andere onderzoekers inspireren. Groeien 
van een jong onderzoeksveld met lukrake studies en veelal anekdotisch bewijs, naar 
een volwassen veld met duidelijke, samenhangende en consistente inzichten is 
noodzakelijk om uiteindelijk de betekenisvolle en effectieve interacties die social 
touch technologies mogelijk kunnen bieden, te kunnen ontwikkelen. 
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Prologue 
 
 
 
 
 
 
 
 
 
 
 

Before you start reading this dissertation, I would like to ask you to do something. 
 
Please take a brief moment to remember the last time you were touched by 
someone, and try to relive this moment… 
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What was the situation and who was the person that touched you? Why did this 

person touch you, and how?  

 
Perhaps a job candidate introduced himself to you earlier today, and firmly shook 
your hand to make a confident impression? Did you bring your son and daughter to 
school and kissed them goodbye? Did you high-five with a colleague when yet 
another of your magnificent papers was accepted for that high-impact journal? Or 
was it perhaps the comforting arm from a colleague around your shoulder when yet 
another of your what-you-thought-to-be-magnificent papers got rejected? Did that 
lovely volunteering lady in the mall perhaps briefly touch your arm when she asked 
for a donation to charity? Or was the last time you were touched simply by your 
partner who hugged you when you were scared by that thriller on TV, or after the 
movie, upstairs, in the bedroom, when you were intimately, you know, holding 
hands? 
 
Now, with this specific touching moment in mind, think about how that touch felt.  

 
Did you perhaps feel moist palms while shaking hands? Did you feel the warmth of 
your colleague’s comforting arm around the shoulder, or your partner’s warm body 
while you were hugging? Was it a gentle stroking touch of the volunteer? Or perhaps 
you remember the soft, silky skin of your children? 
 
Now, think about how the touch you have in mind made you feel. 

 

Did the firm handshake give you a feeling that the applicant was a capable and self-
assured person, or did the moistness of the hand give you the opposite impression? 
Did the hug from your partner provide comfort while watching the scary movie? Did 
you feel extra loved by your children when they kissed you, and did you get that 
intense feeling of true affection when your partner grabbed your hand? Worked that 
high-five extra motivating for you? Did the colleague’s arm around your shoulder 
comfort you? And did it take away your frustrations, or enhance the bond with that 
colleague? Or did the gentle touch from the volunteering lady perhaps confuse you, 
because you were suddenly willing to donate money to charity, which you usually 
never do? 
 
The touching interaction that you are reliving now, as well as the touches as described 
above, are examples of social touches. These social touches, and in particular how 
they feel and how they make you feel, form the starting point of this dissertation. In 
Chapter 1, I will demonstrate that, as Ashley Montagu so eloquently describes, “touch 

affects damn near everything we do” (Montagu, 1972).  
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Now, to conclude these introductory considerations, I would like to ask you to think 

about one more scenario. Imagine that you are all by yourself, but that you, despite 

being alone, would like to experience  the same feelings you had during your last social 

touch interaction. How would you achieve that?  

 
A telephone conversation with the job applicant may give a good impression of his or 
her qualities, but is the impression just as convincing as the impression that was 
conveyed by the handshake? Can a television advertisement from a charitable 
organization convince you to donate money in the same way as the volunteering lady 
did with her subtle touch? Can a simple text message from a colleague be equally 
motivating or comforting as the high-five or the arm around the shoulder? And how 
would you be able to experience the same intimacy as experienced while kissing your 
children, or while being affectionate with your partner? A video-call with them would 
allow you to have contact, but you would likely miss the physical contact; the softness 
of the skin and the warmth. Perhaps, you could hold a soft pillow as some kind of 
physical substitute, or take a warm drink or bath to compensate for the lack of 
warmth, but would that suffice? 
 
I assume that you agree with me that it is difficult to imagine a satisfactory substitute 
for the feelings you had during your last social touch encounter. Wouldn’t it be great 
to have some kind of device that facilitates touch over distance, or to have an artificial 
touching companion, whose touches could elicit the same thoughts, feelings, 
perceptions, and behavior as human touches? Some kind of Social Touch Technology, 
so to speak. Could that work? And how should such technology work exactly? These 
questions will be addressed in the second part of Chapter 1, and form the prelude to 
the actual subject of this dissertation:  
 
How Social Touch Technologies feel and make you feel. 
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Chapter 1. Chapter 1 
General Introduction 

 
 
 
 
 

1 Introduction 

1.1 Introducing Co-located, Mediated, and Simulated Social Touch 
Physical contact that occurs between people in co-located space, like the examples 
mentioned in the Prologue, are often referred to as interpersonal or social touch 

(Gallace & Spence, 2010; Haans & IJsselsteijn, 2006; Huisman, 2017a). Since this 
definition is relatively broad – see also the discussion by Hertenstein (2006, p. 8) – 
I will adhere to a more nuanced working definition which is partly borrowed from 
Hertenstein and his colleagues (2002, p. 72; 2006, p. 8). In this dissertation, I speak of 
social touch when a form of physical contact occurs between people in co-located 

space whereby the recipient attributes this contact to the other person and whereby 

both the contact and attribution lead to systematic changes in the recipient’s 

perceptions, thoughts, feelings, and/or behavior, depending on the context in which it 

takes place. This rather extensive working definition contains four elements that are 
of particular importance for this dissertation: (1) a form of physical contact, (2) 
attribution to another person in co-located space, (3) the changes in perceptions, 
thoughts, feelings, and/or behavior (which I will refer to as the responses or the 

effects), and (4) the context.  
 
Although it may seem a trivial addition to the working definition of social touch, it is 
essential that the physical contact originates from another person and that the 
recipient actually attributes the contact to this other person. The attribution of the 
touch to another person namely largely determines the context in which the touch 
takes place and in turn the effects the touch may elicit in the recipient. Attributing 
physical contact to another person should not be confused with attributing 
intentionality to a social touch. Unintentional physical contact (for example when 
another person bumps into you) still is attributed to the other, and still may lead to 
certain responses. Although intentionality is not a prerequisite for social touch, I will 
nonetheless mainly focus on different forms of intentional social touch and its effects 
throughout this dissertation. As outlined by Jones and Yarbrough (1985), and as the 
examples in the Prologue also imply, social touches come in many different (physical) 

forms and they serve many different purposes. These can range from showing 
affective feelings by means of a gentle stroke to formally introducing yourself with a 
firm handshake, and from playful tickling to roughly pinching as a correctional touch. 
All these forms of social touches can elicit a vast range of responses in the recipient of 
the touch (Field, 2001, 2010; Gallace & Spence, 2010; Montagu, 1972).  
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As I will describe in Section 3 of this chapter, social touch interactions can for example 
have strong implications for interpersonal attachment and affect, as well as for one’s 
physical and emotional state (spoiler: social touch is good for you). Moreover, 
receiving subtle touches during communication can change your pro-social behavior 
(spoiler: social touch is good for others). The effects of touches are subject to the 
context in which they occur though. The setting, the relationship between toucher 
and touchee, and individual personality characteristics can for example modulate the 
effectiveness of a touch (Jakubiak & Feeney, 2017). No two touches are the same.  
 
The working definition also includes the inherent requirement as posed by Haans and 
IJsselsteijn (2006) that the touching has to be in each other’s close proximity; i.e., in 
co-located space. However, social communication increasingly takes place in a 
mediated setting, between people that thus are remotely located. The numerous 
technologies that enable this Computer Mediated Communication (CMC) – ranging 
from simple text messages, to phone and video-calls – mainly rely on our auditory and 
visual senses, and are criticized for not enabling the intimacy as experienced during 
co-located interaction (Turkle, 2011). In this regard, it is interesting that over the last 
couple of decades, the possibilities of haptic actuators in Human Computer 
Interaction (HCI) have gained a lot of attention. Haptic actuators are devices that 
stimulate the sense of touch, such as vibration motors or heat elements. They are for 
example utilized to provide users with information in a multisensory way (Hayward & 
MacLean, 2007; MacLean & Hayward, 2008), and to reduce sensory overload during 
HCI (Prewett, Elliott, Walvoord, & Coovert, 2012). Moreover, haptic actuators have 
inspired researchers and designers to develop interfaces that are intended to emulate 
human social touches, and thus to enable people to touch each other over distance. 
This means of CMC is referred to as Mediated Social Touch (Haans & IJsselsteijn, 
2006; Huisman, 2017a; van Erp & Toet, 2015). In this work, I define mediated social 
touch as an ICT-enabled physical stimulus that is applied to a person during Computer 

Mediated Communication with a remotely located other person, whereby the recipient 

attributes the physical stimulus to the other person.  
 
Besides the development of various CMC technologies, advances in HCI have resulted 
in the rise of artificial communication partners such as virtual agents and social 
robots. Since these artificial actors are particularly developed for seamless interaction 
with humans (e.g., (Breazeal, 2004; Fong, Nourbakhsh, & Dautenhahn, 2003)), we 
speak of social artificial agents. These social agents display humanlike social behavior, 
for example through speech, gaze, and gestures, and can recognize and act upon 
human verbal and non-verbal communication (Breazeal, 2004; Cassell, 2000). 
However, their social touch capabilities through the application of haptic sensors and 
actuators have been underexposed. This particularly applies to humanoid social 
robots, whose physical bodies inherently afford social touch interactions (Lee, Jung, 
Kim, & Kim, 2006; Salter, Dautenhahn, & Te Boekhorst, 2006). In line with Huisman 
(2017a), I will speak of Simulated Social Touch when physical contact occurs between 

an artificial social agent and a human in co-located space. In this dissertation I will 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GENERAL INTRODUCTION 

    9 

particularly focus on physical contact that is initiated by a humanoid1 social robot and 

applied to a human in co-located space, whereby the human recipient attributes the 

touch to the social robot. Hidden in these definitions is the prerequisite that the 
human interlocutor perceives the robot to a certain extent as an actual social actor, 
rather than as a non-social machine. As I will further argue in Section 4.3 and in Part 
III of this dissertation, perceiving a sense of social presence (Lee, 2004) in the robot – 
i.e., the extent to which an artificial agents is actually perceived as a social actor – is 
therefore required to speak of simulated social touch.  

1.2 Introducing the Aims of this Dissertation 
It is strange that the possibilities of these Social Touch Technologies – i.e., the 
umbrella-term for mediated and simulated social touch – are not widely explored yet. 
Especially when considering the importance of social touch during co-located human 
communication. The most important question with regard to social touch 
technologies is whether they can elicit similar changes in the recipient’s perceptions, 
thoughts, feelings, and/or behavior as the changes known for co-located social touch 
between people. Preliminary research suggests that this indeed may be the case (for 
reviews, see (Gallace & Spence, 2010; Haans & IJsselsteijn, 2006; Huisman, 2017a; 
van Erp & Toet, 2015)). However, the evidence is sparse and inconclusive. Thus far, no 
coherent understanding of the opportunities and limitations of social touch 
technology exists. There are no clear insights in possible boundary conditions within 
which social touch technologies may be effective. This brings me to the main aim of 
this dissertation. With the work as described in this thesis, I intend to contribute to a 

coherent understanding of the opportunities, limitations, and boundary conditions of 

interactions through and with social touch technologies, which eventually may inform 

the development of meaningful and effective mediated and/or simulated social touch 

devices and interactions. 
 
The vast range of possible changes in the recipient’s perceptions, thoughts, feelings, 
and/or behavior that follow a human social touch are determined by a complex 
composition of various physical qualities of the touch (e.g., pressure, texture, and 
temperature) (Hertenstein, 2002). Additionally, they can be modulated by numerous 
contextual elements such as the setting and the social relationship between the 
interactants, as well as by individual personality characteristics of the recipient 
(Jakubiak & Feeney, 2017). This means that the ‘landscape’ of social touch is 
enormous. This vastness also applies for the investigation and application of social 
touch technologies, as they can come in many different physical forms can be applied 
in many contexts as well. However, interactions through social touch technology will 
inevitably be degraded representations of human social touch interactions (Gallace & 
Spence, 2010); both in terms of the physical composition of the touch and in terms of 

                                                       
1 I particularly focus on humanoid social robots, as these share a similar morphology with humans 

(Breazeal, 2003a; Lee, Jung, et al., 2006; Salter et al., 2006), and as such could convey humanlike 

intentionality with their touches (Huisman, 2017a). Social touch interactions with zoomorphic robots 

(that mainly display animal-like behaviors and in turn elicit different social norms than humanoids 

(Bucci et al., 2017; Robinson et al., 2016, 2013; Stiehl et al., 2009)), or with extremely caricatured 

robots (that do not share a basic morphology with humans and humanoid robots) (Fong et al., 2003) 

are beyond the scope of this work.  
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the available contextual cues. The vastness of the range of possible applications of 
social touch technology on the one hand, and inherently being a degraded 
representation of a human touch on the other hand warrants the question what the 
essential physical and contextual elements are that need to be conveyed by social 
touch technologies, in order to be effective for specific purposes. In other words, 
what are the boundary conditions within which social touch technologies can elicit 
specific beneficial human touch-like effects, assuming that this is actually possible? 
Luckily, social touch technologies allow us to disentangle a human touch interaction 
into various ‘social touch building blocks’ (van Erp & Toet, 2015), and to investigate 
the respective roles of these blocks in isolation (Schirmer et al., 2011). I (i.e., we) set 
out to uncover a part of the vast social touch technology landscape, and investigated 
to what extent social touch technologies can be beneficial with regard to the 
attachment and bonding that the recipient experiences towards the initiator of the 
touch, the recipient’s physiological and emotional well-being, and the recipient’s 
behavior and attitude. Although the range of effects that social touch can elicit is 
much broader, we decided to focus on these three effects as they are the most 
prevalent in the literature and because they may become the most relevant for the 
application of social touch technologies. Besides a focus on the effects of social touch, 
we investigated how the inclusion of a selection of possibly modulating elements – 
the setting of the interaction, the social relationship between the interactants, and 
individual personality characteristics of the recipient – modulated these anticipated 
effects. These selected elements may, as I will describe in this chapter, form a 
valuable basis for the understanding of the opportunities and limitations of social 
touch technologies, and may even turn out to be boundary conditions for effective 
interactions. In order to further narrow the scope, we focused on two promising 
instances of social touch technology. In Part II of this thesis, I present our work on 

physical warmth as a means of mediated social touch. It is often suggested that the 
use of physical warmth in mediated communication has the potential to elicit 
beneficial effects in the recipient, and may as such become a valuable communication 
channel (Bergman, Ho, Koizumi, Tajadura-Jiménez, & Kitagawa, 2015; IJzerman, 
Karremans, Thomsen, & Schubert, 2013; Inagaki & Eisenberger, 2013; Raison, Hale, 
Williams, Wager, & Lowry, 2015). Since extensive empirical support for this 
suggestion is lacking, the main research question of Part II is: 
 
Main RQ1: Does mediated communication through a haptic interface that is physically 

warm have beneficial effects with regard to feelings of interpersonal attachment, 

physical and emotional comfort, and pro-social behavior, as compared with the same 

interface at room temperature? 
To be able to provide additional nuance to this research question and to advance the 
understanding of the opportunities, limitations, and possible boundary conditions of 
physical warmth as a means of mediated social touch, I defined a second, related 
research question: 
 

Main RQ2: What are elements that modulate the anticipated beneficial effects that 

physical warmth as a means of mediated social touch has on the recipient, and can 

specific boundary conditions for effective interaction be determined? 
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Whereas Main RQ1 will be the recurring theme of Part II, several sub-questions will 
be defined for Main RQ2 (in Chapter 2) to provide coherent insights in this question.  
 

In Part III, robot-initiated social touch is the subject at hand. Social touches that are 
applied by a social robot can be a valuable extension of the robot’s communication 
repertoire, in particular when they can elicit similar beneficial effects as human 
touches. The accompanying main research question of Part III is intended to provide 
insights in whether this actually may be possible: 
Main RQ3: Can robot-initiated social touches elicit similar beneficial effects with 

regard to feelings of attachment, one’s physical and emotional state, and pro-social 

behavior, as human touches? 

Similar to Part II, I defined an additional research question for Part III which 
specifically addresses the role of various elements that may modulate the 
effectiveness of robot-initiated social touches. In Chapter 7 I will again provide 
specific sub-questions regarding the various possibly modulating elements, which 
together are intended to provide insights in the following question: 
Main RQ4: What are elements that modulate the anticipated beneficial effects that 

robot-initiated touches have on the human recipient, and can specific boundary 

conditions for effective interaction be determined? 

 
Figure 1.1 visualizes the specific part of the social touch technology landscape that we 
intend to uncover with the work as presented in this dissertation. 
 
I will use the remainder of this introductory chapter to provide a general overview of 
social touch and the state of the art regarding social touch technologies. This chapter 
is intended to substantiate the specific aims and focus area of this dissertation. To this 
end, I will identify several broadly applicable challenges that need to be addressed in 
order to advance our understanding of social touch technologies (in Section 4.4). 
These challenges are open-ended and can be addressed in many different ways (and 
can as such also inform future research), but they form the starting points for the 
work on physical warmth and robot-initiated touch as presented in this dissertation. 
This chapter is however not intended to introduce the specific instances of social 
touch technologies that are investigated. In-depth introductions of these instances 
will follow in Part II and III (Chapter 2 and Chapter 7, to be specific). The social touch 
technology challenges are based on the basic workings of the human sense of touch 
(Section 2), the effects of human touch (Section 3.1) and elements that may modulate 
these effects (Section 3.2), and on related work on haptic actuators (Section 4.1), 
mediated social touch (Section 4.2), and simulated social touch (Section 4.3). To 
conclude this first chapter, I will briefly discuss the approach we took in our 
endeavors (Section 5), and I will provide a more detailed outline for the remainder of 
this dissertation in Section 6.  
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Figure 1.1: Outline of the part of the social touch technology landscape under investigation in this dissertation, 

with two instances of social touch technology, the (selection of) effects they may elicit in the recipient, and the 

(selection of) possibly modulating elements and possible boundary conditions. Note that Setting will not be 

investigated in Part III.  

2 The Human Sense of Touch 
Before we dive into the possible effects of social touches, it is good to have a basic 
understanding of how our sense of touch works. A basic understanding of how we 
perceive and process physical stimuli, and in particular a human social touch, can help 
us in understanding what the important characteristics are for a social touch 
technology. Here, I outline the generic workings of our sense of touch and I will more 
extensively address the perception of temperature as well as the perception of social 
touches, as these aspects are particularly relevant for this dissertation. 

2.1 The Perception of Physical Stimuli 
The human skin is more than a ‘bag’ that holds our internal organs together and 
protects them from external physical threats. The skin is also a sense organ. In fact, 
with circa 3.6 kilograms and covering approximately 1.7m2, it is the largest sense 
organ we possess and forms as such an important element of our sense of touch 
(Field, 2001; Montagu, 1972). This discriminative touch system, with which we can 
detect, discriminate, and identify physical stimuli outside the body, basically consists 
of two functionally distinctive senses. Firstly, there is the kinesthetic sense, which 
provides us with information of the position of our body and limbs in time and space, 
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by means of receptors in the tendons, joints, and muscles. Secondly, there is the 
cutaneous sense, which consists of various types of receptors that are embedded in 
the skin, and provides us with information regarding physical stimulation of the skin 
(see also (Johnson, 2001; Lederman & Klatzky, 2009; Loomis & Lederman, 1986; 
McGlone, Wessberg, & Olausson, 2014)). Each type of these cutaneous receptors is 
tuned to detect a specific range of physical stimuli. Skin deformations, which can be 
caused by for example pressure and vibrations, are perceived through different types 
of mechanoreceptors (e.g., Meissner corpuscles, Pacinian corpuscles, Merkel disks, 
and Ruffini endings) (Johnson, 2001; Kandel, Schwartz, Jessell, Siegelbaum, & 
Hudspeth, 2012). Each of these mechanoreceptors responds to different 
characteristics of mechanical stimuli. Some are slowly adapting and mainly respond to 
static stimulation, whereas others are rapidly adapting and are sensitive to 
movements and vibrations on the skin. Besides this temporal resolution, the different 
mechanoreceptors also vary in their spatial resolution; the ability to accurately 
localize the stimulus on the skin. The mechanoreceptors are not equally distributed 
over the body (Lumpkin & Caterina, 2007). Some bodily locations such as the back 
contain relatively little receptors, whereas for example the fingertips are densely 
innervated. This makes the fingers particularly suitable for feeling and detecting the 
attributes of physical objects (Johnson, 2001; Kandel et al., 2012). As is the case for 
the detection of physical attributes of objects (e.g., textures and edges), the various 
types of mechanoreceptors help us in discerning between different types of social 
touches based on their physical qualities.  
 
Next to the mechanoreceptors, the skin contains nociceptors and pruritoceptors that 
provide information with regard to pain and itch, respectively (Kandel et al., 2012; 
Lederman & Klatzky, 2009; Lumpkin & Caterina, 2007; McGlone et al., 2014). 
Moreover, changes in temperature can be perceived with thermoreceptors. More 
specifically: thermoreceptors detect differences between the temperature of the skin 
and the temperature of the air or of the physical object that touches the skin. 
Thermoreceptors respond to thermal stimuli in the range of approximately 5°C to 
45°C, but when the temperature rises above about 45°C or falls below approximately 
15°C, the thermal sensation changes into a pain sensation; the nociceptors are then 
activated (Jones & Ho, 2008; Spray, 1986). There are different types of 
thermoreceptors, and each type is tuned to a specific temperature-range. Cold 
receptors, which outnumber warm receptors with a ratio of up to 30:1 (Jones & 
Berris, 2002; Jones & Ho, 2008), are typically fast-conducting (ca. 10-20m/s), and 
mainly respond to decreases in temperature. They most vigorously discharge at 
temperatures around 25°C. Warm receptors on the other hand respond to increasing 
temperatures, with the maximum discharge around the upper pain threshold (i.e., ca. 
45°C) (Jones & Ho, 2008; Kandel et al., 2012; Lumpkin & Caterina, 2007; Lumpkin, 
Marshall, & Nelson, 2010). Warm receptors respond slower than their cold 
counterparts (ca. 1-2m/s). When the skin temperature is maintained at ca. 30-36°C 
(i.e., the thermal ‘neutral zone’ in which the skin usually rests), both types of 
receptors exhibit spontaneous firing. With temperatures above or below the neutral 
zone, a constant sensation of either warmth or cold, respectively, is perceived as 
discharge is essentially limited to either the warm or the cold thermoreceptors (Jones 
& Berris, 2002). The size of this neutral zone is relatively constant across individuals 

1 



CHAPTER 1 

 14

(i.e., ca. 6-8°C), but its position may vary between ca. 28-40°C across individuals 
(Halvey, Wilson, Brewster, & Hughes, 2012). With thermal stimuli that fall within this 
neutral zone, hardly any thermal sensation is noticed for stimulation areas up to 
approximately 1500mm2. Besides the baseline temperature of the skin, the ability to 
perceive variations in temperature depends on various aspects such as the amplitude 
and rate of temperature change and the body location to which the thermal stimulus 
is applied (Jones & Ho, 2008; Kenshalo, 1976). Whereas slow changes in temperature 
(ca. 0.5°C/minute) can go unnoticed until a change of 4-5°C is achieved (in particular 
within the neutral zone), very small absolute changes in temperature can already be 
detected when the rate of change is high enough; the differential threshold for 
warming is for example 0.2°C (at 2.1°C/s) and even 0.11°C (at 1.9°C/s) for cooling, 
when the thermal stimuli are presented at the base of the thumb (Jones & Ho, 2008; 
Stevens & Choo, 1998). Moreover, due to the so-called temporal summation 
characteristics of the thermal sensory system, the perceived intensity of a thermal 
stimulus can be determined by both the extent of temperature change and the 
duration (and they trade nearly proportionally). Faster changes of the same 
temperature have a greater subjective magnitude, and half the duration at twice the 
extent of change is equal in subjective magnitude as half the extent of change over 
twice the duration. This temporal summation does however disappear at stimulation 
for longer durations than approximately one second (Stevens, Okulicz, & Marks, 1973; 
Wilson, 2013). Longer durations of thermal stimulation may also affect the neural 
responsiveness to temperature. The skin adapts to both warm and cold stimuli over 
time, which results in decreased responsiveness to thermal stimuli; the adaptation is 
very rapid for temperatures close to the skin and much slower for more extreme 
temperatures (Jones & Ho, 2008). The sensitivity to thermal changes is not uniform 
across the body (i.e., the innervation density of thermoreceptors varies across the 
body), although all body regions are more sensitive to cold. In general, the sensitivity 
is best on the head and torso, whereas it decreases more towards the extremities of 
the body (Jones & Ho, 2008; Stevens & Choo, 1998; Wilson, 2013). Contrary to other 
physical stimuli, our spatial acuity of thermal stimuli is poor, which is a result of the 
spatial summation characteristics of the associated sensory system. Changes in the 
size of the stimulated area result in changes in the perceived intensity of the thermal 
stimuli (Jones & Berris, 2002; Jones & Ho, 2008). As a consequence, the thermal 
neutral zone becomes narrower as the size of the stimulated area increases. In sum, 
the perception of temperature is not only determined by the absolute temperature 
(i.e., the thermal difference between stimulus and skin temperature), but can also be 
affected by the rate of change, duration, size of the stimulus, and body location. 
 
Both the kinesthetic and the cutaneous receptors provide the central nervous system 
with information about the different physical qualities of a stimulus (such as a social 
touch): the sensation. This mainly occurs through fast-conducting afferent nerves, but 
as we have for instance seen with warm thermoreceptors, also through slow-
conducting nerves. This information regarding discriminative touch is then processed 
in the somatosensory cortices of the brain and makes that we can detect, 
discriminate, and identify physical stimuli, interpret them, and adjust our behavior 
accordingly (Kandel et al., 2012): the perception of the stimulus. We know how much 
force to apply on an object or we recognize that an object is hot so that we can 
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remove our hand from it. It is important to mention though that haptic perception is 
the combined percept of the cutaneous and kinesthetic senses and thus consists of 
the integrated signals of the various individual receptor types; not of the signal of one 
single receptor cell (as is also extensively discussed by: (Johnson, 2001; Kandel et al., 
2012; Lederman & Klatzky, 2009; Loomis & Lederman, 1986; Lumpkin & Caterina, 
2007; McGlone et al., 2014)). This is an important consideration, as a human touch is 
a complex composition of various physical qualities and parameters, that together 
form the physical sensation of the touch (Hertenstein, 2002).  

2.2 The Perception of Social Touch 
Besides the neurobiological system for discriminative touch, which thus enables the 
identification and manipulation of objects (McGlone et al., 2014), researchers 
recently discovered a second touch system that supposedly underlies social touch 
(Vallbo, Olausson, & Wessberg, 1999). This neurobiological pathway consists of a class 
of unmyelinated2, and thus slow-conducting, peripheral nerve receptors that are only 
found in the non-glabrous (i.e., hairy) skin (McGlone et al., 2012; Olausson et al., 
2002; Vallbo et al., 1999; Vallbo, Olausson, Wessberg, & Norrsell, 1993). These so-
called C Tactile afferents (CT afferents; (Olausson et al., 2002)) have low spatial as well 
as low temporal resolution, which makes them unsuitable for discriminative touch 
(Vallbo et al., 1993), but they respond particularly vigorously to gentle stroking 
touches as was demonstrated in various studies (Björnsdotter, Morrison, & Olausson, 
2010; Essick et al., 2010; Essick, James, & McGlone, 1999; Löken, Wessberg, Morrison, 
McGlone, & Olausson, 2009; Morrison, Löken, et al., 2011; Morrison, Björnsdotter, & 
Olausson, 2011). These studies also demonstrated that the firing rate of the CT 
afferents is dependent on the velocity of the stroke. When plotted against each other, 
an inverted U-curve appears, with the highest firing rate consequently emerging at a 
velocity of 3-5cm/s. Interestingly, subjective pleasantness ratings of these stroking 
touches, demonstrate a similar inverted U-curve, with the highest pleasantness 
ratings at the same optimum of 3-5cm/s; stroking velocity, firing rate of CT afferents, 
and subjective pleasantness perception are thus closely correlated (Essick et al., 2010; 
Löken et al., 2009). Whereas the neurobiological pathways of the discriminative touch 
system lead to the somatosensory cortices, the CT afferents mainly activate the 
posterior insular cortex and the orbitofrontal cortex (Jakubiak & Feeney, 2017; 
McGlone et al., 2012; McGlone, Vallbo, Olausson, Loken, & Wessberg, 2007; McGlone 
et al., 2014; Morrison, Löken, & Olausson, 2010; Olausson, Wessberg, Morrison, 
McGlone, & Vallbo, 2008). These are the areas of the brain that are involved in social 
and affective processes. Based on the findings with regard to the CT afferents, as well 
as on the fact that the CT afferents respond particularly vigorous to strokes that are 
applied at human skin temperature (Ackerley et al., 2014), researchers have proposed 
that the skin is not only a sensory organ for discriminative touch, but also a social 
organ: the social touch hypothesis (Morrison et al., 2010; Olausson et al., 2008). It is 
postulated that the social touch pathway and that of discriminative touch work in 
conjunction, where the former dissociates the affective content of physical stimuli 
from the tactile ‘noise’ that does not carry such information but is solely processed by 

                                                       
2 Myelin is a fatty substance that functions as a coating for specific nerve fibers. This coating is highly 

conductive and makes that impulses are conducted much faster to the brain than thinly myelinated or 

unmyelinated fibres.  
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the discriminative touch system (McGlone et al., 2014). Interestingly, in many of the 
studies on CT afferent responses, the stroking touches were not applied by a human, 
but by means of a brush or velvet stick connected to a robotic apparatus (Essick et al., 
2010; Löken, Evert, & Wessberg, 2011; Morrison, Björnsdotter, et al., 2011). This in 
essence non-social stimulation of the skin would imply a bottom-up mechanism in 
which the physical qualities of the stimulus determine the effects of social touch (such 
as the pleasantness responses).  
 
Although stroking touches indeed are an important example of social touch 
interactions, for example when a mother affectively strokes her child, they merely 
form a subset of social touch interactions. Many forms of socially touching (see for 
instance the examples as described in the Prologue) do not involve stroking 
movements or need not be applied on the hairy skin, which rules out a role for CT 
afferents (Olausson et al., 2002; Vallbo et al., 1993). Therefore, it is suggested that 
these non-stroking and/or CT afferent-less forms of social touch address the 
discriminative touch system, and that subsequent cognitive processing of the touch is 
involved to derive the social and affective meaning of the touch (Huisman, 2017a; 
Kirsch et al., 2017; McGlone et al., 2014). Indeed, a recent study by Kirsch and 
colleagues (2017) revealed that gentle touches provided at suboptimal CT afferent 
velocity (18cm/s) or applied to the CT afferent-less glabrous palm of the hand, could 
also reliably convey affiliative messages like love or social support, although arousal, 
lust, and desire were best conveyed through CT-optimal touches. These findings led 
the researchers to the conclusion that affiliative touch interaction involves top-down 
processing, and that the CT system can add specificity to, and enhance the ‘sensual 
salience’ of social touch interactions. In addition, Kress and her colleagues (2011) 
found that perceived pleasantness was higher when the touches were applied by a 
human hand, as compared with a velvet stick, and they showed that different brain 
areas were represented in the processing. These differences can be explained by a 
combination of perceptual differences and cognitive and emotional correlates of 
being touched by another person. In another study (Gazzola et al., 2012), it was found 
that the perceived gender of the person applying a touch, manipulated through video 
recordings, influenced the affective perceptions of the touch by the receiver. Male 
participants perceived a touch from an ostensibly same-sex person as less pleasant. 
Moreover, not only visual social cues, but also linguistic descriptors can affect the 
subjective pleasantness ratings of a touch. When a cream was rubbed on the skin and 
described as a “rich moisturizing cream”, it was perceived as more pleasant and 
caused more activation in the orbitofrontal cortex than when it carried “basic cream” 
as description (McCabe, Rolls, Bilderbeck, & McGlone, 2008). Abovementioned 
findings are essential to understand how social touches can elicit responses: there is 
an interplay between the physical qualities of the touch – i.e., bottom-up, stimulus-
driven aspects (van Erp & Toet, 2015) – and top-down aspects like expectations and 
beliefs of the recipient with regard to the context in which the touch takes place 
(Gallace & Spence, 2010; van Erp & Toet, 2015). This suggestion differs from the 
supposed filtering function of CT afferents as proposed by McGlone et al. (McGlone et 
al., 2014). Therefore, it may be better to consider the CT afferent pathway a means to 
detect and process specific affective aspects of touch. It may be more accurate to 
speak of an affective touch hypothesis (Huisman, 2017b; McGlone et al., 2014).  

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GENERAL INTRODUCTION 

    17

Whereas the neurophysiological mechanisms of the discriminative touch system are 
quite well understood, this is not yet the case for the social (or affective, if you will) 
touch system. For now, I will adhere to the proposition that social touch involves both 
the discriminative and affective touch system and that they act conjointly. In 
Figure 1.2, I sketched3 the essence of the process of how receiving a touch can lead to 
effects. When a recipient receives a touch from another person, this touch is sensed 
(A) by various (combinations of) kinesthetic and cutaneous receptors such as 
mechanoreceptors and thermoreceptors; the discriminative touch system is 
activated. Which receptors are addressed depends on the physical composition (B) of 
the specific touch; is the touch for example rough or subtle, static or moving, warm or 
cold, and to which body part is it applied? We have seen that when the physical 
qualities are within specific boundary conditions, a touch can elicit effects (G) by 
means of direct neurophysiological responses (C), predominantly without elaborate 
cognitive processing (Jakubiak & Feeney, 2017). That is to say, within a range of 
(near-)optimal velocities, a stroking touch can directly elicit neurophysiological 
(through discharge of CT) and in turn affective (i.e., pleasantness) responses. 
However, for the perception (D) of many touches, more elaborate cognitive 
processing (i.e., top-down; E) is involved in order to derive social and affective 
meaning, and to lead to changes in the recipient’s perceptions, thoughts, feelings, 
and/or behavior (i.e., effects; G). This cognitive processing then, is not only informed 
by the physical sensation of the touch, but also by a large variety of elements, 
personality characteristics, earlier experiences, and many more aspects (i.e., 
modulators; F) (Jakubiak & Feeney, 2017; van Erp & Toet, 2015). The cognitive 
processes (as well as the various modulators that influence them) are largely 
informed by to whom the touch is attributed. The attribution could thus be 
considered the starting point for the top-down processing of social touch, which leads 
to the perception of the touch and eventually to effects. 
 

 
Figure 1.2: Visual representation of the workings of social touch perception. 

                                                       
3 We deliberately ‘sketched’ this working model to emphasize that it is not a formal, testable model. 
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Abovementioned considerations also carry important implications for the 
development of social touch technologies. Specific (combinations of) haptic actuators 
can activate the associated range of receptors of both the discriminative and the 
affective touch systems and thus elicit beneficial responses (e.g., a stroking device 
that is programmed to stroke at 3-5cm/s, like (Essick et al., 2010; Löken et al., 2011; 
Morrison, Björnsdotter, et al., 2011)). However, the attribution of the artificial social 
touch to a social source (another remotely located person, or an artificial social agent) 
may activate associated cognitive processing of the artificial touch, for example by 
including knowledge about contextual elements. This cognitive processing may be 
required to derive the meaning of the artificial touch, and in turn to elicit the desired 
beneficial responses; in a similar manner as the human touch counterpart. Since 
social touch technologies are degraded representations of actual human touch (both 
physically and contextually), the question rises which elements are essential for a 
social touch technology interaction to be effective. Therefore, the distinction 
between mere physical qualities of a social touch technology (and the effects these 
can elicit) and the cognitive processing of the physical stimulus will be a recurring 
theme in the remainder of this thesis. We will investigate whether the attribution of a 
physical stimulus (i.e., a touch through haptic actuators) to another social entity, 
rather than to the haptic actuator itself, is indeed a boundary condition for social 
touch technology interactions to elicit beneficial responses. The role of attribution will 
be an important aspect throughout Part II of this dissertation, as we will compare the 
effectiveness of stimulation with physically warm stimuli without social meaning with 
physically warm stimuli that are attributed to the remote communication partner and 
thus carry social connotations. Moreover, attribution will be of importance 
throughout Part III of this thesis and in particular in Chapter 8, as we will investigate 
to what extent the attribution of a simulated touch to an artificial social agent 
determines the effectiveness of such touches. In addition, two studies in Chapter 9 
are based on research on CT afferents and the associated pleasantness perceptions. 

3 Social Touch in Daily Interactions 
In the previous section, we have seen that both the sensation of the physical qualities 
and the cognitive processing (also informed by various modulators) are involved in 
the perception of a social touch. This perception can elicit effects in the recipient, 
even though some touches can elicit responses predominantly independent of 
cognitive processing (Jakubiak & Feeney, 2017). In this section, I will elaborate on the 
effects of touch that are most prevalent in the literature and that also happen to be 
the effects under investigation in this dissertation (as mentioned in Section 1 and in 
Figure 1.1): the importance of touch with regard to bonding (Section 3.1.1), one’s 
physical and emotional state (3.1.2), and one’s behavior (3.1.3). I will describe the 
‘pathways’ that lead up to the several effects (i.e., through mere (neuro)biological 
responses, or through more elaborate cognitive processing), and I will highlight that 
both pathways may influence each other. Subsequently, I will, in line with the notion 
that cognitive processing is often involved in social touch interactions, discuss a 
selection of aspects that may modulate the effects of a human social touch: the 
physical composition and the multisensory nature of a touch (Section 3.2.1), the 
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setting in which the touch interaction takes place (3.2.2), the relationship between 
the toucher and touchee (3.2.3), and individual personality characteristics of the 
recipient (3.2.4). In essence, I will use this Section 3 to concretize Figure 1.2, and to 
tailor it to the aspects under investigation in this dissertation. The tailored ‘working 
model’ of social touch processing is visualized in Figure 1.3 and will be used again in 
Section 3.3 for a brief summary of the section. Moreover, it will serve as starting point 
for our investigations of social touch technologies. 

 
Figure 1.3: Visualization of the social touch perception process, supplemented with the specific effects and 

modulators under investigation in this dissertation. 

3.1 How Social Touch affects Us 

3.1.1 Bonding and Attachment 

The sense of touch is the earliest to develop in the fetus, and plays a crucial role in 
the early physiological, cognitive, and social development of the newborn (Barnett, 
1972). As described in Section 2, the discriminative touch system allows the child to 
physically explore the world around, thereby learning to understand the physical 
qualities such as texture, weight, or temperature of objects (Field, 2010). Moreover, 
children employ the sense of touch to interact with others; social touch is in fact 
considered the earliest form of interpersonal communication (Frank, 1957; 
Hertenstein, 2002). The intense physical contact between caregiver and the newborn 
child, and the warmth that the child perceives while being held and carried around, or 
during cuddling or breast feeding, is not only indispensible for growth and physical 
development (Field, 2010; IJzerman, Coan, et al., 2015), but also supports the social 
and emotional development of the child (Anisfeld, Casper, Nozyce, & Cunningham, 
1990; Feldman, Rosenthal, & Eidelman, 2014; Hertenstein, 2002). In cases of 
discomfort or distress, young mammals including human children seek close proximity 
to a source of safety, security, and warmth (Bowlby, 1969): the caregiver. (Warm) 
Physical contact then is regarded as a central requirement for this sense of security 

1 



CHAPTER 1 

 20

(Bowlby, 1969; Harlow, 1958; Weiss, Wilson, Hertenstein, & Campos, 2000). In a 
famous study by Harry Harlow, known as the Nature of Love, young rhesus monkeys 
were separated from their mothers and ‘raised’ by either a surrogate mother made 
out of wire, or one made out of terrycloth. When the monkeys were startled as a part 
of the experiment, they immediately sought physical comfort at the soft surrogate 
mother; even when the non-soft wire mother provided food and the soft mother did 
not (Harlow, 1958). This led Harlow to the conclusion that early physical social 
interactions between newborn and caregiver are the first lessons in loving, and help 
the newborn mammal with forming relationships and with understanding emotions 
later on in life. It is suggested that during this period a (human) child’s attachment 

style is formed (Ainsworth, 1969; Bartholomew & Horowitz, 1991; Bowlby, 1969; 
Harlow, 1958). Conversely, children (and also other mammals (Harlow, 1958)) that 
are deprived of affective touch during the early stages of life, for example orphans 
that grew up in institutions, demonstrate severely lacking cognitive, emotional, and 
social capabilities (MacLean, 2003), which seem to persist for many years after 
adoption (Beckett et al., 2006).  
 
Later on in life, social touches still play a major role in bonding and showing affect and 
emotions. Social touches are an impactful addition to other verbal and non-verbal 
communication modalities. In fact, touch is the preferred non-verbal modality to 
convey intimate emotions such as love and sympathy (App, McIntosh, Reed, & 
Hertenstein, 2011; Field, 2010). Interestingly, people can successfully encode and 
decode discrete emotions, solely by means of touch. Anger, fear, disgust, love, 
gratitude, and sympathy were decoded at greater than chance levels, when only 
touches on the arm of an unknown and unseen other person could be applied 
(Hertenstein, Keltner, App, Bulleit, & Jaskolka, 2006). Happiness and sadness were 
added to this list when touch over the entire body was allowed (Hertenstein, Holmes, 
McCullough, & Keltner, 2009). Besides these rather abstract emotional messages 
(that were also conveyed during a very untypical social touch interaction), touches 
can also directly influence one’s affective state by the mere physical qualities of the 
touch. As we have also seen in Section 2, stroking can elicit pleasantness responses 
(Essick et al., 2010; Löken et al., 2009), but for example also exercising physical pain, 
or stimulating specific body locations such as the erogenous zones (Burleson, 
Trevathan, & Todd, 2007; Hertenstein, Verkamp, et al., 2006) can have effects on how 
the recipient feels, predominantly caused by the physical qualities of the touch.  
 
The recipient of affectionate touches such as hugs, kisses, or warm caresses will 
usually feel loved and cared about, and will perceive the relationship with the toucher 
as being close (Ben-Ari & Lavee, 2007; Debrot, Schoebi, Perrez, & Horn, 2013; Floyd, 
2006). Research demonstrates that relationships in which people touch each other 
relatively often are perceived as more intimate; both by people in the relationship 
and by observers (Burgoon, Buller, Hale, & deTurck, 1984; Johnson & Edwards, 1991; 
Mackey, Diemer, & O’Brien, 2000; Pisano, Wall, & Foster, 1986). Moreover, receiving 
affectionate touches from the partner can increase one’s positive mood (e.g., feeling 
alert and relaxed) and can attenuate somatic symptoms (e.g., insomnia, an upset 
stomach, or susceptibility to a cold) and feelings of daily stress (e.g., feeling bad or 
tired) (Burleson et al., 2007; Cohen, Janicki-Deverts, Turner, & Doyle, 2015; Kory Floyd 
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et al., 2009; Stadler, Snyder, Horn, Shrout, & Bolger, 2012). Interestingly, these effects 
are sometimes still present on the following day (Burleson et al., 2007; Stadler et al., 
2012). According to a questionnaire, different forms of non-sexual affective physical 
contact have strong positive effects on relationship and partner satisfaction among 
college students, as well as on their resolution of conflicts in a relationship (Gulledge, 
Gulledge, & Stahmannn, 2003). That is, the more frequent people engaged in for 
example cuddling, kissing on the lips, and handholding, the easier conflict resolution 
became. Increasing amounts of cuddling, hugging, or kissing on the lips or face also 
led to a higher relationship satisfaction. In a somewhat related study, post-sex 
cuddling turned out to be another form of touch that is an important determinant for 
relationship satisfaction (Muise, Giang, & Impett, 2014). In sum, the warm physical 
contact as experienced during our early childhood learns us to bond, whereas social 
touch interactions later in life can increase feelings of intimacy and one’s positive 
mood, decrease daily stress, and help in the resolution of conflicts. All these effects 
help in establishing, maintaining and enhancing attachment to others (see also (Field, 
2010; Jakubiak & Feeney, 2017)).  

3.1.2 Physiological and Emotional Well-being 

Social touches thus are of major importance for the establishment and maintenance 
of social bonds. This applies for newborns, but also during later stages in life. 
Although the exact underlying mechanisms of the effects of social touch on bonding 
are not fully understood yet (Gallace & Spence, 2010; Gulledge, Hill, Lister, & Sallion, 
2007), it is likely that the ‘bonding-hormone’ oxytocin supports the establishment and 
maintenance of lasting relationships (Feldman, 2012; Gulledge et al., 2007; Kreuder et 
al., 2017). This hormone releases during social encounters, among which social touch 
interactions. Oxytocin releases both during sexual and non-sexual physical contact, 
albeit with the largest release during the former (Uvnäs-Moberg, Arn, & Magnusson, 
2005). Moreover, oxytocin appears to increase the hedonic value of partner touch, 
according to neural responses in reward-related brain circuits (measured with 
functional Magnetic Resonance Imaging; fMRI), whereas it reduces the hedonic value 
of a stranger’s touch (Kreuder et al., 2017). Interestingly, people who more frequently 
receive hugs from their partner, do not only perceive their relationship as more 
satisfactory, but also show higher baseline levels of oxytocin and a significantly lower 
blood pressure (Holt-Lunstad, Birmingham, & Light, 2008; Light, Grewen, & Amico, 
2005). Moreover, increased amounts of physical contact within a relationship led to 
decreased secretion of cortisol (Ditzen, Hoppmann, & Klumb, 2008); the ‘stress-

hormone’ (Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003). As I already 
mentioned in Section 2, social touches can elicit physiological responses in the 
recipient (e.g., the secretion of hormones), which in turn can lead to beneficial effects 
on one’s well-being. These physiological responses occur largely, but not entirely 
irrespective of cognitive processing (as is also suggested by Kreuder et al. (2017)). 
 
Having satisfactory social relationships is essential for one’s emotional and physical 
well-being (Baumeister & Leary, 1995; Steptoe, Owen, Kunz-Ebrecht, & Brydon, 
2004). Feeling lonesome – i.e., a feeling of distress that people experience as a 
consequence of perceiving their social relationships as unsatisfactory with regard to 
their social needs (Hawkley, Masi, Berry, & Cacioppo, 2006; Pinquart & Sörensen, 

1 



CHAPTER 1 

 22

2001) – can lead to decreases in happiness or to increased depressive feelings, 
negative effects for the immune system, and even to an increased likelihood of early 
mortality (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015). The fact that 
frequent social and affectionate physical contact with the partner is related with 
increased psychological well-being and relationship satisfaction (Debrot et al., 2013; 
Debrot, Schoebi, Perrez, & Horn, 2014) thus implies an indirect effect of touch on 
one’s physiological well-being, as is also suggested by Jakubiak and Feeney (2017).  
 
Besides these long-term effects, social touch can also have direct effects on one’s 
physiological and emotional state. Touch regulates arousal levels, both in childhood 
and during later stages in life (Hertenstein, 2002). Bellieni and his colleagues 
demonstrated that newborns that were held, cuddled, and massaged during a painful 
heel prick showed a reduction in distress (Bellieni et al., 2007). The touch was 
combined with olfactory, auditory, and visual stimuli however, so the actual 
importance of touch in itself remains somewhat speculative. Additional research on 
the effects of touch, and in particular skin-to-skin contact, demonstrates that the 
physical qualities of a touch can also decrease the stress responses in a newborn 
(Gray, Watt, & Blass, 2000) and can lead to accelerated development of the child’s 
brain (Feldman & Eidelman, 2003) and motor skills (Weiss, Wilson, & Morrison, 2004).  
 
During later stages in life, touching also leads to a more positive emotional and 
physiological state. Touch is the most commonly used method to comfort someone 
who experiences stress or negative arousal (Dolin & Booth-Butterfield, 1993). The 
suggestion that being touched is beneficial in situations of distress, is supported with 
both objective and subjective measures in many different contexts. When women 
were holding their partner’s hand, rather than holding the hand of a stranger or 
holding an object, this increased their pain thresholds while receiving painful, cold 
stimuli (Master et al., 2009). Moreover, Coan and his colleagues carried out an 
experiment in which women were threatened with electric shocks, and also actually 
received a few shocks, while residing in an fMRI scanner. During these stressful 
circumstances, the female participant was holding the hand of either her husband or 
a male stranger, or she did not engage in physical contact. The results of the fMRI 
scans suggest that physical contact attenuated threat-related neural responses. This 
effect was stronger when participants were holding their partner’s hand as compared 
to the hand of a stranger. Moreover, the strength of the beneficial effects of spousal 
handholding (but not of handholding with a stranger) was mediated by the perceived 
quality of the marriage (Coan, Schaefer, & Davidson, 2006). Touches do not only 
provide physical comfort in situations of pain, but also during stressful circumstances. 
After ten minutes of handholding and a subsequent twenty-second hug with their 
partner prior to a stressful public speaking task, participants showed a smaller 
increase in blood pressure and heart rate than participants that did not engage in 
physical contact but silently sat next to their partner (Grewen, Anderson, Girdler, & 
Light, 2003). Similarly, Ditzen and her colleagues demonstrated that a neck and 
shoulder massage from a partner prior to a stressful task (i.e., a mock job interview 
and a subsequent arithmetic task in front of a panel), led to a significantly lower heart 
rate and cortisol level, as contrasted with people who did only receive verbal support 
from their partner, and as contrasted with people who were not allowed to have any 
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contact with their partner prior to the tasks (Ditzen et al., 2007). Results of an 
observational study demonstrate that participants had an increased need for touch 
from their partner after they were told they had to speak publicly. When this need 
was satisfied, a reduction in distress was observed, with greater amounts of touch 
leading to less distress (Robinson, Hoplock, & Cameron, 2015). In a different study, 
participants were presented with both aversive and non-aversive pictures, while 
either holding the hand of a friend, or holding a rubber hand. The results suggest that 
physical contact with a human hand increased the perceived comfort while watching 
the visual stimuli, and that this contact, according to fMRI, suppressed the visual 
attention paid to the stimuli; touches did thus deflect the attention from the stimuli 
(Kawamichi, Kitada, Yoshihara, Takahashi, & Sadato, 2015).  
 
In line with these findings, touch can promote physical, emotional, social, and spiritual 
comfort in healthcare settings such as psychotherapy (Phelan, 2009) and nursing 
(Chang, 2001; Gleeson & Timmins, 2005); settings in which stress and physical 
discomfort are ubiquitous. Brief touches from a nurse prior to surgery can result in a 
decrease of the patient’s physiological stress responses as well as of the worries 
about the operation (Whitcher & Fisher, 1979). More extensive touch interactions 
such as massage therapy can even lead to a decrease in depressed feelings, 
aggression, and pain in patients, and can enhance one’s attentiveness and immune 
functions, according to various studies (Aghabati, Mohammadi, & Pour Esmaiel, 2010; 
Field, Diego, & Hernandez-Reif, 2007; Henricson, Ersson, Määttä, Segesten, & 
Berglund, 2008; Kutner et al., 2008).  
 
In sum, receiving touch can lead to beneficial physiological and emotional changes 
(for example through the secretion of hormones); both direct changes and changes 
that occur in the long term. Moreover, touches can initiate cognitive processes that 
enhance the recipient’s relational, psychological, and physical well-being as well. 

3.1.3 Behavior and Attitude 

Besides having strong impact on social relationships and on one’s emotional state, 
social touches can influence the behavior and attitude of the recipient of the touch. 
Brief, subtle touches on the arm or shoulder, that not necessarily have to be noticed 
(Guéguen, 2002), can already lead to more favorable impressions of the toucher and 
of the environment in which the touch takes place. People for example assessed a 
library more positively after they were touched by the library clerk (Fisher, Rytting, & 
Heslin, 1976) and a shop was perceived as more pleasant when the salesperson 
briefly touched the client (Hornik, 1992). The participants also considered the clerk 
and the salesman themselves as being more friendly. A positive attitude towards the 
toucher has been observed in different settings as well (e.g., during problem solving 
tasks, or while scoring questionnaires (Burgoon, Walther, & Baesler, 1992; Patterson, 
Powell, & Lenihan, 1986)). 
 
An often mentioned effect with regard to behavioral change includes the so-called 
Midas Touch effect (Crusco & Wetzel, 1984; Guéguen & Joule, 2008). The name of 
this effect refers to the Greek mythological King Midas, who turned everything he 
touched into gold. With regard to social touch interactions, a Midas Touch, often 
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applied at the hand or arm, increases the recipient’s pro-social behavior. The 
recipient of the touch appears to be more willing to comply with a request, or shows 
more helpful behavior than people who have not been touched. This phenomenon 
has been demonstrated in many different forms and settings, which include the 
willingness to comply with requests to fill out a survey (Guéguen, 2002; Willis & 
Hamm, 1980), participate in a taste test (Hornik, 1992), score questionnaires 
(Patterson et al., 1986), share a cigarette (Joule & Guéguen, 2007), hold a large and 
excited dog (Guéguen & Fischer-Lokou, 2002), demonstrate a statistical exercise on a 
blackboard in front of a class (Guéguen, 2004), or to give a free bus-ride to a 
passenger (Guéguen & Fischer-Lokou, 2003). People also demonstrated more 
altruistic behavior after being touched, without being explicitly requested to do so. A 
brief touch from a waitress while presenting the check for example increased the 
amount of money the restaurant guests tipped (Crusco & Wetzel, 1984). Touches also 
increased the amount of money that was spent in a shop (Hornik, 1992) and the 
amount of alcohol that was consumed in a bar (Kaufman & Mahoney, 1999). 
Moreover, a casual touch made the recipient more inclined to help in picking up 
‘accidentally’ dropped items (Guéguen & Fischer-Lokou, 2003; Paulsell & Goldman, 
1984). In his discussion of various studies regarding the Midas Touch effect, Huisman 
suggests that the effect appears to depend of the type of request that is made 
(Huisman, 2017a, pp. 58–59). People demonstrate more compliant behavior as a 
consequence of being touched when the request requires moderate (i.e., reasonable) 
effort, like the examples as provided here. When the request is very easy (e.g., signing 
a petition (Willis & Hamm, 1980)) or very difficult or high in demand (such as signing 
up to become a blood donor (Guéguen et al., 2011)), the Midas Touch effect is less 
outspoken or even absent. The underlying mechanisms of the Midas Touch effect are 
not entirely understood yet. It is possible that a touch signals positive affect from the 
toucher to the recipient, which could show that the toucher understands the 
recipient’s needs. These signals are then reciprocated by the recipient through 
demonstrating similar positive affect and pro-social behavior (Gallace & Spence, 2010; 
Kleinke, 1977). Another explanation could be that the touch displays power 
differences, which result in the compliant behavior (Patterson et al., 1986). Although 
both suggestions appear plausible, they cannot explain the Midas Touch effects that 
were found when people were unaware of being touched (Guéguen, 2002). 
Therefore, alternative explanations of the Midas Touch effect propose a more  
(neuro)physiological underlying mechanism. It is for example suggested that touches 
activate the release of oxytocin, which in turn could support cooperative behavior 
(Morhenn, Woo, Piper, & Zak, 2008). Alternatively, the affective touch pathway (see 
also Section 2) may have been activated as a result of pleasant Midas Touches 
(Gallace & Spence, 2010), although that would require a stroking movement. It thus is 
unclear how social touches exactly affect one’s attitude and altruistic feelings, but it is 
clear that touches can have a strong impact on the recipient’s behavior and attitude. 
 
In Section 1, I already kind of gave it away, but in the previous pages we have indeed 
seen that being touched can be good for you. There is compelling and comprehensive 
evidence that receiving social touches can enhance your bonding with and 
attachment to others, and that social touch can have beneficial effects on your 
emotional state and physiological well-being. Another thing that I gave away in 
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Section 1, is the fact that when you are being touched, this can be good for others. 
Receiving subtle social touches can indeed enhance your positive attitude towards 
others, increase your compliance to requests, and positively affect your helpful 
behavior towards others. Social touch interactions can elicit many more effects in the 
recipient. Touches can be motivational and supportive, correctional or aggressive, or 
take place in a sexual context. Such effects are more extensively described by for 
example Field (2001, 2010) and Montagu (1972). The three effects of touch as 
discussed in this section are the effects on which I will focus throughout this 
dissertation, albeit in the context of social touch technologies. More specifically, I will 
mainly focus on the direct effects that social touch technologies can elicit with regard 
to feelings of closeness to the toucher (i.e., another remotely located person, or a 
social robot), stress responses, and pro-social behavior. 

3.2 The Modulators of a Social Touch 
The attentive reader may have noticed that I used the terms “can be” and “can have” 

a lot throughout the concluding paragraph of the previous section. I deliberately used 
these somewhat cautious words because the perceptions of, responses to, and 
effects of human social touch interactions are to a large extent modulated by the 
context in which they occur (Hertenstein, 2002; Jakubiak & Feeney, 2017). In this 
section, I will address a selection of modulators that are prevalent in the literature on 
human social touch and that also may be of importance for interactions through, and 
with, social touch technologies. I will address the modulating roles that, respectively, 
the physical composition and the multimodal nature of the touch, the setting in which 
it takes place, the social context, and personality characteristics of the recipient may 
play in human social touch interactions. 

3.2.1 The Physical Composition of a Touch and its Multimodal Nature 

Pats, hugs, taps, tickles, strokes, hits, pinches, slaps, or massages are but a few 
examples of different types of social touches. As we have seen in Section 2, all these 
types of touches address the various sub-modalities of our complex sense of touch 
(i.e., the different cutaneous and kinesthetic receptors, and/or the CT afferents in the 
affective neurophysiological pathway). In order to structure the different types of 
social touches, Hertenstein (2002) proposed a framework of various physical qualities 
and parameters of social touches, that, when orchestrated together and interacting 
with each other, provide meaning to the touch in a bottom-up manner. The physical 
qualities refer to the features of the actual tactile stimulus that make the various 
receptors discharge, whereas the parameters refer to how the touch is administered. 
Besides the type of the touching action, Hertenstein refers to the intensity, velocity, 
abruptness (i.e., acceleration and deceleration), and temperature of the touch as 
physical qualities. As parameters, the body location, the frequency and duration of 
the touches, and the extent of the surface area touched are listed. All variations on 
these dimensions lead to the conclusion that no two touches are the same. To 
complicate things, two touches that are much alike can still have very different 
meanings and elicit very different responses (i.e., the principle of equipotentiality) 
whereas two physically different touches can lead to the same communicative 
outcome (i.e., equifinality) (Hertenstein, Verkamp, et al., 2006). An arm around the 
shoulder can for example be equally comforting as a hug. A pat on the back can, as an 
example of equipotentiality, be considered as motivating and friendly (“You can do 
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it!”), as consoling and empathetic (“You thought you could do it, but couldn’t, and 
that is ok..”), but also as sarcastic or even offensive (“Ha! And you thought you could 
do it..?!” (while looking at the catastrophic outcome of a miserable attempt to 
achieve something)). When we translate human social touch to social touch 
technology interactions, we have to consider which haptic actuators are to be used 
and how these are to be applied (i.e., the physical qualities and parameters), and we 
have to acknowledge that not every artificial touch is perceived similarly despite being 
physically the same (i.e., equipotentiality). However, the principle of equifinality 
teaches us that different physical stimuli may lead to the same outcome. It could thus 
be the case that stimulation with a highly degraded representation of a human touch 
could elicit the same effects as an actual human touch. To complicate things even 
more, there are many other aspects that may modulate how a human touch is 
perceived, and that may also be relevant in interactions with social touch technology; 
the first one being the multimodal nature of a human co-located social touch. 
 
As I described in Section 1, a prerequisite for human social touch interactions is that 
the toucher and touchee are in close vicinity of each other (Haans & IJsselsteijn, 
2006). A consequence of this is that social touch interactions inherently become 
multimodal. The interpretation of a touch and the associated response to it are partly 
formed by for example the facial expressions of the person to whom the touch is 
attributed, other non-verbal behaviors, or by things the toucher says. While touches 
can be used to emphasize certain verbal and non-verbal messages (Jones & 
Yarbrough, 1985), the opposite is true as well: multimodal social cues can also alter 
the interpretation of the touch and in turn the responses to it. When for example a 
hug is provided in a cranky manner, it will likely not be considered as the display of 
affect or as the means to comfort the other it usually is. The fact that other verbal and 
non-verbal behaviors can affect the interpretation of a touch may seem obvious, but 
it is an important aspect that needs to be considered in this dissertation for two 
reasons. Firstly, it is suggested that interactions by means of social touch technology 
will always be degraded representations of human touch (Gallace & Spence, 2010). 
This applies for the physical composition of the touch, but also for the other available 
multimodal social cues. The expressive qualities (e.g., facial expressions or gestures) 
of a social robot are for example relatively limited as compared to those of humans. 
Secondly, the multimodality of human touch is important with regard to the design 
and interpretation of research on the effects of social touch and social touch 
technologies, as is also suggested by Gallace and Spence (2010) and by Jakubiak and 
Feeney (2017). Since human touch research often involves a confederate that applies 
the touch, and since it is difficult to keep this confederate blind to the purpose of the 
experiment, a confederate bias may occur. This means that the confederate, likely 
unintentionally, adjusts his or her behavior when applying the touch. Whereas for 
example the Midas Touch effect or comforting effects of touch have been attributed 
to the touches themselves, it could thus be that the confederate’s other non-verbal 
behavior, such as the gaze (Kleinke, 1977), caused the effects that were found (Haans, 
de Bruijn, & IJsselsteijn, 2014; Lewis & Finkel, 1997). The confederate bias also needs 
to be considered in research on the effects of social touch technology. However, as 
suggested by Haans et al. (2014), social touch technologies provide opportunities to 
overcome this issue when applied in a smart manner. 
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3.2.2 The Setting of the Touch 

Besides the physical composition and the nearly inherent multimodal nature of a 
social touch interaction, the setting in which it takes place plays an important role as 
well in the perception of the touch. This is because the setting can provide the 
recipient with information regarding the intentions of the toucher. Jakubiak and 
Feeney (2017) provide the example of a spontaneous arm around the shoulder of 
your girlfriend while walking in the city center. This can be considered a proper 
display of affect. However, the same arm around the same shoulder in the same city 
center can be interpreted as a display of overly protective behavior when your 
girlfriend’s ex-boyfriend approaches. A touch may be particularly effective when the 
intentions of the toucher address a need for touch of the person that is being 
touched; for example when the toucher responds to the need for comfort of a 
partner in distress (Jakubiak & Feeney, 2017; Robinson et al., 2015). Moreover, 
research suggests that social touches in a cooperative setting may increase pro-social 
behavior, whereas touches that are applied in a competitive situation supposedly 
reduce this helping behavior (Camps, Tuteleers, Stouten, & Nelissen, 2012).  
 
In sum, the setting of the touch largely determines how a social touch is perceived, 
and how the recipient responds to it on a physiological, emotional, and social level. 

3.2.3 The Relationship between the Toucher and Touchee 

Closely related to the setting in which the touch interaction takes place, is the social 

context of the touching dyad, or in other words: the type and strength of the 
relationship between the toucher and touchee. This relation determines to a large 
extent the touch protocols. How appropriate is a specific type of touch and which 
body locations are considered appropriate to be touched (Suvilehto, Glerean, Dunbar, 
Hari, & Nummenmaa, 2015)? When two people are willing to affectively touch each 
other, this suggests an already existing sense of mutual trust and understanding 
(Collier, 1985). In turn, people in a relatively intimate relationship usually have a 
better understanding of each other’s intentions with affective touches (Thompson & 
Hampton, 2011), and can touch each other over the entire body (Field, 2010; 
Suvilehto et al., 2015). This can lead, as we have seen, to an increased partner and 
relationship satisfaction (e.g., (Field, 2010; Gulledge et al., 2003; Jakubiak & Feeney, 
2017)). A touch from a complete stranger on the contrary, may for example only be 
tolerated at certain body parts such as the hands, back, or arms, but will generally be 
disliked and perceived as unpleasant (Heslin & Alper, 1983; Kreuder et al., 2017).  
 
The modulating effects of the relationship status on responses to social touch are also 
reflected in the touches’ stress-attenuating effects, as we have seen in Section 3.1. 
When women received painful cold stimuli, holding hands with their partner led to 
increased pain thresholds (Master et al., 2009). This was not the case when they were 
holding a stranger’s hand. Interestingly, Coan and his colleagues (2006) found that 
holding hands, either with the partner or with a stranger, led to an attenuation of 
threat-related neural responses when female participants were threatened with 
electric shocks. These effects were stronger when the participant was holding her 
spouse’s hand than when holding the stranger’s hand. Moreover, the perceived 
quality of the marriage modulated the beneficial effects of spousal handholding. It is 
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important to note that other beneficial effects of social touch on stress are mainly 
found in intimate dyads as well, although it remains unclear whether these effects 
would also occur in social touch interactions between unfamiliar people. The stress-
attenuating effects of touch are for example found in romantic relationships (e.g., 
(Ditzen et al., 2007; Grewen et al., 2003)), in mother-child relationships (e.g., (Bellieni 
et al., 2007; Gray et al., 2000)), or between people with a professional yet intimate 
relationship (e.g., nurse and patient (Chang, 2001; Gleeson & Timmins, 2005; 
Whitcher & Fisher, 1979)). It is suggested that the secretion of oxytocin, that may lead 
to beneficial physiological responses (Light et al., 2005), mainly occurs due to touch 
from familiar people (Kreuder et al., 2017). The relationship status may thus also to 
some extent modulate (neuro)physiological responses to touches that can also occur 
without elaborate cognitive processing. 
 
Not all effects of social touch warrant a pre-existing relationship though. The Midas 
Touch effect for example is effective even though it is usually applied by strangers 
(See for example (Crusco & Wetzel, 1984; Guéguen, 2002; Guéguen & Fischer-Lokou, 
2003; Joule & Guéguen, 2007; Patterson et al., 1986)). The effects appear to be 
stronger when the touches are applied by physically attractive people (Burgoon et al., 
1992; Hornik, 1992). What is also worth mentioning here, in particular with regard to 
the role that the dyadic relationship plays, is the gender composition of the dyad. 
When the Midas Touch is applied by a female, this seems to elicit more outspoken 
pro-social behavior than when it is applied by a male (Paulsell & Goldman, 1984; Willis 
& Hamm, 1980). Patterson and his colleagues (1986) found that the compliance to 
the request to fill out bogus questionnaires was higher in an all-female dyad than in 
dyads with other gender compositions, whereas Dolinski (2013) even found a 
negative effect of touch in a male-male dyad. The gender composition of the touching 
dyad also affects other effects of social touch. An example of this includes the 
recognition of discrete emotions that are conveyed solely by means of touch. In a re-
analysis of the data of the earlier described study (i.e., (Hertenstein, Keltner, et al., 
2006)), the researchers found that anger could only be conveyed effectively when a 
male was present in the dyad, whereas the sympathy emotion required a female. 
Moreover, happiness could only be conveyed within an all-female dyad (Hertenstein 
& Keltner, 2011). With regard to intimate touches, men and women also respond 
somewhat differently. Whereas both genders agree that a touch from a close friend 
of the opposite sex is pleasant, and a touch from a same-sex friend is unpleasant, men 
and women differ in their opinion about the touch from an opposite-sex stranger. 
Women consider an intimate touch from a strange man unpleasant, whereas men 
usually do not have problems with intimate touch from a female stranger (Heslin, 
Nguyen, & Nguyen, 1983). All in all, we can thus conclude that the type and strength 
of the relationship, as well as the gender composition of the touching dyad to a large 
extent determine the touch protocols, the meanings that are associated with the 
touches, and the effectiveness of the touches in terms of for example eliciting pro-
social behavior or stress-attenuation. As such, the perceived relationship between 
two people that engage in a mediated social touch interaction, and/or between a 
human touchee and a robotic toucher may play a modulating role in the (anticipated) 
effects that social touch technologies can elicit as well. 
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3.2.4 Personality Characteristics 

The three categories of modulating elements that I have discussed thus far have in 
common that they are informed by the attribution. The effects of multimodal social 
cues, the setting, and the dyadic relationship all require information regarding who 
provided the touch (hence the grey “attribution”-circle in Figure 1.3). This figure also 
shows a fourth category of possibly modulating elements in social touch perceptions 
that does not involve attribution. Instead, it is fully about the recipient: individual 
differences in personality characteristics may influence how a touch is perceived and 
by extension the effectiveness of a touch (Jakubiak & Feeney, 2017). In this 
dissertation, I will address a selection of such personality characteristics, including 
one’s attachment style which affects one’s touch receptivity.  
 
We know that being touched by the mother is essential for a newborn child, as touch 
can provide the child with a sense of safety and security. The mother is close by, 
available, and responsive (Bowlby, 1969; Harlow, 1958; Weiss et al., 2000). This 
physical closeness, the accompanying physical warmth, and the affective touch 
behaviors form the first lessons in attaching to others (Ainsworth, 1969; Bartholomew 
& Horowitz, 1991; Bowlby, 1969; Harlow, 1958). Since not every child experiences the 
same amount of affective touch, and not the same extent of availability and 
responsiveness of its mother, different attachment styles evolve (Main, Kaplan, & 
Cassidy, 1985). These attachment styles – the way in which people form affective 
bonds with others (Bartholomew & Horowitz, 1991; Bowlby, 1969) – determine to a 
large extent how people generally feel towards social touch interactions in various 
relationships later on in life. Children that are relatively little touched by their mother 
show more insecure attachment styles later on in life (Takeuchi et al., 2010), which in 
turn may lead to more negative feelings towards affective social touch (Chopik et al., 
2014). People that are insecurely attached may interpret touch as intrusive, 
overbearing, and uncomfortable and may even prefer to avoid it (Andersen & 
Leibowitz, 1978; Jakubiak & Feeney, 2017; Mikulincer, Shaver, & Pereg, 2003). On the 
contrary, people with secure attachment styles score usually low in touch avoidance, 
and thus have a more positive perception of social touch in general (Chopik et al., 
2014; Jakubiak & Feeney, 2017; Mikulincer et al., 2003). The openness to being 
touched on the one hand, and being touch avoidant on the other hand (Andersen & 
Leibowitz, 1978), can be summarized in one’s level of touch receptivity (Bickmore, 
Fernando, Ring, & Schulman, 2010). 
 
Obviously, there are many more personality characteristics that may to some extent 
affect how one responds to social touches. These characteristics include, but are not 
limited to personality traits like extraversion or neuroticism (Goldberg, 1992), 
afflictions in the autistic spectrum (Field, 2001), one’s cultural background (Gallace & 
Spence, 2010; McDaniel & Andersen, 1998), and previous experiences with touch 
(Jakubiak & Feeney, 2017; van Erp & Toet, 2015). Moreover, one’s age and gender 
may already modulate how a social touch is perceived (Field, 2001; Gallace & Spence, 
2010; Sehlstedt et al., 2016). As said, this dissertation merely focuses on a specific 
part of the enormous social touch landscape, and to that end we will only consider 
one’s attachment style and touch receptivity as possible modulators of the effects of 
social touch technologies in our experiments. However, in Part III, we will consider 
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additional personality characteristics that are only relevant with regard to the 
perception of robot-initiated social touches. Examples of such characteristics include 
one’s anxiety towards robots (Nomura, Kanda, Suzuki, & Kato, 2008) and one’s 
Immersive Tendency which may be required to be able to consider robots actual social 
entities (Jerome & Witmer, 2002; Witmer & Singer, 1998). 

3.3 Summarizing Human Social Touch 
Earlier in this first chapter, I introduced Figure 1.2 which depicts a schematic (and 
somewhat simplified) overview of the process of how the sensation of a touch 
eventually can lead to effects in the recipient. In Figure 1.3 (here repeated in Figure 
1.4), this model was further specified with regard to the topics under investigation in 
this dissertation. 

 
Figure 1.4: (Repeated) Visualization of the social touch perception process, supplemented with the specific 

effects and modulators under investigation in this dissertation. 

The model starts with the sensation of a social touch (A), which in essence, as we 
have seen in Section 2, means that various types of receptors in the cutaneous and 
kinesthetic touch systems, as well as in the affective touch system, are activated by a 
physical stimulus (i.e., the touch). Which receptors are activated and to what extent 
depends on the physical qualities of the touch, but its physical composition is also 
determined by various touch parameters like duration and frequency (B; (Hertenstein, 
2002)). The physical sensation of a touch can subsequently activate two kinds of 
processes: direct (neuro)physiological responses to the touch that largely (but not 
entirely) bypass active cognitive processing (C) and the perception, where the touch is 
interpreted (D). The direct physiological responses such as the secretion of oxytocin 
and (subsequent) effects on blood pressure, the release of the stress-hormone 
cortisol, or heart rate (C; e.g., (Holt-Lunstad et al., 2008; Light et al., 2005)) can in turn 
lead to effects in the recipient (G); both in the long term (e.g., a positive effect on 
one’s physiological well-being) and direct effects such as the attenuation of stress. 
The second process, that of the perception of the touch (D), is informed by the 
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physical sensation of the touch, but also by more elaborate cognitive processing (E). 
This processing then, is influenced by various modulators (F) which include the 
inherent multisensory social signals that accompany a touch, the setting in which the 
touch takes place (or: the context), and the type and strength of the relationship 
between toucher and touchee (but also the gender composition of the dyad). The 
starting point for these modulators is the attribution of the touch: “who provided the 
touch?”. Personality characteristics such as the recipient’s attachment style and touch 
receptivity constitute a fourth category of possible modulators, but without being 
informed by the attribution of the touch. Although they are depicted as being two 
separate processes, the (neuro)physiological responses to a touch can also be 
affected by the perception of a touch and vice versa (I). For example, when a stranger 
applies a touch, this can attenuate the secretion of oxytocin (Kreuder et al., 2017), 
whereas physiological changes can elicit hedonic perceptions that in turn alter the 
perception of a touch. Eventually, the combination of the perception (D) and the 
physiological responses to a touch (C) can lead to a large variety of direct effects and 
effects in the long term (G), of which we have addressed bonding and attachment, 
effects on one’s physiological and emotional well-being, and effects on one’s attitude 
and behavior. The three main categories of effects may also influence each other (G1, 
G2, and G3). Social touch may lead to a more positive impression of the toucher, which 
in turn also can beneficially affect one’s physiological and emotional state (G1), as well 
as one’s altruistic behavior towards this other (G3). Stress-attenuating touches can 
enhance one’s well-being and may in turn lead to a more satisfactory relationship 
(G1), and/or to more altruistic behavior (G2; (Debrot et al., 2013, 2014; Jakubiak & 
Feeney, 2017)). Finally, behavior changing touches can make the recipient feel 
appreciated, thereby enhancing one’s emotional well-being (G2) as well as the bond 
between the recipient and the toucher (G3; (Gallace & Spence, 2010; Kleinke, 1977)). 
 
The visualization of the social touch process is merely intended to provide a quick and 
easy overview of the topics that are particularly relevant for this thesis and how they 
relate to each other. This ‘working model’ is also a starting point for investigations in 
the landscape of social touch technologies. It is not to be considered a formally 
testable model, as it does not provide quantitative predictions.  

4 Social Touch Technology 
In the following section, I will make the switch from human co-located touch to 
interactions by means of social touch technologies. This section is intended to present 
and discuss related work on the use of haptic actuators in HCI (Section 4.1), mediated 
social touch (Section 4.2), and simulated social touch (Section 4.3). To structure the 
related work, I will in essence adhere to the working model of co-located human 
social touch processes (see Figure 1.3), as this provides a valuable starting point. 
Following from these discussions, several research challenges will present themselves. 
These challenges are vastly applicable in the research area of social touch technology, 
but also serve as starting points for the specific research as described in this 
dissertation: the investigations of physical warmth as means of mediated touch, and 
the effects of robot-initiated touch. 
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4.1 Haptic Actuators in Human Computer Interaction 
Over the last decades, the use of haptic technologies in HCI has gained increasing 
attention (Hayward & MacLean, 2007; MacLean & Hayward, 2008). Haptic actuators 
come in different forms and can as such address the various types of receptors in 
both the cutaneous and the kinesthetic touch systems. Motors can be applied to 
provide force feedback and thus address the kinesthetic system (Hayward, Astley, 
Cruz-Hernandez, Grant, & Robles-De-La-Torre, 2004), and receptors in the cutaneous 
system can be activated by for example vibrotactile motors, by mechanical stimuli 
that exert pressure or friction, or even by air puffs (Tsalamlal, Ouarti, & Ammi, 2013) 
and ultrasound waves (Carter, Seah, Long, Drinkwater, & Subramanian, 2013). These 
examples of actuators, or tactile stimuli, mainly activate the different types of 
mechanoreceptors in the skin. The thermoreceptors in the skin can also be 
addressed, for example by heat pads and Peltier elements4 that can provide warmth 
and sometimes coldness. These kinds of haptic actuators are used in HCI for different 
purposes. They can be employed to provide feedback. Think for example about game 
controllers that provide force feedback, your smartphone that vibrates upon every 
letter you enter in a text message, or the force feedback in tele-operated systems for, 
for example, remote surgery (Hayward et al., 2004). Moreover, haptic actuators can 
be used to provide information. They can enable more natural interactions, or reduce 
cognitive load during orientation and navigation (Prewett et al., 2012; van Erp et al., 
2006). Haptic actuators can also be employed to compose abstract messages – so-
called Tactons (Azadi & Jones, 2014) – like warnings or timing information, based on 
variations in the physical parameters (e.g., duration and frequency) of the actuators. 
 
Besides their use in providing information and feedback, haptic actuators can be 
employed in Affective Haptic Interfaces (Tsetserukou & Neviarouskaya, 2010), which 
are intended to elicit and modulate one’s emotions through the sense of touch 
(Gallace & Spence, 2010). Affective haptics is an umbrella-term for essentially two 
sub-categories: Non-Social Physical Stimuli and the earlier introduced Social Touch 
Technology. I define Non-Social Physical Stimuli as tactile stimuli that lead to 

systematic changes in the recipient’s perceptions, thoughts, feelings, and/or behavior, 

without attribution of the stimuli to a social source. As we have seen in Section 2, 
mechanical stimulation with a brush or velvet stick that is connected to an automated 
mechanism can elicit affective responses in the recipient. When the stimuli are 
presented at the optimal velocity, the firing rate of the CT afferents, as well as the 
associated subjective pleasantness responses, increase (Essick et al., 2010; Löken et 
al., 2011; Morrison, Björnsdotter, et al., 2011). This is indeed an example of a non-
social physical stimulus, as the tactile stimulus elicits responses without attribution to 
a social source. Interestingly, stimulation of the skin with vibrotactile actuators, which 
thus address the discriminative touch system instead of the affective touch system, 
can elicit affective responses as well. A similar inverted U-shaped pattern of 
pleasantness responses as a function of the stroking velocity was observed when a 

                                                       
4 Heat pads are in essence grids of resistive electrical wire, that heat up when an electrical current flows 

through it. Peltiers create a temperature difference at the junctions of two dissimilar conductors in 

contact when a DC current passes through the circuit; one end cools whereas the other heats. The 

difference in temperature and the rate of temperature change can be controlled by varying the 

direction and magnitude of the current passing through the device (Jones & Ho, 2008, p. 62). 
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stroke was simulated by means ‘apparent motion’ (van Erp, 2002) through four 
vibrotactile motors in line (Huisman, Darriba Frederiks, van Erp, & Heylen, 2016). 
Similarly, variations in the physical qualities and parameters of tactile stimuli can 
represent different emotional states, but can also lead to actual changes in the 
recipient’s affective state, according to both subjectively and objectively (i.e., 
physiologically) measured valence and arousal perceptions. Altering for example the 
intensity, frequency, or rhythm of vibrotactile feedback patterns can lead to different 
affective responses to these stimuli (Huisman & Darriba Frederiks, 2013; Seebode, 
Schleicher, Wechsung, & Möller, 2013; Seifi & MacLean, 2013). This also applies for 
thermal patterns (Salminen et al., 2011; Salminen & Surakka, 2013; Wilson, Dobrev, & 
Brewster, 2016), ultrasonic patterns (Obrist, Subramanian, Gatti, Long, & Carter, 
2015), air jet stimulation (Tsalamlal, Ouarti, Martin, & Ammi, 2015), and friction-
based stimuli by means of a small rotating disk on the fingertip (Salminen et al., 2008), 
Moreover, the materials and textures that are being used can influence the affective 
responses to tactile stimulation (Guest et al., 2011).  
 
In sum, non-social physical stimuli can elicit affective responses in the recipient, 
merely by drawing upon the physical qualities and parameters of the respective 
stimuli. This means that certain haptic interfaces can be employed to elicit certain 
effects in the recipient, even though the tactile stimuli are not attributed to a social 
source. This attribution of the tactile stimulus to a social source is the essential 
difference between non-social physical stimuli and social touch technologies, and will 
be an important aspect of the research as presented in this dissertation. To provide 
some additional clarity, I created Figure 1.5 in which the various application areas of 
haptic actuators and how they differ from each other are visualized.  

 
Figure 1.5: Overview of application areas of haptic actuators in human computer interaction. The Feedback 

and Information application area is not further considered in this dissertation. 
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4.2 Mediated Social Touch 
People have an innate need for intimacy and social connectedness (i.e., the sense of 
belonging based on the appraisal of having sufficient close or intimate social contacts 
(van Bel, IJsselsteijn, & de Kort, 2008, p. 3129)). Having satisfactory social encounters 
is essential for one’s emotional and physical well-being (Baumeister & Leary, 1995; 
Steptoe et al., 2004). Due to the increased globalization over the last decades (which 
is for example reflected in families that live more dispersed, or in increases in 
business and leisure travel) communication often takes place in a mediated setting. 
Various Computer Mediated Communication technologies such as email, instant 
messaging, and video-conferencing enable communication over distance, but appear 
to be mainly designed for the conveyance of information; the affective component of 
communication remains underexposed (van Bel et al., 2008). There are severe doubts 
on whether mediated encounters can be equally satisfactory as their unmediated 
counterparts. In fact, the opposite may be true, as CMC is often criticized for 
impoverishing and devaluing human communication (Turkle, 2011). CMC may even 
have contributed to the prevalence of individualism and feelings of loneliness 
(Cacioppo & Patrick, 2008). It is suggested that utilizing mediated social touch 
applications could be a valuable approach to overcome this issue, or at least to 
increase the satisfaction following from CMC encounters (Gallace & Spence, 2010; 
Haans & IJsselsteijn, 2006; Huisman, 2017a; van Erp & Toet, 2015). This may 
particularly apply because, as we have seen in Section 3, social touch plays an 
important role in the perceived satisfaction of co-located social encounters and can as 
such lead to a variety of effects. Moreover, affective haptics in the form of non-social 
physical stimuli can already elicit affective responses, which may be further exploited 
in a setting of CMC when the stimuli are attributed to a remotely located interaction 
partner. If mediated touch interactions can induce similar beneficial responses as real 
life social touch – which is not undeniably established yet – this provides interesting 
opportunities for, for example, intimate contact between geographically separated 
partners, family members (e.g., parent-child), and friends, for elderly care (where the 
number of contact hours is limited), for training and coaching applications (to 
motivate, or to increase compliance to a training schedule), or for e-health (e.g., 
provide comfort in mediated bad news conversations, or to increase compliance to 
medication-intake). These examples are limited to the effects of unmediated touch 
that are of relevance for this dissertation. Given the ubiquity of social touch in daily 
interactions (Jones & Yarbrough, 1985) and the increasing amount of CMC channels 
that become available and which could be accompanied by mediated touches, the 
possibly interesting application areas of mediated touch are almost limitless. 
Especially when we also take potentially novel forms of communication – e.g., one-to-
many mediated touches, or temporally asynchronous touching (the tactile 
counterpart of a voice-mail message or email attachment) – into account (Huisman, 
2017a; Smith & MacLean, 2007). In the following sections, I will discuss related work 
on mediated social touch by presenting various prototypes that are based on 
different design principles, and by describing the preliminary research on the effects 
of mediated social touches on the recipient. 
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4.2.1 Mediated Touch Prototypes 

On the premise that social touch is important in daily interactions, but not available in 
CMC, several researchers and designers developed haptic interfaces that supposedly 
emulate specific human touching actions. To do so, they utilized various combinations 
of materials and haptic actuators such as vibration motors, thermal actuators, and 
mechanical actuators such as inflatable air pockets that apply force or pressure. 
Examples of such mediated touch prototypes include emulations of handholding 
(Gooch & Watts, 2012; Toet et al., 2013), handshakes (Alhalabi & Horiguchi, 2001; 
Bailenson, Yee, Brave, Merget, & Koslow, 2007; Hashimoto & Manorotkul, 1996; 
Nakanishi, Tanaka, & Wada, 2014), strokes on the arm (Huisman, Darriba Frederiks, 
van Dijk, Heylen, & Kröse, 2013), strokes on the hand (Eichhorn, Wettach, & 
Hornecker, 2008), or strokes on the cheek (Park, Bae, & Nam, 2012). Intimate touches 
like kisses (Samani et al., 2012; Zhang & Cheok, 2016), massages (Chung, Chiu, Xiao, & 
Chi, 2009), and hugs (Cha, Eid, Rahal, & El Saddik, 2008; Gemperle, DiSalvo, Forlizzi, & 
Yonkers, 2003; Gooch & Watts, 2010; Mueller et al., 2005; Teh et al., 2008; 
Tsetserukou, 2010) can also to some extent be reproduced by means of haptic 
actuators. This also applies for playful touches such as tickling (Cabibihan, Pradipta, 
Chew, & Ge, 2009; Furukawa, Kajimoto, & Tachi, 2012; Knoop & Rossiter, 2015; 
Tsetserukou, Neviarouskaya, Prendinger, Kawakami, & Tachi, 2009), squeezing (Wang, 
Quek, Tatar, Teh, & Cheok, 2012), and poking (Park & Nam, 2013).  
 
Whereas these examples all represent familiar human touching actions, haptic 
interfaces may also be employed to physically communicate with others over distance 
in a more abstract manner (Huisman, 2017a). Although the latter type of haptic 
messages does not represent a specific human touching action, we do still consider 
them mediated social touches, as they address the recipient’s sense of touch and 
because the messages are attributed to another person. As explained before (e.g., in 
Figure 1.5), this is the component that distinguishes mediated social touch from non-
social physical stimuli. Examples of such abstract mediated touch interfaces include 
devices with fancy names like “Vibrobod” (Dobson, Boyd, Ju, Donath, & Ishii, 2001), 
“RingU” (Pradana, Cheok, Inami, Tewell, & Choi, 2014), “ComTouch” (Chang, 
O’Modhrain, Jacob, Gunther, & Ishii, 2002), “HandJive” (Fogg, Cutler, Arnold, & 
Eisbach, 1998), and “inTouch” (Brave & Dahley, 1997). The HandJive and Vibrobod are 
stand-alone objects that are to be held in the hand or on the lap, respectively, and will 
move, vibrate, and heat up at the recipient’s end upon initiation of the sender. 
ComTouch and inTouch are objects on which the recipient places his or her hand, and 
that will actuate based on input from the sender. ComTouch vibrates based on how 
firmly the sender holds an object, whereas movements on inTouch’s rollers carried 
out by the sender will be reproduced in the recipient’s device. Contrary to the objects 
that are to be held, or on which the recipient places a hand, the RingU is a wearable 
device – not surprisingly, a ring – that will start to vibrate on the recipient’s end when 
the sender squeezes his or her ring.  
 
A different form of abstract tactile messaging consists of the conveyance of one’s 
physiological signals; e.g., sharing your heartbeats with others through haptic 
actuators (Dodge, 1997; Tsetserukou & Neviarouskaya, 2010; Tsetserukou et al., 
2009), or mediating body temperature (Dodge, 1997; Goodman & Misilim, 2003; Pfab 
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& Willemse, 2015). Bodily signals are inherently intimate as they can only be 
perceived within one’s close vicinity, or when someone decides to actively disclose 
them (Janssen, 2012; Janssen, Bailenson, IJsselsteijn, & Westerink, 2010). Conveying 
such signals through mediated social touch may also have positive effects on for 
example bonding and stress-reduction. 
 
The abovementioned examples give an impression of different design approaches 
that have been taken in the development of mediated social touch devices (e.g., 
emulation of touching actions, more abstract affective tactile communication, or the 
conveyance of bodily signals). Moreover, an impression of different implementations 
(i.e., the use of different haptic actuators and materials) is provided. For more 
examples, as well as more elaborate descriptions of the prototypes, I refer to: (Gallace 
& Spence, 2010; Haans & IJsselsteijn, 2006; Huisman, 2017a, 2017b; van Erp & Toet, 
2015). The development of the vast majority of mediated touch devices did not go 
beyond the point of a ‘conceptual prototype’ that demonstrates the idea and 
technical feasibility. The capabilities of these prototypes in actually eliciting effects in 
the users – just like unmediated touches – have not been empirically evaluated very 
extensively. The attentive reader may have noticed that I did not (yet) extensively 
describe and discuss related work on thermal stimuli in mediated touch. This General 
Introduction chapter is intended to provide a general overview of the landscape of 
social touch (technologies), whereas Part II (and Part III) describe specific instances 
more in depth. A discussion of related work on thermal stimuli in mediated touch 
better fits the in-depth discussion of Part II. 

4.2.2 How Mediated Social Touch affects Us 

In this section, I will present and discuss the preliminary empirical investigations of 
the effects of mediated social touches. To that end, I will adhere to the effects of 
human touch that have been discussed in Section 3.1 (see also Figure 1.3), and 
identify so-called response similarities (Haans & IJsselsteijn, 2006) between human 
touch and mediated social touch. 

4.2.2.1 Bonding and Attachment 

With regard to showing affect in co-located touch, Hertenstein and colleagues (2009; 
2006) investigated the conveyance of emotions through touch. Several studies took 
these findings as starting point for similar investigations in a setting of mediated 
touch. In one study, a force feedback joystick with two degrees of freedom was 
positioned horizontally to create the illusion of shaking a hand (Bailenson et al., 2007). 
Participants were asked to express seven discrete emotions on the joystick. All 
expressions were recorded and subsequently played back to other participants, who 
were asked to identify the specific emotion that was displayed. The recognition of the 
various emotional handshakes was above chance level, although not as high as in a 
follow-up study that investigated co-located human handshakes. A similar approach 
was adopted by Huisman and Darriba Frederiks (2013), although they used a touch-
sensitive sleeve with vibrotactile feedback instead of a joystick: the “Tactile Sleeve for 
Social Touch”, or “TaSST” (Huisman et al., 2013). Participants were asked to express 
eight discrete emotions on the sleeve that was worn on the forearm, and to play back 
each recorded expression to themselves. They were asked how well they were able to 
express each emotion, as well as to describe the expression verbally. Although no 
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clear differences in the sensor data were observed (likely due to technical limitations 
of the system), the descriptions of the expressions matched fairly well with 
Hertenstein’s (2006) findings from co-located social touch. In a different study, 
participants were asked to convey four emotions (i.e., relaxed, delighted, angry, and 
unhappy) to their romantic partner or to a stranger, through a force feedback turning 
knob. These emotions were either expressed in a gaming scenario while playing a 
Pong game, or in a more intimate scenario that represented hand stroking (Smith & 
MacLean, 2007). All emotions could be decoded at above chance levels, although the 
recognition rates were higher in the situation of a hand stroking interaction and when 
the dyad consisted of lovers instead of strangers. Another study with regard to the 
conveyance of one’s affective state, but without expressing discrete emotions, 
demonstrated that different levels of valence and arousal – i.e., unpleasant, pleasant, 
relaxed, or aroused emotional intentions – could be successfully encoded and 
decoded when vibrotactile feedback was used (Rantala, Salminen, Raisamo, & 
Surakka, 2013). Squeeze gestures and movements with the fingers were used as input 
for the conveyance of the emotional states. Squeezes turned out to be more suitable 
for low valence/high arousal states, and finger input better at communicating high 
valence/low arousal intentions. Abovementioned findings imply that mediated 
touches could be employed to convey affective states, but also that there may be 
modulating elements (or even boundary conditions) such as the physical composition 
of the touch, the type and strength of the relationship between the interactants, and 
the setting of the touch that determine the effectiveness of the communication.  
 
Besides the conveyance of emotions through mediated social touch, haptic actuators 
can be employed to enhance the feeling of “being with another” (Biocca, Harms, & 
Burgoon, 2003, p. 456), or “the perceptual illusion of non-mediation” (Lombard & 
Ditton, 1997) while actually being remotely located: social presence5. Although this 
effect does not occur in unmediated settings (as unmediated social touch always 
requires co-location) and as such is not intended to be a response similarity, social 
presence can be considered a valuable proxy for attachment and bonding. Several 
studies investigated whether the use of haptic feedback could indeed enhance the 
social presence between people. In collaborative tasks in shared virtual environments, 
in which for example virtual objects were to be manipulated or passed to each other, 
adding haptic feedback indeed enhanced the presence, as well as the task 
performance (Basdogan, Ho, Srinivasan, & Slater, 2000; Sallnäs, 2010). Similar results 
with regard to presence were obtained in a study in which people played a 
collaborative game, through remote rope-pulling (Beelen et al., 2013).  

                                                       
5 There are various definitions of presence, social presence, and related forms of presence (e.g., physical 

presence, telepresence, presence-in-absence, distal attribution, or virtual presence) (Biocca et al., 

2003; Howard, Kjeldskov, Skov, Garnæs, & Grünberger, 2006; IJsselsteijn, de Ridder, Freeman, & Avons, 

2000; Lee, 2004; Lombard & Ditton, 1997). In this thesis, I use presence and social presence 

interchangeably. In the context of mediated social touch, these terms refer to the sense of being 

together with another person while being separated (and is also applied as proxy for interpersonal 

closeness and social closeness), whereas in the context of interactions with social robots, social 

presence refers to “a psychological state in which non-humanness of artificial objects is unnoticed” 

(Lee, 2004, p. 33) and in which “(para-authentic or artificial) actors are experienced as actual social 

actors in either sensory or non-sensory ways” (Lee, 2004, p. 45). In other words: the extent to which 

the robot is considered an actual social being. 
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In a different game-like setting, participants had to complete a screen-based maze-
task, during which they either received assistance from a remotely located person, or 
were hindered by the other (Brave, Nass, & Sirinian, 2001). The assistance and 
hindrance were either presented haptically through a force feedback joystick, or 
visually. The haptic feedback in the competitive condition increased the participant’s 
feeling of power, the overall positive mood, and the liking of the other, when 
contrasted with visual feedback. In the cooperative condition, the opposite results 
were obtained. Aforementioned results make clear that tactile stimuli can increase 
the sense of presence, but that the effects may be subject to the perceived intent of 
the interaction partner. As mentioned, the setting of the mediated touch thus plays a 
modulating role, as is the case in co-located social touch. Another modulating 
element is the inherent multimodality of co-located touches. Several studies have 
demonstrated that the addition of mediated social touches to an interaction can 
enhance the sense of presence between physically separated people. Examples 
include a shared movie viewing context (Takahashi, Mitsuhashi, Murata, Norieda, & 
Watanabe, 2011) and a storytelling context (Wang et al., 2012), although the latter 
results are debated (Jung, Boensma, Huisman, & Van Dijk, 2013). Seeing the remotely 
located toucher actually applying the mediated touches may further enhance the 
sense of presence; in particular when the touch application is morphologically 
congruent to what is felt (Haans & IJsselsteijn, 2009a; Nakanishi et al., 2014). 

4.2.2.2 Physiological and Emotional Well-being 

Besides the effects on bonding, a few studies have been carried out with regard to 
the physiological and emotional responses to mediated social touches. In order to 
explore possible response similarities between co-located human touch and mediated 
social touch, a study was carried out to investigate the pleasantness of mediated 
touches (vibrotactile pokes or strokes). These were applied on different body 
locations (wrist, upper and lower back, stomach, and upper arm) by a – unknown to 
the participants, fictitious – same-sex or opposite-sex person (Haans, de Nood, & 
IJsselsteijn, 2007). Contrary to human touch interactions (e.g., (Heslin et al., 1983), 
see also Section 3.2), no effects of the dyad’s gender composition were found in 
mediated touch, although the perceived pleasantness was, in line with human touch 
(e.g., (Hertenstein et al., 2009; Heslin et al., 1983; Suvilehto et al., 2015)), affected by 
the body locations to which the touches were administered. Touches on the wrist and 
arm were perceived as less pleasant than touches on the back, whereas touches on 
the stomach were perceived as even less pleasant.  
 
Next to subjective affective responses, the possible objective (i.e., physiological) 
responses to mediated social touch have been investigated on a number of occasions. 
Co-located human touch can have, as we have seen in Section 3.1, beneficial effects 
on the attenuation of physiological stress responses (e.g., (Ditzen et al., 2007; Grewen 
et al., 2003)). In a study by Cabibihan and Chauhan (2017), participants were invited 
to watch a sad movie to induce a physiological response. During the movie, the 
participants were either touched by their partner (i.e., non-mediated) or by a stranger 
through an “Affective Tele-touch” (Cabibihan, Zheng, & Cher, 2012): vibrations and 
warmth presented to the arm. In the control condition, the participants did not 
receive any form of physical stimulation. Both the actual human touch, and the 
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mediated touch attenuated the physiological sadness response, as contrasted with 
the no touch condition. This effect was reflected in an attenuated decrease in heart 
rate (sadness typically elicits decreases in heart rate), but the touch conditions did not 
affect the skin conductance (which is an objective measure for arousal (Lang, 1995)). 
In a similar paradigm, but now with the handholding device “Frebble” (Toet et al., 
2013), no beneficial effects of mediated social touch from a – fictitious – stranger on 
physiological stress recovery were found when contrasted with a condition in which 
the ‘stranger’ provided abstract visual feedback (Erk, Toet, & Van Erp, 2015). 
Moreover, no effects of mediated touch were found on the subjective affective 
experience during the communication. In another study, female participants engaged 
in a fifteen-minute phone conversation with a male stranger. The women’s cortisol 
levels decreased significantly when holding the human-shaped huggable pillow 
“Hugvie” (Kuwamura, Sakai, Minato, Nishio, & Ishiguro, 2013) with the phone 
embedded in it. Cortisol remained unaffected when the phone was simply put on a 
table, and in speaker mode (Sumioka, Nakae, Kanai, & Ishiguro, 2013). However, the 
gender of the participants (i.e., all female) and the cultural background (all Japanese) 
could have biased the results – culture may inform touch protocols and in turn 
modulate the effectiveness of touches, as suggested by for instance Jakubiak and 
Feeney (2017). Therefore, the study was replicated in Denmark, with both male and 
female participants. In this case, a phone conversation with a stranger from the 
opposite gender through Hugvie did not lead to lower cortisol levels than a regular 
phone conversation (Yamazaki et al., 2016), but it did have a positive effect on 
subjective anxiety levels. It remains unclear whether the beneficial effects of Hugvie – 
if any – are caused by merely holding a soft object, or because of possible attribution 
of the touch to the communication partner, as Huisman (2017a) suggests in his 
discussion. In another study with an inflatable armband that resulted in a squeeze at 
the wrist as mediated touch device, the attribution was actively manipulated 
(Schirmer et al., 2011). While looking at a sequence of neutral and negative valence 
pictures, the participants received occasional squeezes that were supposedly initiated 
by their friend or coming from a pre-programmed computer sequence. In a third 
condition, the participants received a real touch from their friend, although there was 
a curtain in between the dyad. The touches, regardless of their artificiality and 
attribution, led to a more enhanced discrimination between the neutral and negative 
images, according to Event-Related Potentials as measured with Electroencephalo-
graphy (EEG). According to the authors this indicates that touch sensitizes ongoing 
cognitive and emotional processes and that this sensitization is mediated by bottom-
up somatosensory processing rather than by attribution.  

4.2.2.3 Behavior and Attitude 

For a third category of response similarities, researchers investigated the existence of 
a virtual Midas Touch effect. In a study by Haans and IJsselsteijn (2009b), participants 
engaged in a computer chat conversation with a confederate (that was blind to the 
experimental condition). In the touch conditions, they received occasional mediated 
touches by means of vibrotactile feedback that was integrated in an arm strap. In two 
no touch conditions, the participants wore the arm strap, but did not receive touches. 
This was explained to the participants as either a consequence of a system failure 
(i.e., the other person initiated touches, but they were not transmitted), or simply as 
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a consequence of the other person not initiating any touches. Participants in the 
touch condition were more willing to help in picking up coins that the confederate 
supposedly accidentally dropped after the chat conversation, than people in either of 
the no touch conditions. Although the difference did not reach statistical significance, 
a meta-analysis revealed a similar effect size as found for co-located Midas Touches. 
In a first follow-up experiment with a similar paradigm – instead of coins, the 
confederate dropped pens and pencils – the same researchers found a significant 
effect of touch (Haans et al., 2014). Contrary to their earlier study though, the 
confederate was not blind to the experimental condition. When the confederate, in a 
second follow-up study, was kept blind to the conditions again (similar to the original 
study), the significance of the effects disappeared. These findings suggest that the 
Midas Touch effect may, as discussed in Section 3.2, be subject to a confederate bias 
in which the confederate unintentionally adjusts other non-verbal behavior alongside 
the touches, which may have caused the increased pro-social behavior. A meta-
analysis of all three virtual Midas Touch studies by Haans et al. (2014; 2009b) revealed 
an effect size of similar magnitude as unmediated Midas Touches though.  
 
Besides helpful behavior, a human touch can increase the recipient’s trust in the 
toucher. This effect has also been investigated in a mediated setting. In another study 
with the human-shaped pillow Hugvie, participants engaged in a mediated trust game 
(“Werewolves”). Participants that held Hugvie while discussing options with the other 
remotely located gamers demonstrated a higher level of trust in the others than 
participants that communicated without Hugvie (Takahashi et al., 2017). The 
participants of a study by Spapé and colleagues (2015) were led to believe they were 
negotiating with another player in an economic decision-making game. A remotely 
transmitted tactile message increased the participants’ willingness to accept an offer, 
as compared with a negotiation without a message. However, an auditory message 
also yielded a persuading effect. The authors suggest though, based on EEG 
measures, that later generosity (i.e., increasing an offer) is solely affected by a tactile 
message. There may be an indirect relationship between mediated touch and 
generosity that relies on memory functions. Contrary to these beneficial effects of 
virtual Midas Touches, Erk and colleagues (2015) did not find differences in perceived 
trust in a – fictitious – remote communication partner between participants who 
supposedly were holding hands with this person and people who merely interacted by 
means of visual messages. These null effects were reflected in the amount of money 
that was placed in an economic trust game, as well as in questionnaire responses.  

4.3 Simulated Social Touch 
Advances in HCI have resulted in the rise of artificial communication partners such as 
virtual humans and social robots (Breazeal, 2004; Cassell, 2000; Dautenhahn, 2007). 
Such agents can employ a large variety of humanlike verbal and non-verbal behaviors 
in order to interact with the human user in a natural and efficient manner. In essence, 
the humanlike behaviors are implemented to increase the agent's social presence 
(i.e., the impression that the artificial communication partner is an actual social actor 
(Lee, 2004)). Examples of communication modalities that have received a lot of 
attention include speech, gaze, and facial and gestural expressions (e.g., (Breazeal, 
2003b, 2004)), as well as intelligent adaptive behaviors (e.g., (Dautenhahn, 2007)). 
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However, despite the importance of social touch in human communication, simulated 
social touch interactions have been underexposed in research on social encounters 
with artificial agents (van Erp & Toet, 2013, 2015). In the case of virtual agents, haptic 
actuators like the ones we have seen in Sections 4.1 and 4.2 could be employed to 
allow physical interaction between the agent and the user, and thus to let the agent 
‘move out of the screen’ (Huisman, 2017a; Huisman, Bruijnes, et al., 2014; van Erp & 
Toet, 2015). It should come as no surprise that the use of haptic technologies is more 
common in the area of robotics, although they are mostly utilized for functional tasks. 
Combinations of haptic sensors and actuators are applied to detect the physical 
qualities of objects and to actuate the robot’s limbs and hands in order to grasp 
objects (see for example (Balasubramanian & Santos, 2014; Bicchi & Kumar, 2000; 
Honarpardaz, Tarkian, Ölvander, & Feng, 2017)). These haptic sensors and actuators 
could also be employed for simulated social touch interactions. In fact, the robot 
already possess a physical body that naturally affords to be touched (Lee, Jung, et al., 
2006; Salter et al., 2006). Various sensing technologies can be employed to detect 
social touches that are provided by humans (e.g., (Argall & Billard, 2010; Mukai, 
Onishi, Odashima, Hirano, & Luo, 2008; Silvera-Tawil, Rye, & Velonaki, 2015)). 
Moreover, recent research endeavors have already focused on the development of 
algorithms to automatically recognize and classify different types of social touches 
(e.g., (Cang et al., 2015; Jung, Poel, Poppe, & Heylen, 2016)). More important for this 
dissertation however is the notion that the robot’s haptic actuators (for example in its 
limbs and hands) can be employed to provide the robot with social touch capabilities. 
Robot-initiated social touches could become a valuable extension of the social robot’s 
communication repertoire, in particular when they can elicit similar effects as those 
found in human co-located touch (van Erp & Toet, 2013, 2015). This also applies for 
virtual agent-initiated touches for that matter.  
 
Both virtual agents and social robots are increasingly deployed in a variety of settings 
and for many different purposes such as entertainment, training, and support of the 
human user. Virtual agents can be of great importance in for example Virtual Reality 
(VR) military, educational, or healthcare training and coaching applications (e.g., 
(Boas, 2013; de Ribaupierre et al., 2014; Freina & Ott, 2015)). Virtual agents in VR or 
Augmented Reality (AR) enable the training of specific skills in detailed, controlled 
scenarios, without the need to hire actors that play the communication partner. 
Social robots are also being employed in various situations, including home settings, 
in public areas such as shopping malls and airports, and in healthcare settings. These 
robots are often intended to become a supportive companion, as they possess certain 
skills and knowledge, and because they can behave and communicate socially 
(Breazeal, 2003b, 2011; Dautenhahn, 2007). Social touch interactions could enrich the 
communication with both virtual agents and robots. Simulated social touches could 
enhance the naturalness of the interaction by enhancing the agent’s social presence, 
which in turn could make the interactions, such as training or social support, more 
effective (as is also suggested by: (Huisman, Bruijnes, et al., 2014; Huisman, 
Kolkmeier, & Heylen, 2014b; van Erp & Toet, 2015)). In this section, I will present and 
discuss related work on the effects of simulated social touch. The focus will again be 
on the effects that touches can elicit in the recipient, even though providing touches 
to an artificial agent can elicit certain responses in the human interactant as well. 
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Touching zoomorphic robots can for example decrease the feelings of loneliness of 
elderly (Robinson, Broadbent, & MacDonald, 2016; Robinson, Macdonald, Kerse, & 
Broadbent, 2013) or provide support to children in healthcare (Stiehl et al., 2006, 
2009). Touching the private parts of a humanoid robot increases the toucher’s arousal 
levels in a similar way as in non-simulated human touch (Li, Ju, & Reeves, 2016).  

4.3.1 How Simulated Social Touch affects Us 

Whereas mediated touches are attributed to an inherently social being, namely 
another human, simulated social touches require a sense of social presence (Lee, 
2004) of the touch-providing artificial agent, before the touch can be considered 
social. That is to say that if the user does not perceive social presence in the agent, a 
touch would in fact be a form of non-social physical stimulation (see also Figure 1.5). 
However, the agents’ embodiments and behaviors usually already imply a sense of 
social presence (Lee, Jung, et al., 2006), and when the agent also provides social 
touches, this further enhances the extent to which the agent is perceived as an actual 
social entity. Research for example demonstrates that touching robots are considered 
more humanlike than their non-touching counterparts (Cramer, Kemper, Amin, & 
Evers, 2009; Cramer, Kemper, Amin, Wielinga, & Evers, 2009; Nie, Park, Marin, & 
Shyam Sundar, 2012). Based on observation studies (i.e., watching and assessing 
video recordings of human-robot interactions), it is concluded that proactive, rather 
than reactive, touch behavior from a robot particularly enhances its humanlikeness 
(Cramer, Kemper, Amin, & Evers, 2009; Cramer, Kemper, Amin, Wielinga, et al., 2009). 
The fact that such agent-initiated touches can enhance the humanlikeness, and thus 
the social presence of the agent also implies that touches from an agent may be able 
to elicit other effects that are found in human social touch interactions as well6. 
 
Although the concept of touching virtual agents has not been explored extensively, 
preliminary research suggests that virtual agent-initiated touches can increase the 
perceived interpersonal warmth between participant and the agent (Huisman, 
Kolkmeier, & Heylen, 2014a; Huisman, Kolkmeier, et al., 2014b). Both prior to and 
after playing a game with two virtual humans in AR, one of them provided the 
participant with touches in conjunction with wishing him or her luck and with a 
compliment on the participant’s performance. The agent’s touching action was visible 
and could be felt through a vibrotactile display on the participant’s shoulder. Although 
the touching agent was perceived as warmer, the touches did not affect the agent’s 
perceived trustworthiness or politeness. In other studies, the effects of touch were 
not very outspoken either. An agent that consisted of an animated human face that 
was displayed on a monitor mounted on top of a physical mannequin, conveyed 
squeezes to the user’s hand through an air bladder. It was investigated whether these 
touches could convey the affective state of the agent (Bickmore et al., 2010). When 
touches with different physical qualities and parameters (varying in number, duration, 
and intensity) were provided in isolation – i.e., without the agent’s body and head 
attached to the airbladder and thus no attribution of the touch; basically a form of 
non-social physical stimuli (see also Section 4.1) – the participants could not identify 
specific discrete emotions in the touches. They could however identify more general 

                                                       
6 I will further substantiate this suggestion with regard to HRI in Part III; in Chapter 7, to be specific. 
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dimensions of affect in the touches: a higher number of consecutive squeezes, and 
when applied with a higher intensity, led to perceptions of higher arousal. The 
number of squeezes and the duration were also related to the perceived valence of 
the touch: high-frequent touches were perceived as more positive, whereas touches 
with a long duration were perceived as negative. In two follow-up studies, the full 
agent was used (as the disembodied, non-social nature of the stimuli may have made 
it difficult to identify the emotions). In the first follow-up study, different touches 
were provided in conjunction with varying facial expressions and speech prosody to 
convey various discrete emotions. The facial expressions were dominant in the 
perception of valence and arousal, whereas touches did have little to no effect. In a 
setting in which the agent intended to provide empathetic comfort to the participant 
by means of touch (with constant facial expressions and prosody), the touches 
enhanced the bond with the agent, albeit only for people that score high on touch 
receptivity. With regard to a virtual agent-initiated Midas Touch, only a small-scale 
pilot study was carried out in which touches were presented through a vibrotactile 
display in conjunction with a visual representation of the agent’s hand and the agent’s 
gaze directed at the touch (Huisman, Bruijnes, et al., 2014). These touches did not 
lead to an enhanced willingness to carry out a monotonous computer task.  
 
Not much research has been carried out in the area of robot-initiated touches either, 
although the body of work is larger than on touches from virtual agents. Hoffmann 
provides a recent overview of all known work regarding social touch interactions with 
(all kinds of) robots (Hoffmann, 2017, p. 25). With regard to attachment and bonding, 
several preliminary studies suggest that when people receive a touch from a robot, 
this increases the perceived levels of trust in, and friendship with the robot (Fukuda, 
Shiomi, Nakagawa, & Ueda, 2012; Hieida et al., 2014; Nakagawa et al., 2011; Nie et 
al., 2012; Shiomi et al., 2017). This applied for children that upon their first encounter 
with a child-sized social robot walked hand in hand with it, as compared with children 
that did not engage in social touch (Hieida et al., 2014). A stronger sense of friendship 
with the robot was also found in adults, by means of a research paradigm in which 
participants watched a scary movie while holding the hand of a small (36cm) 
humanoid robot (Nie et al., 2012). These effects were particularly apparent when the 
robot’s hand was heated to human skin temperature level by means of a heat pad, as 
compared with being at room temperature. Holding a warm robot hand also made 
that the robot was perceived as more humanlike. Other research with regard to 
attachment and showing affect suggests that handshakes from a human-size 
humanoid robot can more effectively convey arousal and dominance (as a function of 
exerted force and stiffness of the joints) than facial expressions, whereas facial 
expressions are mainly suitable for the conveyance of valence of the message (Ammi 
et al., 2015; Tsalamlal, Martin, Ammi, Tapus, & Amorim, 2015). Importantly, both 
communication modalities worked additively: combinations of facial expressions and 
tactile handshakes could better convey various levels of valence, arousal, or 
dominance than each of the modalities individually. 
 
Some of the subjective perceptions of attachment to the robot as a consequence of 
robot-initiated touch, are also reflected in behavior and attitude changes: Robotic 
Midas Touch effects (Fukuda et al., 2012; Nakagawa et al., 2011; Shiomi et al., 2017). 

1 



CHAPTER 1 

 44

When compared with participants that provided touches to the robot and with 
participants that did not engage in physical contact, participants that received a 
robot-initiated touch from a small (42cm) humanoid robot with sponge balls instead 
of hands carried out more trials of a monotonous task (i.e., dragging on-screen 
objects) and did this for a longer period of time (Nakagawa et al., 2011; Shiomi et al., 
2017). Another study demonstrated that touches from the same sponge ball-handed 
robot led to lower EEG-measured Medial Frontal Negativity, whose amplitude is 
closely related to feelings of unfairness, whereas it was higher in a no touch condition 
(Fukuda et al., 2012). These touches were applied during an economic trust game in 
which the robot made unfair proposals and the results imply that touches can inhibit 
the sense of unfairness and increase positive feelings towards the robot. However, no 
effects of the touch on actual acceptance or rejection rates of the proposals were 
observed. To the best of our knowledge, the research with regard to physiological and 
subjective affective responses to robot-initiated touch is scarce, if not non-existent. In 
the only study that relates to this category of human touch effects, touches were 
applied by a somewhat mechanical ‘nursing robot’ with a spatula-like end effector 
covered in a soft fabric as a substitute for a hand. The research demonstrated that 
functional touch (i.e., cleaning the arm of the participant) was considered as more 
appropriate and acceptable than comforting affectionate touch even though both 
stroking touches were physically the same (Chen, King, Thomaz, & Kemp, 2014).  

4.4 Discussion and Challenges for Social Touch Technology Research 
The majority of the reported effects of social touch technologies are promising. 
Affective states can be conveyed, a sense of presence can be heightened, responses 
to stress can be attenuated, and pro-social behavior can be enhanced through 
mediated touch. Simulated social touches (mainly those provided by a social robot) 
can enhance feelings of trust and friendship and elicit a Midas Touch effect, which are 
important preliminary results considering the intention to let social agents function as 
supportive companions (Breazeal, 2011). However, the evidence regarding both 
mediated and simulated social touch is very sparse. The effects have not extensively 
been replicated, and may even be subject to publication bias (van Erp & Toet, 2015). 
Moreover, the evidence is inconclusive. Some of the attempts to replicate mediated 
touch findings such as the cortisol attenuation through Hugvie (Sumioka et al., 2013; 
Yamazaki et al., 2016), the recovery from movie-induced sadness (Cabibihan & 
Chauhan, 2017; Erk et al., 2015), or the virtual Midas Touch (Erk et al., 2015; Spapé et 
al., 2015), were unsuccessful. In simulated touch the effects were not very outspoken 
either. Touches did neither affect the agent’s politeness or trustworthiness, nor did 
they elicit a virtual Midas Touch (Huisman, Kolkmeier, et al., 2014a, 2014b). These 
mixed findings imply that we do not fully understand under which circumstances 
social touch technologies can elicit similar responses as co-located human touches. I 
will, with the working model of human social touch (Figure 1.2) as sensible and 
convenient starting point, highlight several challenges that need to be addressed to 
be able to advance this understanding. Within the context of these general, open-
ended challenges – which by no means represents an exhaustive list – several more 
specific research directions and questions can be determined. As such, the challenges 
will also form the starting point for the research as presented in Part II and Part III of 
this dissertation.  
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4.4.1 Challenge 1: Understand the Physical Composition and Appearance of a Social 

Touch Technology 

Although it is suggested by some that artificial social touches should as closely as 
possible resemble the physical composition of human touch (Heikkinen, Olsson, & 
Väänänen-Vainio-Mattila, 2009; Rantala et al., 2011), and although it is suggested that 
haptic interfaces will never be able to accurately reproduce the complex physical 
composition of a human touch (Gallace & Spence, 2010), some of the effects as 
described in the previous sections have been found with highly degraded 
representations of actual human touch. The arm strap with vibration motors as 
applied by Haans and IJsselsteijn (2014; 2009b), or a horizontally oriented joystick 
(Bailenson et al., 2007) do for example not resemble an actual human touching action 
very accurately. This also applies for robots with a sponge ball (Fukuda et al., 2012; 
Nakagawa et al., 2011; Shiomi et al., 2017) or a spatula covered in soft cloth as 
substitute for a hand (Chen et al., 2014). It may thus not be necessary to reproduce all 
physical qualities of a touch entirely; some qualities may be represented abstractly, or 
even omitted as van Erp and Toet (2015) also suggest. However, other degraded 
representations of human touch were not able to induce the anticipated effects (e.g., 
(Erk et al., 2015; Huisman & Darriba Frederiks, 2013; Yamazaki et al., 2016) for 
mediated touch, or (Bickmore et al., 2010; Huisman, Kolkmeier, et al., 2014a, 2014b) 
for simulated touch). This raises the question how social touch technologies should 
feel in order to be effective for specific purposes; what are the essential physical 
qualities and parameters to elicit certain responses? Or to put it more fundamentally: 
which specific cutaneous and kinesthetic receptors should be activated by the haptic 
actuators in order to activate the perception and/or the (neuro)physiological 
processes as depicted in Figure 1.2? Haptic actuators allow us to disentangle the 
complex physical composition of a human touch, and to investigate the relative 
effects of its various physical qualities and parameters in isolation (Schirmer et al., 
2011). From this perspective, we have for example seen that the physical quality 
temperature of a robot-initiated touch can affect the perceived levels of friendship 
with the robot (Nie et al., 2012) and that the parameter body location can determine 
pleasantness perceptions of mediated touches (Haans et al., 2007). A coherent series 
of research findings could eventually lead to a set of physical social touch building 
blocks (van Erp & Toet, 2015) that can be applied and combined for specific purposes. 
 
Besides its physical composition, multisensory social cues may affect the effectiveness 
of an artificial social touch. For example, seeing the remotely located toucher in a 
mediated touch interaction enhances the presence (Haans & IJsselsteijn, 2009a; 
Nakanishi et al., 2014). Whereas having these additional cues is optional in mediated 
social touch, they are inherently present in simulated social touch as the physical 
stimulus is always connected to a body. Such bodies, which are either graphical for 
virtual humans or physical in the case of humanoid social robots, can come in many 
different forms, sizes, and levels of abstraction (Fong et al., 2003), although they per 
definition share a similar morphology with humans (Breazeal, 2003a; Lee, Jung, et al., 
2006; Salter et al., 2006)7. The physical appearance of the agent, as well as how the 

                                                       
7 Remember that we focus on humanoid social robots; zoomorphic or extremely caricatured social 

agents may also engage in touch interactions with people, but are beyond the scope of this thesis. 
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body is employed to provide additional social cues (e.g., gesturing or providing facial 
expressions (Breazeal, 2003a)), cannot only modulate the agent’s perceived social 
presence, but also elicit certain expectations in the user with regard to its social 
capabilities (Dautenhahn, 2007; Leite, Martinho, & Paiva, 2013; Lohse, 2011). The 
perceptions, and in turn the effectiveness of an agent’s touch may be modulated by 
these expectations based on the agent’s appearance. The challenge here is to 
understand how certain aspects of the physical appearance of the agent relate to the 
touch perceptions. An understanding of this relation may inform the design and 
development of social agents that are intended to engage in social touch interactions.  

4.4.2 Challenge 2: Understand the Role of Attribution in Interactions through, and 

with, Social Touch Technologies 

The key element that differentiates a social touch technology interaction from 
receiving a mere non-social physical stimulus through haptic actuation, is the 
attribution of the haptic message to another social actor (Huisman, 2017a; Schirmer 
et al., 2011); see also Figure 1.5. From the perspective of equifinality (Hertenstein, 
Verkamp, et al., 2006) – i.e., different tactile stimuli that lead to the same outcome – 
attribution does not seem essential to elicit certain responses in the recipient through 
tactile stimulation. That is to say that non-social physical stimuli can to some extent 
elicit the desired affective responses (e.g., (Obrist et al., 2015; Salminen et al., 2011; 
Salminen & Surakka, 2013; Tsalamlal, Ouarti, Martin, & Ammi, 2013); see also Section 
4.1). This also applies for the non-social automated velvet sticks and brushes that are, 
ironically enough, employed to demonstrate the existence of a dedicated 
neurophysiological pathway for social touch (e.g., (Essick et al., 2010; Löken et al., 
2011; Morrison, Björnsdotter, et al., 2011); see also Section 2). Moreover, no 
differences were found between tactile stimuli that were presented as being a 
mediated social touch (and thus attributed to a remotely located person), and stimuli 
that supposedly were computer-generated (i.e., non-social) (Schirmer et al., 2011). 
These findings suggest that mere physical stimulation could, regardless of the 
attribution, already elicit the desired beneficial effects in terms of one’s affective 
state, attachment, or pro-social behavior. It is suggested that the processing of 
mediated touches would mostly work bottom-up, and/or through the elicitation of 
(neuro)physiological responses in the recipient (see also Figure 1.2), thereby largely 
bypassing top-down processes as these may only become apparent when the toucher 
is co-located (Schirmer et al., 2011). Even though it was not explicitly tested, the 
finding from Haans et al. (2007) that vibrotactile mediated touches can elicit various 
pleasantness perceptions, regardless of the gender composition of the dyad  could 
also be explained according to the aforementioned bottom-up principle. If we 
consider the elicitation of beneficial responses during mediated touch as our main 
aim, this would mean that non-social physical stimulation during CMC – i.e., mediated 
communication with a remotely located other person, while receiving a physical 
stimulus that is not attributed to this other person – may already suffice. However, 
other research on mediated touch suggests that the attribution actually does 
modulate the responses to the tactile stimuli. The social presence in the mediated 
rope-pulling game was higher when the tactile stimuli were attributed to the gaming 
partner rather than to a computer (Beelen et al., 2013). Moreover, the facts that the 
familiarity with the communication partner (i.e., partner or stranger) (Smith & 
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MacLean, 2007) and the role that the communication partner assumes (i.e., 
competitor or collaborator) (Brave et al., 2001) can modulate the responses to the 
touches, suggest that the attribution of the touch actually does play an important role 
in mediated touch perception and the associated effects. In the majority of the 
studies on the effects that mediated social touch can elicit (e.g., (Bailenson et al., 
2007; Cabibihan & Chauhan, 2017; Huisman & Darriba Frederiks, 2013; Rantala et al., 
2013; Sumioka et al., 2013; Takahashi et al., 2011), the distinction between the 
bottom-up effects of the physical qualities of the touch, and the top-down processing 
thereof (informed by the attribution) are hardly considered. The challenge here is 
thus, in line with Schirmer and colleagues (2011), to investigate to what extent the 
attribution is a boundary condition for the elicitation of beneficial effects during CMC. 
 
Contrary to mediated touch, the toucher is co-located during simulated social touch 
(see also Figure 1.5). This would mean, according to Schirmer et al. (2011), that the 
perception of a touch mainly is informed by top-down processes. However, the co-
location of the artificial touching agent does not necessarily entail that the toucher is 
perceived as being equally social as a human being. The agent may not be able to 
engage in the same levels of verbal and non-verbal communication. The extent to 
which the social agent is perceived as an actual social actor (Lee, 2004), the social 
presence, may differ from person to person. The social presence may also differ from 
agent to agent, as different artificial social agents come in various levels of abstraction 
and with varying social capabilities. In interactions with artificial social agents, there 
thus are different gradations of ‘social’, which vary from humanlike to machinelike (as 
suggested by for example (Nie et al., 2012; Park & Lee, 2014)). We know that 
simulated social touches can increase the perceived humanlikeness of the agent, and 
thus its social presence (Cramer, Kemper, Amin, & Evers, 2009; Cramer, Kemper, 
Amin, Wielinga, et al., 2009; Nie et al., 2012). The main challenge is to understand 
whether there is a relation between the level of social presence that is perceived in 
the social agent and the effectiveness of its touch, or that the anticipated effects of 
simulated social touch are mainly formed by the physical composition of the touch. 
Moreover, if there indeed is such a relation, it is valuable to understand what this 
relation looks like. In other words: to what extent does the attribution modulate the 
effectiveness of simulated social touches? 

4.4.3 Challenge 3: Identify Elements that Modulate the Effectiveness of Social Touch 

Technologies and Identify Boundary Conditions 

The attribution of the tactile stimuli to another person or to an artificial social actor 
can inform various modulating aspects that in turn can influence how a touch is 
perceived. In Section 3.2, I pinpointed that the setting of the touch and the perceived 
intentions of the toucher, the relationship between toucher and touchee, and – 
regardless of the attribution – personal characteristics such as attachment style and 
touch receptivity may play a major role in the responses to a human co-located touch. 
Moreover, there are many contextual elements that possibly modulate these 
responses as well, but which I did not address in this chapter (see also (Jakubiak & 
Feeney, 2017; van Erp & Toet, 2015)). A mediated or simulated social touch 
interaction inherently is an abstract (or degraded, if you will) representation of a 
human touch interaction, both in terms of the physical composition and the available 
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contextual cues (Gallace & Spence, 2010). To be able to develop meaningful and 
effective interactions through social touch technologies, the challenge here is to 
understand to what extent the modulators that we know from human social touch 
also modulate the responses to artificial social touches, and which information is 
essential to have. We need to better understand what the boundaries of these 
modulators are, within which mediated and simulated social touches can be effective. 
On the one hand, we have seen that the appropriateness and acceptability of a robot-
initiated touch can be modulated by the robot’s perceived intentions in a similar way 
as in co-located human touch (Chen et al., 2014). On the other hand, pleasantness 
responses of mediated touches were found regardless of the gender composition of 
the dyad (Haans et al., 2007), which is not entirely in line with human touch. These 
examples demonstrate that social touch technologies sometimes closely follow co-
located human touches; both in terms of effects they can elicit and in elements that 
modulate the responses. However, other elements that modulate human touch do 
not affect social touch technologies. This challenge follows from that observation. 
 
Moreover, we need to identify and understand potential modulators (or even 
boundary conditions) that are applicable in interactions through, and with, social 
touch technologies but not in human co-located touch. Social agents may for example 
have (direct access to) very vast knowledge, or may be able to carry out heavy 
physical tasks without becoming tired or moody, which may result in communication 
dynamics that differ from interhuman communication. Such different dynamics may 
also apply for simulated social touch interactions. Moreover, people may also have 
personality characteristics, ideas, beliefs, or preconceptions that are not particularly 
relevant for co-located human touch, but which may become apparent in social touch 
technologies interactions. Examples include one’s anxiety for robots (Nomura, Suzuki, 
Kanda, & Kato, 2006), or one’s immersive tendency which may determine the extent 
to which artificial agents are actually considered as social entities (Jerome & Witmer, 
2002; Kim, Park, Sundar, & del Pobil, 2012). Whereas such characteristics do not 
affect perceptions of human touch, they may severely influence the perceptions and 
effects of a touch through a social touch technology.  

5 Approach and Expected Contribution 
In this introductory chapter, I have theoretically decomposed a human social touch 
interaction in its various components (as is also visualized in Figure 1.2). Moreover, I 
have introduced the specific effects of social touch and the specific modulators that 
will be of particular importance throughout this dissertation (see also Figure 1.1 and 
Figure 1.3). I introduced these aspects with the intention to make a translation from 
human social touch interactions to interactions through social touch technologies. 
Since the field of social touch technologies is still embryonic, and because no 
standardized protocols are available yet (van Erp & Toet, 2015), this framework – in 
which we thus are looking for response similarities between human touch and touch 
technologies (Haans & IJsselsteijn, 2006) – seems a sensible starting point. In 
Section 4.4, I outlined several challenges that need to be addressed to advance the 
understanding of the opportunities and limitations of social touch technologies. In the 
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remainder of this dissertation, I will address these challenges from the perspective of 
two specific instances of social touch technologies: physical warmth as a means of 
mediated social touch, and robot-initiated touch as a form of simulated social touch. 
The challenges will be formalized in specific accompanying research questions, that 
will be presented in Chapter 2 and 7, respectively. Social touch technologies allow us 
to manipulate the various components of a touch in isolation (i.e., social touch 
building blocks; (van Erp & Toet, 2015)), and to investigate their respective effects; 
something that is difficult, if not impossible, with co-located human touch (Schirmer 
et al., 2011). Our specific selection of social touch building blocks inherently means 
that other effects of touch, modulators, and instances of social touch technologies 
are not considered in this work, but could be investigated in future research.  
 
One specific footnote has to be placed with our approach though: a human social 
touch interaction often is a bidirectional dyadic behavior, which includes both 
receiving and providing touches in a reciprocal and synergistic exchange, which may 
lead to specific responses in both the toucher and touchee (Jakubiak & Feeney, 2017). 
In this dissertation however, I do not focus on the reciprocal exchange of touches, but 
merely on the effects a touch has on the recipient. In essence, I thus reduce a social 
touch interaction to one single instance of touch communication (or at least to a uni-
directional interaction). That is why the working definitions of co-located, mediated, 
and simulated social touch (see Section 1.1) all emphasize the effects touch can have 
on the recipient. With regard to the social touch technologies involved, this also 
means that I leave the sensing of touch input, as well as the mapping of the sensor 
data to touch output, out of the equation, even though they may to a large extent 
determine the expressive qualities of the output side of a mediated touch system 
(Huisman & Darriba Frederiks, 2013; Rantala et al., 2011, 2013). 
 
In this work, I will present a series of controlled lab experiments, in which we utilize 
custom made hardware as means of mediated touch (i.e., warm haptic interfaces), 
and both custom built and commercially available robot platforms for the 
investigations of simulated social touch. In addition, I will present a series of online 
crowdsourcing studies, in which we asked participants to imagine social touch 
interactions based on visual stimuli, and to provide their impressions. Since we only 
have a limited number of humanoid robot platforms at our disposal, and because 
people are well capable of imagining how touches feel based on mere observation 
(Blakemore, Bristow, Bird, Frith, & Ward, 2005; Ebisch et al., 2011; Lucas, Anderson, 
Bolling, Pelphrey, & Kaiser, 2015), we deemed this research method valuable for the 
investigation of the influence of the physical appearance of the robot on the 
perceptions of robot-initiated touches. These studies, which are outlined in Section 6, 
can, together with the framework as introduced in this chapter, provide a valuable 
contribution to “a coherent understanding of the opportunities, limitations, and 

boundary conditions of interactions through and with social touch technologies, which 

eventually may inform the development of meaningful and effective mediated and/or 

simulated social touch devices and interactions”. 
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6 Outline of this Dissertation 
This dissertation consists of four main parts, of which this General Introduction is the 
first one. Here, I introduced the importance of social touch in human communication, 
the proposition that social touches can to some extent be simulated with haptic 
technologies, and the approach we take in investigating the opportunities and 
limitations of social touch technologies. Moreover, I introduced several challenges 
that should be addressed to advance the understanding of social touch technology, 
and which form the starting points for the research as presented in this dissertation.  
 
In Part II and Part III, I focus on the specific instances of social touch technologies that 
are under investigation in this dissertation: the role that physical warmth can play in 
mediated touch and the effects of robot-initiated touch, respectively. Both parts have 
the same structure, that starts with an introductory chapter in which I will argue why 

each specific social touch technology supposedly can elicit effects. This is to 
substantiate the expectations regarding Main RQ1, and Main RQ3, respectively (see 
Section 1.2). Moreover, I will delineate the respective research sub-questions for each 
part, which form the starting points for the experimental chapters and collectively 
provide insights in Main RQ2 (Part II) and Main RQ4 (Part III). Both introductory 
chapters are followed by three (Part II) or four (Part III) experimental chapters, in 
which respectively three and six studies are presented that are intended to provide 
insights in the research sub-questions. The experimental chapters in both parts also 
follow a similar structure: they start off with experiments regarding very basic social 
touch technologies, followed by investigations with more advanced interfaces. The 
final experimental chapter then, focuses on the social context for the social touch 
technology interaction. Both Part II and Part III are concluded with a discussion 
chapter that contains a meta-analysis of the associated experimental findings and 
answers to the research sub-questions.  
 
I conclude this dissertation with Chapter 13 (Part IV). This chapter contains a general 
discussion of the findings in the context of the challenges for social touch technology 
as I outlined in Section 4.4. Moreover, I reflect on the approach to which we adhered 
and I present suggestions for future work. I conclude with the answers to the Main 

RQs and by delineating the contributions of this dissertation. A schematic outline of 
the parts and the content of the chapters is provided in Table 1.1. 
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Table 1.1: Schematic overview of the outline of this dissertation. 

 Part I: 

1. General introduction  

 Part II: 

2. The potential of physical 
warmth for mediated social 
touch 

Part III: 

7. Social touch in Human-Robot 
Interaction 

Introduction of 
the social touch 
technology 

Basic interfaces 
3. Warmth manipulations 
during mediated 
communication 

8. The attribution of a robotic 
touch 

Advanced 
interfaces 

4. Warmth manipulations 
through a mediated touch 
interface 

9. Physical appearance of the 
robot and Its effects on touch 
perceptions  
10. Social touch applied by a 
humanoid robot 

Advanced 
interfaces and 
social context 

5. Warm mediated touch 
interactions in a (social) context 

11. The influence of having a 
bond with the robot on touch 
perceptions 

Discussion of the 
social touch 
technology 

6. Discussing the application of 
warmth in mediated social 
touch 

12. Discussing social touch in 
Human-Robot Interaction 

 Part IV: 

13. General discussion and conclusions  
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Chapter 2. Chapter 2 
Warmth as a Building Block for 

Mediated Social Touch 
 
 
 
 
 

1 Introduction 
We are sensitive to temperature and changes in temperature. Think for example 
about how pleasant we feel during those lovely sunny summer days, or while having 
that nice warm drink after a cold day. Physical warmth, contrary to coldness (Kanosue 
et al., 2002), provides a pleasant, comfortable feeling and activates brain regions 
associated with positive emotions (Sung et al., 2007). People also associate warmth 
semantically with positive emotions, and coldness with negative emotions (Bergman 
et al., 2015; Wilson, Davidson, & Brewster, 2015). Our skin is, as I already mentioned 
in Chapter 1, innervated with warm and cold thermoreceptors that are tuned to 
detect the changes in temperature of different stimuli. Besides the ambient 
temperature, or warmth coming from objects like a cup of coffee, we also perceive 
warmth through social touch. Our affective touch system – the neurobiological 
pathway in which the discharge of CT afferent fibers is activated by stroking touches 
and modulated by the velocity – appears to be particularly sensitive to stroking 
touches that are applied at human skin temperature (Ackerley et al., 2014). 
Temperature is an important physical quality of the composition of a human social 
touch (Hertenstein, 2002) and can, by itself, also lead to affective responses. It is 
probably not difficult to imagine a situation in which you hug someone and perceive 
his or her body heat. Or, at the other end of the spectrum, a situation in which your 
partner has the luminous idea to warm his or her icy hands to your body (which may 
by the way also lead to a temporary decrease in the warm feelings for your partner).  
 
When people describe others, or their social relationships with others, they often 
apply metaphors such as “she is a cold person” or “I am holding warm feelings 
towards him”. These ‘social temperature’ metaphors conveniently explain one’s 
perceptions of a relationship, and show a strong similarity across languages as 
IJzerman for example suggests (IJzerman et al., 2012, p. 283). Fiske and her colleagues 
(2007) describe this metaphorical warm-cold dimension even as one of the two 
dimensions on which one’s first impression of someone else is based (the other being 
competence). The linguists Lakoff and Johnson (1999) proposed that abstract 
metaphors, such as warmth and the associated affection, are actually grounded in 
concrete physical experiences. With regard to warmth, it is suggested that subtle and 
innocuous increases of the ambient temperature or through stimulation with warm 
physical objects can increase perceptions of ‘social warmth’; the experience of feeling 
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loved by and connected to other people (Inagaki & Eisenberger, 2013, p. 2272). And 
although physically uncomfortable temperature increases may elicit reverse effects 
(e.g., increased aggression due to heat-waves (Anderson, 1989; Anderson, Anderson, 
& Deuser, 1996; Griffitt & Veitch, 1971)), recent research indeed suggests that 
stimulation with comfortable, innocuous physical warmth can increase perceptions of 
social warmth. The latter is reflected in increased warm feelings towards others and 
an increased sense of interpersonal closeness (e.g., (IJzerman et al., 2013)). 
Moreover, people that have experienced physical warmth seem to act more pro-
socially towards others (e.g., (Williams & Bargh, 2008)). If we also consider the fact 
that physical warmth can provide physiological comfort and can affect the emotional 
state of people (e.g., (Bergman et al., 2015; Sung et al., 2007; Wilson et al., 2016)), we 
have three different effects that supposedly can be elicited by stimulation with 
physical warmth. You may already have noticed that these three effects show strong 
similarities with the three main effects of social touch on which I am focusing in this 
dissertation (see also Chapter 1): enhancing feelings of attachment, affecting one’s 
attitude and pro-social behavior, and providing physiological and emotional comfort. 
Specific haptic actuators that address the thermoreceptors in the skin – ‘thermal 

actuators’ – such as Peltier elements and heat pads can be employed to provide 
thermal stimuli in a (computer-)controlled way (Jones & Berris, 2002; Jones & Ho, 
2008). Given the effects that physical warmth supposedly can elicit, it seems a 
worthwhile endeavor to further investigate the use of physical warmth in affective 
haptic interfaces. Thermal stimuli could be applied as non-social physical stimuli to 
elicit beneficial effects (see for example (Salminen et al., 2011; Salminen & Surakka, 
2013; Wilson et al., 2016)), but given the importance of warmth in the physical 
composition of a human social touch (Ackerley et al., 2014; Hertenstein, 2002), 
warmth could also become an important physical building block of social touch 
technologies. Suggestions in this direction have also been proposed by (Bergman et 
al., 2015; Gooch & Watts, 2010; Inagaki & Eisenberger, 2013; Raison et al., 2015; 
Tollmar, Junestrand, & Torgny, 2000). Although the physical-social warmth link may 
seem a valuable starting point, this theory is, as we will see throughout this chapter, 
not well understood yet and also highly debated. 
 
In the remainder of this chapter, I will elaborate on the relation between physical 
warmth and feelings of social warmth (Section 2). I will describe possible biological 
underpinnings of this physical-social warmth link, and present and discuss related 
research findings. Subsequently, I will present related work on the use of warmth in 
affective haptics, with a specific focus on social touch technologies (Section 3). This 
chapter is concluded with a discussion (Section 4) in which I discuss the related work 
and the potential of physical warmth as a means of mediated social touch; in 
particular from the perspective of the physical-social warmth link. I will take the 
challenges for social touch technologies as presented in Chapter 1 as starting points 
for the identification of conceptual differences between the physical-social warmth 
link on the one hand, and application of this link in mediated social touch on the other 
hand. These conceptual differences need to be addressed when putting the theory 
into practice, and will as such form the starting points for the specific research 
(sub-)questions that are defined in Section 4 as well. The chapter is concluded with a 
brief outline of the remainder of Part II of this dissertation (Section 5). 
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2 The Association between Physical and Social Warmth 

2.1 The Origins of the Physical-Social Warmth Link 
As we have seen in Chapter 1, young mammals have to rely on their caregivers to 
survive. One of the key elements for survival is physical contact between the caregiver 
and the newborn. The bodily warmth that is conveyed during such interactions is 
indispensible. Without proper thermoregulation – i.e., the regulation of body 
temperature – normal physical development is not possible (IJzerman, Coan, et al., 
2015). This so-called social thermoregulation – i.e., “the warming of another agent by 

a supporter, either through touch or through a warming of the skin in the supporter 

above and beyond touch” (IJzerman, Coan, et al., 2015, p. 2) – also has consequences 
for the development of psychological mechanisms such as affect and social cognition. 
To illustrate this, I would like to refer back to Chapter 1, where I described the study 
with young rhesus monkeys that sought comfort at a soft surrogate mother, instead 
of at a food-providing but non-soft wired surrogate mother (Harlow, 1958), to 
demonstrate that physical contact is essential in the early childhood. In a lesser 
known article, the experimenters presented elaborations on this finding by 
manipulating the temperature of the surrogate mother (Harlow & Suomi, 1970). They 
demonstrated that the monkeys have a preference for the wired (!) surrogate mother 
over the terrycloth mother when the former is heated (although this preference only 
occurred for the youngest monkeys). Moreover, monkeys that were ‘raised’ for four 
weeks by a physically warm surrogate mother (ca. 4°C above room temperature) 
showed a remarkable decrease in affiliative and explorative behaviors when the warm 
mother was suddenly replaced by a cold1 one (ca. 3°C below room temperature). 
When the warm mother returned after a week, the monkey’s affiliative and 
explorative behaviors quickly returned to the original (high) levels; the surrogate was 
‘forgiven’ for her temporary coldness. Conversely, monkeys that were raised by a cold 
surrogate mother never reached the same levels of affiliative behavior; not even 
when the cold mother was replaced with a warm one. Interestingly, when the 
monkeys that were raised by a warm surrogate were, two months later, exposed to a 
severe fear stimulus, they returned to their ‘mother’, whereas those raised by a cold 
surrogate sought security in the corner of the cage instead of at their mother. These 
findings led the researchers to the conclusion that the physical warmth as 
experienced during the early stages of life is indispensible. Warmth is essential for 
physical development given the thermoregulatory functions, but also for the 
development of attachment and social cognitions.  
 
Indeed, whereas thermoregulatory systems traditionally were considered as serving 
the homeostatic functions of the body, increasing evidence suggests that neural 
pathways responsible for regulating body temperature may also be closely related 
with emotional states and feelings of social connection (e.g., (Inagaki, Irwin, Moieni, 
Jevtic, & Eisenberger, 2016; Raison et al., 2015)). Perceiving physical warmth through 
the ambient temperature or via physical objects may activate perceptions of social 

                                                       
1 Although we often refer to something that is unheated as being ‘cold’ (opposing something that is 

heated and thus warm), I will use the term ‘cold’ for objects and environments that are intentionally 

and actively cooled to a level that is below a regular room temperature (or ‘neutral temperature’). 
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warmth. As I described in Chapter 1, warm stimuli are detected by warm and cold 
thermoreceptors in the skin and processed in the somatosensory cortices (Kandel et 
al., 2012). Neurobiological research however provides evidence that also the insular 
cortex and the ventral striatum, which are responsible for social and affective 
processes and the reward system, are involved in the processing of temperature 
(Craig, Chen, Bandy, & Reiman, 2000; Inagaki & Eisenberger, 2013). Besides 
processing physical warmth, the middle insula of the insular cortex and the ventral 
striatum are also responsible for processing perceptions of social warmth (Inagaki & 
Eisenberger, 2013). The finding that perceptions of physical and social warmth share 
these neurobiological (and also opioid receptor dependent2) mechanisms, supposedly 
supports the proposition that physical warmth can activate perceptions of social 
warmth. Moreover, it is also suggested that this relation is bidirectional: perceptions 
of social warmth may also affect the perceived physical temperature (Williams, 
Huang, & Bargh, 2009). It is even suggested (and demonstrated) that physical and 
social warmth are substitutable and can activate each other (Bargh & Shalev, 2012). 
Although for example Raison et al. (2015) extensively describe possible 
neurobiological underpinnings of the social and affective responses to physical 
warmth, the exact underlying mechanisms of this physical-social warmth link are not 
entirely clear. Whereas the need for warmth and the associated security and affection 
may be an innate mechanism (Inagaki et al., 2016), it is also often suggested that the 
physical-social warmth association is learned during our early experiences with the 
warmth as provided by our caregivers (IJzerman et al., 2013; Williams et al., 2009).  

2.2 How the Physical-Social Warmth Link affects Us 
Despite the inconclusiveness regarding the underlying mechanisms, a growing body of 
research suggests that the perception of physical warmth activates a sense of social 
connectedness (IJzerman & Hogerzeil, 2017). This implies that the perception of 
physical warmth may enhance the bond between people, may enhance affective 
feelings towards others, may increase pro-social behavior, and may provide 
consolation in cases of distress. This suggestion is supported by different studies in 
which people were primed with warmth and/or coldness; either through changes in 
the ambient temperature, or by stimulation with warm or cold objects. Meanwhile, 
the perception of physical coldness may elicit the contrary effects. Here, I present and 
discuss a selection of these studies and start with the effects of warmth on bonding. 
 
Participants that were primed with warmth by briefly holding a cup with a warm 
beverage felt more social proximity towards another person of their own choice than 
people that were holding a cold drink. The average score in the warm condition was 
5.12 (on the 7-point “Inclusion of Other in Self” scale (Aron, Aron, Tudor, & Nelson, 
1991)), as contrasted with 4.13 after priming with coldness. The same effect of 
warmth on social proximity – this time, towards the experiment leader – was found 

                                                       
2 Specific endogenous opioids (i.e., ‘μ-opioids’) mediate subjective perceptions of physical temperature 

and contribute to the feeling of connectedness. These opioids appear to be unrelated to the physical 

qualities (i.e., the intensity) of warmth. As such, they may form the neurochemical substrate of the 

relation between physical and social warmth. Indeed, when an opioid receptor antagonist (i.e., 

“Naltrexone”) was administered to block these specific endogenous opioids, the effects of physical 

warmth on the associated feelings of social warmth were attenuated (Inagaki et al., 2015). 
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when people resided in a warm room, as compared with people in a relatively cold 
environment (IJzerman & Semin, 2009): a score of 2.63 vs. a score of 2.08 on the 
same 7-point scale. Moreover, people used significantly more language that is 
associated with feeling socially connected to others in their verbal description of a 
movie clip, and had a stronger focus on the relational, rather than individual 
attributes of abstract figures, when they resided in a warmer room (IJzerman & 
Semin, 2009; Schilder, IJzerman, & Denissen, 2014). The suggestion that warmth 
enhances closeness to a source of affiliation was further supported by a study in 
which people were asked to briefly hold a cup with either a warm or a cold beverage, 
put it on a table, step away, and estimate the distance between themselves and the 
cup. Participants that were primed with physical warmth perceived the distance 
between themselves and the cup as smaller than people that briefly experienced 
physical coldness (Fay & Maner, 2012). However, this effect was modulated by 
attachment style: the positive association between warmth and closeness only 
appeared for people with a secure attachment style. The same authors found that 
participants – but again, only those low in attachment avoidance – who were sitting 
on a heated chair demonstrated a higher desire to bond with others than participants 
that were sitting on a chair at room temperature. According to the respective 
authors, these studies suggest that stimulation with physical warmth may enhance 
the perceived social bond. This suggestion is further substantiated by findings with 
regard to physical coldness. The results of a study in which participants were 
physically primed with a warm or cold object, or when they held no object at all, imply 
that the perception of physical coldness leads to significantly higher perceptions of 
loneliness (2.52 on the 4-point UCLA Loneliness scale (Russell, 1996)), than perceiving 
warmth (2.04) or no physical stimulus (1.97) (Bargh & Shalev, 2012). On a similar 
note, physical coldness (as contrasted with warmth) enhanced the need to be with 
others during dinner (Lee, Rotman, & Perkins, 2014) as well as a preference for 
romantic movies (albeit only for people that associate these movies with 
psychological warmth) (Hong & Sun, 2012). Moreover, physical coldness enhanced 
people’s need to affiliate and in turn increased one’s estimations of how homely an 
advertised house is; participants perceived the house as more communal (4.56 on a 
7-point scale in the cold vs. 4.13 in warm conditions), and were willing to pay more 
for it than people in a warm environment (€185k, vs. €150k) (van Acker, Kerselaers, 
Pantophlet, & IJzerman, 2016). Although the effect sizes were not very outspoken, 
the effects were replicated in a second study. These latter studies, which report 
effects of coldness, may seem to contradict the premise that physical warmth elicits 
feelings of social warmth. However, this is not necessarily the case: perceiving 
physical warmth supposedly enhances feelings of affiliation, whereas physical 
coldness may enhance the need for affiliation.  
 
The increases in perceived closeness to a source of affiliation as a consequence of 
stimulation with physical warmth are also reflected in other social cognitions. In the 
seminal work by Williams and Bargh (2008), people were invited to fill out a 
personality impression questionnaire. The participant was picked up by a research 
assistant (a confederate). On their way to the lab, the confederate, who carried some 
books, a clipboard, and a drink, asked the participant to briefly hold his drink (which 
was either warm or cold), so that he could write down the participant’s name. 
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Subsequently, in the lab, the participant read an ambiguous description of ‘Person A’, 
and was asked to score this person on ten personality traits. Five of these traits were 
related to the warm-cold dimension as described by Asch (1946), and later by Fiske 
and colleagues (2007), whereas the other five were unrelated to this dimension. 
Participants that were primed with a warm drink scored Person A higher on warm 
(i.e., ‘socially good’) personality traits such as generosity and sociability than people 
that held a cold drink 4.71 vs. 4.25 on a 7-point scale). Scores on traits that are 
unrelated to the socially warm-cold dimension remained unaffected by the 
temperature manipulation (Williams & Bargh, 2008). Another study suggests that 
holding a physically warm therapeutic pad, as contrasted with a cold one, prior to 
looking at a neutral face enhanced the perceived trustworthiness and friendliness of 
this face (4.78 vs. 3.72 on a 7-point scale), as well as the warmth of the personality of 
the depicted person (3.71 vs. 3.39) (Messer, Imhoff, & IJzerman, 2017)3. This effect 
was not present when the warmth was presented after encoding the face. Moreover, 
participants in an extensive diary study indicated that they felt more agreeable and 
interpersonally warmer when they felt physically warm (Fetterman, Wilkowski, & 
Robinson, 2017). This effect was found irrespective of the outdoor temperature, as 
people compensate for coldness by adjusting their clothing and thermostat.  
 
The effects of temperature on interpersonal warmth are also reflected in pro-social 
behavior. In a follow-up experiment by Williams and Bargh (2008), participants held a 
cold or warm pad under the guise of a product evaluation. After the – bogus – rating 
of this pad, the participants were offered a drink or a coupon for an ice cream, which 
were framed as a gift “to treat a friend” or as a reward for the participant himself. The 
framings were counterbalanced over the gifts. When participants evaluated a warm 
pad, they were more inclined to choose the gift to treat a friend (54% of the 
participants chose this option) than participants that evaluated a cold pad (only 25%). 
However, this effect could not be reproduced in three replication attempts and a 
subsequent meta-analysis with a sample size of 861 – note that a mere 53 people 
took part in the original work – did not yield effects either (Lynott et al., 2014). When 
the original study by Williams and Bargh was replicated by Lynott and colleagues 
(2017) in an outdoor environment (either in the warm summer, or during the 
relatively cold fall), and again with a substantially larger sample size (of 611), no 
increase in pro-social behavior after being primed with a warm pad was found either. 
A higher ambient temperature (i.e., during the summer) did however enhance the 
participants’ pro-social behavior, although this effect was very weak. In another study 
on the effects of physical warmth on pro-social behavior, children received a set of 
stickers and were asked how many of the stickers they were willing to share with an 
unseen friend or with a stranger. Children in a warm room appeared to be more 
generous than children in a cold environment (IJzerman et al., 2013). They behaved 
more pro-social towards their peers as well as to strangers, although they were 
generally more generous towards friends. However, the effects of warmth on pro-

                                                       
3In fact, the study was somewhat more complicated, as participants were asked to make a series of 

forced choices between two images as to which one resembled the target face best. All selected 

images were then graphically superimposed, resulting in one picture of a face for the warm and one 

for the cold condition. These ‘averaged’ faces were then rated on the perceived warm personality 

characteristics by a group of independent raters, which resulted in the described effects. 
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social behavior only appeared in children with a secure attachment style. In a similar 
investigation, researchers investigated the willingness to cooperate during an 
“iterated prisoners dilemma4” which was used as a proxy for interpersonal warmth. In 
a within-subjects design, participants showed an increased willingness to cooperate 
when they were holding a physically warm object instead of a cold object. The 
average cooperation score after priming with warmth was 15.87, as contrasted with 
14.77 in the cold condition. The order of presentation of the stimuli (i.e., warm first or 
cold first) did not affect the level of cooperation (Storey & Workman, 2013). 
Moreover, in an economic trust game, participants that were primed with a cold 
therapeutic pack invested less money ($0.46 on average) in an anonymous partner 
than participants that were primed with warmth ($0.66) (Kang, Williams, Clark, Gray, 
& Bargh, 2011). This effect was corroborated by a follow-up study in which fMRI scans 
demonstrated a specific activation pattern in the insula that occurred both during the 
perception of physical coldness and while making the subsequent trust decisions.  
 
As mentioned before, the association between physical and social warmth appears to 
be bidirectional, which means that different perceptions of social warmth may also 
affect the perceived physical temperature. It is suggested that when people think 
about relationships and communal feelings, they tend to perceive the ambient 
temperature as higher than when primed with agentic (thus, non-communal) feelings: 
20.95°C vs. 18.95°C (Szymkow, Chandler, IJzerman, Parzuchowski, & Wojciszke, 2013). 
However, this supposed relation between priming with communal (versus agentic) 
feelings and perceptions of the ambient temperature could not be replicated with a 
substantially larger sample size. 3119 Participants (as compared with 80 in the original 
work) did not perceive the room as warmer when they were primed with communal 
feelings, or as colder after being primed with agentic feelings (Ebersole et al., 2016). 
This failed replication led the researchers of the original work to a re-analysis of their 
data, and subsequently to the more nuanced claim that there may be an effect of 
priming with communal feelings on the perceived room temperature, but only when 
the actual room temperature is relatively low (IJzerman, Szymkow, & Parzuchowski, 
2016). In a similar attempt to demonstrate a relation between social warmth (i.e., 
communal feelings) and perceptions of the actual temperature, it was found that 
when people are physically close to others (IJzerman & Semin, 2010), they perceive 
the environment as being warmer. Similarly, a series of studies and an accompanying 
meta-analysis demonstrated that when people are primed with product brands that 
represent communal feelings they tend to perceive the ambient temperature as 
higher (IJzerman, Janssen, & Coan, 2015); these effects were small but consistent.  

                                                       
4 This is an adjusted version of the original prisoners dilemma in which two players have the option to 

either cooperate or to defect. Defecting while the other decides to cooperate would lead to a 

maximum individual gain, but if both players decide to defect, the loss would be maximum for both. If 

both players cooperate, this would lead to a beneficial outcome, but not the maximum gain. In the 

iterated version, players continuously have the opportunity to penalize the other for previous decisions. 

In the study by Storey and Workman (2013), an equal score after ten rounds (this number was 

unknown to the players) would lead to equally sharing four chocolates, whereas a potential winner 

would receive three chocolates and the loser none. This setup supposedly provided both an incentive to 

work together and a temptation to defect. 
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Conversely, when people experience forms of social stress such as loneliness, 
exclusion, or guilt (either chronic, or experimentally induced and thus temporary5), 
they perceive the ambient temperatures as lower (e.g., (Bargh & Shalev, 2012; Zhong 
& Leonardelli, 2008)). After recalling a past social exclusion experience, participants 
estimated the ambient temperature to be 21.44°C, whereas thinking about social 
inclusion led to an average estimate of 24.02°C (Zhong & Leonardelli, 2008). 
Moreover, the body temperature of people is, to some extent subject to changes in 
perceptions of social temperature. Whereas a relatively high body temperature – 
measured orally in non-feverish people – is associated with greater feelings of social 
connection (Inagaki et al., 2016), the skin temperature of bodily extremes such as the 
tip of the nose or fingertips decreases due to social stress (e.g., (IJzerman et al., 2012; 
Ioannou et al., 2013)). Being excluded in an online ball-tossing game5 led to a 
significant decrease of fingertip temperature (i.e., -0.378°C) as compared with a 
baseline measure, whereas people in a socially inclusive condition had a non-
significant increase of 0.333°C. Socially stressed people supposedly show an increased 
need for compensatory or restorative physical warmth as well. They for example have 
a preference for warm food and drinks over drinks at neutral temperature (Li & Liao, 
2013; Vess, 2012; Zhong & Leonardelli, 2008) and they have more warm drinks and 
take more warm baths as compared with people that do not experience social stress 
(Bargh & Shalev, 2012)6. According to Vess (2012), a preference for warmth only 
appeared for people with a high need for attachment. When the need for physical 
warmth after experiences of social coldness is satisfied, the social stress can actually 
be reduced (Bargh & Shalev, 2012; IJzerman et al., 2012).  
 
At first glance, the effects as discussed in this section provide very interesting 
opportunities for application of the physical-social warmth link in social touch 
technologies; in particular for mediated touch (for example through the application of 
heat pads or Peltier elements (Jones & Berris, 2002; Jones & Ho, 2008)). We have 
seen that physical warmth supposedly enhances feelings of interpersonal closeness 
and can have compensatory and restorative effects in cases of loneliness. This may for 
example be valuable for people that are remotely located from their loved ones and 
currently have to rely on the usually not very intimate means of Computer Mediated 
Communication (Turkle, 2011; van Bel et al., 2008). Moreover, receiving physical 
warmth may positively influence one’s attitude towards others and in turn one’s pro-
social behavior. These effects are similar to those found in actual human touch 
interactions (i.e., Midas Touch effects (Crusco & Wetzel, 1984; Guéguen & Joule, 
2008)) and that could become valuable in mediated social touch as well (see also 
Chapter 1). Indeed, the use of innocuous physical warmth is often proposed for 

                                                       
5 The extent to which someone experienced chronic loneliness was investigated through questionnaires 

(Bargh & Shalev, 2012) (and in one specific study loneliness appeared to be a direct consequence of a 

Post-Traumatic Stress Disorder (Li & Liao, 2013)). The temporary feelings of loneliness and exclusion 

were induced by the recall of past social exclusion experiences (e.g., (Zhong & Leonardelli, 2008)), or 

with a virtual ball-tossing game in which the participant never received the ball from two ostensible co-

players (e.g., (IJzerman et al., 2012; Zhong & Leonardelli, 2008)). 
6 The supposed need for compensatory warmth through taking baths could however not be replicated 

in nine studies with a total sample size of 1153 (as compared with 92 divided over two studies in the 

original work (Donnellan et al., 2015). 
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affective CMC (Bergman et al., 2015; Gooch & Watts, 2010; Inagaki & Eisenberger, 
2013; Raison et al., 2015; Tollmar et al., 2000). In the following section (Section 3) I 
will present various implementations of physical warmth in affective haptics (i.e., both 
as non-social physical stimuli and in social touch technologies), and I will describe 
preliminary research on the effects of warmth. Both this section and Section 3 
provide input for the discussion in Section 4 of this chapter, in which I will argue that 
applying the physical-social warmth link in CMC is not as trivial as it seems.  

3 Warmth in Affective Haptic Interfaces 
The temperature manipulations that we have seen in Section 2 were often carried out 
with physically warm or cold objects like drinks and therapeutic pads. These physical 
stimuli sufficed in providing the desired thermal manipulation, but did not allow for 
much control over the dissipated warmth or coldness. Thermal haptic actuators such 
as Peltier elements and electric heat pads offer more opportunity for control and 
adjustment and can as such also become a valuable means of feedback in HCI (Jones 
& Berris, 2002; Jones & Ho, 2008). Besides using thermal actuators to convey or 
enhance information via the sense of touch (e.g., (Halvey & Wilson, 2013; Halvey, 
Wilson, Vazquez-Alvarez, Brewster, & Hughes, 2011; Jones & Ho, 2008; Wilson, 
Halvey, Brewster, & Hughes, 2011), they can also be employed to convey affective 
meanings and/or to elicit affective responses, as suggested by for example Salminen 
and colleagues (2011), and Wilson et al. (2015). In other words: thermal actuators can 
be used as a form of affective haptics (Tsetserukou & Neviarouskaya, 2010). In this 
section, I will, similarly to Chapter 1, present several social touch technologies that 
employ thermal actuators, and subsequently describe preliminary research on the 
effects that interactions through such technologies may elicit.  

3.1 Prototypes of Warm Mediated Touch Devices 
On the premise that the body temperature is an important physical quality of a 
human touch, thermal actuators have been included in several mediated touch 
devices. Sometimes as the core component of a touch interface and sometimes 
alongside other haptic actuators. Examples include “the Hug” (a huggable pillow; 
(DiSalvo, Gemperle, Forlizzi, & Montgomery, 2003)) and “Huggy Pajamas” (a haptic 
jacket with air pockets; (Teh et al., 2008)), that, as the names suggest, enable warm 
hugging over distance. “YourGloves”, “HotHands”, and “HotMits” (Gooch & Watts, 
2012), as well as the “Remote Handshake” (Nakanishi et al., 2014) are various hand-
like conceptual prototypes that all simulate a feeling of holding or shaking warm 
hands over distance. Moreover, research effort has been put in the emulation of the 
skin temperature of a human hand in synthetic skins that can be employed in 
prosthetics and social robot hands (Cabibihan, Jegadeesan, Salehi, & Ge, 2010). 
Besides the emulation of touching actions with warmth, thermal actuators have been 
used in more abstract forms of mediated touch. The “White Stone” concept (Tollmar 
et al., 2000) and “Vibrobod” (Dobson et al., 2001) are abstract objects that upon 
holding or squeezing send a message to a second, connected object that in turn heats 
up. According to Tollmar and colleagues (2000), this may enhance the sense of 
presence while being separated. A similar principle was applied in “The Bed”; a 
system integrated in a bed, in which people could hold a body pillow which would 
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result in the heating of a remotely located second pillow in a second bed (Dodge, 
1997). Relatedly, the “Sensing Beds” system conveys the sleeping position of a person 
by means of a grid of small heating pads to warm the congruent points in the 
romantic partner’s bed, and vice versa (Goodman & Misilim, 2003). This principle was 
also proposed by the artists Dunne and Raby (1994), and was employed in public 
benches in different cities to open up conversations between strangers. The last two 
examples of warmth in mediated social touch applications are related to the 
conveyance of bodily signals. Some very smart people proposed a heat vest that can 
display different non-social thermal patterns, but that can also be employed to 
convey the body temperature of another person (Pfab & Willemse, 2015). Moreover, 
the “AffectPhone” is a phone that senses the user’s arousal level through integrated 
skin conductance sensors and conveys these to the communication partner by means 
of varying temperatures in the second phone (Iwasaki, Miyaki, & Rekimoto, 2010). 
 
As is the case for many mediated social touch devices (see also Chapter 1), the 
aforementioned warm interfaces did not go beyond the point of conceptual 
prototype. The suggestions that sharing (body) warmth may enhance presence, open 
up conversations, or any other effects, have not been empirically investigated. 

3.2 How Warmth in Affective Haptics affects Us 
The use of warmth in affective haptics has however been investigated on some 
occasions. Different studies have for example been carried out in which non-social 
thermal stimuli that varied in absolute temperature, the extent and direction of 
temperature change, and/or the rate of change, were presented to recipients. In one 
study, two 2cm2 Peltier elements were placed on a desk with the warm side facing 
upwards. Participants were invited to place their hand on top. Variations in the 
absolute temperature resulted in different connotations that people had with the 
stimuli: relatively warm stimuli (ca. 30-38°C) represented presence, activity, quality, 
and positive experiences, whereas colder stimuli (ca. 22-26°C) mostly represented the 
opposite (Wilson et al., 2015). Additional research with the same thermal interface 
suggests that thermal stimuli are not particularly suitable to convey or elicit specific 
discrete emotions, but can be employed to represent or induce a limited set of 
emotion ranges, which are mostly concentrated in the high valence-low arousal, and 
the low valence-high arousal quadrants (Wilson et al., 2016). Indeed, people 
perceived a higher valence in stimuli that increased in temperature than in those that 
decreased. The arousal that was represented by the stimuli was mostly affected by 
the extent of the temperature change and the rate of change; larger changes result in 
higher perceived arousal. Additional research demonstrates that the presentation 
method, rather than the intensity, is mostly responsible for the elicitation of different 
emotional states in the recipient. Salminen and colleagues (2011; 2013) show that 
pre-adjusted stimuli (i.e., heated or cooled to the target temperature prior to physical 
contact) that were presented through a 1.5cm2 Peltier element to the palm of the 
hand, resulted in higher objective and subjective arousal and pleasantness ratings 
than stimuli in which the temperature was changed during contact. Moreover, they 
showed that varying temperature increases or decreases (plus or minus 2, 4, or 6°C as 
compared with the baseline skin temperature) led to different subjective and skin 
conductance responses, albeit not in a consequent manner.  
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In line with the finding that thermal stimuli can convey affective messages and elicit 
hedonic responses, Lee and Lim (2010, 2012) developed thermal messaging devices 
that enable the exchange of thermal messages between two people. This messaging 
device consists of a band that is to be worn on the wrist, in which a Peltier element 
(with the warm side directed to the skin) is implemented. Moreover, slider buttons 
are attached on top, to enable manual adjustments of the intensity, rate of change, 
and duration of the thermal message. According to the definitions in Chapter 1, these 
thermal messengers can be classified as mediated social touch devices. Based on 
evaluations in a focus group setting and in a two-week field study with four couples, 
the authors conclude that thermal messaging has most potential in the 
communication of emotionally charged messages. In more formal experiments, the 
potential of warmth in social touch technology has been investigated somewhat 
further, albeit not extensively. As I already discussed in Chapter 1, an Affective Tele-
touch that consists of warmth, vibration, and a tickle sensation (integrated in a 
wristband) that was presented while watching an emotional movie, reduced 
physiological stress responses with a similar rate as real human touch (Cabibihan & 
Chauhan, 2017). Additionally, a warm handshake through the Remote Handshake 
system – i.e., an artificial arm sticking out of a wall, below a screen – enhanced the 
perceived social presence when the communication partner was presented visually 
and in a morphologically congruent manner (Nakanishi et al., 2014). Although warm 
mediated touches thus can elicit beneficial responses, it is unclear whether the 
warmth was an essential ‘building block’ for abovementioned effects. It could be the 
case that the (combinations of) other physical components such as the tickles of the 
Affective Tele-touch already sufficed.  
 
Stimulation with merely physical warmth can also elicit responses in mediated social 
touch interactions. Gooch and Watts (2010) developed the warm “Thermal Hug”: 
three Peltier elements integrated in a band that is worn around the waist/lower back. 
When sent by a romantic partner or a good friend during a mediated collaborative 
task, this increased the perceived social presence, as compared with a condition in 
which no such hugs could be sent. Physical warmth can also be beneficial in simulated 
social touch. Physical interactions with warm non-human social entities – robots that 
dissipated ‘body heat’ – resulted in positive perceptions. Interactions with a dinosaur 
robot with a warm skin increased the perceived friendship with the robot and the 
extent to which the robot was considered an actual social being, as compared with an 
intermediately warm or unheated robot, and as compared with a condition without 
physical contact (Park & Lee, 2014). Similarly, holding a warm hand of a humanoid 
robot (a Peltier element was attached to the hand), as contrasted with holding a hand 
at room temperature or holding no hand while watching a horror movie increased the 
perceived friendship with the robot as well as trust in the robot and its perceived 
humanlikeness (Nie et al., 2012). These findings regarding warmth in social touch 
technology suggest that thermal stimulation indeed may elicit certain beneficial 
responses. We need to acknowledge though that these findings are very preliminary 
and sparse. Moreover, it is unclear what the underlying mechanisms of the suggested 
effects are, as the physical-social warmth association is not explicitly mentioned in the 
work to which I referred. 
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4 Discussion and Research Questions 
In the previous sections, we have seen that findings from research on the physical-
social warmth link provide reasons to further investigate the opportunities and 
limitations of the use of innocuous physical warmth in mediated social touch 
interactions. Warmth could be an important basis for effective mediated social touch 
interactions in terms of increasing the bond between people, providing comfort, and 
affecting one’s behavior. Preliminary research findings also suggest that warmth can 
elicit beneficial responses in a mediated social touch setting. It is however unclear 
what the exact underlying mechanisms are of these effects, and thus to what extent 
the physical-social warmth association played a role. Moreover, the research on the 
physical-social warmth link is still in its infancy, which means that the neurobiological 
processes or not entirely understood yet (see also Section 2). This could also mean 
that the research may suffer from publication bias and perhaps even from false 
positives, for example due to underpowered studies, as suggested by IJzerman 
(2017). This suggestion is also reflected in failed attempts, often with significantly 
larger sample sizes, to replicate the effects of earlier studies on the physical-social 
warmth link. In addition, many of the reported effects are small and from a statistical 
perspective not too compelling. This inconclusiveness warrants thorough empirical 
investigations; in particular regarding the applicability of the link in mediated social 
touch. In the following three chapters we investigate whether the physical-social 
warmth link can be of actual practical relevance for mediated touch, and thus could 
be considered an important social touch building block (van Erp & Toet, 2015). In 
sum, we intend to provide answers to our first main research question: 
 
Main RQ1: Does mediated communication through a haptic interface that is physically 

warm have beneficial effects with regard to feelings of interpersonal attachment, 

physical and emotional comfort, and pro-social behavior, as compared with the same 

interface at room temperature? 
 
Although the use of innocuous physical warmth in mediated social touch may seem 
promising at first glance, I will use the remainder of this section to discuss a number 
of aspects that require ‘translation’ from the research as presented in Section 2 and 
3, to effective application in mediated touch. I will discuss these conceptual 
differences between the research and practical application in mediated touch from 
the perspective of the challenges for mediated social touch that I presented in 
Chapter 1. Following from these discussions, several specific research sub-questions 
will be presented, which will be the topics under investigation in Part II (see also 
Figure 2.1), and as such will provide insights in the second main research question: 
 

Main RQ2: What are elements that modulate the anticipated beneficial effects that 

physical warmth as a means of mediated social touch has on the recipient, and can 

specific boundary conditions for effective interaction be determined? 
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Figure 2.1: A schematic overview of the research topics of Part II of this dissertation. 

4.1 Challenge 1: The Physical Composition of Touch 
In Chapter 1 we have seen that the physical qualities and parameters of a human 
touch may affect how it is perceived and in turn to what extent a touch can elicit 
specific effects. In a similar way, the physical composition of a mediated touch also 
plays an important role in the possible elicitation of effects. According to Schirmer 
and colleagues (2011), the bottom-up processing of the physical composition of a 
mediated touch may even influence the responses to a larger extent than in co-
located touch. The toucher is not physically present, and the recipient thus has to 
interpret a stimulus based on the available (mostly physical) cues. As such, the first 
challenge regarding social touch technologies was defined as understanding what 
essential physical qualities and parameters are to elicit certain responses. Considering 
this, physical warmth may be a valuable building block; in particular when considering 
the physical-social warmth link. In Chapter 1 I have introduced the basic workings of 
temperature perception – with warm and cold thermoreceptors that can detect 
changes in innocuous temperature (i.e., between ca. 5°C and 45°C) – albeit mostly 
from a discriminative perspective. In Section 2.1, this was extended with the notion 
that neurobiological systems involved in temperature perception may also be closely 
related with emotional states and feelings of social connection, even though the exact 
underlying mechanisms are not entirely understood (e.g., (Craig et al., 2000; Inagaki & 
Eisenberger, 2013; Inagaki et al., 2016; Raison et al., 2015)). Since we intend to apply 
the physical-social warmth link in a mediated touch setting, several aspects regarding 
the physical qualities and parameters, and the associated bottom-up processing need 
to be considered: the absolute temperature of the stimulus, but also various 
parameters of the thermal stimulus.  
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A first aspect that warrants attention is that the size of the temperature difference 
between the warm and cold conditions may play a substantial role in the size of the 
physical-social warmth link effects (Messer et al., 2017). Although there are a few 
studies that found beneficial effects of warmth in contrast to a neutral temperature 
(e.g., (Fay & Maner, 2012, 2015; Gooch & Watts, 2010; Inagaki & Eisenberger, 2013; 
Nie et al., 2012; Park & Lee, 2014)), the majority of the research describes a direct 
comparison between priming with warmth (e.g., coffee cup, heat pads, or warm 
rooms of approximately 21-26°C) and coldness (e.g., iced drinks, cool pads, or rooms 
with a temperature that ranges between 14 and 18°C). The recurring conclusion in 
the research on the physical-social warmth link is that warmth elicits beneficial 
effects. This is often based on the supposed association between physical warmth and 
the warmth as experienced during the early childhood. It may however also be the 
case that physical coldness has detrimental effects on one’s social cognitions and 
behaviors: a physical-social coldness link, if you will. Innocuous physical warmth and 
coldness do not only activate different types of thermoreceptors (see also Chapter 1), 
but may also address different neurophysiological pathways and brain areas related 
to emotional states and feelings of social connectedness (e.g., (Raison et al., 2015)). 
This latter suggestion is for example supported by the finding that coldness – contrary 
to a neutral temperature or warmth – increased neural activation in brain regions 
associated with trust, and as a consequence decreased altruistic behavior (Kang et al., 
2011). If beneficial effects of warmth are only to be found in contrast with coldness, 
or if coldness happens to be the driving force behind the effects, this would mean 
that the physical-social warmth link is not particularly relevant for mediated social 
touch. That is to say that we are interested in the elicitation of beneficial effects 
through mediated social touch (see also Chapter 1), and not in possible negative 
effects that could be caused by cold stimuli. As such, we are particularly interested in 
the added value of having a warm interface over a baseline interface at a neutral (i.e., 
unheated, but also uncooled) temperature (see also Main RQ1).  
 
A second aspect regarding the physical composition that warrants attention is that 
the main premise of the research on the physical-social warmth link is that “warmth is 
good”. Translating this premise to application in mediated touch seems trivial, but we 
need to acknowledge that there are various parameters of the warmth that may 
influence how the warmth is physiologically perceived, and thus how people respond 
to it. In Chapter 1 we have seen that the perception of temperature is also influenced 
by the rate of temperature change, the body location, the duration of the stimulus, 
and its size (Jones & Ho, 2008; Kenshalo, 1976), and in cases in which the thermal 
stimuli are not presented directly to the skin, also on the type of clothing (Halvey et 
al., 2011). In Section 3, we have seen that the use of thermal actuators enable active 
variation of these parameters, which in turn can elicit various affective responses 
(e.g., (Lee & Lim, 2010, 2012; Salminen et al., 2011; Salminen & Surakka, 2013; Wilson 
et al., 2016)). For practical application of the physical-social warmth link in mediated 
social touch, it would be valuable to understand to what extent variations in the 
thermal parameters influence the social responses. To make a start with this, we will 
focus on the moment of presentation of the warmth, as well as the duration of the 
stimulus. These dimensions follow from another conceptual difference between the 
research and practical application: whereas the former is mainly based on priming 
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with warmth, warmth through mediated touches will be applied throughout an act of 
communication. These temporal parameters will not be manipulations within one 
specific study, but will be varied over the different studies. This approach allows us to 
reflect on the associated research (sub-)question:  
RQ2.1: Do temporal aspects of the thermal stimulus – i.e., its duration and the 

moment of presentation – affect the anticipated beneficial effects of warmth on the 

recipient’s feelings of interpersonal attachment, physical and emotional comfort, and 

pro-social behavior?  

4.2 Challenge 2: The Role of Attribution in Mediated Touch 
We know that the attribution of a haptic stimulus to another human being, rather 
than to non-social technology, is the key element that distinguishes mediated social 
touch from non-social physical stimuli. The attribution of a mediated touch to another 
person may activate various top-down processes that in turn can modulate the 
perception and the effects of the mediated touch (see also Figure 1.2). This 
attribution is also a conceptual difference between the research on the association 
between physical and social warmth, and actual application of this association in a 
setting of warm mediated touches. Non-social thermal stimuli can already elicit 
specific responses: thermal actuators can be applied to convey and elicit a range of 
affective responses (e.g., (Salminen et al., 2011; Salminen & Surakka, 2013; Wilson et 
al., 2016), and thermal stimulation with for example warm drinks or therapeutic pads 
supposedly can activate perceptions of social warmth. The preliminary work in 
mediated social touch – in which the warmth thus is attributed to another person – 
demonstrates that warm touches can enhance a sense of presence (Gooch & Watts, 
2010; Nakanishi et al., 2014) and perhaps also provide physiological comfort 
(Cabibihan & Chauhan, 2017). However, it remains unclear whether these effects 
were caused by the physical-social warmth link, by the attribution of the warm touch 
to the sender and the associated social meaning, by an interaction between the two, 
or perhaps by a completely different underlying mechanism. When integrated in a 
mediated touch device, the warmth in itself could activate associations with social 
warmth, but the attribution to a social source could further enhance the perceived 
social warmth. That is to say that when the warmth is attributed to another person, 
the messages could be considered a form of disclosing affect and personal emotional 
information from the sender. These mechanisms are known to contribute to intimacy 
during communication (Clark & Reis, 1988; Laurenceau, Barrett, & Pietromonaco, 
1998). In the three studies that follow in the upcoming chapters, I intend do provide 
further insights in whether attribution indeed influences the anticipated beneficial 
effects of stimulation with warmth. To do so, I will discern between warmth that is 
presented as a mere physical attribute of a haptic interface (and does not have social 
meaning in itself), and warmth that is presented as mediated body heat and as such is 
attributed to another remote person. The associated research (sub-)question is: 
RQ2.2: Does the attribution of physical warmth to a social source – i.e., mediated 

body heat of a remotely located person – enhance the anticipated beneficial effects of 

warmth on the recipient’s feelings of interpersonal attachment, physical and 

emotional comfort, and pro-social behavior, when compared with attribution of the 

warmth to a non-social source?  
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4.3 Challenge 3: Modulators and Boundary Conditions 
In Chapter 1, we have also seen that several modulators may influence the perception 
of a social touch. These modulators also warrant attention when putting findings from 
the physical-social warmth link into practice in mediated social touch interactions. In 
fact, specific boundary conditions within which warm mediated touches can elicit the 
anticipated effects may be derived from these modulators.  

4.3.1 Setting 

With regard to the physical-social warmth link, we have seen that some studies report 
beneficial effects of stimulation with warmth more or less regardless of any context. 
Other studies suggest that the beneficial effects of stimulation with physical warmth 
can become particularly pronounced for people that experience stress. They 
supposedly have an increased need for compensatory warmth. This can be in the 
form of warm baths, food, or drinks (Bargh & Shalev, 2012; Li & Liao, 2013), but also 
in the form of social warmth (Hong & Sun, 2012; Lee et al., 2014; van Acker et al., 
2016). In addition, research has demonstrated that the effect of physical warmth on 
one’s affiliative motivation was particularly strong after the participant was 
confronted with threat situations (as compared with emotionally neutral situations) 
(Fay & Maner, 2015). In such situations of distress, stimulation with physical warmth 
can indeed have restorative effects (e.g., (Bargh & Shalev, 2012)). Moreover, the 
compensatory warmth can ‘reheat’ these people, as they appear to become 
physically colder due to the stress they experience (IJzerman et al., 2012; Ioannou et 
al., 2013). The setting in which the warm mediated touch interaction takes place may 
thus modulate the effects of the warmth. In fact, warm mediated touch interactions 
may only elicit beneficial effects in specific settings that elicit a need for warmth. This 
could make the setting a boundary condition. To better understand in which settings 
warm mediated touches may elicit beneficial responses, we vary the settings 
throughout the three studies and will reflect on how these affected the effects of 
warmth, thereby providing insights in the following research (sub-)question: 
RQ2.3: Are the anticipated beneficial effects of physical warmth more pronounced in a 

(stressful) setting in which there is a need for warm contact and in which the warm 

touch is clearly defined as intended to provide comfort, as compared with a (non-

stressful) setting in which the warm touch is open for interpretation?  
 
Another aspect that warrants attention when translating the research on the physical-
social warmth link to mediated social touch is the role of the ambient temperature. 
The people that suggest that the link originates from a learned association with early 
intimate contact (Williams et al., 2009) also suggest that as a consequence of this 
association only direct physical contact with warm objects may elicit the socially warm 
responses. That is to say that changes in the ambient temperature do not co-occur 
with this early intimate warm contact (Williams & Bargh, 2008). Indeed, many of the 
beneficial effects of physical warmth have been found through direct priming with 
physical objects such as coffee cups, or therapeutic pads (e.g., (Fay & Maner, 2012; 
IJzerman & Semin, 2009; Williams & Bargh, 2008)). This would suggest that warm 
mediated touches that are presented directly to the recipient by means of thermal 
actuators, are particularly suitable to elicit beneficial effects. However, some effects, 
like an increased relational focus (e.g., (IJzerman & Semin, 2009; Schilder et al., 2014)) 
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and enhanced pro-social behavior (IJzerman et al., 2013) have been found through 
manipulations in the ambient temperature. Moreover, lower ambient temperatures 
supposedly enhance one’s need for social contact (Hong & Sun, 2012; Lee et al., 2014; 
van Acker et al., 2016). Both types of thermal manipulations – direct physical contact 
with an object, or prolonged exposure to environmental warmth – are very different 
experiences that are nevertheless often used interchangeably to support the premise 
that “physical warmth is good” (Lynott et al., 2017). Whereas brief physical contact 
with an object provides information about the physical qualities of this object and 
may prime feelings of social warmth, prolonged exposure to warmth can have strong 
impact on our thermoregulatory systems (IJzerman et al., 2012; Lynott et al., 2017). A 
direct comparison between the two types of stimulation demonstrated a small effect 
of ambient temperature on pro-social behavior, whereas direct physical contact did 
not elicit such effects (Lynott et al., 2017). This finding does not only suggest that 
different types of thermal manipulations are not necessarily interchangeable; it may 
also have implications for the use of physical warmth in mediated touch. Since 
temperature is an ever-present feature of the environment, it may modulate the 
anticipated effects of warm mediated social touches. The above considerations led to 
the following research (sub-)question: 
RQ2.4: Are the anticipated beneficial effects of stimulation with physical warmth 

through a haptic interface affected by the ambient temperature?  

4.3.2 Relationships 

Closely related to the earlier mentioned attribution of the warmth is the question: 
who is the source of the mediated body warmth? I have already described that the 
research on the physical-social warmth link has to be translated into an act of actual 
communication. This also means that the type and strength of the relationship 
between the interactants may play a role in the effectiveness of the warmth. It is 
suggested that mediated social touch interactions are only appropriate between 
people that have a pre-existing relationship (Rantala et al., 2013) and that such 
interactions between strangers may even cause discomfort (Smith & MacLean, 2007). 
This is similar to social touch interactions in real life (e.g., (Heslin et al., 1983; 
Thompson & Hampton, 2011), see also Chapter 1). The preliminary work on warm 
mediated touches found that thermal messages could convey affective meaning 
within a family setting (Lee & Lim, 2010, 2012). Moreover, a “Thermal Hug” had 
beneficial effects on social presence during an interaction between close friends or 
between people in a romantic relationship (Gooch & Watts, 2010). The latter authors 
also suggest that warm mediated touches may only be appropriate between people 
that already know each other well, even though they did not actually include a 
‘stranger’ condition in their study. Other research however suggests that stimulation 
with physical warmth can also increase how positive a stranger (or, in fact, a fictitious 
person) is perceived (Williams & Bargh, 2008) and can enhance the perceived 
closeness to a person with whom no bond existed prior to the warmth manipulation 
(such as the experiment leader in the study by IJzerman and Semin (2009)). This 
warrants the question to what extent the relationship between the interactants 
influences the anticipated effects of warmth in a setting of mediated touch. Since the 
communication partner is remotely located from the recipient, the physical 
stimulation may be sufficient to elicit responses, regardless of perceptions of the 
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source (Schirmer et al., 2011). In the first two studies, as presented in Chapter 3 and 
4, participants will interact with a stranger, whereas in Study 3 (Chapter 5), we will 
introduce a close social relationship as a possible boundary condition. These 
variations are intended to provide insights in the following research question: 
RQ2.5: Are the anticipated beneficial effects of physical warmth more pronounced 

when the mediated touch interaction takes place between romantic partners, as 

compared with an interaction between strangers?  

4.3.3 Personality Characteristics 

The exact underlying mechanisms of the physical-social warmth link are not fully 
understood yet, as the research is still in its infancy. The majority of the research is 
based on the suggestion that the physical-social warmth link is a learned association 
between physical warmth and our earliest intimate experiences (e.g., (Williams et al., 
2009)). This suggestion is further supported by studies that imply that one’s 
attachment style modulates the social responses to physical warmth (e.g., (Fay & 
Maner, 2012; IJzerman et al., 2013; Vess, 2012)). However, many studies reported 
beneficial effects of physical warmth without considering the attachment style of the 
participants. Moreover, in two studies (each quadrupling the sample size of the 
original study; 219 and 233 vs. 56) LeBel and Campbell (2013) could not replicate the 
supposed modulating effects of attachment style on the need for warm refreshments, 
as was initially found by Vess (2012). Similarly, no modulating effects of early social 
experiences with caregivers were found on the relation between feelings of social 
connection and body temperature (Inagaki et al., 2016). For these reasons, the 
suggestion that the physical-social warmth link originates from our early intimate 
experiences is not set in stone. It may be the case that the process, if it actually exists, 
is innate, and completely unrelated to the amount of physical contact that we 
experienced as newborns (Inagaki et al., 2016; Raison et al., 2015). To provide further 
insights in the question whether warm mediated social touch interactions may be 
only beneficial for a specific subgroup with specific personality characteristics, we will 
take the attachment style as well as the touch receptivity of the participants into 
account, in order to provide insights in the following research (sub-)question: 
RQ2.6: Are the anticipated beneficial effects of physical warmth modulated by the 

personality characteristics attachment style and/or touch receptivity? 

5 Outline of Part II 
As mentioned before, Part II of this dissertation was intended to put research findings 
regarding the physical-social warmth association into practice in a setting of mediated 
social touch; firstly to investigate whether warmth (following the physical-social 
warmth link) could elicit beneficial effects, and secondly to identify whether and to 
what extent several elements modulate these anticipated effects. In three studies, a 
warmth manipulation was applied during mediated communication (i.e., a warm 
condition vs. a room temperature condition) to provide insights in Main RQ1. In 
addition, each study contained an attribution manipulation (i.e., warmth that is 
presented as mediated body heat, or as a mere physical attribute of the interface) in 
order to answer RQ2.2.  
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In Chapter 3, we present Study 1 in which we investigated whether warmth and 
attribution indeed affected the impressions of this person. The manipulations were 
presented through a heated office chair after an instant messaging conversation with 
an unknown and unseen interaction partner.  Moreover, we investigated the possibly 
modulating effects of the ambient temperature (RQ2.4). In Chapter 4, I will introduce 
a mediated social touch device that we developed and that (amongst others) can 
provide warmth: “Nakama”. Nakama is utilized for a study in which participants briefly 
communicate with an unknown and unseen interaction partner and receive physical 
warmth throughout this interaction (Study 2, Chapter 4), and for a study in which 
participants receive warmth for a longer period from their own romantic partner as a 
means of consolation during stressful circumstances (Study 3, Chapter 5). The 
different temporal aspects of the warmth (RQ2.1), the different settings (RQ2.3), and 
social contexts (RQ2.5) of the three studies, enable us to reflect on the possibly 
modulating roles that these aspects may play. Moreover, personality characteristics 
(RQ2.6) will be considered throughout the studies. The reflections regarding the 
research (sub-)questions collectively provide insights in Main RQ2.  
 
In Chapter 6 then, I present a meta-analysis of the effects of Studies 1, 2, and 3, in 
order to provide additional insights in the effects of both the manipulation of physical 
temperature and the manipulation of the attribution of this temperature. 
Subsequently, I will discuss our findings with regard to warmth and all possible 
modulators (or boundary conditions) that were considered. Moreover, I will answer 
the associated research questions and discuss what these findings imply for the 
development of warm mediated social touch devices 
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Chapter 3. Chapter 3 
Warmth in Mediated Communication: The 

Physical-Social Warmth Link in Practice 
 
 
 
 
 

Abstract 
To make a first step in the process of putting findings regarding the physical-social 

warmth link into practice in warm mediated social touch, we investigated whether 

temperature manipulations could also enhance perceived social warmth during actual 

mediated communication. We particularly focused on the effects of physical warmth 

on interpersonal closeness, personality traits, and pro-social behavior. Moreover, we 

investigated the possible modulating effects of the attribution of the warmth, the 

setting (i.e., the ambient temperature), and individual characteristics (i.e., attachment 

style) on the anticipated effects. To this end, we invited participants (N = 85) to 

engage in an instant messaging conversation with an unknown – and unbeknown to 

the participant, fictitious – communication partner. After the conversation, 

participants were asked to share their impressions of the other person by filling out a 

questionnaire in an adjacent warm or neutral temperature room; the room where the 

conversation partner ostensibly just resided. While filling out the questionnaire, the 

participant was seated on either a heated or an unheated chair. The warmth from the 

chair was either presented as a mere physical attribute of the chair, or as the body 

warmth coming from the interaction partner that seemingly just sat on the same 

chair. Besides a positive effect of a higher ambient temperature on the perceived 

warmth in the communication partner, no effects of direct physical warmth or 

attribution were found. The attachment style of the participants did not modulate the 

effects either. We use the findings of this first study to pinpoint further caveats and 

challenges that need to be addressed in the process of putting findings concerning the 

physical-social warmth link into practice in mediated social touch interactions. 

 
 
 
 
 
 
This chapter is based on: 

Willemse, C. J. A. M., Heylen, D. K. J., & van Erp, J. B. F. (2015). Warmth in Affective 
Mediated Interaction. In Proceedings of the 6th Biennial Conference on Affective 

Computing and Intelligent Interaction (pp. 28–34). 
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1 Introduction 
In the previous chapter, we have seen that there is a growing body of research that 
suggests that stimulation with physical warmth can enhance the level of interpersonal 
closeness that someone experiences with another person, how socially warm another 
person is perceived, and the extent to which someone behaves pro-socially towards 
another person. If the physical-social warmth link indeed exists – which is, as I 
discussed in Chapter 2, not set in stone – this provides valuable opportunities for 
mediated social touch as well. Integrating thermal actuators in social touch 
technology may enhance feelings of interpersonal closeness, positive perceptions of 
the other, and pro-social behavior as well. Moreover, it could enhance the sense of 
social presence. Whereas it may seem quite trivial to integrate thermal actuators in a 
mediated touch device, actually understanding how warmth can be employed to 
effectively elicit the desired effects warrants a more critical approach. It is not entirely 
clear yet whether (and if so, how) the findings from research on the physical-social 
warmth link can be translated to application in warm mediated social touch 
interactions. In Study 1 (to which we will also refer as the “Chair-study”), we intended 
to make a first step in this translation process. We did so by providing participants 
with thermal stimuli in a setting of actual mediated communication (contrary to the 
rather abstract, communication-less lab studies as described in Chapter 2). The fact 
that the warmth was presented during communication also introduced other 
conceptual differences between the research on, and practical application of the 
physical-social warmth link. These aspects include the contrast between warmth and 
a neutral temperature, as well as the possibly modulating roles of the attribution of 
the warmth, the ambient temperature, and personality characteristics. 
 
In Chapter 2 I already described that the majority of the beneficial effects of warmth 
has been found in a direct comparison with physical coldness. However, this 
comparison is not necessarily relevant for the application of warmth in mediated 
social touch. That is to say, we are interested in the question whether integrating 
warm thermal stimuli in a mediated touch device provides additional value over a 
device that is unheated (but, in contrast to the earlier research, also uncooled) and 
thus provides a physical stimulus at a neutral temperature. In this chapter, we 
intended to provide first insights in Main RQ1 of this dissertation: does stimulation 

with physical warmth enhance social warmth in mediated social touch interactions, as 

compared with neutral temperature? (paraphrased). Even though the findings with 
regard to the physical-social warmth link appear somewhat inconclusive, we adhered 
to the majority of the research findings that suggest that physical warmth activates 
perceptions of social warmth, and hypothesized that: 
 

H1: Direct stimulation with physical warmth enhances the participant’s socially warm 

perceptions of, and behaviors towards a communication partner, as compared with a 

neutral temperature baseline. 

 
Moreover, whereas the thermal stimuli that were employed in the research on the 
physical-social warmth link can be considered a form of non-social physical stimuli, 
the warmth that is provided through mediated social touch will be attributed to a 
social source: the communication partner. The question (RQ2.2) that follows is, 
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paraphrased, whether this attribution of the warmth to a social source affects the 

anticipated beneficial effects of physical warmth on social warmth. Considering the 
social connotations that attribution to a social source entail, we expected that: 
 

H2: The anticipated effects of physical warmth on social warmth are more outspoken 

when the warmth is perceived as coming from a social source and thus attributed to 

another person, than when it is coming from non-social, inanimate technology.  
 
Another aspect that warrants attention when translating the research on the physical-
social warmth link to mediated social touch is the role of the ambient temperature. 
Although it was initially suggested that only direct contact with warm objects could 
activate socially warm responses (Lakoff & Johnson, 1999; Williams & Bargh, 2008; 
Williams et al., 2009), we have seen that manipulations of the ambient temperature 
may also affect various social cognitions and behaviors. Moreover, low ambient 
temperatures may enhance the need for social contact (e.g., (Hong & Sun, 2012; van 
Acker et al., 2016)). Even though both types of thermal stimulation have been 
interpreted as if they are interchangeable with regard to their supposed effects, they 
are very different; both in terms of perception and the extent to which the warmth 
may affect the thermoregulation (IJzerman et al., 2012), and in terms of the effects 
they can elicit. A high ambient temperature for example increased pro-social 
behavior, whereas direct physical contact with warmth did not sort effects (Lynott et 
al., 2017). It is however not entirely clear whether the effects of physical warmth that 
is presented directly to the user through objects, and the effects of a relatively high 
ambient temperature are interchangeable, work additively, or perhaps inhibit each 
other. Since temperature is an ever-present feature of the environment, it is 
important to understand whether the anticipated beneficial effects of stimulation with 

physical warmth through a haptic interface are affected by the ambient temperature 
(RQ2.4). In line with our first hypothesis, we also expected that:  
 

H3: Residing in a room with a higher ambient temperature results in enhanced social 

cognitions and pro-social behavior.  
 
Besides focusing on the conceptual differences between the research on the physical-
social warmth link and application of thermal stimuli in mediated social touch 
interactions, we also explored the role that one’s attachment style plays in the effects 
of physical warmth that is presented in a context of mediated touch. This may be 
particularly important to understand for whom, and in what kinds of settings, warm 
mediated touch interactions can be beneficial. Although the majority of the research 
reports beneficial effects of physical warmth regardless of one’s attachment style, 
some studies claim that attachment style actually is a strong modulator. Only people 
that have a need for attachment may be susceptible to the physical warmth 
manipulations (Fay & Maner, 2012; IJzerman et al., 2013; Vess, 2012). Conversely, 
LeBel and Campbell (2013) suggest that attachment style does not influence the 
responses to physical warmth. In the study as presented in this chapter, we explored 
whether one’s attachment style modulates the anticipated beneficial effects of 

physical warmth (RQ2.6). We did not formulate a specific hypothesis. The topics 
under investigation in Study 1 are visualized in Figure 3.1. 
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Figure 3.1: Visual representation of the aspects under investigation in Study 1; the Chair-Study. 

2 Methods 

2.1 Design 
A 2x3 between-subjects experiment with a Wizard-of-Oz setup was prepared in which 
the ambient temperature was manipulated (a relatively warm or a neutral room 
temperature), as was the warmth (and accompanying attribution) that was presented 
directly to the participant (no warmth, warmth attributed to technology, and warmth 
attributed to another person). Participants were invited under the guise of a study on 
how people form impressions of others based on instant messaging conversations. To 
this end, they ostensibly interviewed another participant that was located in an 
adjacent room. In reality, the experiment leader provided the answers. After the 
interview, the participant was brought to the adjacent room (from which the 
‘interviewee’ seemingly just left), to fill out a questionnaire about the impressions he 
or she just formed. The switch of rooms was explained as being necessary for a 
second interview, in which the participant supposedly would be interviewed by 
another (new) participant. The adjacent room was either at a common, neutral room 
temperature (of approximately 20°C) or heated to approximately 24°C. While filling 
out the questionnaire, the participant was seated on an unheated chair (Control 

Condition; C), or on a heated chair. Half of the participants on the heated chair were 
told they were partaking in an unrelated pilot study regarding an adaptive office chair 
(Artificial Heat condition; AH), whereas it was emphasized to the others that the 
interaction partner sat on the same chair shortly before (Body Heat condition; BH). 
The chair temperature was not explicitly mentioned in any of the chair conditions.  
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2.2 Participants 
In total, 85 people participated in the experiment, of which one did not finish due to 
technical problems during the interview phase1. The mean age of the remaining 84 
participants was 22.31 (SD = 4.21, range = 18-40) and 28 of them (33.3%) were 
female. 55 participants resided in the warm environment (Control: 17, Artificial Heat: 
19, Body Heat: 19) and 29 resided in the neutral room temperature (C: 10, AH: 9, BH, 
10). All participants were (PhD) students, recruited at the University of Twente. All 
participants gave written informed consent prior to the study, and none of them were 
aware of the actual purpose of the study. The participants were not compensated.  

2.3 Setting and Apparatus 
The experiment took place in two adjacent rooms at the University of Twente; one 
room being a regular office space and the other one the user study lab of the Human 
Media Interaction group. The experimental manipulations took place in the latter. 
Google Hangouts software was used for the textual instant messaging. A semi-
scripted approach, with pre-defined interview questions and answers was applied, in 
which the participants were asked to formulate the interview questions in their own 
words. This approach was similar to the one applied by Haans and colleagues (2014; 
2009b) in their virtual Midas Touch research. Some of the interview questions were 
also derived from their work. The interview questions, and in particular the answers, 
were designed to give the participants the impression that they were conversing with 
an actual other person, but also to provide ambiguous impressions regarding the 
other person’s personality. The latter was in line with the study by Williams and Bargh 
(2008), in which participants were asked to assess an ambiguously described person. 
Moreover, differences in the extent to which participants disclose personal or 
emotional information may affect the perceived intimacy during a conversation (Clark 
& Reis, 1988), and could in turn bias the results. The setup, with pre-defined 
questions, prevented this possible bias, and thus provided a controlled, yet seemingly 
natural interaction. The semi-scripted interview can be found in Appendix A.  
 
For the experimental manipulations, an office chair was discretely equipped with 
Waeco Magic Heat (MSH-45, 12V, 3A maximum) car seat heaters: one pad in the seat 
and one in the backrest. The pads were pre-heated to approximately 32°C since a 
person’s skin temperature typically remains between 32-35°C (Jones & Berris, 2002). 
Given the large contact areas (i.e., the seat and backrest), and considering the spatial 
summation characteristics of the skin, the temperature in the chair was well 
perceptible and mainly activating the warm thermoreceptors (Jones & Berris, 2002; 
Jones & Ho, 2008). When the participant would sit down, the heaters were switched 
off. This resulted in a slow decrease of temperature of the seat, resembling the 
temperature changes of a chair where someone actually sat before. The average 
temperature in the warmer environment was 23.8°C (SD = 0.59, range = 22.4°C-
24.6°C), which was achieved by adjusting the heater. The neutral environment was 
20.2°C on average (SD = 1.09, range = 17.2°C-21.9°C)2.   

                                                       
1 No demographic data of this participant were recorded. 
2 These measurements only apply for the valid cases (see Section 3). Room temperature was logged at a 

60s interval with a Maxim Integrated ‘iButton’ on the desk, set to 0.0625°C accuracy. 

https://www.maximintegrated.com/en/products/digital/ibutton.html; last visited on Dec. 18th, 2017. 
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2.4 Measures 
To actually measure the perceived warmth in the other, interpersonal closeness, 
social presence, and pro-social behavior, participants were asked to answer various 
questionnaire items. Similar to Williams and Bargh (2008), we asked the participant to 
rate the interaction partner on ten Personality Traits (on bipolar 7-point scales). Of 
these ten personality traits (as initially defined by Asch (1946)), five were related to 
the warm-cold dimension and were expected to be affected by the warmth 
manipulations 3 . Examples include generous-ungenerous and caring-selfish. With 
regard to the perceived Closeness and Intimacy towards the other, we applied two 
scales: the Inclusion of Other in Self (IOS) scale (Aron et al., 1991) and the Subjective 

Closeness Index (SCI) (Berscheid, Snyder, & Omoto, 2004). In two IOS questions, the 
participant was asked to indicate which of seven to a different extent overlapping 
circle-pairs best represented the perceived relationship with, and perceived intimacy 
towards the other person (see also Figure 3.2). Two items from the SCI were applied: 
“Relative to all your other relationships (both same and opposite-sex), how would you 

characterize your relationship with the other participant?” and “Relative to what you 

know about other people’s close relationships, how would you characterize your 

relationship with the other participant?”. These items were answered on a 7-point 
scale (not at all close-very close). As a measure for Social Presence, we used the same 
measure as Gooch and Watts (2010) in their study on thermal hugs during CMC. This 
measure, as developed by Hauber et al. (2005) comprised nine semantic differential 
items (7-point scale), such as passive-active and sensitive-insensitive.  
 

 
Figure 3.2: The Inclusion of Other in Self scale. 

To investigate the effects of warmth and attribution on Pro-social Behavior, the 
participant received ten credits with which he or she could participate in a raffle. 
Basically, each credit represented a ‘lottery ticket’ and having more credits would 
enhance the chance of winning €25,- in the raffle. Each participant was asked how 
many of the credits they were willing to share with their communication partner. This 
measure was derived from the dictator game paradigm as applied by Camps and 
colleagues (2012) in their study on the effects of a social touch on pro-social behavior.  
 
  

                                                       
3 Contrary to Williams and Bargh (2008), we did not provide a written ambiguous description of another 

person, as that would not fit the story that participants were communicating with actual other 

participants. Instead, we incorporated the ambiguity in the ‘other person’s’ answers. 
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To explore the possibly modulating effects of one’s Attachment Style on the various 
social cognitions, we determined each participant’s attachment style. Participants 
read four short descriptive paragraphs and indicated how well each paragraph 
described them (Bartholomew & Horowitz, 1991). The most descriptive paragraph of 
the four (secure, dismissing, pre-occupied, or fearful) represented the attachment 
style. In line with IJzerman and colleagues (2013), the latter three attachment styles 
were considered ‘insecure’, which resulted in a secure-insecure dichotomy. To 
investigate potential negative connotations of a warm chair, in particular for the Body 
Heat condition – a warm chair may feel somewhat unpleasant, as was also suggested 
before (Dunne & Raby, 1994; Samani et al., 2012) – participants were asked what 
level of Disgust they experienced while sitting on the warm chair (7-point Likert scale).   

2.5 Procedure 
The participant was invited in the ‘interviewer-room’ and provided with instructions 
about the ostensible purpose and procedure of the experiment. After signing an 
informed consent form, the participant was asked to fill out a questionnaire 
containing demographics and the attachment style questions (administered through 
Google Forms). While the participant filled out the first questionnaire, the experiment 
leader left the room under the guise of checking whether the interaction partner was 
ready. He returned shortly after. Upon notification of the experiment leader, the 
participant could start the conversation and ask the 13 pre-determined questions in 
his or her own words. The experiment leader – present in the same room – discretely 
responded, by copying the pre-defined answer from a text document and pasting it 
into the instant messaging window. To decrease the chance that the participant 
would unmask the experiment leader as the actual communication partner, the 
experiment leader left the room shortly before the end of the conversation to 
“already explain some things to the other person”. In reality, the experiment leader 
responded to the final set of questions from the PC in the adjacent room. After the 
interview, the participant was invited into the adjacent room, where he or she was 
led to the chair. When seated, the participant was both verbally and on-screen 
instructed about the remainder of the experiment. The instructions for the Control 
and Body Heat groups included an emphasis on the presence of the interaction 
partner in the same chair, shortly before the participant. The Artificial Heat 
instructions explained that the participant was now – as a part of an unrelated pilot 
experiment – sitting on an adaptive office chair, about which some questions would 
be asked afterwards. After instructing the participant, the experiment leader left to 
“prepare the other room for the next participant” (by whom the participant 
supposedly was going to be interviewed). After the instructions that contained the 
attribution manipulation, the participant filled out the questionnaire that contained 
all remaining measures. When the participant finished the questionnaire, the 
experiment leader returned and informed the participant that there would be no 
second interview. Moreover, the participant was asked who he or she thought the 
interaction partner was. This was to verify whether the participant was aware of not 
being in conversation with an actual communication partner. Finally, the participant 
was fully debriefed about the actual purpose of the experiment and the deceptive 
elements, and thanked for his or her participation. An entire session approximately 
took 25 minutes. 
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3 Results 
Data from eight participants were omitted from the analyses as they indicated to be 
aware of the absence of an actual communication partner. This omission resulted in 
48 valid responses in the warm environment (Control 13, Artificial Heat: 16, Body 

Heat: 19), and 28 in the room at neutral temperature (C: 9, AH: 9, BH: 10). The data 
were analyzed with IBM SPSS Statistics 234, and the significance threshold is set at  
p = .05. Data were recoded such that higher scores represent socially warmer 
perceptions and behavior. Individual scores were computed for the personality traits 
on the warm-cold dimension (Cronbach’s α = .56) and for the unrelated traits 
(α = .57) (following the factors as described by Williams and Bargh (2008)). Moreover, 
individual scores were computed for the SCI (α = .89) and Social Presence (α = .88). A 
one-way ANOVA demonstrated that perceptions of the perceived disgust with regard 
to the chair temperature did not differ between the three Chair Conditions (levels: C, 
AH, BH): F(2, 73) = 0.05, p = .952, partial η2 = .001. Therefore, feelings of disgust are not 
further included in the analyses.  
 
We carried out a two-way MANOVA with Ambient Temperature (levels: Neutral and 
Warm) and the Chair Condition (levels: C, AH, BH) as independent variables and all 
social warmth measures as dependent variables (i.e., relational IOS, intimacy IOS, SCI, 
personality trait scores on the warm-cold dimension, unrelated personality trait 
scores, social presence, and pro-social behavior). No significant main effect of the 
Chair Condition was found (Wilks’ Λ = .864, F(14, 128) = 0.70, p = .776, 
partial η2 = .071), suggesting there is no statistical difference in scores on any of the 
dependent variables between the three experimental groups. A subsequent custom 
hypothesis test in which the scores of the Combined Warm Groups were contrasted 
with the Control Condition, did not result in a significant difference either: Wilks’ Λ = 
.885, F(7, 64) = 1.18, p = .324, partial η2 = .115. With regard to the Ambient 

Temperature, a statistically significant main effect was found (Wilks’ Λ = .771, 
F(7, 64) = 2.72, p = .016, partial η2 = .229). Inspection of the individual two-way ANOVAs 
revealed that a higher ambient temperature significantly increased personality trait 
scores on the warm-cold dimension: F(1, 70) = 7.75, p = .007, partial η2 = .100. No 
effects were found for the remainder of the dependent variables: all p’s > .103. No 
interaction effect between Ambient Temperature and Chair Condition was found: 
Wilks’ Λ = .792, F(14, 128) = 1.13, p = .339, partial η2 = .110. The scores on the different 
variables for each experimental group, as well as the Combined Warm Groups are 
listed in Table 3.1. 
 
In addition, we carried out a three-way MANOVA on the same dependent variables, 
but this time with Ambient Temperature (levels: Neutral and Warm), Chair Condition 
(levels: C, AH, BH), and Attachment Style (levels: Secure and Insecure) as independent 
variables. The division of the participants over the experimental conditions is 
displayed in Table 3.2. Neither the main effect of Attachment Style, the interactions 
with Ambient Temperature, Chair Condition, nor the three-way interaction yielded 
significant effects, as is also reported in Table 3.3. 
 

                                                       
4 https://www.ibm.com/products/spss-statistics; last visited on December 18th, 2017.  
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Table 3.1: Mean scores and SD (in brackets) of all dependent variables for the different experimental groups.  

 
Ambient 

Temperature 
Control 

Condition 
Artificial Heat Body Heat Combined 

Warm Groups  

IOS (Relation) 
Neutral 3.11 (1.17) 3.22 (1.64) 2.80 (1.55) 3.00 (1.56) 
Warm 2.54 (1.33) 2.63 (1.20) 2.47 (0.90) 2.54 (1.04) 

IOS (Intimacy) 
Neutral 2.78 (1.64) 3.44 (1.51) 2.90 (1.66) 3.16 (1.57) 
Warm 2.77 (1.09) 2.75 (1.48) 2.84 (1.34) 2.80 (1.39) 

Personality Traits 
(warm-cold) 

Neutral 5.42 (0.47) 5.47 (0.62) 5.26 (0.52) 5.36 (0.56) 
Warm 5.80 (0.40) 5.69 (0.56) 5.76 (0.63) 5.73 (0.59) 

Personality Traits 
(unrelated) 

Neutral 5.00 (0.59) 5.51 (0.48) 5.12 (0.51) 5.31 (0.52) 
Warm 5.29 (0.57) 4.93 (0.80) 5.17 (0.57) 5.06 (0.69) 

Social Presence 
Neutral 4.40 (1.02) 4.88 (0.54) 4.46 (0.89) 4.65 (0.76) 
Warm 4.98 (0.48) 4.35 (0.87) 4.51 (0.97) 4.43 (0.92) 

Social Closeness 
Index 

Neutral 2.61 (0.99) 3.28 (1.64) 2.15 (0.88) 2.68 (1.39) 
Warm 2.12 (0.92) 2.44 (1.30) 2.71 (1.26) 2.59 (1.27) 

Pro-social 
Behavior 

Neutral 0.33 (0.71) 0.22 (0.44) 0.00 (0.47) 0.11 (0.46) 
Warm 0.85 (1.57) -0.19 (1.56) 0.11 (1.05) -0.03 (1.29) 

 
Table 3.2: Division of Attachment Styles over experimental groups.  

 Control Condition Artificial Heat Body Heat 
Secure Insecure Secure Insecure Secure Insecure 

Neutral Environment 2 7 4 5 3 7 
Warm Environment 7 6 8 8 8 11 

  
Table 3.3: Three-way MANOVA effects with Attachment Style. 

 Wilks’ Λ F df p Partial η2 
Main effect Attachment Style .834 1.65 (7, 58) .139 .166 
Attachment Style x Ambient Temperature .850 1.47 (7, 58) .197 .150 
Attachment Style x Chair Condition .813 0.91 (14, 116) .555 .099 
Attachment Style x Ambient Temperature 
x Chair Condition 

.820 0.87 (14, 116) .598 .095 

4 Discussion 
In this first study, we set out to make a first step in the process of putting findings 
with regard to the physical-social warmth link into practice in warm mediated social 
touch interactions. In this section, I briefly summarize the findings and discuss them. 
Moreover, I highlight caveats and challenges concerning the application of physical 
warmth in mediated social touch, that are supposed to inform follow-up research.  
 
According to the first hypothesis (H1), sitting on a warm chair was expected to result 
in socially warmer perceptions of the communication partner and enhanced pro-
social behavior, as compared with sitting on an unheated chair. No support for this 
hypothesis was found. The attribution – either to technology or to the interaction 
partner – of the warmth that was dissipated by the chair did not modulate the social 
cognitions and behavior either. No support for the suggestion that attribution to a 
social source rather than to technology would enhance the social responses to 
warmth (H2) was found. In line with earlier findings on the physical-social warmth 
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link, we also expected that ambient temperature would affect social cognitions (H3). 
The results of the study as presented in this chapter provide preliminary support for 
this hypothesis, albeit not for all dependent variables. People that resided in a 
relatively warm environment rated the communication partner higher on personality 
traits related to the metaphorical warm-cold dimension than people in a room at 
neutral temperature (i.e., a common room temperature). Personality traits unrelated 
to the warm-cold dimension were not affected by warmth. Both findings are in line 
with the suggestion that stimulation with physical warmth activates and increases 
perceptions of social warmth in another person, but not of personality traits 
unrelated to the warm-cold dimension (Williams & Bargh, 2008). Contrary to 
expectations, the remainder of the dependent variables were not affected by ambient 
temperature; H3 thus is partially supported. The study was also designed to gain 
insights in the possible relation between the ambient temperature and direct physical 
stimulation to the participant. These types of stimulation differ substantially from 
each other, but are nevertheless applied interchangeably in work on the association 
between physical and social warmth (see also Lynott et al. (2017)). Considering the 
practical implications for the use of warmth in mediated social touch, it would have 
been valuable to understand whether both types of thermal stimulation add up, or 
attenuate each other, with regard to eliciting social responses. Since no interaction 
effects between the ambient temperature and the chair conditions were found, it 
may be the case that both types of thermal stimulation function independent from 
each other. A suggestion that is supported by the finding that ambient warmth, 
contrary to the warmth from the chair, enhanced the perceived warmth in the 
interaction partner’s personality, and by earlier research from Lynott and colleagues 
(2017). To conclude the summary, we did not find any effects on the various scores of 
one’s attachment style, although this personality trait may, according to some 
researchers, modulate the effects of warmth. Since hardly any effects of physical 
warmth were found, it is hard to draw conclusions regarding attachment style.  
 
Our hypotheses were based on the prevailing premise that physical warmth activates 
perceptions of social warmth (e.g., (IJzerman et al., 2013; Williams & Bargh, 2008)). 
Based on the results of our study, we can conclude that this premise does not 
necessarily apply in a setting of mediated touch. To achieve more positive perceptions 
of a communication partner, it may actually be more advisable to turn the room 
heating up. In fact, the premise on which our hypotheses were based may be false. As 
discussed in Chapter 2, there may be a physical-social coldness link, which would 
mean that coldness has detrimental effects on social warmth, rather than physical 
warmth having positive effects. More extremely, it may even be the case that the 
entire association between physical and social temperature is non-existent, as various 
failed replication attempts also suggest (Ebersole et al., 2016; Lynott et al., 2014). Let 
us for now assume that the “warmth is good”-premise is true. In that case, a possible 
explanation for the nearly complete absence of the anticipated positive effects of 
physical warmth involves the ambient temperature. It could be that the difference in 
temperature between the warm and neutral ambient room temperature condition 
was too small to elicit effects. It is suggested that the larger the temperature 
differences between the conditions are, the more outspoken the effects of 
temperature on social temperature may become (Messer et al., 2017).  
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More importantly though, is the fact that the ambient temperature in both conditions 
was quite high, which may have led to a possible ceiling effect on the various 
measures. This possible ceiling effect could also explain the null effects of the chair 
temperature manipulation. This is highly speculative though, since the absolute 
scores on the various measures do not approach the maximum of the scale and 
because a positive effect of ambient temperature was observed for the warm 
personality traits.  
 
With an average score of 5.6 on a 7-point scale, the perceived warmth in the 
communication partner can be considered quite high. Despite this, the average 
perceived interpersonal closeness scores (IOS and SCI) were all below 3, on a 7-point 
scale, implying seemingly low social closeness and perceived intimacy. The scores may 
even be considered as approaching a floor effect. The low scores can be logically 
explained by the fact that the participant did not know with whom he or she was 
communicating. As a consequence, no high perceived closeness can be expected. 
Indeed, when taking a closer look at earlier research by IJzerman and Semin (2009), 
the scores in interpersonal closeness were substantially larger when participants were 
asked to think about someone of their own choice – it is safe to assume that they 
chose someone that is close to them – than when asked to assess the perceived 
closeness towards the, likely less familiar, experiment leader. Moreover, children 
behaved more pro-socially towards friends than to strangers (IJzerman et al., 2013). 
Although the absence of a relationship between the interactants may not fully explain 
the lack of the anticipated effects of physical warmth in our study, it may be valuable 
to consider this aspect in future research. Firstly, from a statistical perspective as a 
higher interpersonal closeness baseline score may provide more nuanced insights in 
the effect of warmth. Secondly, investigating the effects of warm mediated touches 
that are applied by familiar people may be more ecologically valid than, for example, 
an interaction with an unknown and unseen person. That is to say, it is likely that 
mediated social touch interactions will take place between people that already have 
some sort of relationship with each other (Gooch & Watts, 2010; Rantala et al., 2013; 
Smith & MacLean, 2007). The familiarity between the interactants may thus be a 
boundary condition for effective mediated social touch interactions.  
 
Another element that possibly influenced the results is the moment at which the 
warmth was presented to the participant. Related studies primed participants with 
temperature prior to a certain task (hence ‘priming’), or the warmth was presented 
throughout a certain task. In our study however, the warmth was presented to the 
participant after the conversation, when he or she filled out the questionnaire. It 
could be that the participants already carried out their ‘task’ (i.e., forming an 
impression of the other person), and were not susceptible to the thermal stimuli 
anymore. The moment of thermal stimulation during the interaction may thus be 
important with regard to the effectiveness. Related research has also demonstrated 
that physical warmth, as contrasted with coldness, can positively affect the 
perceptions of trustworthiness in a face, but only when this warmth is presented prior 
to, or while viewing the face. The effect disappeared when the warmth (or coldness) 
was presented after the encoding of the face (Messer et al., 2017). 
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Related to the moment of presentation of the warmth is the way in which the warmth 
was presented. We decided that a heated chair could be an appropriate means to 
carry out this preliminary investigation of the effects of warmth during CMC. 
Moreover, it allowed us to investigate the effects of the attribution of this warmth to 
either a social or non-social source. However, although the warmth was attributed to 
a social source (i.e., “your communication partner just sat on this chair”), this 
attribution does not entirely resemble the attribution of warmth that we envision in 
future real life mediated social touch interactions. That is to say that sitting on a chair 
where someone else ostensibly sat shortly before, cannot be considered an actual act 
of communication. No message was actively sent, and the participant had no means 
to respond. Therefore, we cannot really speak of an actual mediated social touch 
interaction. In Chapter 2, we have seen that there are mediated social touch 
prototypes that have integrated physical warmth in furniture such as city benches 
(Dunne & Raby, 1994) or beds (Dodge, 1997; Goodman & Misilim, 2003). Contrary to 
the chair in our study, these prototypes were actually intended to communicate, 
albeit in a rather abstract form. Users could convey their position on the bench or in 
the bed, to make the recipient of the message aware of that, and the recipient could 
to some extent reply, for example by adjusting his or her own position. This 
conceptual difference between the attribution as operationalized in our study, and 
attribution in actual warm mediated social touch interactions, could explain the 
absence of effects of attribution. There was no active disclosure of a certain message. 
This caveat with regard to this study, or limitation if you will, can be overcome by 
utilizing an actual mediated social touch interface in future research. 

5 Conclusion 
To translate findings from the physical-social warmth link to application in mediated 
touch, we carried out a study that investigated the effects of physical warmth (both in 
direct physical contact with a person and the ambient temperature), the attribution 
of the warmth, and attachment style. Besides a positive effect of a high ambient 
temperature on perceived social warmth, the manipulations did not sort the expected 
effects. Considering the application of warmth in CMC, we can conclude that direct 
stimulation with physical warmth does not enhance perceptions of social warmth in 
every CMC setting. Moreover, the ambient temperature may conceal the effects that 
warmth coming from a haptic interface may elicit. Based on reflections on our 
methodology and findings, we conclude that if the premise that physical warmth can 
activate social warmth is correct – which is still speculative – it may only be applicable 
under specific boundary conditions. We highlighted various contextual aspects (i.e., 
potential boundary conditions), that warrant further attention. The moment in the 
computer mediated interaction during which the warmth is presented may influence 
the effectiveness of the warmth, as may the social context in which the interaction 
takes place. The most important aspect that warrants attention in the translation 
process from the physical-social warmth link to application in mediated social touch, 
is to apply physical warmth in an actual mediated social touch interaction.  
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Chapter 4. Chapter 4 
The Touching Story of a Warm Teddy Bear 

 
 
 
 
 

Abstract 
To be able to investigate the possible beneficial effects of warmth during an actual 

mediated touch interaction, we developed “Nakama”; an actuated Teddy bear. This 

interface has, besides other communication channels, the option to dissipate warmth. 

In Study 2, as described in this chapter, participants communicated with an unknown 

and unseen interaction partner through Nakama which was either at room 

temperature or heated. When Nakama was heated, its warmth was either presented 

as a physical attribute of the medium itself, or as mediated body heat, to investigate 

whether different attributions of the warmth can modulate one’s social temperature. 

Contrary to expectations, the results of our study (N = 65) did neither demonstrate 

benefits of additional warmth in haptic communication devices with regard to 

perceptions of interpersonal closeness or perceived warmth in the other, nor any effect 

of the attribution of the warmth. We discuss the experiment, and highlight potential 

caveats of the study, that form the prelude to Study 3 in Chapter 5.  
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on: 

Willemse, C. J. A. M., Heylen, D. K. J., & van Erp, J. B. F. (2018). Communication via 
warm haptic interfaces does not increase social warmth. Journal on Multimodal User 

Interfaces, 12, 329-344. 
 
Willemse, C. J. A. M., Munters, G. M., van Erp, J. B. F., & Heylen, D. K. J. (2015). 
Nakama: A Companion for Non-verbal Affective Communication. In Proceedings of the 

2015 ACM on International Conference on Multimodal Interaction. (pp. 377–378).  
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1 Introduction 
With the Chair-study, we made a first step in translating the research findings on the 
association between physical and social warmth into practical application in mediated 
social touch interactions. This preliminary investigation and the discussion of the 
unexpected null results led to additional insights, of which a few were investigated in 
Study 2 (the “first Nakama-study”, as presented in this chapter). One of the main 
points of discussion was that the warmth was not actually presented by means of a 
communication device. As such, the warmth, in particular when attributed to a social 
source, likely was not perceived as an actual ‘message’. To overcome this issue, our 
first main aim was to develop an actual mediated social touch prototype. Or, to be 
more specific: an affective haptic interface that can be utilized in research on the 
effects of mediated social touch, and physical warmth and attribution in particular.  
 
Our second main aim was to use this prototype as a vehicle for providing thermal 
stimuli in an empirical investigation of the effects of physical warmth on social 
warmth during an actual mediated social touch interaction. As is the case throughout 
Part II of this dissertation, we were again interested in the question whether physical 

warmth, as compared with stimulation at a neutral temperature can indeed elicit 

perceptions of social warmth (Main RQ1). Concerning these social warmth 
perceptions, we specifically focused on the interpersonal closeness and perceived 
warmth in the personality of the interaction partner (in line with for example 
(Fetterman et al., 2017; IJzerman & Semin, 2009; Inagaki, Irwin, & Eisenberger, 2015; 
Williams & Bargh, 2008)). Contrary to the previous study, in which there was not 
much to evaluate about the haptic interface itself, we evaluated our mediated social 
touch device on subjective perceptions of its physical qualities as well. Physical 
warmth is not only thought to elicit perceptions of social warmth, but it simply also 
can provide physical comfort (e.g., (Bergman et al., 2015; Sung et al., 2007; Wilson et 
al., 2015)). This may be an additional advantage of physically warm mediated touches. 
Although the physical-social warmth link is not unequivocally demonstrated, we again 
expected that: 
 
H1: Direct physical contact with warmth provided by a haptic communication medium 

will, when contrasted to neutral temperature, result in increased interpersonal 

closeness, socially warmer perceptions of the partner, and increased comfort during 

the interaction. 

 
We particularly based our hypotheses on the studies as described in Chapter 2 that 
actually found beneficial effects of warmth in contrast to stimulation at room 
temperature (instead of to coldness, as is the case in the majority of the research). 
Moreover, we expected these positive effects because in this study the warmth was 
presented throughout the actual interaction, instead of afterwards. In line with other 
research on the physical-social warmth link, the warmth thus was applied to prime 
the participants (Messer et al., 2017). The timing of the thermal stimulus provides 
insights in RQ2.1 as well: the question whether various temporal parameters of the 

thermal stimulus affect the anticipated effects on social warmth (paraphrased). 
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In addition to the effects of physical warmth on social warmth, we were, again, 
interested in whether the attribution of this warmth to a social source has a beneficial 

impact on the perceived social warmth (RQ2.2). This question is particularly relevant 
for the development of mediated social touch devices. If warmth that is attributed to 
another person can elicit stronger beneficial effects than mere non-social physical 
warmth, it may be worthwhile to invest in technologies that enable this mediation. If 
warmth, irrespective of the attribution, enhances the social warmth during mediated 
touch interactions, it may already suffice to simply integrate thermal actuators such 
as Peltier elements or heat pads in a communication device. Although we expected 
that merely drawing upon the physical-social warmth association to a certain degree 
already elicits the desired effects, we expected that:  
 
H2: The beneficial effects of physical warmth are larger when the warmth is attributed 

to the other person, instead of to a non-social attribute of the haptic communication 

device.  
 
We particularly expected this, because the warmth that is attributed to a social 
source was presented as mediated body heat. You can normally only perceive 
someone’s body heat when you are in the other’s personal (or intimate (Hall, 1966)) 
space, or when you are socially touching the other. Both ways of perceiving warmth 
are inherently intimate (see also Chapter 1). Mediated body heat could thus carry 
inherent intimate associations and can as such be perceived as more intimate than 
non-social physical warmth. This principle is also proposed and demonstrated in the 
conveyance of heartbeats, and Janssen et al. (2012; 2010) suggest that it also applies 
for mediated body heat. Moreover, mediated body heat could be considered a form 
of disclosing affect and personal emotional information; mechanisms that are known 
to contribute to the intimacy as perceived during communication (Clark & Reis, 1988; 
Laurenceau et al., 1998). The aims of Study 2 are visualized in Figure 4.1. 

 
Figure 4.1: Visual representation of the aspects under investigation in Study 2. 
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2 Methods 

2.1 Design 
In the guise of the evaluation of a new CMC device, participants were invited to 
engage in communication with an unacquainted – and unknown to the participants, 
fictitious – interaction partner. Participants were led to believe that the other person 
could see him or her through a Skype connection, and would send a message via a 
mediated social touch interface. In reality, the experiment leader functioned as the 
Wizard-of-Oz, and initiated the message by means of a button press. The newly 
developed interface, which is called “Nakama”, contains, among others, a heat pad 
that was either switched off (Control Condition; C), or on. In the latter case, the 
warmth that was dissipated was either presented as a non-social physical attribute of 
the interface (Artificial Heat condition; AH) or as a communication channel that 
mediates the interaction partner’s body heat (Body Heat condition; BH). Contrary to 
the Chair-study, no additional communication channels such as instant messaging 
were utilized. After receiving the message, in one of the three between-subjects 
experimental conditions, the participant was asked to share his or her impression 
about the sender, solely based on the received haptic message. 

2.2 Participants 
A total of 65 participants took part in the study and were randomly assigned to the 
Control (n = 22), Artificial Heat (n = 21), or to the Body Heat (n = 22) group. The mean 
age of the – mostly student – participants was 21.48 (SD = 2.03, range = 18-27) and 
25 participants (38.5%) were female. Participants were recruited at the University of 
Twente, and did not receive compensation for their participation. All participants gave 
written informed consent prior to the experiment. 

2.3 Nakama 
Participants communicated with the (fictitious) other person via Nakama: a remotely 
controlled actuated teddy bear that contains several communication channels1. 
Nakama was developed as part of a graduation project that focused on enhancing the 
affective mediated communication between a child and its remotely located parent 
(e.g., due to business, work, divorce, or hospitalization). Based on findings from 
literature as well as from interviews with children, (grand)parents, and researchers in 

HCI, we developed Nakama (仲間), which is Japanese for “Companion”, and derived 

from the Japanese words “naka” (仲; “relationship”) and “ma” (間; “space” or 
“room”). The system consists of two main components: a control unit that is held by 
the parent and an output device at the child’s side (see Figure 4.2). The output device 
has the appearance of an ordinary teddy bear, in order to fit the child’s daily 
surroundings. It contains several communication channels through which the parent 
can send affective messages to the child. Nakama can be used as a stand-alone 
system, but also in conjunction with a video chat function.  

                                                       
1 Visit: https://youtu.be/3oIu5AyNtEo (or QR code) for a video of  

Nakama. Note that the grey bear as depicted in the video is an earlier 

prototype. The white bear as depicted in the images is the interface  

that was used in the experiments. Last visited on December 18th, 2017.  
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Figure 4.2: Nakama. Left: Teddy bear (output) with the various communication channels. Right: controller unit, 

including telephone for possible video chat. 

The sender can remotely initiate color changes (through two RGB LEDs) in the cheeks 
of the bear, and reposition and wiggle its ears through servo motors. Both the color 
changes and ear movements are initiated by means of a button press on the control 
unit. In the first Nakama-study as presented here, the cheeks were set to a green 
color that is not directly associated with warm or cold, unlike red and blue. The ears 
were in an upright position. Neither the colors nor the ear positions changed during 
the experiment. More important is the fact that Nakama contains three haptic 
communication channels: warmth, social touch, and mediated heartbeats. According 
to the definition as provided in Chapter 1, these channels can be considered 
mediated social touch as the haptic messages that are initiated by a human sender.  

2.3.1 Warmth 

First, and most important for the specific focus of Part II of this dissertation is warmth 
as communication channel. We integrated a 10x5cm heat pad (5V) in the belly of the 
bear. In the original implementation the bear would heat up when the parent was 
holding the controller unit. In Study 2 however, the heat pad was simply switched on 
or off by a button press on the controller. In the warm conditions, the average 
temperature as measured inside the bear was 50.5°C2 (SD = 3.0, range = 44.7-55.2°C; 
valid cases only). Although this temperature may seem rather high, it was perceived 
on the participant’s skin in the range of 30-36°C, due to insulation of clothing and the 
fabric of the bear. This range of temperatures was deliberately chosen as it, according 
to pilot tests with thick and thin clothing, best represented human skin temperature. 
This typically remains between 32-35°C (Jones & Berris, 2002), is innocuous, and 
activates the warm thermoreceptors (in particular due to the spatial summation 
characteristics of the skin in combination with the size of the heat pad (Jones & Ho, 
2008; Kandel et al., 2012; Lumpkin & Caterina, 2007; Lumpkin et al., 2010)). 

2.3.2 Social Touch 

As described extensively in Chapter 1, human touch can elicit a vast range of 
responses in the recipient. Emulations of such touching actions by means of haptic 
actuators may elicit similar responses. The bear is equipped with servo motors in the 
arms that can be controlled with joysticks on the control unit. Each arm has two 
degrees of freedom: up/down and left/right. When the child is within the arm’s reach, 
the parent thus can affectively touch the child through Nakama (for example based 

                                                       
2 The bear temperature was logged with Maxim Integrated ‘iButtons’, set to 0.0625°C accuracy. The 

logging interval was set to 10 seconds. 
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on an additional video-feed). The moving arms can also be employed to gesture via 
the bear; the parent could for example wave to the child. In the study as described in 
this chapter, the touches – i.e., four consecutive back-and-forth strokes – were pre-
programmed and initiated by a button press.  

2.3.3 Heartbeats 

The third mediated social touch channel in Nakama is intended to convey the parent’s 
heartbeat. A heart rate sensor that is connected to the control unit is worn by the 
parent, and the measured heartbeat is displayed to the child by means of a 
vibrotactile motor in one of the feet of Nakama. It is suggested that the conveyance 
of heartbeats, either haptically (Dodge, 1997; Tsetserukou & Neviarouskaya, 2010; 
Tsetserukou et al., 2009) or auditory (Janssen et al., 2010), is considered an intimate 
means of CMC. In this study the heart rate was pre-programmed to 70 BPM. 
 
Although Nakama was originally developed as a conceptual prototype for affective 
communication between a child and parent (see also Figure 4.3), we use Nakama in 
our research on mediated social touch between adults; mainly as a vehicle for the 
warmth and attribution manipulations.  
 

 
Figure 4.3: Nakama as an affective communication device for use between parent and child. 

2.4 Setting and Apparatus 
The experiment took place in a 4x4m room in the DesignLab of the University of 
Twente, with an average ambient room temperature 22.9°C3. This was also the 
temperature of the bear in the Control Condition. In the two heated bear conditions, 
the heat pad was switched on before the participant arrived. This allowed the heat 
pad to reach the target temperature. The participant was sitting at one end of a group 

                                                       
3 Ambient room temperature was logged at 10-minute intervals, also by means of a Maxim Integrated 

‘iButton’ temperature logger, set to 0.0625°C accuracy. 
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of desks in the center of the room, with a laptop and Nakama in front of him or her. 
The experiment leader was sitting at the opposite end, seemingly minding his own 
business. The participant was led through instructions and questionnaires via Google 
Forms on the laptop. When the participant was instructed to hold the bear to receive 
the haptic messages, the experiment leader subtly pressed a covered button to 
initiate the sequence of four stroking movements from the bear on the participant's 
arm. The setting is depicted in Figure 4.4.  
 

 
Figure 4.4: Setting of Study 2 with the questionnaire-laptop and Nakama placed on a desk. 

2.5 Measures 
Similar to the Chair-study, we investigated whether the warmth and attribution 
thereof could affect the sense of Interpersonal Closeness between the self and the 
interaction partner, and the perceptions of the personality of the interaction partner. 
With regard to the former, we utilized the Inclusion of Other in Self scale (IOS; (Aron 
et al., 1991)); the seven overlapping circle-pairs that represent how close the 
recipient feels towards the sender. With regard to the personality, participants were 
again asked to assess the other person on the same ten Personality Traits as used by 
Williams and Bargh (2008). In line with the method by Williams and Bargh, but in 
contrast to the Chair-study, we asked the participants to assess the other person after 
reading an ambiguous description of this person. "The other person is intelligent, 

skillful, and industrious. Moreover, this person is determined, practical, and cautious." 
Five traits were related to the warm-cold dimension and thus expected to be affected 
by the manipulations, whereas the unrelated traits should remain unaffected. 
 
Since participants interacted through an actual mediated touch device, we deemed it 
valuable to also evaluate the experiences with this interface. Both the experienced 
Comfort and Arousal during the interaction were evaluated with the ‘emotional 

attributes’ of the Touch Perception Task (TPT; (Guest et al., 2011)). Participants were 
asked to indicate on a 5-point scale to what extent 14 terms described the experience 
they just had (e.g., irritating, soothing, or sensual; related to Arousal or Comfort). 

2.6 Procedure 
The participant was welcomed and instructed about the purpose of the experiment 
by the experiment leader. Moreover, the experiment leader introduced Nakama and 
its different communication channels with a clear reference to the supposed source 
of the warmth. Subsequently, the participant was referred to the Google Form on the 
laptop, in which Nakama and the other person were further introduced; in essence, 
the experiment leader’s instructions were repeated. Paraphrased, the instructions 
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mentioned that: “Nakama has various communication channels such as moving arms 

and colored cheeks that can be controlled by the other person. This other person can 

see you via the webcam. Moreover, this other person wears a sensor on the body, 

which measures heartbeat. You can feel this heartbeat through the bear.” The 
attribution manipulation was included as well: “Nakama can display different 

temperatures, but for this study, the temperature is set at a constant level” (only 
applicable for the Control and Artificial Heat conditions). In the Body Heat condition 
the participant was led to believe that “besides the heartbeat, the body sensor 

measures body temperature, which is also displayed via the bear”. The full instructions 
are available in Appendix B. Next, the participant was asked to sign an informed 
consent form and to enter the age and gender in the digital form. After viewing an 
instructional picture on how to hold the bear, the participant was asked to pick up 
Nakama and hold it against the body as instructed. At this point, the scripted haptic 
message with a duration of approximately 30 seconds was initiated by the experiment 
leader (see also Figure 4.5). Subsequently, the participant was asked to fill out the 
IOS, Personality Traits, and TPT questions, after which he or she was thanked. The 
participant had to option to provide his or her email-address to receive a debriefing 
email with the goals of the experiment. This mail was sent after the entire data 
collection was finished and was intended to prevent the different participants from 
informing each other. One experimental session took approximately 10 minutes. 

 

 
Figure 4.5: One of the participants holding Nakama and receiving the tactile message. 

3 Results 
The data were analyzed with IBM SPSS Statistics 23 and the significance threshold is 
set at p = .05. Data of four participants were omitted from the analyses as the 
recorded temperatures inside the bear deviated too much (> 2 SDs) from the average 
bear temperatures of the respective conditions. For the remaining 61 participants 
(C: 20, AH: 19, BH: 22), the scores on all items were aggregated into their respective 
factors. That is, individual scores were computed for the personality traits on the 
warm-cold dimension (Cronbach’s α = .67) and for the unrelated traits (α = .19), 
thereby following the factors as described by Williams and Bargh (2008). Moreover, 
individual scores were computed for the TPT factors Arousal (α = .78) and Comfort 
(α = .86), in the same way as proposed by Guest and colleagues (2011).  
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A one-way MANOVA including the IOS scores and both types of personality traits, did 
not yield a significant difference between the Experimental Groups (C, AH, BH) with 
regard to social bonding: Wilks’ Λ = 0.961, F(6, 112) = 0.37, p = .895, 
partial η2 = .020. Moreover, no effects of Experimental Group (C, AH, BH) on the 
Comfort and Arousal scores were found, according to a one-way MANOVA: Wilks’ Λ = 
0.975, F(4, 114) = 0.36, p = .834, partial η2 = .013. In addition, planned contrasts 
between the Control Condition and the Combined Warm Groups were carried out, in 
order to investigate the added value of physical warmth in mediated touch as 
compared with interaction through Nakama at room temperature. Neither the 
contrast for the interpersonal closeness measures (Wilks’ Λ = 0.972, F(3, 56) = 0.53, 
p = .665, partial η2 = .028), nor that for the TPT measures (Wilks’ Λ = 0.988, 
F(2, 57) = 0.36, p = .700, partial η2 = .012) yielded significance differences. The mean 
scores of the IOS, Personality Traits factors, and TPT factors are depicted in Table 4.1.  
 
Table 4.1: Means and SDs (in brackets) per condition for the various measures of Study 2. 

  Control 
Condition 

Artificial Heat Body Heat Combined 
Warm Groups  

Closeness (IOS) 3.25 (1.12) 3.68 (1.00) 3.50 (1.19) 3.59 (1.09) 
Personality Traits (warm-cold) 5.05 (0.72) 4.98 (0.80) 5.09 (0.83) 5.04 (0.81) 
Personality Traits (unrelated) 4.41 (0.44) 4.33 (0.70) 4.35 (0.71) 4.34 (0.70) 
Comfort (TPT) 2.25 (0.47) 2.48 (0.60) 2.31 (0.76) 2.39 (0.69) 
Arousal (TPT) 3.20 (0.54) 3.35 (0.57) 3.21 (0.80) 3.27 (0.70) 

4 Discussion 
We developed Nakama as a means to investigate the premise that warmth could be 
beneficial in mediated social touch. In our first Nakama-study, the warmth was 
presented during an interaction and, in case of the Body Heat condition, attributed to 
another person that supposedly ‘sent this message’. The study did not yield effects of 
warmth on interpersonal closeness, on personality perceptions, or on comfort or 
arousal. Consequently, the attribution manipulation did not sort effects either. 
Neither H1, nor H2 were supported by our results. Based on our findings, we 
conclude that if physical warmth indeed can activate pro-social cognitions in 
mediated touch (and this is questionable; see also Chapter 2), this may only apply 
within specific boundary conditions. Here, we discuss potential boundary conditions 
that were not accounted for in Study 2 (the first Nakama-study). 
 
A first possible boundary condition concerns the duration and absolute temperature 
of the thermal stimulus that was provided; i.e., the physical qualities and parameters 
of the stimulus (see also Chapter 1 and (Hertenstein, 2002)). The relatively short 
duration of the interaction may have made the perception of the warmth more 
difficult and therefore less effective than in the earlier research that suggests the 
existence of the physical-social warmth link. In said studies, participants were often 
exposed to the warmth for a longer period of time (e.g., (Fay & Maner, 2012; 
IJzerman et al., 2013; IJzerman & Semin, 2010; Schilder et al., 2014; Williams & Bargh, 
2008); ranging from approximately 1 to 15 minutes). Moreover, the temperatures of 
the warm stimuli in these studies were in most cases also higher than the body 
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temperature simulations that participants perceived in our study. The relatively low 
temperature of the warmth as provided by Nakama may have complicated the 
perception of the warmth even further. However, some studies also report effects 
after brief exposures to heat (e.g., (Fay & Maner, 2012; Williams & Bargh, 2008)4). In 
addition, we did not find any beneficial effects in our earlier Chair-study, despite the 
longer duration of exposure to warmth (i.e., the time it took a participant to fill out 
the questionnaire). To further investigate the effects of physical warmth in mediated 
touch, it may nonetheless be sensible to ask participants to engage in an interaction 
of longer duration. This particularly applies because the 30-second interaction of this 
study does not necessarily represent the envisioned durations of intimate mediated 
social touch interactions. Closely related to the physical parameters of the thermal 
stimulus is, as we have seen in Chapter 1, the ambient temperature of the 
experimental room. With an average temperature of 22.9°C5, this can be considered 
relatively high and may as such have occluded potential effects of the warmth as 
provided by the bear. In the previous study, we have seen that the ambient 
temperature indeed may affect the perceived warmth in another person, but also 
that other measures remained unaffected. Therefore, and also given the somewhat 
moderate scores on the IOS and TPT scales, it seems unlikely that the ambient 
temperature occluded all anticipated effects of the warmth as provided by Nakama. It 
may nonetheless be sensible to actively control the ambient temperature and set it to 
a common 20°C room temperature to be able to provide more nuanced insights. 
 
A second possible boundary condition for which we did not account in this study 
concerns the possible modulating effect of the context. As we have seen in Chapter 1 
and Chapter 2, the setting in which the interaction takes place, as well as the dyadic 
relationship between the interactants, may affect the perceptions of social touches, 
and this likely also applies in warm mediated social touch. Moreover, research on the 
physical-social warmth link also suggests that this association is especially strong 
when warmth and social connection are motivationally relevant or situationally 
appropriate (Fay & Maner, 2015; Inagaki et al., 2016). Relevant aspects of the person 
and situation are critical for the understanding of the priming effects of haptic 
sensations (Fay & Maner, 2015), but since participants did not know the (fictitious) 
interaction partner, they were unfamiliar with his/her intentions and the message 
could have been perceived without any apparent meaning. For a message to be 
interpreted, a shared understanding of its meaning is essential. This meaning also 
depends on the context and the complete conversation in which the message is 
embedded (as suggested by for example Haans and IJsselsteijn (2006)). In line with 
this, and with real life touch interactions, the social context plays a significant role: 
mediated touch interactions may only be appropriate between people in a close 
relationship (Gooch & Watts, 2010; Rantala et al., 2013). For these reasons, it may be 
better to investigate the effects of warmth and attribution in a setting in which the 
messages make sense, and come from one’s partner, a family member, or a friend.  

                                                       
4 Both cited articles report multiple studies (see also Chapter 2). Hence the use as examples for both 

long and short durations of the exposure to warmth.  
5 This relatively high ambient room temperature was a consequence of the outside temperature and the 

sunlight falling into the experiment room. The thermostat of the room itself was set to 20.0°C. 
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Thirdly, in line with the other modulators of social touch, personal characteristics such 
as one’s attachment style (Bartholomew & Horowitz, 1991; Bowlby, 1969), and/or 
touch receptivity (Bickmore et al., 2010) may have influenced the responses to the 
warmth. The physical-social warmth link supposedly originates from early intimate 
experiences during which also one’s attachment style emerges, but these experiences 
and thus attachment styles can differ substantially per person. As a consequence, 
one’s attachment style may have a modulating function in the effects of physical 
warmth: a higher need for attachment supposedly increases the sensitivity to the 
physical-social warmth link (Fay & Maner, 2012; IJzerman et al., 2013; Vess, 2012). 
The actual influence of attachment style is open for debate though. Some studies 
report effects of warmth without considering attachment style (e.g., (Bargh & Shalev, 
2012; Williams & Bargh, 2008)), whereas other studies failed to replicate the 
influence of attachment style (e.g., (LeBel & Campbell, 2013) or our Chair-study). To 
advance the understanding of the opportunities and limitations of mediated social 
touch, and in particular of putting the physical-social warmth link into practice, it is 
nonetheless advisable to take some personality characteristics into account. If there 
are indeed specific personality characteristics that make people more susceptible to 
mediated social touch (or warmth), this can inform the design of such interfaces, the 
interactions, and specific application areas.  

5 Conclusion 
In a second step in the translation process from findings on the physical-social 
warmth link to application of physical warmth in mediated social touch interactions, 
we investigated the effects of the presentation of warmth during an interaction. We 
did neither find beneficial effects of warmth on interpersonal closeness, perceived 
social warmth in the communication partner, or in the perceived comfort during the 
interaction, nor of the attribution thereof. We conclude that the physical-social 
warmth link may only be of value for CMC under very specific boundary conditions. 
We highlighted the duration of the exposure to the warmth as a possible modulating 
element, as well as the ambient temperature. Moreover, we highlighted the 
importance of having a context in which such interactions take place; both in terms of 
the meaning and intention of the message and in terms of the social context. 
Moreover, although the results are ambivalent, physical warmth may only elicit 
beneficial responses in people with specific personality characteristics. These possible 
boundary conditions were the main topics of investigation in the second Nakama-
study (or Study 3), as presented in Chapter 5. 
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Chapter 5. Chapter 5 
Bearing Warm Feelings towards 

Your Sweetheart 
 
 
 
 
 

Abstract 
Since the use of physical warmth in mediated social touch may only elicit beneficial 

effects within strict boundary conditions, we carried out a second Nakama-study 

(Study 3), in which several possible boundary conditions that were discussed in the 

previous chapters were included. We investigated whether relatively long exposure to 

physical warmth in a more or less realistic setting of mediated touch communication 

between partners could elicit beneficial effects regarding the perceived bond, 

emotional comfort, and attitude towards the other. To this end, we invited romantic 

couples to send each other comforting messages through Nakama, during stressful 

circumstances (i.e., watching a scary movie). In line with the first Nakama-study (Study 

2, Chapter 4), Nakama either did or did not dissipate warmth. In the warm conditions, 

the warmth was either attributed to the device itself or to the partner as mediated 

body heat. The results of this study (N = 62) did, again, not provide support for the 

suggestion that including physical warmth may have beneficial effects on perceptions 

of social warmth during mediated communication. Moreover, warmth did not affect 

the physiological stress responses. Inclusion of personality characteristics such as one’s 

touch receptivity and attachment style did not modulate the effects.  

 
 
 
 
 
 
 
 

 

 

 

This chapter is based on: 

Willemse, C. J. A. M., Heylen, D. K. J., & van Erp, J. B. F. (2018). Communication via 
warm haptic interfaces does not increase social warmth. Journal on Multimodal User 

Interfaces, 12, 329-344.  
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1 Introduction 
The null effects of the two previous studies did not provide support for the suggestion 
that physical warmth in mediated social touch can elicit beneficial effects in the 
recipient. However, we have also highlighted several possible boundary conditions 
within which the physical-social warmth link when applied in mediated social touch 
still could be effective. In a second Nakama-study (Study 3), which is presented in this 
chapter, we took a final step in the translation process from the physical-social 
warmth theory to practical application. To do so, we included several of the possible 
boundary conditions at once. We considered the duration of the interaction and as 
such the duration of the exposure to the warmth. The warmth was presented in a 
clearly defined setting and social context (which by extension resulted in the 
attribution of the warmth to a known and acquainted social source). Consideration of 
these boundary conditions and personality characteristics allowed us to investigate 
the effects of warmth and the attribution in a relatively ecologically valid setting.  
 
Since the duration of the interaction through Nakama in Study 2 (Chapter 4) was quite 
short, the physical warmth may not have been perceived well by the participants. 
Even though this duration argument is debatable – beneficial effects of warmth have 
been found after brief thermal stimulation as well (e.g., (Fay & Maner, 2012; Williams 
& Bargh, 2008)) – the exposure to the warmth was prolonged in this second Nakama-
study. A longer duration of the interaction, and thus a longer exposure to the warmth 
made sure that the warmth was perceived well. Moreover, a longer interaction than 
the mere 30 seconds in Study 2, better resembled the envisioned real-world warm 
mediated touch interactions1. Adjusting the duration of the exposure to warmth 
during (instead of after, as in our Chair-study) the actual interaction was intended to 
provide additional insights in RQ2.1: the question whether the temporal aspects of 

the warm stimulus influence the effects on social warmth.  
 
Besides increasing the duration of the interaction to make the mediated touch 
scenario more ecologically valid, it was important to provide a clear meaning of the 
warm messages. Real life touch interactions are inherently multimodal and usually 
have a clear context (Jakubiak & Feeney, 2017). However, in the Chair-study the 
warmth likely was not perceived as an actual message, whereas the message in the 
previous Nakama-study may have been ambiguous. The participant did neither know 
the interaction partner, nor his or her intentions. Moreover, no additional social cues 
were provided alongside the message through Nakama. As a consequence, the 
message may, in line with what Haans and IJsselsteijn suggest (2006, p. 151), have 
been perceived without apparent meaning. It is suggested that the effects of physical 
warmth on social warmth are particularly strong when the warmth is relevant and 
situationally appropriate (Fay & Maner, 2015; Inagaki et al., 2016). On the premise 
that social touch interactions, and in particular warm partner contact, can have very 
beneficial effects on one’s stress levels (e.g., (Grewen et al., 2003; Holt-Lunstad et al., 

                                                       
1 The duration of a mediated social touch interaction depends on how the touch is implemented in a 

device and on how the interaction is designed. While the duration of a touch in itself may be brief, it is 

embedded in an exchange of information. With regard to warmth, and in particular body heat, we 

expect the warmth to be present throughout the exchange of information.  
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2008; Light et al., 2005), see also Chapter 1), and on the premise that people show an 
increased need for compensatory or restorative physical warmth in cases of distress 
(e.g., (Bargh & Shalev, 2012)), we investigated whether warm mediated touches can 
provide physiological comfort and enhance perceptions of social warmth during 
stressful circumstances. Similar to the paradigm of Cabibihan and Chauhan (2017), 
participants were invited to watch a scary movie to elicit stress. During the movie, 
they received a variety of supposedly comforting messages through Nakama. 
Investigating the effects of warmth in this relatively ecologically valid setting allowed 
us to reflect on the question whether the effects of physical warmth on social warmth 

are more outspoken when the interaction occurs in a clearly defined setting (RQ2.3).  
 
In line with real life touch interactions (e.g., (Coan et al., 2006)), the social context 
may play an important modulating role in mediated social touch interactions as well. 
The relationship between two people determines to a large extent the touch 
protocols as well as the effectiveness of the touches (see for example (Field, 2010; 
Suvilehto et al., 2015)), and it is suggested that mediated touch interactions may only 
be appropriate between actors in a close relationship (e.g., (Gooch & Watts, 2010; 
Rantala et al., 2013)). Moreover, people in a relatively intimate relationship usually 
have a better understanding of the meaning of affective touches (Thompson & 
Hampton, 2011). In this second Nakama-study, the comforting messages that the 
participant received while watching the movie, were sent by their partner. Therefore, 
we invited romantic couples to participate together, instead of individual participants. 
This was intended to provide insights in our RQ2.5; the question whether the 

anticipated effects of physical warmth are more pronounced when the interaction 

takes place between romantic partners, instead of between unfamiliar people.  
 
In addition to the duration of the interaction and the setting and social context in 
which it took place, we considered various personality characteristics that may 
modulate the anticipated effects of warmth. As we have seen in Chapter 1, one’s 
openness for social touch (‘touch receptivity’ (Bickmore et al., 2010)) may affect how 
the messages are perceived. Relatedly, we again took the participants’ attachment 
styles into account. Moreover, we considered the relational quality of the romantic 
couples, as earlier research demonstrated that the perceived marital quality can 
modulate the strength of the responses to social touches (Coan et al., 2006). In sum, 
we thus investigated whether one’s personality characteristics (i.e., touch receptivity, 

attachment style, and perceived marital quality) can be considered boundary 

conditions in the anticipated effects of physical warmth (RQ2.6). 
 
Since the physical-social warmth link supposedly is more outspoken when the warmth 
is relevant and situationally appropriate (Fay & Maner, 2015; Inagaki et al., 2016), and 
since we accounted for that by including various boundary conditions (which are 
visualized in Figure 5.1), we expected with regard to Main RQ1 that: 
 
H1: Direct physical contact with warmth provided by a haptic communication medium 

will, when contrasted to neutral temperature, result in increased interpersonal 

closeness, socially warmer perceptions of the partner, and increased subjective and 

physiological comfort during the interaction. 
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Given the inherent intimate meaning of the warmth that is attributed to another 
person (i.e., body heat; (Clark & Reis, 1988; Hall, 1966; Janssen, 2012; Janssen et al., 
2010; Laurenceau et al., 1998), see also Chapter 2), and because the warmth in this 
second Nakama-study was attributed to a known and acquainted interaction partner, 
we expected with regard to the attribution question (RQ2.2) that:  
 
H2: The beneficial effects of physical warmth are larger when the warmth is attributed 

to one’s partner (i.e., presented as mediated body heat), rather than to a non-social 

inanimate attribute of the haptic communication device. 

 
Figure 5.1: Visual representation of the aspects under investigation in Study 3. 

2 Methods 

2.1 Design 
The romantic couples were invited in the guise of evaluating a new communication 
system: Nakama. The couples were led to believe they would watch a scary movie 
simultaneously, albeit in separate rooms. During viewing, one person of the dyad 
could – ostensibly – send comforting messages to the receiving partner via Nakama. 
The roles of sender and receiver were switched for a second movie. In reality, the 
sender and receiver watched the two movies crosswise, and all messages via Nakama 
were scripted and initiated by the experiment leader, in order to make sure every 
participant had the same interaction under the same circumstances. Due to this 
Wizard-of-Oz setup, the actions of the sender (i.e., pressing buttons on the controller) 
thus did – unbeknown to the participants – not have any influence on the interaction. 
The effects of warmth and the attribution were investigated in a between-subjects 
design (with both partners in the same experimental condition). As was the case in 
the previous chapter, the bear either did or did not (Control Condition; C) provide 
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physical warmth. In case of warmth, this was presented as a mere physical attribute 
of the interface (Artificial Heat condition; AH), or as mediated body heat (Body Heat 
condition; BH). The ostensible and the actual experimental situation are visualized in 
Figure 5.2 and Figure 5.3, respectively. This three between-subjects experimental 

groups design and experimental paradigm enabled an investigation of the effects of 
warmth and attribution during a longer interaction and in a controlled, yet relatively 
ecologically valid setting (i.e., a specific situation and social context).  
 

 
Figure 5.2: Schematic overview of the design of the experiment as explained to the participants. The messages 

as received through Nakama were seemingly initiated by the partner and the couples were under the 

impression they watched a movie simultaneously. 

 
Figure 5.3: Schematic overview of the actual design of the experiment, in which the messages as received 

through Nakama were initiated by the experiment leader from the control room and in which the movies were 

presented cross-wise. 
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2.2 Participants 
In total, 31 heterosexual romantic couples participated in the experiment. They were 
recruited from the TNO participant database. The mean age was 51.85 (SD = 16.97, 
range = 19-74). The participants were per couple randomly assigned to either the 
Control (10 couples), Artificial Heat (11), or Body Heat (10) condition. Every 
participant indicated to have normal or corrected to normal vision and hearing. The 
participants received €30,- per person for their participation in the experiment, and 
travel expenses were covered. This study was reviewed by the institutional review 
board of TNO and carried out in accordance with the Helsinki Declaration of 1975 
(revised in 2013 (World Medical Association, 2013)). All participants gave written 
informed consent prior to the experiment. 

2.3 Setting and Apparatus 
The experiment took place at the TNO location in Soesterberg. Two adjacent lab 
rooms (ca. 3x4m), with an average temperature of 20.0°C2, were furnished and 
decorated similarly. The movies “The Descendent” (Anderson & Glickert, 2006) for 
the receiver, and “Red Balloon” (Trounce, Mace, & Wasjbrot, 2010) for the sender  
were projected with a 1024x768px resolution on a 1.5x1m sized screen on the wall; at 
approximately 2m distance of the participant’s couch. As suggested by Piferi and 
colleagues (2000), excerpts from a neutral aquatic movie, “Coral Sea Dreaming: 
Awaken” (Hannan, 2010) were displayed prior to both movies, in order to bring 
people quickly (back) to their physiological baseline level. The scary movies were 
selected as they continuously build up excitement and contain several scenes that are 
likely to cause a startle response. Moreover, the movies did not contain possibly 
disturbing explicit scenes. Since they are not well-known, the participants were likely 
unfamiliar with the content. The introductory credits of “Red Balloon” were removed 
in order to continue excitement. The participants were wearing headphones to hear 
the movies’ audio, as well as to mask the sounds of Nakama’s motors as some 
participants of the first Nakama-study informally mentioned that these sounds could 
be annoying. The experiment leader overviewed both rooms from an adjacent control 
room via cameras and a monitor, and initiated eight ‘messages’ through the bear. 
These messages included two sequences of ear wiggling, one color change in the 
cheeks of the bear (green to yellow; unlike red and blue, these are ‘temperature-
neutral’ colors), and five touch sequences. Three of these touch sequences consisted 
of three caressing movements (i.e., three back-and-forth strokes), whereas the other 
two touch sequences were more extensive (nine caresses). For each type of touch 
sequences, the experiment leader could decide whether it should be carried out with 
the bear’s left or right arm; depending on how the participant was holding the bear. 
Since the cover story stated that the goal of the experiment was to evaluate Nakama 
as communication medium, we deemed it essential to include at least a small number 
of messages. Excluding all messages could imply that the partner did not have any 
intentions to comfort the receiver, or that the device was broken, which in turn could 
bias the results (see also (Haans & IJsselsteijn, 2009b)). As was the case in the first 

                                                       
2 Ambient room temperature was logged at 10-minute intervals by means of a Maxim Integrated 

‘iButton’ temperature logger, set to 0.0625°C accuracy. The temperature was deliberately set to this 

neutral temperature, to prevent possible occlusion of the effects of warmth coming from Nakama by a 

relatively high ambient temperature.  

 

 

 

 

 

5 

 

 

 

 

 

 

 

 

 

 



BEARING WARM FEELINGS 

 105

Nakama-study, the heartbeat as displayed by the bear was programmed at 70 BPM. 
The average temperature of the bear in the warm conditions was 48.0°C (SD = 5.4, 
range = 37.3-57.7°C3, valid cases only).  
 
Physiological stress responses were recorded with the BioSemi ActiveTwo system4, 
with two active flat Ag-AgCl electrodes to measure cardiac activity and passive Nihon 
Kohden electrodes for the Galvanic Skin Response (GSR). Physiological data were 
logged by means of Actiview software (v7.06), with a sampling rate of 2048Hz. 
Markers to synchronize the physiological responses with movie and interaction events 
were placed automatically, via custom built software. This software also informed the 
experiment leader on when to initiate an interaction event. 

2.4 Measures 

2.4.1 Social Warmth 

To investigate how the temperature and attribution would affect the perceived 
Interpersonal Closeness, we again applied the Inclusion of Other in Self scale (IOS; 
(Aron et al., 1991)); the scale with the overlapping circles. An additional IOS scale was 
included to investigate the perceived Intimacy towards the partner. In line with the 
previous studies, we investigated how warmth and the attribution affected 
perceptions of the partner by means of the ten Personality Traits as used by Williams 
and Bargh (2008). Of these personality traits, five (e.g., generous-ungenerous) were 
related to the warm-cold dimension and therefore supposedly susceptible to 
manipulations of physical warmth. The general ambiguous description of the 
communication partner as applied in the first Nakama-study was omitted again, as 
the participants were asked to score their own partner on the various personality 
traits, instead of a stranger. In addition to these measures, which were applied in our 
earlier studies as well, we included the Presence-in-Absence (PiA) subscale of the 
Affective Costs and Benefits in Communication Technology questionnaire (ABCCT; 
(Yarosh, Markopoulos, & Abowd, 2014)). The PiA subscale consists of three 
statements (e.g., “Communicating with my partner using Nakama helps me feel closer 

to my partner”) that were to be answered on a 5-point Likert scale. 
 
In addition to socially warm perceptions of the partner, we aimed at investigating 
whether physical warmth could enhance one’s pro-social behavior (i.e., one’s 
generosity), by means of asking how much of the €30,- remuneration participants 
were willing to donate to the Red Cross. A positive effect of physical warmth on pro-
social behavior has been found in earlier research (IJzerman et al., 2013; Kang et al., 
2011; Storey & Workman, 2013; Williams & Bargh, 2008), and we were interested 
whether this is also applicable in a setting of warm mediated social touch interactions. 
Unfortunately, the method we applied appeared to be unsuitable. Since the vast 
majority of the participants was not willing to donate, it was impossible to draw 
conclusions. The results are therefore not further reported.  

                                                       
3 Bear temperature was also logged with Maxim Integrated ‘iButtons’, set to 0.0625°C accuracy. The 

logging interval for bear temperature was set to 10 seconds. 
4 http://www.biosemi.com; last visited on December 18th, 2017.  
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2.4.2 Communication Experience 

We investigated to what extent participants felt that communication via Nakama 
could provide Social Support (SS; five items) and enabled Emotional Expression (EE; 
three items). Both SS and EE were also subscales of the ABCCT (Yarosh et al., 2014). 
These subscales, as well as the PiA were deemed particularly suitable, as the ABCCT is 
specifically developed to evaluate communication media on different dimensions, 
after usage in a specific situation and social context. The Touch Perception Task (TPT; 
(Guest et al., 2011)) was applied again, to measure the experienced Arousal and 
Comfort during the communication. 

2.4.3 Emotional and Physiological Comfort 

Besides the social temperature perceptions and experiences related to the 
communication in itself, we also wanted to gain insights in the effects of warmth on 
the participant’s own emotional state. To do this, we applied both subjective and 
objective physiological measures. To record one’s own perceived emotional state 
both prior to and after the movie in which the participant received messages, the 9-
point pictorial Valence and Arousal scales of the Self-Assessment Manikin were used 
(SAM (Figure 5.4); (Bradley & Lang, 1994)). A validated Dutch translation (Peeters, 
Ponds, & Vermeeren, 1996) of the Positive and Negative Affect Schedule (PANAS; 
(Watson, Clark, & Tellegen, 1988)) was used to record one’s Positive and Negative 

Affect by means of 5-point ratings of 20 adjectives related to affective state (e.g., 
enthusiastic, nervous, scared, and attentive). Moreover, participants were asked 
whether they were familiar with the movie and how Scary, respectively Thrilling they 
experienced it (11-point scale: ‘0’ = ‘not at all’, ‘10’ = ‘very much’) (Davydov, Zech, & 
Luminet, 2011; Rimé, Philippot, Boca, & Mesquita, 1992). 

 
Figure 5.4: Self-Assessment Manikin, with scales for Valence (top) and Arousal (bottom). 

Besides measuring one’s emotional state by means of subjective measures, we 
utilized different physiological measures. We recorded the participant’s Galvanic Skin 

Response (GSR): a measure of the conductivity of the skin, of which the changes are 
linearly correlated with Physiological Arousal (Lang, 1995). The two GSR electrodes 
were attached to the palm and on top of the first lumbrical muscle of the left hand. 
Moreover, Heart Rate (HR) and Heart Rate Variability (HRV) – i.e., the variation in the 
durations of consecutive inter-beat intervals in the electrocardiogram (ECG) (Task 
Force of the European Society of Cardiology, 1996) – were measured by means of two 
electrodes that were placed on the participant’s right clavicle and the left floating rib. 
When one is more aroused, the HR increases (Mandryk, Inkpen, & Calvert, 2006) and 
HRV decreases. We utilized the Root Mean Square of Successive Differences (RMSSD) 
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as measure for HRV. The proposed range of objective and subjective measures was 
considered suitable to provide a coherent and reliable image of one’s emotional 
state, and in particular on how warmth and the attribution may affect this state. The 
mean GSR, HR, and HRV were determined for a two-minute baseline period while 
watching the neutral movie, and for the entire movie session (i.e., the movie during 
which the participant received the messages through Nakama), excluding the non-
scary introductory scenes (total duration: 10:47).  

2.4.4 Personality Characteristics 

The participant’s Attachment Style was established as either ‘secure’ or ‘insecure’, in 
line with the suggestion by IJzerman et al. (2013). The same measure as in the Chair-
study was applied, although this study utilized the Dutch translations (by Emmelkamp 
(2011) and Melchert (2012)) of the original English paragraphs by Bartholomew and 
Horowitz (1991). Moreover, participants indicated their Touch Receptivity with ten 7-
point items such as “I like people who casually touch a lot” (TR; (Bickmore et al., 
2010)). The Dutch Marital Satisfaction and Communication Questionnaire (van den 
Troost, Vermulst, Gerris, & Matthijs, 2005) was included to measure relationship 
strength. Participants were asked how applicable (‘1’ = ‘Not’, ‘7’ = ‘Highly’) 16 
statements such as “My partner often blames me when we are quarrelling” were. The 
scores on these statements were aggregated in three scores regarding the subscales 
Marital Satisfaction, Negative Communication, and Open Communication. Whereas 
the questionnaires of the previous two studies were administered in English to enable 
participation of international students, the second Nakama-study was completely in 
Dutch for the convenience of the participants. The questionnaire items that were not 
available in Dutch were translated, and verified by means of back-translation. 

2.5 Procedure 
Each couple was welcomed by the experiment leader and introduced to a 
demonstration version of Nakama: “Nakama is a communication device that has 

several communication channels, such as moving arms and colored cheeks that can be 

activated by another person by means of a controller. As you can feel, it displays a 

heartbeat as well” (paraphrased). While explaining the functions of the different 
communication channels, the experiment leader also demonstrated these channels. 
To emphasize the cover story that Nakama is a real-time display of heartbeats, the 
experiment leader wore a physiology sensor on the wrist and explained that his 
cardiac activity was displayed in real-time through the bear. Subsequently, the 
attribution manipulation was added to the explanation: “Nakama can also display 

different temperatures, but for this study, the temperature is set at a constant level” 
(only applicable for the Control and Artificial Heat conditions). In the Body Heat 
condition the participant was led to believe that “besides the heartbeat, the 

physiology sensor also measures body temperature, which is also displayed via the 

bear.” The participants were encouraged to feel the heartbeats and the temperature 
in the bear to become acquainted with these signals, and to enable the experiment 
leader to repeat and emphasize the essential elements of the temperature and 
attribution manipulations. The participants were then told that the conveyance of the 
heartbeats (and warmth) during the experiment would not happen by means of a 
wearable physiology sensor that was connected with Nakama (like the experiment 
leader demonstrated), but through the electrodes that were going to be used for the 
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physiological measurements. After a briefing on the procedure and the aim of the 
study (paraphrased: “investigate how Nakama can be applied and how it is 

experienced”), participants signed an informed consent form and moved to separate 
rooms. Next, the experiment leader attached the electrodes to measure the 
physiological stress responses on both participants. An additional bogus temperature 
sensor was attached to the torso of the participants in the Body Heat condition, in 
order to emphasize the source of the warmth. After verifying whether the 
physiological signals of both participants were recorded correctly, the participant 
closed the doors of both rooms, after which the participants both filled out the first 
questionnaire. This questionnaire consisted of demographics, the personality 
characteristic questions (Touch Receptivity, Attachment Style, and Relationship 
Satisfaction), and, only for the participant that assumed the role of recipient first, the 
SAM and PANAS to measure the pre-movie emotional state. After both participants 
were finished with their respective questionnaire, the experiment leader briefly 
instructed each of them consecutively on how to use the controller (for the sender; 
see Figure 5.5), or on how to hold the bear (for the recipient). The sender was 
instructed to send messages to the partner whenever he or she thought that the 
recipient could use some consolation. When everything was clear, the experiment 
leader left again, and initiated the movie sequence for each of the participants.  
 

 
Figure 5.5: The controller as used during the experiment. Each of the buttons corresponded with a specific 

communication message that was supposedly conveyed through Nakama. 

For the recipient, the movie sequence started with on-screen instructions in which 
the ostensible heat source (according to the experimental condition) was mentioned 
again. This was respectively followed by a three-minute excerpt of the neutral video 
(baseline physiological recordings were made during the last two minutes), on-screen 
instructions that the participant could take the bear and hold it closely, showing of 
“The Descendent”, and finally on-screen instructions that referred the participant to a 
second questionnaire. The eight ‘messages’ – fully scripted but ostensibly initiated by 
the partner – took place during “The Descendent”. The heartbeats and when 
applicable the warmth, were present throughout the session. After the movie 
sequence, the recipient filled out the second questionnaire containing the IOS’s, 
Personality Traits, TPT, SAM, PANAS, and movie experience questions. In the mean 
time, the sender watched a similar movie sequence, albeit with “Red Balloon” as scary 
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movie, followed by a brief bogus questionnaire5. While the recipient was still filling 
out a more extensive questionnaire, another excerpt of the neutral movie was shown 
to the sender. This was done to bring the sender’s arousal back to the baseline level 
prior to the second phase of the experiment (Piferi et al., 2000).  
 
After the first movie session, the experiment leader swapped the bear and controller, 
and with that the roles of both participants. The sender of phase 1 was going to be 
the recipient in phase 2, and vice versa. The new recipient of the messages was asked 
to fill out the pre-movie SAM and PANAS, after which the procedure with both movie 
sequences and the interactions was repeated. The questionnaires of both the new 
sender and new receiver were closed with the three ABCCT subscales (Presence-in-
Absence, Social Support, and Emotional Expression). The session, that took 
approximately 1h40m, was closed with a full debriefing on the deceptive elements in 
the study, and administrational formalities. 
 
Table 5.1: Experimental procedure. 

Preparation 
(ca. 25min) 

Room 1 
Welcome; introduction; Nakama demonstration; informed consent 

Room 1: Sender Room 2: Recipient 
Attach electrodes Q1: Demographics, Touch Receptivity, 

Attachment Style, Relationship 
Satisfaction, SAM, PANAS 

Q1: Demographics, Touch Receptivity, 
Attachment Style, Relationship 
Satisfaction 

Attach electrodes; instructions on how to 
hold the bear 

Instructions on controller use Wait 

Session 1 
(ca. 30min) 

Start movie sequence; baseline video + 
baseline physiological recording 

Start movie sequence; baseline video + 
baseline physiological recording 

Scary movie “Red Balloon”; sending 

messages by means of controller5 

Scary movie “The Descendent”; receiving 
eight messages; experimental 
physiological recordings 

Q2: Bogus sender questions5; neutral 
video 

Q2: IOS’s, Personality Traits, TPT, SAM, 
PANAS, Movie perception 

Preparation 
for Session 2 
(ca. 5min) 

Experiment leader swaps bear for controller and vice versa 
Room 1: (new) Recipient Room 2: (new) Sender 

Q3: SAM, PANAS; instructions on how to 
hold the bear 

Instructions on controller use 

Session 2 
(ca. 35min) 

Start movie sequence; baseline video + 
baseline physiological recording 

Start movie sequence; baseline video + 
baseline physiological recording 

Scary movie “The Descendent”; receiving 
eight messages; experimental 
physiological recordings 

Scary movie “Red Balloon”; sending 

messages by means of controller5 

Q4: IOS’s, Personality Traits, TPT, SAM, 
PANAS, Movie perception, ABCCT 

Q3: Bogus sender questions, ABCCT 

End 
(ca. 5min) 

Detach electrodes Detach electrodes 
Control Room 

Debriefing; administrational formalities; thanking 

                                                       
5 In fact, the questionnaire was not entirely bogus, as it recorded the participant’s experiences while 

sending the messages. In addition, the sender’s physiological responses were recorded and the button 

presses were logged (i.e., which message was sent, and during which moment during the movie?). 

These data were collected for possible future use, but are not reported in this dissertation. 
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3 Results  

3.1 Pre-processing 
None of the participants was familiar with either of the movies. Two female 
participants indicated to have difficulties with comprehending the questionnaires. 
Moreover, the temperature manipulation failed for one male participant. Their data – 
but not the data from their partners – were considered invalid, and therefore omitted 
from all analyses (remaining n per group: Control Condition: 19, Artificial Heat: 22, 
Body Heat: 18). Due to technical problems with the physiological recordings, data 
from six additional participants were omitted from the ‘Emotional and Physiological 
Comfort’-analysis (but not from the other analyses; n = 18, 18, and 17, for the C, AH, 
and BH conditions, respectively).  
 
The physiological measurements were processed with MathWorks MATLAB R2013b6 
and imported with the FieldTrip toolbox (Oostenveld, Fries, Maris, & Schoffelen, 
2011). The low frequency components in the ECG were removed (i.e., changed to 
zero) by means of a Fast Fourier Transform, after which the HR and HRV (RMSSD) 
were derived with a peak-detection algorithm. As suggested by Lykken and Venables 
(1971), range-correction was applied on the GSR recordings. Each GSR data point was 
divided by the maximum GSR value for each individual. The range-corrected GSR 
means were computed subsequently. The scores of all subjective items (i.e., the 
questionnaire data) were recoded where necessary, and aggregated into the 
appropriate factors. The statistical analyses were carried out with IBM SPSS Statistics 
23 and the significance threshold is set at p = .05. 

3.2 Stress Elicitation 
A repeated measures MANOVA with Measuring Moment as independent, within-
subjects variable (two levels: Baseline and Movie) was carried out on the objective 
(HR, HRV, and GSR), and on the subjective (Valence and Arousal, and Positive and 
Negative Affect) data of the 53 valid cases. This analysis was intended to verify 
whether the scary movie indeed increased the participants’ arousal levels as 
compared with the Baseline. The internal consistencies of both the pre- and post-
movie Positive Affect (Cronbach’s α = .86 and .84, respectively) and Negative Affect (α 
= .82 and .85, respectively) scores were good. The HRV data were log10-transformed 
to correct for the violation of the normality assumption. The analysis yielded a 
significant main effect of stress elicitation: Wilks’ Λ = .480, F (7, 46) = 7.12, p < .001, 
partial η2 = .520. Subsequent investigations of the repeated measures ANOVAs of 
each dependent variable (see Table 5.2), indicated that the GSR, subjective Arousal 
(SAM), and Negative Affect significantly increased due to the scary movie, whereas 
the Valence and Positive Affect significantly decreased, as compared with the 
Baseline. This implies that the manipulation worked as intended 
  

                                                       
6 http://www.mathworks.com; last visited on December 18th, 2017.  
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Table 5.2: Stress elicitation scores (SD) and manipulation check statistics (separate repeated measures 

ANOVAs). Bold-faced values indicate significant effects. 

 Baseline Movie F(1, 52) p Partial η2 
HR (BPM) 68.04 (11.50) 67.29 (11.42) 2.55 .117 .047 
HRV (RMSSD; log10) 1.48 (0.30) 1.53 (0.30) 1.98 .166 .037 
GSR (range-corrected) 0.21 (0.18) 0.33 (0.11) 14.03 < .001 .212 
Valence (SAM) 6.94 (1.20) 5.40 (1.93) 27.36 < .001 .345 
Arousal (SAM) 3.25 (1.75) 4.64 (1.88) 22.14 < .001 .299 
Positive Affect 30.89 (7.20) 28.51 (6.89) 6.26 .015 .108 
Negative Affect 12.60 (3.57) 15.62 (5.42) 18.35 < .001 .261 

3.3 Emotional and Physiological Comfort 
To investigate how the warmth and attribution manipulations affected the emotional 
state of the same 53 participants, we computed the differences between the 
untransformed experimental measures and their baseline counterparts for all 
aforementioned dependent variables. Subsequently, a one-way MANOVA was carried 
out on these difference scores and on the movie perception scores (i.e., how scary 
and thrilling the movies were), with the Experimental Group (i.e., Control Condition, 
Artificial Heat, and Body Heat) as independent between-subjects variable. The 
analysis did not demonstrate a significant difference between any of the groups: 
Wilks’ Λ = .814, F(18, 84) = 0.51, p = .948, partial η2 = .098. Additional planned contrasts 
between the Control Condition and the two Combined Warm Groups did not yield 
significant differences either. All Emotional and Physiological Comfort scores can be 
found in Table 5.3. 
 
Table 5.3: Means and SDs (in brackets) per condition for the Emotional and Physiological Comfort and Movie 

Perception measures. Δ-Values represent the difference between the experimental and baseline measures. 

  Control 
Condition 

Artificial Heat Body Heat Combined 
Warm Groups  

HR (BPM; Δ) -1.36  (3.21) -0.39  (4.65) -0.49 (1.89) -0.44 (3.53) 
HRV (RMSSD; Δ) -1.28  (21.00) 3.46  (29.95) 7.32 (14.27) 5.34 (23.41) 
GSR (range-corrected; Δ) 0.12  (0.22) 0.06  (0.24) 0.17 (0.20) 0.11 (0.23) 
Valence (SAM; Δ) -2.00  (2.40) -1.28  (2.35) -1.35 (1.66) -1.31 (2.01) 
Arousal (SAM; Δ) 1.61  (2.00) 1.00 (2.38) 1.58 (2.15) 1.29 (2.26) 
Positive Affect (Δ) -2.50  (5.24) -2.33 (9.27) -2.00 (5.16) -2.17 (7.45) 
Negative Affect (Δ) 4.17 (5.93) 2.22 (5.06) 2.65 (4.31) 2.43 (4.65) 
Scary 5.75 (2.35) 4.47 (2.83) 5.24  (2.49) 4.84 (2.66) 
Thrilling 5.83 (2.46) 5.11 (2.70) 5.47 (2.32) 5.29 (2.49) 

3.4 Social Warmth 
The two IOS scores for Interpersonal Closeness and for Intimacy, the Personality Traits 
related to the warm-cold dimension (Cronbach’s α = .75) as well as the unrelated 
traits (α = .59), and the Presence-in-Absence subscale of the ABCCT (α = .75) were 
included as dependent variables in a MANOVA, with Experimental Group (C, AH, and 
BH) as independent between-subjects variable. No effects of the experimental group 
on the perceptions of the partner were observed. Wilks’ Λ = .930, 
F(10, 104) = 0.38, p = .951, partial η2 = .036. This absence of significant differences also 
applied for the planned contrasts between the Combined Warm Groups and the 

Control Condition.  
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3.5 Communication Experience 
The aggregated Arousal and Comfort scores of the TPT, as well as the ABCCT’s 
Emotional Expression and Social Support scores (Cronbach’s α = .85, .90, .65, and .85, 
respectively) were included in a MANOVA with the Experimental Group (C, AH, and 
BH) as independent between-subjects variable. A significant effect of the 
experimental condition was found: Wilks’ Λ = .744, F(8, 106) = 2.11, p = .041, 
partial η2 = .137. Further inspection of the individual ANOVAs revealed a significant 
effect on the Emotional Expression subscale: F(2, 56) = 5.38, p = .007, partial η2 = .161. 
Pairwise comparisons demonstrated that Body Heat was considered to provide more 
opportunities for emotional expression than the Control (p = .002) and Artificial Heat 
(p = .049) conditions. The means of the Interpersonal Closeness and Communication 
Experience measures can be found in Table 5.4. 
 
Table 5.4: Means and SDs (in brackets) per condition for the Interpersonal Closeness and Communication 

Experience measures.  

 Control 
Condition 

Artificial Heat Body Heat Combined 
Warm Groups  

Interpersonal Closeness analysis 
Closeness 4.68  (1.38) 4.59 (1.79) 4.78 (1.59) 4.68 (1.69) 
Intimacy 4.63  (1.46) 4.64 (1.79) 5.06 (1.39) 4.83 (1.62) 
Personality Traits (warm-cold) 4.60  (1.00) 4.83 (1.14) 4.89 (0.92) 4.86 (1.04) 
Personality Traits (unrelated) 4.68  (0.88) 4.66 (0.86) 4.69 (0.77) 4.68 (0.81) 
Presence-in-Absence (ABCCT) 3.39 (1.12) 3.68 (0.92) 3.63 (0.91) 3.66 (0.90) 
Communication Experience analysis 
Emotional Expression (ABCCT) 2.93  (0.91) 3.32 (1.01) 3.89 (0.70) 3.58 (0.92) 
Social Support (ABCCT) 3.03 (1.05) 3.14 (1.21) 3.47 (0.83) 3.29 (1.06) 
Arousal (TPT) 2.26 (0.74) 2.55 (0.81) 2.53 (0.76) 2.54 (0.78) 
Comfort (TPT) 3.26 (0.74) 3.48 (0.87) 3.59 (0.85) 3.53 (0.85) 

3.6 Personality Characteristics 
We carried out additional two-way MANOVAs with Experimental Group (C, AH, and 
BH) and Attachment Style (Secure and Insecure) as independent between-subjects 
variables. In each of the three MANOVAs (Emotional and Physiological Comfort, Social 
Warmth, and Communication Experience), the same dependent variables were 
included as in their one-way MANOVA counterparts. In the ‘Emotional and 
Physiological Comfort’-analysis, there were 8 secure and 10 insecure participants in 
the Control group. This division was 11 vs. 7 in the Artificial Heat and 10 vs. 7 in the 
Body Heat groups. With regard to the remaining analyses, the division between 
securely attached and insecurely attached people was 9 vs. 10 (C), 12 vs. 10 (AH), and 
11 vs. 7 (BH). As can be seen in Table 5.5, no significant main effects of Attachment 

Style or interaction effects with Experimental Group were found. 
 
When we repeated the analyses with the same Experimental Groups (C, AH, and BH) 
and dependent variables, and included Touch Receptivity (Cronbach's α = .69), Marital 
Satisfaction (α = .84), Negative Communication (α = .84), and/or Open 
Communication (α = .71) as a covariate, the MANCOVAs did not lead to different 
interpretations of the effects of physical warmth or the attribution thereof. The 
statistics regarding the covariates are therefore not further reported. 
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Table 5.5: Main and interaction effects of Attachment Style for the three two-way MANOVAs. 

 Wilks’ Λ F df p Partial η2 
Emotional and Physiological Comfort 
Main effect Attachment Style .850 0.67 (10, 38) .743 .150 
Interaction effect Experimental 
Group x Attachment Style 

.596 1.12 (20, 76) .345 .228 

Social Warmth  
Main effect Attachment Style .945 0.57 (5, 49) .726 .055 
Interaction effect Experimental 
Group x Attachment Style 

.772 1.36 (10, 98) .212 .122 

Communication Experience 
Main effect Attachment Style .891 1.53 (4, 50) .208 .109 
Interaction effect Experimental 
Group x Attachment Style 

.876 0.85 (8, 100) .559 .064 

4 Discussion 
Although the participants thought that a device that mediates body temperature 
provided more opportunities for emotional expression than an interface that presents 
non-social warmth or no warmth at all, this was not reflected in other effects of 
physical warmth. Despite the stricter boundary conditions in this second Nakama-
study – i.e., an interaction with a longer exposure to the warmth, a specific setting, 
and a social context – neither the temperature nor the attribution manipulation 
altered perceptions of social warmth or provided additional emotional or 
physiological comfort during stressful circumstances significantly. This also applied 
when we controlled for possibly modulating individual differences such as touch 
receptivity, attachment style, or the strength of the relationship. We thus did not find 
support for H1 and H2, even though the between-group differences on many of the 
variables emerged in the anticipated direction. These variables include HRV, valence, 
positive and negative affect, and the movie experiences, as well as some of the 
socially warm cognitions such as the intimacy, socially warm personality traits, and 
presence-in-absence. Our results could, in line with earlier unsuccessful attempts to 
find beneficial effects of physical warmth (e.g., (Donnellan, Lucas, & Cesario, 2015; 
Ebersole et al., 2016; Lynott et al., 2014)), imply that the physical-social warmth link 
does not exist at all; or at least that physical warmth does not have added value over 
an interaction at a neutral temperature. An alternative explanation for the absence of 
the anticipated effects could be that our methodology and the boundary conditions 
we imposed were not particularly suitable to find effects of warmth. Here, I discuss 
our methodology and will argue that this alternative explanation seems unlikely.  
 
An important aspect of our experiment obviously is the medium that was utilized for 
the communication. We used Nakama as a vehicle for our warmth and attribution 
manipulations, but Nakama has some inherent qualities that may have occluded the 
anticipated effects of warmth and the attribution thereof. That is to say that holding a 
soft object during communication under stressful circumstances may in itself already 
alleviate stress responses. As we have seen in Chapter 1, a decrease in cortisol level 
(i.e., the ‘stress-hormone’) was for example found while hugging a pillow during a 
phone call (Sumioka et al., 2013) (although this effect is debatable (Yamazaki et al., 
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2016)). Moreover, physical interactions with soft plush animals or soft zoomorphic 
robots increased oxytocin (Tai, Zheng, & Narayanan, 2011) (i.e., the ‘bonding-
hormone’, which in turn may also decrease physiological stress responses (Light et al., 
2005)) and had beneficial effects on coping with stress on the longer term as well 
(Wada & Shibata, 2006). Although the soft material may thus have occluded the 
possible beneficial effects of warmth with regard to stress-reduction, we can 
conclude that there is no added value of physical warmth over an interaction through 
Nakama at room temperature. 
 
It is unlikely that the possible comfortable feeling provided by Nakama’s softness also 
accounts for the absence of effects of physical warmth on social warmth. One may 
however suggest that the mediated touches, heartbeats, and perhaps also the other 
channels have occluded the effects of physical warmth on interpersonal closeness 
and appreciation of the partner. It is, as we have seen in Chapter 1 as well, suggested 
that these kinds of messages and signals can increase the social warmth by 
themselves (Haans & IJsselsteijn, 2006; Huisman, 2017a; Janssen et al., 2010; van Erp 
& Toet, 2015). If these additional communication channels indeed would have 
occluded the effects of warmth, you may expect a ceiling effect on the various 
measures. However, considering the ‘mildly warm’ perceptions of the interaction 
partner (according to the scores), a ceiling effect seems unlikely. Especially when 
considering that the interaction partner was the participant’s own romantic partner, 
for which mildly warm feelings may be the very least to expect. The influence of 
Nakama’s other communication channels thus seems negligible, but cannot be ruled 
out completely. We can however conclude that if warmth has positive effects on 
comfort and/or on social warmth, these effects are not robust and do not prevail over 
the influence of other physical qualities and communication channels of Nakama. 
 
One could argue that besides the medium that was utilized, the experimental design – 
i.e., comforting the partner in a situation of movie-induced stress through mediated 
social touch – may have affected the results. That is to say that although stress was 
elicited by means of the movie, no social stress was induced. It is often suggested that 
the beneficial effects of physical warmth can mainly be found in its restorative or 
compensatory effects in cases of social stress such as feelings of loneliness, guilt, or 
exclusion (Bargh & Shalev, 2012; Hong & Sun, 2012; IJzerman & Hogerzeil, 2017; Kolb, 
Gockel, & Werth, 2012; van Acker, Kerselaers, Pantophlet, & IJzerman, 2014). Since 
we did not actively induce social stress, or at least control for it, and because the 
partner was literally close by, the experiment could be considered unsuitable to 
detect the supposed effects of warmth in mediated social touch. This argument does 
not seem sound however, as the majority of studies that report positive effects of 
physical warmth do not include a social stress context either (e.g., (Fay & Maner, 
2012; Gooch & Watts, 2010; IJzerman & Semin, 2009; Schilder et al., 2014; Williams & 
Bargh, 2008)). If the physical-social warmth association actually would be applicable 
in mediated social touch, we would at least have found some indications that warmth 
positively influenced social cognitions. 
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The results of this study (and of Study 1 and 2) seem to suggest that physical warmth 
cannot induce outspoken social responses in mediated social touch interactions. 
Considering this, it may seem odd that warmth when presented as body heat 
enhanced the perceived opportunities for emotional expression. It could however be 
the case that the participants considered the option to switch the non-social, 
inanimate temperature on or off merely as an attribute of the device, whereas the 
conveyance of body heat may have been considered an actual social communication 
channel. Having this additional communication channel could have increased the 
perceived ‘richness’ of the device. The richness is the extent to which a medium 
facilitates the conveyance of immediate feedback and contextual information (Daft & 
Lengel, 1986). In turn, Nakama that supposedly mediated body heat may have 
provided more options for emotional expression. Even though it is not reflected in the 
actual social cognitions and physiological responses, this finding suggests that in order 
to advance the understanding of the design of mediated social touch devices, it is 
indeed valuable to discern between the inherent physical qualities of haptic interfaces 
and the social meaning that is attributed to these signals.  

5 Conclusion 
In a final attempt to find empirical proof for the often suggested opportunities of the 
physical-social warmth association for CMC (and mediated social touch in particular), 
we carried out a second Nakama-study. This study was intended to, to some extent, 
resemble a mediated social touch interaction as we envision. The interaction took 
place between romantic partners and in a clearly defined setting. We also considered 
other possible boundary conditions that were suggested in the two previous chapters: 
the exposure to the warmth was longer, the ambient temperature was slightly lower 
than the relatively high ambient temperatures in the previous studies, and individual 
personality characteristics were included in the analyses. Despite these 
considerations, our results do not provide support for the hypotheses. Physical 
warmth did not enhance perceptions of social warmth during the mediated touch 
interaction and did not provide additional emotional and physiological comfort. 
Interestingly, participants thought that mediating body heat may expand the 
opportunities for emotional expression. We can conclude that putting the physical-
social warmth link into practice by applying it in a mediated touch device does not 
provide added value, as compared with an interaction through a device at room 
temperature. That is to say that stimulation with physical warmth does not prevail 
over stimulation through other haptic communication channels. The physical-social 
warmth link may not be substantial and robust enough to be put into practice in 
warm mediated social touch. 
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Chapter 6. Chapter 6 
Warmth in Mediated Social Touch: 

Discussion 
 
 
 
 
 
 
In this chapter, I am going to review and discuss the research endeavors as described 
in the previous chapters. First, I will provide a summary of the research that we 
carried out and of the main findings (Section 1). Secondly, I will present a meta-
analysis and post-hoc power tests to provide additional nuance to the findings 
(Section 2). In Section 3, I will discuss the findings collectively; in particular with a 
focus on application of the physical-social warmth link in a context of mediated social 
touch. This chapter ends with the conclusions (Section 4) that follow from our results, 
which in fact are the answers to the research questions as defined in Chapter 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is largely based on: 

Willemse, C. J. A. M., Heylen, D. K. J., & van Erp, J. B. F. (2015). Warmth in Affective 
Mediated Interaction. In Proceedings of the 6th Biennial Conference on Affective 

Computing and Intelligent Interaction (pp. 28–34). 
 
Willemse, C. J. A. M., Heylen, D. K. J., & van Erp, J. B. F. (2018). Communication via 
warm haptic interfaces does not increase social warmth. Journal on Multimodal User 

Interfaces, 12, 329-344.  
  

 

 

 

 

 

 

6 

 

 

 

 

 

 

 

 

 



CHAPTER 6 

 118

1 Summary 
As we have seen in Chapter 2, there is a growing body of research that suggests that 
the perception of physical warmth can activate feelings of social warmth and vice 
versa. Perceptions of physical warmth, either provided by direct contact with a warm 
object or through the ambient temperature, supposedly enhance the perceived 
warmth in another person, one’s sense of closeness and connectedness, and pro-
social behavior (see for example IJzerman et al. (2017)). Moreover, physical warmth 
can be perceived as comfortable and is semantically associated with positive 
emotions (e.g., (Wilson et al., 2015)). In addition, people that experience physical or 
social coldness such as social exclusion or loneliness demonstrate an increased need 
for compensatory and restorative warmth (e.g., (Bargh & Shalev, 2012)). We have to 
acknowledge though that these findings are preliminary, not fully understood, and 
debated (e.g., through failed replication attempts as discussed in Chapter 2). The 
findings have nonetheless led to the suggestion that physical warmth may also elicit 
beneficial responses in the recipient when applied in Computer Mediated 
Communication (e.g., (Bergman et al., 2015)). Since temperature is also an important 
aspect of the complex physical composition of a human touch, we set out to further 
investigate the potential of physical warmth as a ‘building block’ for social touch 
technology. For this purpose, we took the “warmth is good”-premise of the physical-
social warmth link as starting point. We investigated whether warmth could also elicit 
beneficial effects regarding perceptions of social warmth in a mediated touch setting.  
 
In three studies, we intended to make the translation from the research findings on 
the physical-social warmth link to actual application in mediated social touch. Study 1 
(the Chair-study as described in Chapter 3) consisted of a first exploration of the 
effects of direct stimulation with warmth (through a heated chair), as contrasted with 
a neutral temperature, on the perceived closeness to, perceived warmth in, and pro-
social behavior towards an unknown interaction partner. We also considered the role 
that the ambient temperature may play in mediated touch interactions, as well as the 
attribution of the warmth and personality characteristics of the recipient. Besides a 
small positive effect of a high ambient temperature on the perceived warmth in the 
communication partner, no effects of temperature were found. The attribution of the 
warmth in the chair (either to a non-social source, or to the communication partner 
that seemingly just sat there) did not result in different perceptions of the interaction 
partner either. After Study 1 we argued that our implementation of a heated chair 
may not have been an appropriate representation of a mediated social touch. Firstly 
because the warmth as dissipated by the chair (and attributed to a social source) was 
not intended to be a means of communication, but was merely a consequence of 
someone seemingly sitting there. Secondly, the warmth was presented after the 
actual communication during which the impression of the interaction partner was 
formed. It could be, in line with what Messer and colleagues (2017) suggest, that the 
physical warmth could not modulate this impression anymore. In Study 2 (Chapter 4), 
the warmth was presented through an actual mediated social touch device that we 
developed: Nakama. This actuated teddy bear can be remotely controlled and can be 
used for affective communication. Alongside other (haptic) communication channels, 
Nakama can dissipate warmth. Receiving a haptic message from an unknown and 
unseen communication partner through a warm Nakama did not lead to enhanced 
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feelings of interpersonal closeness, perceived warmth, or perceived comfort during 
the interaction, as compared with receiving a message through an unheated Nakama. 
Moreover, the attribution of the warmth, which was either presented as a mere 
physical attribute of the interface, or as mediated body heat, did not affect the 
results. We concluded that if physical warmth indeed can activate perceptions of 
social warmth, this may only be applicable within very specific boundary conditions 
and that we operated outside these boundaries. After this first Nakama-study, we 
pinpointed the brief duration of the interaction, the absence of a clear meaning of the 
interaction, and the undetermined relation between the interactants as possible 
explanation for the null results. In Study 3 (the second Nakama-study as described in 
Chapter 5), we took these aspects into account and invited romantic partners to 
communicate with each other through Nakama while watching a scary movie. The 
messages were intended to comfort the partner. Slightly higher average scores were 
observed for people in warm conditions, in particular when warmth was attributed to 
the partner. However, hardly any of the between-groups differences reached 
statistical significance. Neither the warmth, nor the attribution manipulation sorted 
significant effects on the measures regarding social warmth in the partner, the 
emotional and physiological state, and the comfort as experienced during the 
interaction. The only exception was that Nakama that mediated the partner’s body 
heat was perceived as providing more opportunities for emotional expression.  
 
Despite the fact that some of the scores emerged in the anticipated directions, 
inclusion of physical warmth in mediated social touch devices did not enhance 
perceptions of social warmth significantly. These null results even occurred when 
various possible boundary conditions such as the ambient temperature, the 
attribution of the warmth, the duration of the interaction, the meaning of the 
message, the social context, or various personality traits of the recipient were 
considered. We may, given the almost complete absence of significant effects of 
warmth, even question the actual existence of the physical-social warmth link 
altogether. The effects, if any, may be very small. Based on the results of our studies, 
we can conclude that the physical-social warmth link is not applicable and effective in 
mediated social touch interactions. To further substantiate this conclusion, we carried 
out meta-analyses of our three warmth-studies combined. 

2 Meta-Analyses 
One of the criticisms regarding the findings on the association between physical and 
social warmth concerns the power and sample size of the studies (IJzerman & 
Hogerzeil, 2017). On the one hand, as we suggested before, the actual beneficial 
effects of warmth may be very small. Although a substantial amount of participants 
took part in our studies, the samples still may have been too small to detect the 
supposed effects of physical warmth on social warmth. On the other hand, the 
beneficial effects of warmth that have been reported by other researchers may be 
false positives, which could be a consequence of small sample sizes. Indeed, several 
beneficial effects could not be replicated with substantially larger sample sizes (e.g., 
(Donnellan et al., 2015; Ebersole et al., 2016; Lynott et al., 2014)). 
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To increase the power to detect possible small effects, we decided to combine the 
data of the three studies and to conduct random-effect model meta-analyses on both 
the warmth and the attribution manipulations. For this purpose, we included all 
measures that recurred in the three studies: the Interpersonal Closeness scores that 
were measured with the Inclusion of Other in Self scale (IOS; (Aron et al., 1991)) and 
the perceived social temperature of the communication partner which was measured 
with the warm-cold Personality Traits (Williams & Bargh, 2008). We investigated the 
effects of warmth (i.e., Control Condition vs. Combined Warm Groups) and attribution 
(i.e., Artificial Heat vs. Body Heat conditions). Since we are particularly interested in 
the effects of direct stimulation with physical warmth through thermal actuators, we 
did not discern between people in the high and neutral ambient temperature groups 
in the Chair-study. In addition, we carried out meta-analyses on the Arousal and 
Comfort scores (Touch Perception Task; (Guest et al., 2011)) that were obtained in 
both Nakama-studies. The sample sizes of the meta-analyses are listed in Table 6.1. 
 
Table 6.1: Sample sizes for each of the experimental groups and meta-analyses.  

 Control Artificial Heat Body Heat Combined 
Warm Groups 

Total n 

Sample sizes (valid cases) of the studies   
Study 1 (Chapter 3) 22 25 29 54 76 
Study 2 (Chapter 4) 20 19 22 41 61 
Study 3 (Chapter 5) 19 22 18 40 59 
Sample sizes in meta-analyses over Study 1, 2, and 3 (IOS, Personality Traits)  
Warmth 61   135 196 
Attribution  66 69  135 
Sample sizes in meta-analyses over Study 2 and 3 (TPT)  
Warmth 39   81 120 
Attribution  41 40  81 

 
The random-effect model meta-analyses were carried out with the software package 
Comprehensive Meta-Analysis 1 . The results of the meta-analyses, as listed in 
Table 6.2, corroborate the findings of the individual studies, as no significant effects 
were found for any of the measures. The associated effect sizes (Cohen’s d) can be 
considered small at best, according to the conventions as defined by Cohen (1992).  
 
Table 6.2: Results of the meta-analyses of the warmth and attribution manipulation effects for all recurring 

measures. 

Study 1, 2, and 3  
 Manipulation d 95% CI Z p 

IOS 
Warmth 0.08 [-0.23, 0.38] 0.49 .625 
Attribution -0.10 [-0.44, 0.24] -0.56 .577 

Personality Traits (warm-
cold) 

Warmth 0.04 [-0.26, 0.34] 0.25 .800 
Attribution 0.05 [-0.29, 0.38] 0.26 .796 

Study 2 and 3 

Arousal (TPT) 
Warmth 0.29 [-0.09, 0.68] 1.50 .135 
Attribution 0.13 [-0.31, 0.57] 0.59 .553 

Comfort (TPT) 
Warmth 0.22 [-0.16, 0.60] 1.12 .261 
Attribution 0.17 [-0.27, 0.60] 0.74 .462 

                                                       
1 https://www.meta-analysis.com; last visited on December 18th, 2017. 
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Based on a power-analysis with G*Power (Faul, Erdfelder, Buchner, & Lang, 2009). 
With the power (1-β) set at the recommended 0.80 (Cohen, 1992), our sample size 
was substantial enough to detect medium to small effects of warmth (i.e., a Cohen’s d 

of 0.43) and attribution (d = 0.48). Although the meta-analyses suggest that there are 
no effects of warmth and attribution, our sample sizes may have been too small to 
unequivocally confirm this. That is, the β-error – i.e., the probability of rejecting the 
alternative hypothesis while it actually is true – would become too large. However, 
even if the possibly very small effects of the warmth or attribution manipulation 
would reach statistical significance with larger samples, their practical relevance may 
still be considered limited.  

3 General Discussion 

3.1 The Physical-Social Warmth Link and Mediated Touch 
Our choice to focus on the use of physical warmth as a ‘building block’ for mediated 
social touch was informed by research findings on the physical-social warmth link. 
Throughout the studies, we intended to put the findings into practice in warm 
mediated social touch interactions. To do this, we investigated the effects of physical 
warmth as compared with neutral temperature under various possible boundary 
conditions. These boundary conditions are the basis on which I will discuss the 
practical implications of the physical-social warmth link for mediated social touch.  
 
One of the main conceptual differences between the findings regarding the physical-
social warmth link and application of physical warmth in mediated social touch, is that 
the warmth in the latter would be attributed to a social source rather than to a non-
social physical stimulus (Huisman, 2017b; Schirmer et al., 2011). The accompanying 
question (RQ2.2) was whether this attribution would affect the strength of the 
anticipated beneficial effects of warmth. Whereas the warmth that was attributed to 
the communication partner in the Chair-study may have been perceived with 
somewhat negative connotations (as was also suggested by (Dunne & Raby, 1994; 
Samani et al., 2012)) – although the perceived disgust was not significantly higher in 
the Body Heat group than in the other conditions – the mediated body heat in both 
Nakama-studies was expected to elicit beneficial effects over warmth that was 
presented as a mere physical attribute of Nakama. We expected the beneficial effects 
of mediated body heat based on the inherent associations between body heat and 
intimacy, and based on the fact that disclosing such bodily signals may be considered 
an intimate action (Clark & Reis, 1988; Hall, 1966; Janssen, 2012; Janssen et al., 2010; 
Laurenceau et al., 1998). Even though the participants of the second Nakama-study 
thought that mediated body heat provided more opportunities for social support than 
not having such a channel, we did not find any actual effects of physical warmth on 
socially warm perceptions and comfort. Although it is very speculative, it could be the 
case that the (supposed) sharing of one’s body heat was perceived as less intimate 
than anticipated because it was a consequence of automated technology rather than 
of intentional actions of the sender (Jiang, Bazarova, & Hancock, 2011). That is to say 
that the mediated body heat was not necessarily perceived as intimate, because it 
was ‘always on’. This ‘automated disclosure’ may not have been attributed to the 
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sender, but to the interface that displayed it. Mediated body heat could have been 
perceived as more intimate when the sender would have actively controlled it, and 
thus intentionally would have disclosed. The null effects regarding the attribution 
prevented us from further exploring the role of attribution and it thus prevented us 
from drawing conclusions regarding whether the supposed effects of warmth can 
mainly be considered a consequence of bottom-up processing, or of more elaborate 
cognitive processing (see also our social touch working model (Figure 1.2; Chapter 1)).  
 
With regard to the physical composition and presentation of the warmth (RQ2.1), we 
have considered the moment of exposure to the warmth during the interaction, as 
well as the duration of this exposure as possible boundary conditions. The absence of 
the anticipated effects of stimulation with physical warmth suggests that these 
aspects are not boundary conditions. It may however be the case that the contrast 
between the warm and neutral temperatures (as was also suggested by Messer et al. 
(2017)) was not large enough to detect effects. Indeed, the majority of studies in 
support of the physical-social warmth link discern between warm and cold conditions. 
A direct comparison is made between priming with warmth (through coffee cups, 
heat pads, or warm rooms) and coldness (by iced drinks, cool pads, or cold rooms); 
see also Chapter 2. However, warmth and coldness activate different types of 
thermoreceptors (see Chapter 1) and may also address different neurophysiological 
pathways and brain areas related to emotional states and feelings of social 
connectedness (e.g., (Raison et al., 2015)). As such, it may even be the case that 
coldness has a negative impact on social cognitions and pro-social behaviors, rather 
than warmth having a positive impact (Bargh & Shalev, 2012; Kang et al., 2011): a 
physical-social coldness link. People seem to have a default orientation towards 
others that can be described as ‘mildly warm’. Additional physical warmth may not be 
able to change this default to the same extent as coldness can. This particularly 
applies because avoidance motivations towards the social world (which in this case 
would be represented by coldness) are usually stronger than approach motivations 
(or warmth) (Bargh & Shalev, 2012; Cacioppo & Gardner, 1999). If either the 
temperature contrast being too small, or the coldness being the actual driving force 
behind the physical-social temperature findings, appears to apply, this would imply 
that the use of physical warmth on the basis of this association is not meaningful for 
application in mediated social touch devices. Firstly, because warmth has no added 
value over a neutral temperature, and secondly because stimulation with coldness 
could result in negative effects that are, given our ever noble intentions, undesired.  
 
Another, yet related explanation of the null results in our studies could be that the 
added value of physical warmth can mainly be found in its restorative or 
compensatory effects in cases of social stress, such as feelings of loneliness, guilt, 
exclusion, or threat (see also Chapter 2). This brings me to RQ2.3 and RQ2.5, for 
which we included the setting in which the interaction took place as well as the social 
relationship between the interactants as possible boundary conditions for effective 
stimulation with physical warmth. The absence of a clear meaning of the messages in 
the interactions of Study 1 and 2, as well as the unclarity regarding who the 
communication partner was, may have occluded the possible beneficial responses to 
physical warmth. Despite the introduction of a clear setting and social context for the 
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interaction in Study 3 (the second Nakama-study), namely comforting the partner in a 
situation of stress, no social stress was induced. Moreover, the participants knew that 
their partner was literally close by and directly available after the interaction. Since 
we did not actively induce social stress in any of the studies, or at least control for the 
experienced level of social stress, one may say that our methodologies were not 
suited to actually detect the supposed effects of warmth in a setting of mediated 
touch. This would particularly apply because it is suggested that the physical-social 
warmth link is especially strong when warmth and social connection are 
motivationally or situationally relevant (Fay & Maner, 2015; Inagaki et al., 2016; Zhang 
& Risen, 2014). Although future research should actually verify the effects of warm 
mediated social touches in a social stress setting, the suggestion that such a setting is 
a prerequisite for beneficial effects of warmth does not seem valid. Since the majority 
of studies that report positive effects of physical warmth do not include a social stress 
context either (e.g., (Fay & Maner, 2012; Gooch & Watts, 2010; IJzerman & Semin, 
2009; Schilder et al., 2014; Williams & Bargh, 2008)), we should at least have found 
some indications that warmth positively influenced social cognitions. Given the nearly 
complete absence of such indications in our results and meta-analyses, we may even 
question the existence of the physical-social warmth link altogether.  
 
Related to the discussion of the setting of the interaction is the physical setting in 
which the interaction takes place; and in particular the ambient temperature of that 
setting. With regard to the physical-social warmth association, the effects of thermal 
stimulation through physical objects and through the ambient temperature have 
been used interchangeably (IJzerman et al., 2012; Lynott et al., 2017). This in spite of 
physiological, thermoregulatory differences in perception (Raison et al., 2015), and 
despite the suggestion by Williams and Bargh (2008) that only direct stimulation of 
the skin may elicit social warmth responses. If we nonetheless assume that both types 
of thermal stimulation indeed are interchangeable, the ever-present ambient 
temperature could thus have biased the effects of thermal stimulation through warm 
mediated touches (RQ2.4). In the Chair-study, we have seen that the ambient 
temperature can influence the perceptions of social warmth in an unknown 
communication partner, whereas direct thermal stimulation through a warm chair 
could not elicit such effects. We also suggested that the relatively high ambient 
temperatures in the first two studies may have occluded the anticipated beneficial 
effects of warmth in our mediated touch interactions. That suggestion was to some 
extent disproved in the last study, in which we did not find outspoken effects of the 
warm touch manipulations2 either, despite the lower ambient temperature. We could 
not demonstrate that the effects of warm mediated social touches are robust against 
changes in the ambient temperature. In fact, we did not find any beneficial effects of 
warmth in mediated touches at all. Moreover, it is suggested that residing in relatively 
low temperatures can activate the need for compensatory social or physical warmth 
(Bargh & Shalev, 2012; Hong & Sun, 2012; van Acker et al., 2016).  

                                                       
2 Interestingly, participants in the second Nakama-study (Study 3) rated their partner (!) lower on 

socially warm personality traits, than the participants of Study 1 and 2 (who assessed a stranger). This 

may be a consequence of the experimental setting (i.e., stressful circumstances). However, it could also 

be explained by the difference in ambient temperature (which was lower in Study 3). The latter 

explanation would further support our findings regarding the ambient temperature in the Chair-study. 
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For these reasons, it may not be useful to further explore the practical application of 
the physical-social warmth link for mediated social touch interactions. That is to say 
that if the supposed effects of a warm mediated touch device are dependent on the 
ambient temperature, and may for example only elicit beneficial effects during winter 
times, it may not be very valuable to use such a system. In order to elicit the desired 
effects, or at least with regard to enhanced interpersonal closeness, our findings of 
the Chair-study – which are in line with the findings by Lynott et al. (2017) – may even 
suggest that it is more effective to adjust the ambient temperature.  
 
Neither the underlying mechanisms nor the possible boundary conditions of the 
physical-social warmth link are fully understood yet, as the research is still in its 
infancy (IJzerman et al., 2017; IJzerman & Hogerzeil, 2017). Whereas it is often 
suggested that the link finds its origins in our earliest intimate interactions with our 
loving caregivers, and that one’s attachment style may therefore modulate the impact 
of the effects of warmth, we did not find such interactions (RQ2.6). These null effects 
regarding attachment style are in line with the majority of the studies on the physical-
social warmth link that did not consider the recipient’s attachment style either. The 
only difference is that these studies actually reported beneficial effects of warmth. 
Our findings also resonate with earlier research that did not support the suggested 
modulating role of attachment style (Vess, 2012), and with research that suggests 
that the physical-social warmth link is innate rather than a learned association 
(Inagaki et al., 2016). Moreover, some of the studies may have had a participant 
sample that was too small to actually support the tested hypotheses, which could 
have resulted in false positives (IJzerman & Hogerzeil, 2017). This is further supported 
by several unsuccessful attempts to replicate the beneficial effects of warmth (e.g., 
(Donnellan et al., 2015; Ebersole et al., 2016; LeBel & Campbell, 2013; Lynott et al., 
2014)). In these attempts, the probability of observing false positives was reduced by 
substantially increasing the sample sizes. Although the sample sizes in our studies and 
meta-analyses can be considered substantial, they appeared too small to actually 
demonstrate the small effects of warmth, if such effects would truly exist.  
 
Abovementioned considerations suggest that the beneficial effects of warmth are not 
as outspoken as suggested. They even raise the question whether this effect actually 
exists. As mentioned, it could be the case that it is the coldness that elicits negative 
effects, rather than warmth the positive. Moreover, given the unclarity regarding the 
possible underlying mechanisms, a possible publication bias, possible undersampled 
studies, the reported effects often being small, and considering the failed replication 
attempts, it could be the case that the suggested effect does not exist altogether. In 
this section, I have discussed the possible modulating roles of various elements in 
relation to our research findings. When taking the various discussion points together, 
we can conclude that, contrary to what is often suggested (Bergman et al., 2015; 
Gooch & Watts, 2010; Inagaki & Eisenberger, 2013; Raison et al., 2015; Tollmar et al., 
2000), the physical-social warmth link – if it exists altogether – is neither substantial 
nor robust enough to be of practical significance for mediated social touch.  
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3.2 Limitations 
Every scientific experiment comes with certain limitations and the three studies as 
described in this part of the dissertation are no exception. I already discussed various 
possible limitations throughout the previous chapters, although those limitations 
were mainly considered as possible boundary conditions that may have influenced 
the supposed effectiveness of the physical warmth. In addition to those boundary 
conditions, there are several aspects that warrant attention. These aspects may be 
particularly interesting for follow-up research on the topic of physical warmth (and 
the attribution thereof) in mediated social touch.  
 
A first aspect that warrants attention are the temperature manipulations, both 
through the interfaces and through the ambient temperature. It is suggested that 
how socially warm someone feels and behaves is mainly determined by how 
physically warm one feels, rather than by the actual temperature (Fetterman et al., 
2017). It may have been the case that some participants in a warm condition still felt 
physically cold and vice versa. It is unlikely that this had significant impact on our 
results, as many of the effects of the physical-social warmth link have been found by 
means of temperature manipulations without considering one’s perceived 
temperature. It may however be worthwhile to consider this aspect in future research 
as it may provide valuable additional insights. How warm one feels could for example 
be recorded subjectively, but also by measuring the core temperature of the body 
(Inagaki et al., 2016). Related to the aspect of how warm one feels is the clothing that 
participants wore during the different studies. Since the thermal stimuli were not 
presented directly to the participant’s skin, but through clothing, this may have to 
some extent influenced the strength of the thermal manipulations3; a suggestion that 
is also made by Halvey and colleagues (2011). A consideration for future research 
could be to let every participant wear the same type of clothes; for example a simple 
t-shirt. This would mean that the thermal stimulation would be the same for 
everyone. A potential trade-off would in that case be that the type of clothing may 
affect how warm someone feels (Fetterman et al., 2017).  
 
Another aspect that can be considered a limitation of the studies and that warrants 
attention in future research is the strength of the attribution manipulation. The 
ostensible source of the warmth – either the technology or the communication 
partner – was introduced to the participant by the experiment leader’s verbal 
instructions and by written instructions. Despite our efforts to emphasize the 
attribution, some participants missed, misunderstood, or simply did not believe this 
attribution cover story. In the end of each of the studies, we asked the participants 

                                                       
3 In Study 1, the seat and the backrest of the chair were heated. Considering the wintertime in which 

this study took place, it is safe to assume that the differences between people in terms of the thickness 

of their trousers were not substantial and that they thus perceived the warmth with similar intensity 

(Halvey et al., 2011). The thickness of the upper body clothing may have differed between participants 

though, which may have made that the warmth from the backrest was perceived with different 

intensities. This may have also applied for the warmth in the first Nakama-study. The second Nakama-

study took place in the summer, in which nearly every participant was wearing a t-shirt or a garment 

of similar thickness. Participants that wore a vest or sweater were asked to remove this under the 

guise of being more convenient for placing the physiological electrodes.  
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whether they perceived the physical warmth, and if so, what the source of this 
warmth was (by means of forced choice questions). Exclusion of the data of 
participants whose answers to the manipulation check questions did not match with 
the actual experimental condition did not lead to different interpretations of any of 
the analyses. The same applied when participants were reassigned to the 
experimental group that matched their responses to the manipulation check 
questions. These alternative analyses are not reported in the respective chapters as 
they did not lead to different interpretations of the data. Future research could 
consider alternative, perhaps more convincing, methods for possible attribution 
manipulations though. 
 
A final limitation regarding our three studies concerns a possible experimenter bias. In 
Chapter 1, we have seen that a confederate bias may occur when a confederate is not 
blind to the experimental conditions. A confederate – who for example applied a 
(mediated) touch to a participant (Haans et al., 2014; Haans & IJsselsteijn, 2009b) – 
may, unknowingly adjust his or her behavior which in turn can bias the participant’s 
responses. The principle of an experimenter bias is the same. In all three studies, the 
participants were welcomed and instructed by the experiment leader before engaging 
in an interaction through either a heated or unheated medium. However, the 
experiment leader was neither blind to the purpose of the experiment, nor to the 
experimental group to which the participant was assigned. Although it is, given the 
null results, unlikely that an experimenter bias actually occurred during the three 
studies, it is something that should be overcome in future research. 

4 Conclusions 
With regard to the various research questions as defined in Chapter 2, the results of 
the three studies and the accompanying meta-analyses led to the following answers: 
 
Main RQ1: Does mediated communication through a haptic interface that is physically 

warm have beneficial effects with regard to feelings of interpersonal attachment, 

physical and emotional comfort, and pro-social behavior, as compared with the same 

interface at room temperature? 

No. That is to say, interaction through an interface that is heated does not prevail 
over interaction through the same interface at room temperature in terms of said 
effects. Moreover, it does not prevail over interactions through other haptic 
communication channels. The physical-social warmth link does not seem to have 
value for use in a setting of mediated social touch. If the effect exists at all, it is not 
substantial and robust enough to be put into practice; even when we take the various 
possible modulators and possible boundary conditions into account. 
 
Main RQ2: What are elements that modulate the anticipated beneficial effects that 

physical warmth as a means of mediated social touch has on the recipient, and can 

specific boundary conditions for effective interaction be determined? 

This main research question was decomposed in multiple research sub-questions: 
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RQ2.1: Do temporal aspects of the thermal stimulus – i.e., its duration and the 

moment of presentation – affect the anticipated beneficial effects of warmth on the 

recipient’s feelings of interpersonal attachment, comfort, and pro-social behavior? 
No. We did not find any beneficial effects of physical warmth that was presented 
directly to the participant in any of the studies, despite variations in the interface (a 
chair vs. Nakama), the duration of the exposure to the warmth, and the moment of 
exposure to the warmth (i.e., after the actual interaction, or during the interaction).  
 
RQ2.2: Does the attribution of physical warmth to a social source – i.e., mediated 

body heat of a remotely located person – enhance the anticipated beneficial effects of 

warmth on the recipient’s feelings of interpersonal attachment, physical and 

emotional comfort, and pro-social behavior, when compared with attribution of the 

warmth to a non-social source? 
No, although the null effects of the physical warmth manipulation may have 
prevented thorough investigation of the effect of attribution. Interestingly, people 
that supposedly perceived mediated body heat coming from their romantic partner 
thought that this communication channel provided additional opportunities for 
emotional expression. This was not reflected in the other measures though.  
 
RQ2.3: Are the anticipated beneficial effects of physical warmth more pronounced in a 

(stressful) setting in which there is a need for warm contact and in which the warm 

touch is clearly defined as intended to provide comfort, as compared with a (non-

stressful) setting in which the warm touch is open for interpretation?  
No. Having a clearly defined setting for the interaction did not lead to beneficial 
effects of physical warmth on social warmth, as compared with a less meaningful 
message through Nakama, or with having no message at all (through a heated chair).  
 

RQ2.4: Are the anticipated beneficial effects of stimulation with physical warmth 

through a haptic interface affected by the ambient temperature?  
We did not find beneficial effects of warmth coming from a haptic interface, which 
makes it difficult to answer this research question. However, if a future research 
endeavor can demonstrate beneficial effects of warm mediated touches over neutral-
temperature touches, for example within other specific boundary conditions, it is 
likely that these effects are not robust against variations in the ambient temperature. 
This conclusion is based on our finding that a relatively high ambient temperature 
leads to enhanced perceptions of social warmth in an unknown interaction partner. 
 

RQ2.5: Are the anticipated beneficial effects of physical warmth more pronounced 

when the mediated touch interaction takes place between romantic partners, as 

compared with an interaction between strangers?  
No. Neither an interaction between romantic partners, nor between the participant 
and an unknown and unseen partner did lead to beneficial effects of physical warmth.  
 

RQ2.6: Are the anticipated beneficial effects of physical warmth modulated by the 

personality characteristics attachment style and/or touch receptivity  
No. Even when taking these differences in individual characteristics into account, we 
did not find beneficial effects of stimulation with physical warmth.  
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Chapter 7. Chapter 7 
Social Touch in Human-Robot Interaction 

 
 
 
 
 

1 Introduction 
The Merriam-Webster dictionary1 defines a robot as “a device that automatically 

performs complicated and often repetitive tasks (as in an industrial assembly line)”. 
Indeed, robots have traditionally been employed for dull, dirty, heavy, and dangerous 
tasks. Even though these robots make the lives of people easier, they were not 
developed to actually interact with the users in a social manner2. A second definition 
of a robot as provided by the dictionary is “a machine that resembles a living creature 

in being capable of moving independently and performing complex actions (often: 

such a machine built to resemble a human being or animal in appearance and 

behavior)”. The latter definition, and in particular the part between brackets, moves 
away from the traditional view and introduces a social component in robots. Indeed, 
more robots are entering the public domain, of which several are developed for tasks 
that go beyond the traditional heavy and/or repetitive tasks; namely for seamless 
interaction with humans (Breazeal, 2004). According to different definitions as 
provided in the literature, there seems to be consensus that “social robots” are those 
robots that are capable of communicating verbally and non-verbally in a humanlike 
manner (e.g., (Dautenhahn, 2007, p. 684; Fong et al., 2003, p. 145; Leite, Martinho, et 
al., 2013, p. 291)). Lee, Park, and Song (2005, p. 539) define social robots as “robots 

designed to evoke meaningful social interaction (e.g., through anthropomorphic 

shapes, commands of natural communication modalities such as speech and gestures, 

and artificial intelligence) with users who actually manifest some types of social 

responses (e.g., affection for and bonding with robots, ontological perception of robots 

as social actors, and expectations and applications of complicated social rules in 

human–robot interaction)”. The latter definition implicitly acknowledges that social 
robots are not actual social entities, but are programmed to emulate the display and 
perception of humanlike social behavior. This is an important nuance, as is also 
suggested by de Graaf (2015) and by Duffy (2003). Indeed, social robots can employ a 
large variety of humanlike verbal and non-verbal behaviors in order to interact with 
the human user in a seemingly natural and efficient manner: they may be able to 
emulate the expression and perception of emotions, communicate with high-level 
dialogue, learn and recognize models of other agents, establish and maintain social 

                                                       
1 https://www.merriam-webster.com/dictionary/robot; last visited on February 6th, 2018. 
2 With “social” we refer to the ability to communicate with others verbally and non-verbally, not to the 

appraisal of behavior as being friendly and considerate. That is, a robot may behave very rude, 

unfriendly, and inconsiderate (i.e., antisocial), but is still considered a social robot as it communicates. 
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relationships, use natural social cues such as gaze, gestures, and facial expressions, 
they may exhibit a distinctive personality and/or they may learn and develop social 
competencies (Fong et al., 2003, p. 146).  
 
As said, social robots are entering the public domain and they are for instance being 
employed in schools, museums, shopping malls, elderly homes, and regular homes. In 
these different environments, they are intended to fulfill various tasks, ranging from 
providing information and instructions, to doing small chores to support the user. A 
common denominator in these tasks is that the robot socially interacts with the 
user(s) by means of the mentioned (emulated) social capabilities. One social signal 
that has received relatively little attention in HRI thus far is social touch, even though 
robots have a physical body and usually are equipped with haptic actuators that 
enable active touching capabilities (Lee, Jung, et al., 2006; Salter et al., 2006). Social 
touch interactions between human and robot could become a valuable extension of 
the robot’s social communication repertoire, as is for example suggested by van Erp 
and Toet (2013, 2015). This particularly applies with regard to the aim of seamless 
interaction with humans (Breazeal, 2004). In Chapter 1 we have already seen that 
human co-located social touch interactions can elicit a large variety of effects in the 
people, which include changes in one’s physiological and emotional well-being, one’s 
feelings of attachment and bonding, and one’s behavior and attitudes. If robot-
initiated touches could elicit similar responses in the human user, touching robots 
could be employed for various purposes, ranging from providing consolation to 
people who are stressed to convincing people in shopping malls to buy certain 
products. Robots could even employ social touch as an additional means to establish 
and maintain social bonds with their users: robot and human could become friends, 
or even partners (Bickmore & Picard, 2005; Leite, Martinho, et al., 2013; van Erp & 
Toet, 2015). Equipping social robots with touch capabilities, and actively employing 
these capabilities, sounds promising. Preliminary research demonstrates that robot-
initiated touch indeed may elicit similar effects as human touch (e.g., (Fukuda et al., 
2012; Hieida et al., 2014; Nakagawa et al., 2011; Nie et al., 2012; Shiomi et al., 2017), 
see also Chapter 1 and (Hoffmann, 2017, p. 25)). However, there is no coherent 
understanding of whether, and under which circumstances, a robot-initiated touch 
may elicit such effects in the human recipient. In the remainder of this introductory 
chapter, I will elaborate on the question as to why a robot-initiated touch supposedly 
can elicit the mentioned responses (Section 2). In Section 3, I will further discuss 
specific aspects that warrant attention when investigating and applying robot-
initiated touch. I will take the social touch technology challenges as defined in 
Chapter 1 as starting point for these discussions, and I will formulate specific research 
(sub-)questions that will be investigated in Part III. This chapter ends with a brief 
outline of the remainder of Part III of this dissertation (Section 4). 
 
The insights as gathered throughout Part III can further inform the design and 
development of (interactions with) social robots, thereby focusing on possible 
boundary conditions that may determine the effectiveness of the simulated social 
touch interaction. Moreover, the research is intended to contribute to a working 
theory as to how and why robot-initiated social touches may elicit similar beneficial 
responses as human touch.  
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2 Why Robot-initiated Touches may affect us 
As we have seen in Chapter 1, there is hardly any empirical research on the effects 
that robot-initiated social touches may elicit in the recipient. We have seen that 
engaging in social touch interactions with robots may enhance the perceived level of 
trust in, and friendship with the robot (Fukuda et al., 2012; Hieida et al., 2014; 
Nakagawa et al., 2011; Nie et al., 2012; Shiomi et al., 2017) and that this enhanced 
bond with the robot may also lead to a robotic Midas Touch effect. Receiving a touch 
from a robot led to enhanced willingness to carry out a monotonous task (Nakagawa 
et al., 2011; Shiomi et al., 2017) and to decreased feelings of unfairness (as measured 
through EEG) (Fukuda et al., 2012). These examples essentially encompass all 
research on humanoid robot-initiated touch (see also (Hoffmann, 2017, p. 25)).  
 
The preliminary related work does not pose suggestions for the question as to why a 
robot-initiated touch should elicit effects in the human recipient that are similar to 
those to human touch. The theory does in essence not go beyond the suggestion that 
“touch is an important human means of communication and therefore robots should 
employ touch as well”. A valuable starting point for the rationale as to why a robot-
initiated touch should be able to elicit responses in the human user, is to consider the 
robot as a haptic interface that can emulate a human touch by means of its 
embodiment and internal haptic actuators. As I described in Chapter 1 as well, it 
supposedly is nearly impossible to physically simulate a human touch accurately with 
haptic technologies (Gallace & Spence, 2010). Research on interactions through 
mediated social touch devices (Haans & IJsselsteijn, 2006; Huisman, 2017a; van Erp & 
Toet, 2015) and on responses to non-social physical stimulation does however 
suggest that even highly degraded representations of human touch may already 
induce similar experiences and responses as an actual human touch. We have for 
example seen that affective haptic messages can be interpreted successfully (e.g., 
(Bailenson et al., 2007; Smith & MacLean, 2007)), that mediated social touches can 
increase helping behavior (Haans et al., 2014; Haans & IJsselsteijn, 2009b), and that 
an “Affective Tele-touch” can decrease physiological stress responses with the same 
magnitude as real human touch (Cabibihan & Chauhan, 2017). Since social robots 
employ similar haptic technologies, it is suggested that robot-initiated touches should 
be able to induce similar effects as human-initiated touches (van Erp & Toet, 2013, 
2015). However, as we have also seen in Chapter 1 (and in Part II of this dissertation 
for that matter), not all interactions through degraded representations of a human 
touch result in similar beneficial effects as actual human touches (e.g., (Erk et al., 
2015; Yamazaki et al., 2016)). Moreover, there is more to the perception of a human 
co-located social touch than merely the physical stimulation; active cognitive 
processing to derive the meaning of the touch is involved as well (e.g., (Jakubiak & 
Feeney, 2017); see also Figure 1.2). It is likely that this also applies for the perception, 
and in turn the effects of robot-initiated (i.e., simulated) social touch. Considering 
robots merely as haptic interfaces may thus be an oversimplified approach.  
 
A valuable extension to the understanding of why a robot-initiated touch may elicit 
responses in the recipient, is the Computers As Social Actors (CASA) paradigm. CASA 
poses that people apply the social rules of human-human interaction, often 
mindlessly, when they interact with computers that exhibit anthropomorphic and/or 
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social cues (Nass, Moon, Fogg, Reeves, & Dryer, 1995; Reeves & Nass, 1996). There is 
a large body of examples that support this suggestion, for example the finding that 
people responded more socially and affectionately when a computer voice resembled 
a personality similar to their own (Lee & Nass, 2003), or when they were in a team 
with the computer (Nass, Fogg, & Moon, 1996). Moreover, people revealed more 
intimate information about themselves when a computer disclosed personal 
information about itself first; reciprocal self-disclosure (Moon, 2000). Since social 
robots are per definition computers that emulate social behavior, the CASA paradigm 
also applies in HRI (Kim, Park, & Sundar, 2013; Krämer, Rosenthal-von der Pütten, & 
Hoffmann, 2015). This so-called anthropomorphism – i.e., the tendency to attribute 
human characteristics (and cognitive and emotional states) to inanimate objects with 
the intention to rationalize their actions (paraphrased from (Duffy, 2003)) – may even 
be stronger for social robots than for other computing devices, as social robots are 
physically present in the environment (Lee, Jung, et al., 2006). Since people 
anthropomorphize robots and apply social rules from human-human interactions, 
they may also respond similarly to robot-initiated touches as they would to actual 
human touch. Not only would the physical composition of a robot’s touch then play a 
role in the perception of a touch, but also active cognitive processing (in a more or 
less similar way as would happen in human touch; see also Chapter 1 and Figure 1.2). 
This suggestion is for example supported by the findings that the perceived intentions 
of the touching robot (Chen et al., 2014), its proactivity in touching (Cramer, Kemper, 
Amin, Wielinga, et al., 2009), or the interplay between touch and other social cues 
such as facial expressions (Tsalamlal, Martin, et al., 2015) – all examples involve 
cognitive processing of the touch – modulate the responses to a robot-initiated touch 
in a similar way as human touch. 
 
According to the definition of simulated social touch that I put forward in Chapter 1, 
an essential aspect of simulated social touch is indeed that the touch is attributed to 
an artificial social entity. A robot should thus to a certain degree be considered an 
actual social robot. To be perceived as social, a robot should, according to the 
definition by Lee at al. (2005, p. 539), “evoke social interaction (…) with users who 

actually manifest some types of social responses (…)”. The evoked social interaction 
should bring the user in “a psychological state in which non-humanness of artificial 

objects is unnoticed” (Lee, 2004, p. 33) and in which “(para-authentic or artificial) 

actors are experienced as actual social actors in either sensory or non-sensory ways” 
(Lee, 2004, p. 45)). In short: the user should perceive ‘social presence’ in the robot. 
This is what happens automatically when people anthropomorphize robots (e.g., (de 
Graaf, 2015; Duffy, 2003)). However, there are different gradations in the extent to 
which social presence is perceived in a robot, as is suggested by for example 
(Dautenhahn, 2007; Fong et al., 2003; Lee, Jung, et al., 2006). Some robots can be 
anthropomorphized solely based on their appearance, but they may not be able to 
engage in social interaction at all, whereas more socially present robots may display 
additional social cues (e.g., mutual gaze, facial expressions, posture, or gestures). 
More advanced robots may be able to perceive human social signals, and may pro-
actively engage in social interactions, where they can demonstrate awareness of the 
setting, the social context, and human social structures by means of their own social 
behavior (Breazeal, 2003b; Fong et al., 2003). The more social robots approach 
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humanlike social interaction capabilities, the higher their social presence is. Since the 
extent to which social presence is perceived in a robot determines the behavior of 
human users towards the robot, social presence may modulate the effectiveness of 
robot-initiated social touch as well. That is, there may be a relation between the 
extent to which a robot-initiated touch elicits responses and the amount of social 
presence that is attributed to the robot.  
 
The relation between the perceived social presence in a robot and the user’s 
experiences and behavior towards the robot has been investigated on several 
occasions. People perceive robots with a higher social presence – robots that are 
more humanlike – for example as more intelligent (e.g., (Bartneck, Kanda, Mubin, & Al 
Mahmud, 2009; Looije, Cnossen, & Neerincx, 2006)), they show more empathy 
towards them (e.g., (Bartneck & Hu, 2008; Riek, Rabinowitch, Chakrabarti, & 
Robinson, 2009)), and they are more willing to keep a secret that is shared by the 
robot when it displays more social capabilities (in a similar extent as people keep 
secrets for other people (Kahn et al., 2015)). Moreover, the social presence 
determines to what extent social robots are considered capable for specific social 
tasks (Goetz, Kiesler, & Powers, 2003), and the extent to which people give credit to 
the robot for work that was done in a human-robot team (Hinds, Roberts, & Jones, 
2004). Finally, the perceived social presence in a robot affects the experienced 
enjoyment in the interaction and the acceptance of a robot (e.g., (de Graaf & Ben 
Allouch, 2013; Heerink, Kröse, Evers, & Wielinga, 2008)). The social presence of a 
robot may affect responses to robot-initiated touch in a similar way. 
 
It is important to mention here that even though humanlike interaction is often taken 
as base for human-robot interaction, people are more uncertain about, anticipate less 
social attraction to, and expect less social presence when they expect to interact with 
a social robot as opposed to another human (Spence, Westerman, Edwards, & 
Edwards, 2014). Considering this, it is not set in stone that people will respond 
similarly to robot-initiated touches as they would to human touches, even when the 
robot is perceived as a social actor. To complicate things even more, it is suggested 
that the relation between the social presence of robots and our affinity with them, as 
well as our willingness to accept robots, is not linear. When a robot approaches 
humanlikeness (i.e., when it looks and behaves almost, but not exactly, as human 
beings do), this affinity may reverse into an uncanny, unsettling feeling. This dip in the 
curve is known as the Uncanny Valley (Mori, 1970; Mori, MacDorman, & Kageki, 
2012), and although its existence is highly debated (e.g., (Kätsyri, Förger, Mäkäräinen, 
& Takala, 2015), see also (Mathur & Reichling, 2016)), it is worthwhile to take the 
Uncanny Valley into account with regard to robot-initiated social touch. This 
particularly applies because the physical composition of a robot’s touch will not 
closely resemble a human touch (Gallace & Spence, 2010). When a robot-initiated 
touch does not meet the human recipient’s expectations, with regard to the physical 
composition of the touch but also to the robot’s general touching behavior (see also 
Cramer et al. (2009)), a psychological discrepancy may arise that results in null or 
even negative social and behavioral effects (Lee, Jung, et al., 2006). However, as we 
have seen before, a degraded representation of human touch does not necessarily 
have to lead to negative responses in the recipient. Moreover we know that people 
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are willing to suspend their disbelief (Duffy & Zawieska, 2012) with regard to the 
artificiality of social robots. As such, they may also be lenient with regard to the non-
humanlike appearance and feel of a robot-initiated touch.  
  
In sum, we have seen that people may respond similarly to robot-initiated touches as 
they would to human touches; not only because of the mere physical stimulation that 
may elicit responses, but also because people anthropomorphize robots and as such 
apply social rules from human-human interaction in HRI. However, we have also seen 
that the extent to which a robot is perceived as an actual social actor – its social 
presence – may vary, and could be influenced by various characteristics of the robot. 
In turn, these characteristics (e.g., its appearance, social cues, and social intelligence) 
modulate the experiences that people have during HRI, and may also inform the 
effectiveness of a robot-initiated touch. In addition, the physical composition of such 
a touch may also affect the touch’ effectiveness in eliciting responses in the recipient. 

3 Discussion and Research Questions 
In Part III of this dissertation, we are interested in the following research question: 
 

Main RQ3: Can robot-initiated social touches elicit similar beneficial effects with 

regard to feelings of attachment, one’s physical and emotional state, and pro-social 

behavior, as human touches? 
 
As described in Section 2, the answer to this question may be ‘yes’, for two reasons. 
Firstly, robots employ similar haptic technologies that have proven to be able to elicit 
beneficial responses under specific circumstances. This suggestion by for instance van 
Erp and Toet (2013, 2015) by itself may be somewhat of a simplification though, as it 
leaves the cognitive modulation of the robot’s touch out of the equation. Modulation 
that is informed by the social behavior of the robot (see also Figure 1.2 in Chapter 1). 
Therefore, we introduced the second reason for as to why people may also respond 
to robot-initiated touches in a similar way as they do to human-initiated touches. That 
is, people may perceive social presence in the robot, to which they may respond by 
applying the same social rules of human-human interaction; the CASA paradigm. 
However, since the research on the effects of robot-initiated touches is sparse and 
may even suffer from publication bias, these suggestions warrant thorough further 
investigation. In order to provide more insights in the opportunities and limitations of 
robot-initiated touch, I will use the remainder of this discussion section to identify 
specific aspects that warrant attention, based on the social touch technology 
challenges as defined in Chapter 1. For each aspect, I will define specific research 
(sub-)questions that will be addressed in the remainder of Part III (see also 
Figure 7.1), and that together will provide insights in the final main research question:  
 

Main RQ4: What are elements that modulate the anticipated beneficial effects that 

robot-initiated touches have on the human recipient, and can specific boundary 

conditions for effective interaction be determined? 
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Figure 7.1: A schematic overview of the research on robot-initiated touch. 

3.1 Challenge 1: The Physical Composition and Appearance of a Robot-initiated Touch 
Whereas a mediated social touch may be reduced to mere physical stimulation 
without accompanying social cues, touches that are initiated by social, humanoid 
robots inherently are multimodal sensory experiences. The sensation and perception 
of the physical qualities and parameters of a robot’s touch (e.g., the activation of 
various cutaneous and kinesthetic receptors through stimulation with soft sponge 
balls, a spatula covered in cloth, or a warm robot hand (Chen et al., 2014; Fukuda et 
al., 2012; Nakagawa et al., 2011; Nie et al., 2012; Shiomi et al., 2017)) are 
accompanied and possibly modulated (e.g., (Tsalamlal, Martin, et al., 2015)) by 
multimodal social cues (Breazeal, 2003b) and visual information about the 
appearance of the robot as a whole. Whereas the physical composition of a robot’s 
touch will not be actively investigated in this dissertation, we will investigate to what 
extent the physical appearance of the robot may affect the responses to the robot-
initiated touch. Robots can come in many different forms, sizes, and materials (Fong 
et al., 2003), and can provide various social cues such as gestures or facial expressions 
(Breazeal, 2003a; Tsalamlal, Martin, et al., 2015). Conjointly, these aspects affect the 
social presence as perceived in the robot. Research on the perception of stimuli that 
address the CT afferent system has demonstrated that the extent to which a physical 
stimulus is considered social, affects the perceptions of that stimulus (Blakemore et 
al., 2005; Ebisch et al., 2008; Morrison, Björnsdotter, et al., 2011). Moreover, the 
appearance of the robot elicits certain expectations in the user with regard to its 
social capabilities (Dautenhahn, 2007; Leite, Martinho, et al., 2013; Lohse, 2011), 
which may in turn also affect the perceptions of the robot-initiated touch. 
Considering the future design and development of social robots that are intended to 
engage in social touch interactions, and the aim of this thesis to inform this 

 

 

 

 

 

 

 

7 

 

 

 

 

 

 

 

 



CHAPTER 7 

 138

development, it is valuable to understand how certain aspects of the physical 
appearance of the robot relate to the perception of its touch. To further inform the 
design of social robots that are intended to engage in social touch interactions with 
humans, I will address the following research question: 
RQ4.1: Does the physical appearance of the robot influence how robot-initiated 

touches are perceived, and if so, what are the important elements to consider? 
 
In Chapter 9, I specifically address how specific design characteristics of a robot 
contribute to the perception of a social touch. This will be done by means of the three 
online studies in which participants are presented with visual materials regarding 
robots and touches. Moreover, the use of different robots that actually provide 
touches (the three studies as described in Chapters 8, 10, and 11) further provides 
the opportunity to reflect on the role that the physical appearance of the robot plays, 
also in conjunction with additional social cues such as speech and behavior (Breazeal, 
2003b, 2004; Dautenhahn, 2007). More specifically, in Study 4 (Chapter 8) the 
touches will be provided by a rather mechanically appearing robot, whereas in Studies 
8 and 9 (Chapters 10 and 11) a more humanoid robot will be employed. 

3.2 Challenge 2: The Role of Attribution in Robot-initiated Social Touch 
When a social robot touches a human, the robot is perceived as more humanlike than 
when it does not touch (Cramer, Kemper, Amin, & Evers, 2009; Cramer, Kemper, 
Amin, Wielinga, et al., 2009; Nie et al., 2012) and its social presence is enhanced (Lee, 
Jung, et al., 2006). However, it is unclear whether this also means that robot-initiated 
touches are able to elicit responses in the human recipient with regard to bonding 
and attachment, physiological and emotional well-being, and pro-social behavior. 
Some research on mediated social touch suggests that the processing of artificial 
touches mainly happens in a bottom-up manner (also when the touch is attributed to 
another person instead of to a non-social machine) (Schirmer et al., 2011). In cases of 
physical absence of a social actor that provides the touch, the physical qualities and 
parameters of a touch would, according to the authors, be the decisive component, 
thereby largely bypassing elaborate cognitive processing. In simulated social touch 
however, the toucher is physically present, but not human. That is to say that a social 
robot likely is not perceived as equally social as a human (Spence et al., 2014). The 
robot’s social behavior is not natural but emulated (de Graaf, 2015; Duffy, 2003; Lee 
et al., 2005) and this artificiality has to be neglected to a sufficient extent by the 
human interlocutor (Duffy & Zawieska, 2012). The social presence as experienced in a 
robot differs from robot to robot and from situation to situation (Epley, Akalis, Waytz, 
& Cacioppo, 2008; Fong et al., 2003). Lee and his colleagues (2006, p. 759) state that: 
“without strong feelings of social presence during HRI, the experience of social robots 

will be nothing more than a physical experience of artificially embodied entities. For 

HRI to be a truly social experience, social robots should be experienced as if they were 

real social actors”. When we consider this statement from the perspective of robot-
initiated touch, it would mean that social presence distinguishes a robot-initiated 
social touch from a non-social physical stimulus (see also Chapter 1 and Figure 1.5). 
We have seen that a higher social presence of a robot generally leads to higher 
perceived intelligence in the robot, higher enjoyment in the interaction, more 
acceptance of the robot, and more empathy towards the robot. However, it is not yet 
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clear whether (and if so, how) the social presence as experienced in the robot is 
associated with the effectiveness of the touch it provides, or that the (anticipated) 
effects of simulated social touch are mainly formed by the physical composition of the 
touch. Moreover, if there indeed is a relation between the social presence and the 
effectiveness of the touch, it is valuable to understand what this relation looks like. 
Study 4, as presented in Chapter 8 of this dissertation, is supposed to provide 
preliminary insights in the role that the attribution of the touch to a social entity 
plays. The specific research question that I will address in that chapter is:  
RQ4.2: Does the amount of social presence that is attributed to a social robot 

modulate the anticipated effects of a robot-initiated touch on feelings of attachment 

to the robot, one’s physical and emotional state, and one’s pro-social behavior?  

3.3 Challenge 3: Modulators and Boundary Conditions 
As we have seen in Chapter 1 (see also Figure 1.3), there are many elements that 
possibly modulate the effects of a human social touch. These modulators include, but 
are not limited to, the setting in which the touch takes place, the characteristics of 
the relation between the interactants, and personal characteristics of the recipient of 
the touch. It is likely that these specific modulators also play a role in social touch 
interactions between a social robot and the human recipient. Research has 
demonstrated that some of these elements indeed may modulate the responses to 
robot-initiated touch as well. The perceived intentions of a touching robot can, for 
example, affect how appropriate and acceptable a touch is perceived (Chen et al., 
2014), and pro-active touching behavior from a robot is more appreciated and 
considered more appropriate than touching upon the user’s request (Cramer, 
Kemper, Amin, & Evers, 2009; Cramer, Kemper, Amin, Wielinga, et al., 2009). 
However, touch interactions with social robots may not be as rich as interhuman 
touch interactions, both in terms of the physical composition of the touch (Gallace & 
Spence, 2010), and the availability and/or naturalness of other social information. This 
raises the question which of modulators known for human touch interactions also 
apply in HRI with robot-initiated social touch, and which information is essential for 
the effective elicitation of the desired responses to robot-initiated touch. In order to 
provide preliminary insights in this specific challenge, I will address the role that the 
dyadic relationship between the robot and the user plays in the effectiveness of 
robot-initiated touch (Bickmore & Picard, 2005; Leite, Martinho, et al., 2013). We 
intend to provide insights in the following research question: 
RQ4.3: Does having a pre-existing social bond with a robot modulate the anticipated 

effects of its touches with regard to feelings of attachment, one’s physical and 

emotional state, and pro-social behavior? 
 
In addition, as I pointed out in Chapter 1 as well, interactions with social robots may 
introduce new modulators: aspects that are not applicable or relevant in interhuman 
communication, but that become apparent in interactions with social robots, or 
perhaps even solely in robot-initiated touch interactions. The main challenge is to 
identify such modulators, and to understand to what extent they may serve as 
boundary condition for effective robot-initiated touch interactions. In Part III, we will 
consider the impressions and prejudices that people have of social robots, such as 
anxiety for robots (Nomura et al., 2006). Moreover, as one’s immersive tendency may 
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determine the extent to which robots are actually considered as social entities 
(Jerome & Witmer, 2002; Kim et al., 2012), we will consider that personality 
characteristic as well. Besides these personality characteristics that are specifically 
applicable in HRI, we will also investigate whether one’s attachment style 
(Bartholomew & Horowitz, 1991) and one’s touch receptivity (Bickmore et al., 2010) 
may – as is the case in interhuman touch interactions – modulate how a robot-
initiated touch is perceived. In short, we intend to provide insights in the following 
research (sub-)question: 
RQ4.4: Are the anticipated beneficial effects of a robot-initiated touch modulated by 

the recipient’s attachment style, touch receptivity, robot anxiety, or other personality 

characteristics?  
Whereas RQ4.3 will be answered by means of a dedicated experimental manipulation 
in Chapter 11, we will include (selections of) the personality characteristics as 
mentioned in RQ4.4 as covariates throughout the experiments in Part III, with the 
intention to reflect on the findings afterwards. As can be seen in Figure 7.1, we do not 
vary the setting throughout the studies, and we thus will not reflect on the possibly 
modulating role of setting in robot-initiated touch interactions. 

4 Outline of Part III 
In the remainder of Part III, I present six studies that we carried out in order to 
provide insights in whether robot-initiated touches may elicit responses in the human 
recipient that correspond with responses to human co-located touch (i.e., Main RQ3). 
In three of these studies (Studies 4, 8, and 9 in Chapters 8, 9, and 11, respectively), 
participants were invited to watch a scary movie together with a social robot that 
either did or did not provide (supposedly) consoling touches throughout the movie. 
Within this stressful setting we applied various objective and subjective measures to 
verify to what extent the robot’s touches affected the bonding with the robot, the 
recipient’s physiological and emotional well-being, and his or her pro-social behavior. 
Moreover, we varied several details throughout the studies, in order to provide 
insights in the role that possible modulators (see also Section 3) play in simulated 
social touch interactions. 
 
In Chapter 8, I present Study 4 in which we investigated the effects of robot-initiated 
touches and in particular the role that attribution of the touch plays. We intended to 
vary the perceived levels of social presence by presenting a low-anthropomorphic 
robot in different ways, while not varying the physical composition of the touch 
(RQ4.2). In Chapter 10, we replaced the somewhat mechanically appearing robot of 
Study 4 with a more anthropomorphic one, and investigated how this more advanced 
interface affected the responses to touch (Study 8). In Chapter 11 then, we 
investigated whether establishing a bond with the robot prior to the touch interaction 
modulated the responses to robot-initiated touches (Study 9; RQ4.3).  
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In between the three chapters that describe the lab studies, I took a sidestep to three 
online crowdsourcing studies (Study 5, 6, and 7 in Chapter 9). With these studies, we 
intended to investigate how the touching robot’s appearance affected the 
perceptions of a robot-initiated touch and the associated effects (RQ4.1). 
Crowdsourcing is a convenient means to gather large datasets, in which all effort 
involved in running extensive lab-experiments is largely bypassed. On the premise 
that people are very well capable of imagining how an observed touch, or even a 
merely imagined touch, may feel (Blakemore et al., 2005; Ebisch et al., 2011; Lucas et 
al., 2015)), we made use of visual materials (photos and videos) of robots and touch 
stimuli during the online studies.  
 
The influence of personality characteristics on the various anticipated effects of touch 
was a recurring theme in both the lab studies and the online endeavors (RQ4.4). The 
reflections regarding the research (sub-)questions collectively provide insights in 
Main RQ4. 
 
In Chapter 12 then, I present a meta-analysis of the effects of robot-initiated touch as 
found in Study 4, 8, and 9, which serves as a prelude to the general discussion of the 
findings with regard to social touch in HRI and the possible modulators. I will provide 
brief answers to the research (sub-)questions and discuss what our findings may imply 
for the research on, and application of robot-initiated touch.  
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Chapter 8. Chapter 8 
A Touching Machine? 

 
 
 
 
 

Abstract 
In Study 4 (“the Fay-study”), we investigated whether robot-initiated touches could 

elicit similar beneficial responses in the human user as human touches and if so, within 

which possible boundary conditions such effects may occur. To this end, we investigate 

the possible modulating role of the social presence of the robot on perceptions of 

robot-initiated touch. We conducted a 2x2 between-subjects experiment (N = 59), in 

which our mechanically appearing robot either was framed as an Industrial Robot (i.e., 

low social presence), or as a Social Robot (with high social presence) to the 

participants, prior to an interaction with it during stressful circumstances. This 

interaction – during a scary movie – either did or did not involve physical contact with 

the participant that was initiated by the robot. We carried out this study with the 

intention to expand the non-verbal communication repertoire of humanoid social 

robots. Based on our rationale as presented in the previous chapter, we hypothesized 

that robotic touches would attenuate the subjective and physiological stress responses 

during a stressful event (H1a), enhance the positive subjective perceptions of the robot 

(H1b), and increase one’s pro-social behavior (H1c), as compared with HRI that did not 

involve physical contact. In addition, we expected that the beneficial effects of robot-

initiated touch would be more outspoken when the social robot would be perceived as 

more socially present (H2). Our findings corroborate earlier research and they suggest 

that a robot-initiated touch can, to some extent, induce similar responses as human 

touches. A robot-initiated touch, regardless of the social presence manipulation, 

enhanced the perceived trust and the affective trust in the robot. No effects were 

found on physiological stress responses or on pro-social behavior. Despite a successful 

social presence manipulation (i.e., a significant difference between the low and high 

social presence groups), it appears that responses to robot-initiated touches are not 

modulated by social presence when this is low. 
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1 Introduction 
In Chapters 1 and 7, we have seen that social touches form a prominent part of our 
non-verbal communication repertoire. These touches, such as a comforting pat on 
the back, systematically change another’s perceptions, thoughts, feelings and/or 
behavior in relation to the context in which they occur (Hertenstein, 2002). Touch is 
for instance the most commonly used method to comfort someone who experiences 
stress or negative arousal (Dolin & Booth-Butterfield, 1993) and can have profound 
effects on one’s physiological stress responses (e.g., cortisol, blood pressure, or heart 
rate) in a variety of contexts (e.g., (Ditzen et al., 2007)). In addition, touches can 
emphasize the affective content of a message (App et al., 2011) and can enhance the 
bond between two people in terms of attachment and trust (e.g., (Gulledge et al., 
2003)), which can also be reflected in enhanced pro-social behavior (the “Midas 

Touch” effect; e.g., (Crusco & Wetzel, 1984)). In the current chapter, we present 
Study 4, to which we will also refer as the “Fay-study”. In this study we investigated 
whether such effects of human touch could also be achieved through robot-initiated 
social touches, and in a stressful setting. As such, Study 4 was intended to extend the 
preliminary findings with regard to robot-initiated touch (see Chapter 1, 7 and 
(Hoffmann, 2017, p. 25)) and thus to provide additional insights in Main RQ3; the 
question whether a robot’s touch can elicit similar effects as a human touch. 
 
In Chapter 7, I have argued that robot-initiated touches indeed may elicit similar 
responses in the human recipient as human touches can, in particular because people 
tend to anthropomorphize robots and thus attribute humanlike characteristics to 
them (Duffy, 2003). Since research has demonstrated that people respond in a similar 
manner to robotic emulations of human social cues as they would to the human 
counterparts, this may also apply for social touch interactions. We have also seen that 
social robots come in many different forms and with varying verbal and non-verbal 
communicative modalities, which may lead to different expectations of the social 
capabilities of robots, as well as to different levels of social presence that are 
perceived in different robots. As a consequence, it could be that the extent to which a 
robot is considered an actual social being also determines the strength of the effects 
of robot-initiated touch. When more social presence (Lee, 2004) is perceived in a 
robot, the beneficial effects may be more outspoken. To investigate this suggestion 
further, and thus to provide insights in the associated research sub-question RQ4.2, 
we intended to manipulate the robot’s social presence as well in Study 4.  
 
In the previous chapter, we have seen that the social presence that is experienced in 
a robot may affect how intelligent and capable a robot is perceived, how acceptable 
and enjoyable an interaction with it is, and how empathetic and discrete people 
behave towards a robot. The experimental manipulation in many of these studies was 
achieved by the utilization of different robots; e.g., comparing the responses to a 
rather mechanical looking robot with a more humanlike specimen (e.g., (Bartneck, 
Kanda, et al., 2009; Goetz et al., 2003; Hinds et al., 2004; Riek et al., 2009)). While this 
may be a valuable approach to gain insights in the extent to which social presence 
affects perceptions of a robot, it is unsuitable for our investigations of the responses 
to robot-initiated touches, as different robots would apply physically different 
touches. In Chapter 1 we have seen that the physical qualities and parameters of a 

 

 

 

 

 

 

 

8 

 

 

 

 

 

 

 



A TOUCHING MACHINE? 

 145

social touch largely influence the perceptions of a social touch and the effects it may 
elicit. Since we would be using only one robot, the intended social presence 
manipulation had to be achieved otherwise. To do so, we applied different framings 

of the robot’s capabilities and intentions prior to the (touch) interaction; in line with 
for example Westlund and colleagues (2016). Research has demonstrated that prior 
framing of a robotic interlocutor affects how people respond to it. Interaction with an 
“active, intelligent agent” led to faster collaborative task performance than an 
interaction with a “mechatronic device that merely follows commands”. In addition, 
participants attributed more intentionality to the more humanlike robot (Stenzel et 
al., 2012). People also unknowingly adjusted their own social cues according to the 
framing that was applied. Klapper and colleagues (2014) found that participants 
imitated the behaviors of the robot more when it was presented as more humanlike. 
Moreover, children directed their gaze more towards the task at hand, rather than to 
the robot itself, when the robot was presented as being social instead of machinelike. 
They also appeared more talkative and less shy towards the robot when it was 
described as being social (Westlund et al., 2016). The social presence manipulation in 
our study should also be achieved through variations in the robot’s actual behavior. 
The robot’s behavior can modulate the extent to which social presence is perceived in 
the robot (Breazeal, 2003b; Fong et al., 2003). Robots that adjust their facial 
orientation and gaze are for example perceived as more socially intelligent (e.g., 
(Looije et al., 2006)) and variations in the robot’s speech behavior can also modulate 
the experienced social presence (e.g., (Heerink et al., 2008)).  
 
In our study, participants were invited to watch a scary movie in order to elicit stress 
and thus to enable the investigation of whether robot-initiated touches can have 
stress-attenuating effects. Participants watched the movie together with the 
mechanically appearing robot “Fay”, that either initiated supposedly comforting 
physical contact by placing its hand on the shoulder of the participant (i.e., the Touch 
condition), or that refrained from social touching (No Touch). Based on earlier findings 
regarding robot-initiated touch (e.g., (Fukuda et al., 2012; Shiomi et al., 2017)), the 
notion that highly degraded representations of touch can elicit responses that are 
similar to human touch (e.g., (Haans & IJsselsteijn, 2006; Huisman, 2017a; van Erp & 
Toet, 2015)), and the notion that people tend to anthropomorphize social robots and 
behave similarly to them as they would to other human beings (e.g., (Duffy, 2003)), 
we defined the following hypotheses with regard to Main RQ3: 
 
H1a: Being touched by a robot will have beneficial effects on the participant’s arousal 

level in stressful circumstances, as compared with not being touched. The effects of 
touch were to be reflected in subjective self-report measures (e.g., an attenuated 
increase of subjective arousal, and less negative affect after receiving touches), as 
well as in attenuations in objective physiological stress responses. 
 
H1b: A robot’s touch will induce more positive perceptions of the physical appearance 

of the robot and one’s relation with it, will enhance its social presence, and will 

decrease one’s negative attitude towards the robot. This should be reflected in 
various self-report measures. 
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H1c: A robot-initiated touch can induce a Midas Touch effect and will thus increase the 

participant’s pro-social behavior. This will be reflected in an increased willingness to 
comply with the robot’s requests.  
 
We deliberately opted for a robot with a mechanical appearance, as this was deemed 
more suitable for the social presence manipulation. A very humanlike robot would, 
merely based on its appearance, likely be perceived as highly socially present (as 
suggest by for example Riek et al. (2009)). The non-humanlike appearance of Fay 
allowed us to apply the framing and behavior manipulations in order to create Low 
and High Social Presence conditions. With regard to this second independent variable, 
we defined the following hypothesis: 
 
H2: The stress-attenuating effects (H1a), the positive perceptions of the robot (H1b), 

and the robotic Midas Touch effect (H1c) will be stronger when the perceived social 

presence of the robot is higher. 

 
The reason that we also anticipated beneficial responses to robot-initiated touches in 
the Low Social Presence condition was informed by several aspects. Firstly, highly 
degraded representations of touches can, as mentioned, elicit similar responses as 
human touches. Secondly, earlier research has demonstrated that the (pro-active) 
touching actions enhance the sense of social presence that is perceived in the robot 
(Cramer, Kemper, Amin, & Evers, 2009; Cramer, Kemper, Amin, Wielinga, et al., 2009). 
As a consequence, touches provided by a robot that is not perceived as very socially 
present, may still elicit beneficial responses.  
 
In addition to the Touch and Social Presence manipulations, we recorded various 
personality characteristics of the participants to explore their possible influence on 
the measures (RQ4.4). Figure 8.1 displays the topics under investigation in Study 4. 

 
Figure 8.1: A visual representation of the aspects under investigation in Study 4. 
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2 Methods 

2.1 Design 
We devised a 2x2 between-subjects experiment (i.e., four groups) with Social 

Presence (Low; Industrial Robot, High; Social Robot) and Touching (Touch, No Touch) 
as independent variables. In the Low Social Presence condition, the robot was framed 
as a harvesting robot that eventually was going to be converted to a social robot but 
that could not display social behavior yet. In the High Social Presence condition, the 
robot was presented as a social robot that was intended to interact with human 
users, and it acted as such. To elicit stress, participants watched a scary movie, 
together with the robot. In the Touch groups, the robot touched the participant on 
the shoulder at eight pre-defined moments; an act that supposedly was intended to 
provide comfort. Unbeknown to the participants, the robot was not autonomous but 
remotely controlled. In this Wizard-of-Oz setup, all robot behaviors were initiated by 
the experiment leader who was located in an adjacent control room.  

2.2 Participants 
A total of 59 participants, of which 28 (47.5%) were female, was recruited from the 
TNO participant database (mean age = 45.78, SD = 20.12, range = 19-83). All 
participants had normal or corrected to normal vision and hearing and had full control 
over both arms (these were inclusion criteria). They were randomly assigned to one of 
the four groups: Industrial Robot-Touch (n = 7 female, 7 male), Industrial Robot-No 

Touch (8, 7), Social Robot-Touch (6, 9), and Social Robot-No Touch (7, 8). The study 
was reviewed and approved by the TNO institutional review board (TNO, Soesterberg, 
The Netherlands), and was in accordance with the Helsinki Declaration of 1975, as 
revised in 2013 (World Medical Association, 2013). Each participant received €30,- for 
participation in the experiment, and travel expenses were covered up to €15,-. 

2.3 Setting and Apparatus 
The experiment took place in two adjacent rooms of ca. 3x4m, at TNO location 
Soesterberg (the same rooms as utilized in Study 3 (the second Nakama-study; 
Chapter 5): an ‘experiment room’ and a room in which the participants received 
instructions, filled out the questionnaires, and arranged other formalities. The robot 
that was used in this experiment, “Fay”, was developed by Delft University of 
Technology in close collaboration with TNO. For this specific experiment, the robot 
was stripped from its covers and head in order to make it appear mechanical and thus 
would fit both Social Presence conditions (see Figure 8.2). In the High Social Presence 
condition, the robot was presented to the participant as an actual social robot: a 
robot that can recognize the behavior and emotional state of its human users, and 
can respond based on this input in order to interact. As such, the Social Robot was 
equipped with speech and idle movements (i.e., small movements of the arm and the 
‘head’, and short back-and-forth or rotating movements of the robot’s wheeled 
platform, as if it were alive; see for example also (Bickmore & Picard, 2005; De Ruyter 
et al., 2005)). Participants in the High Social Presence conditions were told that the 
experiment was intended to evaluate the social capabilities of the robot. In the Low 

Social Presence condition, the Industrial Robot was presented as a harvesting robot 
that was intended to be converted to a social robot, but that at this point could not 
yet demonstrate social behaviors at all. The Industrial Robot did not speak, and its idle 
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movements were presented as being calibrations of the motors and the sensing 
systems. In the Low Social Presence condition, the experiment was carried out under 
the guise of the evaluation of technical systems of the robot. Besides being a part of 
the Social Presence manipulation, the robot’s idle movements were intended to let 
the participants accustom to the robot’s physical movements in all conditions. The 
aim was to decrease potential startling responses that the movements could elicit 
during the movie; in particular the touching actions in the Touch groups. The 
instructions that supported the Social Presence manipulation can be found in 
Appendix C. 
 
With regard to the Touch manipulation, the robot either touched or did not touch the 
participant during the interaction. In the Low Social Presence condition, this touch 
was supposed to be interpreted as a test of the technical systems of the robot, such 
as its ability to detect the participant’s shoulder. In the High Social Presence condition, 
the touch was intended to be perceived as a social gesture; supposedly to provide 
comfort. The robot, located at the left-hand side of the participant, contains one arm 
(the right arm), that can be extended by means of motors in the shoulder and elbow. 
The hand consists of a three-finger gripper that is mounted on a rotating and twisting 
wrist. The entire robot and the control hardware is mounted on a platform on wheels; 
see also Figure 8.2. All movements of the robot were remotely controlled by means of 
a PlayStation 3 controller. Each pair of buttons (e.g., up-down) was connected to a 
specific motor in the robot. The flow of the interaction moments in both the Touch 
and No Touch conditions is displayed in Figure 8.3. 
 

 
Figure 8.2: Left: the "Fay" robot as used in Study 4. Right: the original robot with its covers and head (NB: this 

version was not used in the study). 
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Figure 8.3: Flow of the interaction moments in the Touch and No Touch groups. The comforting utterances (in 

grey) are only applicable in the High Social Presence condition. 

During the experiment, the participant was observed and recorded with a video 
camera. Based on the video-feed, a trained experiment leader applied eight 
ostensibly robot-initiated touches to the participant. For each of the eight touches the 
arm was extended in the direction of the participant’s left shoulder, during which the 
hand was opened. Shortly before physical contact, small adjustments in the position 
of the robot hand were made to actually reach the desired location on the 
participant’s shoulder; either by closing or opening the hand further, by adjusting the 
wrist, or by slightly rotating the robot as a whole. The movement of the robot hand 
towards the participant’s shoulder took approximately five seconds, after which the 
physical contact was established and remained for 23 to 47 seconds. In the High 

Social Presence condition, the robot uttered pre-programmed sentences during the 
final stage of each touch. In the No Touch condition, the utterances were presented 
at exactly the same time. These utterances were produced by means of the Fluency 
Johan (MBROLA) Dutch Male Text-to-Speech converter1 and the texts can be found in 
Appendix C. After the utterance, the robot arm returned to its initial position in 
approximately five seconds. The setting of Study 4 is displayed in Figure 8.4.  
 

 
Figure 8.4: Setting of Study 4. Left: the robot touching the participant. Center: close-up of the touch during the 

scary movie. Right: overview of the control room. 

As stressor, we played “The Descendent” (Anderson & Glickert, 2006) and “Red 
Balloon” (Trounce et al., 2010) consecutively (total duration 26:36). These two short, 
thrilling movies were projected (1280x1024px) on a screen on the wall (approximately 
1x1.5m, and 2m from the viewer), and the sounds came from speakers on both sides 
of the screen. Prior to the stressor, we played a three-minute excerpt of a neutral 
aquatic movie, “Coral Sea Dreaming: Awaken” (Hannan, 2010), intended to bring 
participants to their baseline emotional state (recommended by Piferi et al. (2000)).  
 
The physiological state of the participants was recorded and synchronized with the 
movie and interaction events in the same way as in Study 3 (Chapter 5, Section 2.3). 
The questionnaire items were presented by means of Google Forms on a computer in 
the room adjacent to the lab, or administered with pen and paper (emotional state). 
                                                       
1 https://www.fluency.nl; last visited on December 18th, 2017. 
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2.4 Measures 
With regard to the effects of robot-initiated Touch, in relation to the perceived Social 

Presence of the robot, we applied a variety of measures that have been employed in 
(earlier) HRI research and that were deemed relevant for (or have been applied in) 
simulated social touch research. First, I describe how we verified whether the Social 
Presence manipulation worked or not, after which I describe the measures regarding 
the effects of Touch. The latter measures are clustered in different categories, which 
in essence reflect the effects that human touches can elicit as described in Chapter 1: 
Emotional and Physiological State, Robot Appearance, Relationship with the Robot, 
Attitude towards the Robot, Touch Appropriateness, and the Midas Touch effect. To 
conclude, I describe the measures regarding several Personality Characteristics that 
may modulate the responses. All measures were included in the questionnaire that 
was administered after the movie phase, unless stated otherwise. All questionnaire 
items were administered in Dutch for the convenience of the participants. If no Dutch 
translation of a measure was available, we translated each item and verified the 
translation by means of back-translation. 

2.4.1 Social Presence 

The Social Presence questionnaire by Lee and colleagues (2006) was applied to verify 
whether the presentation of the robot, as well as its behavior, indeed led to a 
difference in to what extent the robot was perceived as being a social entity. Thus, to 
verify whether the Social Presence manipulation worked as intended. In addition, we 
investigated whether robot-initiated touches affected the perceptions of social 
presence. This questionnaire consisted of eight 10-point semantic differential or 
Likert items, such as “While you were interacting with the robot, how much did you 

feel as if it were a social being?” (‘1’ = ‘Not at all’, ‘10’ = ‘Very much’). 

2.4.2 Emotional and Physiological State 

The participant’s Galvanic Skin Response (GSR), Heart Rate (HR) and Heart Rate 

Variability (HRV; the variation in duration of consecutive inter-beat intervals (Task 
Force of the European Society of Cardiology, 1996)), were measured in exactly the 
same way as in the second Nakama-study (Study 3; Chapter 5). In addition, we 
recorded the participant’s Respiration Rate (RR) with an elastic belt around the 
thorax, directly below the sternum. These objective physiological signals were 
recorded while watching the neutral movie (as a baseline) and throughout the scary 
movie sequence, in order to investigate whether the robot’s Touch (in conjunction 
with the level of Social Presence of the robot) could attenuate physiological stress 
responses. GSR, HR, and RR increase with emotional arousal and decrease in 
relaxation (Lang, 1995; Mandryk et al., 2006; Stern, Ray, & Quigley, 2001), whereas 
the HRV – again, operationalized by the Root Mean Square of Successive Differences 
(RMSSD) – decreases under stressful circumstances and increases in comfort (Task 
Force of the European Society of Cardiology, 1996). Besides a two-minute baseline 
recording for each physiological channel, we recorded the average physiological 
values for (1) the entire scary movie sequence excluding the non-scary introductory 
scenes (duration: 20:04), (2) the eight interaction moments (+45 seconds after 
interaction offset; 10:16), and (3) the intervals in between these interaction moments 
(09:48); see also Figure 8.5. 
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Figure 8.5: Schematic overview of the physiological recording intervals. The black boxes at the beginning of 

each of the movies represent the non-scary introductory scenes, the dark grey bars indicate the moments 

during which actual physical contact occurred and the lighter grey adjacent bars indicate the 45 additional 

seconds after interaction offset. 

The participant’s emotional state was also measured subjectively. Both prior to and 
after the movie, the Valence and Arousal levels were measured with the Self-

Assessment Manikin (SAM; (Bradley & Lang, 1994)). Moreover, the experienced 
Positive and Negative Affect were recorded with the Positive and Negative Affect 

Schedule (PANAS; (Watson et al., 1988), Dutch translation by Peeters and colleagues 
(Peeters et al., 1996)). The participants also indicated their impression of both scary 
movies by means of the Fear Arousal (FAS) and Disgust Arousal (DAS) scales (Rooney, 
Benson, & Hennessy, 2012). The agreement with statements like “I thought the movie 

clip was very scary” (FAS; 4 items) “I felt aversion towards the content of the movie 

clip” (DAS; 4 items) was to be indicated on 5-point Likert scales for each of the 
movies. The respective scores for both movies were aggregated into a single FAS and 
DAS score. Participants were also asked whether they were familiar with either of the 
fragments (Davydov et al., 2011). 

2.4.3 Robot Appearance 

To investigate whether Touch affects how the robot is perceived in terms of its 
appearance, we measured the perceived Anthropomorphism, Animacy, and 
Intelligence of the robot. Each of these subscales of the Godspeed questionnaire 
(Bartneck, Kulić, Croft, & Zoghbi, 2009) consists of five 5-point semantic differential 
items (e.g., artificial-lifelike (anthropomorphism), inert-interactive (animacy), and 
foolish-sensible (intelligence)). Moreover, we recorded the perceived Immediacy of 
the robot with four 7-point semantic differential items (e.g., direct-indirect; 
(Andersen, Andersen, & Jensen, 1979; Rubin, Rubin, Graham, Perse, & Seibold, 2009), 
as applied by Kidd (2003)). In addition, the perceived Safety, Qualification, and 
Dynamism of the robot were recorded. These are subscales of the Credibility scale 
(Kidd, 2003) (based on the Source Credibility scale (Berlo, Lemert, & Mertz, 1969)). 

2.4.4 Attitude towards the Robot 

We administered the three subscales of the Negative Attitude towards Robots Scale 
(NARS; (Nomura et al., 2008)) to investigate how a robot’s Touch and Social Presence 
affect the negative attitude towards (1) interaction with robots, (2) the social influence 

of robots, and (3) emotional interactions with robots. Participants indicated to what 
extent they agreed with respectively six, five, and three statements (e.g., “I would feel 

uneasy if robots really had emotions”) on a 5-point Likert scale.  

2.4.5 Relation with the Robot 

To verify whether robot-initiated touches can affect the perceived relation with the 
robot, we recorded the Affective Trust (adopted from (Johnson & Grayson, 2005), as 
applied by Kim, Park, Sundar, and del Pobil (2012)), and Perceived Trust in the robot 
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(based on (Dillard, Solomon, & Palmer, 1999; Rubin et al., 2009), as applied by Kidd 
(2003)). Participants were asked to indicate to what extent they agreed with 
statements for both the Affective Trust (four items; e.g., “the robot displayed a warm 

and caring attitude towards me”) and the Perceived Trust (six items; e.g., “the robot 

was sincere”) on a 7-point Likert scale. In addition, we recorded the Likability of the 
robot (i.e., another 5-item semantic differential Godspeed subscale (Bartneck, Kulić, 
et al., 2009); e.g., unfriendly-friendly), the perceived Attachment towards it 
(Schifferstein & Zwartkruis-Pelgrim, 2008), and the Perceived Friendship with it (i.e., 
the Help, Intimacy, Emotional Security, and Stimulating Companionship subscales 
(Pereira, Leite, Mascarenhas, Martinho, & Paiva, 2011)). The Attachment was 
measured with five items (e.g., “I felt emotionally connected to the robot”) and the 
Perceived Friendship with two items for each of the subscales (e.g., “the robot helped 

me while watching the movie”); the agreement with these statements was recorded 
on a 5-point Likert scale.  

2.4.6 Pro-social Behavior 

To measure to what extent a robot-initiated Touch could elicit Pro-social behavior, 
participants were asked if they were willing to donate a part of their €30,- 
remuneration to support additional research with, and development of the Fay robot. 
Participants indicated how much they were willing to donate. Moreover, participants 
were asked whether they were willing to return for follow-up research, and if so, for 
what duration they would be willing to participate. For both (bogus) requests we 
recorded the proportion of people that complied to the request, as well as the actual 
amount of money or time that was made available. 

2.4.7 Impressions of Touching Behavior 

To investigate whether the experimental manipulations led to different impressions 
of the robot’s touches, we asked the participants in the Touch groups to indicate to 
what extent the touch was perceived as enjoyable, scary, reassuring, and necessary, 
whether the robot could touch again, whether the intentions of the touching robot 

were confusing, and whether the participant would have preferred not to be touched. 
These seven 7-point Likert items were derived from the work by Chen et al. (2014). 

2.4.8 Personality Characteristics 

Besides the age and gender of the participants (as demographic descriptors as well as 
potentially modulating elements), we measured the participant’s Anxiety to the 

robot’s (1) communication capabilities, (2) its behavioral characteristics, and (3) its 

discourse by means of the Robot Anxiety Scale (RAS; (Nomura et al., 2008)). 
Participants indicated to what extent they felt anxious regarding various robot 
behaviors (for example “How strong the robot is”) on a 6-point scale (‘1’ = ‘I do not 

feel anxiety at all’, ‘6’ = ‘I feel very anxious’). Moreover, we recorded the participant’s 
Immersive Tendency (Jerome & Witmer, 2002; Witmer & Singer, 1998). Seven 
questions like “do you ever become so involved in a television program or book that 

people have problems getting your attention?” were to be answered on a 7-point 
scale (‘1’ = ‘not at all’, ‘7’ = ‘totally’). A final personality characteristic that possibly 
modulates the effects of a robot-initiated Touch is one’s openness to being touched, 
which was measured through the Touch Receptivity questionnaire (Bickmore et al., 
2010). All covariate measures were administered prior to the movie.  

 

 

 

 

 

 

 

8 

 

 

 

 

 

 

 



A TOUCHING MACHINE? 

 153

2.5 Procedure 
Participants were welcomed by the experiment leader, who informed them about the 
purpose of the experiment (related to the Social Presence manipulation). Next, 
participants received and signed an informed consent form, after which they 
proceeded with Questionnaire 1 in Google Forms (that consisted of the age, gender, 
RAS, Touch Receptivity, and the Immersive Tendency). Subsequently, the experiment 
leader handed the participant a sheet with the information about the robot (with the 
Social Presence manipulation; see also Appendix C) and verbally instructed the 
participant about the remainder of the experiment. At the end of the instructional 
texts, there were several control questions to make sure the participant had read the 
instructions carefully. When a control question was answered incorrectly, the 
experiment leader clarified the situation or asked the participant to reread the 
instructions. The experiment leader escorted the participant to the experiment room, 
where she attached the electrodes for the physiological recordings to the designated 
body parts and verified the signals. The experimenter left the room and the 
participant filled out the pre-movie Valence, Arousal, Positive Affect, and Negative 
Affect items on paper (i.e., Questionnaire 2). Once completed, the experimenter 
returned in the room, switched off the lights, switched on the camera, and left again. 
In the High Social Presence condition, the robot uttered the first sentence: “we are 

going to watch a movie together. After the neutral movie, the thrilling movies will 

start.” Next, the movie sequence, consisting of respectively the three-minute neutral 
video, “The Descendent”, and “Red Balloon”, was started by the experimenter from 
the adjacent control room. The final two minutes of the neutral video were utilized to 
record the physiological baseline. Throughout the movie, the experiment leader 
manually initiated the idle movements (39, to be precise; applicable for all four 
groups), the robot’s utterances (only in the High Social Presence groups; see also 
Appendix C), and the touches (only in the Touch groups; see also Section 2.3). When 
the movie sequence ended, on-screen instructions referred the participant to the 
sheet with the post-movie Valence, Arousal, Positive Affect, and Negative Affect items 
(Questionnaire 3). When finished, the experiment leader returned, removed the 
electrodes, and escorted the participant back to the first room in which he or she 
filled out the remainder of the measures (regarding the Movie Perception, Robot 
Appearance, Robot Relation, Robot Attitude, Appropriateness of the touches, and the 
Midas Touch questions; Questionnaire 4). Finally, the participant was fully debriefed 
and administrational formalities were taken care of. The entire procedure took 
approximately 1h30m and is listed in Table 8.1.  
 
Table 8.1: Experimental procedure and measures. 

Preparation 
(ca. 30min) 

Room 1 
Welcome; verbal introduction; 
informed consent 

 

Questionnaire 1 
Age, Gender, Robot Anxiety, Touch Receptivity, 
Immersive tendency 

Social presence manipulation: Robot 
framing 

Control questions regarding manipulations 

Verbal instructions and clarifications  
Room 2: Experiment room 
Attach electrodes and verify signal  
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Experiment 
session  
(ca. 35min) 

Questionnaire 2 
Pre-movie Emotional state: Valence and Arousal 
(SAM) and Positive and Negative Affect (PANAS) 

Start movie sequence: Neutral 
video 

Pre-movie Emotional state: Baseline Heart Rate, 
Heart Rate Variability, GSR, and Respiration Rate 

Scary movie sequence and eight 
robot interactions (according to 
experimental condition)  

Emotional state: Experimental Heart Rate, Heart 
Rate Variability, GSR, and Respiration Rate 
measures (entire movie, interaction moments, non-
interaction intervals) 

Questionnaire 3 Post-movie Emotional state: SAM and PANAS 

End 
(ca. 25min) 

Detach electrodes  
Room 1 

Questionnaire 4 

Social Presence 

Post-movie Emotional state: Familiarity with 
movies, FAS and DAS per movie 
Robot appearance: Anthropomorphism, Animacy, 
Intelligence, Immediacy, Safety, Qualification, 
Dynamism 
Robot relation: Affective Trust, Perceived Trust, 
Attachment, Likability, Help, Intimacy, Emotional 
Security, Stimulating Companionship 
Negative Attitude Towards Robot: Interaction, 
social influence, emotional interactions 
Touch appropriateness items 

Midas Touch: Donation, willingness to return 
Debriefing; administrational 
formalities, thanking 

 

3 Results 

3.1 Pre-processing 
None of the participants was familiar with either of the movies. Due to technical 
problems with the robot during some of the experimental sessions, data of five 
participants were omitted. The 54 participants with valid data were divided over the 
experimental groups as follows: Industrial Robot-Touch (n = 14), Industrial Robot-No 

Touch (n = 13), Social Robot-Touch (n = 14), and Social Robot-No Touch (n = 13). 
 
We processed the physiological recordings in MathWorks MATLAB R2013b by means 
of the FieldTrip toolbox (Oostenveld et al., 2011). The GSR, HR, and HRV for the three 
recording intervals were derived with the same algorithms as described in Chapter 5 
(Section 3.1). For the Respiration recordings, we applied a 2nd order low-pass 
Butterworth filter to remove the high-frequency component in the recordings. The 
Respiration Rates were then determined with a peak-detection algorithm on the 
filtered signal. Due to technical problems with the physiology recordings, data from 
two additional participants were omitted from the ‘Emotional State’-analyses. For six 
of the remaining participants, one of the physiological signals (the ECG (i.e., HR and 
HRV), GSR, or RR) was invalid. Data imputation by means of group mean substitution 
was applied in order to retain the remaining valid data, and to circumvent listwise 
exclusion during the analyses. Group mean substitution is a rather conservative 
approach. As a result, the sample sizes of the experimental groups in the ‘Emotional-
State’-analyses were as follows: Industrial Robot-Touch (n = 14), Industrial Robot-No 
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Touch (n = 13), Social Robot-Touch (n = 13), and Social Robot-No Touch (n = 12). The 
scores of the subjective measure items were aggregated (averaged or summed) into 
their respective subscales. All data were checked for normality. When the normality 
assumption was violated we opted for data transformation and if that did not resolve 
the issue we conducted non-parametric tests. The data were analyzed with IBM SPSS 
Statistics 23 and the significance threshold is set at p = .05.  

3.2 Manipulation Checks 
To verify whether the manipulation indeed led to differences in social presence 
between the Low and High Social Presence groups, we carried out an independent 
samples t-test on the Social Presence scores (Cronbach’s α = .91) of 54 participants. 
The test confirmed that participants in the High Social Presence group (M = 4.30, SD = 
1.79) indeed perceived the robot as more socially present than people in the Low 

Social Presence group (M = 3.25, SD = 1.35): t(52)= -2.43, p = .019 (2-tailed), d = .66. 
 
We conducted a one-way repeated measures MANOVA with Measuring Moment 
(Baseline, Movie) as within-subjects independent variable to verify whether the stress 
elicitation worked as intended. We included the Baseline and Movie2 physiological 
recordings (HR, HRV (square root-transformed), GSR (square root-transformed), and 
RR), as well as the pre- and post-movie Positive Affect scores (Cronbach’s α = .85 and 
.85). Data from the 52 participants with valid physiological responses were included. 
The analysis yielded a significant main effect of Measuring Moment, which implies 
differences in stress responses between the Movie and the Baseline: Wilks’ Λ = .429, 
F(5, 47) = 12.51, p < .001, partial η2 = .571. The individual repeated measures ANOVAs 
yielded significant effects for GSR and Positive Affect, which respectively increased 
and decreased due to the movie. Wilcoxon Signed Ranks tests demonstrated that the 
Valence significantly decreased due to the movie (pre-movie Mdn = 7.00, post-movie 
Mdn = 6.00), whereas the Arousal (Mdn = 3.00 vs. 4.00) and Negative Affect 
significantly increased (Mdn = 11.00 vs. 13.00; Cronbach’s α = .73 and .87 for the pre- 
and post-movie measures, respectively). These analyses demonstrate that the stress 
elicitation worked as intended. The results of the various stress elicitation analyses 
can be found in Table 8.2. 
 
Table 8.2: Stress elicitation scores (SD) and manipulation check statistics. Bold-faced values represent 

significant effects. 

Repeated measures ANOVAs   
 Baseline Experiment F(1, 51) p Partial η2 
HR (BPM) 70.56 (9.04) 69.76 (8.88) 2.64 .111 .049 
HRV (RMSSD; square root) 5.78 (1.84) 5.68 (1.71) 0.87 .354 .017 

GSR (range-corrected; √)  0.45 (0.22) 0.60 (0.10) 14.29 < .001 .219 

RR (BPM) 18.80 (2.79) 18.26 (2.69) 2.59 .114 .048 
Positive Affect 32.02 (5.91) 27.23 (6.49) 30.43 < .001 .374 
Wilcoxon Signed Ranks tests  
 Baseline Experiment Z p r 

Valence 7.22 (0.75) 6.04 (1.55) -4.81 < .001 -.472 
Arousal 2.94 (1.34) 4.13 (1.70) -5.01 < .001 -.491 
Negative Affect 11.56 (2.11) 14.42 (4.84) -4.56 < .001 -.447 

                                                       
2 The recordings of the entire scary movie sequence excluding the non-scary introductory scenes. 
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3.3 Touch Effects 
To investigate the effects of Touching (Touch, No Touch), Social Presence (High, Low), 
and the interaction effects between these independent variables on the various 
Emotional State and Robot Perception measures, we conducted a series of two-way 
MANOVAs that contained various related measures as dependent variables. We also 
carried out a two-way ANOVA with the same independent variables and the social 
presence measure as dependent variable in order to investigate whether robot-
initiated touch enhanced the sense of presence. In addition, we carried out a one-way 
MANOVA on the Touch Appropriateness scores with Social Presence (High, Low) as 
independent variable. All effects are listed in Table 8.3. In the remainder of this 
section, the descriptive statistics of all measures are reported from the perspective of 
the Touch manipulation, and all significant effects will be addressed separately. 
 
Table 8.3: Overview of the main and interaction effects of the ANOVA and all MANOVAs. The respective 

dependent variables and n’s are listed. Δ-Values indicate differences between post-movie and pre-movie 

scores. Bold-faced values represent significant effects. 

 Wilks’ Λ F df p Partial η2 
Emotional State, Entire Movie (n = 52): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ), Valence (Δ), Arousal (Δ), 
Positive Affect (Δ), Negative Affect (Δ), Fear Arousal Scale, Disgust Arousal Scale 
Main effect Touch .876 0.55 

(10, 39) 
.840 .124 

Main effect Social Presence .631 2.28 .032 .369 
Interaction Touch x Social Presence .863 0.62 .787 .137 
Emotional State, Interaction Moments (n = 52): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ) 
Main effect Touch .947 0.63 

(4, 45) 
.643 .053 

Main effect Social Presence .919 0.99 .424 .081 
Interaction Touch x Social Presence .982 0.21 .931 .018 
Emotional State, Non-Interaction Intervals (n = 52): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ) 
Main effect Touch .909 1.13 

(4, 45) 
.357 .091 

Main effect Social Presence .947 0.62 .648 .053 
Interaction Touch x Social Presence .975 0.28 .887 .025 
Social Presence (n = 54; ANOVA) 
Main effect Touch 

Not 
applicable 

1.50 
(1, 50) 

.226 .029 
Main effect Social Presence 5.79 .020 .104 
Interaction Touch x Social Presence 0.21 .651 .004 
Robot Appearance (n = 54): Immediacy, Safety, Qualification, Dynamism, Anthropomorphism, Animacy, 
Intelligence 
Main effect Touch .890 0.78 

(7, 44) 
.611 .110 

Main effect Social Presence .713 2.54 .028 .287 
Interaction Touch x Social Presence  .912 0.61 .745 .088 
Attitude towards the Robot (n = 54): Negative Attitude Towards (1) Interaction with, (2) Social 
Influence of, and (3) Emotional Interactions with Robots  
Main effect Touch .961 0.65 

(3, 48) 
.585 .039 

Main effect Social Presence .925 1.29 .287 .075 
Interaction Touch x Social Presence .842 3.01 .039 .158 
Robot Relation (n = 54): Affective Trust, Perceived Trust, Help, Intimacy, Emotional Security, 
Stimulating Companionship, Likability, Attachment 
Main effect Touch .584 3.83 

(8, 43) 
.002 .416 

Main effect Social Presence .439 6.88 < .001 .561 
Interaction Touch x Social Presence .844 0.99 .455 .156 
Touch Appropriateness (n = 26): Enjoyable, Scary, Reassuring, Necessary, Confusing Intentions, Touch 
again, Preferred no touch 
Main effect Social Presence .544 2.16 (7, 18) .089 .456 
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3.3.1 Emotional and Physiological State 

In Table 8.3, we can see that there neither was a main effect of Touch, nor an 
interaction effect between Touch and Social Presence. This applies for the 
physiological recordings over the entire movie (in conjunction with the subjective 
Emotional State measures), as well as for the interaction and non-interaction 
recording intervals (physiological recordings only). We did however find a main effect 
of Social Presence on the Emotional State scores of the entire movie. Inspection of 
the individual ANOVAs revealed that the Respiration Rate decreased due to the scary 
movie when the seemingly Social Robot was present (M = 1.27, SD = 2.07), whereas it 
increased with an Industrial Robot (M = 0.13, SD = 2.57): F(1, 48) = 4.68, p = .036, partial 
η2 = .089. Moreover, the increase in subjective Arousal due to the movie was 
significantly smaller with the Social Robot (M = 0.74, SD = 1.09) than with the 
Industrial Robot (M = 1.59, SD = 1.18): F(1, 48) = 6.95, p = .011, partial η2 = .127). 
Interestingly, the decrease in Positive Affect due to the movie was significantly 
smaller in the Industrial Robot condition (M = -3.11, SD = 5.39) than with the Social 

Robot (M = -6.60, SD = 6.73): F(1, 48) = 4.28, p = .044, partial η2 = .082. The descriptive 
statistics of the physiological responses can be found in Table 8.4 and the scores on 
the subjective measures are listed in Table 8.5 (both tables discern between the 
Touch and No Touch scores).  
 
Table 8.4: Mean physiological responses (SD) and differences with baseline (Δ) per recording interval. 

 Baseline Movie Interaction Moments Non-Interactions 
Value Δ Value Δ Value Δ 

HR (BPM) 
Touch 

70.12 69.53 -0.59 70.73 0.62 70.79 0.68 
(7.47) (7.83) (4.20) (8.42) (4.51) (7.62) (4.04) 

No 
Touch 

71.05 70.01 -0.97 71.23 0.18 70.62 -0.43 
(10.61) (10.05) (2.82) (9.66) (3.35) (9.88) (2.90) 

HRV 
(RMSSD; 
mS) 

Touch 
31.59 30.59 -0.99 30.21 -1.37 29.99 -1.60 
(17.53) (15.23) (9.07) (15.42) (7.69) (14.58) (6.98) 

No 
Touch 

42.21 40.08 -2.12 40.16 -2.05 38.99 -3.21 
(26.76) (25.03) (8.73) (27.47) (12.26) (25.76) (9.46) 

GSR 
(range-
corrected) 

Touch 
0.22 0.39 0.17 0.39 0.17 0.38 0.16 
(0.18) (0.11) (0.24) (0.12) (0.24) (0.12) (0.24) 

No 
Touch 

0.29 0.35 0.06 0.34 0.06 0.36 0.07 
(0.27) (0.12) (0.35) (0.13) (0.36) (0.12) (0.35) 

RR (BPM) 
Touch 

18.89 18.14 -0.75 20.52 1.63 20.30 1.41 
(2.97) (2.46) (2.11) (2.40) (2.22) (2.70) (2.38) 

No 
Touch 

18.70 18.39 -0.31 20.78 2.08 20.61 1.91 
(2.63) (2.97) (2.75) (3.87) (3.09) (3.71) (2.95) 
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Table 8.5: Mean scores (SD) of the subjective Emotional State measures per Touch condition. 

 Pre-Movie Post-Movie Δ 

Valence (SAM) 
Touch 7.32 (0.72) 6.20 (1.55) -1.13 (1.43) 
No Touch 7.12 (0.78) 5.88 (1.56) -1.24 (1.23) 

Arousal (SAM) 
Touch 2.95 (1.38) 4.28 (1.51) 1.33 (1.27) 
No Touch 2.92 (1.32) 3.96 (1.90) 1.03 (1.14) 

Positive Affect 
Touch 30.15 (5.99) 25.81 (5.92) -4.33 (6.63) 
No Touch 34.04 (5.21) 28.76 (6.85) -5.28 (5.93) 

Negative Affect 
Touch 11.56 (1.63) 14.37 (4.75) 2.81 (4.20) 
No Touch 11.56 (2.57) 14.48 (5.04) 2.92 (3.87) 

Post-Movie subjective measures 

Fear Arousal Scale (α = .74) 
Touch 3.31 (0.57) 
No Touch 3.36 (0.65) 

Disgust Arousal Scale (α = .78) 
Touch 3.36 (0.68) 
No Touch 3.19 (0.74) 

3.3.2 Social Presence 

As was to be expected after the manipulation check, the results of the two-way 
ANOVA as presented in Table 8.3 demonstrate a significant main effect of the Social 

Presence manipulation on the Social Presence measure as well. Neither Touch, nor 
the interaction between Touch and Social Presence yielded significant differences 
with regard to social presence. The mean scores are visualized in Figure 8.6. 
 

 
Figure 8.6: Social Presence scores per experimental group. Error bars indicate 95% Confidence Intervals. The Y-

axis (1-10) has been cropped for better visibility. 

3.3.3 Robot Appearance 

As can be seen in Table 8.3, neither the Touch manipulation nor the interaction 
between Touch and Social Presence resulted in significant differences between 
groups regarding the Robot Appearance scores. The Social Presence manipulation did 
however yield a significant difference between the High and Low Social Presence 
groups. Inspection of the individual ANOVAs revealed that the perceived Immediacy 
of the Social Robot (M = 4.22, SD = 1.06) was higher than that of the Industrial Robot 
(M = 3.47, SD = 0.82): F(1, 50) = 8.36, p = .006, partial η2 = .143. Moreover, the 
perceived Safety of the Social Robot (M = 4.95, SD = 0.85) was higher than that of the 
Industrial Robot (M = 4.33, SD = 0.59): F(1, 50) = 10.31, p = .002, partial η2 = .171. The 
scores of all Robot Appearance dependent variables are listed in Table 8.6. 
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Table 8.6: Mean scores (SD) and Cronbach’s α’s for Robot Appearance per Touch condition. 

 Cronbach’s α Touch No Touch 
Immediacy .80 3.88 (1.05) 3.82 (0.99) 
Safety .87 4.61 (0.87) 4.67 (0.71) 
Qualification .87 4.17 (0.93) 4.47 (0.93) 
Dynamism .74 4.08 (0.68) 4.18 (0.76) 
Anthropomorphism .89 2.04 (0.90) 1.88 (0.67) 
Animacy .83 2.34 (0.73) 2.12 (0.65) 
Intelligence .89 2.85 (0.77) 2.97 (0.72) 

3.3.4 Attitude towards the Robot 

The two-way MANOVA on the three Negative Attitude towards Robot Scale subscales 
did not yield significant main effects of Touch or Social Presence (see also 
Table 8.3). There was however a significant interaction effect between the 
independent variables. When looking at the individual ANOVAs (listed in Table 8.7), it 
appears that the negative attitude towards the social influence of robot was subject 
to the Touch x Social Presence interaction. Post-hoc comparisons, as well as 
inspection of the graphs (Figure 8.7) demonstrate that adding physical contact to an 
interaction with a Social Robot increases the negative attitude towards the social 
influence of robots, whereas equipping an Industrial Robot with touch capabilities 
does not affect these subjective responses.  
 
Table 8.7: The statistics of the Touch x Social Presence interaction effects of the individual Robot Attitude 

ANOVAs. The bold-faced value indicates a significant effect. 

Negative Attitude Towards: Cronbach’s α F(1, 50) p Partial η2 
Interaction with Robots α = .75 0.86 .359 .017 
Social Influence of Robots α = .73 7.89 .007 .136 
Emotional Interactions with Robots α = .76 2.68 .108 .051 

 

 
Figure 8.7: The Negative Attitude towards: interaction with robots (left), social influence of robots (center), 

and emotional interactions with robots (right), per experimental group (individual item scores were summed). 

Higher scores imply a more Negative Attitude. Error bars represent 95% Confidence Intervals. 

3.3.5 Relation with the Robot 

According to Table 8.3, both the Touch manipulation and Social Presence 
manipulation yielded significant main effects on the eight Robot Relation measures. 
The interaction effect was not significant. The main effects of Touch and Social 

Presence for the separate ANOVAs of all dependent variables are, together with their 
descriptive statistics, listed in Table 8.8 and Table 8.9, respectively. These tables 
demonstrate that a Touch from a robot, regardless of the Social Presence, led to 
higher perceptions of Affective and Perceived Trust in the robot than an interaction 

 

 

 

 

 

 

 

8 

 

 

 

 

 

 

 



CHAPTER 8 

 160

with No Touch. Moreover, interactions with a Social Robot led to more Affective Trust, 
Perceived Trust, a stronger sense of Perceived Friendship (i.e., Help, Intimacy, and 
Emotional Security), and a higher sense of Attachment to the robot than when the 
robot is presented as an Industrial Robot regardless of its touching behavior.  
 
Table 8.8: Mean scores (and SD) of the Robot Relation measures and statistics of the Touch effects of the 

individual ANOVAs. Bold-faced values indicate significant effects. 

 Cronbach’s α Touch No Touch F(1, 50) p Partial η2 
Affective Trust .91 3.73 (1.45) 2.93 (1.61) 5.56 .022 .100 
Perceived Trust .91 3.20 (1.04) 2.56 (1.25) 4.84 .032 .088 
Help .88 2.04 (0.94) 2.13 (1.11) 0.14 .706 .003 
Intimacy .68 2.45 (1.00) 2.15 (1.03) 1.36 .248 .027 
Emotional Security .92 2.21 (1.17) 2.15 (1.19) 0.04 .841 .001 
Companionship .77 2.59 (1.03) 2.88 (0.84) 1.36 .249 .026 
Likability .87 2.91 (0.75) 2.95 (0.49) 0.03 .857 .001 
Attachment .76 2.30 (0.71) 1.93 (0.78) 3.56 .065 .067 

 
Table 8.9: Mean scores (and SD) of the Robot Relation measures and statistics of the Social Presence effects of 

the individual ANOVAs. Bold-faced values indicate significant effects. 

 Social Robot Industrial Robot F(1, 50) p Partial η2 
Affective Trust 4.20 (1.35) 2.49 (1.29) 26.19 < .001 .344 
Perceived Trust 3.32 (1.07) 2.46 (1.15) 9.29 .004 .157 
Help 2.43 (1.12) 1.74 (0.80) 7.30 .009 .127 
Intimacy 2.74 (0.80) 1.87 (1.03) 12.35 .001 .198 
Emotional Security 2.57 (1.19) 1.80 (1.02) 7.08 .010 .124 
Stimulating Companionship 2.69 (1.00) 2.78 (0.90) 0.09 .767 .002 
Likability 3.00 (0.71) 2.86 (0.56) 0.67 .418 .013 
Attachment 2.34 (0.72) 1.90 (0.75) 5.15 .028 .093 

3.3.6 Pro-social Behavior 

To investigate whether a robot-initiated touch could induce a Midas Touch effect, we 
carried out Mann-Whitney U tests on the amount of money that people were willing 
to donate. We compared the Touch with the No Touch groups regardless of the Social 

Presence (Touch Mdn = 0.0, No Touch Mdn = 0.0; U = 336.0, Z = -0.89, p = .374, r = -
.121), for the Low Social Presence groups only (Touch Mdn = 0.0, No Touch Mdn = 0.0; 
U = 78.0, Z = -1.02, p = .307, r = -.197), and for the High Social Presence groups only 
(Touch Mdn = 0.0, No Touch Mdn = 0.0; U = 90.5, Z = -0.05, p = .957, r = -.010). None 
of the tests yielded a significant Midas Touch Effect on the amount of money that was 
donated. Moreover, a χ²-test to investigate whether the actual willingness to donate 
differed between people in the Touch and No Touch conditions, did not demonstrate 
any differences: χ²(1, n = 54) = 0.93, p = .336 (2-sided) , 
Cramer’s V = .131. This also applied when the data were split between people in the 
High Social Presence (χ²(1, n = 27) < 0.01, p = .957 (2-sided), Cramer’s V = .010) and 
Low Social Presence groups: χ²(1, n = 27) = 1.36, p = .244 (2-sided), Cramer’s V = .224. 
Our participants were not very keen on donating a part of their remuneration to 
additional robot research (see also the Median scores and Table 8.10). 
 
Similar Mann-Whitney U analyses were carried out to investigate whether 
participants were willing to return for similar research, and if so, for what duration. 
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No significant effects of Touch on the amount of time that one was willing to spend 
on follow-up research were found. This applied for the overall comparison between 
the Touch and No Touch groups (Touch Mdn = 3.5, No Touch Mdn = 8.0; U = 272.5, Z = 
-1.66, p = .096, r = -.227), the comparison for people in the Low Social Presence 
groups only (Touch Mdn = 2.0, No Touch Mdn = 4.0; U = 69.0, Z = -1.11, p = .266, r = -
.214) and for the people in the High Social Presence groups (Touch Mdn = 5.5, No 

Touch Mdn = 8.0; U = 65.0, Z = -1.36, p = .173, r = -.262). Since 51 out of the 54 
participants were willing to stay longer, no additional χ²-tests were carried out. The 
results of the Midas Touch measures are listed in Table 8.10.  
 
Table 8.10: Midas Touch effect results. Money in €, Time in hours. 

 Amount of Money 
(SD) 

Proportion 
Complying 

Amount of Time 
(SD) 

Proportion 
Complying 

Touch No Touch Touch No Touch Touch No Touch Touch No Touch 

All 
Participants 

0.71 0.77 2/28 4/26 4.18 5.65 26/28 25/26 
(2.96) (1.84) (7.1%) (15.4%) (3.27) (2.97) (92.9%) (96.2%) 

Social Robot 
0.36 0.38 1/14 1/13 5.21 6.69 13/14 13/13 
(1.34) (1.39) (7.1%) (7.7%) (2.86) (1.97) (92.9%) (100%) 

Industrial 
Robot 

1.07  1.15 1/14 3/13 3.14 4.62 13/14 12/13 
(4.01) (2.19) (7.1%) (23.1%) (3.42) (3.48) (92.9%) (92.3%) 

3.3.7 Impressions of the Touching Behavior 

According to the one-way MANOVA on the seven Touch Appropriateness measures 
(as presented in Table 8.3), the Social Presence manipulation did not lead to 
differences in the perceptions of the appropriateness of the touch. The descriptive 
statistics are listed in Table 8.11. 
 
Table 8.11: Mean scores (and SD) of the Touch Appropriateness measures per Social Presence condition. 

Scores that were marked with an * were recoded so that higher scores represent more positive impressions of 

the touch. 

 Social Robot Industrial Robot 
Understood the touch 4.08 (2.02) 3.62 (1.26) 
Pleasant that the robot touched 3.23 (1.79) 3.92 (1.38) 
Scared when the robot touched* 5.23 (1.36) 5.31 (1.38) 
Consoled by the touch 3.62 (1.61) 3.31 (1.60) 
Touch was necessary 1.62 (0.96) 2.31 (1.32) 
Robot could touch again 3.46 (1.98) 5.15 (1.21) 
Preferred not to be touched* 4.69 (1.93) 5.23 (1.30) 

3.3.8 Data Exploration and Personality Characteristics 

Even though the perceived Social Presence differed significantly between the High 
and Low Social Presence conditions (see also Section 3.2), the individual Social 
Presence scores are dispersed over a broad range for both conditions and have some 
overlap. This implies that one’s perceived Social Presence does not necessarily 
correspond with the experimental Social Presence group. Therefore, all analyses 
were repeated, in which the original Social Presence independent variable was 
substituted for the new independent variable Perceived Social Presence. The 
participants were reassigned to either the Low or High Perceived Social Presence 

group, based on a Median Split of the original Social Presence scores (Mdn = 3.38).  
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Figure 8.8: A scatter plot of the dispersion of Social Presence scores per original Social Presence condition. The 

dashed line represents the Median. 

The additional exploratory analyses did not provide many different insights with 
regard to the responses to robot-initiated touch (in relation with the experienced 
social presence). Including the Perceived Social Presence did neither affect the 
interpretation of the main effects of Touch or the interaction effects Touch x 

Perceived Social Presence for the emotional state analyses, the robot appearance 
analysis, and the robot relation analyses, nor the interpretation of the Midas Touch 
measures. These are therefore not further reported. Contrary to the original analyses 
as reported in Table 8.3, the interaction effect on the robot attitude measures 
disappeared when Social Presence was substituted for Perceived Social Presence 

(Wilks’ Λ = .985, F(3, 48) = 0.25, p = .864, partial η2 = .015). Moreover, whereas the 
original Social Presence variable did not sort effects on the touch appropriateness, 
the Perceived Social Presence yielded a significant main effect: Wilks’ Λ = .462, F(7, 18) 
= 3.00, p = .028, partial η2 = .538. Inspection of the individual ANOVAs and mean 
scores revealed that people who perceived relatively much social presence in the 
robot considered its touches as being more pleasant, more consoling, and more 
necessary, although the latter effect only approached statistical significance. Table 
8.12 lists the individual ANOVAs and mean scores. 
 
Table 8.12: Mean scores (and SD) of the Touch Appropriateness measures and statistics of the Perceived Social 

Presence effects of the individual ANOVAs. Bold-faced values indicate significant effects. 

 High Social 
Presence 

Low Social 
Presence 

F(1, 24) p Partial 
η2 

Understood the touch 4.00 (1.89) 3.64 (1.36) 0.29 .593 .012 
Pleasant that the robot touched 4.20 (1.37) 2.73 (1.56) 6.53 .017 .214 
Scared when the robot touched* 5.33 (1.29) 5.18 (1.47) 0.08 .783 .003 
Consoled by the touch 4.40 (1.24) 2.18 (0.98) 23.99 < .001 .500 
Touch was necessary 2.33 (1.40) 1.45 (0.52) 3.91 .060 .140 
Robot could touch again 4.33 (1.59) 4.27 (2.20) 0.01 .935 .000 
Preferred not to be touched* 4.93 (1.71) 5.00 (1.61) 0.01 .921 .000 

 
We found main effects of Perceived Social Presence on the appearance of the robot 
and the relation with the robot. A higher perceived social presence results in higher 
appearance and relational scores. This was to be expected given the close association 
between these measures and social presence. Moreover, the significant effect of the 
original Social Presence factor on the emotional state measures disappeared when 
the Perceived Social Presence was included as independent variable. Since this thesis 
is about the effects of Touch (and possible interactions with social presence), we do 
not report the accompanying statistics. 
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In addition, we investigated whether personality characteristics modulated the 
various objective and subjective responses to robot-initiated touches. To that end, we 
repeated all original MANOVAs, thereby adding one specific characteristic at a time as 
covariate. The resulting MANCOVAs with respectively one’s anxiety to the robot’s (1) 
communication capabilities, (2) its behavioral characteristics, and (3) its discourse, as 
well as (4) one’s immersion, (5) one’s touch receptivity, and (6) one’s age did not alter 
the interpretation of any of the results regarding the Touch manipulation or regarding 
the Touch x Social Presence interaction, even though various of these characteristics 
turned out to be significant predictors of the scores. Including Gender (Male, Female) 
as an additional factor in the MANOVAs (resulting in 2x2x2 MANOVAs for the majority 
of the analyses, and a 2x2 MANOVA for the touch appropriateness) did not provide 
additional insights either; none of the main- or interaction effects including Gender 
appeared significant. Since the personality characteristics analyses did not provide 
additional insights, the accompanying statistics are not reported.  

4 Discussion 
In Study 4 we – successfully – elicited stress in our participants by means of a scary 
movie and subsequently investigated whether being touched by a robot during that 
stressor could attenuate the stress responses (H1a), could enhance the positive 
attitude towards the robot in general, its appearance, and the perceived relation with 
it (H1b), and could enhance pro-social behavior (H1c). Moreover, we hypothesized 
that these anticipated effects would be modulated by the extent to which social 
presence was perceived in the robot (H2). Our findings suggest that touches from a 
robot, regardless of the social presence manipulation, can elicit beneficial responses 
in the recipient. Although no support for H1a and H1c was found, we demonstrated 
that robot-initiated touches enhanced the affective trust as well as the perceived 
trust. H1b was thus supported for some of the measures. With regard to H2, we 
found that the significantly higher social presence that was perceived in the Social 
Robot, as contrasted with its Industrial counterpart, was also reflected in higher 
immediacy and safety of the Social Robot; closely related constructs. In turn, a higher 
social presence also led to beneficial effects with regard to stress-attenuation (i.e., 
lower respiration rates and subjective arousal) and perceptions of the robot (i.e., 
higher affective and perceived trust, a stronger sense of attachment, and enhanced 
feelings of help, intimacy, and emotional security). However, a higher level of social 
presence as perceived in the robot did not lead to more outspoken beneficial effects 
of robot-initiated touches. The only significant interaction effect that was found 
demonstrated that touches from a Social Robot increased the negative attitude 
towards the social influence of robots (as compared with No Touch), whereas touches 
from an Industrial Robot did not affect this attitude. In sum, no support for H2 was 
found. Here we discuss the findings and reflect on our methodology; firstly with 
regard to the to the robot's social touch behavior and secondly considering the 
suggested relation between social presence and robot-initiated touch. 
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4.1 Effects of Robot-initiated Touch 
While we were interested in the question whether the social presence as perceived in 
a touching robot modulates the strengths of the effects of robot-initiated touches, 
earlier research suggests that there is a relation between touch and social presence 
the other way around. That is, Cramer et al. (2009) suggest that a pro-active robot-
initiated touch can enhance the robot’s social presence. The results of our study could 
however not corroborate these findings. Although the average social presence scores 
were higher in the touch groups than in the no touch groups in both the high and low 
social presence conditions, these differences did not reach statistical significance.  
 
The touches of our Fay robot however did have beneficial effects on the affective 
trust and perceived trust in the robot. The enhanced feelings of attachment to a 
touching robot also approached statistical significance. These effects occurred 
regardless of the social presence manipulation, and corroborate earlier found 
beneficial effects of robot-initiated touch regarding trust (e.g., (Shiomi et al., 2017)). 
While it is promising that we were able to replicate these earlier effects in a different 
setting, we should interpret the positive effects with care. Despite the substantial 
effect size (i.e., the partial η2) of the Robot Relation MANOVA, not all accompanying 
measures were affected positively by touch. In addition, the enhanced trust in the 
robot due to its touches was not expressed in enhanced willingness to donate money 
and/or to return for additional research. This does not corroborate earlier research on 
robotic Midas Touch effects (e.g., (Fukuda et al., 2012)). Moreover, while earlier 
research on human social touch interactions demonstrated that providing social 
touches during stressful circumstances further enhances the beneficial effects of 
verbal support or the mere presence of someone else (e.g., (Ditzen et al., 2007; 
Grewen et al., 2003)), such effects did no occur in our study. A possible explanation 
for the absence of the majority of the anticipated effects of robot-initiated touch 
could be that such touches simply cannot elicit these effects. However, since earlier 
research found beneficial responses to robot-initiated touch and since even physical 
stimulation without attribution to a social source (i.e., non-social physical stimuli) can 
elicit beneficial responses (see Chapter 1), this seems unlikely. It could however very 
well be the case that effects of robot-initiated touches are substantially smaller than 
those of their human-initiated counterparts. This could be due to the earlier 
mentioned inherent artificiality of the touches (Gallace & Spence, 2010), but also 
because people generally expect less of HRI than of interhuman contact (Spence et 
al., 2014). A possible, albeit speculative, explanation for as to why beneficial 
responses are found for some measures, whereas others remained unaffected could 
be that different effects of touches are achieved through different underlying 
mechanisms. In Chapter 1 we have seen that some effects of human touch are mainly 
achieved through (neuro)physiological responses that follow from the physical 
stimulation of the skin, whereas other effects are also informed by extensive cognitive 
modulation. Beneficial effects of (human) touch on physiological stress responses may 
be mainly achieved through the former pathway, and it could be that Fay’s touch did 
not activate the appropriate touch receptors. On the other hand, the beneficial 
effects of Fay’s touch on the trust measures may have been a result of more 
extensive cognitive processing, in which the relatively degraded physical composition 
of the touch was not considered as important as the symbolic meaning of the touch. 
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When further comparing robot-initiated touch as applied in our study with human 
touch, we do not only see obvious differences in the physical qualities of the touch. 
We can also observe some differences in the physical parameters of the touch (see 
also (Hertenstein, 2002)). In the human touch literature, beneficial effects on stress-
attenuation are reported for relatively extensive touching actions in terms of contact 
area and duration (e.g., (Ditzen et al., 2007; Grewen et al., 2003)). Intimate forms of 
touch such as hugs or massages have a larger contact area than the robotic hand on 
the shoulder as in our study. In addition, holding hands with others for a relatively 
long duration also elicits beneficial responses (e.g., (Coan et al., 2006)). While such 
differences in touch parameters may indeed affect the responses to robot-initiated 
touch, they cannot fully account for the absence of the anticipated effects. This 
particularly applies because earlier research on robot-initiated found beneficial 
responses despite the brief duration and small contact area of the touch, and because 
other research on human touch interactions also suggest that briefly touching one’s 
arm, or providing a supportive pat on the back can already decrease – for example – 
physiological stress responses (e.g., (Drescher, Gantt, & Whitehead, 1980)).  

4.2 Social Presence as a Modulator in Robot-initiated Touch 
The main effects of social presence on the various robot perception measures 
corroborate earlier research in which was demonstrated that a higher social presence 
leads to more perceived intelligence and capability in the robot (e.g., (Bartneck, 
Kanda, et al., 2009; Goetz et al., 2003; Hinds et al., 2004; Looije et al., 2006), as well 
as to more acceptance and empathetic behavior towards it (Bartneck & Hu, 2008; 
Kahn et al., 2015; Riek et al., 2009). In addition, we demonstrated that a higher social 
presence provides more comfort during stressful circumstances, in terms of 
decreased respiration rate and smaller increases in subjective arousal. The findings 
regarding the emotional state can be explained by two (not mutually exclusive) 
aspects. Firstly, a higher social presence implies that the robot is more perceived as 
an actual social being (Lee, 2004). Earlier research has demonstrated that the 
availability of another person during stressful circumstances can provide social 
support and can as such attenuate the (physiological) stress responses during acute 
laboratory stress (e.g., (Heinrichs et al., 2003; Kane, McCall, Collins, & Blascovich, 
2012)). The CASA principle that states that people respond similarly to computers, 
and thus to robots (Kim et al., 2013; Krämer et al., 2015), as they would to other 
human beings (Nass et al., 1995; Reeves & Nass, 1996). This would mean that the 
more socially present a robot is, the stronger the stress-attenuating effects are. 
Secondly, the verbal support as provided by the robot during the high social presence 
condition may have attenuated the stress responses; either because the speech was 
perceived as a means of social support, or because it distracted from the stressor 
(e.g., (Lepore, Allen, & Evans, 1993)). Since the beneficial effects on the stress 
responses disappeared when the perceived social presence was included as 
independent variable in the analyses instead of the social presence according to the 
original experimental condition, the verbal support explanation may be most 
applicable. That is to say that verbal support occurred both in the low and high 
perceived social presence groups, thereby diminishing the differences between 
groups regarding the stress responses.  
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While the main effects of social presence are valuable with regard to HRI, we were 
mainly interested in the possible interaction between the social presence and the 
responses to robot-initiated touch. Higher social presence did not lead to more 
outspoken effects of robot-initiated touches, which could suggest that there is no 
such relation altogether. However, if we assume that such a relation actually does 
exist, there are several explanations for the absence of the effects. Firstly, despite 
being significant, the difference in social presence scores between the conditions was 
small. This may have been caused by the relatively low score on the social presence 
measure for the High Social Presence condition, and/or because participants may 
have perceived some level of social presence in the Low Social Presence condition, 
despite the Industrial Robot’s framing and behaviors. A possible consequence of this 
small difference could have been that the manipulation was too subtle to enable the 
detection of modulating effects of social presence on responses to robot-initiated 
touch. In addition, the social presence scores were quite low (i.e., 3.25 and 4.30 in the 
low and high social presence condition respectively, on a scale of 1-10); possibly too 
low to have a clear modulating effect. It could be the case that a modulating effect of 
social presence on touch perceptions only occurs at higher levels of social presence; 
there could be a certain threshold. Despite its behavior and the framing in the High 
Social Presence condition, our Fay robot appeared rather mechanical and was limited 
in its social behavior due to for example the absence of facial expressions and 
directed gazing behavior. In fact, it did not even have a clearly defined head. Other 
robots with a more humanlike appearance and which emulate more human social 
behaviors, may elicit a higher sense of social presence (as suggested by for example 
(Dautenhahn, 2007; Fong et al., 2003; Lee, Jung, et al., 2006)). As such, other robots 
may be more suitable for robot-initiated touch interactions. It is also rather unlikely 
that mechanically appearing robots such as Fay will be employed in practice anyway.  
 
Secondly, the low social presence may also have been reflected in the physical 
composition of the robot’s touch. That is to say that the rather mechanical looks and 
feel of the robot’s touch may have diminished the social presence illusion; in 
particular for the High Social Presence condition (insofar such an illusion actually has 
been achieved). For a robot that was presented as being rather intelligent and socially 
competent, and which had the ability to speak, the touches may been too jerky, 
unsubtle, rough, and/or cold. A possible boundary condition for successful robot-
initiated touches could be that the looks and feel of a touch more closely resemble 
actual human touch (see also (Gallace & Spence, 2010; Heikkinen et al., 2009; Mori, 
1970; Mori et al., 2012; Rantala et al., 2011)). This may also be the explanation for the 
unanticipated interaction effect between touch and social presence with regard to 
the participant’s negative attitude towards the social influence of robots. Adding 
physical contact to an interaction with a Social Robot increased this negative attitude, 
whereas no difference between Touch and No Touch was found for this measure in 
the Industrial Robot condition. In the latter condition, the touch may have been 
perceived more as a functional touch than as an actual social touch, and therefore 
more acceptable (in line with earlier findings by Chen and colleagues (2014)).  
 
In sum, even though different levels of social presence – possibly because they were 
both low – did not modulate responses to robot-initiated touch, and even though not 
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all measures were affected by touches, we did find beneficial effects of a robot’s 
touch on perceived trust and affective trust. Findings that are also in line with earlier 
research. We did not find any modulating effects of various personality characteristics 
on the subjective and physiological responses to robot-initiated touch. Neither the 
age and gender of the participant, nor of one’s anxiety for robots, one’s immersive 
tendency, or one’s touch receptivity affected the outcomes. These outcomes suggest 
that beneficial effects may be achieved through robotic touches, but only within 
specific boundary conditions. To be able to understand these boundary conditions, 
more investigations are necessary.  

5 Conclusion 
When a very mechanically appearing robot provides a social touch in stressful 
circumstances, this can enhance both the affective trust and the perceived trust that 
is perceived in the robot. However, touches from this robot did not have stress-
attenuating effects and did not elicit enhanced pro-social behavior. The beneficial 
effects on trust occurred regardless of whether the robot was perceived as highly or 
lowly socially present. That is to say that a rudimentary level of social presence as 
perceived in the robot, as compared with an even lower sense of social presence does 
not enhance physiological, emotional, and behavioral responses to touches from a 
robot. No support was thus found for the hypothesis that the level of social presence 
modulates responses to robot-initiated touches. It remains however unclear whether 
this finding also applies when a touching robot is perceived as highly social present. 
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Chapter 9. Chapter 9 
The Appearance of the Robot 

Abstract  
People are very well capable of imagining how a certain physical stimulus, like a social 

touch, would feel, merely based on observing touch or even by thinking about it. In 

fact, observing or imagining touch activates similar brain areas as the actual physical 

experience. On this premise, we carried out three online experiments in which 

participants were presented with visual stimuli related to design characteristics of 

robots, to further inform the design of physical human-robot interactions. In Study 5 

(N = 248) and Study 6 (N = 242), participants assessed observed stroking touches on 

their perceived pleasantness. The strokes were applied at different velocities and with 

different stimuli (a human, robot, or mannequin hand, or a plastic tube). Both studies 

demonstrated that stroking touches with a velocity of ca. 3cm/s were perceived as 

most pleasant and due to the within-subjects design of Study 6, we were also able to 

demonstrate that human touches are perceived as significantly more pleasant than 

non-human touches. The pleasantness is further informed by the morphology of the 

stimulus and, in the case of robot touches, by whether the robot is perceived an actual 

social agent or not. In Study 7 we asked the participants (N = 87) to imagine they 

received a touch from a robot during a scary movie, after which they were presented 

with pictures of various different robots and asked how they would experience such a 

touch from that specific robot. Based on earlier assessments of these robots on 

different characteristics (provided by 142 people), we determined that the perceived 

pleasantness of a robot-initiated touch, its effectiveness with regard to stress-

attenuation, and its appropriateness are largely informed by the positive affect as 

displayed by the robot, how threatening it looks (negative relation), by how smooth 

and warm it seems to feel, and by how rigid it moves (negative relation). Moreover, a 

moderately humanlike appearance of a robot appears to elicit the most positive 

perceptions of robot-initiated touches. These three studies jointly suggest that the 

physical appearance of the robot may determine to a large extent how its touches are 

perceived. Moreover, they demonstrate that studies with visual stimuli related to 

touch may be a viable addition to the set of research methodologies that are applied 

to investigate the effects of social touch technologies.  

 
 

 

 

Parts of this chapter are based on: 

Willemse, C. J. A. M., Huisman, G., Jung, M. M., van Erp, J. B. F., & Heylen, D. K. J. 
(2016). Observing Touch from Video: The Influence of Social Cues on Pleasantness 
Perceptions. In International Conference on Human Haptic Sensing and Touch Enabled 

Computer Applications (pp. 196–205).  
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1 Introduction 
In Chapter 1 we have seen that receiving a human co-located social touch is a 
multimodal experience. We do not only perceive the physical qualities and 
parameters of the touch, but we usually also observe the touching action and see the 
person that provides the touch, including his or her facial expressions, posture, and 
accompanying gestures. Moreover, touches are often applied to emphasize verbal 
messages or emotional expressions like laughter (Jones & Yarbrough, 1985). We have 
also seen that these multimodal social cues can modulate the perceptions, and in turn 
the effects of a touch (see for example the examples as provided by Jakubiak and 
Feeney (2017)). Whereas in a mediated social touch interaction the available social 
cues can be reduced to merely the physical component, a robot-initiated touch 
inherently is accompanied by multisensory information. A robot’s touch can be seen 
and the robot’s other social cues can be observed as well. Although humanoid robots 
share their morphology with human beings as they usually have a torso with limbs 
and a head (Breazeal, 2003a; Lee, Jung, et al., 2006; Salter et al., 2006), they can 
come in many different forms, sizes, and materials (Fong et al., 2003). It is suggested 
that the appearance of the robot, in combination with to what extent its body is 
employed to provide social cues (e.g., gestures or facial expression (Breazeal, 2003a)), 
may elicit certain expectations in the user with regard to the robot’s social capabilities 
(Dautenhahn, 2007; Leite, Martinho, et al., 2013; Lohse, 2011). As such, it may thus 
be the case that the perception of a robot-initiated touch is to a large extent informed 
by the robot’s appearance. Social robots are being designed and developed for many 
different settings and tasks. If these tasks include (effective) social touch interactions, 
it is helpful to understand which aspects of the robot’s appearance may modulate the 
effectiveness of the touches, and how. 
 
To provide insights in the question whether the appearance of the robot, and which 

aspects in particular, influence how robot-initiated touches are perceived (RQ4.2), we 
carried out three studies in which we asked participants to rate movie clips of robotic 
touches (Studies 5 and 6) and robot pictures (Study 7), instead of actually 
experiencing the touches provided by robots. This research method, which was to 
some extent also applied by Cramer and colleagues (2009) in their work on the 
perceived humanlikeness of touching robots, is relatively time-efficient. It also 
enabled us to gather data about a vast range of robots, as is for example also shown 
by (Mathur & Reichling, 2016; Rosenthal-Von Der Pütten & Krämer, 2014).  
 
This method of merely observing and/or imagining touches may serve as a proxy for 
actually physically perceiving a social touch. Studies into responses to observed 
physical stimulation have found that the same brain areas are active for both 
observed and experienced touch. This particularly applies for the secondary 
somatosensory cortex, which is mainly involved in the discriminative touch system 
(Keysers & Gazzola, 2009). The observation of touches with objects, applied to other 
people’s hands (Ebisch et al., 2008), legs (Keysers et al., 2004), neck, or face 
(Blakemore et al., 2005) triggers the same neural activation as actually being touched 
on the same body parts. The observed visual information does not have to be 
processed conceptually, “but it simply penetrates the experiential (first person) motor 

knowledge of the observer” (Gallese, Keysers, & Rizzolatti, 2004, p. 396). When 
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physical stimuli of a social nature were applied, this ‘mirror-touch effect’ – i.e., the 
ability to imagine how observed physical stimulation would feel – appeared to be 
stronger than when stimulation with non-social stimuli took place (Blakemore et al., 
2005; Ebisch et al., 2008; Morrison, Björnsdotter, et al., 2011). Abovementioned 
findings suggest that we automatically understand observed touches – either non-
social physical stimulation, or social touch – as a consequence of our own experiences 
with touch, and as such can imagine how they feel (Blakemore et al., 2005; Ebisch et 
al., 2008; Keysers et al., 2004). Interestingly, merely thinking about physical 
stimulation – i.e., without the actual tactile experience and without visual observation 
of a stimulus – can also activate the brain areas associated with actual discriminative 
touch perception (Yoo, Freeman, McCarthy III, & Jolesz, 2003). More important for 
our specific aims however, is the finding that such ‘tactile imagery’ – i.e., the 

voluntary perception of non-existing (physical) objects or external stimuli (adapted 
from (Yoo et al., 2003, p. 581)) – also occurs when imagining social touch. This 
particularly applied to the tactile imagery of CT afferent targeted touches (Lucas et al., 
2015). These are the stroking touches on the non-glabrous skin that elicit the 
discharge of CT afferent fibers and associated pleasantness responses, depending on 
the stroking velocity as discussed in Chapter 1 (see for example also (Björnsdotter et 
al., 2010)). Actual experienced (CT afferent targeted) touch is represented by 
activation in both the posterior and anterior insula (e.g., (McGlone et al., 2012; 
Morrison, Björnsdotter, et al., 2011; Morrison et al., 2010)), whereas imagined 
touches were mainly represented in the anterior insula (Lucas et al., 2015). The 
posterior insula responds to tactile stimulation and is selective for CT targeted touch 
(Björnsdotter, Löken, Olausson, Vallbo, & Wessberg, 2009; Craig, 2009), but the actual 
affective processing supposedly takes place in the anterior insula (e.g., (Singer, 
Critchley, & Preuschoff, 2009)). In addition, Jakubiak and Feeney (2016) 
demonstrated that merely thinking about supportive touch prior to stressful tasks (as 
compared with thinking about verbal support), could reduce the experienced stress. 
More specifically, touch-imagining participants experienced less pain while receiving 
painful cold stimuli (which is in line with the actual experienced touch equivalent 
(Master et al., 2009); see also Chapter 1), and they were more willing to accept the 
challenge of taking the pain a step further. Moreover, touch-imagining participants 
experienced less stress during a five-minute speech task and subsequent arithmetic 
tasks in front of a panel, and they anticipated these tasks with more enthusiasm. This 
is in line with the actual experienced touch counterparts (e.g., (Ditzen et al., 2007; 
Grewen et al., 2003); see also Chapter 1). In sum, people are quite well capable of 
understanding how a (social) touch would feel, and to what extent it may elicit 
affective responses, merely based on observing or even just imagining the touch. In 
fact, merely observing or thinking about touch may elicit similar effects as actual 
touches do. This provides valuable opportunities for the research on effects of social 
touch technologies as well, as people’s responses to observed or imagined touch may 
closely resemble their responses to actually experienced touch. 
 
In Chapter 1, we have seen that there are certain aspects that may modulate how a 
social touch is perceived and it is likely that such modulations also apply for observed 
and imagined touch. With regard to CT afferent targeted stroking touches, research 
has demonstrated that the physical qualities and parameters of the stimulus may 
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affect the pleasantness responses. The velocities of the strokes (e.g., (Löken et al., 
2011)), the skin site to which they are applied (Essick et al., 1999; McCabe et al., 
2008), and their temperature (Ackerley et al., 2014) may affect the pleasantness. 
Moreover, we have seen that the neurobiological substrate for affective touch may 
be subject to cognitive modulation. Kress et al. (2011) showed that touches applied 
by a human hand elicited more outspoken pleasantness responses than those applied 
with a velvet stick. Moreover, the perceived gender of the person applying the touch 
(Gazzola et al., 2012), as well as linguistic descriptors of the touch (McCabe et al., 
2008), can modulate the perception of a touch. Male participants perceived a touch 
from a same-sex person as less pleasant than a touch from an opposite-sex toucher, 
and touches with which a “rich moisturizing cream” were applied to the touch were 
perceived as more pleasant than those that supposedly applied a “basic cream”. The 
qualities of the material with which the stroking touches are applied, such as its 
texture, can also influence how the touches are processed in the brain. Stimulation of 
the hand with velvet (i.e., pleasant touch) resulted in activation of the orbitofrontal 
cortex, whereas stimulation with a piece of wood (i.e., neutral touch) mainly activated 
the somatosensory cortex (Francis et al., 1999).  
 
On the premises that observing touches can elicit similar responses as the actual 
experience of social touches, and that the perception of a touch can be modulated by 
characteristics of the stimulus, we carried out Studies 5 and 6:  “the video-studies”. In 
these online crowdsourcing experiments, participants were invited to watch videos in 
which a human arm was stroked at 0.3, 1, 3, 10, and 30cm/s by stimuli that varied in 
the extent to which they were attributed to a social source, and in their level of 
anthropomorphism: a human hand (the baseline), a robotic hand (attributed to a 
social entity), a mannequin arm (to some extent anthropomorphic, but in essence a 
non-social physical stimulus), or a plastic tube (a non-anthropomorphic, non-social 
physical stimulus). With this approach, we set out to advance our understanding of 
the interplay between stroking velocities, the social cues that are associated with the 
physical stimulus, and the associated perceptions of pleasantness. Based on the 
aforementioned findings regarding observed touch and the modulation of affective 
touches, we defined the following hypotheses that were tested in the studies:  
 

H1: A stroking velocity of 3cm/s is perceived as the most pleasant for each stimulus. 
 

H2: Strokes applied with stimuli that incorporate more social cues are perceived to be 

more pleasant: the human hand is preferred over all other stimuli, followed by the 

robot hand, the mannequin arm, and the plastic tube, respectively. 
 
The main difference between the two studies was the design: whereas in Study 5 a 
between-subjects design was applied, Study 6 had a within-subjects design. The latter 
supposedly provided more nuanced insights with regard to H2.  
 
Study 7 then (“the Robot picture-study”), had a more exploratory nature. This study 
was based on the premise that people can imagine how a touch would feel and what 
effects it would elicit without actually feeling and/or observing it, and on the premise 
that the perception of a touch can be modulated by the appearance of the toucher. 
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We explored whether there are characteristics in the appearance of a social robot 

that can predict how a robot-initiated touch is perceived. To this end we applied a 
similar methodology as for example Mathur et al. (2016) and Rosenthal-von der 
Pütten et al. (2014). We presented participants with a selection of pictures of 
different social robots, that were to be assessed on various dimensions. 
Subsequently, we presented a robot-initiated touch scenario that closely resembled 
our Robot-initiated touch during a scary movie-paradigm to another group of people. 
This scenario was followed by a sequence of robot pictures. For each of the robots, 
the participant was asked how (s)he would respond to a touch from that robot. The 
perceptions of the robot’s appearance and the perceptions of the robot-initiated 
touch were then related to each other in order to derive design characteristics of 
social robots that may determine the responses to robot-initiated touch.  
 
The three studies as described in this chapter were intended to collectively provide 
insights in how the morphology and attribution of a physical stimulus (Study 5 and 6), 
as well as the entire physical appearance of a robot (Study 7) affect responses to 
observed or imagined touches, and by extension to provide insights into responses to 
actual experienced robot-initiated touch. In addition, we again paid attention to 
RQ4.4 by verifying whether personality characteristics modulated the various 
responses to touch perceptions. A more advanced understanding of these aspects 
(see also Figure 9.1) could inform the design of social robots that engage in social 
touch interactions with humans. 
 

 
Figure 9.1: Visual representation of the aspects under investigation in the studies of Chapter 9. 
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2 Study 5: Observing Touch from Video (Between-Subjects) 

2.1 Methods 

2.1.1 Design 

An online video study was prepared in which participants were asked to observe 
stroking touches of different velocity (i.e., 0.3, 1, 3, 10, or 30cm/s; within-subjects) 
applied to a human arm, and to rate the perceived pleasantness of each stroke. Each 
stroking touch was viewed twice; once in each of two consecutive blocks. Within each 
block the order of the videos was randomized. The strokes were applied by either a 
human hand, a robot's hand, a mannequin hand, or a plastic tube (see Figure 9.2). 
Participants were randomly assigned to one of these four between-subjects stimulus 
conditions. 
 

 
Figure 9.2: Touch by different Stimuli. Top left: Human. Top right: Robot. Bottom left: Mannequin arm. Bottom 

right: Plastic tube. 

2.1.2 Participants 

A total of 248 participants with the highest trustworthiness level was recruited via the 
online crowdsourcing platform CrowdFlower1. Every contributor was awarded $0.10 
for participation, and an additional $0.90 when the data were considered valid. After 
strict selection (see Section 2.2.1), data of 177 people were considered valid and 
included in the analyses, with the following distribution over conditions: Human 
(n = 44), Robot (n = 42), Mannequin (n = 43), and Tube (n = 48). The mean age of 
these participants was 40.63, (SD = 13.36, range = 19-80), and 77 were male (43.5%). 
Participants had either the American (70, or 39.5%), British (47, 26.6%), Canadian 
(41, 23.2%), or Australian (6, 3.4%) nationality, or no nationality information was 
provided (13, 7.3%). 

                                                       
1 http://www.crowdflower.com; last visited on December 18th, 2017. 
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2.1.3 Materials 

For each of the four conditions a video was created in which the right arm of a 
(handsome) Caucasian male was visible from an egocentric perspective (i.e., the 
camera was positioned above the right shoulder) against a neutral black background. 
Each video showed the arm being stroked in proximal-distal direction over a distance 
of 10cm. Touches were applied by either the right hand of a Caucasian female (with a 
grey sleeve covering her arm), the left hand of an Aldebaran/Softbank “NAO” 
humanoid robot2, the (right) hand of an uncovered mannequin arm, or a white plastic 
tube (ø = 1.5cm). A part of the robot's body was deliberately made visible in the video 
frame, in order to emphasize the social agency.  
 
To create the videos with different stroking velocities, one basis video was created for 
each condition. The human, mannequin, and tube touches were manually applied by 
a trained experimenter at a constant velocity of approximately 0.3cm/s. The robot’s 
stroking touch was pre-programmed in Choregraphe3, and applied at approximately 
the same velocity. These basis touches were recorded in 720p at 60fps, and 
subsequently edited with Adobe Premiere Pro CS64. Superfluous frames from the 
recorded videos were removed to reduce differences in motion dynamics between 
the conditions. Next, the playback speed of the basis videos was adjusted to create 
the individual videos containing different stroking velocities. Still frames of 2.5s and 
1.5s were included at the beginning and end of each video, respectively. Each video 
was concluded with a 2.5s black frame. 
 
All videos were uploaded to YouTube (with all video controls, setting controls, and 
titles disabled)5 and restricted to 480p playback to reduce the chance of buffering 
while watching for people with low-bandwidth internet. The study sequence with 
embedded videos and pleasantness rating features was programmed in LimeSurvey6. 
A URL to the LimeSurvey page was provided on the CrowdFlower project page. 

2.1.4 Measures 

Demographics (i.e., age, gender, nationality) were collected via the survey and the 
CrowdFlower contributor data. Pleasantness of the stroke was measured with a Visual 
Analogue Scale (VAS; (Funke & Reips, 2012)), with scores ranging from 0 to 99 with an 
accuracy of 1.0. The VAS was accompanied by the task description: “Please indicate 

how (un)pleasant this touch is for the receiver, after you have watched the entire 

movie clip”, with labels ‘Unpleasant’ (‘0’; left end) and ‘Pleasant’ (‘99’; right end). The 
VAS-pointer became visible upon clicking the scale with the mouse. To be able to filter 
out invalid responses, response times for each of the videos were recorded. 
Additionally, participants were asked to select the image (i.e., one from Figure 9.2) 
that was in accordance with the condition they were assigned to.  

                                                       
2 https://www.ald.softbankrobotics.com/en/robots/nao 
3 http://doc.aldebaran.com/1-14/software/choregraphe/index.html 
4 http://www.adobe.com/nl/products/premiere.html 
5 All videos (without playback restrictions) can be viewed via 

http://www.christianwillemse.nl/Proefschrift/videos.html, or  

through the QR code.  
6 http://www.limesurvey.org. All sites were last visited on December 18th, 2017. 
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2.1.5 Procedure 

CrowdFlower contributors were referred to the online study sequence, in which they 
were randomly assigned to one of the stimulus conditions. After a brief explanation 
of the task (i.e., “you will watch 10 videos of a stroking movement with different 

velocities. Your task is to rate how pleasant or unpleasant this feels for the recipient of 

the touch."), participants were asked to enter their gender and age. After an example 
video (of a stroke at 2cm/s with the according stimulus) and an accompanying 
explanation of the VAS, the actual experimental sequence started in which two blocks 
of five videos were presented consecutively. Participants were asked to watch the 
entire movie (that started automatically) at least once, and to subsequently indicate 
the perceived pleasantness of the stroke. By pressing the “next” button, the 
participant could proceed to the next video. After rating the final video, the control 
question was to be answered, followed by a brief explanation of the purpose of the 
study. When the study was carried out in one go, without re-watching the videos, it 
would take approximately 5 minutes. 

2.2 Results 

2.2.1 Data Filtering 

Of the 248 participants who started, seven did not complete the survey. Moreover, 
data from an additional 55 participants were removed from the analyses, as several 
response times were faster than the video durations. Data from another two 
participants were omitted as they did not answer the control question correctly. An 
outlier analysis on the response times per video (> 3SD different from the mean) 
resulted in omission of data of another seven participants, as their high response 
times were deemed unrepresentative. Eventually, the responses of 177 participants 
were considered valid (71.4%) and included in the analyses. The data were analyzed 
with IBM SPSS Statistics 23 and the significance threshold is set at p = .05. 

2.2.2 Stroking Velocity 

The subjective pleasantness scores of both blocks were aggregated for each of the 
five stroking velocities (see Table 9.1) and stroking velocities were transformed to 
log3-values. Firstly, in line with Ackerley et al. (2014) and Löken et al. (2009) 
regressions that tested linear and quadratic models were utilized to investigate curve 
fitting of the pleasantness ratings as a function of the stroking velocities. This was 
done for all participants together, as well as at stimulus condition level. A negative 
quadratic regression model (i.e., an inverted U-curve) demonstrated a better fit for all 
pleasantness ratings than a linear regression model (F(2, 882) = 80.30, p < .001, R2 = 
.154; see Figure 9.3). The peak of the fitted negative quadratic curve was at 3.48cm/s. 
Similar inverted U-curves showed the best fits for the subjective pleasantness scores 
in the four different stimulus conditions: F(2, 217) = 30.70, 
p < .001, R2 = .221 (peak at 4.46cm/s) for Human touch, F(2, 207) = 19.33, p < .001, 
R2 = .157 (peak at 2.64cm/s) for Robot Touch, F(2, 212) = 28.96, p < .001, R2 = .215 (peak 
at 2.99cm/s) for Mannequin Touch, and F(2, 237) = 15.48, p < .001, R2 = .116 (peak at 
4.31cm/s) for strokes with the plastic Tube (see Figure 9.4). 
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Table 9.1: Means (SD) and range of aggregated Pleasantness scores per Velocity. 

  Pleasantness Mean Pleasantness SD Minimum Maximum 
0.3cm/s 35.56 (27.37) 0.00 99.00 
1cm/s 53.78 (25.22) 1.50 99.00 
3cm/s 63.48 (21.12) 2.50 99.00 
10cm/s 55.77 (21.52) 4.50 98.50 
30cm/s 41.66 (21.65) 0.00 96.00 

 

 
Figure 9.3: Mean subjective Pleasantness scores per stroking Velocity (cm/s) aggregated over all Stimuli. Error 

bars indicate ±1SEM. 

 

 
Figure 9.4: Mean subjective Pleasantness scores per stroking Velocity (cm/s) for the four Stroking Stimuli. 

2.2.3 Stroking Stimuli 

To investigate whether the four stroking stimuli differed from each other in terms of 
pleasantness ratings, a 5x4 mixed model ANOVA was carried out with the five 
velocities (within-subjects; aggregated scores of the two blocks) and the four 
stimulus conditions (between-subjects) as independent variables and the 
pleasantness scores as dependent variable.  
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As Mauchly's test of sphericity indicated a violation of the sphericity assumption, a 
Greenhouse-Geisser correction was applied. A significant main effect of velocity was 
found: F(2.10, 362.94) = 66.43, p < .001, partial η2 = .277. Pairwise comparisons with a 
Bonferroni-corrected p-level of .005 (i.e., a correction for multiple comparisons; α/10) 
revealed that the 3cm/s strokes were perceived as significantly more pleasant than all 
other velocities (all p’s < .001). The pleasantness scores for 1cm/s and 10cm/s strokes 
did not differ significantly from each other (p = .393), but were significantly higher 
than those for the 0.3cm/s and 30cm/s strokes (all p’s < .001). The perceived 
pleasantness for the slowest and fastest strokes did not differ significantly from each 
other (p = .025).  
 
No significant main effect of the stroking stimulus was found (F(1, 173) = 2.09, 
p = .103, partial η2 = .035), but there was a significant interaction between the 
stroking stimulus and velocity: F(6.29, 362.94) = 2.69, p = .013, partial η2 = .045. To further 
investigate the interaction effect, six pairwise comparisons between the stimulus 

conditions were carried out for each of the velocities. Significance is reported at the 
Bonferroni-corrected p = .008 threshold (i.e., α/6; see Table 9.2). Strokes applied with 
the mannequin arm were perceived as significantly more pleasant than strokes with 
the tube, but only with a stroking velocity of 3cm/s. Also, the human stroke was 
perceived as significantly more pleasant than the robot stroke at 10cm/s. All other 
comparisons were non-significant.  
 
Table 9.2: Significance levels (p-values) of the pairwise comparisons between the different Stroking Stimuli for 

each Velocity. Bonferroni-corrected significant differences (p < .008) in how pleasant the touch was perceived, 

appear in bold text. 

 0.3cm/s 1cm/s 3cm/s 10cm/s 30cm/s 
Human vs. Mannequin .142 .094 .158 .303 .223 
Human vs. Robot .220 .601 .748 .005 .009 
Human vs. Tube .946 .366 .077 .036 .351 
Mannequin vs. Robot .816 .254 .087 .071 .153 
Mannequin vs. Tube .118 .010 .002 .296 .748 
Robot vs. Tube .188 .154 .154 .412 .075 

2.2.4 Personality Characteristics 

To gain insights in the question whether personality characteristics modulated the 
responses, we carried out additional analyses. A 5x4 mixed model ANCOVA was 
carried out to verify whether the age (as covariate) of the participants affected the 
pleasantness scores for different velocities and stimuli. Age did neither predict the 
pleasantness scores (F(1, 172) = 0.09, p = .762, partial η2 = .001), nor did it interact with 
velocity, stimulus, or both (all p’s > .163). Moreover, a 5x4x2 mixed model ANOVA 
(velocity, stimulus, and gender) was carried out to investigate effects of gender. No 
main effect of gender was found (F(1, 169) = 2.02, p = .157, 
partial η2 = .012) and the gender x stimulus and gender x stimulus x velocity 

interactions were not significant either (p’s > .377). The interaction between velocity 
and gender was significant however (F(2.15, 363.15) = 9.26, p < .001, partial η2 = .052) and 
indicates that women perceive the slowest strokes as less pleasant then men, but the 
strokes with the highest velocities as more pleasant. 
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2.3 Discussion 
An online video study was carried out in order to investigate whether mere 
observation of strokes applied to a human arm with varying velocities would lead to 
similar subjective pleasantness responses as earlier research that included actual 
physical stimuli (e.g., (Ackerley et al., 2014; Löken et al., 2009; Morrison et al., 2010)). 
Moreover, considering the suggestion that bottom-up tactile perceptions can be 
modulated by top-down processes (e.g., (Gazzola et al., 2012; Kress et al., 2011; 
McCabe et al., 2008), we scrutinized whether stroking stimuli that varied in social 
agency and morphology (i.e., a human, robot, or mannequin hand, or a plastic tube) 
could affect perceived pleasantness ratings.  
 
In line with our first hypothesis, the observation of an arm being stroked at different 
velocities resulted in pleasantness ratings that followed an inverted U-curve, with the 
highest pleasantness ratings for the strokes applied at 3cm/s. This finding applied to 
all pleasantness ratings combined, as well as to the pleasantness ratings per individual 
stimulus. In fact, the actual peaks of the inverted U-curves varied between 2.64cm/s 
and 4.46cm/s, which are all close to the supposedly optimal velocity of 3cm/s. The 
finding that mere observation of touch, rather than the actual physical perception 
thereof, can induce similar responses, is in line with the suggestion that people are 
able to experience the same touches as the person that is being observed (Keysers & 
Gazzola, 2009), and is a valuable insight with regard to future (social touch) research.  
 
Based on the notion that social cues can affect the perception of affective touch 
(Gazzola et al., 2012; Morrison, Björnsdotter, et al., 2011), we expected (H2) human 
touch to be rated highest for pleasantness, followed by robot touch, because both 
signal social agency. Thereafter, we expected the mannequin touch to be perceived 
as more pleasant than the tube, due to the morphology. However, no significant 
overall differences between the stroking stimuli were found. Human touches did not 
differ from touches applied with a mannequin hand or a tube for any of the velocities, 
but they were perceived as significantly more pleasant than robot touches at 10cm/s 
(and approached statistical significance at 30cm/s). While it remains somewhat 
speculative, a possible explanation for the decrease in pleasantness of robot touches 
at higher velocities may have to do with the Uncanny Valley theory (Mori, 1970; Mori 
et al., 2012) and/or with preconceptions that people have about robots. High-speed 
robotic touches may have appeared relatively artificial (and as such uncanny) or for 
example unsafe (e.g., (Bartneck, Kulić, et al., 2009; Kidd, 2003)), when compared with 
robotic touches at lower velocities. Stroking touches applied with the mannequin 
hand differed significantly from tube touches at a velocity of 3cm/s, which may imply 
that the morphology of the stimulus carries more weight than the perceived agency in 
determining the pleasantness of a touch at the CT-optimal stroking velocity. It could 
also be possible that, as long as a human body part is observed being stroked, the 
actual nature of the stroking stimulus is less important than the velocity of the 
stroking touch for the ratings of pleasantness. This would resonate with earlier 
research that suggests that the touching action is more important than the agency of 
the actual stimulus. Being touched by the leaves of a plant resulted in stronger 
pleasantness responses than a similar touch applied by a human (Ebisch et al., 2011).  
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Based on these findings, it would therefore seem that, as long as a human body part 
is observed being stroked, social cues are perhaps less important for the forming of 
pleasantness perceptions of affective touch than suggested by other studies (e.g., 
(Morrison, Björnsdotter, et al., 2011)).  
 
Aforementioned explanations are however very speculative, in particular when 
considering the non-structural differences found between the conditions. The work as 
presented here should be considered a preliminary investigation of possible 
underlying mechanisms of social touch, and in particular social touch with embodied 
agents. Accordingly, a number of limitations deserve mentioning, of which the most 
important may be the mixed design of the study. Our participants may have utilized 
the entire range of the VASs to indicate their various pleasantness perceptions as a 
function of the within-subjects stroking velocity manipulation. This is also reflected in 
the large standard deviations. As a consequence, the possible differences between 
the different stroking stimuli (i.e., the between-subjects factor) may have been 
occluded. To provide more insights in the actual modulating role of the social agency 
and morphology of a physical stimulus, we adhered to a full within-subjects design in 
Study 6 (Section 3). In addition, we did not investigate how the participants perceived 
the robot and whether or not they actually attributed agency to it (i.e., to what extent 
they perceived social presence in the robot (Lee, 2004)). With regard to social agency, 
it would also be valuable to gain more insights into which social qualities the 
participants attributed to the touches applied with the mannequin hand and the tube. 
It is plausible to think that people had the impression that another human being was 
applying these stimuli, out of sight of the camera. This could in turn have led to 
unanticipated and unintended perceptions of high social agency in the mannequin 
and the tube. Moreover, it is plausible that the extent to which people are able to 
imagine how the touch stimulus feels may differ from person to person. To provide 
additional insights in the results, we also took these aspects into account in Study 6.  
 
Despite the several limitations, the study as presented here demonstrates that 
subjective pleasantness responses to stroking touches observed from video, in 
accordance with earlier work on observed and physically applied touches (Gazzola et 
al., 2012; Löken et al., 2009; Morrison, Björnsdotter, et al., 2011), follow an inverted 
U-curve, dependent on stroking velocity. The fact that these results were obtained 
from a large, heterogeneous participant pool (i.e., not students only), in an online 
video study, speaks to the robustness of this effect. However, there was no clear 
structural effect on the pleasantness ratings of the stimuli with which the touches 
were applied. Finally, this study shows that online video studies can be a viable 
method for investigating perceptions of affective stroking touch, and perhaps also of 
other forms of social touch and social touch technologies. 
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3 Study 6: Observing Touch from Video (Within-Subjects) 

3.1 Methods 

3.1.1 Design 

A second online study was prepared in which participants were asked to watch and 
assess the same brief stroking videos as in Study 5. The same velocity and stimuli 
manipulations were applied. Contrary to the previous video study, this 5x4 study was 
fully within-subjects, and participants watched each of the movies only once. 
Moreover, in contrast to Study 5, we presented the participants with additional 
questions to gain more insights in the role that the perceived social agency of the 
various stimuli may play.  

3.1.2 Participants 

A total of 242 participants enrolled in the study via the online crowdsourcing platform 
Prolific7. The inclusion criteria consisted of an age between 18 and 100 and English as 
first language. Every participant received £1.28 for participation, but only when their 
data were valid. After strict selection (see Section 3.2.1), data of 122 people (50.4%) 
were deemed valid and included in the analyses. The mean age of these participants 
was 39.98, (SD = 12.18, range 18-69) and 70 of them (57.4%) were female. 

3.1.3 Measures 

Demographics (Age and Gender) were collected via the survey. The Pleasantness of 
the stroke was measured with a Visual Analogue Scale (VAS) (Funke & Reips, 2012) in 
the same way as in Study 5 (see Section 2.1.4). In addition, participants were asked to 
indicate how well they were able to imagine how the touch felt for the person in the 
video, on a similar VAS that ranged from ‘Not at all’ (‘0’; left anchor) to ‘Very well’ 
(‘99’; right). In order to better understand the role that the perceived Robot Agency 
plays in perception of the touches, participants were asked whether they had the 
impression that the robot was either an autonomous social entity or a non-social 

machine (forced choice question)8. With regard to the attribution of the stimulus, they 
were asked whether they thought that the touches with the mannequin arm and 
plastic tube were either applied by another person outside the video frame or by a 
non-visible motorized mechanism (forced choice question).  
 
To be able to filter out invalid responses, response times for each of the videos were 
recorded and participants were asked to select the four stroking stimuli they had seen 
in the videos out of a list of eight options (i.e., the four stimuli supplemented with “a 

monkey hand”, “a wooden stick ”, “a cloth”, and “a brush”). 

3.1.4 Procedure 

Prolific contributors were referred to the online study sequence which was again 
programmed with LimeSurvey. In this survey, they were instructed about the task at 
hand and introduced to the four stroking stimuli: “the hand of a female adult, a 

plastic humanoid social robot, a plastic tube, or a plastic mannequin arm”.  

                                                       
7 http://www.prolific.ac; last visited on March 2nd, 2018. 
8 In essence, we dichotomized the social presence as perceived in the robot (Lee, 2004). 
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After pressing “Start”, with which they provided informed consent, participants were 
asked to enter their Prolific ID, age, and gender. After instructions on how to use the 
VAS and an example video of a 2cm/s human stroke, the actual experimental 
sequence, in which the 20 videos appeared in randomized order, started. Participants 
were instructed to watch each video in its entirety at least once, prior to providing the 
ratings. By pressing the “next” button, the participant proceeded to the next video. 
After the final video, the control question (i.e., the stimulus check) was answered, 
respectively followed by the Imagining scale, the Robot Agency question, and the 
Stimulus Attribution question. A brief explanation of the purpose of the study 
concluded the survey. Upon entering the final page of the survey, participants were 
redirected to the Prolific confirmation page. When the study was carried out in a 
single go, which was recommended, it would take approximately 12 minutes.  

3.2 Results 

3.2.1 Data Filtering 

Of the 242 participants who started, 13 did not complete the survey. One additional 
participant did not answer the stimulus control question correctly and his data were 
therefore omitted. Moreover, data from 75 participants was removed from the 
analyses, as one or more of their response times were lower than the actual duration 
of the accompanying video. An outlier analysis on the response times for each video 
was carried out for all remaining participants. Data from an additional 31 people, 
whose response times deviated more than 3 SD from the video mean were omitted as 
well. By omitting data from participants with extremely high response times per 
video, we intended to filter out the participants that did not watch the videos 
attentively. As mentioned in Section 3.1.2, the responses of 122 participants (50.4%) 
were considered valid and included in the analyses. 

3.2.2 Stroking Velocity 

The analyses were carried out with SPSS 23 (IBM), and significance is reported at the 
p = .05 threshold. Similar to the procedure of Study 5 (see also (Ackerley et al., 2014; 
Löken et al., 2009)), the velocities were log3-transformed, after which a curve fitting 
procedure was carried out. Regressions that tested linear and quadratic models were 
applied to investigate curve fitting of the overall pleasantness ratings, as well as the 
pleasantness ratings per stimulus condition. A negative quadratic curve (as compared 
to a linear regression model) demonstrated a better fit for all pleasantness ratings 
(F(2, 2437) = 66.25, p < .001, R2 = .052). The peak of this fitted inverted U-curve, which is 
displayed in Figure 9.5, was at 3.70cm/s. Similar inverted U-curves showed the best 
fits for the subjective pleasantness scores for the four stimuli individually (as 
compared with linear regressions): F(2, 607) = 29.47, p < .001, R2 = .089 (peak at 
4.31cm/s) for Human touch, F(2, 607) = 20.62, p < .001, R2 = .064 (peak at 2.53cm/s) for 
Robot Touch, F(2, 607) = 12.00, p < .001, R2 = .038 (peak at 3.82cm/s) for Mannequin 

Touch, and F(2, 607) = 19.31, p < .001, R2 = .060 (peak at 4.40cm/s) for strokes with the 
Plastic Tube. These inverted U-curves are depicted in Figure 9.6. 
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Figure 9.5: Mean subjective pleasantness scores per stroking Velocity (cm/s) aggregated over all Stimuli. Error 

bars indicate ±1SEM. 

 
Figure 9.6: Mean subjective pleasantness scores per stroking Velocity (cm/s) for the four Stroking Stimuli. 

3.2.3 Stroking Stimuli 

A two-way repeated measures ANOVA was carried out in order to scrutinize the 
effects of the velocity (five levels) and the stimuli (four levels) on the dependent 
variable Pleasantness. Due to violations of the sphericity assumption on the main and 
interaction effects, according to Mauchly’s test of sphericity, Greenhouse-Geisser 
corrections were applied. A significant main effect of velocity was found: 
F(2.14, 258.37) = 30.99, p < .001, partial η2 = .204. Additional pairwise comparisons were 
carried out to provide more nuance to this effect. These comparisons, with a 
Bonferroni-corrected p-threshold of .005 (α/10), revealed that the perceived 
pleasantness was higher for strokes at 3cm/s and 10cm/s (the difference between 
these velocities was not statistically significant (p = .024)) than for strokes at the other 
three velocities (all p’s < .001). Strokes at 1cm/s were perceived as more pleasant 
than strokes at 0.3cm/s and 30cm/s (p’s < .001). These fastest and slowest strokes 
were perceived as equally pleasant (p = .043).  
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The stimulus manipulation demonstrated a significant main effect: 
F(2.33, 281.68) = 43.07, p < .001, partial η2 = .263. The associated pairwise comparisons 
(Bonferroni-corrected p-threshold of .008; α/6) demonstrated that Human touches 
were perceived as significantly more pleasant than all other touch stimuli 
(all p’s < .001). The Mannequin touches were perceived as the least pleasant, 
although this effect was only significant in the comparison with Human Touch and 
Tube Touch (p’s < .001). The difference in pleasantness between the Mannequin and 
Robot touch was not significant (p = .037). In between the most en least pleasant 
stimuli were the Robot touch as well as the Tube touch, which did not differ 
significantly from each other in terms of perceived pleasantness (p = .206).  
 
A significant interaction between the stimulus and velocity was found as well: 
F(10.12, 1223.92) = 5.55, p < .001, partial η2 = .044. Pairwise comparisons between each 
possible stimulus combination were carried out for each of the velocities separately. 
Significance is reported at the Bonferroni-corrected p < .008 level (α/6). The 
significance levels of the pairwise comparisons can be found in Table 9.3. The pairwise 
comparisons, in combination with the inverted U-curves as plotted in 
Figure 9.6 suggest that the low pleasantness perceptions for the Mannequin arm (in 
contrast with the robot and the tube) mainly appear for the lower velocities (i.e., at 
1cm/s). At higher velocities, strokes applied with a plastic tube were perceived as 
more pleasant than strokes by the robot or mannequin, whereas this difference did 
not occur at lower speeds. 
 
Table 9.3: Significance levels (p-values) of the pairwise comparisons between the different Stroking Stimuli for 

each Velocity. Bonferroni-corrected significant differences (p < .008) in how Pleasant the touch was perceived, 

appear in bold text. 

 0.3cm/s 1cm/s 3cm/s 10cm/s 30cm/s 
Human vs. Mannequin < .001 < .001 < .001 < .001 < .001 
Human vs. Robot .003 < .001 < .001 < .001 < .001 
Human vs. Tube < .001 < .001 < .001 < .001 < .001 
Mannequin vs. Robot .019 < .001 .131 .922 .649 
Mannequin vs. Tube .330 .003 .066 .028 .002 

Robot vs. Tube .078 .295 .697 .011 < .001 

 

3.2.4 Explorations 

To verify whether personality characteristics (gender, age, imagination) possibly 
modulated the effects, we carried out a series of additional analyses. Firstly, a three-
way mixed model ANOVA was carried out with velocity (five levels) and stroking 

stimulus (four levels) as independent variables (within-subjects) and pleasantness as 
dependent variable. Moreover, gender was included as between-subjects 
independent variable, in order to explore whether female participants perceived the 
strokes differently than males. This was not the case as neither a main effect of 
gender, nor a (Greenhouse-Geisser corrected) two-way interaction with stimulus or 
velocity was observed. The three-way interaction appeared to be significant, but was 
not investigated further due to the many comparisons. With regard to the age of the 
participants as a possible modulator of the responses, we carried out a 5x4 repeated 
measures ANCOVA, in which age served as the covariate. Age neither turned out to 
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be a significant predictor of the within-subjects effects, nor did it interact with 
velocity, stimulus, or both independent variables jointly, according to the 
Greenhouse-Geisser corrected analyses. Inclusion of age did also not affect the 
interpretation of the findings regarding velocity and/or stimulus. A similar repeated 
measures ANCOVA was carried out with imagination as covariate. Neither did we 
observe significant main effect, two-way, or three-way interaction effects for 
imagination, nor did it affect the interpretation of the earlier findings.  
 
With regard to the role that social agency plays in how pleasant various touches are 
perceived, we conducted additional mixed model ANOVAs. We carried out a 5x2 
mixed model ANOVA with velocity and robot agency as independent variables. The 
robot was either perceived as a machine (n = 82) or as an autonomous social entity (n 
= 40). Pleasantness was the dependent variable. Since the robot agency is only 
relevant with regard to the robot touches, only these scores were included. There was 
no interaction effect between velocity and robot agency. However, as can be seen in 
Figure 9.7, the pleasantness scores were significantly higher when the robot was 
considered an autonomous social entity rather than a non-social machine.  
 

 
Figure 9.7: Pleasantness scores per Robot Agency group per Stroking Velocity (cm/s) for Robot Touch scores 

only. 

A 5x2x2 mixed model ANOVA (velocity x stimulus (Mannequin and Tube Touch scores 
only) x attribution (between-subjects) was carried out to gather additional insights in 
the possibly modulating role of attribution (the Mannequin arm and the Tube were 

moved by a person (n = 86) vs. a motorized mechanism (36)) on the pleasantness 
scores. Although there were main effects for velocity and stimulus (as reported 
before), no main or interaction effects involving attribution were observed. The 
outcomes of all exploratory AN(C)OVAs are listed in Table 9.4.  
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Table 9.4: Main and interaction effects of the exploratory analyses with personality characteristics and 

perceived agency scores. Main effects of Velocity and Stimulus (and their interactions) are not reported. The 

bold-faced p-values indicate significant effects. 

 F df p Partial η2 
Gender (5x4x2 Mixed Model ANOVA) 
Main effect Gender 2.03 (1, 120) .157 .017 
Gender x Velocity 0.29 (2.13, 255,33) .764 .002 
Gender x Stimulus 0.06 (2.33, 279.19) .960 .001 
Gender x Velocity x Stimulus 2.10 (10.06, 1206.89) .022 .017 
Age (5x4 Repeated Measures ANCOVA)  
Main effect Age 0.37 (1, 120) .543 .003 
Age x Velocity 0.50 (2.13, 255.07) .616 .004 
Age x Stimulus 0.61 (2.33, 279.65) .569 .005 
Age x Velocity x Stimulus 1.64 (10.04, 1205.12) .091 .013 
Imagination (5x4 Repeated Measures ANCOVA) 
Main effect Imagination 1.00 (1, 120) .320 .008 
Imagination x Velocity 0.13 (2.14,  256.03) .893 .001 
Imagination x Stimulus 0.57 (2.32, 278.19) .589 .005 
Imagination x Velocity x Stimulus 1.02 (10.13, 1215.06) .422 .008 
Robot Agency (5x2 Mixed Model ANOVA; only Robot Touch scores)  
Main effect Agency 9.49 (1, 120) .003 .073 
Agency x Velocity 2.10 (2.64, 317.11) .108 .017 
Attribution of the Mannequin and Tube stimuli (5x2x2 Mixed Model ANOVA; only Mannequin and Tube 
stimuli) 
Main effect Attribution 0.84 (1, 120) .363 .007 
Attribution x Velocity 1.34 (2.67, 320.74) .263 .011 
Attribution x Stimulus 0.20 (1, 120) .657 .002 
Attribution x Velocity x Stimulus 0.54 (106.46, 195.90) .689 .005 

3.3 Discussion 
This second online video study was carried out to gain additional insights in the extent 
to which the stimulus with which a touch is applied affects pleasantness perceptions 
of observed stroking touches that are applied at different velocities. To this end, we 
opted for a full within-subjects design as this was assumed to provide more nuanced 
insights in the role that the stimulus plays in these perceptions than the between-
subjects design as applied in Study 5 (Section 2). With regard to the stroking velocity, 
our findings corroborate earlier results (e.g., (Ackerley et al., 2014; Löken et al., 2009; 
Morrison et al., 2010), and Study 5) in the sense that a similar inverted U-shaped 
pattern was observed in which strokes applied at 3cm/s were deemed the most 
pleasant, regardless of the stimulus with which the stroke was applied. However, 
while strokes applied at 10cm/s were rated as less pleasant, this difference did not 
reach Bonferroni-corrected statistical significance. In fact, the optimal stroking speed 
was somewhat higher: 3.70cm/s). H1 was thus partially supported.  
 
Considering the different stimuli with which the touches were applied, the within-
subjects design indeed provided more nuanced insights. Touches provided by another 
human were clearly perceived as the most pleasant at all velocities. This corroborates 
earlier research by Kress et al. (2011), who demonstrated that touches applied by a 
human hand elicited more outspoken pleasantness responses than those applied with 
a velvet stick. It is suggested that the pleasantness perception is mainly informed by 
an interplay between perceptual differences and cognitive and emotional correlates 
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of contact with another person. A human hand is, contrary to the other stimuli, for 
example soft and warm, which may modulate the responses (Ackerley et al., 2014). 
Considering the cognitive processes, we also expected a robot touch to elicit relatively 
high pleasantness perceptions as well, as people tend to anthropomorphize robots 
and apply humanlike social rules to them (e.g., (Duffy, 2003; Kim et al., 2013; Krämer 
et al., 2015)). However, robotic touches were not perceived as more (or less) pleasant 
than the other non-human touches. A possible explanation is that the social presence 
(Lee, 2004) as perceived in the robot was not high enough to activate similar 
emotional correlates as those that apply in interhuman contact. This suggestion is 
supported by the notion that over 2/3 of the participants considered the robot merely 
a non-social machine. However, people that perceived the robot as an actual 
autonomous social entity indeed perceived the touches as significantly more pleasant 
than those that considered it a machine. An additional explanation for as to why the 
robot-initiated touches were not perceived as more pleasant than the other non-
human touches may have to do with the relatively low scores at the highest velocities; 
in particular when compared with tube touches. The peak of the inverted U-curve for 
robotic touches is with 2.53cm/s also substantially lower than the other peaks. As was 
also mentioned after the previous video study, this may have occurred because the 
robot touches were perceived as particularly artificial at higher velocities. That is to 
say that an effect related to the uncanny valley (Mori, 1970; Mori et al., 2012) may 
have occurred, in which the stimulus approached, but failed to attain a lifelike 
appearance and behavior, which resulted in feelings of strong revulsion. Another 
reason for the relatively low scores of high-velocity robot touch could have to do with 
the perceived safety of such touches (e.g., (Bartneck, Kulić, et al., 2009; Kidd, 2003)). 
This may particularly have applied for people that perceived the robot as an 
autonomous social entity (see also Figure 9.7).  
 
Contrary to the expectations, the touches as provided by the mannequin arm were 
perceived as substantially less pleasant than the touches with the plastic tube. This 
difference occurred regardless of whether the touches were attributed to a human 
controller or to an automated mechanism. The more humanlike morphology of the 
mannequin arm thus did not enhance the pleasantness perceptions, but may have 
had an adverse effect; possibly due to an uncanny valley effect (Mori, 1970; Mori et 
al., 2012). This is somewhat in in line with the example as provided by Mori et al. 
(2012, p. 99) of a prosthetic hand, which at first glance may look humanlike but may 
become eerie upon further inspection or while actually touching it. Since people are 
well capable of imagining how a touch would feel based on mere observation or even 
imagination, an effect based on the uncanny valley theory may thus also have 
occurred in our observation study for the mannequin arm. Another explanation could 
be that participants thought that the material of the mannequin arm felt less pleasant 
than the material of the plastic tube, even though we assumed that these stimuli only 
differed in morphology. All in all, since we expected the human touch to be the most 
pleasant, followed by respectively the robot, the mannequin hand, and the tube, we 
can conclude that H2 is only partially supported. We can also conclude that the 
inclusion of the personality characteristics in the analyses did not provide more 
nuanced insights; the gender, age, or level of imagination did not modulate the 
responses to the touches.  
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In sum, we can conclude that mere observation of stroking touches can elicit similar 
responses as actually perceiving such touches, and thus that (online) observation 
studies can be a viable method for investigating perceptions of affective touch. In line 
with earlier findings, the velocity of a stroking touch, as well as the stimulus with 
which it is applied, affect the pleasantness. Moreover, we have found support for the 
suggestion that the pleasantness of robotic touches is informed by the social 
presence as is perceived in the robot. Likely, the physical qualities (i.e., the materials 
and textures of the stimuli) play a role as well. To gain further insights in what these 
aspects may mean for robot-initiated social touch interactions, we carried out a study 
in which various robots were assessed on aspects related with agency and social 
presence, their appearance, their materials, and their suitability for social touch 
interactions (in Study 7; Section 4). 

4 Study 7: Robot Impressions 

4.1 Methods 

4.1.1 Design 

In a two-phase online crowdsourcing study (which was inspired by (Mathur & 
Reichling, 2016)), we investigated whether, and to what extent, characteristics of the 
social robot’s appearance determine how a robot-initiated touch may be perceived. 
Prior to the study, a selection of 52 pictures of different social robots was made. 
Random subsets of nine of these robot images were presented to participants in 
phase 1, who were asked to assess each robot on various dimensions. In phase 2, a 
group of different participants was asked to read and envision a scenario in which 
they engaged in HRI that involves robot-initiated touch. This scenario sketched the 
scary movie setting of our Fay-study (Study 4; Chapter 8). A random subset of 31 
images of the same robot picture set was then presented sequentially to the 
participants, accompanied by the question how they would experience a touch from 
this specific robot in the described scenario. The robot impression scores of phase 1 
were then compared with the touch impression scores of phase 2. In addition, clusters 
of similar robots were made based on the data of phase 1, described on their 
characteristics, and included in subsequent analyses regarding the touch perceptions. 

4.1.2 Participants 

In phase 1, regarding the robot impression scores, 142 people enrolled in the study 
via the online crowdsourcing platform Prolific. The inclusion criteria consisted of an 
age of 18-100, a Prolific approval rate between 95-100%9, and English as first 
language. Every participant received £1.50 for participation. The mean age was 36.03, 
(SD = 12.76, range 18-73). The majority was female (98; 69.0%), 42 participants 
(29.6%) were male, and 2 people (1.4%) did not disclose their gender. 
 

                                                       
9 The approval rate is an indicator for the extent to which individual participants provide valid responses 

to various studies. 
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In phase 2, which was carried out through Prolific as well, the same inclusion criteria 
applied, supplemented with the prerequisite that participants could not have 
participated in phase 1. The reward was £1.50 for participation. Valid responses were 
obtained for 74 people, which corresponds with 85.1% of the total amount of 87 that 
started the survey (see Section 4.2.2. for the selection criteria). The mean age of the 
74 participants was 34.47, (SD = 12.66, range 18-72) and 43 were female (58.1%). 

4.1.3 Materials 

To select the robot pictures, five Google image searches were performed with the 
following search terms: “Social robot”, “Humanoid robot”, “Anthropomorphic robot”, 
“Interactive robot”, and “Robot body”. The searches were carried out on the same 
day, in Google Chrome’s incognito mode, with ‘safe search’ on and with a required 
minimal picture resolution of 1024x768px. Every picture that displayed an actual 
robot (i.e., not a graphical representation) with a clearly identifiable ‘head’, torso, and 
arm(s) (not touching any object or person) was selected. Moreover, the robot should 
not be (partly) occluded by objects, people, or texts, and should fill a substantial 
proportion of the picture so that cropping the image would not affect the resolution 
too much. After this first selection at face validity, 101 robot pictures were collected.  
 
In a subsequent stricter selection procedure, all redundant robots were removed 
from the selection, and all pictures were re-evaluated according to the 
aforementioned criteria. In addition, only pictures in which the robot was mostly 
visible from the front and in which it appeared to have the option to move its arm(s) 
were remained. This is because robots with fixed arms would not be able to actively 
touch, and therefore were deemed unsuitable for this specific study. All remaining 
pictures were cropped and resized to square images of 640x640px, after which they 
were reassessed on graphical quality: pictures with less than 96dpi were omitted. As a 
final step, images were, when necessary, retouched to make sure every robot 
appeared in front of a calm, neutral background. This final set of 50 robot pictures 
was supplemented with a picture of our Fay robot, and, although not intended as 
being a robot, our mediated social touch device Nakama (as used in Study 2 and 3; 
Chapters 4 and 5). A picture of the NAO robot (as used in the stroking video studies, 
and in Study 8 and 9) was already selected. The 52 images (which besides Nakama 
included two other zoomorphic robots) and the robot names are listed in Appendix D.  
 
Similar to the stroking video studies, we programmed both study sequences (i.e., 
phase 1 and 2) in LimeSurvey; two separate surveys were created. Each sequence 
included the pictures and the required rating features, as well as randomization 
algorithms for the order of presentation of the images and for the selection of the 
image subset that was presented to the participants (i.e., 9 images in phase 1 and 31 
in phase 2). A URL to the respective LimeSurvey page was provided on the 
accompanying Prolific project page. 

4.1.4 Measures 

In phase 1 participants assessed a selection of robots on 22 qualities regarding their 
appearance. These qualities were selected to either reflect concepts that are closely 
related to social presence, or because they describe some touch-related physical 
qualities of the robot.  
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The majority of the qualities was derived from the work by Rosenthal-von der Pütten 
and Krämer (2014), who investigated whether there are design characteristics that 
determine the evaluation of robots, and whether the robots’ assessments can be 
explained by the uncanny valley hypothesis (Mori, 1970; Mori et al., 2012). These 14 
qualities were supplemented with scales for “Mechanical” and “Humanlike”, that 
were used before by Mathur and Reichling (2016) as they are often-applied 
descriptors of robots and may largely influence the social presence. We also 
borrowed their “Positive emotional state”-“Negative emotional state” semantic 
differentials scale and we added “Warm personality” as exploratory element. 
 
We derived the following design characteristics, as categorized by the four factor 
structure that was found by (Rosenthal-Von Der Pütten & Krämer, 2014) and the 
three additional items by Mathur and Reichling (2016):  
Factor Submissive: Submissive10, Weak, Incompetent.  
Likable: Likable, Pleasant, Attractive, Natural, Familiar10, Intelligent.  
Threatening: Uncanny, Eerie, Dominant10, Harmless (reversed), Threatening.  
Unfamiliar: Unfamiliar10, Strange. 
Additional: Mechanical, Humanlike, Positive emotional state, Warm personality. 
 
With regard to the physical qualities of the robot, we presented three semantic 
differential scales accompanied by the question how the robot feels, and one scale 
regarding the look of the robot’s touch. The latter was included as jerky movements 
of the robot’s arm was raised as possible explanation for the absence of effects of 
robot-initiated touch in the Fay-study (Chapter 8). 
Physical qualities: Smooth-Rough, Soft-Hard, Warm-Cold, Moving rigidly-Moving 
elegantly (borrowed from Bartneck et al. (2009)).  
 
The extent to which the participants perceived each of the 22 design characteristics in 
each of the 9 robots they were presented with, was measured by means of 
accompanying Visual Analogue Scales (VAS; (Funke & Reips, 2012)), of which the 
scores ranged from -100 to 100 with an accuracy of 1.0. The list of VASs was preceded 
by the words: “The robot appears…”, followed by each characteristic11 and the scale. 
The scales were labeled with “I do not agree at all” (-100; left end) and “I completely 

agree” (100; right end). The VAS-pointer became visible upon clicking the scale.  
 
In phase 2, we applied similar VASs (i.e., the same value-range, accuracy, and 
appearance), to gain insights in the introductory question “When this specific robot 

would put its arm around my shoulder during a scary movie, this would be..:”. This 
question was followed by five semantic differential items that were – contrary to 
phase 1 – also the labels of the VAS’s anchors: 
  

                                                       
10 For practical reasons, we presented the qualities Familiar and Unfamiliar, as well as Dominant and 

Submissive as semantic differential scales, rather than as individual scales. 
11 The characteristics that were applied as semantic differentials were presented in the following 

format “Familiar (as opposed to Unfamiliar)” (written in front of the respective scale), and were thus to 

be answered on similar “I do not agree at all”-“I completely agree” scales. 
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1. “Unpleasant”-“Pleasant” 
2. “Upsetting”-“Comforting” 
3. “Stress-reducing”-“Stress-enhancing” 
4. “Inappropriate”-“Appropriate” 
5. “Unexpected”-“Predictable” 

We selected these items as they provide insights in how a touch is perceived (1), what 
kinds of effects it would elicit with regard to stress (2, 3), and how ‘logical’ or ‘natural’ 
it would be for each robot to provide consoling touch (4, 5). On the premise that 
people are capable of imagining how a touch would feel and how they would 
physically experience a touch (Blakemore et al., 2005; Lucas et al., 2015; Yoo et al., 
2003), these measures were deemed suitable. Asking participants about how a robot-
initiated touch would affect their bond with a robot, or would affect their pro-social 
behavior was deemed too far-fetched; in particular because people are not 
necessarily aware of the relation between touch and bonding or pro-social behavior.   
 
For both phases, the age and gender of the participants were recorded, and in 
phase 2 we also applied the three subscales of the Robot Anxiety Scale (RAS; (Nomura 
et al., 2008)) to verify each participant’s anxiety towards (1) the robot’s 
communication capabilities, (2) its behavioral characteristics, and (3) discourse with 
robots. Phase 2 was concluded with an attention check question about the scenario.  

4.1.5 Procedure 

Prolific contributors were referred to the respective survey sequence (i.e., the robot 
rating survey or the robot-initiated touch perception survey), where they were 
presented with written instructions regarding the specific task at hand, the conditions 
for participation and remuneration, and informed consent. When participants 
pressed ‘Start’ they indicated to agree with voluntary participation, and were 
subsequently asked to enter their Prolific ID, gender, and age. 
 
In the robot rating survey (for phase 1), this was followed by a page on which all 52 
robots were presented in a grid with small images, to give participants an impression 
of the robots they were going to assess. Subsequently, the random selection of 9 
robots was to be assessed on the 22 design characteristics (each robot on a different 
page), after which the participant was thanked and referred to Prolific. 
 
In the robot-initiated touch perception survey, the demographic questions were 
respectively followed by the RAS items and the written scenario. Participants were 
instructed to read the following scenario carefully and try to imagine the described 
situation as well as possible:  
“For a scientific experiment, you are invited into an unfamiliar lab room. Here, you are 

asked to watch a new scary movie on a large screen, together with a social robot that 

you have never seen before. This robot is developed to engage in social interactions 

with people and sits next to you on a couch. When the lights in the lab room are 

switched off, the movie starts to play, and it is indeed a very scary movie. Your heart 

rate increases, and you sometimes hold your breath. At certain moments throughout 

the movie, the robot puts its arm around your shoulder and says supposedly calming 

things like ‘don't worry, it's only a movie’.” 
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Next, the same image-grid with all 52 robot pictures was presented, followed by 31 
consecutive pages with a randomly selected robot and the five accompanying touch 
perception VASs. After assessing the robots’ touches, an attention check question was 
presented to verify whether participants read and remembered the scenario 
correctly. Participants were asked to select the type of movie they, according to the 
scenario, watched (scary, romantic, or action), where they watched it (lab, at home, 
or in a cinema), and how the robot behaved during the movie (calming words, beeps, 
or no sounds). Finally, participants were thanked and referred back to Prolific.  
 
Participants had one hour to finish a survey, but were encouraged to complete it in 
one go which would approximately take 15 minutes. 

4.2 Results 
IBM SPSS Statistics 23 was used for the analyses (significance threshold at p = .05). 

4.2.1 Phase 1: Robot Impressions 

4.2.1.1 Robot Characteristics 

Due to a minor error in the experimental script, one robot (Robot 52: Wakamaru) 
could not receive ratings. Moreover, after the data collection we decided to omit the 
scores of the three zoomorphic robots (i.e., Huggable (42), Nakama (43), and 
Leonardo (47)) from all analyses. Firstly because we are particularly interested in 
humanoid robots (see also Chapter 1 and 7) and secondly because their scores were 
outliers on various measures and therefore deemed not representative 12 . Six 
participants did not finish the entire survey sequence, but did provide valid responses 
for at least one robot. Inspection of the scores further led to the omission of two 
robot ratings as no scores were provided. No additional outliers on the scores were 
found. In total, the 48 remaining robots received 1156 ratings, which corresponds 
with an average of 24.04 ratings per robot (SD = 3.20, range = 17-31). 
 
In line with (Rosenthal-Von Der Pütten & Krämer, 2014), an exploratory factor analysis 
was performed on the 18 robot appearance items to determine underlying latent 
variables. The four physical composition items (i.e., Smooth, Warm, Soft, and Rigid 
movements) were not included as we intended to relate these items individually to 
the imagined touch perceptions. According to Kaiser-Meyer-Olkin (KMO) measures of 
sampling adequacy, both the overall (KMO = .90) and individual sampling adequacies 
(all KMO values > .66) were well above the limit of .50 (Field, 2009, p. 647). In 
addition, Bartlett’s test of Sphericity indicated that the correlations between the 
items were large enough for factor analysis, according to the significant effect: 
χ²(153) = 10415.71, p < .001. Both the eigenvalues (> 1), and the scree plot suggested 
the extraction of four factors. By means of Principal Axis Factoring (with oblique 
rotation), the four latent variables were extracted. As can be seen in Table 9.5, all 
variables loaded on a factor with acceptable factor loadings (i.e., > .400, as suggested 
by for example Field (2009, p. 645)). Dominance cross-loaded on two factors (i.e., two 
factor scores of  > .400 and a difference between these (absolute) loadings of < 0.200. 

                                                       
12 Data collection for phase 2 was carried out prior to all analyses. As such, touch perception scores 

were also obtained for the four omitted robots in phase 2, but not included in the touch analyses. 
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In line with (Rosenthal-Von Der Pütten & Krämer, 2014), we decided to retain the 
Dominant characteristic and assign it to the factor for which it had the highest 
loading. The four factors explained 65.56% of the variance in the robot rating data.  
 
Table 9.5: Factor analysis statistics for the four latent variables. Bold-faced values indicate highest factor 

loadings and the *-marked variable indicates a cross-loading. 

 1. Positive Affect 2. Threatening 3. Competence 4. Humanlike 
Pleasant .853 -.157 -.009 -.004 
Likable .869 -.138 -.014 .036 
Attractive .623 -.073 -.166 -.194 
Natural .326 .097 -.082 -.503 

Familiar .450 .107 -.128 -.331 

Strange -.205 .550 .313 .199 
Uncanny .041 .573 .101 -.175 
Eerie -.267 .672 .172 -.012 
Dominant* -.137 .459 -.440 .146 
Weak .197 .077 .595 -.052 
Harmless .640 -.236 .300 .036 
Threatening -.395 .584 -.260 .071 
Intelligent .379 .258 -.465 .091 
Incompetent -.010 .196 .578 .011 
Mechanical  .115 .132 -.118 .586 

Humanlike .100 .277 -.066 -.627 

Positive Emotional State .773 -.008 .124 -.041 

Warm Personality .769 -.023 .155 -.082 

Eigenvalue 6.288 2.264 2.068 1.183 
Variance explained (%) 34.94 12.58 11.49 6.57 
Cronbach’s α .91 .77 .57 .62 

 
The four factors that were found with the factor analysis were interpreted as follows: 
Positive Affect13: Pleasant, Likable, Attractive, Familiar, Harmless, Positive Emotional 
State, and Warm Personality. 
Threatening: Strange, Uncanny, Eerie, Dominant, and Threatening. 
Competence13: Weak, Intelligent, and Incompetent.  
Humanlike: Natural, Mechanical, and Humanlike.   
 
We reversed the Weak, Incompetent, and Mechanic scores so that they matched the 
essence of their respective factors and we computed the average factor scores. 
Moreover, the factor scores and the individual physical perception variables (Smooth, 
Warm, Soft, and Rigid movements) were aggregated per robot, to be applied in a 
cluster analysis and in the analyses of the imagined touch perceptions. As can be seen 
in Table 9.6, the average scores for the appearance characteristics and the physical 
qualities of the robots appeared somewhat negative (given the possible score range 
of -100 to 100). Although the robots were, on average, considered quite competent 
and only moderately threatening, the perception of the positive affect as displayed by 
the robots was relatively low, let alone the perceptions of their humanlikeness.  

                                                       
13 The “Positive Affect” factor could also have been named the “Social Warmth” factor; as we also 

found a “Competence” factor, which together form the dimensions on which people assess others 

(Fiske et al., 2007). “Social Warmth” may however be confusing, considering Part II of this dissertation. 
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Table 9.6: Descriptive statistics of the robot characteristics. The Range % indicates the bandwidth of possible 

responses. 

  Mean SD Minimum Maximum Range % 
Positive Affect -13.72 26.73 -67.76 30.96 49.36 
Threatening -10.53 22.35 -53.89 40.04 46.96 
Competence 28.08 15.41 -11.35 59.87 35.61 
Humanlike -39.14 25.57 -88.04 17.41 52.72 
Soft -46.59 25.85 -85.63 22.38 54.01 
Rigid movements  17.77 22.06 -26.29 65.69 45.99 
Warm -37.91 25.00 -83.84 23.14 53.49 
Smooth 4.11 33.02 -74.46 55.48 64.97 

4.2.1.2 Robot Clusters 

To categorize the robots and to gain insights in design characteristics that possibly 
determine touch perceptions, we ran a hierarchical agglomerative cluster analysis on 
the positive affect, threatening, competent, and humanlike factor scores of all 48 
robots. To this end, we applied Ward’s minimum variance method (Ward, 1963) with 
squared Euclidian distance measures. The data were not transformed, as all were 
collected on the same scale. Based on inspection of the dendrogram (Appendix D), we 
opted for a solution in which five clusters were formed. We ran a series of one-way 
ANOVAs with Cluster as independent variable and each of the eight predictor 
variables (i.e., the four factors and the four physical qualities) as dependent variable. 
 
Table 9.7: Means (SD) and statistics for the Robot Impression scores, per cluster. Bold-faced scores represent 

highest mean value per factor. The post-hoc scores indicate the clusters for which the pairwise comparison 

demonstrated a Bonferroni-corrected significant difference. 

   Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5   
n = 10 n = 10 n = 16 n = 6 n = 6 F(4, 43) η2

Partial 

Positive 
Affect 

Mean 21.95 -49.71 -17.36 -19.86 2.70 

51.06 .826 SD (8.76) (8.92) (11.53) (20.95) (6.95) 
Post-Hoc 2, 3, 4, 5 1, 3, 4, 5 1, 2, 5 1, 2, 5 1, 2, 3, 4 

Threaten-
ing 

Mean -34.99 15.03 -10.73 8.60 -30.95 
29.60 .734 SD (12.19) (15.74) (6.93) (17.61) (9.12) 

Post-Hoc 2, 3, 4 1, 3, 5 1, 2, 4, 5 1, 3, 5 2, 3, 4 

Compe-
tence* 

Mean 25.30 31.95 35.06 22.31 13.39 
3.10 .224 SD (14.99) (10.07) (11.39) (19.72) (19.17) 

Post-Hoc   5  3 

Humanlike 
Mean -23.97 -64.34 -47.49 11.29 -50.60 

56.36 .840 SD (11.39) (14.08) (9.91) (7.99) (5.99) 
Post-Hoc 2, 3, 4, 5 1, 3, 4 1, 2, 4 1, 2, 3, 5 1, 4 

Soft 
Mean -32.10 -70.35 -61.90 -2.61 -34.30 

34.92 .765 SD (10.90) (11.23) (11.38) (16.41) (19.48) 
Post-Hoc 2, 3, 4 1, 4, 5 1, 4, 5 1, 2, 3, 5 2, 3, 4 

Rigid 
movement 

Mean 7.40 40.37 25.87 -7.73 1.31 
13.58 .558 SD (14.29) (15.96) (18.03) (11.58) (9.23) 

Post-Hoc 2, 3 1, 4, 5 1, 4, 5 2, 3 2, 3 

Warm 
Mean -10.22 -67.39 -48.38 -19.69 -25.25 

27.26 .717 SD (13.97) (11.77) (13.12) (18.43) (14.28) 
Post-Hoc 2, 3 1, 3, 4, 5 1, 2, 4, 5 2, 3 2, 3 

Smooth 
Mean 37.99 -37.52 -1.56 16.06 20.19 

17.49 .619 SD (10.66) (27.87) (22.99) (22.97) (13.59) 
Post-Hoc 2, 3 1, 3, 4, 5 1, 2 2 2 
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As can be seen in Table 9.7, the ANOVAs yielded significant effects on all measures (all 
p’s < .001, except Competence (p = .025)), indicating that there are significant 
differences in scores between at least two clusters on each of the measures. 
Bonferroni-corrected (i.e., p = α/10 = .005) post-hoc pairwise comparisons 
subsequently revealed between which clusters significant differences emerged.  
 
In the following, we describe each of the five robot clusters in order to derive specific 
design characteristics that are key characteristics of each cluster. 
 
Cluster 1 is characterized by generally small robots that look friendly. The 10 robots 
belonging to the first cluster are listed in Figure 9.8 and score the highest on Positive 
Affect and the lowest on how Threatening they are. In terms of Humanlikeness, they 
score high, albeit lower than the androids that are a part of Cluster 4. Moreover, with 
regard to the impressions of their physical characteristics, they are in the cluster that 
scores highest on smoothness and on how warm they feel. They are also in the top 
half of how soft they feel and are considered to move quite elegantly. Four of the 
robots are small, whereas most of the others are child-sized (ca. 120cm). The majority 
of the robots has a humanlike morphology and are bipedal. Most of them have hands 
with separate fingers, while Sota (Robot 26) has sponge balls as hands which are also 
known to be able to elicit beneficial touch effects (e.g., (Fukuda et al., 2012; Shiomi et 
al., 2017)). All robots, except Asimo (3), have a face with two (often large) eyes and a 
mouth. The faces are however not very expressive in general, with the exception of 
Zeno (10). The design of the robots can be described as smooth and rounded, or 
softly shaped. An important caveat that has to be mentioned is that in the pictures, 
four of the robots display a greeting gesture which may have biased the scores. 
 

 
Figure 9.8: Cluster 1 with NAO, Pepper, Asimo, Zeno, Romeo, RoboRay, Asra C1, Sota, RoboHon, and PAL 

REEM-C. 
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Cluster 2, as depicted in Figure 9.9, can be described as threatening, mechanical 
robots. This set of robots scored the lowest of all groups on Positive Affect and 
Humanlikeness, despite the humanlike morphology in most of the cases. They also 
were the most Threatening. In terms of physical qualities, these robots were deemed 
not Soft and not Warm, and they scored relatively low on Smoothness and relatively 
high on rigidity. With regard to their design, these robots share a very mechanical 
appearance. Whereas the robots of for example Cluster 1 have rounded bodies to 
cover the internal mechanisms, the robots of Cluster 2 lack such covers, or are only 
partly covered. The internal wires, motors and metal structures are mostly visible. The 
robots could also be described as ‘muscular’ as they have a broad chest and 
shoulders, and bulky, square-edged arms and legs. In addition, the poses as assumed 
by the robots on the pictures can be described as aggressive or dominant. Six of the 
robots do not have facial features as they simply have a ‘block’ (some with visor). The 
Fay robot, as used in Study 4 (Chapter 8) is also part of this cluster.  
 

 
Figure 9.9: Cluster 2 with Nexi, iCub, KHR-2HV, KHR-3V, PAL REEM, Kobian, Atlas, eLab 17 DoF Robot, Toro, and 

Fay. 

Cluster 3 is listed in Figure 9.10, and can be described as Competent, as they score, on 
average, highest on that factor. Other than that, the robots can be considered 
‘neither fish nor fowl’. That is to say that these robots’ scores on Positive Affect, 
Threatening, and Humanlikeness are all moderate. With regard to how Warm and 
Soft they feel, they score in the bottom half of the robots, whereas the rigidity of their 
movements scores top half. The majority of the robots of Cluster 3 could be described 
as somewhat mechanical and clearly non-human. This non-humanness is reflected in 
for example the overall morphology (e.g., PR2 (5) or Luna (48)), in the fact that parts 
of the robots are see-through (e.g., Edgar (6) and Poppy (35)), in the fact that some 
robots move around on wheels, and in the heads of the robots. The heads are non-
humanly shaped (e.g., Sico (7), DARwIn-OP (24)), have a visor (e.g., Valkyrie (33) or 
HRP2 (40)), only one eye (Myon (15)), and do not have much opportunities for facial 
expressions. Some robots have hands with moving fingers that to some extent 
resemble human hands, whereas others have a fixed ‘hand’ or a claw-like contraption.  
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Figure 9.10: Cluster 3 with PR2, Edgar, Sico, Kojiro, Myon, KHR-2HV Genex, RoboSapiens, DARwIn-OP, 

RoboThespian, Hermes, Valkyrie, AILA, Poppy, HRP2, Luna, and Robonova. 

The robots that are grouped in Cluster 4 (see Figure 9.11) can be characterized as 
android robots as they score the highest on Humanlikeness. The majority of these 
robots are particularly designed to resemble a human, whereas the R2 Robonaut (23) 
may have been considered a human wearing a helmet, rather than a robot with visor. 
Interestingly, the robots in this cluster are also perceived as very threatening 
(together with the mechanical robots of Cluster 2) and they score moderately to low 
on Positive Affect. Since their appearance closely resembles humans, the facial 
expressions of the robots may have played a relatively large role. Since these are 
neutral, or perhaps even somewhat angry in the pictures, this may have influenced 
the scores to a large extent. With regard to the physical composition of the robot, the 
scores indicate that these robots are rated in the top half of the Smooth and Warm 
scores, the bottom half of rigidity, and the androids score highest on Softness. 
Contrary to all other clusters, the robots in this category wear clothes or at least 
appear to wear some kind of suit (in case of the R2 Robonaut (23) and HRP 4C (41)).  
 

 
Figure 9.11: Cluster 4 with Chihira Aico, R2 Robonaut, Geminoid DK, Geminoid HI, HRP 4C, and Ibn Sina. 
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The remaining six robots form Cluster 5 and are displayed in Figure 9.12. These robots 
can be considered unusually shaped robots, as they do not have human-shaped heads 
and because none of them has legs. All six robots move around on wheels. Although 
they are unusually shaped, they are still considered moderately humanlike and they 
are rated in the upper half of the Positive Affect scores and on the lower end of the 
Threatening spectrum (together with the friendly robots of Cluster 1). Considering 
their physical appearance, they score more or less in the middle of the scales for Soft, 
Warm, and Smooth, whereas they are considered to move in a relatively elegant 
manner. It could be that these robots were perceived as toys, due to their toy-like 
appearance; especially Mip (25), RIBA (27), and Cosmobot (37). Other physical aspects 
that these robots share are the limited facial expressions and the fact that they all 
have arms that are relatively long as compared with their overall height.  
 

 
Figure 9.12: Cluster 5 with Mip, RIBA, Cosmobot, Justin, Ri-Man, and Twendy-One.  

 

4.2.2 Phase 2: Impressions of Robot-initiated touch 

4.2.2.1 Data Filtering 

A total of 87 participants started the Robot-initiated Touch survey, of which 5 
dropped out during the experiment and as such missed the attention check question. 
An additional 5 participants failed the attention check, and 3 finished the 
experimental sequence without providing any touch ratings. The data of these 13 
participants were omitted. All ratings for the three zoomorphic robots and for 
“Wakamaru” were also omitted (see also Section 4.2.1). After the various data 
omissions, 74 participants provided valid ratings regarding the touch perceptions. 
Two of them left the ratings for either 1 or 3 of the robots they were presented blank, 
but their remaining data appeared valid. In total, the 48 robots received 2107 ratings, 
which results in an average of 43.90 ratings per robot (SD = 3.50, range = 34-51). 
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4.2.2.2 Robot Appearance and Robot-initiated Touch Perception 

The Stress-attenuation scores were recoded so that higher scores imply more stress-
reduction. As can be seen in Table 9.8, the general attitude towards robot-initiated 
touches and their effects was not very positive. All average scores remained below 
the respective centers of the scales. The ranges of the scores on the various measures 
were nonetheless deemed substantial enough to proceed with the explorations.  
 
Table 9.8: Descriptive statistics of the Robot Characteristics and the imagined Robot-initiated Touch 

perceptions. The Range % indicates the bandwidth of possible responses. 

  Mean SD Minimum Maximum Range % 

Pleasantness of the touch -22.84 21.41 -64.63 17.43 41.03 

Comfort of the Touch -18.50 20.71 -62.95 20.41 41.68 
Stress-attenuating effects of the touch (rev) -14.53 21.53 -64.20 22.75 43.48 
Appropriateness of the touch -19.22 17.54 -60.45 10.89 35.67 

Predictability of the touch -22.91 16.74 -63.82 8.69 36.26 

 
To investigate whether (1) there is a relation between a certain robot appearance 
characteristic or physical composition rating, and one or more of the various robot-
initiated touch perceptions, and (2) what this possible relation looks like, we carried 
out curve fitting procedures. Each of the eight possible ‘predictor’ variables were 
tested against each of the five dependent variables (i.e., the touch measures). For this 
purpose, regressions that tested linear, quadratic, and cubic functions were applied. 
We included the non-linear functions to identify possible trade-offs in the relation 
between a certain design characteristic and an effect of robot-initiated touch. 
Moreover, these non-linear functions were applied to verify whether an effect similar 
to the suggested uncanny valley hypothesis (Mori, 1970; Mori et al., 2012) may also 
exist in simulated social touch. To verify whether a model significantly enhanced a 
lower-level model (i.e., the F change), we adhered to the p = .05 threshold. Since we 
applied multiple tests for each touch perception variable, we adhered to a 
Bonferroni-corrected p-level of .006 (i.e., α/8) for the actual regression model. The 
results of the curve fittings are listed in Table 9.9. 
 
Table 9.9: Results of the curve fittings. The best fitting function and the accompanying R2s are listed. Only 

Bonferroni-corrected significant predicting models are included. 

 Pleasant Comforting Stress-
attenuating 

Appropriate Predictable 

Model R2 Model R2 Model R2 Model R2 Model R2 
Positive Affect linear .725 linear .702 linear .665 linear .665 linear .625 
Threatening linear .602 linear .647 linear .580 linear .585 linear .380 
Competence           
Humanlike cubic .556 cubic .518 cubic .565 cubic .592 cubic .540 
Soft quadr. .248     quadr. .244 quadr. .317 
Smooth linear .460 linear .414 linear .402 linear .366 linear .475 
Rigid-Elegant         quadr. .271 
Warm linear .403 linear .375 linear .341 linear .346 linear .470 

 
The touch perception scores linearly increased with Positive Affect, Smoothness, and 
Warmth, whereas they linearly decreased with increasing Threat. Competence and 
Rigid Movements did not predict the touch perception scores, with the exception of  
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the latter predicting the touches’ predictability in a quadratic fashion. Touches from 
robots with moderately rigid movements are the less unexpected than touches from 
either very rigidly or very elegantly moving robots. The apparent Softness of the robot 
predicts the pleasantness, appropriateness, and the predictability of the touches in a 
similar quadratic manner: moderately soft robots score the highest on these touch 
perceptions. Moreover, the softness did not predict the comfort or stress-attenuating 
effect of a robot-initiated touch. Interestingly, a non-linear model – in this case a 
cubic function – proved to be the best fitting solution for the Humanlikeness scores. 
After a brief dip in the curve for the least humanlike robots, the trend becomes that 
the more humanlike the robot is perceived, the more positive the touch perceptions 
are. This continues until a point for which the robots are perceived too humanlike and 
the touch perception scores decreases steeply. Figure 9.13 displays how people 
perceived the appropriateness of a touch from the different robots, based on their 
humanlikeness. The pattern as displayed in this figure is also representative for the 
other touch perception scores. 

 
Figure 9.13: Scatterplot of the Touch Appropriateness scores for the different levels of Humanlikeness with the 

cubic curve. The different colors represent the robot clusters. 

To verify whether the five robot clusters that we found differed from each other with 
regard to the different touch perceptions, we carried out a one-way MANOVA with 
cluster as independent variable, and the five touch perception scores as dependent 
variables. This analysis yielded a significant main effect of cluster: Wilks’ Λ = .241, F(20, 

130) = 3.49, p < .001, partial η2 = .299. As can be seen in Table 9.10, all individual 
ANOVAs yielded significant effects as well (all p’s < .001). Bonferroni-corrected (i.e., 
p = α/10 = .005) post-hoc pairwise comparisons revealed that the small and friendly 
robots in Cluster 1 elicited significantly more positive touch perceptions than robots 
in all other clusters except the unusually shaped robots of Cluster 5. These unusually 
shaped robots of Cluster 5 then did elicit more positive touch perceptions than robots 
in Clusters 2 (threatening, mechanical), 3 (competent), and 4 (androids), although the 
difference with Cluster 3 was not significant. The competent robots in Cluster 3 did 
elicit in general significantly more positive touch perceptions than the threatening 
mechanical robots in Cluster 2 and the androids of Cluster 4, while these latter two 
clusters did not differ statistically from each other. 
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Table 9.10: Means (SD) and statistics for the Touch Perception scores, per cluster. Bold-faced scores represent 

highest mean value per measure. The post-hoc scores indicate the clusters for which the pairwise comparison 

demonstrated a Bonferroni-corrected significant difference. 

  
  

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

  

n = 10 n = 10 n = 16 n = 6 n = 6 F(4, 43) Partial η2 

Pleasant 
Mean 2.32 -45.46 -21.67 -39.81 -13.20 

18.95 .638 SD (12.90) (11.26) (10.24) (24.76) (10.21) 
Post-Hoc 2, 3, 4 1, 3, 5 1, 2 1, 5 2, 4 

Comfortable 
Mean 4.86 -40.72 -16.14 -35.37 -9.82 

18.09 .627 SD (12.58) (11.55) (7.76) (26.56) (9.57) 
Post-Hoc 2, 3, 4 1, 3, 5 1, 2, 4 1, 3, 5 2, 4 

Stress-
attenuating 

Mean 9.90 -36.28 -12.97 -33.51 -4.13 

17.66 .622 SD (9.74) (8.78) (12.33) (28.04) (9.85) 
 2, 3, 4 1, 3, 5 1, 2, 4 1, 3, 5 2, 4 

Appropriate 
Mean 1.52 -36.97 -17.72 -36.27 -11.20 

21.34 .665 SD (8.04) (8.05) (8.46) (20.97) (9.05) 
Post-Hoc 2, 3, 4 1, 3, 5 1, 2, 4 1, 3, 5 2, 4 

Predictable 
Mean -4.51 -38.96 -24.36 -29.35 -16.55 

10.42 .492 SD (9.22) (13.57) (9.06) (21.59) (11.90) 
Post-Hoc 2, 3, 4 1, 5 1 1 2 

4.2.2.3 Robots suitable for Social Touch Interactions 

In order to determine the most suitable robot for robot-initiated touch interactions, 
we computed a composite score for every robot, based on the five variables that 
significantly predicted every touch perception score. That is, we computed a range-
corrected score of the Positive Affect, Threatening, Smooth and Warm predictors, 
after Threatening was reversed. The lowest score of each predictor was converted to 
0 and the highest score was represented by 100, while retaining the relative distances 
between the scores of different robots. Since Humanlikeness predicted the touch 
perception scores with a cubic function, we derived the local maximum of the 
Humanlikeness score. This second turning point in the curve was considered the 
optimal Humanlikeness value for the perceptions of robot-initiated touch. We derived 
the Humanlikeness of each of the five touch perception curves and averaged the 
score, after which we computed the absolute difference between this average score 
and the robot’s individual Humanlikeness score. Subsequently, we inverted these 
difference scores, so that small differences (i.e., close to the optimal humanlikeness) 
would receive a high score, after which we applied a range-correction. Finally, the 
mean of the five range-corrected predictors was computed, after which the most and 
least suitable robots for robot-initiated social touch interactions could be determined. 
It turned out that the most suitable robot for touch was the NAO (Robot 1; composite 
score of 93.18), followed by Sota (26; 87.18) and RoboHon (28; 85.39); all from 
Cluster 1. The least suitable robots were Atlas (22; 8.07), our own robot Fay (44; 
15.19)14 and the eLab 17 DoF robot (31; 15.35); all from Cluster 2.  

                                                       
14 We carried out a series of independent samples t-tests on the scores on the eight predictor variables, 

and a series of dependent samples t-tests on the five touch perception scores to compare the Fay robot 

with the NAO, as both are used in our lab experiments on robot-initiated touch. The scores on all 

measures differed significantly between the two robots except for the Competence predictor. All scores 

were in favor of the NAO robot; see also Appendix D.  
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4.2.2.4 Personal Characteristics 

To identify whether there is a possible relation between personality characteristics 
and responses to (imagined) robot-initiated touch during stressful circumstances, we 
aggregated each participant’s robot touch assessments for each of the five items. 
Subsequently, a Pearson correlation was applied including these five items, the 
participant’s age, and each participant’s scores on the three Robot Anxiety Scale 
subscales. As can be seen in Table 9.11, age had a negative correlation with the 
perceived pleasantness, the comfort, the appropriateness, and the predictability of 
the touch. The negative correlation between age and the expected stress-attenuating 
effects of robot-initiated touch only approached statistical significance (p = .063). 
None of the correlations between the Robot Anxiety Scales and the touch scores was 
significant. In addition, we carried out exploratory independent samples t-tests to 
identify whether the participants’ gender affected the robot touch perceptions. 
According to the responses of the 72 (of 74) participants that indicated their gender, 
there are no significant differences between men and women on perceptions of 
imagined robot touch (i.e., all p’s > .113). 
 
Table 9.11: Results of the Pearson correlations between the Personality Characteristics and Imagined Touch 

perceptions. Bold-faced values represent significant correlations. 

 Pleasant Comfort Stress-
attenuating 

Appropriate Predictable 

Age 
r -.253 -.246 .217 -.301 -.255 

p .030 .035 .063 .009 .028 

Anxiety towards 
Communication Capability 

r .027 .003 -.052 -.039 -.017 
p .816 .983 .662 .744 .884 

Anxiety towards 
Behavioral Characteristics 

r -.054 -.077 .115 -.059 -.014 
p .645 .516 .329 .620 .906 

Anxiety towards Discourse 
with Robots 

r -.064 -.079 .047 -.120 -.028 
p .586 .505 .693 .310 .816 

 

4.3 Discussion 
In the Robot picture-study we investigated whether specific design characteristics of 
social robots can predict how a robot-initiated touch will be perceived. This study was 
carried out online with a picture set of various robots that were to be rated on several 
characteristics, thereby closely adhering to the methods as applied by Rosenthal-von 
der Pütten et al. (2014). We applied this method on the premise that people are very 
well capable of imagining how a certain touch would feel and how they would 
respond to it (Lucas et al., 2015; Yoo et al., 2003). We obtained ratings on 22 variables 
for all 48 selected robots, factored these ratings, and included them in exploratory 
curve fitting regression analyses. We identified the factors Positive Affect and 
Threatening (negative), and the robot’s physical Warmth and Smoothness (and to 
some extent its Softness) as linear predictors of the pleasantness, comfort, stress-
attenuating capabilities, appropriateness, and predictability of a robot-initiated touch 
during stressful circumstances (based on a written scary movie-scenario). Moreover, 
the robot’s Humanlikeness best predicted these touch perceptions with a cubic 
function, in which a local maximum was found for moderately humanlike robots. 
When the robots became too humanlike, for example with the android robots in our 
sample, the touch perceptions became increasingly negative.  
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The robot’s Competence and the rigidity of its movements did not predict the touch 
perceptions. Our findings are in line with the suggestion that the robot’s appearance 
largely determines expectations with regard to its social capabilities (e.g., 
(Dautenhahn, 2007; Fong et al., 2003; Leite, Martinho, et al., 2013; Lohse, 2011)). Our 
results seem to suggest that the appearance of the robot also modulates the 
perceptions of a robot-initiated touch.  
 
Despite people’s capability to imagine how a touch would feel and how they would 
respond to it, these findings should be interpreted with care. First and foremost, the 
imagined touch perceptions should be verified in practice. As we have seen in for 
example Chapter 1 and 7, there may be more to the effects of a robot-initiated touch 
than just its physical appearance. The feel of a robot’s touch, its additional social cues 
(e.g., voice, actual movements, actual facial expressions, etc. (Breazeal, 2003b)), and 
the social relationship with the robot may for example affect how a touch is 
perceived. Secondly, the impressions of the robots as obtained in the study likely are 
representative for first encounters with the robots. The interaction dynamics with a 
specific robot may change once the user is acquainted with its physical appearance. 
Getting used to the robot may also affect how the robot’s touches are perceived. 
Thirdly, the Humanlikeness factor demonstrated a relatively low internal consistency 
(i.e., Cronbach’s α: .62), and should as such be interpreted with care.  
 
In addition, the results imply that people are not too enthusiastic about robot-
initiated touch in general. The majority of the ratings for all five touch perceptions 
were applied at the lower end of the respective scales. To a certain extent, this 
corroborates our earlier finding of the second Stroking video-study, in which a robot’s 
stroking touch was perceived as significantly less pleasant than a human touch. 
Moreover, older participants appeared to be less positive regarding robot-initiated 
touch than younger participants, which may have to do with familiarity with robots 
and experience with innovative technologies. In the remainder of this discussion, I will 
address the robot clusters and the design aspects that we derived and I will highlight 
various caveats with regard to the study. 

4.3.1 Design Characteristics 

Besides relating the predicting factors to touch perceptions, we grouped the robots 
based on a hierarchical agglomerative cluster analysis in five clusters: (1) small, 
friendly robots, (2) threatening, mechanical robots, (3) competent robots, (4) 
androids, and (5) unusually shaped robots. Small, friendly robots, and in particular the 
NAO robot, appeared to be the most suitable for robot-initiated social touch 
interactions in a stressful setting. This cluster was followed by respectively the 
unusually shaped robots, the competent robots, the androids, and the threatening, 
mechanical robots. According to the results, touching robots ideally are not too 
humanlike; it should be obvious that the robot is a robot. Moreover, a humanlike 
morphology is advisable. The dimensions of the body, head, and limbs should 
resemble humanlike proportions and the robot should have joints (e.g., knees, 
elbows, wrists) that enable movements with similar degrees of freedom as humans. 
As such, the robot should also be bipedal rather than wheeled and it ideally has an 
entirely closed body with rounded covers. Moreover, the robot ideally possesses a 
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head with identifiable humanlike facial aspects like eyes and a mouth, but according 
to the robots in Cluster 1, extensive expressive qualities in the face are not a 
prerequisite. The facial features may be somewhat caricatured (e.g., large eyes), 
which also applies to the rest of the body. Although a slightly caricatured appearance 
is inherent to not appearing too humanlike, this should not be overdone. 
 
In line with what (Rosenthal-Von Der Pütten & Krämer, 2014) already suggested and 
with the low pleasantness scores of the mannequin arm in the previous study in mind, 
we can see that higher Humanlikeness does not necessarily result in positive 
perceptions od the robots. The cluster with the android robots were rated as the 
most humanlike, but also as the least suitable for social touch interactions (after the 
threatening mechanical robots). The same authors also suggested that due to this 
humanlikeness, human social rules and automatic behaviors apply, which can explain 
the relatively negative touch perception scores of the robots in this cluster. Since the 
robots appear very humanlike, aspects such as the attractiveness of the robot (or of 
the human after which it was modeled) may play a role, while this is not as applicable 
for less humanlike robots. Moreover, the gender of the robot and/or its ostensible 
ethnicity – three robots appeared Eastern-Asian, one Arabic, and one more Western – 
may activate certain behaviors or stereotyping; see also (Eyssel & Hegel, 2012; Eyssel 
& Kuchenbrandt, 2012). On a similar note, the relatively high humanlikeness of the 
android robots may also make certain human social touch conventions more 
applicable during robot-initiated touch than when less humanlike robots apply the 
touch. In Chapter 1 we have seen that the level of acquaintance one has with a 
person applying the touch modulates the perceptions of said touch (e.g., (Heslin et 
al., 1983; Suvilehto et al., 2015)), and this may also apply in HRI. A touch from an 
unacquainted robot may be perceived as inappropriate and ineffective, in particular 
when the robot appears very humanlike. Another explanation for the relatively low 
scores of the android robots follows from the Uncanny Valley theory (Mori, 1970; 
Mori et al., 2012) which suggests that robots when they approach, but fail to attain, 
lifelike appearance and behavior, this may result in strong feelings of revulsion. The 
cubic function that we obtained as a predictor for the touch perception scores (see 
also Figure 9.13) partly resembles the uncanny valley curve as proposed by Mori15: 
the curve of the positive touch perception increases, until a local maximum after 
which the robot’s humanlikeness is considered uncanny and the curve dips. In Mori’s 
theory, the curve changes direction again when the humanlikeness further increases 
(hence the uncanny valley), but this increase did not occur for our set of robots. 

4.3.2 Study Caveats 

A limitation of our study is that we neither asked participants to indicate to what 
extent they perceived each robot as an actual social actor, nor about to what extent 
they consider robots in general actual social actors. Insights in the perceived social 
presence (Lee, 2004) could have provided further insights in the role this concept 
plays in perceptions of robot-initiated social touch; thereby extending the findings of 

                                                       
15 Contrary to the uncanny valley curve, our curves for the touch perceptions start with a decrease until 

a local minimum is achieved and a similar increase in touch perception starts. This decrease likely is a 

consequence of the curve fitting though, rather than an actual representation of how touches from an 

extremely non-humanlike robot would be perceived. 
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the second Stroking video-study. Moreover, despite a strict selection procedure, the 
stimulus materials as applied in our study varied greatly. The robots varied in their 
designs as they were developed for different purposes, whereas earlier studies (e.g., 
(MacDorman, 2006) and Study 2 of (Mathur & Reichling, 2016)) gradually varied one 
specific characteristic (as is also suggested by (Rosenthal-Von Der Pütten & Krämer, 
2014)). While this large variation allowed us to explore the possible influence of 
various design characteristics on the perceptions of (imagined) touch, we need to 
place a few caveats. Due to our search strategy and inclusion criteria, the pictures 
depict robots with varying postures and (facial) expressions which may have biased 
the results to some extent. Some of the robots in Cluster 1 appeared to be greeting 
someone by raising one of their hands. This friendly gesture may have inflated the 
Positive Affect scores. The majority of the robots in Cluster 2 posed somewhat 
aggressively which may have biased the Threatening scores. Moreover, variations in 
facial expressions and gaze direction (directly facing the observer or looking in the 
distance) may have influenced the scores (Mathur & Reichling, 2016). Another aspect 
regarding the robots is that all references to the robot’s size were removed. This was 
done because many of the robots were already photographed against a neutral 
background which inherently omits size information. Moreover, we wanted to 
prevent that people would have difficulties in comprehending how a very small robot 
with short arms would apply the touches. However, the size of a robot may influence 
how it is perceived (see also (Rosenthal-Von Der Pütten & Krämer, 2014), who 
presented the size of the robot next to the picture). Another caveat is that people 
may have been familiar with some of the robots they were presented with, in the 
sense that they have seen them before. The NAO is for example a widely used robot 
that regularly appears in public settings and in media, whereas hardly anyone has for 
example seen Fay before. This familiarity16 may have influenced the various scores. A 
final remark that has to be made with regard to the stimulus materials of our study is 
that many participants also assessed zoomorphic robots (i.e., Huggable, Leonardo, 
and Nakama), or at least have seen them on the robot overview at the start of each of 
the surveys. Although the scores for these robots were omitted, their presence in the 
data collection may have influenced the other scores due to comparisons that 
participants made. We however considered the reasons for omitting these scores as 
more weighty, as the zoomorphic robots appeared to be outliers on various 
dimensions and would thus inflate the scores. Future research could benefit from 
stricter inclusion criteria for stimulus materials, and/or the inclusion of additional 
measures that verify the potentially biasing elements. Despite these considerations, 
we have demonstrated that the appearance of a social robot likely influences how a 
robot-initiated touch is perceived. 

                                                       
16 Note that ‘familiarity’ was one of the dimensions on which the robots were assessed. In hindsight, 

this term may have been somewhat ambiguous, as it was intended to gain insights in how ‘non-alien’ 

or ‘non-exotic’ the robot appeared, but could have been interpreted as the question whether the 

observer had encountered the robot before. 
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5 Conclusion 
With three studies, we demonstrated that various design characteristics of a social 
robot can influence how a robot-initiated touch is perceived by a human recipient, 
and how effective such a touch can be. The materials of which the robot is made 
(ideally warm and smooth), the morphology (ideally humanlike, albeit slightly 
caricatured), and the overall appearance (displaying positive affect, non-threatening, 
and not overly humanlike) predict the perceived pleasantness of a stroking touch on 
the arm and/or the pleasantness, comfort, effectiveness and appropriateness of a 
comforting arm around the shoulder during stressful circumstances. We also 
demonstrated that the extent to which one perceives the robot as an actual social 
entity informs how pleasant a touch is perceived. Stroking touches were considered 
more plesant when the robot was considered a social actor rather than a machine. 
The studies, and in particular the within-subjects Stroking video study and the Robot 
picture-study, also demonstrated that people generally are not very positive about 
robot-initiated touch. Robot-initiated stroking touches were perceived as significantly 
less pleasant than human touches and the touch perception scores for the various 
different robots were at the lower end of the spectrum. Finally, our three studies 
conjointly suggest that (online, crowdsourcing) studies that employ visual stimuli can 
provide valuable insights with regard to the effects of social touch technologies. The 
results should however be interpreted as starting points for further research, and be 
verified with actual physical stimuli. 
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Chapter 10. Chapter 10 
A Touching Social Robot 

 
 
 
 
 

Abstract 
A touch from the low-anthropomorphic robot Fay in Chapter 8 did – aside from some 

beneficial responses – not elicit a comprehensive set of effects. Because robots with a 

more positive valence appearance may be more suitable for robot-initiated touch 

interactions according to Chapter 9, we continued our quest to investigate whether 

robot-initiated touches can induce physiological, emotional, and behavioral responses 

similar to those reported for human touches, with an experiment with the NAO robot. 

Participants (N = 39) were invited to watch a scary movie together with a robot that 

spoke soothing words. In the Touch condition, these words were accompanied by a 

touch on the shoulder. We hypothesized that this touch, as compared with no touch, 

could (H1) attenuate subjective and physiological stress responses (heart rate, heart 

rate variability, skin conductance, cortisol, and respiration rate), as well as negative 

perceptions of the movie. Moreover, we expected that a touch could (H2) increase 

positive perceptions of the robot (e.g., its appearance and one’s attitude towards it), 

and (H3) increase compliance to the robot’s request to make a monetary donation. 

Although the movie did increase arousal as intended, none of the hypotheses could be 

confirmed. Our findings suggest that despite the seemingly more suitable robot, 

merely emulating a human touching action with the robot’s limbs is insufficient to 

elicit physiological, emotional, and behavioral responses in this setting; additional 

boundary conditions may apply.  
 
 
 
 
 
 
 
 
 
This chapter is based on: 

Willemse, C. J. A. M., Toet, A., & van Erp, J. B. F. (2017). Affective and Behavioral 
Responses to Robot-Initiated Social Touch: Towards Understanding the Opportunities 
and Limitations of Physical Contact in Human-Robot Interaction. Frontiers in ICT, 
4(May).  
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1 Introduction 
After a small exploratory sidestep in Chapter 9, we move back to the lab for Study 8, 
which is presented in this chapter. We will refer to this study as the “NAO-study”. We 
know that social robots enable simulated social touch interaction due to their 
embodiment (e.g., (Lee, Jung, et al., 2006; Salter et al., 2006). Preliminary research 
also suggests that robot-initiated touches may elicit beneficial effects in the human 
recipient (e.g., (Chen et al., 2014), but also our Fay-study (Chapter 8)). In our quest to 
understand under which specific circumstances robot-initiated touches can elicit 
similar beneficial effects as human touches (with regard to one’s physiological and 
emotional state, one’s perceptions of and attachment with the toucher, and one’s 
pro-social behavior), the results thus far may suggest that the appearance and overall 
social behavior of the robot may modulate the responses to the touches (see also 
Chapters 7, 8, and 9). According to our Robot picture-study, a touch from a robot that 
appears to be in positive affective state, unthreatening, and moderately humanlike 
may be most acceptable and effective with regard to consolation. The NAO robot may 
be particularly suitable for providing soothing robot-initiated touches. However, as 
these suggestions are merely based on observational studies (on tactile imagery, to 
be more specific (Lucas et al., 2015; Yoo et al., 2003)), it is valuable to verify the 
responses to robot-initiated touch in a setting in which actual touch takes place. This 
particularly applies because social robots are, as we have seen, not only considered 
social actors as a consequence of their appearance. They also emulate human 
interaction through speech, gaze, gesture, intonation, and other non-verbal 
modalities, which in turn may modulate the perceptions of a robot-initiated touch as 
well (Breazeal, 2003b). In this chapter, we will extend the exploratory findings of the 
previous chapter by verifying the responses to touches that were initiated by the NAO 
robot. Besides providing further insights in Main RQ3, which questions whether 
robot-initiated touches can elicit similar responses as human touch, this research was 
intended to extend our understanding of the role that the appearance of the robot 
plays in the perception of robot-initiated touch (RQ4.1). 
 
In this NAO-study, we set out to advance the general understanding of the 
multidimensional space of robot-initiated touch by letting the NAO robot provide the 
(supposedly) soothing touches. To this end, we again utilized the scary movie 
paradigm as was applied in the Fay-study (Study 4; Chapter 8). Since the primary 
focus was on the effects of the touches, other social cues as provided by the robot 
were deliberately kept very basic or omitted. On the premises that (1) highly 
degraded haptic physical representations of human touch can already induce 
responses in people, (2) the extent of social presence that is perceived in the robot 
may modulate the responses to the touch1, and (3) the NAO robot was deemed 
significantly more suitable for simulated social touch interactions than the Fay robot, 
we hypothesized that: 
  
H1: Being touched by the NAO robot will have beneficial effects on the participant’s 

arousal level in stressful circumstances, as compared with not being touched.  

                                                       
1 Study 4 as presented in Chapter 8 did not provide support for this suggestion, but possible limitations 

– e.g., low social presence due to for example the mechanical appearance – were discussed. 

 

 

 

 

 

 

 

 

 

10 

 

 

 

 

 



A TOUCHING SOCIAL ROBOT 

 209

This was to be reflected in subjective self-report measures (e.g., an attenuation in the 
increase in subjective arousal, and less negative affect after receiving touches), as well 
as in attenuations in the objective physiological responses. 
 
H2: The NAO robot’s touch will induce more positive perceptions of the physical 

appearance of the robot and one’s relation with it, and will decrease one’s negative 

attitude towards the robot. 

 
H3: A robot-initiated touch can induce a Midas Touch effect: i.e., an increased 

willingness to comply with the robot’s request to donate (a part of) a monetary bonus 

to charity; both in the proportion of participants willing to donate and in the amount 

of money donated.  
 
In addition to these hypotheses, we again explored whether the participant’s 
personality characteristics modulated responses to the touches, to provide insights in 
RQ4.4. One’s anxiety for robots in general as well as one’s touch receptivity were 
included. The topics under investigation in this chapter are visualized in Figure 10.1. 

 
Figure 10.1: Visual representation of the aspects under investigation in Study 8. 

2 Methods 

2.1 Design 
We investigated the effects of robot-initiated touch by means of an experiment in a 
Wizard-of-Oz setting. The robot was remotely operated by the experiment leader 
during a similar scary movie paradigm as in the Fay-study (Chapter 8). In this NAO-
study, the only between-subjects manipulation is Touch (levels: Touch, No Touch).  
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2.2 Participants 
Participants were invited via the participant database of TNO when they met the 
inclusion criteria for the study. Participants had to be at least 18 years old and should 
not suffer from hearing or vision problems. A total of 40 participants started the 
experiment. Their mean age was 35.50 (SD = 9.11, range = 19-52) and 22 of them 
(55%) were female. Participants were randomly assigned to either the No Touch 
group (20 people; 9 female, 11 male) or to the Touch group (20 people; 13 female, 7 
male). The study was reviewed and approved by the TNO institutional review board 
(TNO, Soesterberg, The Netherlands), and was in accordance with the Helsinki 
Declaration of 1975, as revised in 2013 (World Medical Association, 2013). 
Participants received €30,- for their participation in the experiment, and travel 
expenses were covered. A €5,- bonus, as part of the Midas Touch manipulation, could 
also be obtained. 

2.3 Setting and Apparatus 
The experiment took place in a 3x4m lab at the TNO location Soesterberg. 
Preparations for the experiment were made in an adjacent room. The questionnaires 
prior to and after the movie session were filled out in this room as well. In order to 
enable the Wizard-of-Oz setup, two NAO robots (v4, NAOqi 1.12.5) were wirelessly 
connected in a master-slave setup. The slave robot (located in the lab, on the right-
hand side of the participant, on the armrest of a couch) reproduced movements that 
were carried out with the master robot’s limbs and head in the adjacent control 
room. For the slave robot’s pre-programmed Dutch utterances, the Acapela Femke 
Dutch Female 22kHz Text-to-Speech converter2 was utilized. The default speech 
velocity and pitch were increased with 20% in order to create a robot-like voice. No 
information regarding age or sex of the robot could directly be derived from the 
speech. The pre-programmed sentences are listed in Appendix E. The participant was 
recorded and observed via a video-connection throughout the experimental session. 
A trained experimenter utilized the video-feed to apply the robot’s touches in the 
desired manner. Over the course of approximately five seconds, the robot’s left arm 
extended towards the participant’s right shoulder, on which the robot’s hand, with 
the fingers fully extended, was put to rest. The duration of the eight physical contacts 
during the experiment varied between 10 and 40 seconds. To conclude a touching 
action, the arm was returned to its initial position in approximately 5 seconds. This 
process, and the No Touch counterpart are also visualized in Figure 10.2. 
 

 
Figure 10.2: Flow of the interaction moments for both conditions. 

  

                                                       
2 http://www.acapela-group.com; last visited on December 18th, 2017.  
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The lab was furnished as a cozy home-like environment, with a couch, small tables, 
and decorations such as paintings, flowers, and a table lamp that was switched on 
throughout the movie. The participant would sit on the right-hand side of the couch 
next to the robot (see Figure 10.33). A small table was placed on the couch, on the left 
side of the participant, to make sure the participant would stay within reach of the 
robot’s arms. A side table containing a monetary bonus in a small gift box and an 
official, sealed Red Cross money box was standing at the right-hand side of the couch; 
not in the focus of the participant. The movie was projected on a 2.5x1.5m screen 
approximately 2.5m in front of the viewer by means of a projector (1280x1024px) 
with speakers on either side of the screen.  
 
For the physiological measures, the BioSemi ActiveTwo system was used again, with 
the same electrodes and settings as used in the Fay-study (Chapter 8). Moreover, the 
same stressors – “The Descendent” (Anderson & Glickert, 2006) and “Red Balloon” 
(Trounce et al., 2010) (duration: 26m36) – were displayed; again with the custom 
built software that also placed synchronization markers in the physiological data.  
 

 
Figure 10.3: Impression of the experimental setting. Left: overview of the experimental setting. Center: the 

experiment leader applying the touches through manipulation of the master robot. Right: the (slave) robot 

applying the touch on the shoulder3.  

2.4 Measures 
To verify the effects of robot-initiated Touch as compared with a No Touch 
interaction, we applied to a large extent the same measures as the ones that were 
administered in the Fay-study (Chapter 8). They are clustered in the same categories 
and analyzed as such: Emotional and Physiological State, Robot Appearance, Attitude 
towards the Robot, Relation with the Robot, and Pro-social behavior. Moreover, 
several Personality Characteristics were recorded to correct for individual differences. 
All measures were applied after the movie phase, unless stated otherwise. For the 
convenience of the participants, Dutch translations of all questionnaire items were 
used after being verified by a translate and back-translation procedure. 

2.4.1 Emotional and Physiological State 

We measured the participant’s Emotional State objectively through the Heart Rate 

(HR), Heart Rate Variability (HRV, operationalized by the Root Mean Square of 

Successive Differences (RMSSD)), Galvanic Skin Response (GSR), and Respiration Rate 
(RR) in the same way as in the previous studies. GSR, HR, and RR increase with 
emotional arousal and decrease in relaxation (Lang, 1995; Mandryk et al., 2006; Stern 
et al., 2001), whereas the HRV decreases under stressful circumstances and increases 

                                                       
3 Electrodes were attached around the left eye of the participant in order to make an electrooculogram 

(EOG); i.e., to record eye movements and the intensity of the startle reflexes. Due to technical 

problems, these data were invalid and therefore not reported. 
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in comfort (Task Force of the European Society of Cardiology, 1996). It was expected 
that the robot-initiated touches would attenuate the physiological stress responses. 
The physiological signals were recorded during a 75-second baseline period prior to 
the scary movie, as well as during (1) the entire movie session excluding the non-scary 
introductory scenes (21:06). Moreover, we computed the aggregated physiological 
values for (2) the (eight) interaction moments, including the first 45 seconds following 
each interaction (9:35), and (3) the intervals between these successive interaction 
moments (11:31).  
 
Besides the continuous physiological recordings, we measured Free Cortisol in the 
participant’s saliva as an additional indicator of physiological arousal (Vining & 
McGinley, 1987). Cortisol is also often applied in research on responses to human 
social touch (e.g., (Ditzen et al., 2007)). Cortisol levels tend to peak approximately 15-
20 minutes after the stressor. Therefore, we collected four saliva samples; one prior 
to the movie as a baseline measure and three after the movie (approximately 3, 10, 
and 15 minutes after the movie). As the cortisol onset moment differs per individual, 
the highest cortisol value of the latter three was considered to be the best 
approximation of the actual cortisol peak caused by the movie, and therefore used for 
analysis. The salivary samples were labeled and stored at -18°C throughout the time-
span of all experimental sessions, after which they were collectively sent to an 
external lab for analysis. 
 
We applied the same subjective measures to measure the participant’s current 
emotional state as in the Fay-study (Chapter 8). The Self-Assessment Manikin (SAM; 
(Bradley & Lang, 1994)) was employed to measure Valence and Arousal both prior to 
and after the movie. A Dutch translation (Peeters et al., 1996) of the Positive and 

Negative Affect Schedule (PANAS; (Watson et al., 1988)) was also administered at 
these two moments. In addition, items of both the Fear Arousal Scale (FAS) and 
Disgust Arousal Scale (DAS; (Rooney et al., 2012)) were administered for each movie 
separately; these scores were aggregated.  

2.4.2 Robot Appearance 

To investigate how a Touch affects the perceived appearance of the robot as 
compared with No Touch, we again recorded the perceived Immediacy of the robot 
by means of the four items as defined by Andersen et al. (1979), and applied by Kidd 
(2003). Moreover, we recorded the perceived Safety, Qualification, and Dynamism of 
the robot (Berlo et al., 1969; Kidd, 2003). In addition, we applied four items of the 
Human Likeness Scale (Hinds et al., 2004). Agreement with statements like: “the robot 

had human-like attributes” were to be indicated on a 7-point Likert scale. 

2.4.3 Attitude towards the Robot 

Attitude towards the robot was measured with the Negative Attitude towards Robots 

Scale (NARS; (Nomura et al., 2008)). The responses on the inidividual items were 
summed into scores on three subscales: one’s negative attitude towards interaction 

with, social influence of, and emotional interactions with robots. 
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2.4.4 Relation with the Robot 

Four items of the Affective Trust Scale (Johnson & Grayson, 2005; Kim et al., 2012) as 
well as the Perceived Trust Scale (Dillard et al., 1999; Kidd, 2003; Rubin et al., 2009) 
were applied to measure the level of trust the participant had in the robot, as a part 
of the perceived relation with it. Moreover, we used subscales of the Perceived 

Friendship scale (i.e., Help (2 items), Intimacy (2), and Emotional Security (2); derived 
from Pereira et al. (2011)) and the Attachment scale (Schifferstein & Zwartkruis-
Pelgrim, 2008) to investigate how socially close participants felt to the robot.  

2.4.5 Pro-social Behavior 

After the movie, participants received five €1,- coins, under the guise of a bonus for 
finishing the experiment. They were asked by the robot whether they were willing to 
donate a part of this bonus to the Red Cross. The participants’ generosity was used as 
operationalization of pro-social behavior. To investigate a potential Midas Touch 
effect, we recorded both the proportion of the participants that was willing to donate 
and the amount of money that actually was donated (i.e., €0-5,-). Contrary to the pro-
social behavior measures in the previous studies, the donations in this study were 
real; the Red Cross money box was official and therefore sealed. We did not ask 
participants how much they donated, as the risk of socially desirable responses was 
deemed too high. Instead, we weighed the money box after each experimental 
session in order to deduce how many €1,- coins were donated. 

2.4.6 Personality Characteristics 

The participant’s preconceptions with regard to interacting with robots may affect the 
outcomes of the study. To be able to statistically correct for this, we applied the three 
subscales of the Robot Anxiety Scale (RAS; (Nomura et al., 2008)): anxiety towards (1) 
the robot’s communication capabilities, (2) its behavioral characteristics, and (3) 
discourse with robots. Moreover, as responses to touches may be affected by one’s 
openness to being touched, we included the Touch Receptivity scale (Bickmore et al., 
2010). These measures were included as covariates in additional exploratory analyses. 
Further explorations of personality characteristics that possibly modulate the 
responses to robot-initiated touches comprise the gender and age of the participant 
(as suggested by Derlega and colleagues (1989) for example). Participants were also 
asked whether they were familiar with either of the movies (Davydov et al., 2011). 

2.5 Procedure 
The participant was welcomed in the preparation room by the experiment leader. 
After receiving written and verbal instructions about the ostensible aim of the study 
and the procedure (paraphrased: “We will test whether our robot can detect your 

emotions and can adjust its behavior accordingly”), and signing a consent form, the 
participant filled out Questionnaire 1 through Google Forms. This questionnaire 
contained demographic questions and the Robot Anxiety Scale. Thereafter, the 
participant changed into a white t-shirt to enhance contrast in the video images and 
to decrease variations in perceived touch intensity due to different clothing. The 
electrodes were attached by the experiment leader subsequently. 
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Upon entering the lab, the robot looked and waved at the participant while saying 
“Hello”. This was respectively followed by verification of the physiological signal, 
collection of the first saliva sample, and additional verbal instructions by the 
experiment leader about the remainder of the procedure. Next, the experimenter left 
the room and a 75-second recording of the physiological signals was made to serve as 
baseline. When the robot uttered: “you can now fill out the questionnaire”, the 
participant filled out the pre-movie SAM and PANAS (on paper; Questionnaire 2). The 
movie started after the robot said: “We are going to watch a movie together, are you 

ready?”. During eight pre-determined interaction moments, the robot spoke calming 
words to the participant (e.g., “Luckily, it’s just a movie”; all sentences are listed in 
Appendix E). The sentences were either accompanied by a touch on the shoulder in 
the Touch condition, or by calm idle movements of the robot, without physical 
contact. We decided to include these idle movements in the No Touch condition to 
minimize possible biasing effects of perceived differences in natural behavior and/or 
sudden sounds of the robot’s motors. In both experimental conditions, the robot 
carried out idle movements in between the several interaction moments.  
 
After the movie sequence, an on-screen message referred the participant to a 
monetary bonus he or she could obtain from the side table. The participant filled out 
the post-movie SAM and PANAS (Questionnaire 3). When necessary, the robot 
reminded the participant to do so. When finished, the robot asked whether the 
participant was willing to donate a part of the bonus to the Red Cross by putting it in 
the money box. After allowing the participant some time to consider this request, the 
experimenter entered the lab and escorted the participant back to the ‘preparation 
room’. The second saliva sample was collected while the electrodes were removed 
from the participant’s body, after which Questionnaire 4 (i.e., the robot perception 
items) was filled out. Halfway these questions, the third saliva sample was collected. 
After the questionnaires, administrational details were arranged and the 
experimenter initiated a funneled debriefing to verify whether the participant was 
aware of the actual purpose of the experiment. During the debriefing, the final saliva 
sample was collected. The entire experimental session took approximately 1h30m. A 
schematic overview of the entire experiment can be found in Table 10.1.  

3 Results 

3.1 Pre-processing 
None of the participants was familiar with either of the movies. One participant did 
not finish the experiment, and her data are not further reported. As a consequence, 
the remaining n for the No Touch group was 19. The physiological measurements 
were processed with MathWorks MATLAB R2013b and imported with the FieldTrip 
toolbox (Oostenveld et al., 2011). The same algorithms to derive the physiological 
data as applied in Studies 3 and 4 (Chapters 5 and 8) were used. Due to incomplete 
and invalid physiological recordings, data of three additional participants were 
omitted from the ‘Emotional and Physiological State’-analyses. From the remaining 36 
participants, 19 were in the Touch and 17 in the No Touch condition All data were 
analyzed with IBM SPSS Statistics 23 (significance threshold at p = .05).  
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Table 10.1: Experimental procedure and measures. 

Preparation 
(ca. 30min) 

Room 1 
Welcome; verbal introduction; 
written instruction; informed 
consent 

 

Questionnaire 1 Age, Gender, Robot Anxiety, Touch Receptivity 
Change t-shirt; attach electrodes  

Room 2: Experiment room 
First robot interaction “Hello”
  

 

Connect electrodes; verify signal  
Verbal instructions and 
clarifications 

Pre-movie Emotional State: Saliva sample 1 
(cortisol) 

Experiment 
session  
(ca. 35min) 

Baseline physiology recording 
while sitting still 

Pre-movie Emotional state: Baseline Heart Rate, 
Heart Rate Variability, GSR, and Respiration Rate 

Questionnaire 2 
Pre-movie Emotional state: Valence and Arousal 
(SAM) and Positive and Negative Affect (PANAS) 

Scary movie sequence and eight 
robot interactions (with or 
without touch)  

Emotional state: Experimental Heart Rate, Heart 
Rate Variability, GSR, and Respiration Rate measures 
(entire movie, interaction moments, non-interaction 
intervals) 

Obtain monetary bonus, 
followed by Questionnaire 3 

Post-movie Emotional state: SAM and PANAS 

Robot requests a donation Midas Touch: Donation 

End 
(ca. 25min) 

Room 1 
Detach electrodes Post-movie Emotional State: Saliva sample 2  

Questionnaire 4 

Post-movie Emotional state: Familiarity with 
movies, FAS and DAS per movie, Saliva sample 3 
Robot appearance: Immediacy, Safety, 
Qualification, Dynamism, Humanlikeness 
Robot relation: Affective Trust, Perceived Trust, 
Attachment, Help, Intimacy, Emotional Security 
Negative Attitude Towards Robot: Interaction, 
social influence, emotional interactions 

 
Funneled debriefing; 
administrational formalities, 
thanking 

Post-movie Emotional State: Saliva sample 4 

3.2 Manipulation Check 
To verify whether the movie indeed increased arousal, a repeated measures MANOVA 
with Measuring Moment (Baseline, Movie) as within-subjects independent variable 
was carried out with the physiological data and the Positive Affect scores (Cronbach’s 
α = .89 and .87 for the pre- and post-movie measures, respectively) as dependent 
variables. The physiological data included cortisol, HR, HRV, GSR, and RR. The cortisol 
and HRV values were log10-transformed, whereas the GSR values were square root-
transformed, because of violations of the normality assumption. The analysis, for the 
36 participants with valid physiological responses, demonstrated a significant main 
effect of the Measuring Moments: Wilks’ Λ = .359, F(6, 30) = 8.93, 
p < .001, partial η2 = .641. Subsequent investigation of the repeated measures 
ANOVAs of each dependent variable demonstrated that GSR was significantly higher 
during the movies than during the baseline, whereas the HRV was significantly lower.  

 

 

 

 

 

 

 

 

 

10 

 

 

 

 

 



CHAPTER 10 

 216

In addition, we carried out Wilcoxon Signed Ranks tests on the Valence, Arousal, and 
Negative Affect scores. These tests demonstrated that the Valence remained 
unaffected due to the movie (pre-movie Mdn = 7.00, post-movie Mdn = 7.00), 
whereas the Arousal (Mdn = 3.00 vs. 5.00) and Negative Affect significantly increased 
(Mdn = 13.00 vs. 15.00; Cronbach’s α = .70 and .87, respectively). These analyses 
demonstrate that the movies induced arousal, which means that the manipulation 
was successful. The mean scores and statistics of the repeated measures ANOVAs and 
Wilcoxon Signed Ranks tests can be found in Table 10.2. 
 
Table 10.2: Stress elicitation scores (SD) and manipulation check statistics. Bold-faced p-values indicate 

significant effects. 

Repeated measures ANOVAs   
 Baseline Experiment F(1, 35) p Partial η2 
HR (BPM) 70.00 (10.81) 69.59 (10.71) 0.47 .497 .013 
HRV (RMSSD; log10) 1.60 (0.31) 1.56 (0.32) 4.77 .036 .120 
GSR (range-corrected; square root)  0.49 (0.18) 0.62 (0.11) 10.24 .003 .226 
RR (BPM) 17.84 (3.32) 17.27 (2.41) 1.15 .292 .032 
Cortisol (nmol/L; log10) 1.19 (0.24) 1.16 (0.22) 0.86 .361 .024 
Positive Affect 31.61 (6.95) 30.47 (7.38) 2.70 .109 .072 
Wilcoxon Signed Ranks tests  
 Baseline Experiment Z p r 

Valence (SAM) 6.58 (1.42) 6.44 (1.48) -0.41 .679 -.049 
Arousal (SAM) 2.89 (1.30) 4.44 (1.87) -4.27 < .001 -.504 
Negative Affect 13.17 (2.75) 16.33 (5.37) -3.55 < .001 -.418 

 

3.3 Touch Effects 

3.3.1 Emotional and Physiological State 

To investigate whether a robot’s touch can indeed attenuate physiological and 
subjective stress responses, a one-way MANOVA was carried out with Touch (Touch, 
No Touch) as independent variable. The differences between the untransformed 
physiological data as measured during the movies (excluding the introductory scenes), 
and their baseline counterparts were computed. Moreover, the differences between 
post- and pre-movie Positive and Negative Affect scores were computed. The 
computed differences were included as dependent variables in the MANOVA, 
together with the aggregated FAS and DAS scores. The analysis was carried out on the 
data of the same 36 participants. The MANOVA did not yield a significant difference 
between conditions: Wilks’ Λ = .862, F(9, 26) = 0.46, p = .887, partial η2 = .138.  
 
The differences between the physiological responses during the interaction moments 
(i.e., the aggregated value of the eight moments) and the associated baseline 
measure were computed for the GSR, HR, HRV, and RR. These untransformed values 
were included as dependent variables in a one-way MANOVA with Touch as 
independent variable. No significant difference between the conditions was found: 
Wilks’ Λ = .960, F(4, 31) = 0.33, p = .858, partial η2 = .040. 
  

 

 

 

 

 

 

 

 

 

10 

 

 

 

 

 



A TOUCHING SOCIAL ROBOT 

 217

Although no differences in physiological responses between the conditions were 
found during the interaction moments, it may have been the case that the interaction 
in itself temporarily increased the arousal levels, thereby occluding a potentially 
beneficial effects of touch on the longer term. To investigate this possibility, we 
included the differences between the aggregated values of the physiological signals 
(GSR, HR, HRV, RR) throughout the non-interaction moments and their baseline 
counterparts in a one-way MANOVA. We did not find a significant difference between 
the Touch and No Touch conditions: Wilks’ Λ = .952, F(4, 31) = 0.39, p = .816, 
partial η2 = .048. An overview of the physiological responses for the different 
recording intervals can be found in Table 10.3 and the descriptive statistics of the 
accompanying subjective scores are listed in Table 10.4.  
 
Table 10.3: Mean Physiological Responses (SD) and differences with baseline (Δ) per recording interval. 

 Baseline Movie Interaction Moments Non-Interactions 
Value Δ Value Δ Value Δ 

HR (BPM) 
Touch 

68.41 68.08 -0.33 68.60 0.18 68.84 0.43 
(11.64) (11.75) (3.59) (11.62) (3.94) (11.81) (3.51) 

No 
Touch 

71.77 71.27 -0.50 71.92 0.15 72.13 0.36 
(9.83) (9.48) (3.64) (9.43) (4.01) (9.66) (3.36) 

HRV 
(RMSSD; 
mS) 

Touch 
52.90 47.57 -5.33 49.19 -3.71 47.32 -5.58 
(39.88) (39.52) (9.11) (42.10) (11.83) (41.87) (10.93) 

No 
Touch 

47.72 46.67 -1.05 47.78 0.05 45.50 -2.22 
(40.57) (38.73) (7.27) (38.52) (9.59) (37.76) (6.70) 

GSR 
(range-
corrected) 

Touch 
0.25 0.38 0.13 0.43 0.18 0.35 0.09 
(0.20) (0.17) (0.32) (0.19) (0.34) (0.17) (0.31) 

No 
Touch 

0.28 0.41 0.13 0.44 0.16 0.38 0.10 
(0.16) (0.08) (0.20) (0.09) (0.22) (0.08) (0.19) 

RR (BPM) 
Touch 

17.63 17.43 -0.21 20.22 2.58 19.67 2.04 
(3.90) (2.90) (3.99) (3.18) (4.24) (2.93) (3.95) 

No 
Touch 

18.08 17.08 -0.99 20.58 2.50 19.45 1.37 
(2.61) (1.79) (2.17) (3.60) (3.75) (2.10) (2.92) 

Cortisol 
(nmol/L) 

Touch 
16.40 14.94 -1.46 
(8.91) (6.70) (8.32) 

No 
Touch 

19.62 17.74 -1.88 
(13.76) (11.98) (6.78) 

 
Table 10.4: Mean scores (SD) and difference scores (Δ) of the subjective Emotional State measures per Touch 

condition. 

 Pre-Movie Post-Movie Δ 

Positive Affect 
Touch 31.47 (7.11) 30.32 (7.54) -1.16 (4.23) 
No Touch 31.76 (7.00) 30.65 (7.42) -1.12 (4.20) 

Negative Affect 
Touch 12.32 (2.89) 15.84 (5.70) 3.53 (4.57) 
No Touch 14.12 (2.32) 16.88 (5.10) 2.76 (4.55) 

Post-Movie subjective measures 

Fear Arousal Scale (α = .79) 
Touch 3.85 (0.69) 
No Touch 3.79 (0.40) 

Disgust Arousal Scale (α = .89) 
Touch 3.47 (0.77) 
No Touch 3.14 (0.94) 
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The differences between post- and pre-movie Self-Assessment Manikin scores (i.e., 
Valence and Arousal) were computed and used as dependent variables in Mann-
Whitney U tests with Touch group as independent variable. The analyses did not 
demonstrate significant differences between the Touch and No Touch group; neither 
for Valence (U = 151.5, Z = -0.33, p = .743, r = -.064) nor for Arousal (U = 159.0, 
Z = -0.08, p = .935, r = -.014). The descriptive statistics are listed in Table 10.5. 
 
Table 10.5: Mean scores (SD), difference scores (Δ), and Medians of the differences of the subjective Emotional 

State measures per Touch condition. 

 Pre-Movie Post-Movie Δ 

Valence 
(SAM) 

Touch 7.00 (1.25) 6.63 (1.64) -0.37 (1.83) Mdn = 0.0 
No Touch 6.12 (1.50) 6.24 (1.30) 0.12 (1.83) Mdn = 0.0 

Arousal 
(SAM) 

Touch 2.58 (1.35) 4.11 (1.97) 1.53 (1.50) Mdn = 2.0 
No Touch 3.24 (1.20) 4.82 (1.74) 1.59 (1.66) Mdn = 2.0 

 

3.3.2 Robot Appearance 

The appreciation of the physical appearance of the robot was analyzed with a one-
way MANOVA with the Touch group (Touch, No Touch) as between-subjects 
independent variable. The Human Likeness scale, the Immediacy, and the Credibility 
subscales (Safety, Qualification, and Dynamism) were included as dependent 
variables. The MANOVA did not demonstrate any significant effect of experimental 
condition: Wilks’ Λ = .886, F(5, 33) = 0.85, p = .527, partial η2 = .114. The scores for both 
Touch groups are listed in Table 10.6.  
 
Table 10.6: Mean scores (SD) and Cronbach’s α’s for the Robot Appearance measures per Touch condition. 

 Cronbach’s α Touch No Touch 
Immediacy .41 4.61 (0.73) 4.53 (0.89) 
Safety .59 5.53 (0.58) 5.29 (0.85) 
Qualification .64 5.23 (0.89) 4.67 (1.04) 
Dynamism .62 5.15 (1.04) 4.58 (1.26) 
Human Likeness .78 4.58 (1.33) 4.49 (1.09) 

3.3.3 Attitude towards the Robot 

We carried out a one-way MANOVA on the three subscales of the Negative Attitude 
towards Robots Scale (Negative Attitude towards: (1) interaction with robots, (2) the 
social influence of robots, and (3) emotional interactions with robots). The Touch 

manipulation was again included as the independent variable. No statistical 
differences between the two conditions were found: Wilks’ Λ = .842, F(3, 35) = 2.19, 
p = .106, partial η2 = .158. The scores are listed in Table 10.7. 
 
Table 10.7: Mean scores (SD) and Cronbach’s α’s for the Robot Attitude measures per Touch group. Score 

ranges differ per subscale. Higher scores indicate a more Negative Attitude. 

Negative Attitude Towards: Cronbach’s α Touch No Touch 
Interaction with Robots (range:  6-30) .76 13.30 (3.87) 13.32 (3.56) 
Social Influence of Robots (5-25) .78 13.85 (4.16) 15.37 (4.21) 
Emotional Interactions with Robots (3-15) .78 8.65 (2.52) 10.21 (3.05) 
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3.3.4 Relation with the Robot 

The possible effects of a robot’s touch on one’s perceptions of the social relationship 
with the robot were analyzed with a one-way MANOVA in which the Affective Trust, 
Perceived Trust, the Perceived Friendship subscales (Help, Intimacy, and Emotional 
Security), and Attachment were included as dependent variables. Due to violations of 
the normality assumption, the scores for Help, Intimacy, and Emotional Security were 
log10-transformed. No main effect of Touch (Touch, No Touch) was found in the 
MANOVA: Wilks’ Λ = .728, F(6, 32) = 1.99, p = .096, partial η2 = .272. The descriptive 
statistics are listed in Table 10.8.  
 
Table 10.8: Mean scores (and SD) and Cronbach’s α’s of the Robot Relation measures.  

 Cronbach’s α Touch No Touch 

Affective Trust .89 4.79 (1.85) 4.92 (0.94) 
Perceived Trust .82 4.68 (1.13) 4.20 (1.16) 
Help (Log10) .89 0.54 (0.25) 0.56 (0.23) 
Intimacy (Log10) .73 0.63 (0.23) 0.60 (0.22) 
Emotional Security (Log10) .87 0.56 (0.27) 0.55 (0.23) 
Attachment .85 2.99 (1.06) 2.46 (0.64) 

3.3.5 Pro-social Behavior 

To verify whether a touch would, as expected, increase one’s pro-social behavior (i.e., 
a robotic Midas Touch effect), we compared the two Touch groups on the amount of 
money that was donated to the Red Cross by means of a Mann-Whitney U test. No 
significant differences between the Touch (Mdn = 3.0) and the No Touch (Mdn = 2.0) 
groups were found: U = 175.5, Z = -.42, p = .674, r = -.067. A χ²-test to investigate 
possible differences between the conditions on the proportion of people that actually 
donated did not demonstrate any effects either: χ²(1, n = 39) < 0.01, p = .957 
(2-sided), Cramer’s V = .009. The results are listed in Table 10.9. 
 
Table 10.9: Midas Touch effect results. Donations in €. 

 Amount of Money (SD) Proportion Complying 
Touch No Touch Touch No Touch 

Midas Touch effect 
2.90 2.68 18/20 17/19 
(1.80) (1.80) (90.0%) (89.5%) 

3.3.6 Personality Characteristics 

To verify whether inclusion of personality characteristics in the analyses affected the 
interpretation of the results, we carried out a series of MANCOVAs, with the same 
independent and dependent variables as in the earlier reported analyses. These 
variables were supplemented with the covariates that consisted of the scores for 
respectively one’s anxiety towards (1) the robot’s communication capabilities, (2) its 
behavioral characteristics, and (3) discourse with robots, as well as (4) Touch 
Receptivity and (5) Age. In addition, we carried out a series of 2x2 MANOVAs with 
Touch (Touch, No Touch) and Gender (Male, Female) as independent variables, with 
the same dependent variables as reported before. Although some of the Robot 
Anxiety measures appeared to be significant predictors of the scores on the NARS and 
the Emotional State measures, inclusion of the various personality characteristics did 
not alter the interpretations of the majority of the effects of the Touch manipulation. 
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These are therefore not further reported. The only exception was Age, which was a 
significant predictor in the Robot Relation MANCOVA (Wilks’ Λ = .506, F(6, 31) = 5.04, 
p = .001, partial η2 = .494), and which rendered the Touch manipulation significant as 
well (Wilks’ Λ = .679, F(6, 31) = 2.44, p = .048, partial η2 = .321). Further inspection of 
the individual ANCOVAs revealed that the Attachment towards the robot approached 
statistical significance (F(1, 30) = 3.85, p = .058, partial η2 = .097). A scatterplot, as 
displayed in Figure 10.4, demonstrated that the enhanced attachment to the robot as 
a result of its touch enhanced for younger participants, whereas this beneficial effect 
diminished for older participants. In addition, the 2x2 Robot Relation MANOVA with 
Touch and Gender yielded a marginally significant effect of Touch as well, also with 
regard to Attachment: Wilks’ Λ = .674, F(6, 30) = 2.42, p = .05, partial η2 = .326.  

 
Figure 10.4: Scatterplot with regression lines per experimental group. Attachment scores on the Y-axis and Age 

of the participants on the X-axis. 

4 Discussion 
We devised and conducted an experiment to investigate whether a robot-initiated 
social touch could decrease physiological and subjective stress responses (H1), 
increase positive perceptions of the robot (H2), and induce a Midas Touch effect (H3); 
all similar to effects reported for human-initiated touch. Although the touches were 
provided by a robot that was deemed more suitable for social touch interactions than 
our Fay robot in Study 4 (Chapter 8) (according to the robot picture-study (Chapter 
9)), no support for any of the hypotheses was found4. The beneficial effects of 
physical contact during stressful circumstances on the perceived and affective trust in 
the robot as found in Study 4, as well as earlier found beneficial responses to robot-
initiated touches (e.g., (Hoffmann, 2017; Shiomi et al., 2017)) could not be replicated 
either. We did however find that the perceived relation with the robot as a response 
to its touch is modulated by the age of the recipient of the touch.  

                                                       
4 The fact that no Midas Touch effect was found may be a consequence of an unsuitable measure: 

nearly every participant was willing to donate. The fact that the donations came from an unexpected 

bonus, instead of from one’s own assets, may have made it easier to comply with the robot’s request. 
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This was mainly reflected in the Attachment scores: robot-initiated touch enhanced 
the attachment with the robot, but only for younger participants. The fact that no 
substantial support for any of the hypotheses was found could suggest that a robot-
initiated touch in the current form does neither have added value over solely soothing 
speech, or even over the mere presence of a robot. This would be contrary to human 
touch, which has demonstrated to be beneficial in a variety of stressful contexts (e.g., 
(Ditzen et al., 2007)). Another possible explanation is that the effects of robot-
initiated touch are considerably smaller than those of human touch, and therefore 
difficult to detect with the sample size of our study. On the premise that a robot’s 
touch can, under specific circumstances, induce responses that are similar to those to 
human touches, we will use the remainder of this section to discuss our results and to 
identify possible boundary conditions within which touch may elicit beneficial effects. 

4.1 The Physical Composition of a Robotic Touch 
In Chapter 8, after Study 4, we already discussed that the physical qualities and 
parameters of the touch may play a substantial role in the effects robot-initiated 
touches may elicit. Since the NAO robot is relatively rich due to its anthropomorphic 
appearance, ability to speak, and the suggested ability to recognize emotions, the 
participants may have had high expectations about its social capabilities (see for 
example also (Dautenhahn, 2007; Fong et al., 2003)). The rather mechanical 
appearance (e.g., jerky movements) and hard and cold feel of the touch may not have 
been in line with these expectations. This discrepancy between expectations and 
actual perceptions could have nullified the anticipated responses to the touch (Lee, 
Jung, et al., 2006). When a robot approaches, but fails to attain, a lifelike appearance, 
this could result in feelings of strong revulsion; i.e., the ‘Uncanny Valley’ (Mori, 1970; 
Mori et al., 2012). An example of the uncanny valley as provided in the literature is 
that of a prosthetic hand: Whereas it may look like a real human hand, the actual feel 
(cold temperature and lack of soft tissue) can be unfamiliar and as a consequence 
uncanny (Mori, 1970; Mori et al., 2012).  
 
Additional considerations with regard to the physical composition of the touch 
include – as was partly discussed in Chapter 8 as well – the contact area and duration 
of the touch, the amount of touches, and the body location to which the touches 
were applied. We deliberately applied the touches to the shoulder of the participant 
as this was deemed socially acceptable, contrary to, for example, a touch on the head 
or thigh (see also (Hertenstein, 2002; Hertenstein et al., 2009; Nguyen, Heslin, & 
Nguyen, 1975)). Also, the robot was limited in its size and thus its reach. This specific 
touching action may have influenced the anticipated effects. Firstly, the robot’s touch 
may have been too limited in terms of contact area and duration to elicit stress-
attenuating effects (H1). In human touch interactions, such effects were mainly 
achieved through rather extensive and intimate touching actions such as hugs, 
massages, or holding hands for a longer period (e.g., (Grewen et al., 2003)). However, 
a simple pat on the back, which is comparable to a touch on the shoulder, has also 
proven to provide support (e.g., (Drescher et al., 1980; Whitcher & Fisher, 1979)). 
Secondly, although speculative, the amount (and duration) of touches may have been 
too limited to elicit effects with regard to the robot perception measures (H2). The 
amount of simulated social touches and the duration thereof appears to be related to 
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the valence of the agent that initiated the physical contact (Bickmore et al., 2010). 
Thirdly, the body location may not have been the optimal location to enhance the 
participant’s pro-social behavior (H3). According to Paulsell and Goldman (1984), 
touches on the shoulder do not necessarily lead to increases in compliant behavior. 
Touches on the upper arm are supposedly more effective. 

4.2 The Social Presence of the Robot 
Whereas we proposed that the look and feel of the robot’s touch did not match with 
the assumed overall social presence of the robot, another explanation for the 
absence of the anticipated effects could be that the social presence was not high 
enough (Lee, 2004). This in spite of the anthropomorphic appearance of the robot 
and its speech (Hinds et al., 2004; Lee, Jung, et al., 2006). Since we intended to focus 
on the responses to the touches, we deliberately limited other social cues. The robot 
did for example not vary its intonation or gesture during the movie phase, and its 
behaviors, including the touching, were merely based on a script, rather than being 
responses to events in the movie and/or to behaviors of the participants. Moreover, 
the NAO robot cannot provide extensive facial expressions, which limits the interplay 
between social cues as well. This possible lack of interplay between various social 
cues may have affected the social presence as perceived in the robot, thereby 
rendering its touches ineffective: “Social interaction is not just a scheduled exchange 

of content, it is a fluid dance between the participants”, as Breazeal (2003b, p. 173) 
puts it. It could be the case that soothing touch behaviors should not simply be 
scripted but should be interactive and personalized. 

4.3 Relationship status 
Related to the issue of whether the robot is considered an actual social actor or not, is 
the acquaintance one has with the robot. If a user indeed considers a robot a social 
actor, than he may apply, and expect, similar social rules as in human-human 
communication; the CASA paradigm. With regard to touch, we have seen in Chapter 1 
that the appropriateness of human touches is to a large extent determined by the 
type and strength of the social relationship between toucher and touchee (e.g., 
(Thompson & Hampton, 2011)). Moreover, the effectiveness of touches, for example 
on stress-reduction, also appears to depend on the strength of the interpersonal 
relationship (e.g., (Coan et al., 2006)). It is suggested that touches through social 
touch technologies may also only be appropriate when they are carried out within a 
specific social context (Gooch & Watts, 2010; Rantala et al., 2013). Although our 
results do not provide support for the latter, it may have been the case that the 
absence of a clear social context has made the touches ineffective or even somewhat 
inappropriate. That is, the robot and the participant were completely unacquainted 
and it did not demonstrate much behaviors to actually establish a bond. Social 
touching behavior of a robot may thus only be appropriate and effective when a 
person already has a strong social bond with the robot. Robots can emulate human 
strategies for the formation and maintenance of relationships and on-going 
relationships between human and robot can thus exist (e.g., (Bickmore & Picard, 
2005; Gonsior, Sosnowski, Buß, Wollherr, & Kühnlenz, 2012; Kim et al., 2013; 
Kühnlenz et al., 2013; Leite, Martinho, et al., 2013)). In Chapter 11, we further 
investigated whether having a bond with the robot prior to the social touch 
interaction can modulate the responses to robot-initiated touches. 
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4.4 Personality Characteristics 
Neither the gender of the participant, one’s anxiety for robots, nor one’s touch 
receptivity did modulate the responses to robot-initiated touch. However, as was the 
case in the robot picture-study (Chapter 9), the age of the participant did influence 
the results, albeit to a very small extent. When correcting for age differences between 
the participants, the MANCOVA with the Robot Relation measures demonstrated a 
beneficial effect of Touch over No Touch. This effect was mainly apparent for the 
Attachment to the robot measure and suggests that the older people are, the less 
susceptible they become to this effect of robot-initiated touch. This effect can be 
explained by a difference in sensitivity to touches between ages, as this sensitivity 
declines over a lifespan (e.g., (Gallace & Spence, 2010; Sehlstedt et al., 2016)). This 
explanation is however unlikely given the absence of a modulating effect of age on 
the other measures. Another, more likely explanation is that older people are less 
familiar and less comfortable with computer technologies such as social robots 
(Broadbent, Stafford, & MacDonald, 2009; Czaja & Sharit, 1998). Research 
demonstrated that younger participants were more positive than older adults when 
asked whether they could imagine living with robots on a daily basis (Arras & Cerqui, 
2005). In addition, they were less fearful and mistrustful of new technologies, and 
showed more confidence in the abilities of social robots (Scopelliti, Giuliani, & 
Fornara, 2005). This positive attitude towards robots due to a lower age may thus 
have made participants more susceptible to the touches of robots, but considering 
the small effect size, this result should be taken with care and be further investigated.  

5 Conclusion 
The results of Study 8 did not provide support for the suggestion that people, when in 
a specific stressful context, will respond similarly to a simulated touch as they would 
to an actual human touch. That is, no beneficial effects of a robot-initiated touch 
were found on stress-attenuation (H1) and pro-social behavior (H3). With regard to 
H2, a small beneficial effect of touch on the perceptions of the robot was found 
(mainly with regard to Attachment), but only when we corrected for age differences 
between participants. While these results could imply that robot-initiated touches 
cannot elicit beneficial responses that are similar to those to human touches, we also 
highlighted several limitations of the current work (e.g., sample size and the 
possibility that responses to robot-initiated touches are not as outspoken as human 
touches). Moreover, we identified possible boundary conditions that could be 
considered in future work. These include the physical qualities of the touch and the 
accompanying parameters (such as duration, body location, and amount of touches), 
the role of the social presence of the robot, the possible modulating role of 
personality traits, and the social relationship between the human user and the robot. 
The latter suggestion, the possible modulating role of the dyadic relationship between 
the touching robot and the human touchee, was the focus area of the final study as 
presented in this dissertation, namely Study 9 (Chapter 11): the Robot bonding-study. 
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Chapter 11. Chapter 11 
A Touching Robot Companion 

 
 
 
 
 

Abstract  
With the intention to expand the non-verbal communication repertoire of humanoid 

social robots, we investigated whether robot-initiated touches could elicit similar 

responses in the human user as human touches. To understand the possible 

accompanying boundary conditions, we also investigated whether having a pre-

existing social bond with the robot affects the anticipated responses. To this end, we 

conducted a 2x2 between-subjects experiment (N = 67) in which participants either did 

or did not establish a bond with the robot, prior to engaging in an interaction with the 

robot during stressful circumstances. This interaction either did or did not include 

robot-initiated touches. We hypothesized that robotic touches would attenuate the 

subjective and physiological stress responses during the stressful event (H1a), increase 

the positive subjective perceptions of the robot (H1b), and increase one’s pro-social 

behavior (H1c), as contrasted with interactions without touch. Moreover, we expected 

that the effects of H1a and H1b, but not of H1c, would be more outspoken when a 

bond with the robot was established (H2). Our findings imply that robotic touch can, to 

some extent, induce similar responses as human touches, as they attenuated 

physiological stress responses and increased the perceived intimacy of the human-

robot bond. No effects were found on pro-social behavior and all effects were 

independent of whether a bond was formed or not. It appears that merely residing in 

the robot’s vicinity and becoming acquainted with its appearance and physical 

capabilities may already suffice in eliciting some beneficial responses through robot-

initiated touch. 

 
 
 
 
 
 
 
 
This chapter is based on: 

Willemse, C. J. A. M., & van Erp, J. B. F. (in press). Social Touch in Human-Robot 
Interaction: Robot-initiated touches can induce positive responses without extensive 
prior bonding. International Journal of Social Robotics. 
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1 Introduction 
The findings from the previous lab studies (as presented in Chapters 8 and 10) on the 
effects of social touch in HRI did not provide consistent insights. The premise that 
mere physical contact provided by a social robot may elicit beneficial responses in the 
human recipient (as was suggested after the Fay-study in Chapter 8) does not seem to 
hold when the robot appears more anthropomorphic (like the NAO in Study 8; 
Chapter 10). A suggestion that is to some extent supported by the results from robot 
picture-study of Chapter 9, in which very low and relatively high levels of 
humanlikeness as perceived in the robot appeared to be detrimental for the effects of 
robot-initiated touch. This inconsistency does not seem to be in accordance with 
Chapter 7, in which we argued that people instantly and often mindlessly 
anthropomorphize computers, and humanoid robots in particular as these possess a 
physical body (e.g., (Kim et al., 2013; Krämer et al., 2015; Lee, Jung, et al., 2006)); the 
Computers As Social Actors (CASA) paradigm (Nass et al., 1995; Reeves & Nass, 1996). 
However, this notion also suggests that since people attribute humanlike 
characteristics to computers, they also tend to apply general social rules during the 
Human-Computer Interaction and HRI. In Chapter 1 we have seen that the human-
human touch protocols (e.g., the appropriateness of certain touches (Suvilehto et al., 
2015)), the effectiveness of these touches (Field, 2010), and the meanings associated 
with them (Smith & MacLean, 2007)), are to a large extent determined by the status 
of the social relationship between toucher and touchee. Considering the notion of 
CASA, it could thus be the case that the lack of a social relationship between the robot 
toucher and the human touchee nullified the anticipated beneficial responses to the 
robot-initiated touches in the previous studies.  
 
A more intimate relationship between two people results in a better understanding of 
the intentions of affective touches (Thompson & Hampton, 2011), and the mere fact 
that two people are willing to affectively touch each other suggests an already 
existing sense of mutual trust and understanding (Collier, 1985). It is also suggested 
that the secretion of oxytocin, which may lead to beneficial physiological responses 
(Light et al., 2005), mainly occurs due to touch from familiar people (Kreuder et al., 
2017). The modulating effects of the strength of the dyadic relationship on responses 
to social touch are further reflected in the touches’ stress-attenuating effects, as 
these are mainly found in dyads that are close with each other. Examples include 
romantic partners (e.g., (Ditzen et al., 2007; Grewen et al., 2003)), mother and child 
(e.g., (Bellieni et al., 2007; Gray et al., 2000)), and people with a professional yet 
intimate relationship (e.g., nurse and patient (Chang, 2001; Gleeson & Timmins, 2005; 
Whitcher & Fisher, 1979)). It also has been demonstrated that engaging in social 
touch with the partner increases pain thresholds, whereas a social touch from a 
stranger did not affect this threshold (Master et al., 2009). Holding hands with one’s 
partner also had a stronger attenuating effect on threat-related neural responses 
than holding hands with a stranger, even though holding hands with a stranger 
appeared more beneficial than no physical contact at all (Coan et al., 2006).  
 
People use numerous behaviors to both establish and maintain relationships (e.g., 
romantic, friendship, colleague) with each other; both intentionally and mindlessly. 
Many of such behaviors can to a certain degree be emulated by robots, in order to 
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form social-emotional human-robot relationships (Bickmore & Picard, 2005; Krämer, 
von der Pütten, & Eimler, 2012). Since people employ heuristics derived from human-
human interaction when they interact with robots (e.g., (Dautenhahn, 2007; Reeves & 
Nass, 1996)), they may form relationships with robots as well. Given the importance 
of the social relationship between human interactants, a pre-existing relation 
between the robot toucher and the human touchee may also be a prerequisite for 
effective robot-initiated touch interactions. In Section 2.3 I will touch upon various 
relationship strategies that are employed in human-human and human-robot 
interactions, but extensively discussing them is beyond the scope of this dissertation. 
For extensive overviews of long-term HRI and Human-Robot relationships, I refer to 
the work of for example Bickmore and Picard (2005), Dautenhahn (2007), de Graaf 
(2015), and of Leite and colleagues (2013).  
 
One point of discussion that warrants attention though is the fact that human 
relationships typically evolve over time. This likely applies for human-robot 
relationships as well (Bickmore & Picard, 2005; Leite, Martinho, et al., 2013). Some 
researchers even suggest that it is not possible to create a constructive human-robot 
relationship in a short period of time (Baxter, Belpaeme, Cañamero, Enescu, & 
Brussel, 2011; de Graaf, Allouch, & Klamer, 2015). While this may be true for more 
intimate types of relationships with robots, various studies have demonstrated that 
emulation of different human relational strategies by social robots can create and 
enhance a sense of social presence (e.g., (Duffy, 2003; Kim et al., 2013; Krämer et al., 
2015; Lee, Jung, et al., 2006)), and in turn can establish rapport and acquaintance 
between human and robot, even in short-term interactions (e.g., (Bartneck & Hu, 
2008; Kahn et al., 2015; Kruijff-Korbayová et al., 2015; Leite, Pereira, et al., 2013; Nass 
et al., 1996; Pereira et al., 2011; Riek et al., 2009)). On this notion, we carried out 
Study 9 (“the robot bonding-study”), as is presented in this chapter. For this study, we 
intended to let half of the participants establish a social bond with the NAO robot 
during a short-term single-session interaction in which the robot emulated various 
relational strategies that are derived from human-human interaction. The other half 
of the participants did not establish a bond with the robot. After the bonding phase 
(or its non-bonding counterpart), the participants engaged in a Touch or No Touch 
interaction during stressful circumstances (similar to our earlier studies). Besides 
providing insights in whether robot-initiated touches may elicit beneficial effects 
(Main RQ3), this setup enabled us to provide insights in RQ4.3; the question whether 
having a bond with the robot modulates responses to its touches. 
 

Based on the literature on the effects of human social touch and the modulating 
effects of a social relationship (see also Chapter 1), as well as on the CASA paradigm 
that poses that people respond similarly to computers as they would to other people 
(see also Chapter 7), we defined the following hypotheses: 
 
H1a: Being touched by a robot will have beneficial effects on the participant’s arousal 

level in stressful circumstances, as compared with not being touched.  
The effects of touch were to be reflected in subjective self-report measures (e.g., an 
attenuation in the increase in subjective arousal, and less negative affect due to the 
touches), as well as in attenuations in objective physiological stress responses. 
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H1b: A robot’s touch will induce more positive perceptions of the physical appearance 

of the robot and one’s relation with it, and will decrease one’s negative attitude 

towards the robot. This will be reflected in various self-report measures. 
 
H1c: A robot-initiated touch can induce a Midas Touch effect and will thus increase the 

participant’s pro-social behavior. This was to be reflected in an increased willingness 
to comply with the robot’s requests.  
 
H2: The stress-attenuating effects (H1a) and robot perceptions (H1b) will be stronger 

when a social relationship with the robot is established prior to the touch interaction. 

Pro-social behavior (H1c) will not be modulated by the bond with the robot.  
 
The latter part of this hypothesis followed from research that demonstrates a Midas 
Touch effect in both human-human interaction (e.g., (Crusco & Wetzel, 1984; 
Guéguen & Fischer-Lokou, 2003; Paulsell & Goldman, 1984)) and HRI, regardless of 
the relation between the touchee and the human or robot toucher (e.g., (Fukuda et 
al., 2012; Nakagawa et al., 2011; Shiomi et al., 2017))1. 
 

In addition, we again recorded various personality characteristics of the participants 
in order to explore their possibly modulating role in the perceptions of robot-initiated 
touch (RQ4.4). The topics under investigation in Study 9 are visualized in Figure 11.1. 
 

 
Figure 11.1: Visual representation of the aspects under investigation in Study 9. 

                                                       
1 Despite the null effects of the Fay- and NAO-studies, we still expect beneficial effects of robot-initiated 

touch on pro-social behavior because we employ a slightly different measure in Study 9.  
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2 Methods 

2.1 Design 
We devised a 2x2 between-subjects experiment (i.e., four groups) with Bonding 
(levels: Bond, No Bond) and Touching (levels: Touch, No Touch) as independent 
variables. The experiment consisted of two phases. In phase 1 (the bonding phase), 
participants engaged in several social interactions, either with a social robot in order 
to form a bond with it (Bond groups), or with the experiment leader during which no 
bond with the robot was formed (No Bond groups). In the latter condition, the robot 
was present though, but it merely displayed random idle movements. Phase 2 (the 
scary movie viewing phase), was an exact copy of the previous NAO-study (Chapter 
10), in which participants heard soothing words from the robot that were either 
accompanied by a social touch in the Touch groups, or not (No Touch groups).  

2.2 Participants 
A total of 67 participants (mean age = 47.93, SD = 19,96, range = 18-78, 49.3% 
female) was recruited from the TNO database and randomly assigned to one of the 
four groups: Bond-Touch (7 female, 8 male), Bond-No Touch (8, 9), No Bond-Touch 
(10, 8), and No Bond-No Touch (8, 9). All participants had normal or corrected to 
normal vision and hearing. The study was reviewed and approved by the TNO 
institutional review board (TNO, Soesterberg, The Netherlands), and was in 
accordance with the Helsinki Declaration of 1975, as revised in 2013 (World Medical 
Association, 2013). Participants received €30,- for their participation in the 
experiment, and travel expenses were covered. 

2.3 Setting and Apparatus 
The experiment took place in a 5x3m room at the TNO location Soesterberg. During 
the bonding phase (phase 1), participants sat at a table with the same NAO robot (v4, 
NAOqi 1.12.5) as in the NAO-study (Chapter 10) on it (see Figure 11.2 for an overview 
of the experimental setting). For phase 2, they moved to a couch to watch a scary 
movie, where the robot would sit on the right-hand side’s armrest. The interaction 
was controlled in a similar way as described in Chapter 10: with a master-slave setup 
and pre-programmed sentences. To control the dialogue in the bonding phase, the 
robot’s verbal responses to the participants were selected based on a pre-defined 
decision tree, while the movie phase texts were fully scripted (see also Appendix F). 
 
Participants in the Bond groups engaged in HRI during which the robot displayed a 
variety of verbal and non-verbal relational strategies which are listed in Table 11.1. 
The activities comprised of small talk (for example about the participant’s experiences 
with experiments), a competitive game of Memory, a collaborative multiple choice 
knowledge quiz, and the sharing of personal stories. Participants in the No Bond 
groups carried out the same activities, albeit with the experiment leader as 
communication partner instead of the robot. In the No Bond condition, the robot was 
sitting at the same location on the table as in the Bond condition, but it merely 
displayed random idle movements. This was done to let the participant get used to its 
appearance and physical capabilities in order to decrease potential startling 
responses in the movie phase due to the unanticipated movements of the robot. 
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Table 11.1: Overview of the relational strategies and operationalizations as applied in the current experiment, 

supplemented with examples of related HRI research. 

Verbal Communication  
Phatic communication (Jakobson, 1960; 
Schneider, 1988) 
In HRI: (Bickmore & Cassell, 1999; Kidd & 
Breazeal, 2008)  

The robot and participant engaged in small talk about the 
participant’s experiences with robots and experiment 
participation in general. Phatic communication is 
supposed to build rapport by increasing familiarity and 
establishing common ground.  

Social deixis (Laver, 1981; Levinson, 
1983). 
In HRI: (Kanda, Hirano, Eaton, & Ishiguro, 
2004; Kim, Kwak, & Kim, 2013; Sabelli, 
Kanda, & Hagita, 2011) 

The participant was addressed with his or her first name 
and the robot’s language was informal; the participant 
was considered a peer. No hierarchical relationship, but a 
small social distance was implied by the language. 

Flattering (Brown & Levinson, 1978) 
In HRI: (De Ruyter et al., 2005; Reeves & 
Nass, 1996) 

The participant was complimented on his or her 
knowledge and memory skills during these activities, in 
order to make the robot more likable. 

Politeness (apologizing) (Brown & 
Levinson, 1978) 
In HRI: (Dautenhahn, 2004, 2007; De 
Ruyter et al., 2005) 

For practical reasons, different databases with pre-
programmed sentences were created for different tasks. 
These had to be loaded, which made the robot 
unresponsive for a brief moment. The robot politely 
apologized for this prior to each database switch.  

Greetings and farewells (Brown & 
Levinson, 1978) 
In HRI: (Gockley et al., 2005) 

The participant was greeted at several moments during 
the bonding phase. For example at the start of the 
interaction and around the speech-set switches. 

Non-verbal Behavior 
Physical contact (Field, 2010; Gulledge et 
al., 2007) 
In HRI: (Fukuda et al., 2012; Hieida et al., 
2014; Nakagawa et al., 2011; Nie et al., 
2012) 

After the bonding phase, the participant carried the robot 
from the table to its chair on the couch in anticipation of 
the movie viewing. Physical contact supposedly enhances 
a bond, and carrying the robot also draws upon the 
altruistic behavior of the participant towards the robot. 

Immediacy behaviors (Argyle, 1988) 
In HRI: (Bickmore & Picard, 2005; De 
Ruyter et al., 2005) 
 

The robot gestured with its arms during speech, while its 
gaze (i.e., the facial orientation) was directed at the 
participant. While ‘listening’ to the participant, the robot 
nodded from time to time. In general, the robot had an 
open body posture. Immediacy behaviors suggest liking 
of the other and engagement in the interaction. 

Joint attention (Kidwell & Zimmerman, 
2007) 
In HRI: (Kozima, Nakagawa, & Yano, 2004; 
Robins, Dickerson, Stribling, & 
Dautenhahn, 2004) 

The robot’s gaze (i.e., the facial orientation) switched 
from the participant to the task at hand (e.g., the 
memory game or the quiz), and vice versa, in order to 
provide mutual acknowledgement that they are 
attending to the same target. 

Relational Dynamics  
(Reciprocal) Self-disclosure (Collins & 
Miller, 1994; Laurenceau et al., 1998) 
In HRI: (Kahn et al., 2015; Kruijff-
Korbayová et al., 2015; Moon, 2000) 

The robot tells a personal story about a colleague at TNO 
that has been in an accident, and about how the robot 
felt about this. The willingness to share personal 
information implies trust in the other and supposedly 
increases the bond. 

Empathy (Clark & Reis, 1988; Reis, Clark, 
& Holmes, 2004) 
In HRI: (Bickmore & Picard, 2005; Leite, 
Pereira, et al., 2013) 

The robot attended to the participant’s responses to 
questions on what he or she thought or felt about certain 
topics or situations throughout the study. The robot 
responded in an understanding way. Empathetic behavior 
is at the essence of bonding. 
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Helplessness and altruism (Krebs, 1970)  
In HRI: (Gonsior et al., 2012; Rosenthal, 
Biswas, & Veloso, 2010) 

The robot asked the participant to turn the Memory 
cards, while playing competitively. Helping someone in 
need supposedly enhances one’s empathy and as such 
the bond. Moreover, the robot asked the participant to 
carry it to the couch for the second experimental phase in 
order to elicit altruistic behavior in the participant. 

Collaboration and in-group membership 

(Bickmore & Picard, 2005; Tajfel, Billig, 
Bundy, & Flament, 1971) 
In HRI: (Fong, Thorpe, & Baur, 2001; Nass 
et al., 1996; Severinson-Eklundh, Green, & 
Huttenrauch, 2003) 

The robot and participant collaborated as a team in 
answering the questions of the knowledge quiz. Being 
part of the same team implicitly enhances the sense of a 
bond. 

 
As mentioned before, the same master-slave setup was applied as in the previous 
study. This also means that the touches (or the idle movement counterparts) were 
applied in the same way and during the same moments during the movies. The same 
movie sequence with “The Descendent” (Anderson & Glickert, 2006) and “Red 
Balloon” (Trounce et al., 2010) (total duration 26:36) was played, preceded by a 
three-minute excerpt of the neutral aquatic movie, “Coral Sea Dreaming: Awaken” 
(Hannan, 2010), as recommended by Piferi et al. (2000). The sequence was projected 
(1280x1024px) on a white wall (approximately 2x1.4m, 2.5m from the viewer), with 
speakers on both sides of the screen. The physiological recording equipment was also 
the same as used before, as was the custom built software that enabled the 
synchronization between physiology, movie, and interaction events. An overview of 
the experimental setting is depicted in Figure 11.2.  
 

 
Figure 11.2: Impression of the experimental setting. Top left: Memory game. Top center: conversation. Top 

right: remotely controlled bonding interaction by the experimenter through the master robot and a graphical 

user interface to initiate the robot’s utterances. Bottom left and center: robot-initiated touch. Bottom right: 

remotely controlling the touches of the slave robot by the experimenter, by moving the master robot’s arm 

and head based on a video-feed. 

 

 

 

 

 

 

 

 

 

 

11 

 

 

 

 



CHAPTER 11 

 232

2.4 Measures 
The measures were to a large extent the same as in our previous robot-initiated touch 
studies, and selected based on their prevalence in HRI research and/or their 
relevance for social touch. Where possible, Dutch translations of the questionnaires 
were utilized. Otherwise, the questionnaire items were translated to Dutch and 
verified by means of a translate-back procedure. An overview of all measures and the 
moments at which these were administered is provided in Table 11.2 in Section 2.5. 

Phase 1: The Effects of the Bonding Manipulation 

2.4.1 Bonding Measures 

To verify whether the bonding manipulation was effective, participants were asked to 
indicate their perceived level of Social Closeness with the robot by means of the 
Inclusion of Other in Self scale with the overlapping circles (IOS; (Aron et al., 1991)). 
Moreover, the perceived Likability and Anthropomorphism of the robot were 
measured with the accompanying subscales of the Godspeed questionnaire (Bartneck, 
Kulić, et al., 2009). These three measures were administered both prior to and after 
the first phase of the study. In addition, the Social Presence (Lee, Jung, et al., 2006) 
and Attachment (Schifferstein & Zwartkruis-Pelgrim, 2008) questionnaires were 
administered after the bonding interaction. Finally, one’s Reciprocal Self-Disclosure 
was measured by the extent to which a participant was willing to talk with the robot 
about two lowly, two moderately, and two highly intimate conversation topics (e.g., 
“The saddest experience in your life”). The topics were derived from (Pearce & Wiebe, 
1975). The six Self-Disclosure scores (‘1’ = ‘No problem to talk about this topic’, ‘7’ = 
‘This topic is too intimate’) were summed. 

Phase 2: The Responses to Robot-initiated Touch 

In line with the previous studies, we applied a variety of measures to investigate the 
responses to robot-initiated touches, and categorized them in six groups. These 
groups are mainly based on the effects of human social touch on which we focus in 
this dissertation (as described in Chapter 1): Effects regarding bonding and 
attachment, one’s emotional state, and one’s behavior. For this purpose, we applied 
measures with regard the participant’s Emotional and Physiological State, Perceptions 
of the robot (i.e., the Robot Appearance, Attitude towards the Robot, and Relation 
with the Robot), the Midas Touch effect, and the appropriateness of the touches. 
Moreover, we applied a selection of personality characteristic measures that possibly 
affect the responses to the robots and/or its touches. 

2.4.2 Emotional and Physiological State 

To investigate the effects of a robot’s touch on one’s arousal level, we recorded the 
participant’s Galvanic Skin Response (GSR), Heart Rate (HR), Heart Rate Variability 
(HRV), and Respiration Rate (RR) in the same way as in the NAO-study. The subjective 
measures for the emotional state were also administered in the same way: Valence 

and Arousal (SAM; (Bradley & Lang, 1994)), Positive and Negative Affect (Dutch 
PANAS; (Peeters et al., 1996; Watson et al., 1988)), and Fear and Disgust Arousal 

Scales (FAS and DAS; (Rooney et al., 2012)). Participants were also asked whether 
they were familiar with either of the fragments (Davydov et al., 2011). Contrary to the 
NAO-study, no cortisol was measured.  
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2.4.3 Robot Appearance 

With regard to the participants’ impressions of the Robot Appearance, its perceived 
Safety, Qualification, and Dynamism (i.e., subscales of the Credibility scale (Berlo et 
al., 1969; Kidd, 2003)), and its perceived Immediacy ((Andersen et al., 1979; Rubin et 
al., 2009) were measured.  

2.4.4 Attitude towards the Robot 

To investigate how both bonding with, and being touched by, a robot may affect 
one’s Attitude towards the Robot, we administered the Negative Attitude towards 

Robots Scale (NARS; (Nomura et al., 2008)) after the movie phase. This scale 
comprises three subscales: Negative attitude towards (1) interaction with, (2) social 

influence of, and (3) emotional interactions with robots. The subscale scores were 
obtained by summing the scores on respectively six, five, and three items. 

2.4.5 Relation with the Robot 

To investigate how robot-initiated touches, in either the presence or absence of an 
existing bond with the robot, affect the perceived relationship with the robot, the 
Social Closeness, Anthropomorphism, Likability, and Attachment scales were again 
administered after the movie. In addition, the Affective Trust (Johnson & Grayson, 
2005; Kim et al., 2012), Perceived Trust (Dillard et al., 1999; Rubin et al., 2009), and 
Perceived Friendship (i.e., the Help, Intimacy, Emotional Security, and Stimulating 

Companionship subscales (Pereira et al., 2011)) scales were administered.  

2.4.6 Pro-social Behavior 

To investigate whether a Midas Touch effect can also be achieved in HRI, participants 
were asked how much of their €30,- compensation they would like to donate to 
support additional robot research. Moreover, participants were asked how long they 
were willing to stay to fill out additional questionnaires (similar to (Patterson et al., 
1986)). For both bogus requests we recorded whether or not the participant 
complied, as well as the actual amount of money or time made available. 

2.4.7 Impressions of the Touching Behavior 

We verified whether the participants perceived touches (yes/no), and if so, whether 
they were perceived as (1) intended to be calming, (2) calming, (3) appropriate, (4) 
startling, and (5) humanlike (‘1’ = ‘Totally Agree’, ‘7’ = ‘Totally Disagree’). 

2.4.8 Personality Characteristics 

Besides the age and gender of the participants, we inquired the participant’s Anxiety 

to the robot’s (1) communication capabilities, its (2) behavioral characteristics, and (3) 
its discourse with the Robot Anxiety Scale (RAS; (Nomura et al., 2008)), and the Touch 

Receptivity (Bickmore et al., 2010) as these subscales may influence the bonding 
and/or the perceptions of the touches. In addition, we verified the participants’ 
Attachment Style with the same four descriptive paragraphs as used in Part II of this 
dissertation (Bartholomew & Horowitz, 1991). In line with IJzerman and colleagues 
(2013), each participant was subsequently categorized as having a secure or insecure 
attachment style.  
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2.5 Procedure 
Table 11.2 provides a listwise overview of the experimental procedure and of which 
measures were administered at which moment during the study. 
 
Table 11.2: Experimental procedure and measures. 

Phase 1: 
Preparation 
(ca. 10min) 

Sitting at table 
Welcome; introduction; consent form  

Questionnaire 1 

Bonding: Social Closeness, Likability, 
Anthropomorphism 
Demographics and covariates: Age, Gender, 
Robot Anxiety Scale, Touch Receptivity 

Phase 1: 
Bonding 
Interactions 
(ca. 40min) 

Structured small talk with robot or 
experiment leader 

 

Memory game with robot or 
experiment leader 
Quiz with robot or experiment leader 
Personal story, shared by robot or 
experiment leader 

Questionnaire 2 

Bonding: Social Closeness, Likability, 
Anthropomorphism, Attachment, Self-
disclosure, Social Presence 
Pre-movie Emotional state: Valence and 
Arousal (SAM), Positive and Negative Affect 
(PANAS) 

Participant or Experiment leader 
carries robot to couch 

 

Phase 2: 
Preparation 
(ca. 5min) 

Sitting on couch 
Attach electrodes; verify signal  
Verbal instructions and clarifications 

Phase 2: 
Scary 
Movie 
Interactions 
(ca. 35min) 

Start movie sequence: Neutral video Pre-movie Emotional state: Baseline Heart 
Rate, Heart Rate Variability, GSR, and 
Respiration Rate 

Scary movie sequence and eight robot 
interactions (according to 
experimental condition) 

Emotional state: Experimental Heart Rate, 
Heart Rate Variability, GSR, and Respiration 
Rate measures (entire movie, interaction 
moments, non-interaction intervals) 

End  
(ca. 15min) 

Questionnaire 3 

Bonding: Social Closeness, Likability, 
Anthropomorphism, Attachment 
Post-movie Emotional state: Valence, Arousal, 
Positive and Negative Affect, Familiarity with 
movies, Fear and Disgust Arousal per movie 
Robot appearance: Immediacy, Safety, 
Qualification, Dynamism 
Robot relation: Affective Trust, Perceived 
Trust, Help, Intimacy, Emotional Security 
Negative Attitude Towards Robot: 

Interaction, social influence, emotional 
interactions 
Midas Touch: Donation 
Touch Appropriateness items 

Detach electrodes; second Midas 
Touch request; debriefing; 
administrational formalities; thanking 

Midas Touch: Stay extra time 
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Participants were invited in the lab room, where the robot and the ostensible aim of 
the study – i.e., “investigating whether the robot can detect the participant’s behavior 

and emotional state, and can behave accordingly” – were introduced by the 
experiment leader. The participant was asked to fill out Questionnaire 1 before 
engaging in the bonding interaction (small talk, the Memory game, the quiz, and 
listening to the personal story) with the remotely controlled robot (Bond) or with the 
experiment leader (No Bond; the robot displayed idle movements at random 
moments). After the interaction, Questionnaire 2 was administered. In the Bond 
conditions, the participant was asked by the robot to carry it to its seat on the couch, 
whereas the experiment leader carried it in the No Bond conditions. After attaching 
the electrodes for the physiological recordings, the experiment leader left again, and 
the participant watched the baseline movie and the scary movies, during which the 
eight interactions with the robot (either with or without touch) took place. 
Subsequently, Questionnaire 3, including the request for a donation, was filled out. 
When the participant finished the questionnaire, the experiment leader returned to 
remove the electrodes and to ask the participant whether he or she was willing to 
stay for additional questionnaires. After this final measure, the participant was fully 
debriefed and thanked. The entire experiment took approximately 1h45m.  

3 Results 

3.1 Pre-processing 
Due to a technical problem during the movie, and due to missing responses, data of 
two participants were omitted from all analyses. None of the participants was familiar 
with either of the movies and none of the participants in the Touch groups missed the 
fact that they were touched by the robot. Five people in the No Touch groups 
indicated to be touched by the robot, likely due to the fact that they were sitting 
against the robot’s feet. Their data were included in the analyses, as omission did not 
result in a different interpretation of the effects. All dependent variables were tested 
for normality, and transformed when the normality assumption was violated. When 
transformation did not resolve the issue, we opted for a non-parametric test. Of the 
65 participants with valid data, 15 were in the Bond-Touch group, and 16, 18, and 16 
in the Bond-No Touch, No Bond-Touch, and No Bond-No Touch groups, respectively.  
 
The physiological recordings were again processed in MathWorks MATLAB R2013b 
with the FieldTrip toolbox (Oostenveld et al., 2011), with the same algorithms as 
applied in the previous studies. See Chapter 5 (Section 3.1) for descriptions of the HR, 
HRV, and GSR pre-processing and Chapter 8 (Section 3.1) for Respiration. The data 
were analyzed with IBM SPSS Statistics 23 and the significance threshold is set at 
p = .05. Due to technical problems, physiological data of 5 participants were omitted 
from the Emotional State analyses. For 13 participants, one of the physiological 
recordings (ECG, GSR, or RR) was invalid. Data imputation by means of group mean 
substitution was applied for these cases, in order to retain their remaining valid data, 
and thus to circumvent listwise exclusion during the analyses. In the Emotional State 
analyses, the Bond-Touch, Bond-No Touch, No Bond-Touch, and No Bond-No Touch 
groups comprised 15, 14, 16, and 15 participants, respectively. 
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3.2 Manipulation checks 
To investigate whether the relational strategies in phase 1 indeed enhanced the bond 
between participant and robot, a one-way MANCOVA was carried out with Bonding 
as between-groups independent variable, Anxiety to the robot’s communication 
capabilities (Cronbach’s α = .89) as covariate, and the bonding measures as 
dependent variables. The latter include the difference scores of the Likability (pre-
bonding α = .84, post-bonding α = .86) and Anthropomorphism (α = .40 and α = .71) 
scales, and the post-bonding phase measures Attachment (α = .75), Self-Disclosure 
(α = .77), and Social Presence (α = .91)) as dependent variables. Data of 65 
participants were included. The covariate was a significant predictor of the effects: 
Wilks’ Λ = .689, F(5, 58) = 5.23, p = .001, partial η2 = .311. The results suggest that the 
bonding manipulation worked as intended: Wilks’ Λ = .611, F(5, 58) = 7.34, p < .001, 
partial η2 = .389. Inspection of the individual ANCOVAs revealed significant positive 
effects of having a Bond on Likability, Attachment, and Social Presence. The levels of 
perceived Anthropomorphism and Self-Disclosure were not affected by the Bonding 

manipulation. See Table 11.3 for an overview of the bonding manipulation check 
results. A Mann-Whitney U test was performed on the difference between the pre- 
and post-bonding IOS scores (Social Closeness), with Bonding as independent 
variable. This test yielded a significant positive effect of Bond (Mdn = 1.0) over No 

Bond (Mdn = 0.0) on the Social Closeness: U = 234.5, Z = -4.17, p < .001, r = -.518.  
 
Table 11.3: Bonding manipulation check means and SD (unadjusted), and statistics of the individual repeated 

measures ANCOVAs. Δ-Values indicate differences between post-bonding and pre-bonding scores. Bold-faced 

values indicate significant effects. 

 Bond No Bond F(1, 62) p Partial η2 
MANCOVA 
Likability (Δ) 0.31 (0.48) -0.07 (0.42) 10.05 .002 .140 
Anthropomorphism (Δ) 0.18 (0.65) 0.24 (0.51) 0.01 .908 .000 
Social Presence 5.72 (1.57) 3.77 (1.54) 28.09 < .001 .312 
Self-Disclosure 28.74  (7.29) 32.24 (5.85) 3.11 .083 .048 
Attachment 2.94 (0.80) 2.35 (0.67) 10.34 .002 .143 
Mann-Whitney U test  
Social Closeness (Δ) 1.52  (1.69) 0.12 (0.77) 

 
To verify whether the movie indeed was stressful, we conducted a one-way repeated 
measures MANOVA with Measuring Moment (Baseline, Movie) as within-subjects 
independent variable. As dependent variables, the physiological measures (i.e., HR, 
HRV (log10-transformed), GSR (square root-transformed), and RR) were included, as 
well as the Positive Affect score (Cronbach’s α = .85 and .81 for the pre- and post-
movie measures, respectively). Data from the 60 participants with valid physiological 
responses were included. The analysis yielded a significant main effect of Measuring 

Moment, which implies differences in stress responses between the Movie and the 
Baseline: Wilks’ Λ = .227, F(5, 55) = 37.41, p < .001, partial η2 = .773. Further inspection 
of the individual repeated measures ANOVAs yielded significant effects for the GSR 
(increase) and Positive Affect (decrease) due to the movie.  
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According to three Wilcoxon Signed Ranks tests, the Movie score for Valence (Mdn = 
5.0) was significantly lower than the Baseline score (Mdn = 7.0), whereas both the 
Arousal (pre-movie Mdn = 2.0, post-movie Mdn = 4.0) and the Negative Affect (pre-
movie Mdn = 11.0, post-movie Mdn = 16.0; Cronbach’s α = .88 and .88, respectively) 
significantly increased due to the movie. The results of the individual repeated 
measures ANOVAs and the Wilcoxon Signed Ranks tests can be found in Table 11.4. 
Aforementioned analyses demonstrate that both the bonding manipulation and the 
stress elicitation worked as intended.  
 
Table 11.4: Stress elicitation manipulation check results (SD). Bold-faced values represent significant effects. 

Repeated measures ANOVAs 
 Baseline Movie F(1, 60) p Partial η2 
HR (BPM) 68.38  (9.97) 68.01  (9.70) 1.02 .316 .017 
HRV (log10) 1.47 (0.30) 1.45  (0.26) 0.45 .506 .008 
GSR (range-corrected; √)  0.35  (0.17) 0.64  (0.09) 122.10 < .001 .674 
RR (BPM) 19.10  (3.76) 18.49  (3.04) 2.74 .103 .044 
Positive Affect 33.71  (5.74) 27.93  (6.29) 83.54 < .001 .586 
Wilcoxon Signed Ranks Tests  
 Baseline Movie Z p r 

Valence (SAM) 7.13  (1.16) 5.57  (1.65) -5.34 < .001 -.487 
Arousal (SAM) 2.38  (1.60) 4.05  (1.90) -5.07 < .001 -.463 
Negative Affect 12.22  (3.59) 17.66  (6.77) -6.08 < .001 -.555 

3.3 Touch effects  
We conducted a series of two-way MANOVAs with Bonding (Bond, No Bond) and 
Touching (Touch, No Touch) as between-subjects independent variables, and the 
various Emotional State and Robot Perception measures as dependent variables. In 
addition, we carried out a one-way MANOVA on the Touch Appropriateness scores 
with Bonding (Bond, No Bond) as independent between-subjects variable, as well as a 
2x2x2 mixed model MANOVA with Bonding (Bond, No Bond), Touching (Touch, No 

Touch), and Measuring Moment (Pre-Movie, Post-Movie; within-subjects) as 
independent variables and the Robot Relation measures as dependent variables. We 
opted for a mixed model MANOVA instead of a one-way MANOVA based on 
difference scores, to better understand between-group differences that emerged on 
the Robot Relation measures due to the manipulation in phase 1. For the sake of 
clarity of the Results section, we listed all main and interaction effects of the 
MANOVAs in Table 11.5 and we address the significant effects separately. 

3.3.1 Emotional State 

As can be seen in Table 11.5, no effects of Touching and/or Bonding were found on 
the overall Emotional State measures (i.e., over the entire movie). However, when 
looking at the direct physiological responses to robot-initiated touches – i.e., the 
aggregated physiological values for the eight interaction moments minus their 
baseline counterparts – a trend becomes apparent for Touching (p = .056). Further 
inspection of this trend by means of the individual ANOVAs demonstrated a 
significant difference on the Heart Rate. Whereas the HR increased over time for 
people in the No Touch groups, it decreased for people in the Touch groups: 
F(1, 56) = 5.99, p = .018, partial η2 = .097.  
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A similar pattern emerged when looking at the physiological responses during the 
intervals between the interaction moments. The significant main effect for Touching 
(p = .037) was reflected in the HR, which increased for people in the No Touch groups 
and decreased for participants in the Touch groups: F(1, 56) = 5.93, p = .018, 
partial η2 = .096. An overview of the physiological responses can be found in 
Table 11.6 and the subjective emotional state responses are listed in Table 11.7. 
 
Table 11.5: Overview of the main and interaction effects of the MANOVAs. The respective dependent variables 

and n’s are listed. Δ-Values indicate differences between post-movie and pre-movie scores. Bold-faced values 

indicate significant effects. 

 Wilks’ Λ F df p Partial η2 
Emotional State, Entire Movie (n = 60): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ), Valence (Δ), Arousal (Δ), 
Positive Affect (Δ), Negative Affect (Δ), Fear Arousal Scale, Disgust Arousal Scale 
Main effect Touching .727 1.76 

(10, 47) 
.095 .273 

Main effect Bonding .911 0.46 .907 .089 
Interaction Touching x Bonding .891 0.57 .826 .109 
Emotional State, Interaction Moments (n = 60): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ) 
Main effect Touching .843 2.46 

(4, 53) 
.056 .157 

Main effect Bonding .984 0.22 .926 .016 
Interaction Touching x Bonding .959 0.56 .692 .041 
Emotional State, Non-Interaction Intervals (n = 60): GSR (Δ), HR (Δ), HRV (Δ), RR (Δ)  
Main effect Touching .828 2.76 

(4, 53) 
.037 .172 

Main effect Bonding .996 0.05 .995 .004 
Interaction Touching x Bonding .950 0.69 .600 .050 
Robot Appearance (n = 65): Immediacy, Safety, Qualification, Dynamism 
Main effect Touch .877 2.04 

(4, 58) 
.101 .123 

Main effect Bonding .935 1.01 .412 .065 
Interaction Touching x Bonding .986 0.20 .937 .014 
Attitude towards the Robot (n = 65): Negative Attitude Towards (1) Interaction with, (2) Social 
Influence of, and (3) Emotional Interactions with Robots 
Main effect Touching .988 0.24 

(3, 59) 
.872 .012 

Main effect Bonding .959 0.85 .475 .041 
Interaction Touching x Bonding .981 0.39 .762 .019 
Robot Relation (n = 65): Affective Trust, Perceived Trust, Help, Intimacy, Emotional Security, and 
Stimulating Companionship 
Main effect Touching .790 2.48 

(6, 56) 
.034 .210 

Main effect Bonding .909 0.93 .478 .091 
Interaction Touching x Bonding .951 0.48 .820 .049 
Perceived Bond with the Robot (n = 65): Social Closeness (square root-transformed), Likability, 
Anthropomorphism, Attachment 
Main effect Touching .950 0.77 

(4, 58) 

.552 .050 
Main effect Bonding .882 1.95 .115 .118 
Interaction Touching x Bonding .968 0.48 .748 .032 
Main effect Measuring Moment 
(MM) 

.800 3.62 .011 .200 

Interaction MM x Touching .938 0.96 .438 .062 
Interaction MM x Bonding .572 10.86 < .001 .428 
Interaction MM x Touching x 
Bonding 

.965 0.53 .713 .035 

Touch Appropriateness (n = 33): Calming Intentions, Calming, Appropriate, Startling, Humanlike 
Main effect Bonding .602 3.57 (5, 27) .013 .398 
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Table 11.6: Means (and SD) of the physiological responses and differences with baseline (Δ) per recording 

interval for each of the Touch conditions. 

 Baseline Movie Interaction Moments Non-Interactions 
Value Δ Value Δ Value Δ 

HR (BPM) 
Touch 

68.23  67.17 -1.06 67.51 -0.72 67.63 -0.59 
(9.81) (9.27) (2.28) (9.45) (2.29) (9.61) (2.37) 

No 
Touch 

68.55 68.92 0.37 69.63 1.08 69.70 1.15 
(10.31) (10.22) (3.16) (10.01) (3.26) (10.24) (3.04) 

HRV 
(RMSSD; 
mS) 

Touch 
36.71 29.16 -7.55 30.38 -6.33 29.87 -6.84 
(26.43) (17.52) (14.78) (18.09) (17.00) (17.97) (13.23) 

No 
Touch 

37.12 38.08 0.95 34.28 -2.84 33.54 -3.58 
(24.60) (20.64) (18.53) (19.10) (13.47) (17.98) (11.93) 

GSR 
(range-
corrected) 

Touch 
0.15 0.41 0.26 0.42 0.26 0.41 0.25 
(0.15) (0.10) (0.20) (0.10) (0.19) (0.10) (0.20) 

No 
Touch 

0.15 0.42 0.27 0.42 0.27 0.42 0.27 
(0.13) (0.12) (0.20) (0.13) (0.20) (0.12) (0.20) 

RR (BPM) 
Touch 

19.25 18.49 -0.76 21.10 1.84 20.20 0.94 
(4.04) (2.63) (2.41) (2.56) (2.56) (2.69) (2.80) 

No 
Touch 

18.94 18.49 -0.45 20.90 1.96 20.47 1.54 
(3.50) (3.48) (3.32) (3.78) (3.38) (3.37) (2.82) 

 

Table 11.7: Mean scores (SD) of the subjective Emotional State measures per Touch condition. 

 Pre-Movie Post-Movie Δ 

Valence (SAM) 
Touch 7.13 (1.20) 5.29 (1.51) -1.84 (1.77) 
No Touch 7.14 (1.13) 5.86 (1.77) -1.28 (1.60) 

Arousal (SAM) 
Touch 2.32 (1.33) 4.42 (1.95) 2.10 (2.07) 
No Touch 2.45 (1.86) 3.66 (1.80) 1.21 (1.70) 

Positive Affect 
Touch 34.06 (5.61) 28.35 (5.20) -5.71 (5.11) 
No Touch 33.33 (5.96) 27.48 (7.35) -5.84 (4.74) 

Negative Affect 
Touch 11.90 (2.51) 18.52 (6.68) 6.45 (6.13) 
No Touch 12.55 (4.49) 16.74 (6.86) 4.19 (4.99) 

Post-Movie subjective measures 

Fear Arousal Scale (α = .91) 
Touch 3.19 (0.79) 
No Touch 3.19 (0.85) 

Disgust Arousal Scale (α = .88) 
Touch 3.45 (0.66) 
No Touch 3.23 (0.89) 

3.3.2 Robot Appearance 

As can be seen in Table 11.5, neither the main effects of Bonding or Touching, nor 
the interaction between the two yielded statistically significant effects. No effects of 
the manipulations were found on the scores for Immediacy, Safety, Qualification, and 
Dynamism. The descriptive statistics are listed in Table 11.8.  
 
Table 11.8: Mean scores (SD) and Cronbach’s α’s for the Robot Appearance measures per Touch condition. 

 Cronbach’s α Touch No Touch 
Immediacy .66 4.58 (1.02) 4.81 (0.92) 
Safety .71 5.01 (0.76) 5.14 (0.80) 
Qualification .78 4.74 (0.87) 4.74 (0.70) 
Dynamism .54 4.31 (0.61) 3.90 (0.70) 
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3.3.3 Attitude towards the Robot 

The scores on the three subscales of the NARS also remained unaffected by both the 
Bonding and Touching manipulations (as well as the interaction between the two; see 
also Table 11.5). The scores are listed in Table 11.9.  
 
Table 11.9: Mean scores (SD) and Cronbach’s α’s for the Robot Attitude measures per Touch Group. Different 

ranges of scores apply per subscale. Higher scores indicate a more Negative Attitude. 

Negative Attitude Towards: Cronbach’s α Touch No Touch 
Interaction with Robots (range: 6-30) .77 15.94 (3.52) 15.50 (4.41) 
Social Influence of Robots (5-25) .66 15.76 (3.11) 15.06 (3.71) 
Emotional Interactions with Robots (3-15) .80 9.27 (2.58) 8.88 (2.57) 

3.3.4 Relation with the Robot 

As depicted in Table 11.5, two separate analyses were carried out on the robot 
relation measures. First, a 2x2x2 mixed model MANOVA was carried out on the 
measures from the Bonding manipulation. These include Social Closeness, Likability 
(pre-movie Cronbach’s α = .86, post-movie α = .84), Anthropomorphism (α = .71 and 
α = .77), and Attachment (α = .75 and α = .90). A two-way MANOVA on the Affective 
Trust, Perceived Trust, and Perceived Friendship subscales Help, Intimacy, Emotional 
Security, and Stimulating Companionship was also carried out.  
 
According to the main effect of Measuring Moment of the 2x2x2 mixed model 
MANOVA, the perceived relationship with the robot was affected during the movie 
viewing (phase 2). Inspection of the individual repeated measures ANOVAs indicated 
that the strength of the relation generally decreased, and that this effect was mainly 
applicable for Anthropomorphism: F(1, 61) = 10.31, p = .002, partial η2 = .145. 
Moreover, there was a significant interaction effect between Measuring Moment 
and Bonding, which showed that the perceived bond with the robot increased during 
the movie for people in the No Bond groups, but decreased for people that already 
established a Bond. This interaction was significant for all dependent variables, except 
Anthropomorphism (see Table 11.10). The progress of the perceived relationship with 
the robot over the course of the study is depicted in Figure 11.32. 
 
Table 11.10: Mean scores (and SD) of the Robot Bond measures of the movie phase per Bonding group. The 

statistics depict the Measuring Moment x Bonding interaction effect. Bold-faced values represent significant 

effects. 

 Pre-Movie Post-Movie F(1, 61) p Partial η2 

Social Closeness 
(square root)  

Bond 1.76 (0.51) 1.55 (0.47) 21.95 < .001 .265 
No Bond 1.45 (0.45) 1.62 (0.51) 

Likability 
Bond 3.77 (0.67) 3.64 (0.84) 4.15 .046 .064 
No Bond 3.64 (0.71) 3.78 (0.68) 

Anthropomorphism 
Bond 2.31 (0.78) 2.12 (0.77) 0.38 .542 .006 
No Bond 2.59 (0.65) 2.31 (0.70) 

Attachment 
Bond 2.94 (0.80) 2.57 (0.92) 22.35 < .001 .268 
No Bond 2.35 (0.67) 2.82 (0.93) 

 

                                                       
2 The pre-bonding scores are visualized in the graphs, but not included in the mixed model MANOVA. 
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Figure 11.3: Progress of the Bonding measures over the course of the study2. Top: Likability, Middle: Social 

Closeness, Bottom: Anthropomorphism.  
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The MANOVA with the relational measures that were administered after the movie 
suggests a significant main effect of Touching. According to the separate ANOVAs and 
the group means, people in the Touch groups perceived a stronger sense of Intimacy 
with the robot than people in the No Touch groups: F(1, 61) = 4.33, p = .042, partial η2 = 
.066. The other Robot Relation scores were not affected by the Touching 

manipulation. The scores of all dependent variables are listed in Table 11.11. 
 
Table 11.11: Mean scores (SD) of the post-movie Robot Relation measures, and the statistics of the main Touch 

effects of the ANOVAs. The bold-faced value represents the significant effect. 

 Cronbach’s α Touch No Touch F(1, 61) p Partial η2 
Affective Trust .83 4.80  (1.18) 4.42 (1.14) 1.52 .222 .024 
Perceived Trust .83 4.26  (0.96) 4.11  (0.96) 0.39 .552 .006 
Help .89 3.85  (1.73) 3.38  (1.51) 1.28 .262 .021 
Intimacy .45 4.47  (1.15) 3.84  (1.17) 4.33 .042 .066 
Emotional Security .72 3.88  (1.66) 3.50  (1.19) 0.93 .339 .015 
Stimulating 
Companionship 

.86 3.53  (1.70) 3.86  (1.85) 0.64 .425 .010 

 

3.3.5 Impressions of the Touching Behavior 

According to the one-way MANOVA on the Touch Appropriateness measures, 
Bonding led to differences in impressions of the robot’s touching behavior. The 
individual ANOVAs demonstrated a significant difference on how startling the touch 
was perceived. People with a Bond were more startled by the robot’s touching 
behavior than participants in the No Bond groups: F(1, 31) = 16.49, p < .001, 
partial η2 = .347. The descriptive statistics are listed in Table 11.12. 
 
Table 11.12: Mean scores (and SD) of the Touch Appropriateness measures per Bonding condition. The *-

marked score was recoded so that higher scores represent more positive impressions of the touch. 

 Bond No Bond 

The touch was calming 5.60 (1.64) 6.11 (0.90) 
The touch was appropriate 4.13 (2.07) 5.22 (1.63) 
Felt at ease when the robot touched 3.67 (2.16) 4.61 (1.85) 
The touch startled me* 4.53 (1.92) 6.44 (0.51) 
The touch felt human-like 2.53 (1.77) 2.94 (1.66) 

3.3.6 Pro-social Behavior 

To investigate whether a robot-initiated touch could induce a Midas Touch effect, we 
carried out Mann-Whitney U tests on the amount of money that was donated. We 
compared the Touch with the No Touch groups regardless of the Bonding (Touch Mdn 

= 0.0, No Touch Mdn = 0.0; U = 527.5, Z = -.01, p = .994, r = -.001). We also explored 
the generosity for the No Bond groups only (Touch Mdn = 0.0, No Touch Mdn = 1.25; 
U = 121.0, Z = -.91, p = .363, r = -.156), and for the Bond groups only (Touch Mdn = 
0.0, No Touch Mdn = 0.0; U = 98.0, Z = -1.05, p = .294, r = -.188). None of the tests 
yielded a significant Midas Touch effect on the amount of money that was donated. A 
χ²-test to investigate whether the actual willingness to donate differed between 
people in the Touch and No Touch conditions, did not demonstrate any differences 
either: χ²(1, n = 65) = 0.12, p = .725 (2-sided), Cramer’s V = .044.  
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This also applied when the data were split between people that had a Bond with the 
robot (χ²(1, n = 31) = 2.00, p = .157 (2-sided), Cramer’s V = .254) and people that had 
No Bond: χ²(1, n = 34) = 0.62, p = .429 (2-sided), Cramer’s V = .136. 
 
Similar Mann-Whitney U analyses were carried out on the data of 61 participants (due 
to missing data) to scrutinize the willingness to stay extra time for ostensible 
additional experimental tasks. No significant effects of robot-initiated Touching on 
the amount of time that one was willing to stay were found. This applied for the 
overall comparison between the Touch and No Touch groups (Touch Mdn = 30.0, No 

Touch Mdn = 30.0; U = 444.0, Z = -0.30, p = .764, r = -.037), the comparison for people 
in the Bond groups only (Touch Mdn = 30.0, No Touch Mdn = 30.0; U = 101.5, 
Z = -0.12, p = .908, r = -.021), and for the people that had No Bond (Touch 

Mdn = 30.0, No Touch Mdn = 17.5; U = 118.5, Z = -0.37, p = .712, r = -.063). Since 58 
out of the 61 participants were willing to stay longer, no additional χ²-tests were 
carried out. The results of the Midas Touch measures are listed in Table 11.13. 
 
Table 11.13: Midas Touch effect results. Money in €, Time in minutes. 

 Donation Time 
Amount of Money 

(SD) 
Proportion 
Complying 

Amount of Time 
(SD) 

Proportion 
Complying 

Touch No 
Touch 

Touch No 
Touch 

Touch No 
Touch 

Touch No 
Touch 

All 
Participants 

3.98 4.62 11/33 12/32 25.3 25.4 26/29 32/32 
(6.72) (7.81) (33.3%) (37.5%) (17.8) (16.7) (89.7%) (100%) 

Bond 
3.00 4.06 3/15 7/16 27.3  25.3 12/13 16/16 
(6.49) (5.54) (20.0%) (43.8%) (18.7) (12.8) (92.3%) (100%) 

No Bond 
5.97 3.91 8/18 5/16 23.9 25.3 14/16 16/16 
(8.71) (7.90) (44.4%) (31.3%) (15.3) (22.1) (87.5%) (100%) 

3.3.7 Data Exploration and Personality Characteristics 

Although the bonding manipulation resulted, at group level, in a stronger bond with 
the robot in the Bond groups, there were large individual differences in the 
questionnaire scores. To gain better insights in to what extent one’s actual perceived 
social relationship with a robot, rather than the a priori defined experimental group, 
determines the responses to a touch, we computed each participant’s Bonding Score. 
This score (range: 0-6) consisted of the sum of the normalized scores (i.e., converted 
to values between 0-1) of the Likability, Anthropomorphism, and Social Closeness 
post- and pre-bonding differences, and the Social Presence, Attachment, and the 
Self-Disclosure scales. Whereas the Bonding Scores for participants in the original No 

Bond groups were at the lower end of the range (M = 2.91, SD = 0.38), the scores for 
people in the Bond groups were dispersed over a much broader range (M = 3.33, SD = 
0.61). This implies that the perceived bond with the robot not necessarily corresponds 
with the experimental group (see also the scatterplot in Figure 11.4). Therefore, we 
repeated all analyses, where we substituted the original independent variable 
Bonding for Perceived Bonding (i.e., the new Bonding Scores dichotomized based on 
a Median Split (Mdn = 3.07), with the levels: Low and High). 
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Figure 11.4: Scatterplot of the bonding scores and their dispersion per original Bonding group. The dashed line 

indicates the Median. 

Moreover, since the perceived Social Presence determines to what extent the robot is 
perceived as an actual social actor (see also Chapters 7 and 8), and modulates the 
user’s social responses to the robot (Kim et al., 2013; Lee, 2004; Lee et al., 2006), we 
also carried out additional analyses with Social Presence as substitution for the 
original independent variable Bonding. The Social Presence independent variable 
comprises the dichotomized Social Presence scores based on a Median split 
(Mdn = 4.88), with the levels: Low and High, as can be seen in Figure 11.5. 

 
Figure 11.5: Scatterplot of the Social Presence scores and their dispersion per original Bonding group. The 

dashed line indicates the Median. 

Besides strong main effects of Perceived Bonding in the relational MANOVAs, which 
were to be expected, the analyses did not yield additional or substantially different 
insights in the effects of robot-initiated touch and/or in possible interaction effects 
between Touch and Perceived Bonding with the robot. This also applied for Social 

Presence. The effects are therefore not further reported. 

3.4 Personality Characteristics 
The main MANOVAs that investigated the Touch, Bond, and the interaction effects 
were all repeated to verify whether personality characteristics modulated these 
effects. More specifically, we carried out a series of MANCOVAs with respectively 
one’s anxiety towards (1) communication capabilities of the robot, (2) its behavioral 
characteristics, and (3) discourse with robots as covariates. In addition, (4) touch 
receptivity and (5) the participants’ age were included as covariates as well. 
Moreover, the analyses were repeated with the additional factor Gender (Male, 
Female), resulting in various 2x2x2 MANOVAs (Bond, Touch, Gender), one 2x2x2x2 
mixed model MANOVA (Measuring Moment (within), and Bond, Touch, and Gender), 
and a 2x2 (Bond and Gender) MANOVA for the touch appropriateness. Similar 
additional analyses were carried out with the factor Attachment Style (Secure, 
Insecure). Even though several personality characteristics turned out to be significant 
predictors for various scores, none of these additional analyses provided alternative 
or more nuanced insights in the effects of robot-initiated touches than the main 
analyses. Therefore, the effects are not further reported. 
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4 Discussion 
We designed and carried out an experiment to test the hypotheses that robot-
initiated touches during stressful circumstances beneficially affect one's emotional 
state (H1a), one's stance towards the robot (H1b), and one's pro-social behavior 
(H1c). Moreover, we hypothesized (H2) that having a bond with the robot prior to the 
touch interactions would enhance the effects of touch in H1a and H1b, but not of 
H1c. No interaction effects between having a bond with the robot and being touched 
by the robot were found for any of the measures. This also holds when the individual 
perceptions of one's bond with the robot were considered, rather than the original 
experimental condition, and when we controlled for possibly modulating 
interpersonal differences regarding one’s prior anxiety to robots, touch receptivity, 
age, or gender. We thus did not find support for H2. We did however find beneficial 
effects of robot-initiated touches on one's emotional state (i.e., an attenuation in the 
increase of the heart rate) and perceived relation with the robot (a higher perceived 
intimacy in the bond with the robot), regardless of whether a bond with the robot 
was established. H1a and H1b are supported for some of the measures. No support 
for H1c was found, as robot-initiated touches did not lead to increased pro-social 
behavior. Here we discuss the findings and reflect on our methodology; firstly with 
regard to bonding in combination with touch and secondly with regard to the robot's 
social touch behavior in general.  

4.1 Bonding as a Modulator for Responses to Social Touch 
In line with their human equivalent (e.g., (Grewen et al., 2003)), robotic touches did 
have beneficial effects on the emotional state of the participants. The physiological 
stress responses (i.e., the heart rate) during the interaction moments, as well as 
during the intervals between these interactions, decreased due to the touches. 
Moreover, robotic touches led to a stronger bond with the robot during the movie 
viewing than interactions without physical contact. Touches enhanced the perceived 
intimacy. This latter finding also corresponds with findings for human touch (e.g., 
(Gulledge et al., 2007)), but also to some extent with earlier findings in robot-initiated 
touch (see also Chapters 1 and 7) and our Fay-study (Chapter 8). These effects were 
not affected by the Bonding manipulation. Our findings imply, in line with previous 
suggestions (van Erp & Toet, 2013, 2015), that robotic touches can induce responses 
that are similar to those to human touches, and that social touch thus can be a 
valuable extension of the robot's non-verbal communication repertoire. Interestingly, 
these beneficial effects of robot-initiated touch contradict the findings from the 
previous NAO-study (Chapter 10), in which the same robot was used in the same 
movie viewing paradigm. A possible explanation for this discrepancy could be that all 
participants in the current study already became acquainted with the robot's 
appearance and physical capabilities prior to the movie interaction. This thus also 
applied for participants in the No Bond groups, where the robot displayed random 
idle behavior. This minimal level of familiarity with the robot's capabilities – which is 
not the same as having a social bond – may have been sufficient for the robotic 
touches to elicit the anticipated responses. In other words: merely spending time in 
close vicinity of the robot, and getting acquainted with its capabilities to move, could 
already be sufficient to elicit responses to robot-initiated social touches that are 
similar to responses to human touch. This acquaintance with the robot’s capabilities 
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could also have increased the social presence as experienced in the robot to a level 
that suffices for the elicitation of beneficial effects through robot-initiated touch; a 
level that may not have been achieved in the first NAO-study. As we do not have data 
to back this suggestion, the modulating role of social presence remains speculative.  
 
The fact that the effects of touch have been found regardless of the bond with the 
robot is partially in line with Coan et al. (2006), who found that human social touches 
from both a stranger and a loved one can have stress-attenuating effects. The 
responses as described by Coan et al. were however stronger when the touches were 
applied by the partner. The fact that no such modulating effect of relationship was 
observed in our study may be explained by the relatively small differences between 
the Bond and the No Bond groups with regard to the perceived strength of the bond 
with the robot. Although a significantly stronger bond was established for people in 
the Bond groups, the relatively low scores and substantial variance on the various 
relational measures suggest that the bonding manipulation only led to a rudimentary 
relationship. A level that resembles the sense of rapport and acquaintance as was 
achieved in earlier research such as: (Kahn et al., 2015; Leite, Pereira, et al., 2013; 
Nass et al., 1996; Pereira et al., 2011). This suggestion is further supported by the fact 
that an alternative distribution based on the participant's perceived Bonding Scores 
did not lead to different results. A social relationship is a persistent construct that is 
incrementally built and maintained over a series of interactions that can potentially 
span a lifetime (Bickmore & Picard, 2005, p. 294). The relatively short bonding 
interaction in our study may simply not have led to a human-robot relationship that is 
constructive, intimate (Baxter et al., 2011; de Graaf et al., 2015), trustworthy, or 
empathetic (Bickmore & Picard, 2005) enough to be able to elicit more 
comprehensive and compelling responses to touches than the responses we 
observed. The bond may not have approached human bonding enough to elicit 
outspoken effects to touch (Collier, 1985; Heslin et al., 1983; Suvilehto et al., 2015). A 
stronger bond with the robot could incrementally be built over multiple interactions; 
either prior to a touch interaction, or in a longitudinal design in which the robot’s 
touching behavior develops in conjunction with the development of the relationship. 
 
Unexpectedly, people who bonded with the robot perceived its touches as less 
appropriate than people who did not bond. A possible explanation could be that the 
touches were unanticipated for people in the Bond groups, as they familiarized with a 
robot that spoke and displayed non-verbal immediacy behaviors such as movements 
(Bickmore & Picard, 2005; De Ruyter et al., 2005), but did not yet touch. An 
alternative, and perhaps more likely, explanation for this finding is that the bonding 
interaction in phase 1 not only enhanced the bonders’ perceived relationship with the 
robot, but also increased their expectations with regard to the interaction capabilities 
of the robot (Dautenhahn, 2007; Leite, Martinho, et al., 2013; Lohse, 2011). A 
mismatch may then have occurred between these expectations and the rather 
mechanical appearance and feel of the robot's touch. It is no surprise that the touch 
of a NAO robot vastly differs from human touch in terms of its physical composition 
(Gallace & Spence, 2010; Hertenstein, 2002). Although other robotic social cues also 
differ from their human counterparts in terms of abstraction (Breazeal, 2003b, 2004), 
the touch discrepancy may have been inadmissible; in particular given the possible 
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heightened expectations due to the bonding phase. This may in turn have been 
detrimental for the social presence illusion (Lee, Jung, et al., 2006). Such a mismatch 
may not have occurred for the non-bonders, as their expectations with regard to the 
robot's interaction capabilities were already low, or simply non-existing. This 
explanation may also clarify why no interaction effects were found between touch 
and bonding for the other measures, That is, as soon as the robot touched the 
bonders, the social presence illusion may have disappeared, thereby nullifying the 
possible differences between the bond and no bond groups. The suggestion that 
different expectation levels may have affected the results is further substantiated by 
the relational measures in the movie phase, which increased for the non-bonders, but 
decreased for the bonders. For the non-bonders, this can be explained by the fact 
that the movie interactions were their first actual social interactions with the robot. 
For the people that bonded with the robot, the decrease in bonding could be 
explained by the fact that each participant received the same, supposedly comforting, 
words from the robot, regardless of how (s)he actually felt during the movie. These 
scripted interactions contrast with the robot's seemingly responsive behavior during 
the bonding phase, and may have made the robot acting less empathetic than 
expected. The overall decrease of perceived anthropomorphism of the robot during 
the movie phase also suggests that the scripted interaction may have been 
detrimental to the interaction. Personalization and adaptation to the user are 
essential for successful HRI (e.g., (Torrey, Powers, Marge, Fussell, & Kiesler, 2006)), or 
as Dautenhahn (2004, p. 17) puts it: “rather than relying on an inbuilt fixed repertoire 

of social behaviors, a robot should be able to learn and adapt to the social manners, 

routines, and personal preferences of the people it is living with”.  

4.2 Effects of Robot-initiated Touch 
The positive effects of robot-initiated touch on one's heart rate during stressful 
circumstances, and on the perceived intimacy of the relationship with the robot 
contradict the suggestion that affective robotic touches do not lead to positive 
responses (Chen et al., 2014). Moreover, as mentioned, the results are not fully in line 
with the previous NAO-study. The positive effects of touch should however be 
interpreted with care. Although the effect sizes (i.e., the partial η2's) of the concerned 
MANOVAs can be considered substantial, touching did not significantly affect all 
associated dependent variables according to the respective individual ANOVAs. 
Contrary to the effects known for human touch, no effects of robot-initiated touches 
were found on for example the perceived appearance of the robot, the attitude 
towards the robot, and the perceptions of the stressor. Moreover, no effects on pro-
social behavior could be observed. This is not in line with earlier robotic Midas Touch 
research (e.g., (Fukuda et al., 2012)), but corroborates our earlier studies. A possible 
explanation for this discrepancy could be, as mentioned before, that the effectiveness 
of the Midas Touch may depend on how substantial the request is (as is also 
suggested by Huisman (2017a, pp. 58–59)). Carrying out a monotonous task (as was 
done in earlier work (Nakagawa et al., 2011; Shiomi et al., 2017)) or accepting or 
rejecting a fictitious monetary offer (like the task that Fukuda et al. (2012) applied) 
may have been relatively trivial. A request for actual money from the participant's 
own assets (contrary to the unexpected bonus that participants received in the 
previous NAO-study) may have been a bridge too far though.  
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Finally, we did not find any modulating effects of the several personality 
characteristics that were included in the measures. Neither the age and gender of the 
participants, one’s anxiety for robots, or one’s touch receptivity affected the 
subjective and physiological responses to the robot-initiated touches. This mostly 
corroborates our earlier findings, although age seemed to affect the responses to 
robot-initiated touches to a larger extent than it did in the current study. This could 
be explained by the mean age of the participants in the current study, which was 
higher than in the previous NAO-study.  
 
Although the physiological, emotional, and behavioral responses to robot-initiated 
touches as observed in this study do not all correspond with responses to human 
touch, the effects of touch with regard to heart rate and perceived intimacy 
demonstrate that such touches may elicit the desired effects.  

5 Conclusion 
A social touch that is provided by a robot can attenuate physiological stress responses 
and increase the sense of intimacy between the human and the robot, regardless of 
whether a social bond is established or not. That is to say, having a (likely 
rudimentary) sense of rapport and acquaintance with the robot, as was the case in 
our study, does not amplify physiological, emotional, and behavioral responses to 
touches from a robot as compared to simply spending time in the robot's vicinity 
(without interacting with it). No support was found for the hypothesis that a social 
bond modulates responses to touches provided by a robot in a similar way as in 
human-human interaction, although it remains unclear what would happen when a 
more advanced human-robot bond would be established. The results imply that mere 
familiarity with the robot's appearance and movements – possibly through enhanced 
social presence – already suffices in eliciting beneficial responses to robot-initiated 
touches, even though this does not apply for all anticipated responses. 
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Chapter 12. Chapter 12 
Social Touch in Human-Robot Interaction: 

Discussion 
 
 
 
 
 
The purpose of this twelfth chapter is to review and discuss the research that we 
carried out on robot-initiated touch. First, I will provide a summary of the 
experiments and the main findings (Section 1), after which I will further nuance the 
findings by means of a series of meta-analyses (Section 2). Section 1 is dedicated to a 
collective discussion of the six studies that I presented in this part of the dissertation. 
In this discussion, I will specifically focus on what our findings could mean for future 
research on robot-initiated touch and for the actual application of social touch in HRI. 
Moreover, I will discuss several possible limitations of our work. This chapter will end 
with the conclusions (Section 4) which are in essence the answers to the various 
research questions as defined in Chapter 7.  
 
 
 
 
 
 
 
 
 
 
 
Parts of this chapter are derived from: 

Willemse, C. J. A. M., Huisman, G., Jung, M. M., van Erp, J. B. F., & Heylen, D. K. J. 
(2016). Observing Touch from Video: The Influence of Social Cues on Pleasantness 
Perceptions. In International Conference on Human Haptic Sensing and Touch Enabled 

Computer Applications (pp. 196–205). 
 
Willemse, C. J. A. M., Toet, A., & van Erp, J. B. F. (2017). Affective and Behavioral 
Responses to Robot-Initiated Social Touch: Towards Understanding the Opportunities 
and Limitations of Physical Contact in Human-Robot Interaction. Frontiers in ICT, 
4(May). 
 
Willemse, C. J. A. M., & van Erp, J. B. F. (in press). Social Touch in Human-Robot 
Interaction: Robot-initiated touches can induce positive responses without extensive 
prior bonding. International Journal of Social Robotics. 
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1 Summary 
Many different social robots have been developed that to some extent have a 
humanlike appearance (e.g., (Breazeal, 2003b, 2004)). Moreover, such robots 
emulate human social behavior to various degrees (Fong et al., 2003; Lee et al., 2005). 
Humanoid robots consist of a torso, to which a head, legs (or wheels), and arms are 
attached. These social robots have been particularly developed to engage in verbal 
and non-verbal communication with human users, or at least to evoke meaningful 
social interaction (Lee et al., 2005, p. 539). Social interactions with robots can be 
particularly effective as people tend to attribute humanlike characteristics to a robot. 
Moreover, they apply social rules derived from human-human interactions while 
interacting with robots. People treat Computers As Social Actors (CASA; (Krämer et 
al., 2015; Nass et al., 1995)). In essence, social robots possess social touch capabilities 
as well, as they have physical bodies that can be touched and can employ various 
haptic actuators (e.g., in their arms) to initiate social touches themselves (Lee, Jung, 
et al., 2006; Salter et al., 2006). Utilizing the robot’s inherent touching capabilities 
could extend the robot’s social communication repertoire; in particular when the 
touches would elicit similar effects as human touches. To find out whether robot-
initiated touch indeed could elicit such responses in the human recipient, and under 
which circumstances, we carried out six studies, which I will briefly summarize here. 
 
In Chapter 7, I argued that the higher the sense of social presence as perceived in the 
robot is, the more outspoken the effects of robot-initiated touch may be. That is to 
say that perceiving the robot to some extent as a social actor may activate cognitive 
processes regarding the interpretation of its touch. In order to verify this suggestion, 
we carried out Study 4 (the Fay-study; Chapter 8), in which we intended to actively 
inform the participants about the robot’s social presence by means of providing 
information regarding the supposed social capabilities of the Fay robot, prior to a 
simulated social touch interaction in a scary movie setting. The social presence 
manipulation did have some effects on the emotional experiences during the movie 
and on the perceived relationship with the robot; higher social presence leads to 
more beneficial responses. However, the manipulation did not modulate the 
objective and subjective responses to the touches; no interaction effects were found. 
We did however find beneficial effects of robot-initiated touch on the perceived trust 
and affective trust in the robot, regardless of the level of social presence. The 
majority of the measures with regard to the emotional state, perceptions of the 
robot, and pro-social behavior remained unaffected by the robot’s touch though. 
 
After the Fay-study, we raised the suggestion that the low anthropomorphism of the 
Fay robot due to its mechanical appearance may have been the underlying reason for 
the absence of modulating effects of social presence on touch perceptions. To 
investigate whether the appearance of the robot indeed may have influenced the 
effects of touch, we carried out three online crowdsourcing studies with visual 
materials (Chapter 9). The designs of these studies were based on the premise that 
the same areas in the brain are addressed when merely observing or imagining touch, 
as when a touch is physically perceived (e.g., (Blakemore et al., 2005; Lucas et al., 
2015; Yoo et al., 2003)). In Study 5 and 6, we presented participants with different 
videos of stroking touches that were applied to a human arm at different velocities 
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and through different stimuli (i.e., a human hand, a robot hand, a plastic tube, and a 
plastic mannequin arm). The pleasantness ratings demonstrated a similar inverted 
U-curve as a function of the stroking velocity as was found in studies in which physical 
contact occurred (e.g., (Essick et al., 2010); see also Chapter 1). This demonstrated 
that crowdsourcing studies that utilize visual stimuli may be a valuable method for 
social touch research as well. In the first Stroking video-study, no consistent 
differences between the stimuli were found with regard to the perceived 
pleasantness, which was likely caused by the between-subjects design of that study. 
In the second video-study, we applied a within-subjects design with which we 
demonstrated that human touches were perceived as significantly more pleasant 
than the artificial stimuli. The attribution of the stimuli to a social source or to non-
social technology did not alter these perceptions. No clear-cut differences between 
the non-human stimuli were found, which makes it difficult to draw conclusions 
regarding the role of morphology and/or materials of the robot in robot-initiated 
touch interactions. In the subsequent Robot picture-study (Study 7) then, we 
recorded the impressions that people had about a selection of 51 robots, and related 
these impression scores with perceptions of imagined robot-initiated touch in a scary 
movie setting. Our results indeed suggest that the appearance of a social robot is 
related to how a touch may be perceived. That is, how pleasant, comforting, stress-
attenuating, appropriate, and expected a robot-initiated touch is in the scary movie 
scenario. More specifically, the more positive affect is displayed by the robot, and the 
less threatening it looks, the more positive the perceptions of the imagined touch are. 
Moreover, a robot should not appear too humanlike as that may be perceived as 
uncanny, thereby negatively influencing robot-initiated touch perceptions. However, 
a robot should not look too mechanical or non-humanlike either.  
 
Based on the considerations with regard to the appearance of the robot, we carried 
out the subsequent lab studies with a one of the most touch-suitable robots 
according to the Robot picture-study: the NAO robot. A robot-initiated touch did, 
according to the first NAO-study (Chapter 10), however not result in reduced stress, 
an enhanced bond with the robot, or a robotic Midas Touch effect, as compared with 
a no touch condition. After the first NAO-study, we hypothesized that having a social 
relationship with the robot may modulate the responses to its touches, and may even 
be a prerequisite for effective touch interactions. This hypothesis resonates with 
knowledge from human co-located touch interactions, and follows the CASA 
paradigm as people tend to apply human social rules in their interactions with robots. 
In Study 9 (the Robot bonding-study; Chapter 11), we intended to verify whether 
having a bond with the robot indeed modulates the responses to touch, and if such a 
relationship even could be a boundary condition for effective physical HRI. In this 
study, half of the participants engaged in social interactions with the robot prior to 
the scary movie and the touch interaction. During the bonding phase, in which the 
participant played games and had conversations with the robot, the robot applied 
several relational strategies to establish a bond. The other half of the participants had 
similar interactions, albeit with the experiment leader instead of with the robot. The 
robot was however physically present and displayed random idle movements. 
Although the results of the touch interaction demonstrated that a rudimentary bond 
with a robot did not modulate the responses to touch, we did find some beneficial 
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responses to touches regardless of the bonding manipulation. Since the touch 
interaction was exactly the same as in the first NAO-study, we deduced that the 
differences between the two studies with NAO may have been caused by the phase 
prior to the touch interaction. In the Robot bonding-study, participants became 
acquainted with the physical appearance and capabilities of the robot prior to the 
touches, which was not the case in the first NAO-study. This acquaintance occurred 
both in the bond and no bond conditions, because in the latter, the robot was also 
present and displaying random idle movements. This minimal level of acquaintance 
with the robot’s capabilities due to residing in the robot’s vicinity prior to the touch 
interaction may have been sufficient to elicit the beneficial effects.  
 
All in all, the results of our studies suggest that robot-initiated touches may elicit 
some beneficial responses in the human recipient, albeit only within specific 
boundary conditions. Trying to establish what these boundary conditions exactly 
entail did not provide clear-cut insights though. The manipulation of the social 
presence of the robot, replacing a mechanical robot for a seemingly more ‘touch-
suitable’ robot, establishing a bond, and controlling for differences in personality 
characteristics did not consequently affect the responses to robot-initiated touch. 

2 Meta-Analyses 
The three lab studies (Study 4, 8, and 9, as described in Chapters 8, 10, and 11 
respectively) demonstrate somewhat mixed results with regard to the effects of 
robot-initiated touch. Whereas we found some beneficial effects, many of the 
measures that we applied were not affected by robot-initiated touches. In a similar 
way as described in Chapter 6 for the studies on warmth in mediated touch, the 
sample sizes in our studies on robot-initiated touch may have been too small to 
actually detect effects. We based our sample sizes on similar studies in HRI (e.g., 
(Fukuda et al., 2012; Nakagawa et al., 2011; Shiomi et al., 2017)) and on those of 
research on the effects of human co-located touch. However, using the effects of 
human touch as benchmark may not be appropriate. That is to say that although 
robot-initiated touches may elicit similar effects in the human recipient as human 
touch, their effects may not be as outspoken. The results of the second Stroking 
video-study (Chapter 9) support this idea to some extent, as an observed stroking 
touch applied by a human was perceived as significantly more pleasant than that of a 
robot. In addition, the scores on the imagined robot touch perception items of the 
Robot picture-study (Chapter 9) were not very positive either. To gain insights in the 
effects of robot-initiated touch with a larger sample size, we combined the results of 
our three lab studies. We again carried out random-effect model meta-analyses for all 
recurring Emotional State and Robot Perception measures, with the software package 
Comprehensive Meta-Analysis. All valid responses were included in the meta-
analyses, and divided into the Touch or No Touch condition. The social presence and 
bonding manipulations were not considered separately. In Table 12.1 the sample sizes 
per group are listed. Since the physiological recordings were not valid for all 
participants, the sample sizes vary. 
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Table 12.1: Sample sizes for each of the experimental groups and meta-analyses. Numbers between brackets 

indicate the sample sizes with valid Emotional and Physiological State scores.  

 No Touch Touch Total n 
Sample sizes of the studies; valid cases only. 
Study 4 (Chapter 8) 26 (25) 28 (27) 54 (52) 
Study 8 (Chapter 10) 19 (17) 20 (19) 39 (36) 
Study 9 (Chapter 11) 32 (29) 33 (31) 65 (60) 
Sample sizes in meta-analyses  
Emotional State analyses  71 77 148 
Robot Perception analyses 77 81 158 

 
Table 12.2: The results of the meta-analyses of the various measures that were applied in the lab studies. Δ-

Values indicate the difference scores between the (post-)movie and baseline measure. Bold-faced values 

indicate significant effects. 

Measure d 95% CI Z p 

Emotional and Physiological State 
HR Movie (Δ) 0.15 [-0.27, 0.56] 0.69 .491 
HR Interaction Moments (Δ) 0.19 [-0.30, 0.68] 0.77 .443 
HR Non-Interaction Intervals (Δ) 0.11 [-0.48, 0.71] 0.38 .706 
HRV Movie (Δ) -0.29 [-0.72, 0.14] -1.32 .188 
HRV Interaction Moments (Δ) -0.15 [-0.48, 0.17] -0.92 .357 
HRV Non-Interaction Intervals (Δ) -0.12 [-0.46, 0.21] -0.73 .464 
GSR Movie (Δ) -0.11 [-0.43, 0.22] -0.64 .524 
GSR Interaction Moments (Δ) -0.14 [-0.46, 0.19] -0.84 .402 
GSR Non-Interaction Intervals (Δ) -0.06 [-0.39, 0.26] -0.39 .696 
RR Movie (Δ) 0.05 [-0.27, 0.37] 0.29 .768 
RR Interaction Moments (Δ) 0.07 [-0.25, 0.39] 0.42 .672 
RR Non-Interaction Intervals (Δ) 0.11 [-0.22, 0.43] 0.64 .523 
Valence (SAM; Δ) -0.17 [-0.49, 0.16] -1.02 .308 
Arousal (SAM; Δ) -0.26 [-0.59, 0.06] -1.60 .110 
Positive Affect (Δ) 0.06 [-0.26, 0.38] 0.37 .709 
Negative Affect (Δ) -0.19 [-0.52, 0.13] -1.17 .242 
Fear Arousal Scale 0.00 [-0.32, 0.32] 0.01 .992 
Disgust Arousal Scale -0.29 [-0.62, 0.03] -1.77 .077 
Robot Appearance  
Immediacy -0.05 [-0.37, 0.26] -0.33 .741 
Safety (Credibility scale) -0.02 [-0.33, 0.30] -0.10 .923 
Qualification (Credibility scale) 0.06 [-0.42, 0.54] 0.24 .814 
Dynamism (Credibility scale) 0.32 [-0.16, 0.81] 1.31 .192 
(Negative) Attitude towards the Robot (NARS) 
Interaction with Robots -0.11 [-0.42, 0.20] -0.69 .493 
Social Influence of Robots -0.10 [-0.49, 0.29] -0.49 .622 
Emotional Interactions with Robots 0.07 [-0.33, 0.48] 0.36 .718 
Relation with the Robot 
Attachment 0.34 [0.01, 0.68] 1.99 .047 

Affective Trust 0.29 [-0.04, 0.61] 1.72 .085 
Perceived Trust 0.35 [0.04, 0.67] 2.20 .028 

Help (Perceived Friendship scale) 0.07 [-0.24, 0.38] 0.44 .657 
Intimacy (Perceived Friendship scale) 0.37 [0.06, 0.69] 2.32 .020 

Emotional Security (Perceived Friendship scale) 0.16 [-0.15, 0.47] 1.01 .312 
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The results of the meta-analyses, as listed in Table 12.2 corroborate most of the 
findings of the individual studies, as no significant effects were found for the majority 
of the measures. The associated effect sizes (Cohen’s d) can be considered small at 
best, according to the conventions as defined by Cohen (1992). However, over the 
three studies, the perceived Intimacy and Attachment with the robot, as well as the 
Perceived Trust in the robot were positively affected by a robot-initiated touch, with 
effect sizes approaching the medium qualification. Subsequent power-analyses were 
carried out with G*Power (Faul et al., 2009) and with a power (1-β) of 0.80 as 
recommended by Cohen (1992). These analyses revealed that the sample sizes 
regarding the Emotional State (i.e., a Cohen’s d of 0.41) and the Robot Perception 
measures (d = 0.40) were substantial enough to detect medium to small effects. 
However, it may be the case that effects of robot-initiated touches are substantially 
smaller than those of their human counterparts. People do not perceive robots as 
equally socially capable as humans (Spence et al., 2014). Consequently, our samples 
may have been too small to detect really small effects of robot-initiated touch, if any. 

3 General Discussion 

3.1 Robot-Initiated Touch 
Based on findings from research on non-social physical stimuli, as well as on human-
human mediated touch, it has been suggested that robot-initiated touches could be 
able to elicit responses in the human recipient as well, as robots make use of similar 
haptic technologies (van Erp & Toet, 2013, 2015). As we mentioned in Chapter 7 as 
well, the premise that mere physical stimulation (applied by a social robot) is enough 
to elicit beneficial responses, may be an oversimplification. Firstly because not all 
mediated touch devices elicit beneficial effects in the recipient. Secondly, and more 
importantly, the premise disregards that a social robot inherently will be considered a 
– to some extent – social entity (due to the CASA paradigm (Krämer et al., 2015; Nass 
et al., 1995)). The latter consideration introduces additional dimensions that may 
affect the perception of a robot-initiated touch, rather than solely the physical 
stimulus. The suggestion that mere physical stimulation that is initiated by a robot 
may be an oversimplified approach is also supported by the findings of our three lab 
studies as described in Chapters 8, 10, and 11, and the accompanying meta-analyses. 
Although touches elicited incidental beneficial responses, hardly any consistent 
responses to the touches were found over the three studies. Robot-initiated touches 
may thus elicit specific responses in the recipient that show overlap with responses to 
actual human co-located touch, but these effects may only appear under specific 
circumstances (i.e., within specific boundary conditions). The identification of such 
boundary conditions was one of the aims of the work as presented in Part III.  
 
In Chapter 7, I argued that the experienced social presence – the extent to which a 
social robot is perceived as an actual social actor (Lee, 2004) – could be of influence 
for the perception of robot-initiated touch. That is to say that perceiving the robot as 
a social actor may activate cognitive processes regarding the interpretation of the 
touch, in a similar way as in human touch. Higher levels of social presence may lead to 
more outspoken beneficial effects of the touch. This suggestion resonates with the 
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findings that more positive perceptions of a robot appear when its social presence 
increases (e.g., (Bartneck, Kanda, et al., 2009)). Our explicit social presence 
manipulation in the Fay-study (Chapter 8) did sort effects on some emotional 
experiences during the movie and on the perceived relationship with the robot. 
Higher social presence led to more beneficial responses. However, this manipulation 
did not sort the expected effects with regard to the robot-initiated touch perception, 
as social presence did not modulate the objective and subjective responses to the 
touches. No interaction effects were found between touch and social presence. 
However, in Chapter 7, I also argued that the extent to which social presence is 
attributed to the robot, can be influenced by many characteristics and behaviors of 
the robot. In the remainder of this discussion, I will discuss several of these 
characteristics that we addressed throughout Part III, to provide further insights in 
RQ4.2: the modulating role of attributing social presence to the robot on perceptions 
of its touches. 
 
A first aspect that may influence the social presence that is experienced in the robot 
is its physical appearance (e.g., (Dautenhahn, 2007)), which in turn may also affect the 
responses to a robot-initiated touch (RQ4.1).  The results of the Robot picture-study 
(Study 7; Chapter 9) indeed suggest that the appearance of a social robot is related to 
how pleasant, comforting, stress-attenuating, appropriate, and expected a touch is 
perceived. The more positive affect as displayed by the robot and the less threatening 
it looks, the more positive the perceptions of the imagined touch are. Moreover, a 
robot should not appear too humanlike as that may be perceived as uncanny, and as a 
consequence may negatively influence robot-initiated touch perceptions. A robot 
should also not look too mechanical (i.e., non-humanlike) either. A humanlike 
morphology (i.e., humanlike body parts, joints and degrees of freedom, and 
proportions) is advisable, although slightly caricatured elements (such as large eyes) 
may further enhance the suitability for touch interactions. Our findings are to some 
extent in line with the Uncanny Valley hypothesis (Mori, 1970; Mori et al., 2012), 
although a substantial increase in positive touch perceptions would be expected for 
extremely humanlike robots. These dimensions may form guidelines for the designers 
and developers of robots that are intended to engage in social touch interactions. 
How exactly a robot should look to adhere to these guidelines is not entirely clear 
though. The positive, non-threatening, and moderately humanlike appearance could 
be achieved by for example adjusting the robot’s proportions (e.g., (DiSalvo, 
Gemperle, Forlizzi, & Kiesler, 2002)) the presence or absence of certain facial features 
(e.g., (Powers & Kiesler, 2006)), the displayed emotions, or the perceived gender or 
age of the robot; see also (Mathur & Reichling, 2016). Moreover, there may be 
interaction effects between variances in these features and the perceptions of a 
touch (e.g., (Tsalamlal, Martin, et al., 2015)) that warrant further investigations. With 
regard to the robot’s physical properties, it may however be advisable to develop a 
smooth, physically warm robot, that does not move too jerky. Although the guidelines 
that were derived from the robot pictures study may provide a valuable starting point 
for the design of touching robots, the actual responses to touches from robots with 
varying appearances should be investigated to verify the value of the online results. 
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In the first NAO-study, a touch from the more anthropomorphic and more friendly 
appearing robot did not elicit any positive effects in the recipient whatsoever. Merely 
a ‘pleasant’ appearance of the robot in conjunction with physical stimulation thus 
does not suffice in the elicitation of beneficial responses to robot-initiated touch per 
se. In line with the CASA principles, it is likely that people not only interpreted the 
robot’s touch based on how it felt and on the appearance of the robot, but also based 
on social rules that may apply in touch interactions. As such, the participants may 
have found it strange that an unfamiliar robot started touching them to provide 
consolation. In line with human-human interaction (e.g., (Suvilehto et al., 2015; 
Thompson & Hampton, 2011)), we hypothesized that a relationship between the 
toucher (robot) and the touchee (human recipient) could make the touch more 
appropriate and could even be a prerequisite for effective touch interaction (RQ4.3). 
Our results of the Robot bonding-study (Study 9; Chapter 11) however demonstrate 
that establishing a (rudimentary) bond with the robot prior to the touch interaction 
does not alter the responses to the touches. A more constructive, intimate (Baxter et 
al., 2011; de Graaf et al., 2015), trustworthy, or empathetic (Bickmore & Picard, 2005) 
relationship may however affect the responses to touches differently; perhaps in a 
more similar way as in human touch. We did however find some beneficial effects of 
touch in Study 9, regardless of the bonding manipulation. We concluded that a 
minimal level of acquaintance with the robot’s capabilities may have been sufficient 
to elicit these effects and could even be one of the boundary conditions within which 
robot-initiated touches can elicit effects. This acquaintance emerged due to residing 
in the robot’s vicinity prior to the touch interaction (regardless of whether a bond was 
established or not). According to the results of the Fay-study however, residing in the 
vicinity of the robot prior to the touch interaction is not essential for effective robot-
initiated touches. That is, touches from Fay elicited beneficial effects with regard to 
the trust in the robot without letting the participants get acquainted with Fay’s 
physical appearance and movements prior to the touch interaction. Participants did 
however receive written information about Fay prior to the interaction. A possible 
underlying mechanism that could explain why touch could elicit effects in both the 
study with Fay and in the Bonding-study, but not in the first NAO-study, could be that 
the participants gained some information about the capabilities of the robot prior to 
the touch interaction. This happened either through reading information about Fay in 
Study 4, or by observing (no bond) or interacting with the robot (bond) in the Robot 
bonding-study. This information may have managed the participant’s expectations 
about the level of the interaction with the robot. It is suggested that the design of 
social robots immediately elicits expectations about its skills and social capabilities 
(e.g., (Dautenhahn, 2007)). As a consequence, the expectations are usually higher 
than the actual capabilities of the robot, which renders the actual interaction 
somewhat of a disappointment (see also (Duffy, 2008)). A discrepancy between the 
expectations and actual capabilities may also have affected the responses to the 
robot-initiated touch in the first NAO-study, as participants did not receive any 
information prior to the interaction. In the Fay- and Bonding-studies on the other 
hand, the information that the participants gained prior to the touch interaction may 
have tempered the expectations of the robot’s social capabilities, thereby reducing 
the possible discrepancy between expectations and actual experiences in the 
interaction. As a consequence, the touches may have elicited some of the effects.  
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The question that remains is what these expectations regarding the robot’s social 
capabilities actually may entail, and how they affect the perception of a robot-
initiated touch. As mentioned before, we kept the interaction between the robot and 
the participants deliberately basic, to be able to fully interpret the effects of touches 
and to enable us to compare the results of the different studies with each other to 
some extent. The robots were not responsive. Verbal remarks of the participants 
were not perceived by the robots, possible reciprocal touches were not responded to, 
and the robots did not adjust their facial orientation as a response to the participant. 
Moreover, the robots did not take the actual emotional state of the participants into 
account during the movies. The interactions followed a pre-determined script. It 
could have been the case for example that the participant did not need consoling, as 
(s)he did not feel anxious at all. As there was no coherent interplay between the 
several social cues, the touch, and the participant’s feelings and behavior, the touch 
may have become ineffective. “Social interaction is not just a scheduled exchange of 

content, it is a fluid dance between the participants”, as Breazeal (2003b, p. 173) puts 
it. The limited interactive capabilities may also have contributed to a mismatch 
between the expectations of the participant and the robot’s actual social behavior.  
 
Similar problems may have occurred with regard to the robot-initiated touch 
specifically. The hands of our robots have a, to some extent, similar morphology as a 
human hand. However, their actual feel, due to the cold temperature and lack of soft 
tissue may have been unfamiliar and as a consequence uncanny (Cabibihan et al., 
2010; Mori, 1970; Mori et al., 2012). It has for example been demonstrated that 
holding the hand of a robot elicits more beneficial responses when the robot’s hand is 
warm, as compared with a hand at room temperature (Nie et al., 2012). Moreover, 
due to the technical limitations of the robot and the master-slave setup, the entire 
touching action of the robot may have appeared somewhat jerky and coarse. This 
applies for the movement of the arm towards the participant’s shoulder as well as for 
the actual physical contact. The rather unsubtle touch may not have been the gentle 
touch one would expect as a means of consolation (e.g., (Dolin & Booth-Butterfield, 
1993; Field, 2010; Jones & Yarbrough, 1985)). The results of Study 7, in which we 
presented robot pictures to the participants, also suggest that rigid movements, as 
contrasted with elegant movements, may have a detrimental effect on perceptions of 
touch. Although it remains speculative, it could be the case that these aspects also 
played a role in the null effects of the NAO-study. The mere disappointment in the 
touch capabilities of the robot (which may also have been detrimental for the social 
presence illusion), or the discrepancy between expectations and actual interactive 
capabilities of the robot may have rendered the touch ineffective. This discrepancy 
and/or the disappointment in the robot’s touch may have been smaller in the Fay- 
and Robot bonding-studies, due to the earlier discussed expectation management; 
hence the beneficial effects of touch. Future research should further verify what the 
modulating roles of the feel and appearance of the robot’s touch are, and whether it 
indeed may be the case that people with high expectations of the robot’s capabilities 
expect a more natural (humanlike) touch, whereas people with lower expectations 
settle for the symbolic meaning of the touch.  
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As said, robot-initiated touches may, according to some of the results of our studies 
elicit beneficial effects; effects that are also known for human co-located social touch 
interactions (see also (Field, 2001, 2010; Gallace & Spence, 2010; Huisman, 2017a; 
Montagu, 1972; van Erp & Toet, 2015)). However, there were also some observations 
that may counter this suggestion. That is to say that robot-initiated touches did not 
affect the vast majority of the measures with regard to the recipient’s emotional 
state, perceptions of the robot and one’s relation with the robot, and the robotic 
Midas Touch effect. This could mean that the significant effects we did find, may have 
been a matter of chance (see also (Lakens, 2015)) and that robot-initiated touches 
simply cannot elicit responses like human touch. An additional observation is that the 
scores on many of the measures were generally low, which suggests a somewhat 
negative attitude towards social robots and their touches. There were also some 
disadvantageous effects of robot-initiated touch. In the Fay-study (Study 4), the 
negative attitude towards robots was, contrary to the expectations, higher when Fay 
(i.e., in the social condition) touched the participant as compared with an interaction 
without contact. The negative attitude was not affected by touch when Fay was 
presented as an industrial robot. In addition, the responses of the participants in the 
several online studies suggest that people are not particularly enthusiastic about 
robot-initiated touches per se. This suggestion is based on the scores that people 
provided for the robot pictures on the imagined touch perceptions and can also be 
supported by the notion that an observed robot’s stroking touch was perceived as 
significantly less pleasant than a human touch (Study 6, Chapter 9). In sum, 
participants may not have been attuned to the idea of social robots that provide 
something intimate as a (soothing) touch. Or more generally speaking: people may 
not be entirely ready for social interactions (on a humanlike level) with artificial social 
entities (see also (de Graaf, Allouch, & Van Dijk, 2017; de Graaf & Ben Allouch, 2013)).  
 
This readiness for social interactions with robots brings me to the final research sub-
question that we addressed; the modulating role of personality characteristics 
(RQ4.4). We included general demographics (age and gender), personality 
characteristics that are relevant in human social touch interactions (attachment style 
and touch receptivity), and characteristics that may be particularly relevant for 
interactions with social robots (anxiety towards robots, and the immersive tendency 
of participants). Although some of these aspects modulated the overall impressions of 
social robots, they did not modulate the responses to robot-initiated touch. The only 
exception was one’s age, which may affect how ‘open’ someone is to touch 
interactions with robots. Younger people appear to be more open-minded towards 
this idea, according to the Robot picture-study. Moreover, younger participants felt 
more attachment to the NAO robot after being touched than participants that were 
not touched. This difference disappeared for older participants. By including these 
characteristics, we however only considered a few aspects of a person’s personality. 
There may be many more aspects that potentially play a role (and that have proven to 
be relevant in HRI as well), such as one’s personality traits according to the ‘Big 5’. 
One’s extraversion and conscientiousness modulated for example the perceptions 
one had of social robots (Syrdal, Koay, Walters, & Dautenhahn, 2007) (see also 
(Goldberg, 1992)). Individual differences should therefore always be considered in 
research on the effects of robot-initiated touch.  
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3.2 Limitations 
The studies as presented in this part of the dissertation suggest to some extent that 
robot-initiated touches may elicit some beneficial effects, and they provide 
preliminary insights in the circumstances under which such touches may do so. 
However, as is the case with the studies on warmth as a means of mediated social 
touch (see also Chapter 6), the studies in Part III may have had some limitations. 
 
Firstly, there may have been an experimenter bias in the robot studies as well. The 
experiment leader of each of the lab studies was aware of the experimental condition 
while instructing the participant and may have unknowingly adjusted his or her 
behavior. Given that we only found a few beneficial effects of robot-initiated touch, it 
is unlikely that this bias actually occurred. It is however an issue that can easily be 
overcome, for example by randomly assigning the experimental condition after the 
participant entered the lab. If any, an experimenter bias may have been most 
apparent in the Robot bonding-study, where the participant interacted with the 
experiment leader in the No Bond condition for a relatively long duration. It is 
however unlikely that the experimenter adjusted her behavior in a negative way 
(which would have been required to adhere to the hypotheses).  
 
Moreover, in Chapter 1 I discussed that the setting in which a touch interaction takes 
place is important with regard to the effects the touch can elicit, and that this may 
also apply for interactions through social touch technologies. We however only 
investigated the effects of robot-initiated touches in a scary movie setting, without 
the inclusion of a human touch condition. One could say that it therefore remains 
unclear whether we could actually expect beneficial effects of touch in this specific 
setting. However, we considered our paradigm and stimuli to be a good proxy for all 
kinds of stressful circumstances in which human touches have proven to elicit 
beneficial effects (e.g., (Ditzen et al., 2007; Grewen et al., 2003)). Moreover, visual 
stimuli such as pictures and movies are often applied as a means to elicit stress; also 
in touch research (e.g., (Cabibihan & Chauhan, 2017; Schirmer et al., 2011)). An 
additional question with regard to the paradigm is how generalizable the results are. 
For example, one could question whether the enhanced perceived intimacy as found 
in the Robot bonding-study, would also appear when the robot would have touched 
during the bonding interactions. Future research should shed a light on this. 
Generalizability issues may also be at stake with regard to the online findings. 
Although people appear to be very capable of imagining how a touch would feel and 
what kinds of effects a touch would elicit by the mere observation or imagination of it 
(e.g., (Blakemore et al., 2005; Lucas et al., 2015; Yoo et al., 2003)), it would be good if 
the outcomes are further verified in studies with actual physical contact.  
 
A final possible limitation with regard to the robot studies is the implementation of 
the Midas Touch paradigm. We have tried different implementations throughout the 
studies. That is, we asked participants to donate a monetary bonus to the Red Cross, 
or a part of their remuneration to additional research, and we asked for additional 
experiment time. We opted for these implementations as they seemed most suitable 
given the setting of  the experiment. That is, we did not want the experimenter to 
have contact with the participant in between the touch interaction and the 
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application of the Midas Touch measure (e.g., the donation). As a consequence, the 
participants were still connected with the equipment for the physiological recordings 
and thus limited in their movements. An item-dropping paradigm (e.g., (Guéguen & 
Fischer-Lokou, 2003; Paulsell & Goldman, 1984)) as was applied in mediated touch 
research as well (Haans et al., 2014; Haans & IJsselsteijn, 2009b), may therefore have 
been unsuitable for example1. Although our time-related and money-related Midas 
Touch measures could have provided valuable insights, the measures were in 
hindsight not ideal either. Some people see their remuneration as a source of income 
whereas other only participate for fun and do not care about the money. Moreover, 
people may for example have had preconceptions about the Red Cross or about 
charity in general, or they may already donate themselves. Time-related measures 
were not ideal either as some people had plenty of time, whereas others had other 
appointments or would be picked up and could not stay longer. With regard to the 
request to return for future research, some participants indicated that they did not 
know their schedule yet. Future research should thus reconsider the Midas Touch 
paradigm, thereby also considering the suggestion by Huisman (2017a, pp. 58–59) 
that the request should neither be too easy, nor too substantial. 

4 Conclusions 
The results of the six studies as presented in Part III of this thesis, as well as the 
accompanying meta-analyses, provide the following answers to the research 
questions as defined in Chapter 7: 
 

Main RQ3: Can robot-initiated social touches elicit similar beneficial effects with 

regard to feelings of attachment, one’s physical and emotional state, and pro-social 

behavior, as human touches? 

Yes, but only for some effects, and within specific boundary conditions. Some of our 
results demonstrate beneficial effects of touch that is initiated by a robot during 
stressful circumstances. These beneficial effects include an attenuation of the 
increase in heart rate, an increase in trust in the robot, and an enhanced feeling of 
intimacy with the robot when it touches. The latter two effects were also supported 
by the meta-analysis in Section 2, which also demonstrated an enhanced feeling of 
attachment with the robot. The results however have to be taken with care, as they 
could be a statistical outcome of multiple comparisons. Moreover, touches did not 
have any effect on the majority of the measures that were applied, and the few 
beneficial effects were not recurring in all studies. This leads us to the conclusion that 
robot-initiated touch may have effects, but only within specific boundary conditions. 
 
  

                                                       
1 In the Robot bonding-study, we actually did apply an item-dropping paradigm as well (in addition to a 

donation to research and the request to stay longer for an additional experimental task). However, as 

the experiment leader considered it inappropriate to drop items and expect elderly people to pick them 

up, we had various missing values and decided not to report the findings. 
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Main RQ4: What are elements that modulate the anticipated beneficial effects that 

robot-initiated touches have on the human recipient, and can specific boundary 

conditions for effective interaction be determined? 

 
This question was specified by means of multiple research (sub-)questions: 
 
RQ4.1: Does the physical appearance of the robot influence how robot-initiated 

touches are perceived, and if so, what are the important elements to consider? 
Likely. Although the results of the lab studies, in which different robots were utilized, 
do not provide clear insights in this matter, the online studies based on the visual 
materials suggest that the robot should demonstrate a positive affective state, should 
not appear threatening, and should not appear too humanlike but also not too 
mechanical. From a physical perspective, it may be advisable to have a smooth, 
physically warm robot, that moves elegantly rather than rigidly. These suggestions are 
however merely based on imagination of touch, and although people are quite good 
at that, the results should be verified in studies with actual physical contact.  
 

RQ4.2: Does the amount of social presence that is attributed to a social robot 

modulate the anticipated effects of a robot-initiated touch on feelings of attachment 

to the robot, one’s physical and emotional state, and one’s pro-social behavior?  
No. We did not find effects of the amount of perceived social presence (prior to the 
touch interaction) on the effects of robot-initiated touch; neither in the Fay robot, nor 
in the NAO robot after bonding with it. We need to acknowledge though that the 
social presence of the robots remained at the lower ends of the scale. Higher levels of 
social presence may turn out to be actual modulators of the effects of robot-initiated 
touch, although that has to be verified in future research.  
 
RQ4.3: Does having a pre-existing social bond with a robot modulate the anticipated 

effects of its touches with regard to feelings of attachment, one’s physical and 

emotional state, and pro-social behavior? 
No, not when a rudimentary form of acquaintance with the robot is established. 
However, a similar rationale may apply as for RQ4.2. That is, stronger bonds than the 
one achieved in our Robot bonding-study may actually modulate the responses to 
robot-initiated touch. That also has to be demonstrated in future research. 
 
RQ4.4: Are the anticipated beneficial effects of a robot-initiated touch modulated by 

the recipient’s attachment style, touch receptivity, robot anxiety, or other personality 

characteristics?   
No. No modulating effects of these personality characteristics on the responses to 
robot-initiated touch were found. According to the results of the Robot picture-study 
and the NAO-study, one’s age may however to some extent determine how ‘open’ 
someone is to interactions with robots in general and to touches from robots in 
particular: younger people appear to be more open-minded towards this idea. 
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Chapter 13. Chapter 13 
General Discussion and Conclusions 

 
 
 
 
 
The main aim of the work as presented in this dissertation was to contribute to a 

coherent understanding of the opportunities, limitations, and boundary conditions of 

interactions through and with social touch technologies, which eventually may inform 

the development of meaningful and effective mediated and/or simulated social touch 

devices and interactions. By means of various studies on two seemingly promising 
instances of social touch technology we intended to advance the understanding of a 
small part of the vast social touch technology-landscape. We studied the potential of 
physical warmth as means of mediated social touch as well as robot-initiated (i.e., 
simulated) touch; both with regard to their general effects and to possible modulating 
elements. Whereas I already discussed the findings regarding these instances in 
Chapter 6 and Chapter 12, I will use this final chapter to discuss the implications of 
these findings for research on social touch technologies in general. In Section 1, I will 
do this on the basis of the challenges that I defined for the research on social touch 
technology in Chapter 1. This discussion is followed by a reflection on our approach as 
a whole (Section 2).Based on these ‘lessons learned’, possible directions for future 
work will emerge. I will finish this chapter, and with that the entire dissertation, in 
Section 3 with the final conclusions and by highlighting the contributions of this work.  
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1 Discussion 

1.1 Challenge 1: Understand the Physical Composition and Appearance of a Social 
Touch Technology 

1.1.1 The Physical Composition of a Warm Mediated Social Touch 

Throughout this dissertation I have argued that a human touch is a complex physical 
composition of various qualities and parameters. It is highly unlikely that social touch 
technologies will be able to accurately reproduce this complex human touch. An 
advantage of social touch technologies though, is that they enable the 
disentanglement of a touch in its various ‘building blocks’. As a consequence, the 
possibilities of each aspect can be investigated in isolation. Moreover, earlier research 
has demonstrated that highly degraded representations of a human touch can 
already elicit beneficial responses in a recipient. On these premises, we investigated 
the role that physical warmth could have in mediated social touch interactions. More 
specifically, we investigated the potential of the physical-social warmth link for 
mediated social touch, and concluded that this supposed link is not substantial 
enough to be of practical use – that is, to elicit beneficial effects – in CMC. 
 
Although the physical-social warmth link is not a proper mechanism to apply in 
mediated social touch, this does not mean that we can disregard physical warmth as a 
building block for social touch technologies altogether. There may be alternative 
mechanisms that may result in actually effective utilization of thermal actuators as a 
means of mediated social touch. It is for example suggested that the physical 
parameters that can be controlled with thermal actuators – e.g., duration, rate of 
change, presentation type, body location, temperature change, rhythm/pattern, or 
size – could be employed to compose thermal messages. Given the characteristics of 
our thermal perception system (e.g., a relatively high delay through slow 
conductance, and a low bitrate and distinctiveness due to the thermal neutral zone; 
see also Chapter 1), such messages may be unsuitable for the conveyance of detailed 
and specific information. However, thermal messages through variations in the 
physical qualities and parameters may be particularly suitable for showing affect (see 
also (Lee & Lim, 2010, 2012)). An example includes sending a quick warm ‘nudge’ that 
could illustrate that you are thinking about the recipient, but that does not convey 
explicit information. In addition, we have seen that the perception of physical warmth 
may feel pleasant and can elicit subjective and physiological affective responses, as a 
consequence of varying the physical qualities and parameters (Salminen & Surakka, 
2013; Sung et al., 2007). This suggests that such thermal messages indeed could be 
employed as a means of effective mediated touch.  
 
Another possible mechanism through which thermal actuators could be valuable for 
mediated social touch is the resemblance of a human social touch. We know that 
degraded representations of a human touch can already elicit some beneficial 
responses. It may however be the case that richer representations will be able to elicit 
the more intimate and lasting effects that we know from human touch. Although 
warmth is merely a ‘byproduct’ of a human touch as we do not actively control it 
when touching, an emulation of a human touch may feel uncanny when it does not 
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have the appropriate temperature (e.g., (Cabibihan et al., 2010)). Warmth would be 
an essential component in an attempt to as closely as possible resemble a human 
touch. In turn, such a rich mediated touch could lead to more outspoken beneficial 
effects. Attempting to physically recreate a human touch also involves considering the 
inherent multimodality of a human touch. Providing multimodal cues in mediated 
social touch, for example by providing visual information regarding the touch (e.g., 
(Haans & IJsselsteijn, 2009a; Nakanishi et al., 2014)), could further enhance the 
effectiveness of such touches in general, but provide more information regarding the 
perceived warmth specifically. 
 
Striving for a more realistic representation of a human touch, enabling thermal 
messaging through variations in the qualities and parameters, or perhaps other 
mechanisms may thus underlie the effective application of warmth in social touch 
technologies. According to the work as presented in Part II of this dissertation though, 
it is unlikely that the physical-social warmth link is a suitable underlying mechanism.  

1.1.2 Robot-initiated Touch 

Our results indicate that robot-initiated social touches can, to some extent, elicit 
beneficial responses in the recipient during stressful circumstances. An attenuation in 
heart rate was observed, as well as enhanced feelings of trust, attachment, and 
intimacy with the robot. These effects were achieved in spite of the robot’s touch 
being a degraded representation of an actual human touch. This corroborates earlier 
findings regarding mediated social touch (e.g., (Huisman, 2017b)). We however need 
to acknowledge that robot-initiated touches did not sort effects on the majority of the 
measures. To enhance the effectiveness of such touches, a similar principle as 
described in the previous section may apply. That is, developers could strive for a 
more humanlike feel and appearance of the robot’s touch, for example by addressing 
its texture and temperature, and by reducing the coarseness of the touching action. 
 
Rather than adhering to the premise that social robots have a body and can employ 
their haptic actuators to provide touch (e.g., (Lee, Jung, et al., 2006; Salter et al., 
2006)), it may be better to specifically design robots to engage in social touch 
interactions. To do so, the physical composition of the touch should be considered, 
but also the appearance of the robot as a whole, as this may substantially influence 
the perceptions of a robot’s touch. According to our findings in Chapter 9, robots 
should appear friendly, positive, and non-threatening. Moreover, they should neither 
appear too humanlike nor too mechanical; perhaps even slightly caricatured. While 
these insights appear to be valuable for the development of touching robots, they 
first need to be verified in settings with actual touch though. In addition, the 
appearance of a robot may also elicit expectations regarding its communication 
capabilities (e.g., (Dautenhahn, 2007)). We suggested that expectation management 
regarding the robot’s capabilities, and in particular its touching behavior, may render 
touches more effective. With high expectations, a degraded touch may feel uncanny, 
the interaction may be perceived as disappointing, and the social presence illusion 
may be deteriorated (e.g., (Cabibihan et al., 2010; Dautenhahn, 2007)). The same 
touch may elicit beneficial effects when the expectations are low; the interpretation 
of the touch is then mainly based on the perception of the robot’s intentions.  

 

 

 

 

 

 

 

 

 

 

 

 

13 

 

 



CHAPTER 13 

 268

1.2 Challenge 2: Understand the Role of Attribution  
In this dissertation I argued that the attribution of a physical stimulus to a social 
source is what discerns a social touch technology from a non-social physical stimulus. 
That is, the attribution activates several cognitive processes upon which the 
perception of an artificial touch is partly based. We actively manipulated the 
attribution to verify whether it indeed modulates the effects of a social touch 
technology, or that these effects are mainly caused by the physical composition of an 
artificial social touch. With regard to warmth in mediated touches, we framed the 
supposed source of the warmth. As discussed in Chapter 6, this manipulation may 
have been too weak, and/or may have relied too little on the intentionality of the 
ostensible sender.  
 
Throughout Part III then, we intended to manipulate the extent to which a robot was 
perceived as an actual social actor by framing its social capabilities (in the Fay-study), 
replacing it with a more anthropomorphic version in the two NAO-studies, and by 
trying to establish a bond between robot and touchee in the Robot bonding-study. 
Although the manipulations worked as intended – i.e., more social presence was 
perceived in the social than in the industrial robot in the Fay-study, and a stronger 
bond was established in the Robot bonding-study – they did not affect the responses 
to the touches. As suggested before, it could have been the case that, regardless of 
the manipulations, the social presence of the robots was not strong enough to elicit 
the desired responses. This may apply for all lab-studies and is further supported by 
the notion that the scores on the various robot perception measures were all at the 
lower end of the spectrum. I once again refer to Lee et al. (2005, p. 759), who 
describe that “without strong feelings of social presence during HRI, the experience of 

social robots will be nothing more than a physical experience of artificially embodied 

entities. For HRI to be a truly social experience, social robots should be experienced as 

if they were real social actors”. This likely also applies for interactions with social 
robots that provide touches with the intention to elicit beneficial responses. 
 
The extent to which people anthropomorphize robots is – to make the matter even 
more complicated – also largely dependent on the personality of the human 
interlocutor (Duffy, 2003; Zawieska, Duffy, & Sprońska, 2012). The way in which 
people attribute humanlike characteristics to robots reflects their personal vision of 
which aspects make a human being a human. Some people may perceive a robot as 
socially present when it looks humanlike (e.g., has a head with facial expressions), 
whereas others may put more emphasis on, for example, the robot’s empathetic 
qualities. In addition, the perceived social presence in a robot may be influenced by 
one’s willingness to ‘suspend his or her disbelief’ (Duffy & Zawieska, 2012). People 
know that social robots are machines, but to what extent are they willing to suspend 
this knowledge and interact with the robot as if it were an actual social actor? Since 
we argued that the social presence, when high, may modulate responses to robot-
initiated touch, it may also be valuable for future research to consider the personality 
characteristics that are the foundations of the social presence illusion, and investigate 
how such aspects may modulate the responses to robot-initiated touch.  
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With the aforementioned considerations for social presence and simulated social 
touch in mind, I will now take a step back to mediated social touch because a similar 
rationale may apply there. Schirmer and colleagues (2011) suggested that the 
attribution of a physical stimulus to either a social or non-social source does not affect 
the perceptions of a mediated touch in the physical absence of the sender. The 
responses to such touches are supposedly informed by the bottom-up perception of 
the physical qualities and parameters of the stimulus. However, a possible extension 
to this explanation could be that the possible effects of attributing a physical stimulus 
to a social source are modulated by the extent of presence of the sender. That is, the 
effectiveness of a mediated touch may be informed by the extent to which the 
recipient feels that (s)he is together with the sender, despite being remotely located. 
Receiving mediated touch can enhance the experienced presence of the sender (e.g., 
(Haans & IJsselsteijn, 2009a; Nakanishi et al., 2014)), but a high sense of presence of 
the sender may also be a prerequisite for effective mediated touch. The feeling of 
being together while being separated may have been too low in our mediated touch 
studies to actually elicit the beneficial responses. This train of thought closely 
resembles the suggestions regarding the importance of a high social presence for 
simulated social touch and may (partly) explain the absence of the anticipated effects. 
All abovementioned suggestions regarding (social) presence and the possibly 
modulating role of one’s own vision on (social) presence, remain however speculative 
until further research on these matters is carried out. The challenge of understanding 
the role that the attribution of a physical stimulus to a social source plays in the 
perceptions of a social touch technology, will thus remain relevant.  

1.3 Challenge 3: Identify Elements that Modulate the Effectiveness of Social Touch 
Technologies and Identify Boundary Conditions  
In Chapter 1, we have seen that there are various modulators that can affect the 
effectiveness of human touches (see also Jakubiak and Feeney (2017)). We argued 
that similar modulators, such as the setting, the dyadic relationship, and personality 
characteristics, may modulate the responses to social touch technologies. Moreover, 
we suggested that there could be modulators that are not applicable or relevant in 
co-located human touch, but that become apparent in interactions with social touch 
technologies. The discussion in the previous section on how different people 
experience the presence of another person and/or the social presence of a robot is a 
good example of this, as is for example one’s anxiety towards robots (Nomura et al., 
2006). In the studies as presented throughout this dissertation, we investigated the 
possible modulating roles of various of such aspects on the responses to social 
touches, and we tried to identify boundary conditions. The fact that we hardly found 
any outspoken modulating effects could indicate that the aspects we considered are 
irrelevant. The null effects could however also be a consequence of the null effects of 
warmth and the not very outspoken effects of robot-initiated touches. The only 
exceptions that we observed throughout the studies were the role of the ambient 
temperature in the perceptions of warmth (which had a more outspoken effect on 
perceptions of the interaction partner than the warmth manipulation through the 
chair), and the age of the participants in the robot studies which determines how 
open-minded someone is with regard to HRI, and robot-initiated touch in particular. 
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In future research on the opportunities and limitations of social touch technologies, 
the possibly modulating elements should always be considered. Moreover, the 
challenge remains to identify which elements are essential for effective social touch 
technology interaction; i.e., what are the boundary conditions? Examples of such 
elements may include various aspects of the setting, the social context, various 
personality characteristics of the recipient, but also one’s cultural background, social 
conventions, personal history, experience with technology, and the multimodality of 
the interactions, to name a few (see also (Jakubiak & Feeney, 2017; van Erp & Toet, 
2015)). By considering some of these aspects, we have started to explore the social 
touch technology landscape, although we barely scratched the surface.  
 
All in all, developing effective interactions through social touch technology comprises 
a multidimensional challenge. The interplay between the various aspects, such as the 
physical properties of a touch, the perceived intentions of the sender, and available 
social cues is hardly understood yet. To complicate things even more, perceptions of 
robots and their capabilities, as well as the perceptions of the presence of a remotely 
located human communication partner, are highly subjective and may be informed by 
multiple personality characteristics (Duffy & Zawieska, 2012; Zawieska et al., 2012). To 
advance this understanding, controlled comparative lab studies in which a specific 
‘social touch building block’ is investigated, like the lab-studies as presented in this 
thesis, will remain necessary. In addition, we demonstrated that online crowdsourcing 
studies with visual stimuli such as pictures or videos of touches may be a viable and 
convenient addition to, or even an alternative for, the methodologies that are applied 
in the research on social touch technologies. To be able to develop meaningful social 
touch technology interactions, it will be essential to apply different methodologies in 
order to better understand the interplay between the various relevant dimensions. 

2 Reflection on the Methodology and Future Work 
As the field of social touch technology is still a very young area of research, there are 
no standardized research protocols available yet (van Erp & Toet, 2015). In order to 
advance the field, it is therefore not only important to present and interpret research 
findings, but also to reflect on the methodologies that were applied. In this section of 
the discussion, I will look back on the experimental approach we adopted, and 
present various caveats with regard to this approach. These caveats are not intended 
to critique the research as presented in this dissertation, but to delineate additional 
considerations for future research. Firstly, I will address some common considerations 
regarding the design of studies. Secondly, I will focus specifically on the approach we 
adopted regarding our research on social touch technologies. 

2.1 Study Designs 
We have restricted the work as presented in this dissertation to quantitative research, 
and, besides the online crowdsourcing studies, to controlled lab experiments. With 
the risk of stating the obvious, it is worth mentioning that there are other research 
paradigms that could provide valuable insights. Qualitative studies such as interviews, 
focus group sessions, and observations, could provide interesting input for the design 
of the technologies and the interactions (see for example the research on different 
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mediated handholding devices by Gooch and Watts (2012)). Moreover, field studies in 
a realistic setting, such as carried out in the work on ‘thermal messaging’ in the home 
environment by Lee and Lim (2010, 2012), could provide insights in how new 
communication technologies are being used. Each of the methodologies, whether it 
being qualitative or quantitative, and a controlled lab experiment or a field study, 
comes with advantages and drawbacks. Although field studies may provide insights in 
the actual use of social touch technologies, there is likely not much control over 
modulating contextual factors. Controlled lab experiments on the other hand provide 
means to rule out these biasing effects, but may fall short in ecological validity. In our 
studies, participants were for example recorded on video, and electrodes to record 
their physiological responses were placed on their bodies. Such aspects do not 
contribute to the ecological validity of the setting. To advance the field and to create 
a coherent understanding of the possibilities of social touch technologies, it will be 
valuable to apply and combine various research methodologies.  
 
Throughout our studies we have applied a broad range of, mainly subjective, effect 
measures. These scales were selected based on earlier research in the fields of social 
touch, CMC, and HRI, as well as on our own insights. Moreover, since social touches 
can elicit cognitive, behavioral, and physiological responses, we deemed it valuable to 
combine both objective (physiological and behavioral) and subjective (questionnaires) 
measures. Although this broad range of measures allows for a coherent picture of the 
responses that social touch technologies can elicit, it may be good to narrow the 
range of measures. That is to say that a specific set of validated and standardized 
measures that is specifically developed for use in social touch technology research 
would enable the comparison of various study results and the provision of a coherent 
framework of findings. This set of measures could be selected out of the currently 
applied measures, but it could also be valuable to develop new questionnaires that 
are tailored to investigations of the effects of social touch technologies. 

2.2 Reflection on the Approach 
In Chapter 1, I sketched our working model of how the sensation of a human social 
touch leads to its effects (see also Figure 13.1). This working model was the starting 
point for our investigations of the effects of social touch technologies, and as such it 
may also be good to take it as a starting point for a reflection on our approach. Again, 
this reflection is not intended to critique our methodology, but to delineate 
considerations for future work. 

2.2.1 The Perception of Artificial Social Touches during Communication 

In our studies, we mainly focused on how the sensation of a social touch (A) led to 
effects (G) in the recipient, thereby considering how the perception (D) of this 
sensation was affected by specific modulators and associated cognitive processing 
(E, F). Investigations of these effects are very valuable with regard to the 
understanding of social touch technologies. However, the envisioned social touch 
interaction is in essence reduced to one single instance of touch communication, or 
to several instances in only one direction: from one sender, to one recipient. Human 
social touch is however a dyadic behavior that includes both receiving and providing 
touch in a reciprocal and synergistic exchange (Jakubiak & Feeney, 2017). This 
bidirectionality may also be applicable in interactions with social touch technology.  
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Figure 13.1: Visualization of the social touch perception process, supplemented with the specific effects and 

modulators that were under investigation in this dissertation. 

Social touch affects the recipient’s perceptions, thoughts, feelings, or behavior, but a 
toucher adjusts his or her touch ‘on the fly’, based on the direct responses of the 
recipient1. Moreover, the recipient may also want to reciprocate, for example by 
expressing his or her feelings through touch to the initial toucher. The participants of 
our studies had no means to respond to a touch in a way that would be perceived by 
the toucher. That is to say that reciprocal touches, verbal replies, or behavioral 
responses to for example a robot-initiated touch, were not perceived by the robot, 
and thus not acted upon. Moreover, the artificial touches were not adjusted to the 
participants’ initial response to the touch; they were scripted. Investigations of the 
effects of interactions through and with social touch technologies when the 
interaction is bidirectional are fundamentally different from the approach we adhered 
to, and may provide valuable additional insights. 
 
Reciprocal mediated social touch comes with various additional challenges though. 
The expressive qualities of a mediated touch system will not only be determined by 
the output (i.e., the physical composition of the touch), but also largely by the input 
and mapping (Huisman & Darriba Frederiks, 2013; Rantala et al., 2011, 2013). From a 
technological perspective, reciprocal simulated social touch may even be a larger 
challenge. Preliminary steps have been made in the sensing (e.g., (Argall & Billard, 
2010; Mukai et al., 2008; Silvera-Tawil et al., 2015)), and recognition and classification 
of social touches (e.g., (Cang et al., 2015; Jung et al., 2016)). The use of the robot’s 
haptic technologies to engage in reciprocal social touch interactions is however hardly 
explored yet; let alone the generation of contextually appropriate touch behavior.  

                                                       
1 In human social touch interactions it is sensible to adjust or even interrupt a touch if the intended 

recipient shows an adverse response (e.g., moving away). When a participant in for example the robot 

studies moved away from the robot upon initiation of the touching action, the experiment leader 

adjusted the position of the arms and body of the robot to be able to still touch the participant. 
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2.2.2 The Physical Composition of Social Touch Technology 

With regard to the complex composition of physical qualities and parameters of a 
human social touch (B; (Hertenstein, 2002)), we have argued that the use of haptic 
actuators enables the disentanglement of touches and the investigation of various 
physical social touch building blocks in isolation (Schirmer et al., 2011; van Erp & Toet, 
2015). This approach can provide coherent insights in the opportunities and 
limitations of various actuators. Another approach would be to aim for a social touch 
technology that as closely as possible resembles an actual human touch (as suggested 
by (Heikkinen et al., 2009; Rantala et al., 2011)). Whereas highly degraded 
representations of human touches supposedly can elicit beneficial responses, a more 
accurate representation may be required to elicit other more outspoken, or the more 
intimate effects. Another consideration with regard to the ‘building blocks’ approach 
is that a certain physical aspect may elicit different responses in isolation than when 
applied in conjunction with other building blocks. In reference to human social touch, 
Hertenstein (2002, p. 82) stated the following: “communication occurs when all of the 

components are orchestrated together, thereby resulting in a ‘tactile gestalt’. Within 

the gestalt, many of the specific qualities and parameters of touch interact with each 

other”. This may also apply for interactions by means of social touch technologies.  

2.2.3 Effects of Social Touch Technologies and Modulating Elements 

The attentive reader may have noticed that in the majority of our studies we 
investigated the effects of social touch technologies with regard to bonding, the 
emotional state, and pro-social behavior (Figure 13.1; G). Although these effects are 
all very relevant individually, it is not necessarily the case that all effects occur with 
each artificial touch. Pursuing all three effects with one touch may have been too 
ambitious. Another noticeable aspect is that a very heterogeneous group of people 
participated in our studies. This is for example reflected in the age range (i.e., 18-83) 
of our participants. Although this diverse range of people can be considered a good 
thing as it circumvents a potential sample bias, it may have been too diverse to gain 
coherent insights and to derive practical implications. People may, as described 
before, not only differ in age, gender, or attachment style, but also in their 
background, amount of (and need for) social contacts, experiences with others, 
experience with technology, etcetera. Instead of our ‘one touch suits all’-approach, a 
narrower scope may provide more specific insights. That is, researchers and 
developers could aim for one specific effect of touch, in one specific setting, for one 
specific target group, thereby taking all relevant modulators in account. Contrary to 
our approach, in which we tried to find boundary conditions for effective social touch 
technology interactions, it could be worthwhile to pursue the optimization of a social 
touch technology that is effective within pre-defined boundary conditions.  
 
Closely related to the suggestion of a specific aim for the social touch technology, is 
the need for touch. Human social touches often provide means to fulfill a need (e.g., a 
need for comfort or intimacy). It is not difficult to imagine situations in which people 
are in need for physical contact. When you miss a loved one, you may long for 
intimate physical contact. When eventually meeting each other again in person, this is 
often accompanied by for example an intense hug. People also demonstrate an 
increased need for touch when they are stressed and close to a loved one. When this 
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need for touch is reciprocated by means of comforting touch, the feelings of distress 
can be reduced effectively (Robinson et al., 2015). In our studies, we implicitly 
assumed that this need for touch would also appear when no human partner was 
present, and that the social touch technology could thus address this need. However, 
it is unclear whether our participants indeed experienced a similar need for touch 
during our experiments. In cases of stress, people seek touch when they know that 
‘touch is available’, meaning that a co-located other is available to provide comforting 
social touches. If no other person is present, people still may experience a need for 
touch, but cope with the situation (such as stress or being lonely) in other ways. In 
our studies (especially those with the scary movie), the participants interacted with 
technologies with which they were not familiar. As a consequence, their mindset may 
not (yet) have been attuned to the idea that these technologies could also provide 
the touch they may have been seeking. This in spite of the introductions to our social 
touch technologies prior to the interactions. With regard to future research, it thus is 
important to create circumstances that elicit a need for touch (e.g., a true feeling of 
separation or loneliness), and to verify whether there indeed was a need for touch.  
 
Related to the suggestion that the mindset of the participants may not have been 
attuned to the possibilities of social touch technology yet, is the notion to consider 
potential novelty effects (e.g., (Rodgers, 2010; Sung et al., 2009)). These first 
responses to a technology, that usually differ from the sustained use patterns that are 
established over time, may also bias research on social touch technologies. Novelty 
effects may be reflected in overly enthusiastic responses to new technologies; for 
example interactions with robots. Conversely, it could also be the case that people 
are somewhat skeptic, or even reluctant with regard to technologies that emulate 
something intimate as a human touch2. After prolonged use of the new technology, 
the novelty effect may wear off and experimental evaluations may provide more 
nuanced insights as the users have a better understanding of how the technology can 
be used. Based on this perspective it may also be worthwhile to carry out longitudinal 
studies, rather than the single-session approach we adhered to.  
 
Longitudinal studies may also be particularly valuable because various beneficial 
effects of human co-located touch emerge over time, rather than being direct 

responses. Exampled include effects of affective touch on health or on the 
development and maintenance of relationships. Moreover, touch behavior between 
people is continuously developing over the course of an interpersonal relationship 
(Collier, 1985; Suvilehto et al., 2015; Thompson & Hampton, 2011). Following these 
notions, social touch technology behavior, whether it being touches initiated by a 
remotely located human or by an artificial social agent, may also require time to 
adjust and to develop to a fully effective means of communication. Longitudinal 
studies can provide insights in the natural development of social touch technology 
behaviors, but could also be applied to actively manipulate such interactions. 

                                                       
2 During my four years of PhD research on social touch technologies, I have introduced the research 

area to others on many occasions. In many cases, the initial response was indeed somewhat skeptic. 

(For those interested, in basically all other cases the people responded with the hilarious (?) question: 

“Can you also have sex over distance then? Hahaha haha ha haha ha!”). 
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2.2.4 Human Touch as Starting Point 

A final consideration with regard to our approach is that we took human social touch 
interactions as a starting point. Although this is sensible, it is good to realize that 
social touch technologies also provide options for interactions that are not possible in 
real life. Different haptic actuators can be employed to emulate human touches, but 
these haptic actuators contain physical qualities and parameters that can be 
controlled in a way that goes beyond the control that humans have over their own 
touching actions. Thermal actuators for example enable stimulation with 
temperatures that go beyond human skin temperature, and they enable quick 
increases or decreases in temperature. Moreover, whereas our approach was limited 
to a one-on-one interaction, social touch technologies enable for instance one-to-
many interactions: interactions in which several people perceive the same mediated 
touch from a sender. A final aspect that could be considered is that social touch 
technologies enable the option to record and replay touches, which could eventually 
also become a valuable addition to communication; for example when one’s partner 
is not available for direct communication. Such aspects would substantially change 
the communication dynamics we are familiar with, and could as such be valuable 
starting points for research on social touch technologies as well.  

3 Conclusions and Contributions 
In this dissertation, I presented research on both mediated and simulated social 

touch, that we carried out on the premise that social touch is very important during 
our daily co-located communication with others, but is also often overlooked in 
current communication technologies. This thesis was intended to gain insights in the 
opportunities, limitations, and boundary conditions for the effective social touch 
technology interactions, with regard to a small part of the very vast ‘social touch 

technology-landscape’. Based on six lab studies and three online studies in which we 
focused on physical warmth, robot-initiated touch, and various modulators as 
possible boundary conditions, we can draw the following conclusions with regard to 
our main research questions. 
 
Main RQ1: Does mediated communication through a haptic interface that is physically 

warm have beneficial effects with regard to feelings of interpersonal attachment, 

physical and emotional comfort, and pro-social behavior, as compared with the same 

interface at room temperature? 
No. That is to say that we intended to put the physical-social warmth link into 
practice. We conclude that this association – if it exists at all – is not substantial and 
robust enough to be of practical use in mediated social touch; even when we take the 
various possible boundary conditions into account. This does not mean that we 
should leave thermal actuators out of the social touch technology-equation 
altogether. Warmth could still be a valuable element of social touch technologies, 
albeit on other premises than the physical-social warmth link.  
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Main RQ2: What are elements that modulate the anticipated beneficial effects that 

physical warmth as a means of mediated social touch has on the recipient, and can 

specific boundary conditions for effective interaction be determined? 

No, we could not determine such elements. Consideration of various modulators did 
not affect the effects of warmth. We can thus conclude that a stressful setting, an 
interaction between romantic partners, presentation of the warmth throughout 
(rather than after) an interaction, and one’s attachment style and touch receptivity 
are no boundary conditions within which warmth could elicit beneficial effects on the 
physical-social warmth link principle. 
 

Main RQ3: Can robot-initiated social touches elicit similar beneficial effects with 

regard to feelings of attachment, one’s physical and emotional state, and pro-social 

behavior, as human touches? 

Yes. Our studies provide preliminary indications that robot-initiated touches may elicit 
beneficial effects in the human recipient of the touch. We observed an attenuation of 
the increase of heart rate due to induced stress and an enhanced sense of trust, 
intimacy, and attachment in the relationship with the robot, as a consequence of its 
touches. However, these findings have to be taken with care as they may only appear 
within specific boundary conditions.  
 

Main RQ4: What are elements that modulate the anticipated beneficial effects that 

robot-initiated touches have on the human recipient, and can specific boundary 

conditions for effective interaction be determined? 

We can conclude that attributing humanlike social capabilities to a low-
anthropomorphic social robot does not affect the responses to robot-initiated touch. 
Moreover, establishing a rudimentary bond with a more anthropomorphic robot prior 
to a robot-initiated touch interaction does not affect the responses to touch either. 
We speculated that merely residing in the vicinity of the robot and/or becoming 
acquainted with its capabilities may suffice in the elicitation of some touch effects. 
This possibly reduces a mismatch between expectations of the robot’s abilities and its 
actual behavior. In addition, our results suggest that aspects of the appearance of the 
robot may be boundary conditions for effective social touch interactions. The robot 
should demonstrate a positive affective state, should not appear threatening, and 
should not appear too humanlike but also not too mechanical. In addition, it is 
advisable to utilize a physically smooth and warm robot that does not move in a rigid 
manner, to elicit beneficial touches. Whether these characteristics also apply in actual 
physical, rather than imagined, robot-initiated touch interactions needs however to 
be determined. Additionally, the age of the human touchee may determine how 
open-minded one is with regard to robots and their touches. One’s gender, touch 
receptivity, or anxiety for robots did not alter the reactions to robot-initiated touches. 
 

Our findings and conclusions contribute to a coherent understanding of the 

opportunities, limitations, and boundary conditions of social touch technology 

interactions – the main aim of this dissertation – as they provide insights in a part of 
the social touch technology-landscape. The presented work also contributes to the 
research area of social touch technology in ways that go beyond the direct outcomes 
of the studies. The research area is young, which means that it has to go through a 
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phase of haphazard studies and conceptual prototypes that demonstrate the 
principles of social touch technologies. Moreover, a young field may suffer from 
publication bias as mostly success stories are reported. The work as described in this 
thesis could be a part of the groundwork that the field requires to mature. 
 
A first contribution is that we have provided a working model for human social touch 
that could be a starting point for research on social touch technologies. Ideally, this 
model will be adjusted or extended in the future. Such extensions can be informed by 
new findings with regard to co-located, mediated, or simulated touch, but also by 
different research approaches and by practical applications (see also Section 2). 
Whereas this model is solely focused on the effects that touches may elicit on the 
recipient, it could for example be extended with the effects on the sender. Another 
possibility for extension includes interactions that cannot occur in regular human 
touch interactions such as one-to-many touches, the replay of touches, or applying 
physical building blocks over which we have limited or no control (for example 
electrical shocks, in case some kinky person would like to pursue this).  
 
Secondly, in Chapter 1 I have defined several challenges with regard to both mediated 
and simulated social touch. These challenges include investigations regarding the 
several physical building blocks of social touch and the possible multimodal nature of 
such interactions, the role of attribution, and identification of relevant modulators 
and/or boundary conditions for social touch technologies. Moreover, throughout this 
dissertation, I have highlighted possible boundary conditions that may apply in social 
touch technology interactions. In addition, I have highlighted possible approaches for 
future research in this discussion chapter. Both the research challenges and the 
directions for future research can be used to inform future research endeavors. 
 
Thirdly, we have contributed to the development of research protocols for the field. 
As the empirical work still is very sparse, basically every experimental design or 
paradigm contributes to the research protocols. What is more important though, is 
that throughout this dissertation we critically reflected on our methods. We did so, to 
identify possible boundary conditions that need to be considered for effective 
interactions through social touch technology. We also did this to identify limitations 
of the methodologies we applied and of the approach we took. With regard to the 
methodologies, we have also demonstrated that online crowdsourcing studies with 
visual stimuli can be a convenient and viable method to gain insights in the effects of 
social touch technologies and the modulating roles of various elements. Online 
crowdsourcing research could as such become a means to do the exploratory 
groundwork prior to more extensive and elaborate lab or field investigations.  
 
A final aspect that this dissertation contributes is the notion that social touch 
technologies do not elicit the same responses as human touches per se. The related 
work mainly reports the successful endeavors, and as such the opportunities of social 
touch technologies. In some cases the results may even be somewhat overstated, 
although some null results have been reported as well. To advance the field, it is also 
very valuable to report the null results in order to understand the limitations of social 
touch technologies (and boy, did we find some limitations…).  
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All in all, the work as presented in this dissertation provides a proper basis to work 
from, but – and here comes the cliché – more research will be necessary to advance 
our understanding of the design and application of mediated and simulated social 
touch interactions. For now, I would like to end this dissertation with the conclusion 
for which I borrow from Ashley Montagu (1972): 
 
 

Interactions through social touch technologies, 

do not affect damn near everything we do. 
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Appendix A: The Conversation Script of Study 1 
In Study 1 (Chapter 3), the participant was asked to interview an unknown and 
unseen other participant according to a script. The questions as provided below (bold-
faced) were to be used as guidelines, but the participant was instructed to rephrase 
each question. The other participant – which in reality was the experiment leader – 
responded with the accompanying response. Different variations of the same 
response were defined (i.e., varying in formulation, not in meaning). Upon 
responding, the experiment leader selected the variation that best fitted the 
formulation of the participant’s question, or rephrased the response ad-hoc.  
 
Q1. Greet the other person. 

Hi! I’m fine, thanks. How are you? 
 
Q2. Ask where he/she lives. 

I live in Enschede. I just moved to one of those new houses in Roombeek. 
 
Q3. Ask whether he/she has lived there his/her whole life.  
No I haven’t. I grew up in a small village close to Deventer. Maybe you’ve heard of it? 
Diepenveen. Quite a nice place, but a bit silent. My parents still live there.. 
 
Q4. Ask what kind of music he/she listens to.  

Well, I listen to all kinds of music actually. Except for classical music, Dutch-language 
songs, and hip hop. 
 
Q5. Ask whether he/she goes to concerts.  

Hmm, I’m not really a fan of one particular singer, but I like to go to festivals in the 
summer! 
 
Q6. Ask what his/her favorite movie is.  

Haha, I cannot name one specific movie now..but I like all romantic movies to be 
honest. 
 
Q7. Ask whether she has got any pets. 

I don’t have any at the moment, but at my parents place we have horses! 
 
Q8. Ask whether he/she does any sports.  

Yes I do, I like horse riding..if you consider that a real sport. Oh and I also like indoor 
climbing every now and then.. 
 
Q9. If yes, ask him/her what he/she likes about these sports. If no, ask why not. 

Haha, I like to win with climbing! And I just like horses.. 
 
Q10. Ask whether he/she has got other hobbies 

Hmmm not really I think..well I like to read good books.. 
 
Q11. Ask where he/she went on holidays.  
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I didn’t go anywhere last summer..but I’m thinking about planning some sort of city 
trip soon. 
 
Q12. Ask about his/her favorite food. 

Hmm that’s difficult. I like a lot of things, but I guess I’ll choose asparagus with ham 
and egg. …Or McDonalds… 
 
Q13. Finish the conversation. 

Ok, nice talking to you! 
Bye! 
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Appendix B: The Instructions for Study 2 
In Study 2 (Chapter 4), participants engaged in a brief interaction with an 
unacquainted – and unbeknown to the participants, fictitious – interaction partner 
through Nakama. As part of the experiment, the attribution of the warmth was 
manipulated; both through verbal instructions by the experiment leader and in on-
screen instructions in the experiment flow. The on-screen textual instructions for the 
different experimental conditions are included below. 

1 Control and Artificial Heat Conditions 
This is “Nakama”, a Teddy Bear companion that has been developed to facilitate 

affective communication between two people over distance. One person holds the 

bear, while the other person controls it (from a different location). 

 

Nakama has several different communication channels such as moving arms and 

colored cheeks. Moreover, the other person wears a heartbeat sensor on the wrist. 

This heartbeat can be felt through the bear as well. Nakama can display different 

temperatures, but for this study, the temperature will be at a constant level. 

 

In this study, we want to investigate how the different communication channels of 

Nakama are perceived, and for which user contexts Nakama may be suitable. You will 

be interacting with another person, via Nakama. You will be asked to hug Nakama for 

approximately 30 seconds. During this hug, the other person will control Nakama to 

convey a message. After this interaction, you’ll receive several questions about your 

experience with Nakama and about this other person. 

2 Body Heat Condition 
This is “Nakama”, a Teddy Bear companion that has been developed to facilitate 

affective communication between two people over distance. One person holds the 

bear, while the other person controls it (from a different location). 

 

Nakama has several different communication channels such as moving arms and 

colored cheeks. Moreover, the other person wears a sensor on the wrist, which 

measures body temperature and heartbeat. Both the body temperature and the 

heartbeat can be felt through the bear as well.  

 

In this study, we want to investigate how the different communication channels of 

Nakama are perceived, and for which user contexts Nakama may be suitable. You will 

be interacting with another person, via Nakama. You will be asked to hug Nakama for 

approximately 30 seconds. During this hug, the other person will control Nakama to 

convey a message. After this interaction, you’ll receive several questions about your 

experience with Nakama and about this other person. 
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Appendix C: Instructions and Scripts of Study 4 
In Study 4 (Chapter 8), participants watched a scary movie to elicit stress, in the 
presence of a robot. This robot was either presented as a social robot (High Social 

Presence condition), or as an industrial robot (Low Social Presence condition). The 
instructions (original Dutch, and translated to English) that were provided to the 
participants can be found in Section 1 and 2. In the High Social Presence condition 
(both for the Touch and No Touch groups), the robot uttered various sentences that 
supposedly could comfort the participant (Section 3).  

1 Low Social Presence condition: Industrial Robot 
Welkom bij het onderzoek ‘Robot Evaluatie’. 
Doel van het onderzoek en instructie 

Zoals je misschien weet, zijn robots in opkomst. Natuurlijk worden industriële robots 
al lange tijd gebruikt in fabrieken, voor het zware werk. Maar de laatste jaren zien we 
steeds meer sociale robots. Dat zijn robots die zich min of meer als een mens 
gedragen en kunnen communiceren met mensen. Binnen TNO zijn we pas begonnen 
met het ontwikkelen van onze eigen robot. Hiervoor gebruiken we technieken uit de 
industrie: een oogstrobot, die gebruikt wordt voor het plukken van bijvoorbeeld 
paprika’s en appels, vormt de basis van ons systeem.  
 
Uiteindelijk moet een sociale robot bijvoorbeeld kunnen spreken en reageren, je 
aankijken, bewegen en gebaren maken, en gedrag en emoties van de gebruikers 
herkennen en daarop reageren. Dat kan onze robot allemaal nog niet. Voor we bij 
TNO in de fase komen waarin dit sociale gedrag ontwikkeld kan worden, willen we 
een aantal technische aspecten van deze machine evalueren in specifieke situaties. En 
omdat de robot in de toekomst met mensen moet gaan communiceren willen we nu 
alvast wat reacties van gebruikers meten. Om deze redenen ga je een spannende film 
kijken samen met de robot, en zal de robot een reeks technische aspecten doorlopen. 
Hierbij kan de robot zo nu en dan kleine bewegingen maken om de motoren goed in 
te stellen: dit is automatisch gedrag en heeft verder geen betekenis. Met behulp van 
jouw fysiologische signalen (zoals hartslag), en de vragenlijsten, kunnen wij goed in 
kaart brengen hoe je reageert op de robot. Dat kan ons in de toekomst helpen bij het 
door-ontwikkelen van deze oogstmachine. 
 
[Welcome to the ‘Robot Evaluation’ study. 

Aims of the research and instructions 

As you may know, robots are emerging. Industrial robots have been employed for a 

large time in factories of course; for the heavy jobs. Over the last years, we see more 

and more social robots. These are robots that act, more or less, humanlike and that 

can communicate with humans. At TNO we just started the development of our own 

robot. To this end, we utilize technologies from industry: a harvesting robot, that can 

be employed to pick apples or bell peppers for example, is the basis of our system. 
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Eventually the social robot should be able to speak and respond, look the user in the 

eye, move and make gestures, and to recognize behavior and emotions of the users. 

However, our robot is not yet capable of doing this. Before we reach the phase of 

developing these social behaviors at TNO, we would like to evaluate a number of 

technical aspects of this machine in specific contexts. Because the robot is supposed to 

interact with people in the future, we are also interested in the responses of the 

human user. For these reasons, you are invited to watch a scary movie with the robot, 

during which the robot will go through a sequence of technical aspects. To this end, it 

is possible that the robot will make small movements to calibrate its motors: this is 

automated behavior and does not have any meaning. By means of your physiological 

signals (like heart rate) and the questionnaires, we can paint a picture of how you 

respond to the robot. This will help us in the future during the development of this 

harvesting machine.] 
 
Wij willen graag dat je de instructie goed hebt begrepen. Daarom stellen we een 
aantal vragen ter controle: 
[We would like to make sure that you fully understood the instructions. Therefore, we 

ask a number of verification questions:] 
 
Wat is het doel van dit onderzoek? 

[What is the aim of this study?] 

0 De geschiktheid van de films evalueren.  
[Evaluation of the appropriateness of movies.] 

0 Een aantal technische aspecten van deze machine evalueren. 
 [Evaluate a number of technical aspects of this machine.] 
0 De reactie van de robot op angstige gevoelens evalueren. 
 [Evaluate the response of the robot on anxious feelings.] 
 
De robot was voorheen een…: 

[Previously, the robot was a…:] 

0 oogstmachine. 
 [harvesting machine.] 
0 sociale robot. 
 [social robot.] 
0  robot voor medische hulp. 
 [robot for medical care.] 
 
Waarvoor dienen de kleine bewegingen die de robot maakt? 

[What is the function of the small movements that the robot makes?] 

0 De robot wil daarmee je aandacht trekken. 
 [The robot wants to draw attention with them.] 
0 Nergens voor. De kleine bewegingen zijn fouten in de motoren. 
 [There is no function. The small movements are glitches in the motors.] 
0 Het instellen van de motoren. 
 [The calibration of the motors.] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C 



APPENDIX C 

  311

2 High Social Presence condition: Social Robot 
Welkom bij het onderzoek ‘Robot Evaluatie’ 
 
Doel van het onderzoek en instructie 

Zoals je misschien weet, zijn de robots in opkomst. Natuurlijk worden industriële 
robots al lange tijd gebruikt in fabrieken, voor het zware werk. Maar de laatste jaren 
zien we steeds meer sociale robots. Dat zijn robots die zich min of meer als een mens 
gedragen en kunnen communiceren met mensen. Deze sociale robots kunnen 
bijvoorbeeld spreken en reageren, je aankijken, bewegen en gebaren maken, en een 
gepaste afstand behouden tijdens een gesprek. Er wordt ook veel tijd gestoken in 
onderzoek naar hoe dit soort sociale robots het gedrag en emoties van mensen 
kunnen herkennen, en daar op een goede manier op kunnen reageren. Dat is waar 
het in dit onderzoek om gaat.  
 
Binnen TNO zijn we in een vergevorderd stadium met het ontwikkelen van onze eigen 
sociale robot. Er zitten al veel sociale functies ingebouwd zoals spraak en beweging, 
maar ook het herkennen van gedrag en emoties. Dit onderzoek dient als een 
tussentijdse evaluatie van de robot: We willen testen of de robot inderdaad emoties 
kan herkennen (zoals dat door TNO bedoeld is), en of de robot daar op een gepaste 
manier op kan reageren (bijvoorbeeld door spraak of bewegingen). Om die reden ga 
je een spannende film kijken samen met de robot, en zal de robot sociaal gedrag 
herkennen en vertonen. Met behulp van jouw fysiologische signalen (zoals hartslag), 
en de vragenlijsten, kunnen wij goed in kaart brengen of de robot zich goed gedraagt 
en op de goede manier reageert. Uiteindelijk kan de robot bijvoorbeeld ingezet gaan 
worden in een ziekenhuis. De robot zal dan spullen aangeven aan een patiënt die aan 
bed gebonden is, maar kan ook met deze mensen praten of hen troosten of 
kalmeren. 
 
[Welcome to the ‘Robot Evaluation’ study. 

 
Aims of the research and instructions 

As you may know, robots are emerging. Industrial robots have been employed for a 

large time in factories of course; for the heavy jobs. Over the last years, we see more 

and more social robots. These are robots that act, more or less, humanlike and that 

can communicate with humans. These social robots are for example able to speak and 

respond, look the user in the eye, move and make gestures, and keep a socially 

acceptable distance during conversations. A lot of effort is put in research on how 

these kinds of social robots can recognize behavior and emotions of the users, and 

respond in an appropriate manner. That is where this study is about. 

 

At TNO, we are in an advanced stage of the development of our own social robot. 

Many social functions such as speech and movement, but also the recognition of the 

user’s behavior and emotions have been implemented. The current study is intended 

to be an interim evaluation of the robot: we want to verify whether the robot indeed 

can accurately detect emotions (in the way as intended by TNO) and whether the 

robot can respond appropriately (for example by means of speech or movements). For 

these reasons, you are invited to watch a scary movie with the robot, during which the 
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robot will sense and display social behavior. By means of your physiological signals 

(like heart rate) and the questionnaires, we can paint a picture of whether the robot 

behaves and responds appropriately. Eventually, the robot could for example be 

employed in a hospital. The robot may hand stuff over to the patient who is bedridden, 

but could also talk with these people or console and soothe them. 
 
Wij willen graag dat je de instructie goed hebt begrepen. Daarom stellen we een 
aantal vragen ter controle: 
[We would like to make sure that you fully understood the instructions. Therefore, we 

ask a number of verification questions:] 
 
Wat is het doel van dit onderzoek? 

[What is the aim of this study?] 

0 Controleren of de films succesvol angstige gevoelens op kan roepen. 
[Verify whether the movies can successfully induce anxious feelings.] 

0 Een aantal technische aspecten van deze machine evalueren. 
 [Evaluate a number of technical aspects of this machine.] 
0 Testen of de robot emoties kan herkennen en daar goed op kan reageren. 

[Verify whether the robot can recognize emotions accurately and respond 

appropriately.] 
 
De robot wordt ontwikkeld als een…: 

[The robot is being developed as a…:] 

0 oogstmachine. 
 [harvesting machine.] 
0 sociale robot. 
 [social robot.] 
0  speelgoedrobot. 
 [toy robot.] 

3 Movie Sentences 
Only applicable in the High Social Presence groups. 

3.1 Prior to Experiment  
We gaan nu samen een film kijken. Na de neutrale film, zullen de spannende films 
beginnen.  
[We are going to watch a movie together. After the neutral movie, the thrilling movies 

will start.] 

3.2 During the Eight Interaction Moments 
S1: Het is wel fijn dat we deze film samen kunnen kijken en dat je hem niet alleen 
hoeft te bekijken. Vooral als het straks spannend wordt.  
[It is nice that we can watch this movie together, instead of watching it alone. 

Especially if it becomes thrilling later on.] 
S2: Dit kan wel spannend zijn, maar je weet dat het niet echt is. Dat is wel een 
geruststellend idee.  
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[This could be scary, but you know that it is not real. That is a comforting thought.] 
S3: We zijn samen, dus je hoeft sowieso niet bang te zijn. Er kan niets gebeuren, maar 
je mag het natuurlijk wel spannend vinden.  
[We are together, so there is no need to worry. Nothing can happen, but you can still 

find it scary though.] 
S4: Gelukkig is het niet echt. Het is maar een film.  
[Luckily it is not real. It is just a movie.] 
S5: Het is fijn dat het maar een film is, dan hoef je niet echt bang te zijn. 
[It is nice that it is just a movie. There is no need to be frightened.] 
S6: Dit is best wel spannend, maar we kijken de film gelukkig samen. 
[This is quite scary, but luckily we watch the movie together.] 
S7: Het kan zijn dat je het nu spannend vindt, maar de film duurt niet lang meer. 
[It is possible that you find the movie scary now, but it will end soon.] 
S8: Nog heel even, en dan is de spannende film voorbij. 
[Just a very brief moment left, than will the scary movie be over.]  

3.3 After the Movie 
De film is nu afgelopen. Ik vond het best spannend, maar het was fijn dat we samen 
waren. 
[The film is over now. I thought it was quite scary, but it was nice that we were 

together.] 
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Appendix D: Robot Pictures of Study 7 
In Study 7 (Chapter 9), participants assessed robots on various dimensions and we 
related those dimensions to (imagined) touch perceptions. In section 1 of this 
appendix, the dendrogram from which the robot clusters were derived is displayed, 
followed by an overview of all utilized robot pictures and accompanying ratings. In 
Section 2, we present an additional statistical comparison between impressions of the 
Fay robot as used in Study 4 and the NAO robot as used in Studies 8 and 9.  

1 Robot Impressions and Clustering 

 
Figure D.1: Dendrogram of the agglomerative hierarchical cluster analysis. 
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Figure D.2: Robot Pictures 1-28. 
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Table D.1: Robot Impression scores (1-28). 
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1 NAO 21 50 1 31.0 -49.3 31.9 -33.7 -15.7 6.2 23.1 44.5 

2 Pepper 26 42 1 24.7 -36.7 26.2 -33.2 -30.6 -14.1 -12.1 49.2 
3 Asimo 24 48 1 29.2 -37.2 39.1 -15.2 -29.8 10.8 -8.1 26.8 

4 Nexi 22 42 2 -50.5 26.0 20.5 -57.9 -63.5 39.0 -68.3 -55.0 
5 PR2 27 47 3 -37.4 -10.0 25.6 -67.9 -60.0 43.8 -55.0 -18.9 

6 Edgar 25 42 3 -24.1 -12.1 23.5 -56.9 -56.8 36.7 -44.3 -31.8 
7 Sico 26 38 3 -21.6 3.1 27.4 -50.7 -70.8 17.7 -70.6 4.2 

8 iCub 24 41 2 -39.3 22.9 16.5 -47.8 -49.3 29.1 -53.8 -17.0 
9 Chihira Aico 21 45 4 -3.0 14.8 20.8 17.4 22.4 8.2 9.0 55.5 

10 Zeno 26 42 1 19.6 -39.6 2.9 -1.1 -28.5 22.4 -10.8 36.5 

11 Romeo 24 43 1 17.4 -17.7 16.8 -21.8 -25.5 10.3 -21.3 35.0 
12 Kojiro 24 45 3 -10.8 -5.5 38.9 -41.5 -73.6 33.7 -59.9 -32.0 

13 KHR-2HV 28 40 2 -53.9 21.1 38.2 -70.6 -75.4 41.2 -74.9 -41.5 
14 KHR-3V 24 48 2 -43.4 11.0 34.8 -65.5 -73.4 53.8 -60.7 -28.2 

15 Myon 23 34 3 -8.5 -6.0 34.5 -30.4 -53.3 -0.2 -36.7 11.8 

16 
KHR-2HV 
Genex 24 46 3 -17.3 -9.5 53.5 -55.8 -69.4 44.3 -53.9 -7.0 

17 PAL REEM 17 47 2 -46.5 40.0 34.5 -43.1 -62.9 9.4 -48.6 7.6 
18 RoboRay 23 44 1 23.2 -24.4 46.7 -16.8 -48.1 -12.2 -7.3 47.7 
19 RoboSapiens 18 47 3 -2.2 -15.0 23.8 -49.9 -50.8 34.5 -41.9 13.4 

20 Asra C1 27 42 1 18.1 -32.9 28.4 -33.9 -31.1 25.7 -20.0 22.7 
21 Kobian 25 39 2 -45.8 18.0 17.7 -53.8 -66.0 54.0 -62.0 -24.5 

22 Atlas 20 44 2 -67.8 25.5 43.0 -76.8 -78.6 38.9 -76.5 -72.4 

23 
R2 
Robonaut 24 45 4 4.8 -5.4 56.8 -3.6 2.5 -26.3 -11.8 28.5 

24 DARwIn-OP 19 41 3 1.9 -19.8 20.0 -44.2 -43.3 13.9 -16.5 25.4 
25 Mip 28 42 5 14.6 -38.9 22.9 -47.1 -40.1 -13.8 -18.7 25.9 

26 Sota 30 44 1 29.5 -53.9 -0.6 -38.5 -20.9 -6.2 -13.7 55.1 
27 RIBA 24 48 5 2.4 -34.0 6.5 -56.1 -11.6 13.4 -13.0 11.4 
28 RoboHon 26 50 1 25.9 -40.5 28.5 -26.0 -45.9 8.7 -3.1 30.2 

 
Table D.2: Touch impression scores per robot (1-28).  
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1 10.1 12.8 15.3 5.9 -2.2  15 -6.8 -5.4 4.0 -2.8 -10.9 
2 6.1 6.5 13.8 1.5 -3.8  16 -15.3 -10.1 -7.2 -17.2 -27.6 
3 -1.5 4.1 3.3 2.0 -2.4  17 -33.3 -29.1 -21.3 -21.4 -16.3 

4 -55.9 -55.8 -45.5 -45.0 -38.3  18 13.7 14.9 19.6 10.9 1.3 
5 -35.8 -28.7 -37.8 -28.1 -33.0  19 -27.3 -22.7 -23.0 -21.1 -31.0 

6 -25.5 -17.0 -22.5 -19.6 -19.7  20 14.0 14.8 16.3 8.3 8.7 
7 -22.8 -20.1 -3.8 -17.0 -22.3  21 -58.5 -51.5 -49.6 -48.0 -32.0 

8 -51.3 -52.9 -46.4 -43.2 -32.2  22 -54.3 -52.8 -33.0 -41.1 -54.7 
9 -29.9 -22.9 -18.0 -31.2 -17.3  23 -10.7 -6.7 -6.0 -14.6 -22.0 

10 -19.5 -15.1 -5.7 -11.8 -20.2  24 -5.7 -4.0 3.7 -7.1 -16.1 

11 -13.7 -12.9 -3.0 -11.8 -17.7  25 -6.7 -3.7 2.3 -11.3 -15.1 
12 -17.8 -12.4 -8.6 -7.7 -17.4  26 17.4 20.4 22.8 5.0 1.6 

13 -42.2 -33.0 -34.8 -31.0 -38.7  27 3.9 5.4 7.3 4.1 5.0 
14 -28.3 -26.0 -32.1 -32.1 -27.9  28 6.9 11.1 13.4 8.0 1.4 
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Figure D.3: Robot Pictures 29-52. The robots with cross were not included in the analyses. 
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Table D.3: Robot Impression scores (29-52).  
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29 
RoboThes-
pian 24 41 3 -24.4 -13.2 48.8 -44.5 -73.8 21.3 -61.3 3.2 

30 Hermes 23 40 3 -14.6 -17.2 30.0 -41.0 -46.8 24.1 -37.3 -24.6 

31 
eLab 17 DoF 
Robot 26 39 2 -53.5 -1.0 34.0 -76.5 -84.4 65.7 -81.9 -74.5 

32 Toro 27 44 2 -38.8 -1.1 43.6 -63.3 -64.5 27.4 -63.4 -8.9 
33 Valkyrie 26 45 3 -25.4 -0.7 59.9 -38.0 -66.2 23.4 -53.7 -1.2 

34 AILA 29 42 3 -1.9 -5.3 36.5 -34.6 -71.2 -1.7 -42.0 47.5 
35 Poppy 21 51 3 -34.7 -15.6 27.8 -53.4 -67.9 45.2 -64.3 -32.6 

36 PAL REEM-C 19 47 1 1.1 -17.7 33.2 -19.6 -44.8 22.4 -28.8 32.2 
37 Cosmo-bot 22 44 5 2.2 -22.6 -11.3 -48.6 -31.0 6.6 -13.9 45.5 

38 
Geminoid 
DK 31 43 4 -34.6 14.2 4.2 15.0 3.0 -3.9 -31.5 8.1 

39 Geminoid HI 26 45 4 -36.5 14.7 16.3 15.7 -7.1 -4.1 -37.7 -5.0 

40 HRP2 25 45 3 -14.9 -7.4 43.4 -40.9 -42.6 42.9 -41.9 12.4 
41 HRP 4C 24 43 4 -5.5 -18.2 31.2 8.1 -27.1 -14.1 -10.4 13.7 
42 Huggable            

43 Nakama            
44 Fay 19 45 2 -57.7 -12.1 36.9 -88.0 -85.6 45.3 -83.8 -61.1 

45 Ibn Sina 24 40 4 -44.4 31.6 4.6 15.1 -9.4 -6.2 -35.8 -4.3 
46 Justin 19 39 5 -1.9 -31.8 33.2 -60.0 -59.2 -2.2 -47.8 10.8 

47 Leonardo            
48 Luna 23 46 3 -13.3 -22.7 32.6 -50.3 -69.7 -10.0 -44.5 17.4 

49 Ri-Man 24 47 5 -5.9 -17.7 -4.1 -46.8 -13.1 4.5 -20.2 14.5 
50 Robonova 30 46 3 -28.6 -14.9 34.7 -59.8 -74.2 44.2 -50.0 -12.2 
51 Twendy-One 22 49 5 4.9 -40.8 33.1 -45.1 -50.8 -0.6 -38.0 13.0 

52 Wakamaru            

 
Table D.4: Touch impression scores per robot (29-52). 
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29 -18.2 -11.5 -2.2 -9.8 -10.5  41 -13.7 -6.0 -1.8 -10.3 2.5 
30 -34.3 -26.4 -26.9 -23.0 -31.4  42      

31 -53.1 -37.4 -38.6 -37.8 -63.8  43      
32 -30.1 -28.9 -29.0 -31.1 -38.9  44 -47.5 -39.8 -32.4 -38.9 -46.7 

33 -7.5 -5.6 3.8 -13.6 -18.6  45 -64.6 -63.0 -64.2 -60.5 -59.2 
34 -18.0 -15.8 -18.5 -21.7 -19.5  46 -22.7 -21.4 -20.7 -20.1 -31.2 
35 -24.8 -16.8 -17.1 -19.6 -24.9  47      

36 -10.3 -7.9 3.2 -2.8 -11.9  48 -39.8 -26.3 -22.5 -37.3 -42.0 
37 -16.3 -11.7 -9.5 -6.0 -19.3  49 -22.3 -17.0 -3.2 -17.6 -20.2 

38 -58.7 -58.7 -58.2 -46.1 -39.6  50 -29.1 -21.2 -18.9 -19.0 -36.9 
39 -61.4 -54.9 -52.9 -54.9 -40.4  51 -15.2 -10.6 -1.1 -16.4 -18.5 

40 -18.0 -14.3 -9.8 -19.0 -28.0  52      
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2 Comparison Fay and NAO 
In Chapter 8, we conducted a study with our Fay robot (Study 4), and although our 
social presence manipulation worked as intended, the scores on social presence 
appeared somewhat low. Moreover, the scores on the various measures regarding 
the appreciation of the (bond with) the robot in general approached the lower end of 
the respective scales. As a consequence, we concluded that Fay may have appeared 
too mechanical and artificial to be considered a social agent and to be able to elicit 
outspoken touch effects. Since we carried out the other lab studies with the NAO 
robot – we assumed that this robot would be considered more of a social entity – it 
would be valuable to verify whether people indeed perceive both robots differently. 
To provide more specific insights in how both robots were rated, we carried out a 
series of independent samples t-tests for the robot design characteristics ratings: 21 
people provided ratings for NAO and 19 for Fay (no overlap). As people rated more 
robots in phase 2 of the data collection, there were 33 people that provided ratings 
for both NAO and Fay with regard to the (imagined) robot-initiated touch 
perceptions. Therefore, we opted for a dependent samples t-test for the latter 
dataset. The means, SDs, differences, and statistics of these tests (with the effect size 
Cohen’s d computed in different ways for the different types of t-tests, as suggested 
by Lakens (2013)), are listed in Table D.3. According to the analyses, and what was to 
be expected given their ‘touch-suitability’ based on the composite scores as described 
in Chapter 9, we can conclude that people – at least those in this study – indeed have 
a significantly more positive attitude towards NAO than to Fay for all touch 
impressions, for all impressions of the robot’s physical qualities, and for nearly all 
appearance characteristics (except for the Competence score).  
 
Table D.5: Results of the comparisons between NAO and Fay. Significant differences are indicated with bold-

faced values. 

 NAO Fay  Statistics 
Mean SD Mean SD Δ t df p d 

Positive 
Affect 

35.19 (47.46) -58.29 (29.75) 93.48 7.54 34.02 < .001 2.39 

Threatening -50.63 (35.18) -8.63 (44.96) -42.00 -3.31 38.00 .002 -1.05 
Competent 12.89 (27.37) 21.21 (37.58) -8.32 -0.81 38.00 .426 -0.26 
Humanlike -23.88 (36.15) -79.63 (15.42) 55.75 6.45 27.61 < .001 2.04 
Smooth 44.52 (39.31) -61.05 (44.98) 105.58 7.92 38.00 < .001 2.51 
Rigid 
Movements 

6.19 (58.12) 45.32 (59.56) -39.13 -2.10 38.00 .042 -0.67 

Warm 23.14 (58.46) -83.84 (16.32) 106.98 8.05 23.40 < .001 2.55 
Soft -15.67 (59.06) -85.63 (12.81) 69.96 5.29 22.07 < .001 1.68 

Pleasant 2.97 (39.87) -50.73 (36.45) 53.70 7.14 32 < .001 1.24 
Comforting 3.03 (36.52) -40.06 (35.96) 43.09 5.95 32 < .001 1.04 
Stress-
attenuating 

6.24 (37.45) -41.00 (39.40) 47.24 5.46 32 < .001 0.95 

Appropriate 0.82 (36.60) -39.24 (39.30) 40.06 5.36 32 < .001 0.93 
Predictable -10.64 (45.27) -40.03 (54.13) 29.39 2.65 32 .012 0.46 
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Appendix E: Robot Utterances of Study 8 
In Study 8 (Chapter 10), we again applied the scary movie paradigm in which the 
robot provided supposedly consoling utterances. In this particular study, the 
sentences below were the sentences that the robot said to the participant; either 
accompanied by a touch or without physical contact. 
 
S1: Ik vind het fijn dat we deze film samen kunnen kijken. 
[It is nice that we can watch this movie together.] 
S2: Rustig maar, dit enge deel is alweer voorbij.  
[No need to worry, this scary part is already over]  
S3: Ik weet zeker dat het allemaal goed afloopt.  
[I am sure that everything will end well.] 
S4: Zo, dat was wel even schrikken zeg! Maar je bent niet alleen.  
[Wow, that was a bit of a shock! But you are not alone.] 
S5: Ik vind dat je je dapper gedraagt! 
[I think that you are behaving very bravely.] 
S6: Het kan zijn dat je het nu spannend vindt, maar de film duurt niet lang meer. 
[It is possible that you find the movie scary now, but it will end soon.] 
S7: Nog heel even, en dan is de spannende film voorbij. 
[Just a very brief moment left, than will the scary movie be over.] 
S8: Gelukkig is het maar een film. 
[Luckily, it’s only a movie.] 
 
After the movie, the participant received an on-screen instruction about the 5-euro 
monetary bonus (s)he obtained. Subsequently, the final questionnaire was carried out 
after which the robot asked the participant: 
 
Wil je misschien wat van je bonus doneren aan het Rode Kruis? De collectebus staat 
op het tafeltje naast je. 
[Are you perhaps willing to donate some of your bonus to the Red Cross? The money 

box is on the side table.] 
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Appendix F: Conversation Scripts of Study 9 
In the final study that we conducted (Study 9, Chapter 11), participants engaged in 
bond-establishing activities and conversations with the social robot (or with the 
experiment leader in the No Bond condition). Subsequently, participants watched the 
scary movie with the robot, in which either a touch was applied, or no physical 
contact emerged. In this appendix, a large proportion of the robot’s utterances is 
listed. That is to say, the pre-defined standard responses are listed to a large extent, 
but the experiment leader had the option to come up with ad-hoc responses as well. 
The texts should therefore be considered a general script. The script as presented 
here is a translation of the original Dutch script.  
 

 
Figure F.1: Conversation script for first part of small talk. 
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Figure F.2: Conversation script for small talk. 

 
For the memory game, several standard sentences were pre-programmed, which 
could be activated through the custom built interface, when deemed appropriate. 
 
Prior to Memory game: 

-Could you please place the cards face-down on the table, [Name]? Don’t look at 
them yet. 
-Thanks. 
-Memory is one of my favorite games. 
 
When participant finds a matching pair of cards: 

-Very good, well remembered. 
-You are very good at this. 
-Your memory is very good. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F 



APPENDIX F 

  325

When participant turns a non-matching pair over: 

-That’s a pity. 
-Don’t worry, let’s try another combination.. 
-Perhaps number X and Y are a match. 
-Too bad, apparently another combination works better. 
-I really thought this would be a match as well. 
 
End of the game: 

-Well done, did you like playing the game? 
 Yes: Good. But now we continue with something else. 
 No: That’s a pity, but now we continue with something else. 
-Could you please put the cards back in the box? 
 
For the quiz, the robot read every question out loud and subsequently asked: 
-What do you think? 
-I think it may be [Correct answer]. 
-It could be [Incorrect answer], although I am not sure. 
 
After a correct answer: 

-Well done. 
-We’re a good team. 
-You know a lot of things. 
 
After an incorrect answer: 

-Too bad. 
-This can happen, no worries. 
-Let’s try the next one. 
 
As a means of self-disclosure, the robot told a supposedly personal story 
(paraphrased):  
“A friend of mine was involved in a car accident. Luckily it’s not too serious, but he 
needs to recover for a while as he was in a lot of pain and because he had several 
bruises. I often meet up with him to do fun stuff, but that’s not possible at the 
moment, which is a pity. I am nonetheless very relieved that the accident did not turn 
out to be worse. Did you ever experience something similar that was really bad and 
would you like to share it with me? 
 
With regard to the second phase of the experiment, the movie phase, the robot 
uttered the same sentences as described in Appendix C. Contrary to Study 4 though, 
the robot made some additional remarks after the movie, related to the Midas Touch 
effect measures. 
-This is the end of the experiment. I would like to thank you for doing this with me. 
Thank you for your participation. 
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Midas Touch: 

-I would like to ask you whether you are willing to fill out an additional questionnaire 
for another experiment that we run at TNO at the moment. If you can help us out, 
how long are you willing to stay extra? 
 Yes: Great. The experiment leader will provide further information. 

No: No problem. The experiment leader will be here soon, to remove the 
electrodes. 

-To conclude, I would like to ask you if you are perhaps willing to waive a part of your 
remuneration, so that that money can be invested in future research regarding social 
robots. Would you be willing to donate some money to research, and if so, how 
much? 
 Yes: Thank you very much. That is highly appreciated. 

No: No problem, I understand. Thanks again for your participation and may be 
we’ll meet again.  
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