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Activity recognition, involving a capability to recognize people's behavior and its underlying significance, will play a
crucial role in facilitating the integration of interactive robotic artifacts into everyday human environments. In particular,
social intelligence in recognizing affectionate behavior will offer value by allowing companion robots to bond
meaningfully with interacting persons. The current article addresses the issue of designing an affectionate haptic interaction
between a person and a companion robot by exploring how a small humanoid robot can behave to elicit affection while
recognizing touches. We report on an experiment conducted to gain insight into how people perceive three fundamental
interactive strategies in which a robot is either always highly affectionate, appropriately affectionate, or superficially
unaffectionate (emphasizing positivity, contingency, and challenge, respectively). Results provide insight into the structure
of affectionate interaction between humans and humanoid robots—underlining the importance of an interaction design
expressing sincere liking, stability and variation—and suggest the usefulness of novel modalities such as warmth and cold.
Categories and Subject Descriptors: I.2.9 [Artificial Intelligence]: Robotics – operator interfaces. H.1.2
[Models and Principles]: User/Machine Systems.
General Terms: Design, Experimentation, Human Factors
Additional Key Words and Phrases: human-robot interaction, activity recognition, small humanoid
companion robot, affectionate touch behavior, intelligent systems

1. INTRODUCTION

This article concerns itself with investigating how a companion robot can leverage
behavior recognition capability to allow people to feel affection toward it during an
interaction, as illustrated in Fig. 1. Here “behavior” comprises one or more social
actions directed toward a person or robot. “Affection” is used in its usual sense
[Maslow 1943; Harlow 1958; Prescott 1975; Turkle et al. 2004] to denote liking,
gentleness, strong regard, and niceness. Thus this term describes one part, but not
all, of emotion; affection could be related to the emotion of love (and its opposite to
hate) or the important quality of valence [Barrett 2006], but it does not describe some
emotions such as surprise, determination, or embarrassment, or emotional properties
such as arousal or dominance (affectionate behavior includes gentle holding,
passionately embracing, dominant head-rubbing, and submissive reciprocation). We
use this term to describe both basic “meaning” attributed to behavior and “attitude”
directed toward a robot or human.
Our motivation stems from a number of benefits we expect will arise as a result of
robots engaging in affectionate interactions. In general, a capability to recognize and
react to people’s behavior in a “socially intelligent” fashion will facilitate the
acceptance of robotic technologies, toward integration into human environments

This research was supported by JST, CREST.
Author’s addresses: M. Cooney, S. Nishio and H. Ishiguro, Hiroshi Ishiguro Lab (HIL), Advanced Telecommunications
Research Institute International (ATR), 2-2-2 Hikaridai Seika-cho, Soraku-gun, Kyoto-fu, Japan, 619-0288. Contact:
martin.daniel.cooney@gmail.com
Permission to make digital or hardcopies of part or all of this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or commercial advantage and that copies show this notice on
the first page or initial screen of a display along with the full citation. Copyrights for components of this work owned by
others than ACM must be honored. Abstracting with credits permitted. To copy otherwise, to republish, to post on servers,
to redistribute to lists, or to use any component of this work in other works requires prior specific permission and/or a fee.
Permissions may be requested from Publications Dept., ACM, Inc., 2 Penn Plaza, Suite 701, New York, NY 10121-0701
USA, fax +1 (212) 869-0481, or permissions@acm.org.

ACM Transactions on xxxxxxxx, Vol. xx, No. x, Article x, Publication date: Month YYYY

..

Affectionate Interaction with a Small Humanoid Robot Capable of Recognizing Social Touch Behavior

..:.

Fig 1. Our intended interactive scenario with Kakapo, a new platform designed for affectionate interactions: a) Kakapo
will recognize social touch behavior and respond so as to allow people to feel affection toward it b) a close-up view of
how a participant will see the top of Kakapo’s body.

[Heerink et al. 2008]. Some of this behavior will be affectionate, as has been
described in accounts of spontaneous exhibitions of affection directed toward robots:
e.g., elderly persons hugging Telenoid [Ogawa et al. 2011] and children stroking
Kismet [Turkle et al. 2004]. We expect that reacting to such behavior will be
especially important toward establishing technological acceptance because affection
plays a crucial role in human bonding [Bowlby 1958; Harlow 1958]. Robots could also
help to satisfy a fundamental need for affection in humans second only to basic
physiological and safety requirements [Maslow 1943], which could allow many
persons in whom this need is not being adequately met [Prescott 1975] to possibly
avoid severe and dire health consequences [Cacioppo and Patrick 2008; Wilson et al.
2007]. Some pioneering studies have already reported that interacting affectionately
with artifacts can exert a therapeutic effect and contribute to, rather than interfere
with, interpersonal relationships, even within a simplified context [Grandin 1992;
Kanamori et al. 2003; Wada and Shibata 2007]; we expect that further investigation
will present additional opportunities for enriching people’s lives.
To this end, we focused on the case of a humanoid robot, because this form offers a
rich, familiar interface for communication which raises expectations of human-like
interaction capability [Brooks and Arkin 2007]. A touch-based context was chosen
because touch is a fundamental modality for communicating affection in humans
[Geldard 1960; Barnett 1972; Kraus et al. 2010].
The challenge was that human social norms are complex. It was unclear what kind
of interaction strategy could capitalize on recognition results to elicit people's
affection. Although some important principles involved in the perception of affection
in humans have been described—such as physical attractiveness [Lorenz 1971],
similarity to one’s ideal self [Byrne 1971; Mathes and Moore 1985], and frequent
exposure [Zajonc 2011]—this knowledge alone is insufficient to determine how a
robot should behave. Moreover, frequent exposure could be costly and increase dislike
if an artifact is not initially liked [Swap 1977; Bornstein and Craver-Lemley 2004].
To investigate the problem, we adopted an approach based on leveraging
knowledge obtained from analyzing interactions. Guided by a design pattern
ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Article xx, Publication date: Month YYYY
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methodology proposed in HRI [Kahn et al. 2008], and informed by our previous study
on how to recognize typical affectionate touches [Cooney et al. 2012] along with
recommendations from the literature, we designed and implemented three
fundamental strategies for eliciting affection; analyzed results of interactions
revealed some failure patterns and guidelines which will inform future robot designs.
Thus, the main contribution of the current article is describing how to design a small
humanoid robot to engage in affectionate interactions based on activity recognition
capability.
The remainder of this paper is structured as follows. Section 2 discusses some
related work. Section 3 introduces our new platform, Kakapo. Section 4 reports
design patterns we propose for affectionate recognition capability and behavior
strategies, whose implementation and testing are described in Sections 5 and 6.
Section 7 provides discussion and summarizes contributions.
2. RELATED WORK

Toward eliciting affection, a child-like appearance with a relatively large head and
eyes has been described as activating positive feelings [Lorenz 1971]. Such
appearances can be noted in robots such as Kismet [Breazeal 2000], Leonardo
[Brooks and Breazeal 2006], Paro [Wada and Shibata 2007], Keepon [Kozima et al.
2009], Nao; in toy products such as My Real Baby and Furby; as well as in virtual
agents in games such as Tamagotchi and Love Plus1,2. The gap in the literature
addressed by the current article pertains somewhat to activity recognition capability
and affectionate behavior modalities and foremost to the design of behavior
strategies for engaging in affectionate haptic interactions.
2.1 Recognizing affectionate behavior

Successful communication entails perceiving both the contents and meaning of a
person’s behavior [Matsumoto 2007]. How people seek to play with a humanoid robot
was first revealed in the form of a number of “interaction categories” derived from
observing and manually labeling people’s touches [Noda et al. 2007]. Another
organized taxonomy of playful touches performed toward a teddy bear robot
comprised categories, gestures, and sub-gestures [Knight et al. 2009]. Also, touches
directed toward a cat-like robot were described [Yohanan and MacLean 2012]. These
studies offered useful insights but did not indicate how people typically touch a
humanoid robot to show affection.
Toward inferring affectionate meaning, softness and manner of touch to a specified
location have been predicted to be important cues; some touches such as poking could
be perceived as pleasant when soft and painful when hard, whereas slapping could
always serve to punish [Stiehl and Breazeal 2004]. Further insight can be drawn
from human science, in which it is known that soft touches may themselves be
capable of inducing pleasure or irritating when excessively soft [Hall and Allin 1897].
In line with this, one pioneering study found that stroking was typically considered
more affectionate than slight brushing; also, touches were perceived to be less
affectionate (in the sense of conveying warmth, love, and pleasantness) when directed
to sexual areas according to female respondents, suggesting that affectionate
meaning depends on location [Nguyen et al. 1975]. Other informative studies
identified typical meanings why humans touch [Jones and Yarbrough 1985] and
fundamental emotions which can be conveyed through touch [Hertenstein et al. 2006].
Thus, a strong basis of knowledge existed but it was not known how affectionate
meaning could be inferred from people’s touches to a humanoid robot.
1 In this article, we seek to draw insight not only from previous research platforms but also from consumer products,
which possess two desirableACM
traits.Transactions
First, they are
designed
be x,
likeable
customer
preferences
are
ongenerally
xxxxxxxx,
Vol. xx,toNo.
Articlebecause
x, Publication
date:
Month YYYY
linked with revenues; second, consumer products must also be simple because functionality costs and prices are
inversely related to consumption.
2 Although many love simulation games exist, Love Plus is noteworthy as one well-known example which elicited
sufficient affection in one player for him to publically “marry” one of the characters in a ceremony in Japan.
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We sought to address these topics in our previous work by using an observational
approach [McCowan et al. 2005] based on the grounded theory method [Glaser and
Strauss 1967] to compile a list of typical touches, obtaining subjective estimates of
the degree of affection conveyed, and investigating modalities and features which can
be used for recognition [Cooney et al. 2012]. The current article applies this
knowledge to realize an affectionate interaction and provides in the discussion
section some additional analysis aimed to inform recognition system designers.
2.2 Affectionate behavior

Although a number of affectionate artifacts recognize touches (Paro, Lovotics robot,
Tamagotchi, Puchimoe, Furby, and Love Plus), output behavior is usually
audiovisual (Kismet, Leonardo, Keepon, Paro, Lovotics robot, Tamagotchi, Puchimoe,
Furby, and Love Plus). We expect that the reason for this asymmetry not present in
human-human interactions is two-fold: (1) how an artifact can touch a human is an
open, challenging problem, whereas audiovisual output requires only common
components such as speakers, actuators or displays, and (2) sound and vision are also
crucial, powerful modalities for humans. Sound can convey complex affectionate
messages in both verbal and non-verbal components [Mehrabian and Ferris 1967]
and was found to most strongly elicit people’s responses in one comparison of robotic
output modalities [Kobayashi et al. 2007]; visual output can be used to show
numerous channels of information simultaneously and persistently.
Despite the convenience of audiovisual output, the potential for haptic output has
not been ignored. In one study persons touching an animal-like stimulus (a moving
tail) reported more positive impressions that individuals who merely watched
[Shibata and Tanie 2001]. Also some simple touch capability for a robot can be
enabled by appropriate recognition and behavior strategies; for example, a robot such
as the Huggable can seek to perform a hug-like motion when hugged, or nuzzle when
held in someone’s arms [Stiehl et al. 2005]. The robot Probo, featuring a soft body and
trunk which could be interesting for children to touch, could also potentially interact
in such a way [Goris et al. 2009]. Furthermore, some pioneering work investigated
simplified forms of haptic output such as stiffness and vibration, revealing that the
latter could be interpreted as either a sign of pleasure or distress by appearing to be
purring or shaking respectively [Yohanan and MacLean 2011]. It was also wisely
speculated that warmth could also be used by a robot to express emotions, if
problems with dissipating heat and bulky elements could be avoided [Yohanan et al.
2005]. Work in psychology further underlined the importance of warmth for
conveying affection, also describing effects of cold [Williams and Bargh 2008]. We
speculated that, because humans are usually warm, cold emanating from a
humanoid robot might be perceived as interesting or uncanny [Mori 1970]. Thus, the
usefulness was suggested of an investigation of affectionate interactions with a robot
which would involve both the common output modalities of sound and vision, as well
as the potentially useful new modalities of warmth and cold.
2.3 Affectionate behavior strategy

Affectionate research platforms have usually been designed for purposes other than
investigating how to structure behavior to elicit affection. For example, Kismet was
developed to realize natural, expressive social interactions [Breazeal 2000]. Leonardo
was used to explore how a robot could learn quickly in natural interactions [Brooks
and Breazeal 2006]. Keepon was designed to be engaging for children, so as to
observe their development and promote motivation to share mental states when
ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Article xx, Publication date: Month YYYY
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autism was present [Kozima et al. 2009]. Also, Paro was built to fulfill the role of an
animal in therapy while avoiding allergies, infections, and injuries [Wada and
Shibata 2007]. One exception—a robot designed to evoke affection in interacting
persons—is the Lovotics robot [Samani et al. 2011]. This robot like Kismet and
Leonardo features a complex behavioral model which is affected by both its own
internal state and input from its environment. Although the robot’s emotional state
was reported to be connected to its behavior through a neural network [Samani and
Saadatian 2012], the strategy for how the robot behaves to evoke affection was not
described.
Some strategies could be observed in existing products. For example, Furby 2012
includes personalities which could be described as child-like, music-loving, or
comically malevolent; the toy Puchimoe can present itself as a loving younger sister,
maid, or “Tsundere”3 personality; and Love Plus incorporates character designs
which seem gentle, refined, or “hard-to-get”. Thus, numerous interaction strategies
seemed possible, whose state could be affected by a person’s actions; how to find some
representative strategies to investigate was unclear.
Based on reviewing literature in human science, we found that three fundamental
patterns for strategies seemed to exist, according to the relative degree of affection
shown to a person: high, appropriate, or low. First, showing a high degree of affection
toward someone can in turn elicit affection because “we like those who like us”
[Backman and Secord 1959]. Additionally affection can also offer pleasure [Casriel
1976] and behavior such as complimenting can serve to “enhance” a person [Jones
1964], thereby satisfying a need for self-esteem [Galanti 1995]. Such an altruistic
pattern seems to be fundamental in the sense that it offers intrinsic attraction and
has appeared in various forms since ancient times: unconditional affection has been
described as love in its highest and purest form [Lewis 1960; Coelho 1987], and the
sagacity of eschewing negative emotions was advocated by the Stoics of Ancient
Greece [Baltzly 2014].
Even so, in some cases such a strategy may not be optimal; for example,
exhibitions of excessive affection can be perceived as a sign of weakness [Forsyth
2010], and thereby possibly as unattractive. As one alternative, successful strategies
described in interactive design theory and evolutionary biology [Axelrod 1984;
Trivers 1971] indicate the potential usefulness of matching a person’s degree of
affection. Reinforcing affectionate behavior and punishing unaffectionate behavior,
as a form of operant conditioning, provides an incentive for cooperative behavior
leading to mutual gain. As well, because a desire to be treated well would seem
common in living creatures, affection could also be evoked due to perceived similarity
[Byrne 1971]. Moreover, in robotics contingent behavior has been observed to result
in good impressions [Yamaoka et al. 2006]. Such a pattern also seems to be
fundamental, in that it relates to the cardinal virtue of justice and has been
discussed since ancient times; for example, ancient Babylonian law posited that
unaffectionate behavior should be punished in kind [Hammurabi 1904].
Proceeding further along the same lines, exhibiting relatively little affection can
be perceived as a sign of strength and desirability. Attractiveness can be evoked by
seeming to be selective and not affectionate to merely anyone [Jonasan and Li 2012];
by appearing to require cost in time or effort before reciprocating affection, due to the
notion that cost and value are correlated [Oxenfeldt 1950; Gittings 2002]4; or by
threatening a person’s freedom to bond as they wish [Brehm 1989]. Affectionate
exchanges could also be precipitated by enjoyment derived from appropriate
challenge in procuring another’s liking [Csíkszentmihályi and Rathunde 1993], or by
3 Tsundere, a Japanese pop-culture concept, involves juxtaposition of seemingly insincere negative behavior with
hints of sincere affection. ACM Transactions on xxxxxxxx, Vol. xx, No. x, Article x, Publication date: Month YYYY
4 The price/quality relationship and premium pricing
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ingratiation motivated by a threat of social rejection [Romero-Canyas et al. 2010].
The basis for such a pattern also appears ingrained and old; for example, “coy”
exhibitions of low affection were noted as a typical component in animal courtships
[Darwin 1871], and the notion that reward can be commensurate with effort can be
seen in the ancient story of how Herakles chose a difficult but glorious life over an
easy but meaningless one [Dakyns 2008].
Thus, some possible fundamental patterns for evoking affection were suggested by
previous work, but it was unclear how strategies would be perceived in the context of
human-robot interaction.
2.4 Contributions

The main contribution of the current article is to provide a first report on how people
perceive affectionate interaction strategies in a robot. To do so, we followed a design
pattern approach [Kahn et al. 2008] in identifying typical strategies and possible
failures. A precedent for identifying personality patterns also exists in human science
in descriptions of a typical “hero” character appearing in countless forms [Campbell
1949], and archetypical personas which can elicit certain responses and emotions
[Jung 1964]; as well, a precedent for finding failure patterns exists in robotics
[Satake et al. 2009].
Additionally we also report on a new robot prototype, Kakapo, designed to engage
in affectionate interactions, add some additional analysis with regard to our previous
work on recognition, and provide a first investigation of how warmth and cold
emitted from a robot are perceived as channels for conveying affection. This
knowledge will inform our next steps, and is intended to help robot designers to set
up affectionate interactions involving activity recognition, toward facilitating the
successful integration of companion robots into everyday human environments.
3. KAKAPO, A HUMANOID ROBOT PROTOTYPE

For the reasons presented in the previous sections, we desired a platform capable of
sensing touches and responding through some modalities we felt would be important
for affection: sound, vision, and temperature (warmth and cold).
3.1 Design

The platform we built for this article, Kakapo, was designed to be held by a seated
person, which we felt could facilitate touching. Therefore, we made Kakapo small and
light, with a length of 37cm, width of 10cm, depth of 7cm, and a weight of ~500g. Soft,
light fabric was selected as an outer cover to feel pleasant while not overly interfering
with the sensitivity of any touch sensors below. To elicit affection, a relatively large
head and eyes, and small arms and body were incorporated. We decided to use two
main colors: green and yellow, which may be perceived as comfortable and cheerful;
red, although associated with affection, was avoided for other possible connotations
such as hostility [Murray and Deabler 1957]. Kakapo’s rough form was fashioned to
be human-like to act as a familiar interface, while its outer appearance was made to
seem fantastical like Paro and Pleo, with the intention that people will forgive the
robot if it does not behave perfectly like a human.5
To convey affection to a person from the robot, behavioral capabilities were
selected as described in Section 2.2: sound and visual modules were incorporated,
along with the capability to provide warmth and cold. Through these channels, we
wished to be able to clearly convey both immediate feedback and long-term indicators
of the robot’s state, possibly “honest”. Sound was chosen to provide immediate verbal
ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Article xx, Publication date: Month YYYY
5 We consider Kakapo to be a robot prototype, but for brevity sometimes refer to it simply as a robot.
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signals due to its capability to attract attention and convey highly specific
information. To continually indicate the robot’s feelings, we decided to use a visual
display, which can transmit multiple channels of information in a persisting and
discrete way (a person can choose to look or not), and bears interest because it is a
modality not available to humans. Warmth and cold were allocated the role of
transmitting simple honest long-term signals involving strong like or dislike, because
the degree to which detailed information could be communicated was unclear (heat
requires time to dissipate, we also expected a habituation effect, and area and shape
of temperature differentials are poorly resolved [Jones and Berris 2002]). Thus, in
analogy to a human, the display could correspond with intended signals such as
polite smiling, nodding, or touching, whereas warmth and cold might be matched
with unconscious tension-reducing behavior, posture changes, or interpersonal
distancing. To ensure that display messages were perceived as meaningful, we
decided to dedicate the top half of the display to showing a participant’s name,
thereby binding messages to their referent.
3.2 Implementation

Fig. 2 shows hardware components. We adopted a wired solution for convenience but
kept the system easily adaptable; e.g., sound is realized with an on-board
microcontroller with a 2GB Secure Digital (SD) card, instead of simply attaching a
speaker. The display was implemented using “electronic paper”, which features
several desirable qualities including lightness, natural look, and the capability to
display messages for arbitrary lengths of time without electrical power; although we
could not find any previous work exploring this technology in conjunction with
companion robots, we expected that the latter property would be useful toward
allowing robots to be customized in the future. A precedent also did not exist for how
a robot could convey affection via warmth and cold; given the exploratory goal of the
current work, we selected a simple solution which met our requirements.6
To generate warmth, we adopted an inexpensive, off-the-shelf heating pad element
(100 x 50 x 1mm, weighing less than 3g), composed of tightly configured conductive
fiber sandwiched between protective film; functioning as a resistor, the component
can be reshaped to accommodate robots of various shapes. We mounted the element
to a location on Kakapo’s housing where people will place their hands to hold our
robot. When triggered through our program using a microcontroller, heat could be
felt nearly instantaneously at the surface of the component (we observed an increase
from 27ºC to 50ºC in only a few seconds); above the robot’s cover the effect was slower,
at a rate of around one degree per three seconds, but nonetheless quickly noticeable.
Providing cold offered more challenge. To keep the robot small, we set up an
external “cold box” comprising ice packs, along with fans and a pipe to advectively
transport cold air to the robot. A polystyrene box with dimensions 35 x 30 x 25cm was
used to maintain cold air at approximately 10ºC, which was conveyed to the robot via
a 2m long pipe with a 2.2cm diameter. We used an anemometer to select fans capable
of transporting the cold: a “squirrel cage” centrifugal fan providing 3m/s air speed at
the end of the pipe located on the robot was chosen to blow air from the cold box to
the robot; a large axial fan was also incorporated to deliver air into the main fan and
also blow some air out the top of the cold box into the ambient environment around a
person. As with warmth, cold was controlled via a microcontroller and required some
time to feel, although the start of the robot’s cold response could be detected
instantaneously due to the sound of the fans7. Starting at 27ºC, the temperature at
the surface of the robot dropped to 24ºC, and 22ºC near the cold box due to ambient
6 We first experimented with Peltier elements (also known as thermoelectric coolers, which are tile-like components
which become hot and cold on either side when a voltage is applied), but encountered some challenge in providing a
ACM Transactions on xxxxxxxx, Vol. xx, No. x, Article x, Publication date: Month YYYY
non-bulky on-board solution (Peltier elements should be cooled to avoid overheating) or a sufficient temperature
differential quickly from an off-board solution.
7 To avoid alerting people when the cooling response was active, a fan could be run constantly. We did not follow this
approach because running a fan constantly could irritate, which might interfere with our main goal of creating a robot
which people would like.
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Fig. 2. Hardware for Kakapo, a new platform intended for affectionate interactions.

cold air flow. Although the implemented cold stimulus was weak in comparison to
warmth, it could be felt not only at the point of contact but also on the exposed skin
of a person’s hands, legs, and face. For both Kakapo’s warmth and cold, we verified
that effects were perceived but not felt to be unpleasant.
4. DESIGNING RECOGNITION AND STRATEGY

An embodiment alone was not sufficient to engage in affectionate interactions; our
design for the remaining functionality was informed by a previously described
approach in HRI, in which the following proposals were made:
affectionate touch exchanges such as hugging constitute one fundamental
“design pattern” in human-robot interaction which by itself is “likely underdescribed: we do not yet know enough”
 such design patterns are hierarchical, implying that increased insight will be
afforded by identifying more specific patterns
 new patterns can be generated from observation of interactions, common sense
and “foundational constructs in human-human interaction” and validated using
the following guidelines: they should be abstract, combinable, conceptually
intuitive, effective, and preferred by people [Kahn et al. 2008].
Based on these proposals, we followed knowledge from human-human interactions
to expand step-by-step from the basic idea of an affectionate interaction pattern. In a
typical model of continuous dyadic human communication [Schramm 1954], one
person decodes incoming signals and, based on this information and an internal state,
responds with their own encoded output signals. For a robot the decoding and
encoding processes can be described in terms of its recognition and behavior strategy,
which supports our intuition that this functionality is important for interactions.
Thus, two sub-patterns emerged: a robot should recognize affectionate behavior, and
a robot should have an affectionate behavior strategy.
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4.1 Identifying a Target for Recognition

The first pattern considered was recognizing people’s affectionate behavior. We
started with results from our previous study [Cooney et al. 2012], in which we
developed a model of people’s typical affectionate behavior toward a humanoid robot
as shown in Fig. 3 and verified that we could recognize all touches. Each typical
touch is linked with a value from 0 to 1 indicating average degree of affection derived
from participants’ subjective ratings (0 expressing most dislike, 1 expressing most
liking), and can be phrased as a design pattern in the form: “a humanoid robot should
recognize ___”.
To verify the proposed patterns, the described guidelines were considered. First,
the identified touches are abstract and can be performed in many different ways: for
example, a handshake can be performed with one or two hands from a person or
robot. Second, the patterns are combinable: a robot can recognize both hugging and
hand-shaking. Third, the patterns are intuitive: we are familiar with these touches
from human-human interaction. Fourth, they “work”: as described above, we found in
our previous work that we can recognize all touches, and they cover a range of
different affectionate meanings from highly affectionate to neutral to highly
unaffectionate. Fifth, people prefer to perform these patterns; they were derived from
the most frequently observed behavior performed by more than one person toward
more than one humanoid robot form, when free to choose. Thus, we verified that
proposed patterns satisfied the criteria for good design patterns.
4.2 Design Strategies to Connect Recognition to Behavior

To generate possible patterns for a robot’s behavior strategy, we relied on our
intuition and knowledge from human-human interactions. We speculated that in an
affectionate interaction, a fundamental quality of a behavior strategy is how much
affection a robot exhibits. Three representative patterns then emerged based on the
literature noted in Section 2.3. We named the first pattern which involves showing a
positive predisposition, “hapto-philic” or touch-loving; the second pattern, which
involves behaving with appropriate affection, “hapto-neutral” or touch-neutral; and
the last pattern, which exhibits some negative responses, “hapto-phobic” or touchhating.
To validate the patterns, we again applied the described guidelines. The proposed
patterns are abstract; for example, hapto-philic could be implemented as “Agape” or
“Stoic”; the former variant entails responding positively to any behavior [Lewis 1960]
whereas the latter calmly endures unaffectionate behavior without responding
[Baltzly 2014]. Hapto-neutral could be implemented as “Tit-for-Tat” [Axelrod 1984] or
“Reciprocal Altruism” [Trivers 1971]; the difference is that in the former case, a robot
will forgive negative touches followed by affectionate behavior, whereas in the latter
case, a robot might cease to exhibit positive responses altogether. Hapto-phobic could
be realized as “Hard-to-Get” [Jonason and Li 2012] or “Tsundere” [Galbraith 2009];
the former involves initially exhibiting aloof responses which become positive if a
person’s behavior satisfies some requirement, whereas the latter, stemming from an
idea in Japanese popular culture, involves juxtaposition of seemingly insincere
negative behavior with hints of sincere affection.
The patterns are also combinable; a robot could be hapto-philic toward its owner
and hapto-neutral toward a stranger, or have different strategies at different times
in one relationship. Moreover, the patterns are intuitive; good-natured behavior
could lead us to trust that a robot will be good to us also in the future, fairness in a
robot’s responses suggests that there is a reason to act kindly to it, and, if a robot
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Fig. 3. Typical touches toward a humanoid robot appearance observed in our previous study, organized by frequency
and degree of affection.

does not immediately like just anyone, we may be able to develop a special
relationship with it.
The patterns should work also for the logic given in the sources described in
Section 2. The hapto-philic pattern could elicit reciprocated liking, attract by offering
pleasure, serve to ingratiate, and contribute to self-esteem [Backman and Secord
1959; Jones 1964; Casriel 1976; Galanti 1995]. The hapto-neutral pattern could elicit
affection by appearing contingent [Yamaoka et al. 2006], strong without deprecating
itself [Forsyth 2010], and similar to a person in its concern for its own fitness. The
hapto-phobic pattern could elicit affection by seeming desirable through its cost
[Oxenfeld 1950; Gittings 2002], and enjoyable due to the challenge [Csíkszentmihályi
and Rathunde 1993]. Thus, we suspected that the proposed patterns could work, but
we did not know if people would prefer them.
5. SETTING UP AN AFFECTIONATE INTERACTION

To be able to realize affectionate interactions, touch recognition capability and the
three typical affectionate strategies described in the previous section were
implemented.
5.1 Touch Recognition

From the many typical touches and average affection scores described in the previous
section, we wished to select a sub-set to create a simplified intuitive system which
would also be accurate, fast, and allow many meanings to be communicated. Thus,
touches were chosen which were frequently observed, easily discriminable and
conveyed various degrees of affection: Hug, Rub Head, Shake Hand, Pat Back, Push
Chest, and Slap Cheek, with corresponding affection scores of 0.9, 0.8, 0.7, 0.6, 0.1,
and 0.0.

ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Article xx, Publication date: Month YYYY

..:..

M. Cooney et al.

To recognize these touches, 13 sensors were built based on a concept proposed in
previous work [Ohmura et al. 2006]. Each sensor consisted of a photo-interrupter
emitting light onto, and receiving light from, the reflective inner surface of a soft
outer cover, as shown in Fig. 4a. Touching deformed the cover, increasing the amount
of light reflected and resulting in a measurable change in voltage; thus, sensors did
not strictly speaking measure force or velocity, but rather distance. Sensors were
attached to the upper body of Kakapo below its cover as shown in Fig. 4b, based on
our observations of people’s touches in the previous section; sensors were not
attached to its lower body, because holding touches did not have to be detected. This
resulted in sensor placements shown in Fig. 4c. Sensitivity to touches was adjusted
manually by adding or removing material from the soft covers. As a result, we found
that a simplified approach based on empirically determined thresholds on output
from the calibrated sensors allowed the designated touches to be recognized.
5.2 Affectionate Strategies

For the three fundamental patterns described in Section 4.2, we chose to implement
the more extreme variant of the “hapto-philic” pattern, “Agape”, which we felt would
be make comparison most informative; “Tit-for-Tat”, due to its fame and widespread
usage [Locher et al. 2007; Cheng et al. 2011]; and “Tsundere”, because like “Agape”
and “Tit-for-Tat”, this strategy is not dependent on time spent interacting. The
selected strategies are summarized in Table 1. Implementation involved determining
(1) types of behavior to use, (2) numbers of each, and (3) specific signals.
(1) The selected types of behavior are first described below then justified in the
next paragraph. Long-term display and temperature signals were restricted to one
kind of signal each. Immediate sound signals comprised emotional responses and
greetings, other feedback acknowledging a person’s touches, and proactive sounds.
Emotional responses conveyed immediate reactions to a person’s touch, such as
“That’s fun” or “I hate you” and were triggered only once every four times the robot
was touched. Greetings were uttered in response to a person’s first touch. Thereafter
touches were acknowledged by describing what was recognized (repetition) and using
filler sounds (back-channeling). Recognition responses involved uttering the name of
a touch performed such as “Hug” in a happy, neutral, or unhappy tone commensurate
with the robot’s state of affection toward the human. Filler sounds likewise
comprised a happy, neutral, or unhappy rendition each of “ah”, “oh” and “eh”; the
choice of vowel sound in each case was determined randomly. Kakapo uttered one
recognition response and three filler sounds every four times that a person repeated
a touch; if a person performed a different touch (e.g., hugging the robot after rubbing
its head), the robot indicated the new touch without using a filler sound. Proactive
utterances were played back when a person left Kakapo alone for ten seconds.
These behavior types, which are common in human-human interactions, were
selected because humanoid robots are expected to interact in a human-like way;
display and temperature signals were kept simple because they are not used by
humans. Emotional responses were used because the core goal of this study was to
determine how a robot’s affectionate behavior would be perceived. Greetings
represented a valuable opportunity to shape first and last impressions and clearly
convey the robot’s personality. Providing clear feedback by acknowledging recognized
touches was expected to contribute to enjoyment [Csíkszentmihályi and Rathunde
1993]. Filler sounds were also used, as in the Puchi Moe toy, to indicate that touches
had been recognized, while avoiding constant chattering which could be irritating.
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Fig. 4. Touch sensors: a) cross-section of one unit, b) attaching sensors to the upper body of Kakapo with its cover
removed, c) sensor positions shown over the outside of Kakapo in (left) front and (right) back.

Table 1. Affectionate interaction strategies investigated in the current article.
Typical pattern

Strategy

Hapto-philic

Agape

Hapto-neutral

Tit-for-Tat

Hapto-phobic

Tsundere

Description
A robot shows much affection regardless of how a
person touches it
A robot shows appropriate affection given a person’s
touches
A robot pretends to dislike, but hints that is secretly
likes, being touched

Proactive sounds were used to convey personality and encourage active touching,
while also allowing some entertainment for participants who might prefer passively
holding and listening to the robot.
(2) Decisions were required regarding the number of each type of behavior to use.
Although we eventually wished to incorporate adaption to avoid repeated patterns in
long-term interactions, our goal in the current study was to gain insight into the
easier problem of short-term interactions, for which a simplified solution was desired;
therefore a set number of each type of behavior was used. For the relative number of
actions to implement, we felt that there should be a greater number of short-term
signals than long-term signals because repeating short-term signals too often could
be irritating and using too many long-term signals would increase the chance that
some would not be experienced by participants; therefore more sounds were created
than display messages or temperature signals.
In terms of specific numbers, we did not find any clear stipulations in previous
work. Therefore we struck a balance between choosing enough signals to show
lifelike variety [Fujita 2004], while not using too many because our goal was to
conduct an experiment: we wanted to allow participants to experience as much as
possible the same set of behavior from the robot (reducing the chance of specific
signals acting as a confounding factor on how much participants liked it); and a small
number was also desired for clarity so that the reader could understand what
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participants experienced. The number of actions we selected seemed to offer a good
balance in variety and clarity.
(3). Specific messages were developed based on our concepts for the strategies. We
verified in pre-trials that the messages conveyed the natures of the strategies as we
intended, and that these numbers allowed for a reasonable amount of interaction,
several minutes, without boring participants. The resulting sounds and display
messages are shown in Table 2.
Some approach for modeling Kakapo’s state of affection toward a human was also
required. As noted in Section 2.3, some previous models for affectionate robots have
been complex, composed of both external and internal drives and numerous
interactions. In our case, changes in a robot’s emotional state resulting from
imperceptible internal conditions such as battery level could act as a confounding
factor on people’s perceptions; therefore we adopted a simplified model as follows. For
all strategies, the robot used a single variable in the range of [0, 1] to represent its
state of affection toward the human. This variable was used to decide Kakapo’s
immediate responses, display messages, and warmth/cold response via a simple
mapping. The state of affection started at 0.5. Every time the human touched the
robot, the robot’s state was updated with the following simple equation:
𝛼𝛼𝑡𝑡+1 = 𝜔𝜔ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝛼𝛼𝑡𝑡 + 𝜔𝜔𝑛𝑛𝑛𝑛𝑛𝑛 ∗ 𝛼𝛼𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ

(1)

where αt+1 and αt represent the robot’s affectionate state at time step t+1 and t, αtouch
represents the degree of affection attributed to the human’s touch, ωhistory is a weight
coefficient representing the effect of a person’s previous touches, and ωnew is a weight
coefficient representing the effect of a person’s latest touch. For the current work, we
selected a value of 0.5 for ωhistory and ωnew. For αtouch, we used the average affection
scores to one significant digit of 0.9, 0.8, 0.7, 0.6, 0.1, and 0.0 for the target touches
Hug, Rub Head, Shake Hand, Pat Back, Push Chest, and Slap Cheek, based on our
results from our previous study.
Some differences in strategies were as follows. Agape used only the happy
rendition for recognition feedback and filler sounds, Tit-for-Tat used all three
depending on its state, and Tsundere used unhappy or neutral sounds, depending on
its state. For temperature, Agape used only warmth, and the other designs used both
warmth and cold. In checking the strategies we were confident that participants
would recognize a difference between them, but it was unclear what kind of
impression would result.
6. PEOPLE’S PERCEPTIONS OF A ROBOT’S STRATEGIES FOR ELICITING AFFECTION

To investigate how people perceive different kinds of interaction strategies within the
context of affectionate interaction with a robot, an experiment was conducted.
“Strategy” here means a behavior planner which links recognized human touches to a
robot’s behavior.
6.1 Objectives and scope

Our goal was to determine if the strategies we had implemented could elicit affection,
and if they failed, why this might be the case. Toward this we focused on one scenario
which we consider fundamental for affectionate interactions in which a single person
interacts through touch with a small humanoid robot capable of multimodal output,
briefly and in a controlled setting without objects. Young adult Japanese were used
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Table 2. Interactive messages from the robot: initial and final greeting utterances, utterances
indicating the robot’s state, proactive utterances, and display messages for all three designs.
Message Type
Greet

U3

Agape
We’re going to
play? Yay!
I love you!
Did I do
something bad?
You’re strong,
aren’t you?
Again!

U4

More!

What?

My heart is pounding.

U5

That’s nice.

Oh...

U6

Ha ha ha!

Uh-huh.

U7

Hooray!

That feels good.

U8

That feels good!

That’s fun!

Stop, it’s embarrassing.
You’re doing it totally
wrong.
Only because you insist…
It’s not as if I like you a lot
or anything...

U9

That’s fun!

U10

Whee!

P1

I love to play!

P2

I want to play
more!

P3

Let’s play!

D1

You’re great

I wonder what’s
happened.
I hate you so much!

D2

You’re the best

I don’t like you

I don’t know who you are

D3

I like you

Normal

Nothing to say

D4

I like you a lot

I like you

I don’t hate you

D5

I love you

I love you

It’s a secret

Start
End
U1
U2

Express
State

Elicit
Touch

Display

Tit-for-Tat

Tsundere

Nice to meet you!

Oh, you startled me!

Bye-bye!

That’s all? Fine by me.

I hate you!

Kya, robot-killer!

You’re the worst!

I hate you, don't touch me!

Please stop.

I’ll cry.

You’re really a nice
human.
I like you a lot!
Oh, you’re not going
to play?

Already done? I see!

I’m bored.

I’m not lonely.

Uh… um…
Thank you.

You didn’t have to stop.
I hate you so much!

Messages are shown in order of least affection to highest affection.
for our investigation for convenience: children might not have learned some rules
which adults know, an accident with an elderly person could have severe
repercussions, and our lab is in Japan, where there is relatively much interest in
companion robots such as AIBO and Paro. Touch is important for conveying affection
and multimodal output is useful due to current limitations in haptic output. A small
humanoid robot is easy to hold and touch, offers a familiar interface enabling rich
communication, and evokes affection through childlikeness. Brief interactions in a
controlled setting facilitate experimentation, and objects are not typically used in
affectionate interactions. We note that, although a multimodal configuration was
adopted, our purpose was not to establish, for example, which output modality would
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be “prime” or “dominant” over others, but rather to acquire insight into the general
lay-of-the-land for the selected context.
6.2 Participants

Data were obtained from 25 young adult Japanese university students (15 females
and 10 males; average age = 20.5 years, SD = 1.6 years). Participants were recruited
by an advertisement from outside of our laboratory, received 2000 Japanese yen
compensation for their time for one hour and transportation costs, and had never
interacted with Kakapo before. The sample pool was diverse, comprising majors in
history, mythology, physics, and topology.
6.3 Procedure

After receiving instructions and practicing touching the robot, participants played
once with each of three affectionate strategy designs for the robot, filled out
questionnaires, and reported impressions in a brief interview.
First, participants were seated at a desk in a large, well-lit room (~15 x 8m, ~500
lux) and the door was closed for privacy, leaving one participant and the
experimenter in the room. A handout was provided with simple instructions as might
be found on a toy package. Instructions conveyed that Kakapo would react to touches
using sensors located on its upper body (this was to avoid any possible confusion), the
robot could speak, messages would be shown in its display, and that its body below
the display could become warm or cold. Participants were also informed that they
would play with three different versions of the robot, and asked to try to determine
what kind of designs they played with. The handout additionally mentioned that the
goal of the research was to investigate affectionate interactions and that there was
no correct or incorrect way to interact; participants could hold the robot propped
between their legs or on their laps or however they wished, and sound might be
heard during the interaction but this would not an error or bug (this last comment
was intended to avoid any potential alarm at the sound of the fan). After reading the
handout, participants were also asked to indicate a name or nickname less than ten
characters, which was then shown in the robot’s display. Next, short practice sessions
were held, which lasted one or two minutes. Participants were informed that this was
practice before the actual interactions, and asked to try touching the robot in various
ways. During the practice sessions, the robot responded to touches by uttering how it
had been touched, but, unlike the actual trials, emotional responses, filler sounds,
and display messages were not used. At any time during the instructions and
practice sessions participants could ask questions.
Although our prototype was designed to be intuitive to interact with and knowing
that sensors were located on the robot’s upper body could introduce some
unnaturalness, we feel the set-up with instructions and practice sessions was helpful
given the highly complex scenario of free interaction. Participants typically had no
experience with robots and could feel excited or nervous at the prospect of interacting
while being filmed. Thus, we wished to mitigate as much as possible confounding
factors such as novelty effects and potential anxiety which could otherwise greatly
influence results.
When ready, each participant played with three different strategy designs for
Kakapo. During each interaction, Kakapo recognized affectionate touches performed
by a participant and responded audiovisually and thermally, according to its strategy.
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After each session, participants filled out a questionnaire rating each strategy
design; at the end, short interviews were conducted. Sessions lasted approximately
one hour.
6.4 Conditions

Each participant interacted once with Kakapo for each of the three affectionate
interaction strategies described in detail in Section 5 and summarized below. To
reduce order and carryover effects, strategies were experienced in a sequence
determined by partial counterbalancing with balanced Latin squares.
C1) Agape (Hapto-philic): the robot always behaves affectionately.
C2) Tit-for-Tat (Hapto-neutral): the robot behaves affectionately, neutrally or
unaffectionately based on a person’s behavior.
C3) Tsundere (Hapto-phobic): the robot behaves unaffectionately on the surface
while indirectly indicating affection.
6.5 Hypotheses

Although we wished to approach our investigation with an open mind we also had
some expectations, as follows.
P1: All three implemented affectionate personalities (Agape, Tit-for-Tat, and
Tsundere) would be successful in eliciting affection.
P2: Participants would perceive most affection from Agape.
P3: Participants would perceive Tit-for-tat to be most appropriate and changeable.
P4: Participants would feel a desire to ingratiate themselves when playing with
Tsundere.
6.6 Measurements and Processing

To verify our predictions and otherwise gain insight into how affectionate strategies
are perceived, both a semi-structured interview and paper-based questionnaire were
used. The former allowed participants to talk about what they felt was most
important so that new ideas could be brought up (we believed this would be required
for finding failing points); the latter provided some quantitative indication of how
strongly participants felt about some issues we thought could be important. Objective
measurements were not used due to the difficulty of finding meaningful patterns in
such data and the exploratory nature of the research; we first wanted to understand
what participants felt, which we could only determine by asking them directly.
For the interviews, we asked participants simply, “How was it?” to let them start
talking. Participants who had trouble answering were reminded that they had played
with three robot designs and asked how to describe these. Themes explored included
differences between the designs and the behavior modalities of the robot. All
participants were asked two questions if the conversation did not naturally lead to
them volunteering the information:
I1) If you would choose one of the designs to play with, which would it be?
I2) Did you feel affection toward the robot at any time? If so, why?
Although we wished to approach our investigation with an open mind we also had
some expectations, which we verified by administering a questionnaire immediately
after each participant interacted with one of the robot strategies, with the following
items:
Q1) Appropriateness: Did the robot’s responses seem appropriate?
Q2) Changeability: Could you change the way the robot seemed to feel?
Q3) Liked by Robot: Did you feel as though the robot liked you?
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Q4) Affection: Did you feel affection toward the robot?
Q5) Enjoyment: Did you enjoy the interaction?
Participants’ comments during the interviews were recorded, coded, and grouped
by the experimenter, forming the primary corpus for analysis and discussion. To
verify reliability, a second coder was asked to code one participant’s comments and
Cohen’s kappa was calculated (reliability was reasonable: 0.70). Analysis involved
conducting chi-squared tests, as well as a one-way repeated-measures Analysis of
Variance (ANOVA) with the factor robot strategy, to check Predictions 2 and 3.
In presenting impressions, comments made by only one participant were removed
as outliers. Is it meaningful to report comments made by only two participants out of
25? We believe it is, for the following logic. We assume that the number of comments
which could be made in a short interview is some very large number (L) and that our
first participant reports at least one comment. The probability, p, that one of the
remaining n participants, n=24, randomly reports a specific comment is less than C/L,
where C is the maximum number of comments reported by a participant. Because
participants comment independently, the binomial theorem can be applied:
𝑛𝑛
P(X = k) = � � 𝑝𝑝𝑘𝑘 (1 − 𝑝𝑝)𝑛𝑛−𝑘𝑘
𝑘𝑘

P(X ≥ 0) = 1 − P(X = 0) = 1 − �

(2)

𝐿𝐿−𝐶𝐶 24
𝐿𝐿

�

(3)

Because L is much greater than C, the chance that more than one participant
randomly reports the same comment is low. For example, with L equal to 100000 and
C as 25, the chance of randomly repeating a comment would be less than one percent.
Thus, we assume comments made by more than one participant are not likely to be
random and are thus worthwhile reporting.
6.7 Results

Comments for affectionate strategies and modalities are shown in Table 3; Fig. 5
shows questionnaire scores. Analysis involved two steps (1): checking in general how
the system was perceived, and (2) verifying predictions. At the end of the section we
provide some further data to suggest why participants felt affection.
6.7.1. General impressions and first failure patterns. To check that the system
performed correctly and gain some high level insight into how participants perceived
our robot, we first examined participants’ comments. As expected, Agape was mostly
perceived as highly positive, direct, and cute; Tit-for-Tat matched its affection to a
person’s, and was direct and cheerful; and Tsundere was indirect, shy, enjoyable, and
cute. A chi-squared test comparing the number of expected impressions versus the
number of unexpected impressions (346 vs. 102, 77.2% of the total were expected)
revealed that expected impressions were significantly more prevalent: χ²(1, N = 448)
= 132.9, p < .001. Additionally, a chi-squared test on questionnaire scores using Yates’
correction for continuity indicated that responses were perceived as appropriate for
all strategies: for Agape, 5.4 ± 1.6, χ²(6, N = 25) = 12.57, p = .05; for Tit-for-tat, 5.8 ±
1.2, χ²(6, N = 25) = 26.81, p < .001; and for Tsundere, 6.0 ± 1.0, χ²(6, N = 25) =
24.33, p < .001. Thus, the designs and modalities were perceived mostly as we had
intended.
However, our strategies were not liked by all participants. Some participants felt
Agape was abnormal or confusing because it responded with pleasure even when
touched unpleasantly. It was felt this could indicate a lack of caring toward the
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Table 3. Reported impressions of affectionate strategies and novel modalities
Impressions
Property
Intended
Unintended

Agape

It did not become angry (17) or cold (5), liked
everything (16), me (6), and people in general
(4), was up-front with its feelings (5),
frequently expressed affection (4), resembled
Tit-for-tat (2), and showed happiness (2).
[Positive] It was cute (5), excited (5), playloving (4), enjoyable (3), therapeutic (2), and
its happiness made me feel happy (2).

It liked to be spoiled (3), was
child-like (3) or girl-like (2)
and had a high voice (2).
[Negative] It should be “fixed”
to also show displeasure (4), it
was hard to understand (3), and
it seemed fake (3) and
masochistic (2).

Tit-for-Tat

It showed happiness and anger in response to
kind or unkind touches (11), was up-front with
its feelings (6) and clear about its likes (5),
became cold (4), and a wide range of behavior
(3), liked me (3), and resembled Agape (4)
and Tsundere (2).
[Positive] It was cheerful (5), enjoyable (3),
easy to understand (3), and cute (2).

It was child-like (6), generic
(5), and human-like (2), wanted
attention (3), and greeted me
(2).
[Negative] It was emotionally
volatile (9), uncaring (2), like a
simple machine (2) irritating
(2) and hard to understand (2).

Tsundere

Warmth

It was a “Tsundere” (12) which expressed its
feelings indirectly (11) through complex
conflicting messages (5), happiness and anger
(5), and a wide range of behavior (3). It was
shy (10) and contrary (4), liked me (4),
became cold (3), and resembled Tit-for-Tat
(2); I was unsure about its true feelings (2).
[Positive] It was enjoyable (11), cute (7), easy
to understand (2), challenging (2), novel (2),
and interesting (2). Its brusqueness made me
want to interact more (2)
It indicated that the robot was pleased (10).
[Positive] Its happiness made me feel happy
(8), and warm (2). It was amazing (2),
enjoyable (2), useful as an indicator (2), and
worked well with sound (2).

It was quiet (4), lonely (3),
child-like (4) or human-like
(3), and did not become angry
(2) or mind being left alone (2).
[Negative] It disliked me (3).

I’m not sure I felt it (3) or
didn’t feel it much (2).

Cold

It indicated that the robot was angry (15).
It was noticeable (9); I felt guilt and a desire
to placate the robot (6), and shock (4).
[Positive] It was amazing (3), and enjoyable
(4).

It took some time to feel (2),
and I first noticed it due to the
sound of the fan (2).
[Negative] I did not pay much
attention (4) and it should not
be used to express anger (3).

Electronic
Paper
Display

It changed frequently (3), and I used it to
understand how the robot was feeling (3).
[Positive] It was enjoyable (6); good (4), and
easy to understand (4), and I liked my name on
the robot (2).

[Negative] I did not pay much
attention (2) and letters were
hard to read (2).

Impressions unique to a single strategy or modality are indicated in italics
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Fig. 5. Average questionnaire scores with ANOVA results: **p < .001, + p < .1.

participant’s actions, and could inadvertently suggest to children that touching
others unaffectionately is acceptable.8 Likewise, some participants thought that Titfor-Tat seemed emotionally volatile and simply reactive like a machine; it was felt
that its quick mood swings in seeking to cause them to behave in a certain way could
grow tiring, and that the robot might not have any friendly feelings toward them.
Also, Tsundere was disliked because some participants felt it did not like them.
These reported failing points provide us with some insight for improvement, which
we refine by also considering our predictions.
6.7.2. Verifying Predictions. Prediction P1: A chi-squared test showed that positive
comments were significantly more frequent than negative comments: χ²(2, N = 170)
= 61.2, p < .001. A chi-squared test on questionnaire scores using Yates’ correction for
continuity also indicated that participants liked each of the personalities, at p < .001:
for Agape, χ²(6, N = 25) = 23.21; for Tit-for-tat, χ²(6, N = 25) = 23.77; and for
Tsundere, χ²(6, N = 25) = 34.09. Thus, Prediction P1, that all typical affectionate
personalities would be successful in eliciting affection, was supported.
We also checked if participants had preferred any of the strategies. In response to
which strategy they would choose to play with in the future, 14 participants chose
Tsundere, six chose Agape, and five chose Tit-for-Tat; a chi-squared test confirmed
that a statistically significant difference existed: χ²(2, N = 25) = 5.84, p = .05. A
significant difference in the number of positive versus negative comments was also
noted for Tsundere: χ²(5, N = 85) = 7.49, p = .02. However, no significant differences
were observed in the ANOVA results for affection or enjoyment: we found for
affection, F(48,2) = .866, p = .4, η2 = .035, and for enjoyment, F(48,2) = 2.139, p = .1,
η2 = .082. Thus, we found some evidence that more participants preferred Tsundere
and comments were more favorable, but no difference existed in questionnaire
evaluations.
Prediction P2: A significantly larger number of comments about Agape being
affectionate indicated that it was perceived as most affectionate (χ²(2, N = 37) = 38,
p < .001) but participants were not convinced that this affection was directed toward
8 As an example of a miscue
which
led to impressions
inappropriateness,
participant
described
how
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the robot had cheerfully asked her to “do it again” after hitting it; another said in regard to this apparent
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themselves (χ²(2, N = 13) = 0.48, p = 0.6). Likewise, mean questionnaire scores for
perceiving liking toward themselves from the Agape personality were not
significantly higher than for the other personalities (6.1 ± 1.3, compared with 5.7 ±
0.95 and 5.6 ± 1.4): F(48,2) = 1.868, p = .2, η2 = .072. Thus, Prediction 2, that
participants would perceive more liking toward themselves from the Agape
personality, was not supported.
Prediction P3: Eleven participants commented that Tit-for-tat’s happiness and
anger were caused by touching the robot kindly or unkindly, and nine participants
described the Tit-for-Tat design’s emotions as changing quickly and extremely; no
such comments were made about the other designs, indicating that Tit-for-Tat’s
emotional state was perceived to be related to their behavior and highly changeable.
For the questionnaire scores, results for the appropriateness of the robot's
responses were as follows: Agape: 5.4 ± 1.6 vs. Tit-for-Tat: 5.8 ± 1.2, and Tsundere:
6.0 ± 1.0) F(2, 48) = 2.9, p = .06, η2 = .11. For changeability, Mauchly’s Test of
Sphericity was violated; therefore, we used a Huynh-Feldt correction (ε = 0.795).
Mean scores for changeability differed significantly between robot strategies: F(1.589,
38.136) = 10.572, p = .001, η2 = .306. Post hoc tests using the Bonferroni correction
showed that a significant difference did not exist between mean scores for Tit-for-tat
and Tsundere (5.7 ± 1.5 vs. 5.4 ± 1.4, p = .4); however, differences between Agape
(4.36 ± 1.846) and Tit-for-tat, and Agape and Tsundere, were both significant (p
= .004, and p = .01). Thus, Tit-for-tat and Tsundere were perceived to be more
changeable than Agape, although Tit-for-tat was not perceived to be more changeable
than Tsundere. Prediction P3, that participants would perceive Tit-for-tat to be most
appropriate and changeable, was only partially supported.
Prediction 4: Only two participants described a desire to ingratiate themselves,
saying the robot’s sharp responses made them feel like interacting more. Six
participants described the robot’s cold response as causing them to feel guilty and
wish to placate the robot, but this was not unique to Tsundere. Thus, we did not find
almost any evidence to support Prediction 4, that participants would feel a desire to
ingratiate themselves when playing with Tsundere.
Thus, in summary, Prediction 1 was supported, Prediction 3 was partially
supported, and Predictions 2 and 4 were not. This, coupled with insights volunteered
by participants, suggested to us some useful failure patterns to consider, but what
remained unclear was why participants had felt affection.
6.7.3. Reasons for feeling affection. Some additional insight can be gained from
participant’s comments about feeling affection toward the robot. Reported reasons for
preferring a strategy stemmed from the robot’s behavior (observing a large variety of
behavior (9 participants), and anticipating responses (2)) or emotions (their clear
communication (4), or the act of changing them (3)); “spice” in the interaction
(enjoyment (8), challenge in getting the robot to say it liked them (4), and a desire to
tease it (2)); the robot’s positive attitude (it was nice (4), became happy because of
their actions (4), and didn’t get angry at them (3)), lifelikeness (human-like (2) or
child-like (2)), and other (it seemed cute (6), or because of personal preference (2)).
Thus, a truly wide variety of reasons caused participants to like strategies.
Participants also described moments in which affection was felt, which they
stated was due to the robot’s sounds (reactive and proactive utterances (15 and 5)),
embodiment (8, including looks (6) and feeling good (5)), warmth (6), and display (5).
Specific actions which evoked affection included the robot’s proactive call, “Let’s play
more”, and a display message stating, “I love you”. Thus, participants felt affection
from various modalities.
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7. DISCUSSION AND CONCLUSIONS

In this section we discuss the results of the preceding section, implications for the
design of affectionate strategies, possibilities for more advanced recognition, future
work, and limitations. The primary novel contribution of this article involved
identifying how people perceive three fundamental kinds of strategies for eliciting
affection during a touch-based interaction with a small humanoid robot prototype
equipped with activity recognition capability: Agape, a “hapto-philic” strategy in
which a robot always responds affectionately; Tit-for-Tat, a “hapto-neutral” strategy
in which a robot responds with an equivalent degree of affection; and Tsundere, a
“hapto-phobic strategy” in which a robot responds with a juxtaposition of affectionate
and unaffectionate signals. Our results suggest that all of these affectionate
strategies were generally capable of eliciting affection, but not always:
 Agape was perceived to be most affectionate, but its sincerity was questioned
(affection was not believed to be particularly directed toward participants
themselves, and some did not understand why the design would respond
positively to negative touches); also, it was perceived as less changeable than the
other two strategies.
 Tit-for-Tat was perceived as changeable and matching a person’s degree of
affection, but its responses were not felt to be any more appropriate than other
designs because some felt it was too emotionally volatile and that simply
matching affection made it seem to have no feelings of its own. The latter seems
to corroborate a previous result in which high contingency in a simplified context
caused a robot to be perceived as a “machine that simply follows a human’s
instructions” [Yamaoka et al. 2006].
 Lastly, the current article presented some support for employing a design also
incorporating some negative signals, Tsundere, in the sense that this strategy
was preferred by most participants and received the highest ratio of positive to
negative comments. We learned some interesting things about such a design.
First, no difference existed in questionnaire evaluations. We expect this could be
because some participants felt it genuinely did not like them, leading to some
highly negative evaluations. Second, we did not find evidence that Tsundere in
particular caused participants to feel a desire to ingratiate, because the robot’s
cold response shared with Tit-for-Tat appeared sufficient to cause such feelings
in some. Third, this was also the only design for which no participants expressed
difficulty knowing how to interact, suggesting that the challenge presented in
causing the robot to like a person may help to clarify a purpose for interacting.
Feedback indicated that the key in such a design is conveying that the robot’s
unaffectionate behavior is not genuine. If this problem can be overcome, we
believe that complex messages juxtaposing positive and negative signals offer
promise for creating interesting and meaningful affectionate experiences.
Additional contributions are twofold. First, we reported on the design of a new
robot prototype, Kakapo, capable of recognizing six typical touches with 13 sensors
and responding with four output modalities. Second, we found that various
modalities contributed to allow participants to feel affection. Encouraging feedback—
that warmth made some participants feel happy and warm themselves; that cold
sometimes shamed or shocked; and that showing a person’s name on a robot’s
electronic paper display could provide a special feeling and sense of ownership—
highlighted some useful directions for further investigation.
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7.1 Implications for designing likeable strategies

Our results suggested that strategies can fail to elicit affection when perceived as
insincere, unchangeable, emotional volatile, lacking true feelings, or disliking a
human. To avoid such impressions we suggest the importance of conveying genuine
sincerity, as well as variety and stability, as follows.
 In designing a robot with a positive predisposition such as Agape, participants’
feedback indicated that care should be given to ensure that a robot’s
affectionate behavior seems genuine and rich in variation. To accomplish both
goals, we suggest that a robot can combine its positive behavior toward a
person with some other signals to respond to unaffectionate touches or other
persons. For example, when receiving unaffectionate behavior, a robot could
still show a positive attitude but also pain or sadness; this could suggest that
the robot is not merely a permanently smiling caricature, but rather a complex
being enduring out of genuine affection. We believe that in seeking to convey
such complex impressions, care should be given to considering the congruity of
the perceived gestalt; for example, “adaptors”, typical human nervous motions
which could suggest a robot’s lifelikeness, and thereby rich variety, could also
in conjunction with other signals inadvertently signal insincerity [DeSteno et
al. 2012].
 The task of designing robots which seek to respond appropriately (such as Titfor-Tat) in affectionate interactions would seem to be no less challenging;
designers should pay attention to how volatile their robot will appear to be,
and avoid the impression that the robot is heartless or boring. The original
Tit-for-Tat strategy is intrinsically volatile, flipping between extremes within
a single turn; but, a participant playing with a robot may engage in insincerely
unaffectionate behavior, in which case a certain degree of tolerance could be
desired. We think the root of the described problems is the same. By showing
some trust in a human and not being instantly swayed—e.g., “That hurt but
you were nice to me up until now so I’m sure you didn’t mean that”—we think
a robot can seem to possess its own feelings, implying that when it is being
affectionate it genuinely likes a human.
 Feedback indicated that the key in a design also using negative signals such
as Tsundere is conveying that the robot’s unaffectionate behavior is not
genuine. We think that, because participants who thought the robot disliked
them did not seem to have checked the display or felt the robot’s warm
response, more available communication channels will facilitate accurate
conveying of impressions. For example, a person who does not notice a shy
robot blushing or hiding its face, could notice aroused motions or that the robot
glanced at them out of the corner of its eyes.
Thus, we propose three new affectionate design patterns in the form “a robot
should show ___” with the underlined portion corresponding to “genuine liking”,
“variety”, and “stability”, respectively. Using the guidelines of Section 5, the new
design patterns are abstract and can be implemented in various ways. Second, they
are combinable; a robot can show both variety and stability. Third, the patterns are
intuitive for the reasons above: if sincere liking is perceived, insincerity, a lack of
true feelings, and dislike will not be perceived; volatility will not be perceived if the
robot seems stable; and variety will cause a robot to seem changeable. Fourth, the
designs “work” in the sense that it should be possible to provide such an impression.
Also a robot’s sincerity may be believed because people generally are willing to
suspend their belief, and people have a tendency to seek stable patterns even where
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there are none. Fifth, people prefer these patterns: in the previous section,
participants mentioned feeling affection due to perceived liking, rich variety, and
emotional clarity. Thus the designs seem appropriate. The complete design pattern
structure proposed in the current article is shown in Fig. 6.
From this structure, one central implication seems to be that showing affection is
not always enough to elicit affection; the affection must also be perceived as sincere.
In general, insincerity and sincerity can be difficult to distinguish; sincere signals
can seem relaxed whereas insincere signals may be accompanied by cues of tension or
arousal such as increased blinking and pupil dilation, or conversely overly acted
behavior [Wacewicz and Żywiczyński 2012]. A further complication is that a robot’s
sincerity should likely reflect the context; insincerity in the form of politeness is a
typical and useful tool for facilitating interactions [Pfohl 1985].
As well, in addition to avoiding negative impressions a priori, a robot could also
seek to adapt its strategy during an interaction based on its recognition results. For
example, highly affectionate behavior such as hugging could indicate a strategy’s
success, whereas negative behavior such as pushing a robot away could indicate
failure.
We think that our new knowledge can be used to improve the existing platforms
and products mentioned in Section 2. Because our design patterns are scalable (in
terms of behavior) and not conceptually linked to any particular robot, we expect that
the three types of strategies could be implemented to elicit affection. We nonetheless
think that because clarity was reported as one reason to feel affection, care should be
taken with robots without verbal feedback such as Paro and Keepon in conveying
what the robot senses and what its behavior means. Additionally, previous robots
cannot recognize typical affectionate touches like head-rubbing, cheek-stroking,
hand-shaking, which we expect would help to enhance interactivity and also
affectionate communication. Furthermore, warmth could be added to these robots’
repertoires to provide additional affection.
7.2 Improving affectionate recognition

Although we found that recognizing some typical touches and their meanings sufficed
to design a simplified framework for investigating affectionate interactions, further
inference of theory could yield benefits if, for example, a robot could recognize the
affectionate meaning of any arbitrary touch or predict a person’s reason for
interacting. Therefore, some extra analysis was conducted on the results from our
previous study toward conceptualizing interrelationships between touches,
affectionate meaning, and reasons for interaction.
7.2.1. Touches and Affectionate Meaning. In addition to softness of touch, we
observed that the location of touch also seemed related to perceptions of how much
affection was conveyed. To better understand this relationship, we plotted our
estimates of how the data varied based on factors associated with location of touch
(touching part, touched part, trajectory, and relative contact area), as shown in Fig. 7.
From this analysis it can be seen that touches involving a vulnerable location along
a person’s superior-inferior axis (e.g., head or chest) conveyed most liking, whereas
touches with a hand expressed either like or dislike. Touches involving a robot’s
vulnerable center expressed highest like and dislike, depending on the manner of
touch. Nearing or pulling closer a robot form conveyed like, and pushing away
conveyed dislike. Soft touches involving a larger surface of the touching part
expressed more liking; for example, handshakes involving both of a person’s hands as
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Fig. 6. Our design patterns for affectionate touch interactions; arrows flow from general to specific patterns and
indicate dependence

Fig. 7. Estimated relationship between touch properties and perceived affection.
opposed to merely one. We also noted that a difference seemed to exist in complete
and incomplete hugs, in which the former involved more contact area, more force,
and were longer in duration, suggesting that duration of touch could also affect liking
conveyed. Thus, a number of additional predictions could be made, which, if
confirmed, could have various uses, such as providing a basis for predicting the
affectionate meaning of a person’s touches toward an arbitrarily shaped robot. One
caveat is that perception of transmitted affection could differ between enactor and
recipient; e.g., a person rubbing someone else’s head might not be aware that her
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partner finds the touch too rough and thus incorrectly judge the affectionate meaning
of her action.
7.2.2. Inferring Reasons for Touching. Relationships between touches and reasons
for interacting are shown in Fig. 8. Some reasons such as conveying disgust and
causing the robot to move its head seem more easily inferred than others. Touches
which individually may not allow for easy inference of reasons include: Pull Arm, Pat
Back, Pat Shoulder, Hug and Rub Head; in general, it seems difficult to infer reasons
from individual touches. We predict that inference will be made more feasible by
considering context: specifically, (1) temporal structure, (2) a robot’s proactive
behavior, (3) additional cues from other modalities, and (4) multiple observations. (1)
Some specific intentions could be predicted by the timing with which they occur, such
as greeting and parting. (2) The task of prediction will also be facilitated by taking
into account a robot’s behavior and common associations between behavior and
reactions; for example, it might seem reasonable to conclude that a person’s hug was
intended to comfort if directly preceded by an indication of sadness from the robot. (3)
Additional clues from other modalities will also be useful for prediction: e.g.,
recognizing a sad look in conjunction with arm-pulling might suggest that a person’s
behavior was motivated by loneliness, and words of praise in conjunction with
hugging and patting the robot’s back could suggest the expression of gratitude.
(4) In a similar fashion, multiple confirmations will be used both when a specific
touch is repeatedly observed and also for related touches. As one example of the
latter case, we notice that short repeated touches to the same area (i.e., rubbing,
patting, and stroking) were frequently used to reassure: this is the most common
reason for head and back rubbing; second for shoulder-patting, head-patting, and
hugging and patting the robot’s back; and third for cheek-stroking.9 When a number
of such touches are observed, it would seem reasonable to conclude that the person’s
intent is to comfort. Other intentions which might be inferable through multiple
observations are showing love, hate, and disgust, and seeking love. Multiple touches
conveying high or low affection (e.g., Hug, Hug and Pat Back, and Kiss vs. striking
and distancing gestures) will indicate love, hate, and disgust; observing both
affectionate touches that a person wants performed and tugging to get a robot’s
attention will help to arrive at the conclusion that the person is seeking affection.
Another way to interpret the current results is that touches may be performed not
only for one clearly defined reason, but rather for a number of related reasons; for
example, a hug could simultaneously satisfy a desire to show love and reassure. This
coincides with a trend in recent emotion modeling studies which reject the idea that
behavior conveys only a single emotion [Larsen et al. 2002]. If we could reliably
capitalize on such knowledge, it might become possible to convey a complex mixture
of different messages, toward achieving richer, deeper communication.
7.2.3. Comparison with Other Work. Toward deriving new theory some predictions
were made with regard to the relationship between touches, perceived affection and
reasons for interacting, on the basis of observed results. To provide some indication of
the reliability of the results, comparison was conducted with other studies. Our list of
typical touches was found to include touches noted by Noda and his colleagues: handshaking, hugging, and head- patting [2007]. Some of the playful touches noted by
Knight and her colleagues [2009] were observed—hand-shaking, head-patting, and
shoulder-tapping—but tickling, foot-rubbing, and feeding were not. Tickling would
seem to be a useful touch, of which designers should be aware; foot-related touches
were not noted because the platforms we used either did not possess feet or possessed

9 This observation brings some insight into why the “Hug Machine” was perceived as more comforting when it
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Fig. 8. Touches and associated reasons.
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feet which could not easily be touched from a standing position; and, feeding may not
have been noted because our scenario did not allow the use of objects. In comparison
with the touch dictionary identified for a cat-like robot by Yohanan and MacLean
[2012], we observed some touches such as Hit, Hug, Kiss, Poke (in our case, Minimal
Touch), Push (Push Chest), Stroke and Rub, and Toss. Some other touches noted
such as Lift, Rock, and Shake, which we feel are principally defined by the manner in
which a robot’s body is moved and not as much by the touch itself, were observed in
our previous study on proprioception [Cooney et al. 2010]. Several other touches such
as Massage, Pick (fur-pinching), Scratch, Tickle, Finger Idly, and Tremble were not
observed. This could have resulted from missing typical reasons in our study (e.g.,
“Make the robot feel good” for Massage) which should be verified, differences in
affordances toward an animal-like or humanoid robot (e.g. for Pick, Scratch, and
Finger Idly), and from the setting in which the original studies were conducted
(Tremble was observed in a setting in which participants were asked to show fear by
touching an unseen person’s arm). We also observed different results in terms of
most frequently touched locations; in contrast to the cat-like robot whose back was
most often touched, we observed frequent touches to the head, arms, chests and
backs of our humanoid robot forms.
Comparison with other results seeking to associate meaning with touches was also
difficult, as the previous studies mentioned in Section 2 did not use a humanoid robot
form. Because of this difference, previous ideas did not seem to explain our results:
e.g., why Minimize Touch, Cover Face, and sometimes Push Chest convey dislike,
whereas Pat Shoulder or Pat Back even performed with some force could convey
liking. Considering also the effect of location of touch, which is known to be
important in human-human interactions [Jourard 1966; Nguyen et al. 1975], allowed
for a possible explanation: Minimize Touch involved little contact area and pushing
away; Cover Face involved a push directed toward the vulnerable area of the face and
eyes, hindering interaction; Push Chest increased distance between a human and
robot; Pat Shoulder was directed toward a non-vulnerable area; and Pat Back
involved a human coming closer to the robot. With regard to inferring reasons for
interacting from touches, it was suggested that people will express five intentions in
touching a cat-like robot: protective, comforting, restful, affectionate, and playful
[Yohanan and MacLean 2012]. We think that such a model with few dimensions
could be useful even for humanoid robots in some contexts in the same way as we
have sought to use a single value of affectionate attitude to relate different touches.
In summary, despite some differences, the similarities observed suggested that the
typical touches identified could occur in other contexts and to other robots and that
they should be recognized.
7.3 Limitations

Important limitations of the current work should be recognized, with respect to
platform, approach, and target group for the user study conducted. Kakapo was
designed to elicit affection via a child-like appearance, touch recognition capability,
and some behavior modalities we expected could be important for affection; using a
platform with a different appearance or capabilities could influence results. For
example, using a more sophisticated robot and possibly a more symmetric
arrangement in which a robot also recognize speech and vision could facilitate
natural interactions, although it could also pressure participants (they might no
longer feel the freedom to laugh or comment on the robot). Also, the artificial context
consisted of short one-time-only interactions, even though affectionate relationships
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such as between a parent and child or a pet and its owner typically develop over long
periods of time. Moreover, infinitely many variations are possible in the typical
strategies we identified, the effects of which are not determinable within the scope of
the current article.
As well, our conclusions are based on a study conducted with Japanese university
students of various genders and backgrounds–we expect impressions of a robot are
affected by demographic factors like age, culture, gender, education, and occupation.
For example, young children could perceive Kakapo to be too heavy for anything
more than short interactions, whereas older adults exhibiting reduced energy
[Kotwal and Prabhakar 2009] and more positive initial impressions of robots [Ogawa
et al. 2011] could engage in gentler or longer interactions. Also, although our “shy”
strategy, Tsundere, was most selected as a preferred design, this could have resulted
from a more positive perception of shyness in Eastern cultures than in the West
[Rubin and Coplan 2010]. Likewise, gender differences have been reported in play
involving technology; positive evaluations of communicative forms of play are more
prevalent, and engagement in body-intensive play or complex games requiring a high
degree of learning and immersion are less prevalent, in females than in males
[Bertozzi and Lee 2007]. Moreover, a technical background (education or occupation)
can present opportunities for enjoyable experiences with technology, which have been
associated with liking of technology; such persons could be predisposed toward
feeling more affection toward a robot [Ronit 2011].
Nonetheless, we feel the current results present some idea of what to expect in
affectionate interactions between a human and a humanoid robot. Even complex
robots will require the capability to interact in the designated context, as touch is a
fundamental modality for affection in humans [Barnett 1972; Kraus et al. 2010]. Also,
the affectionate strategies identified are scalable (they can accommodate more
touches and behavior), and do not depend on hardware, modalities or degrees of
freedom. For our initial study, results do not depend on any one platform (to find a
shared core of behavior, we used two very different humanoid robot forms) and we
also verified that our observations agreed with previous results.
7.4 Future Work

Further investigation will be conducted on the design of interactive strategies, as
well as recognition of people’s behavior and usage of novel modalities. In general,
testing with groups of different ages, cultures, gender, education, and occupation will
inform the design of affectionate strategies by providing a basic framework for
predicting preferences. As well, personality factors could correlate with affectionate
preferences, but some ambiguity exists; for example, depending on the context
affectionate behavior was found to elicit most affection in recipients with high [Simon
and Bernstein 1971] or low self-esteem [Galanti 1995]. Such relationships should be
clarified in the context of human-robot interaction, which will allow a robot to select
an optimal strategy for interacting with a human. Also, other ways of defining typical
affectionate strategies will be explored; e.g., according to the Big Five factors [John
and Srivastava 1999], or along character stereotypes such as the Athlete, Delinquent,
Princess, Nerd, or Space-Cadet. How to combine personalities in an optimal fashion
will constitute useful knowledge; e.g., a good strategy could seem better if presented
with a terrible one, as in an “asymmetrically dominated” [Lee et al. 2011] or “good
cop-bad cop” scenario. Work is required to identify how to impart an impression of
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sincere caring from a “machine”, how volatile a robot should seem to be emotionally,
and how to demonstrate spontaneity in an enjoyable fashion.
Recognition work will identify some useful cues for inferring basic information
about a person (such as age, culture, gender, or experience with technology) which
could be used to improve affectionate interactions. People’s touch behavior in a multimodal interaction will be checked, along with our predictions regarding the vehicle
for conveying affection through touch. We will investigate affectionate behavior
outside the laboratory and involving objects such as cameras, cellphones, and toys;
robots with various forms; different human postures; and non-dyadic scenarios
involving multiple humans and robots. Further work will systematically assess the
benefits of incorporating various modalities. For thermal communication, faster
temperature changes regulated with sensors, better heat dissipation, and a less
bulky solution to provide cold, will be useful. The possibility of communicating
arousal instead of valence, and how thermal modalities can be used in different
conditions (summer or winter), merit investigation, along with the effects of
acclimatization and using different temperatures on various locations of a robot. We
believe that this knowledge will help designers to fashion truly rich and meaningful
affectionate interactions between robots and humans.
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