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Abstract—Physical human-robot interaction is an evolving
field that explores the role of robotic touch and its effects on
human perception, trust, and comfort. Our study investigates
how comfortability with robot touch varies across five roles
(future of work, domestic life, romantic partnership, medical
care, and education/culture) and five robot embodiments (me-
chanical, humanoid, animal-inspired, android, and functional).
By using storytelling vignettes and body-mapping tasks, we
found differences in touch comfortability, with medical and
romantic partner robots eliciting the highest comfort levels.
We also discovered gender differences, with males reporting
greater comfort in receiving robot touch across all robot roles.
Notably, participants preferred the animal-inspired embodiment
and consistently indicated higher comfortability with imagined
human touch compared to robot touch. These findings highlight
the importance of evaluating robot touch within diverse social
contexts and embodiments, offering insights for designing socially
acceptable touch interactions that generalize to real-world HRI
applications.

I. INTRODUCTION

Physical touch is valuable due to its profound role in
human development and social bonding. Human touch pro-
motes well-being, reduces stress, and fosters trust and coop-
eration [19, 21} [17, 11} [14], and emerging evidence suggests
that robotic touch can similarly encourage prosocial behavior
and trust [9, 25, 26} 27, 20, [15]. Thus, it becomes important
to study physical human-robot interaction (pHRI) to improve
touch interactions between humans and robots. Past literature
has shown that even the nature of touch —affective versus
instrumental— and the perceived intent behind it may shape
human responses [18, 5l 6]. In recent years, researchers have
investigated not only touch allowance but comfortability with
physical robot touch. Redondo et al. [23] defined “comforta-
bility” to mean “(disapproving of or approving of) the situation
that arises as a result of a social interaction which influences
one’s own desire of maintaining or withdrawing from it.
However, discovering if comfortability with robot touch varies
across regions of a person’s body, the robot’s societal role, and
the physical embodiment remains underexplored, particularly
across diverse real-world contexts.

Gurnoor Kaur
Department of Robotics
University of Michigan

Ann Arbor, Michigan
gurnoork @umich.edu

Patricia Alves-Oliveira

Department of Robotics

University of Michigan
Ann Arbor, Michigan
robopati @umich.edu

Future of Work Domestic Medical

Romantic Partner Cultural/Educational

‘ '
Fig. 1. Heatmaps illustrating comfortability with robot touch for each of
the storytelling portions. The cool tones on the heatmaps correspond to the
back of the body outline, whereas the warm tones correspond to the front.
The darker the color, the more comfortability with robot touch in that region.
The white areas indicate no comfortability.

Prior research establishes that the nature of interpersonal
relationships influences social touch acceptance, with stronger
emotional bonds correlating with greater touch allowance [29].
An exception to this may lie within medical touch as it is often
perceived as a “ritual,” generally accepted due to its clinical
necessity, and is reported to elicit higher touch allowance [7].
More research needs to be conducted to investigate if social
bonds and the impact they have in touch within human-
human relationships may also be translated to human-robot
relationships. Additionally, robot embodiment has been shown
to affect user perceptions of competence and trust [12, 4],
while robot roles modulate expectations of behavior [24} [16].
Touch acceptance is influenced by these factors combined with
perceived intent and context of the robot [l [18]. However,
additional research is needed to study these factors and their
joint effect on comfort in pHRI across varying social domains.

Our study investigates comfortability with robot touch
through five storytelling vignettes representing distinct robot
roles: future of work, medical care, education and culture,
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domestic life, and romantic partnerships. A vignette is “a
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Fig. 2. A) Overview of our study procedure. B) Example of a storytelling vignette that participants saw during the study, and the body outlines they colored

in after imagining the touch scenario described.

short, descriptive passage that captures a moment in time”
which can describe a setting and enhance mood [1]]. We used
an online crowdsource study method where participants did
not physically interact with a robot, but read the storytelling
vignettes and imagined the robot touch in that scenario. Our
method aligns with past literature that revealed that imagined
or simulated scenarios can elicit emotional and cognitive
responses that closely mirror those experienced in real-world
interactions [22} |8} [10]. This work addresses a gap in the litera-
ture by integrating role, embodiment, and touch comfortability
within an ecologically valid experimental paradigm. As the
use cases of robots increase and spread to various academic,
medical, and professional settings, the establishment of touch
parameters has the potential to support HRI researchers to
design safer, more comfortable, and intuitive physical interac-
tions.

II. METHODOLOGY
A. Sample

Our study was approved by the University of Michigan In-
ternational review Board (IRB) #HUMO00266958. Our sample
consisted of 333 participants recruited through Prolific, an
incentivized online study platform, and they were compen-
sated five dollars for completing our twenty-minute study. All
participants were over the age of 18, currently residing in the
United States, and spoke English to ensure they understood
the storytelling vignettes.

B. Procedure

A layout of our procedure is provided in Figure 2} Each
participant read five storytelling vignettes portraying robots in
distinct social roles using the major fields of robotics identified
by the Stanford Robotics Center as a guide [2]]. After each
story, participants colored the front and back of a human body
outline to indicate comfort with robot touch in that scenario.
In our study, we adopted the definition of comfort provided by
Redondo et al. [23] and included it in the instructions given
to participants as they engaged with the body coloring tool.

Robot embodiments were introduced after each storytelling
scenario: Franka Arm (mechanical), Nao (humanoid), Care-O-

Bot (functional), Aibo (animal-inspired), and Erica (android),
and were selected from established social robot classifica-
tions [3]. Participants reported changes in their comfortability
with robot touch when imagining these forms and if the touch
came from a human rather than a robot.

Pre- and post-study questionnaires collected demographics,
prior experience with robots, attitudes towards robots (via
the General Attitudes Towards Robots Scale) [13], baseline
comfortability with physical touch, and words participants
associated with touch and robot touch. These word associ-
ations may serve in developing a new evaluation tool for
assessing comfortability with robot touch across different
robotic systems.

III. RESULTS

Most of the data collected from the study was analyzed
through one-way ANOVA and post hoc tests, t-tests, and
heatmap visualizations of body comfort zones.

The average pixels colored in on the body outlines for
each storytelling portion was as follows: Story 1 (Future
of Work Robots) = 766.59, Story 2 (Domestic Robots) =
766.41, Story 3 (Romantic Partner Robots) = 1124.1, Story
4 (Medical Robots) = 1443.5, Story 5 (Education and Culture
Robots) = 683.51. The pixels correspond with the participant’s
comfortability with touch, i.e., the more pixels colored in, the
more overall comfortability with touch. Heatmaps illustrating
the differences in comfortability with robot touch across the
storytelling portions are shown in Figure [T}

We found that comfortability with robot touch varied signifi-
cantly for a majority of the storytelling scenarios. We obtained
these results by running a one-way ANOVA followed by
Tukey’s HSD to get pairwise differences between stories, p <
0.05. Particularly, we found that Medical and Romantic Partner
Robots elicited the highest comfortability ratings, while Future
of Work, Domestic, and Education/Culture Robots had lower
comfortability ratings. Gender differences in comfortability
with robot touch were also prominent: males reported greater
comfort with robot touch across all scenarios, with the largest
difference in Medical Robots, p < 0.05.
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Fig. 3.  Participants’ prior experience with robots and their responses to

comfortability with robot touch. In the Medical Robots condition, there was
a statistically significant difference if participants had little to no previous
experience with robots.

No significant differences in comfort emerged across par-
ticipant ages. However, all except participants who were in
the oldest age group (ages 51-80), indicated higher comfort
in Romantic Partner and Medical Robots scenarios compared
to others. In the Medical Robots scenario, participants who
had no prior robot experience reported a statistically signif-
icantly higher comfortability by coloring more pixels on the
body outlines. The correlation between prior experience and
comfortability is shown in Figure [3]

Additionally, comfortability with robot touch was correlated
positively with baseline attitudes towards physical touch, and
the self-reported higher scores on the GATOR questions also
tended to report higher comfortability with robot touch across
all stories. Embodiment preferences showed a consistent incli-
nation towards the animal-inspired embodiment (Aibo) in all
storytelling portions. However, in all the storytelling vignettes,
participants generally reported being more comfortable with a
human than a robot.

We generated word clouds from the word associations to
touch and robot touch. These results are shown in Figure [
Larger words represent more frequent participant responses.
This large data set of word associations may contribute to
creating a new questionnaire measuring comfortability with
robot touch in the future.

IV. CONCLUSION

Our methodology was largely informed by a study con-
ducted by Suvilehto et al., which examined social human
touch and produced heatmaps indicating acceptable touch
areas based on relational closeness [29]]. Their results showed
that participants were more comfortable being touched by
strangers and acquaintances on the hands, arms, and upper
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Fig. 4. Word clouds formed from participants’ word associations to touch

and robot touch. The green-toned word cloud corresponds to words associated
with “touch”, and the blue-toned word cloud corresponds to “robot touch”.

back, while other areas were generally considered off-limits.
These findings align with our results now applied to the study
of pHRI, where participants reported the hands, larger areas of
the arms, and upper back as acceptable regions for robot touch,
while most other body parts were generally uncomfortable.
However, the heatmaps generated from imagined human-
human touch in the study by Suvilehto et al. showed a broader
and greater range of acceptable touch compared to those in
our human-robot touch data, suggesting that touch from robots
may be subject to more restrictive boundaries — potentially
influenced by factors such as limited social signaling and
uncertainty in robot systems.

By employing storytelling combined with body-mapping,
this study offers a novel approach to understanding touch
comfortability in pHRI. To develop assistive robots that phys-
ically interact with people, it is necessary to explore and
establish boundaries of comfortability and uncomfortability
with robot touch. Alongside collecting data to develop a
measurement tool investigating comfortability across robot
systems, our study generated body heatmaps of touch comfort
across different robot types and contexts, identifying how
embodiment and role influence comfortability in pHRI.

A. Limitations & Future Work

There were several limitations to our study, such as cultural
bias in touch. While we only recruited participants residing in
the United States, the United States contains a diverse popu-
lation of people with varying cultural norms and expectations
regarding touch. Touch behaviors can vary significantly across
cultures [28], which may influence participant responses in
reported comfort to the touch scenarios provided.

We also only generated one storytelling vignette for each
robot role due to the constraints of time and participant fatigue
in user studies. Future studies could expand our approach by
incorporating a more diverse set of scenarios for each robot
role. For instance, the vignette portraying medical robots could
be revised to depict a touch interaction during a medical
emergency. This would shed light on whether participants’



comfort with robot touch would change depending on the
intensity of context-specific situations.

Additionally, given that the current study was conducted
online, we plan to invite participants to the lab for in-person in-
teractions involving pHRI in improvisational scenarios. These
scenarios will be based on the five roles utilized in our present
study and will employ robots of the same embodiment types.
Participant responses to the in-person pHRI experience will
then be collected using the body coloring tool and compared
to the heatmaps generated in our current study to identify any
differences.

(1]

(2]

(3]

[4

—_—

[5

—_

[6

[}

(71

(8]

(9]

[10]

[11]

REFERENCES

What is a Vignette? Oregon State Guide
to Literary Terms — College of Liberal Arts —
liberalarts.oregonstate.edu. https://liberalarts.oregonstate.
edu/wlf/what-vignette-oregon- state- guide-literary-terms.
[Accessed 19-06-2025].

Core Robotics Stanford Robotics Center
src.stanford.edu.  https://src.stanford.edu/core-robotics.
[Accessed 06-04-2025].

Kim Baraka, Patricia Alves-Oliveira, and Tiago Ribeiro.
An extended framework for characterizing social robots.
Human-robot interaction: evaluation methods and their
standardization, pages 21-64, 2020.

Elizabeth Broadbent, Rebecca Stafford, and Bruce Mac-
Donald. Acceptance of healthcare robots for the older
population: Review and future directions. International
Journal of social robotics, 1:319-330, 2009.

Tiffany L Chen, Chih-Hung King, Andrea L Thomaz,
and Charles C Kemp. Touched by a robot: An inves-
tigation of subjective responses to robot-initiated touch.
In Proceedings of the 6th international conference on
Human-robot interaction, pages 457-464, 2011.

Tiffany L Chen, Chih-Hung Aaron King, Andrea L
Thomaz, and Charles C Kemp. An investigation of
responses to robot-initiated touch in a nursing context.
International Journal of Social Robotics, 6(1):141-161,
2014.

Louise Devillers, Amélie Subts, David De Bandt, Pierre-
Louis Druais, and Julie Gilles de la Londe. Patients’ ex-
periences of being touched by their general practitioner:
a qualitative study. BMJ open, 13(7):e071701, 2023.
Nadine Dijkstra and Stephen M Fleming. Subjective
signal strength distinguishes reality from imagination.
Nature Communications, 14(1):1627, 2023.

Monika Eckstein, Ilshat Mamaev, Beate Ditzen, and Uta
Sailer. Calming effects of touch in human, animal,
and robotic interaction—scientific state-of-the-art and
technical advances. Frontiers in psychiatry, 11:555058,
2020.

Leonard Faul, Mary G Baumann, and Kevin S LaBar.
The representation of emotional experience from imag-
ined scenarios. Emotion, 23(6):1670, 2023.

Tiffany M Field. Massage therapy effects. American
Psychologist, 53(12):1270, 1998.

(12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

Terrence Fong, Illah Nourbakhsh, and Kerstin Dauten-
hahn. A survey of socially interactive robots. Robotics
and Autonomous Systems, 42(3-4):143-166, 2003.
Mika Koverola, Anton Kunnari, Jukka Sundvall, and
Michael Laakasuo. General attitudes towards robots
scale (gators): A new instrument for social surveys.
International Journal of Social Robotics, 14(7):1559—
1581, 2022.

Michael W Kraus, Cassey Huang, and Dacher Keltner.
Tactile communication, cooperation, and performance: an
ethological study of the nba. Emotion, 10(5):745, 2010.
Theresa Law, Bertram F Malle, and Matthias Scheutz.
A touching connection: how observing robotic touch can
affect human trust in a robot. International Journal of
Social Robotics, 13(8):2003-2019, 2021.

Dingjun Li, PL Patrick Rau, and Ye Li. A cross-cultural
study: Effect of robot appearance and task. International
Journal of Social Robotics, 2:175-186, 2010.

Kathleen C Light, Karen M Grewen, and Janet A Amico.
More frequent partner hugs and higher oxytocin levels
are linked to lower blood pressure and heart rate in
premenopausal women. Biological psychology, 69(1):5—
21, 2005.

Alex Mazursky, Madeleine DeVoe, and Sarah Sebo.
Physical touch from a robot caregiver: Examining fac-
tors that shape patient experience. In 2022 3Ist IEEE
International conference on robot and human interac-
tive communication (RO-MAN), pages 1578-1585. 1EEE,
2022.

Darcia Narvaez, Lijuan Wang, Alison Cheng, Tracy R
Gleason, Ryan Woodbury, Angela Kurth, and Jen-
nifer Burke Lefever. The importance of early life touch
for psychosocial and moral development. Psicologia:
Reflexdo e Critica, 32:16, 2019.

Jiagi Nie, Michelle Pak, Angie Lorena Marin, and
S Shyam Sundar. Can you hold my hand? In Pro-
ceedings of the seventh annual ACM/IEEE international
conference on Human-Robot Interaction. ACM, 2012.
Julian Packheiser, Helena Hartmann, Kelly Fredriksen,
Valeria Gazzola, Christian Keysers, and Frédéric Michon.
A systematic review and multivariate meta-analysis of the
physical and mental health benefits of touch interven-
tions. Nature human behaviour, 8(6):1088-1107, 2024.
Marianne Cumella Reddan, Tor Dessart Wager, and
Daniela Schiller. Attenuating neural threat expression
with imagination. Neuron, 100(4):994-1005, 2018.
Maria Elena Lechuga Redondo, Alessia Vignolo, Ra-
doslaw Niewiadomski, Francesco Rea, and Alessandra
Sciutti. Can robots elicit different comfortability levels?
In International Conference on Social Robotics, pages
664—675. Springer, 2020.

Paul Robinette, Wenchen Li, Robert Allen, Ayanna M
Howard, and Alan R Wagner. Overtrust of robots
in emergency evacuation scenarios. In 2016 1ith
ACM/IEEE international conference on human-robot in-
teraction (HRI), pages 101-108. IEEE, 2016.


https://liberalarts.oregonstate.edu/wlf/what-vignette-oregon-state-guide-literary-terms
https://liberalarts.oregonstate.edu/wlf/what-vignette-oregon-state-guide-literary-terms
https://src.stanford.edu/core-robotics

[25]

[26]

[27]

(28]

[29]

Masahiro Shiomi, Kayako Nakagawa, Kazuhiko Shi-
nozawa, Reo Matsumura, Hiroshi Ishiguro, and Norihiro
Hagita. Does a robot’s touch encourage human effort?
International Journal of Social Robotics, 9:5-15, 2017.
Masahiro Shiomi, Aya Nakata, Masayuki Kanbara, and
Norihiro Hagita. A hug from a robot encourages proso-
cial behavior. In 2017 26th IEEE international sym-
posium on robot and human interactive communication
(RO-MAN), pages 418-423. IEEE, 2017.

Masahiro Shiomi, Aya Nakata, Masayuki Kanbara, and
Norihiro Hagita. Robot reciprocation of hugs increases
both interacting times and self-disclosures. International
Journal of Social Robotics, 13:353-361, 2021.
Agnieszka  Sorokowska,  Supreet  Saluja, Piotr
Sorokowski, Tomasz Frackowiak, Maciej Karwowski,
Toivo Aavik, Grace Akello, Charlotte Alm, Naumana
Amjad, Afifa Anjum, et al. Affective interpersonal touch
in close relationships: A cross-cultural perspective.
Personality and Social Psychology Bulletin, 47(12):
1705-1721, 2021.

Juulia T Suvilehto, Enrico Glerean, Robin IM Dunbar,
Riitta Hari, and Lauri Nummenmaa. Topography of
social touching depends on emotional bonds between hu-
mans. Proceedings of the National Academy of Sciences,
112(45):13811-13816, 2015.



	Introduction
	Methodology
	Sample
	Procedure

	Results
	Conclusion
	Limitations & Future Work


