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Fig. 1. An illusion of multisensory experience, with an awareness of sensations and temperature.
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1 INTRODUCTION

We sense the world not only by vision and sound but experiencing surrounding through all of our senses including
(but not limited to) vision, sound, touch, smell and taste. Neither of these senses is isolated, they are as a whole as
multisensory. Recent researches reveal that human can gain more enjoyment and be more impressive if multiple
channels of their senses are activated [11].

Psychologists and neuroscientists have made significant contributions to the study of multisensory perception over
the last fifty years [4, 5]. For instance, they have shed light on the multisensory interactions which arise from the
(psychological) “flavour perception" [3, 14]. At the same time, the area had difficulties beyond the realm of audiovisual
events and outside of laboratory settings because of the limited ability to provide and manipulate sensory stimuli [6].

Mindfulness meditation has been shown to affect our sense of perception, attention etc. [7–9, 12, 16]. Yet, in our daily
life, we often take our senses - e.g. smell and temperature - for granted. We wonder what if we are more mindful of
our senses, how would it change our perception and experiences. We conducted a study to investigate the effect of
mindfulness meditation on mid-air touch perception, and observed that temperature is a crucial factor in this experience.

2 DESIGN SENSORY EXPERIENCES WITH TEMPERATURE CONTROL

Temperature plays a crucial role in human sensory perception, influencing our experiences and interactions with the
environment. We have conducted an experiment that participants were given the task to recognize digits 0 to 9 drawn
on their palms using a mid-air haptic device under two conditions - with and without prior mindfulness meditation.

During the pilot study, one participant’s palm temperature was lower than 34.5 ◦C. The participant struggled to
recognize the characters and sometimes couldn’t even perceive the presence of the stimuli; confirming prior works
observations [15] that skin temperature influences the tactile threshold. Therefore, we included an additional step in
the main study to measure and ensure that the participants’ palm skin temperature is between 35 ◦C and 37 ◦C.

Skin temperature of the palm region has been observed to influence recognition performance, though we did not
exclusively study these temperature effects. It is well known from the literature [1] that skin temperature has an effect
on tactile sensation thresholds which follows our observation from the pilot study. We believe that it is due to the fact
that the sensation is affected before the recognition. In our study, we made sure that skin temperature is always between
35 ◦C and 37 ◦C by measuring the skin temperature of the left palm at the start, breaks, and end of the recognition
task, in both baseline and mindfulness conditions. We, therefore, suggest that the palm’s skin temperature should be
considered before rendering the mid-air tactile patterns for recognition.

Temperature is an integral part of the touch sensation. Whether it’s for discriminative or affective touch, temperature
plays a crucial role in the perceived sensation. The information about an object being explored during the discriminative
touch relies on how cold or warm the object is under exploration. The affective touch can be a more pleasant experience
when the touch is delivered with body temperature rather than ambient temperature [2]. Temperature information
is conveyed to the brain by slowly conducting unmyelinated type C neural fibres, unless the temperature is too high
(above 45°C) or too low (below 15°C). Additionally, the pleasantness of touch is conveyed by slow-conducting type C
fibers known as C-tactile fibers [13]. Simultaneously exciting these fibers gives users a more pleasant experience than
stimulating only one. The temperature has been found to influence the threshold of perception [15]. Maintaining skin
temperature at certain levels can improve touch perception. The reverse can also be tested, exploring the influence of
touch on temperature perception.
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3 CONCLUSION AND INPUT FOR DISCUSSION

In recent years, emerging technologies have changed our lives and made scenarios that used to be depicted in fiction or
even fantasy now become part of our life, for instance, the buzzword Metaverse. The technology-enhanced multisensory
experience is gaining attention in academia and industry. Vision and sound are the most common two sensory cues
combined in experience. The revolution of immersive technology opens up new venues with breathtaking visualisation
and surrounding sounds. Here we would like to discuss more on the sensory experience that we often overlook, such as
temperature, smell, taste, etc,.

In the design of haptic displays during active hand-based interactions with virtual objects, the thermal feedback of
objects (temperature) is an essential element to take into consideration. Therefore it is desirable to include thermal
feedback stimulation to improve the realism in Virtual Reality using thermal displays [10]. Given the importance of
temperature in touch perception, it is essential to consider the thermal feedback in various HCI applications such as
affective remote touch, teleoperation, training, and other interactive simulations. We recommend that future studies
further investigate the relationship between temperature and sensory perception to gain a more comprehensive
understanding of its impact.

ACKNOWLEDGMENTS

This work is part of an accepted CHI 2023 full paper: "MindTouch: Effect of Mindfulness Meditation on Mid-Air Tactile
Perception", co-authored with Madhan Kumar Vasudevan, Shu Zhong, Jan Kučera, Desiree Cho and Marianna Obrist.

REFERENCES
[1] G A. GESCHEIDER, JM Thorpe, J Goodarz, and SJ Bolanowski. 1997. The effects of skin temperature on the detection and discrimination of tactile

stimulation. Somatosensory & motor research 14, 3 (1997), 181–188. https://doi.org/10.1080/08990229771042
[2] Rochelle Ackerley, Helena Backlund Wasling, Jaquette Liljencrantz, Håkan Olausson, Richard D Johnson, and Johan Wessberg. 2014. Human

C-tactile afferents are tuned to the temperature of a skin-stroking caress. Journal of Neuroscience 34, 8 (2014), 2879–2883.
[3] Malika Auvray and Charles Spence. 2008. The multisensory perception of flavor. Consciousness and cognition 17, 3 (2008), 1016–1031.
[4] Andrew J Bremner, David J Lewkowicz, and Charles Spence. 2012. Multisensory development. Oxford University Press.
[5] Gemma Calvert, Charles Spence, Barry E Stein, et al. 2004. The handbook of multisensory processes. MIT press.
[6] Patricia Cornelio, Carlos Velasco, and Marianna Obrist. 2021. Multisensory integration as per technological advances: A review. Frontiers in

Neuroscience (2021), 614.
[7] Andrea Margaret Firth, Ingvild Cavallini, Stefan Sütterlin, and Ricardo G Lugo. 2019. Mindfulness and self-efficacy in pain perception, stress and

academic performance. The influence of mindfulness on cognitive processes. Psychology Research and Behavior Management 12 (2019), 565.
[8] Beverley K Fredborg, James M Clark, and Stephen D Smith. 2018. Mindfulness and autonomous sensory meridian response (ASMR). PeerJ 6 (2018),

e5414.
[9] Jon Kabat-Zinn. 1982. An outpatient program in behavioral medicine for chronic pain patients based on the practice of mindfulness meditation:

Theoretical considerations and preliminary results. General hospital psychiatry 4, 1 (1982), 33–47.
[10] Seung-Won Kim, Sung Hee Kim, Choong Sun Kim, Kyoungsoo Yi, Jun-Sik Kim, Byung Jin Cho, and Youngsu Cha. 2020. Thermal display glove for

interacting with virtual reality. Scientific reports 10, 1 (2020), 1–12.
[11] Minwoo Lee, Seonjeong Ally Lee, and Yoon Koh. 2019. Multisensory experience for enhancing hotel guest experience: Empirical evidence from big

data analytics. International Journal of Contemporary Hospitality Management (2019).
[12] Adam Lueke and Bryan Gibson. 2016. Brief mindfulness meditation reduces discrimination. Psychology of Consciousness: Theory, Research, and

Practice 3, 1 (2016), 34.
[13] Francis McGlone, Ake B Vallbo, Hakan Olausson, Line Loken, and Johan Wessberg. 2007. Discriminative touch and emotional touch. Canadian

Journal of Experimental Psychology/Revue canadienne de psychologie expérimentale 61, 3 (2007), 173.
[14] John Prescott. 1999. Flavour as a psychological construct: implications for perceiving and measuring the sensory qualities of foods. Food Quality

and Preference 10, 4-5 (1999), 349–356.
[15] Ronald T Verrillo and Stanley J Bolanowski Jr. 1986. The effects of skin temperature on the psychophysical responses to vibration on glabrous and

hairy skin. The Journal of the Acoustical Society of America 80, 2 (1986), 528–532. https://doi.org/10.1121/1.394047

3

https://doi.org/10.1080/08990229771042
https://doi.org/10.1121/1.394047


157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

CHI ’23, April 23–28, 2023, Hamburg, Germany Zhong, et al.

[16] Fetal Zeidan, JA Grant, CA Brown, JG McHaffie, and RC Coghill. 2012. Mindfulness meditation-related pain relief: evidence for unique brain
mechanisms in the regulation of pain. Neuroscience letters 520, 2 (2012), 165–173.

4


	1 Introduction
	2 Design Sensory Experiences with Temperature Control
	3 Conclusion and Input for Discussion
	Acknowledgments
	References

