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home, where they evaluated the chocolate after looking at immersive 360 videos of a desert and a glacier. While exploratory in nature,
the present work serves as a first step in the development of embodied temperature experiences that can influence food evaluation in
temperature-evoking immersive environments.
CCS Concepts: • Human-centered computing → User studies; Virtual reality; • Applied computing → Psychology.
Additional Key Words and Phrases: Temperature, taste, texture, embodied cognition, sensation transference
ACM Reference Format:
Francisco Barbosa Escobar, Carlos Velasco, Derek V. Byrne, and Qian Janice Wang. 2021. Embodied Temperature Influences Chocolate
Flavor and Texture Perception: A Pilot Study. In CHI 2021: Smell, Taste, and Temperature Interfaces, May 08–13, 2021, Yokohama, Japan.
ACM, New York, NY, USA, 6 pages.

1

INTRODUCTION

Eating is one of the most multisensory experiences of our everyday lives [1, 27], and environmental factors, such as
ambient temperature can influence the perception and liking of food [1, 2, 27, 29]. Temperature is an important factor
when it comes to eating, as it can influence taste [20] and texture perception [5, 13, 15, 34]. While previous literature
has investigated the effect of product temperature on food perception, how virtual environments that evoke specific
temperature conditions can influence food perception is still underexplored.
The brain is capable of mentally simulating experiences and achieving similar corresponding perceptual outcomes
based on previous experiences and knowledge [11]. As Elder and Krishna [12] showed, visual cues can facilitate these
mental simulations. This indicates that it is possible to simulate the perceptual experiences, including temperature, of
specific environments through different senses.
A few studies have created multisensory environments that evoke the perception of temperature [6, 18, 24, 26]. For
example, Petit and Sieffermann [24] used lighting, photographs, scents, and music to convey the perception of heat.
While the authors conducted preliminary tests to select the elements for the atmosphere, they did not evaluate how
effective the environment was in conveying a hot temperature.
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In the present article, we aimed to explore whether evoking the concept of temperature via videos of environments
portraying different extreme temperatures (i.e., hot and cold) can affect the texture and flavor intensity perception of
a food item susceptible to temperature (i.e., chocolate). While it is a pilot study, the present work contributes to the
literature by establishing initial steps for the study of immersive experiences characterized by specific temperatures.
Hence, it serves as a guide for the development of virtual worlds that can generate embodied experiences.
We built our hypotheses based on the theory of embodied cognition [3, 4], sensation transference [8], and theory
of magnitude [31]. The theory of embodied cognition suggests that the brain captures sensory input from different
modalities, situated actions, and bodily states and incorporates them into single multimodal representations. These
representations are later activated through the stimulation of different modalities, which triggers mental simulations of
the associated experiences. According to the sensation transference theory, extrinsic attributes of the environment can
carry over and influence the perception of food [8]. Moreover, the theory of magnitude suggests there is a correlation
in the magnitude of different modalities [31]. We expected that the temperature-related videos would influence the
expectations about the behavior, and therefore the perception, of the chocolate. Assuming that, the magnitude of the
qualitatively high temperature evoked by the hot environment would map to high intensity in other domains, such as
flavor, we anticipated that under the videos portraying high ambient temperatures, people will perceive the flavor of
the chocolate as more intense. Furthermore, we anticipated that people’s perception of the texture of the chocolate
would change according to the expected effects of the evoked temperatures. As softness and creaminess are key textural
aspects of food, and creaminess is a highly desirable property [10, 16], we focused on these measures. Specifically,
we expected the chocolate to be perceived as softer, creamier, and more flavor-intense under the high temperature
condition, compared to less creamy, firmer, and less flavor-intense under the cold one. As Engelen et al. [13] found, high
temperatures increase the meltiness and reduce the thickness of custard desserts and mayonnaises. Moreover, Mony et
al. [22] found that after rinsing one’s mouth with water at high temperatures, chocolate is perceived as creamier. More
formally, we hypothesized that:
H1 : A virtual environment evoking a high (vs. low) temperature will decrease (increase) the firmness perception of
chocolate.
H2 : A virtual environment evoking a high (vs. low) temperature will increase (decrease) the creaminess perception of
chocolate.
H3 : A virtual environment evoking a high (vs. low) temperature will increase (decrease) the flavor intensity perception
of chocolate.

2
2.1

METHODOLOGY
Participants

We recruited residents of Aarhus, Denmark via social media posts. The posts indicated that the chocolate samples were
going to be delivered to their homes, and participants registered for the study through a Qualtrics questionnaire, where
they indicated their contact information. A total of 62 participants (35 female, 24 male) between the ages of 19 and 66
(Mage = 28.15 years, SDage = 9.87) were recruited.
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Apparatus and Materials

The chocolate samples consisted of Peter Beier’s (Denmark) Hispaniola PB 70%, 0.9g chocolate beads, and they were
packed in small sample bags labeled with random 3-digit numbers (Figure 1). The same chocolate was used for the
three conditions (hot video, cold video, baseline).
The two video stimuli consisted of 360° scenes of a desert (hot condition) and a glacier (cold condition) with a
constant rotational speed of 0.15 rad/sec (Figure 1). For the baseline condition, a black fixation cross in the center of the
screen was presented. The final video stimuli and original sources can be found in https://osf.io/jg2q7/. We measured
participants’ firmness, creaminess, and flavor intensity perception. Participants indicated their sense of presence in the
environments by evaluating two questions: “While I was in the virtual environment, I had a sense of ‘being there’ ”
from [21] and “How immerse did you feel?” from [19]. All evaluations were performed on a visual analog scale (VAS)
from 1 (Not at all) to 9 (Very much). Participants also indicated their age and gender.

Fig. 1. Materials used. (A) Chocolate samples, (B) Snapshot of hot environment, (C) Snapshot of cold environment.

2.3

Procedure

The chocolate samples and instructions—including a link to the questionnaire—were delivered to participants’ homes.
Participants were told to have the chocolate samples and a glass of water ready before starting the experiment. Once
participants entered the questionnaire online, they provided their consent, and they were given necessary definitions
and specific instructions to taste the chocolate.
The three conditions were presented for one minute in random order, and before each condition, participants were
instructed to rinse their mouth with water. Then, the questionnaire advanced automatically and presented a still image
of the environment they had just seen, at which point participants were instructed to taste and evaluate a specific
chocolate. For the video trials, participants also evaluated their sense of being in the environment and how immersed
they felt. The experiment lasted 13 minutes on average.
2.4

Data analyses

Since the data violated the normality and homoscedasticity assumptions, we conducted separate analyses of variancetype statistics (ATS), using the R-package {nparLD} [23] with condition (hot, cold, and baseline) as within-subject factor,
to analyze the perception of firmness, creaminess, and flavor intensity of the chocolates. Additionally, to reduce the
effects of people’s belief of constant chocolate stimuli, we conducted separate Kruskal-Wallis rank sum tests on the three
key variables with only the first condition participants experienced, as a between-subjects factor. Pearson’s correlation
indicated that the two dimensions of sense of presence measured were highly correlated for both the hot [r(60) = 0.822,
3
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Table 1. Descriptive Statistics

Panel A: within-subjects

Key variable
Presence
Firm
Creaminess
Flavor intensity

Panel B: between subjects

Cold
(n = 62)

Base
(n = 62)

Hot
(n = 62)

Cold
(n = 19)

Base
(n = 22)

Hot
(n = 21)

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

4.45
5.69
5.00
5.87

1.85
1.63
1.87
1.76

5.50
5.13
6.00

1.63
2.02
1.64

4.10
5.73
5.03
5.81

1.68
1.33
1.97
1.62

3.87
5.26
5.63
6.47

1.46
1.05
1.67
0.84

5.36
4.95
5.95

1.43
1.89
1.46

4.69
5.57
5.57
6.90

1.98
1.33
1.91
1.04

p < 0.001] and the cold [r(60) = 0.849, p < 0.001] conditions. Hence, the sense of presence was computed as the average
of the sense of being there and immersion variables.
3

RESULTS

Descriptive statistics are presented in Table 1. The ATS did not reveal any significant effect of condition as a within- or
between- subject factor in any of the key variables or sense of presence. In the between-subjects case, while the mean
flavor intensity under the hot condition was higher than the cold one—and this difference was larger compared to the
baseline, these differences were not significant.
4

GENERAL DISCUSSION

The present pilot study aimed to test whether videos of environments evoking extreme cold and hot temperatures
could influence the texture and flavor intensity perception of chocolate, via an embodied temperature mechanism. As
Piqueras-Fiszman and Spence [25] suggested, expectations about food under given circumstances are formed based on
previously stored situated conceptualizations, which are multimodal representations of previous experiences. Based
on this account, participants would expect the evoked ambient temperature to affect how the chocolate behaved and
consequently its texture and flavor.
The biggest limitation leading to the lack of effect of the conditions may be the videos’ inability to generate the level
of presence necessary to trigger the embodied perception of temperature or expectations portrayed by the environments.
A higher sense of presence might be needed to recreate the perception of simulated environments, as well as similar
emotions and behaviors [32]. Generating a high sense of presence, or the psychological sense of “being in” the virtual
environment [28], is crucial in order to provide the intended sensory experience from the mediated environment,
equivalent to the real one [14]. However, the average level of presence in the current study was neutral to low (below
the midpoint). As one may expect, the sense of presence of the conditions was relatively low given that they were only
videos displayed on a screen, with which participants could not interact.
Other limitations relate to the varying content of the videos and the fact that we could not control for the thermal
sensations evoked by them. Even though the environments portrayed different temperatures, the colors, shapes, visual
textures, and meanings of the different elements of the videos also varied and could have influenced the evaluations of
the chocolate. For instance, the angular shapes in the hot environment could have led to more intense flavor evaluations
for some participants [30].
4
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Put together, it is likely that our pilot study is underpowered to detect true, but small sized differences between
the environments. In terms of sensitivity, a power calculation with an alpha of 0.05 and 80% power showed that our
sample size could detect effect sizes of Cohen’s f = 0.166, and the marginal effects of increasing the sample size are
minimal; we would need a sample of 160 to find and effect size of 𝑓 = 0.1. Due to COVID-19 limitations, we used a
convenience sample and experimented with having participants take part in the study at home, which posed logistical
and methodological challenges. Hence, under the current conditions and the limitations of at-home experiments, it is
not feasible to conduct the current experimental design with a much larger sample size. Therefore, further research is
needed.
The results of the preliminary study hint at the possibility that more immersive virtual environments that evoke
specific temperatures may affect the texture and flavor perception of food. As part of a broader project, we aim to use
virtual reality (VR) interfaces to investigate embodied cognition via immersive environments that evoke cold and hot
temperatures and their potential effects on food texture and flavor perception. The sense of presence and perceptual
experiences of VR environments are similar by those evoked by those in real life [7, 9, 17, 20, 33]. Therefore, such VR
interfaces have a greater potential to create environments that impact thermal perception and consequently flavor and
texture.
In the future iteration of the study, we aim to deconstruct our hypothesis to strip out the effects of the environments
and evaluate their effectiveness. The hypotheses of the study will be broken down and tested in a stepwise fashion,
in terms of immersiveness, embodied temperature sensation, and their effect on the texture and flavor perception of
the stimuli. First, we will evaluate the level of immersion experienced in the different environments. Next, we will
probe whether the environments indeed generated the expected embodied temperature sensations. To this end, we
will participants’ subjective ambient temperature perception, and we will measure their skin temperature. We expect
that participants will feel hot in the desert environment and cold in the glacier one. Similarly, we expect to observe an
increase in body temperature in the hot environment vs. a decrease in body temperature in the cold one. Furthermore,
we will control the ambient temperature and the temperature of the stimuli during the experiment.
REFERENCES
[1] Malika Auvray and Charles Spence. 2008. The multisensory perception of flavor. Consciousness and Cognition 17, 3 (2008), 1016–1031. https:
//doi.org/10.1016/j.concog.2007.06.005
[2] Ronald G. Bangcuyo, Kacey J. Smith, Jamie L. Zumach, Alex M. Pierce, Gretchen A. Guttman, and Christopher T. Simons. 2015. The use of immersive
technologies to improve consumer testing: The role of ecological validity, context and engagement in evaluating coffee. Food Quality and Preference
41 (2015), 84–95. https://doi.org/10.1016/j.foodqual.2014.11.017
[3] Lawrence W. Barsalou. 2008. Grounded cognition. Annual Review of Psychology 59, 1 (2008), 617–645. https://doi.org/10.1146/annurev.psych.59.
103006.093639
[4] Lawrence W. Barsalou. 2010. Grounded cognition: Past, present, and future. Topics in Cognitive Science 2, 4 (2010), 716–724. https://doi.org/10.1111/
j.1756-8765.2010.01115.x
[5] Sara Bayarri, Inmaculada Carbonell, and Elvira Costell. 2012. Viscoelasticity and texture of spreadable cheeses with different fat contents at
refrigeration and room temperatures. Journal of Dairy Science 95, 12 (2012), 6926–6936. https://doi.org/10.3168/jds.2012-5711
[6] Jas Brooks, Steven Nagels, and Pedro Lopes. 2020. Trigeminal-based temperature Illusions. In Proceedings of the 2020 CHI Conference on Human
Factors in Computing Systems. Association for Computing Machinery, Honolulu, HI, USA, 1–12. https://doi.org/10.1145/3313831.3376806
[7] Yang Chen, Arya Xinran Huang, Ilona Faber, Guido Makransky, and Federico J. A. Perez-Cueto. 2020. Assessing the influence of visual-taste
congruency on perceived sweetness and product liking in immersive VR. Foods 9, 4 (2020), 465. https://doi.org/10.3390/foods9040465
[8] Louis Cheskin. 1957. How to predict what people will buy. Liveright, New York, NY.
[9] Alice Chirico and Andrea Gaggioli. 2019. When virtual feels real: Comparing emotional responses and presence in virtual and natural environments.
Cyberpsychology, Behavior, and Social Networking 22, 3 (2019), 220–226. https://doi.org/10.1089/cyber.2018.0393
[10] Rene A. de Wijk, Marjolein E. J. Terpstra, Anke M. Janssen, and Jonathan F. Prinz. 2006. Perceived creaminess of semi-solid foods. Food Science and
Technology 17, 8 (2006), 412–422. https://doi.org/10.1016/j.tifs.2006.02.005
5

CHI 2021, May 08–13, 2021, Yokohama, Japan

Barbosa Escobar et al.

[11] Jean Decety and Julie Grèzes. 2006. The power of simulation: Imagining one’s own and other’s behavior. Brain Research 1079, 1 (2006), 4–14.
https://doi.org/10.1016/j.brainres.2005.12.115
[12] Ryan S. Elder and Aradhna Krishna. 2012. The “Visual Depiction Effect” in advertising: Facilitating embodied mental simulation through product
orientation. Journal of Consumer Research 38, 6 (2012), 988–1003. https://doi.org/10.1086/661531
[13] Lina Engelen, Rene A. de Wijk, Jon F. Prinz, Anke M. Janssen, Hugo Weenen, and Frits Bosman. 2003. The effect of oral and product temperature on
the perception of flavor and texture attributes of semi-solids. Appetite 41 (2003), 273–281. https://doi.org/10.1016/S0195-6663(03)00105-3
[14] Ann Marie Fiore, Jihyun Kim, and Hyun Hwa Lee. 2005. Effect of image interactivity technology on consumer responses toward the online retailer.
Journal of Interactive Marketing 19, 3 (2005), 38–53. https://doi.org/10.1002/dir.20042
[15] Mônica Correia Gonçalves and Haíssa Roberta Cardarelli. 2020. Effect of the stretching temperature on the texture and thermophysical properties of
Mozzarella cheese. Journal of Food Processing and Preservation 44 (2020), e14703. https://doi.org/10.1111/jfpp.14703
[16] Pengfei Han, Therese Fark, Rene A. de Wijk, Natacha Roudnitzky, Emilia Iannilli, Han-Seok Seo, and Thomas Hummel. 2019. Modulation of
sensory perception of cheese attributes intensity and texture liking via ortho- and retro-nasal odors. Food Quality and Preference 73 (2019), 1–7.
https://doi.org/10.1016/j.foodqual.2018.11.019
[17] Mackenzie Hannum, Sheri Forzley, Richard Popper, and Christopher T. Simons. 2019. Does environment matter? Assessments of wine in traditional
booths compared to an immersive and actual wine bar. Food Quality and Preference 76 (2019), 100–108. https://doi.org/10.1016/j.foodqual.2019.04.007
[18] Won Hee, Stefano Schiavon, Hui Zhang, Lindsay T. Graham, Gail Brager, Iris Mauss, and Yu-wen Lin. 2020. The impact of a view from a window on
thermal comfort, emotion, and cognitive performance. Building and Environment 175 (2020), 106779. https://doi.org/10.1016/j.buildenv.2020.106779
[19] Charlene Jennett, Anna L. Cox, Paul Cairns, Samira Dhoparee, Andrew Epps, Tim Tijs, and Alison Walton. 2008. Measuring and defining the
experience of immersion in games. International Journal of Human Computer Studies 66, 9 (2008), 641–661. https://doi.org/10.1016/j.ijhcs.2008.04.004
[20] Yanzhuo Kong, Chetan Sharma, Madhuri Kanala, Mishika Thakur, Lu Li, Dayao Xu, Roland Harrison, and Damir D. Torrico. 2020. Virtual reality
and immersive environments on sensory perception of chocolate products: A preliminary study. Foods 9, 4 (2020), 515. https://doi.org/10.3390/
foods9040515
[21] Guido Makransky, Lau Lilleholt, and Anders Aaby. 2017. Development and validation of the Multimodal Presence Scale for virtual reality
environments: A confirmatory factor analysis and item response theory approach. Computers in Human Behavior 72 (2017), 276–285. https:
//doi.org/10.1016/j.chb.2017.02.066
[22] Pauline Mony, Tonya Tokar, Peggy Pang, Alexandra Fiegel, Jean-françois Meullenet, and Han-Seok Seo. 2013. Temperature of served water can
modulate sensory perception and acceptance of food. Food Quality and Preference 28, 2 (2013), 449–455. https://doi.org/10.1016/j.foodqual.2012.12.002
[23] Kimihiro Noguchi, Yulia R. Gel, Edgar Brunner, and Frank Konietschke. 2012. nparLD: An R software package for the nonparametric analysis of
longitudinal data in factorial experiments. Journal of Statistical Software 50, 12 (2012), 1–23. https://doi.org/10.18637/jss.v050.i12
[24] Cecile E. F. Petit and Jean Marc Sieffermann. 2007. Testing consumer preferences for iced-coffee: Does the drinking environment have any influence?
Food Quality and Preference 18, 1 (2007), 161–172. https://doi.org/10.1016/j.foodqual.2006.05.008
[25] Betina Piqueras-Fiszman and Charles Spence. 2015. Sensory expectations based on product-extrinsic food cues: An interdisciplinary review of the
empirical evidence and theoretical accounts. Food Quality and Preference 40, Part A (2015), 165–179. https://doi.org/10.1016/j.foodqual.2014.09.013
[26] Francesco Salamone, Alice Bellazzi, Lorenzo Belussi, Gianfranco Damato, Ludovico Danza, Federico Dell’Aquila, Matteo Ghellere, Valentino Megale,
Italo Meroni, and Walter Vitaletti. 2020. Evaluation of the visual stimuli on personal thermal comfort perception in real and virtual environments
using machine learning approaches. Sensors 20, 6 (2020), 1627. https://doi.org/10.3390/s20061627
[27] Charles Spence and Betina Piqueras-Fiszman. 2014. The perfect meal. Wiley-Blackwell, Oxford, UK.
[28] Jonathan Steuer. 1992. Defining virtual reality: Dimensions determining telepresence. Journal of Communication 42, 4 (1992), 73–93. https:
//doi.org/10.1111/j.1460-2466.1992.tb00812.x
[29] Damir Dennis Torrico, Chetan Sharma, Wei Dong, Sigfredo Fuentes, Claudia Gonzalez Viejo, and Frank R. Dunshea. 2020. Virtual reality environments
on the sensory acceptability and emotional responses of no- and full-sugar chocolate. Lwt October (2020), 110383. https://doi.org/10.1016/j.lwt.2020.
110383
[30] Thomas J. L. Van Rompay, Lisa Marie Kramer, and Daniel Saakes. 2018. The sweetest punch: Effects of 3D-printed surface textures and graphic
design on ice-cream evaluation. Food Quality and Preference 68 (2018), 198–204. https://doi.org/10.1016/j.foodqual.2018.02.015
[31] Vincent Walsh. 2003. A theory of magnitude: Common cortical metrics of time, space and quantity. Trends in Cognitive Sciences 7, 11 (2003), 483–488.
https://doi.org/10.1016/j.tics.2003.09.002
[32] Han Wen and Xi Y. Leung. 2021. Virtual wine tours and wine tasting: The influence of offline and online embodiment integration on wine purchase
decisions. Tourism Management 83 (2021), 104250. https://doi.org/10.1016/j.tourman.2020.104250
[33] Elizabeth H. Zandstra, D. Kaneko, Garmt B. Dijksterhuis, E. Vennik, and Rene A. de Wijk. 2020. Implementing immersive technologies in consumer
testing: Liking and Just-About-Right ratings in a laboratory, immersive simulated café and real café. Food Quality and Preference 84 (2020), 103934.
https://doi.org/10.1016/j.foodqual.2020.103934
[34] Yuanrong Zheng, Zhenmin Liu, and Beihong Mo. 2016. Texture profile analysis of sliced cheese in relation to chemical composition and storage
temperature. Journal of Chemistry (2016). https://doi.org/10.1155/2016/8690380

6

