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ABSTRACT

Nothing beats a comforting image of a bowl of hot soup with curls of rising steam unless it is
the actual soup, but the current paper is to talk about food photography. Despite the
recognition of the importance of food temperature depicted in food images, the effectiveness
of using visual cues on food photography to indicate temperature and potential managerial
outcomes are barely researched. This study explored whether the addition of visual
temperature cues to food images was effective in activating relevant temperature associations,
leading to downstream consequences, including food desirability, freshness perception and
willingness to pay (WTP), with a focus on thermal temperature cues. Three online
experimental studies were conducted showing that animated traces of steam added to food
images not only induced hot temperature perception of the food, but also increased food
desirability and freshness perception. Meanwhile, implied animation (i.e., static picture of
rising steam) did not produce any such effect. Further, food image appeal was found to be a
boundary condition for the effect of hot temperature cues: that is, when the food images is of
low appeal, traces of steam which increased hot temperature perception, in turn enhanced
freshness perception and food desirability, but not WTP. The effectiveness of animated steam
textures crossmodally enhancing thermal temperature perception and food desirability exerts

the potential in digital food creation and marketing.

KEYWORDS: FOOD APPEAL; SENSORY NUDGING; DIGITAL MARKETING;

TEMPERATURE; VISUAL TEXTURE.
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1. Introduction

Temperature holds a significant role in shaping consumers’ product evaluations and decision-
making processes (Hadi & Block, 2019; Park & Hadi, 2020; Spence, 2020a, 2020b; Zwebner,
Lee, & Goldenberg, 2014), particularly in the context of food appreciation and consumption
behaviours. In fact, previous research has identified myriad ways in which temperature, be it
ambient or product-related, can influence people’s expectations and perceptions of food and
beverages. For example, studies have demonstrated that the physical temperature of food and
drink can profoundly impact their acceptability and people's preferences (see Abraham &
Diller, 2019; Brown & Diller, 2008, for reviews), Additionally, temperature has been shown
to affect perceived flavour intensity (Steen et al., 2017) and even aftertaste experiences
associated with consuming foods (Francis et al., 2005). More than people have realized,
temperature of food plays a crucial role in influencing food tastiness, with previous studies
showing that perceived food temperature has a significant positive effect on stimulating
appetite (Kokaji & Nakatani, 2021; Sakay, Masuko, & Yamanaka, 2022; Yamin, Mai, &
Werle, 2020) and positive evaluations of food (Magee, 2012; Pramudya & Seo, 2018).

Warm food temperatures improve the perception of a food’s tastiness (Talavera et al.
2005; Yamin et al., 2020). For example, warm drinks can activate the insula taste cortex
(recognized by glucose taste stimuli) and improve pleasure (Rolls, 2010). Warm foods, made
mostly from cooking, increase the availability of glutamate, which is a major component of
taste preference (Sasaki, Motoyama & Mitsumoto, 2007). The pleasure of warm food
introduced into the mouth is also reflected in activations in the orbitofrontal cortex and
pregenual cingulate cortex, which represent the pleasantness of the taste and flavour of food
(Guest et al., 2007). Product temperature can be translated into perceived monetary value.
Known as the temperature-premium effect (Zwebner et al., 2014), for food products that are
typically served warm, high temperature expectations increase people’s willingness to pay
(WTP) and desired serving amounts. The temperature-induced food consumption preference
stems from the spontaneous inference that warm foods are more filling and tastier than their
cold counterparts, thereby enhancing food desirability and people’s preferences (Yamin et al.,

2020) and even their valuation of the food product (Zwebner et al., 2014).

Temperature, beyond engaging the somatosensory system, establishes intricate

crossmodal connections with visual information (McGlone & Spence, 2010; Spence, 2020a).



70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

91
92
93
94
95
96
97
98
99
100
101
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Colour has been extensively studied as a visual cue for temperature. Ho et al. (2014) and
others have systematically demonstrated the robust association between colours and
temperature, highlighting the warmth conveyed by red hues and the coldness implied by blue
(e.g., Arnheim, 1954; Fenko, Schifferstein, & Hekkert, 2010; Huang, Yang, & Liu, 2022; see
Spence, 2020b, for a review). Extending beyond colour, crossmodal mappings have been
delineated between visual textures and temperatures. Specific textures, such as crystalline and
flecked, exhibit a pronounced association with lower temperatures, while textures
characterized as striped and cracked are distinctly linked to higher temperatures (Barbosa
Escobar et al., 2023a, 2023b). When it comes to textures that indicate temperature, bubbles
and steam might come to mind. Researchers have experimented with adding bubbles and
traces of steam to food to enhance the sense of temperature (Suzuki et al., 2021; Yamin et al.,
2020). Steam is undoubtedly special as a visual indicator of high temperature, as it can
indicate high temperatures in almost all cases (see Figure 1 for how ChatGPT used steam as
a visual cue for making food appear warm). For example, steam rising from the surface of
water is a sign of high temperature, and steam is also indicative of combustion. When it
comes to food specifically, it's not hard to imagine that freshly prepared food is always
accompanied by rising steam when it's served, and the craving for warm food can be fuelled
by the sight of a bowl of steaming soup, for example. In contrast, other cues such as bubbles
may arise from the movement of water, and fur-like textures are restricted to materials. The
current study will explore the role of steam textures on food, an important yet under-explored

visual temperature cue.

Advances in photo editing apps and social media platforms have introduced graphical
filters to enhance the visual aesthetics and warmth of food images (Bakhshi, Shamma,
Kennedy, & Gilbert, 2015). Notably, graphic editing techniques have evolved to dynamically
render food images online. One such technique, known as the ‘steam effect’, involves the
strategic use of strobes or flashes with high shutter speeds to add distinct textures of the
steam to food images. This effect aims to convey a sense of heat and freshness to viewers.
Previous studies have considered food freshness as a concept frequently used to describe
fruits and vegetables, for which time from harvest was one of the most important contributors
to the perception of freshness (Cardello & Schutz, 2003). In the current paper, we used
freshness to describe processed food, with the idea that the amount of time from ready-to-eat

state is what consumers perceived as the freshness of processed food. We expected that steam
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textures on dishes would be considered as a cue that the dish is immediately cooked and

therefore deliver the perception that the food is fresh.

Figure 1

Digital retouch of food image with ChatGPT DALL-E.

0 o 0 v
give me a picture of curry can you make the curry appear hot
@ ChatGPT @ ChatGPT

Here's the updated image of the curry, now appearing hot with visible steam.

Note. Instructions were sent to ChatGPT in the chat box to provide a picture of the curry and
to make the curry appear hot. Steam was automatically added by DALL-E as a visible

temperature indication.

The current study highlights the increasing significance of image processing
technology in the context of food photography on social media and the growing food e-
commerce industry (Donthu & Gustafsson, 2020). Given the prevalent digital nature of the
first encounter with food, visual imagery plays a pivotal role in mental simulation, activating
sensory perceptions and potentially influencing consumer purchase intentions (Petit,
Javornik, & Velasco, 2022; Spence et al., 2016; Velasco et al., 2023). While steam textural
cues are obvious in delivering the meaning of food being hot and fresh, these cues were not
easy to maintain or convey digitally (specifically in an animated format) in the past but can
now be easily added to food images through available image processing techniques. The
central argument of the current research is that digitally animated steam textures can evoke
the concept of food warmth, a connection formed through prior food experiences (Fenko et

al.,, 2010; Ketron & Spears, 2020; Spence, 2020a). Furthermore, given the established
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ANIMATION IN FOOD PHOTOGRAPHY 6

literature on implied motion suggesting that implied motion can activate motion-sensitive
areas of the brain (Kourtzi & Kanwisher, 2000; Krekelberg et al., 2003), we wondered if a
static representation of rising steam can be as effective as the animated counterpart. This
exploration holds practical implications for the food industry, specifically regarding whether
a static steam effect printed on food images can enhance perception of temperature and food

desirability.

Despite the recognition of the importance of food temperature depicted in food
images, the effectiveness of using visual cues on food photography to indicate temperature
and potential managerial outcomes are rarely researched. Accordingly, several research
questions guided the current investigation: Is the addition of steam texture effective in
increasing the expected temperature of the food depicted? If so, how much does adding steam
texture affect food evaluation based on food images? Does perceived temperature contribute
to the perceived freshness of the food? Does enhancing perceived temperature give the
impression of good value for money? We expect that images showing traces of steam will
increase the perceived temperature of the food depicted, and thus increase favourability of the
food. In addition, we measured WTP and perceived freshness as key outcome variables to

investigate the temperature-premium effect of steam animation on food evaluation.

1.1 Overview of studies

Three studies were conducted to investigate the research questions. Study 1 showed that
adding steam animation to food images was effective in enhancing the perceived temperature
of the dishes depicted. Steam textures, while seemingly subtle, were perceived as visual
indicators of high temperatures, and further enhanced food desirability. In Study 2, traces of
steam were added to both contextually consistent and contextually inconsistent foods. Study
2 showed that steam was a visual cue for high temperature, independent of contextual
plausibility. In addition, Study 2 compared the differences between the steam animation and
its implied motion and showed that implied animation was not effective in enhancing
temperature perception. As a test of boundary condition, Study 3 showed that steam
animation as an indicator of high temperature only improved the food desirability of

otherwise less appealing food images.
Table 1

Overview of the studies objectives and design.
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Objective Design Product
Study1 Steam Single factor Curry Present Absent
animation as  between-group (Yellow)
an effective design:
way of Animated
inducing high  traces of steam
temperature  above the food
expectation (present vs.
absent) ‘
Impact on Steam moving
food
desirability
Study?2 Steam as a 3X?2 Curry Plausibility: Low
visual cue between-group (Green): High
indicating design: plausibility =~ Present
high Animated with steam
temperature  traces of steam
independent  above the food  Sushi Plate: @
of context (present vs. Low .
plausibility implied pl.ausibility Steam moving Steam moving
motion vs. with steam Implied
Temperature absent) motion
perception’s
impact on Context
food plausibility
evaluation (high vs. low)
Steam
not moving
Absent
Study3 Food 2X2 Curry Attractiveness: Attractiveness:
attractiveness  between-group (Green): Low
as a boundary  design: High in Present
condition Animated attractiveness
traces of steam
above the food Curry
(present vs. (Yellow):
absent) Low in :
Attractiveness Steam moving
Food Absent
attractiveness

(high vs. low)

2. Study 1

Study 1 aims to establish the association between traces of steam hot food temperature. We
adopted a single factor between-group experimental design. Two types of food images were

used as the stimuli: food image with animated traces of steam above the food (steam
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ANIMATION IN FOOD PHOTOGRAPHY 8

animation condition) vs. no steam control image (control condition). People evaluated the
images from two perspectives: temperature perception and food desirability (measured by

degree of liking, and purchase willingness). We expect that:

Hypothesis 1 (H1): Participants perceive the food with animated traces of steam to be

of higher temperature than no steam counterpart.

Hypothesis 2 (H2): Participants perceive the food depicted with animated traces of

steam as more desirable than no steam counterpart.

Hypothesis 3 (H3): Participants perceive warm food as more desirable. That said, the
perceived elevation in temperature is hypothesized to mediate the relationship between the
presence of steam textures (animated steam traces vs. no steam control) and the increased

food desirability.

2.1 Methods

2.1.1. Participants

An a priori power analysis was conducted using G*Power version 3.1 (Faul, Erdfelder, Lang,
& Buchner, 2007) for sample size estimation. Based on a medium effect size (d = 0.5), a
probability of 1 — 8 = 0.80, and an a-value of 0.05, a sample size of 102 participants was
suggested for one-tailed between-groups t-tests. 109 participants from the U.S. were recruited

from the online participant recruitment platform, Connect (Cloudresearch.com). The targeted

participants are adults without colour-blindness as colour perception may affect their
evaluation of food images. Two responses were eliminated due to either technical problems
or failed attention checks. Another nine participants were excluded as they quitted the survey
without completion of all questions, including temperature perception and manipulation
check. The final sample consisted of 98 participants (for the steam animation group, N = 46,
M.g = 37.83 years, SD,g = 10.28 years, 28 males, three vegan/vegetarian; for the control
group, N = 52, M,, = 37.46 years, SD,, = 11.76 years, 25 males, three vegan/vegetarian).
None of the participants were allergic to or had dietary restrictions towards the dish

displayed.

2.1.2. Stimuli and Procedure
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Study 1 used an image of curry as the stimulus, primarily because curry is an affordable and
popular food option. The specific curry image was sourced from a high-resolution food image
database, meticulously curated with standardized recoding method for experimental research
(Toet et al., 2019). The image was edited to resemble a restaurant advertisement (Ad)
commonly seen on social media platforms. The curry image was processed with a steam
stimulator, developed by an image processing engineer in the research team, which can
adeptly overlay traces of continuously moving steam to input images. For the animation
condition, the stimuli featured a bowl of curry with continuously rising steam and in the
control condition the identical curry was presented without steam (see Fig. 2). The stimuli
were presented in the format of GIFs. Both the GIF stimuli and the steam stimulator are made

available at https://osf.io/cwzh6/?view_only=99027ded96ae4a0394226£2387{83e9d.

To enhance the ecological validity of the study, which used curry as the stimuli, the
experiment was scheduled for noon on a weekday, strategically chosen as curry (the food
stimuli used in the current study) is not a common choice for breakfast. All participants were
recruited within an hour. After providing informed consent, participants rated their hunger
levels at the moment and their familiarity with online food advertising as control variables.
After that, participants were randomly assigned to view a curry restaurant Ad either with or
without steam animation. They then evaluated the food from various perspectives, including
level of liking, purchase willingness, and temperature perception. Then participants were
asked to indicate whether the image was dynamic, which served as the manipulation check.
Demographic information, encompassing gender, age, dietary preferences, and allergies, was
also collected. Before concluding the session, participants had the opportunity to provide

feedback on the study and report any technical issues (e.g., text or image loading problems).

Figure 2

Visual stimuli used in Study 1.
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TaoburrgBAR  Thobury BAR

ORDER NOW +44 7410 362 952 ORDER NOW :-u 7410 362 952
Note. The left is the steam animation condition of which the curry image was edited to
feature traces of steam continuously rising from the curry and the right is the control
condition. For experimental condition, the steam was animated. Both stimuli were presented

in GIF format.
2.1.3. Measures

Temperature perception was measured on a 7-point scale ranging from “1 = extremely cold”
to “7 = extremely hot”. Food desirability was measured with four items targeting degree of
liking and purchase willingness. Degree of liking was measured with one of the items from a
three-item attitude scale (Madden et al., 1988) on a 7-point Likert scale ranging from “1 =
dislike” to “7 = like”, which is widely used for evaluating consumer attitude (e.g., see Borau
& Nepomuceno, 2019; Jublee, Kasilingam, & Stephen, 2023; Kim & Kim, 2021).
Participants indicated their purchase willingness responding to three items adapted from
previous literature on 7-point Likert scales (Rizzato et al., 2016): “How desirable did you find
the dish to be?”, “How much would you like to eat this curry?”, and “How likely would you
be to try the restaurant”, M = 5.43, SD = 1.85. An average score of the four items measuring
degree of liking and purchase willingness was computed as the score of food desirability
(Cronbach's a = 0.94). We also conducted Principal Component Analysis (PCA) to further
confirm that the four items measuring food desirability belong to one factor (see Appendix
A). Participant’s hungry level and familiarity with online food Ad were also measured on 7-
point scales. The manipulation check item asked participants to rate the level of dynamism of
food Ad they were exposed to on a 5-point scale (“1 = not at all” to “5 = a great deal”). All

questionnaire items are detailed in Table S1.
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2.1.4. Analysis

Randomization check was performed using t-tests for independent samples. Additionally,
manipulation checks were conducted using t-tests to confirm that the animated traces of
steam were successfully delivered to the participants. Subsequently, a series of independent
sample t-tests was conducted to test the effect of animated steam textures on elevating
temperature perception and food desirability. We further investigated the relationship
between outcome variables. Specifically, we explored the role of temperature perception (i.e.,
the immediate outcome of adding steam texture to food images), on food desirability, which
is considered as the downstream consequence of adding temperature cue. Simple linear
regression analysis was therefore conducted with temperature perception as the independent
variable and food desirability as the dependent variable. Following regression analysis,
mediation analysis was conducted using PROCESS v4.2 macro by Hayes (2022) with 10,000
bootstrapped samples (Model 4), to examine the mediation effect of temperature perception
on the relationship between manipulation of adding steam textures (animated traces of steam
vs. no steam control; steam animation condition was coded as 1, and control condition was
coded as 0) and food desirability. All analyses were conducted in SPSS v29.0 and PROCESS
FOR SPSS.

2.2. Results

Regarding the randomization checks, participants in the two conditions were homogeneous in
terms of their age (Mseam = 37.83 years, SDgeam = 10.28 years, Moo = 37.46 years, SDcongol =
11.76 years, t(96) = 0.16, p = 0.436), familiarity with online food Ad (Mseam = 5.07, SDsieam =
1.48 years, Mconwol = 5.44, SDconuol = 1.27, t(96) = 1.35, p = 0.089), and hungry level (Mseam =
4.28, SDgeam = 1.78, Mconwol = 4.27, SDconwol = 1.56, £(96) = 0.04, p = 0.484). Regarding the
manipulation checks, the steam animation group exerted higher perception of picture
dynamism compared to the control condition, which confirmed successful manipulation
processing images with the steam simulator (Msem = 3.04, SDseam = 1.13, Mconwa = 1.90,
SDcontror = 1.33, t(96) = 4.53, p < 0.001, Cohen’s d = 0.92). Detailed descriptive results of each
condition are reported in Table S2 and Table S3.

2.2.1. Main effects of steam animation
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Independent sample t-tests were conducted separately for temperature perception and food
desirability. The result revealed a significant effect of steam animation on temperature
perception, t(96) = 5.72, p < 0.001, Cohen’s d = 1.16. Participants in the steam animation
group rated the perceived temperature of the curry higher than those in the no steam control
group (Mseam = 5.89, SDsieam = 0.95, Mconwor = 4.56, SDconvot = 1.30). Therefore, the results
support H1, indicating that the integration of animated steam in food images is perceived to

be associated with hot temperature.

The results of independent sample t-test for food desirability revealed significant
effect of steam animation on food desirability, t(96) = 2.04, p = 0.022, Cohen’s d = 0.41.
Participants in the steam animation group expressed higher desirability for the curry than
those in the no steam control group (Mseam = 3.97, SDseam = 1.77, Mconwot = 3.24, SDcontrol =
1.79). The results support H2, showing that food depicted with animated traces of steam is

viewed as more desirable than no steam counterpart.

2.2.2. The mediation effect of steam animation on food desirability through temperature

perception

Linear regression result showed that temperature perception explained 11.5% of the variation
in food desirability, F(1, 96) = 12.51, p < 0.001, 8 = 0.34. Based on the significant regression
result, a mediation analysis was conducted using PROCESS v4.2 macro by Hayes (2017)
with 10,000 bootstrapped samples (Model 4). The standardized coefficients of the path
analysis are illustrated in Fig. 3., confirming the hypothesized mediating role of expected
temperature. At the 95% confidence level, the indirect effect of steam animation on food
desirability was estimated to be 0.58 (95% CI [0.18, 1.06], bootstrap SE = 0.22). The
mediation analysis showed that participants perceived the food image with animated traces of
steam to be of higher temperature (f = 1.33, SE = 0.23, t = 5.72, p < 0.001). This, in turn, was
associated with higher food desirability (8 = 0.43, SE = 0.15, t = 2.84, p = 0.005). As the
direct effect of steam animation on food desirability was not significant (direct effect = 0.16,
95% CI [-0.64, 0.96], bootstrap SE = 0.40, t = 0.39, p = 0.70; total effect = 0.73, 95% CI
[0.02, 1.45], bootstrap SE = 0.36, t = 2.04, p = 0.044), the results suggested that the expected
temperature completely mediated the effect of steam animation on food desirability,

supporting H3.

Figure 3
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The mediating role of temperature perception between the effect of steam animation on food

desirability in Study 1(standardized coefficients for each pathway).

/ Expected Temperature \

1.33%%* 0.43%%*

/ ~

———  0.73* (Total effect)
. Im.age Type Food Desirability
(animation vs. control) | = = = = = 0.16 (Direct effect) == ===

Note. *p < 0.05, **p < 0.01, ***p < 0.001. Animation condition was coded as 1 and control

condition was coded as 0.

2.3. Discussion

Results of Study 1 demonstrated that, within a controlled setting featuring the same food
image, the addition of traces of animated steam can induce hot temperature perception of the
dish (H1). This heightened temperature perception of the foodstuff then mediated the
relationship between steam animation and increased food desirability (H2 & H3). Together,
the animated texture featuring steam rising was found to an effective cue in enhancing the
perceived temperature when incorporated in food images, resulting in a positive downstream

effect, i.e. increasing the desirability of the food.

While people recognized the importance of depicting hot food temperature perception
in pictures of warm food, the effectiveness of using visual cues on food photography as a
temperature tactic has rarely been investigated experimentally. Results of Study 1 provided
empirical support for incorporating traces of rising steam in enhancing the perception of
warmth in food images. By showing that temperature perception can be crossmodally
influenced by visual cue, our study added to the empirical evidence of vision-temperature

crossmodal correspondence (see also Barbosa Escobar et al., 2023a, 2023b).

3. Study?2
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The objectives of Study 2 are threefold. First, Study 2 aims to examine if steam texture as a
hot temperature visual cue is reliant on the context. In study 1, we overlaid steam texture on a
bowl of curry, which is often eaten at a warm temperature and gives off steam when it is
freshly made. Will steam texture still induce hot temperature perception when the display of
steam is of context? Previous literature on crossmodal associations between visual textures
and temperature concepts also noted the importance of context dependency (Barbosa Escobar
et al., 2022). In study 2, in addition to overlaying steam texture on curry, we also overlayed
steam texture on sushi, which is unlikely to be carry rising steam in most cases. By
comparing the temperature perception of the two foods (i.e., curry and sushi) with and
without the steam texture, we aim to illustrate whether steam is an independent visual cue for

high thermal temperature, or it is dependent on compatibility with context.

Second, Study 2 examines alternative explanation for the steam effect. More
specifically, we examine the arousal effect that animation may cause by introducing novel
visual stimuli (Banovic et al., 2016; Bialkova et al., 2014; Gere et al., 2016; Guerreiro, Rita,
& Trigueiros, 2015; Schoormans & Robben, 1997; van Loo et al., 2015, 2018). Emotional
arousal levels have been found to be associated with product evaluation (Choi, Jung,
Oyunbileg, & Yang, 2016; Noseworthy, Di Muro, & Murray, 2014). Therefore, we measured
emotional arousal before and after viewing the stimuli to examine whether animated traces of
steam increased arousal and whether emotional arousal partly explains Study 1’s finding that
addition of steam increases food desirability. Lastly, considering the varying findings in the
literature on the efficacy of incorporating implied motion in food photography (e.g., see Gvili
et al., 2015, 2017; Mulier, Meersseman, Vermeir, & Slabbinck, 2021; Yu, Droulers, &
Lacoste-Badie, 2022), the third aim of Study 2 is to compare the effectiveness of steam

texture (implied format vs. animated format) in heightening temperature perception.

Study 2 is a 2 (food type: warm vs. cold) x 3 (image type: steam animation vs.
implied steam vs. no steam control) between-group design. We explore if steam is a context-
independent temperature cue, and if it has to be animated to deliver its effect. In Study 2, in
addition to assessing temperature perception and food desirability, we also assess perceived
food freshness and willingness to pay (WTP). We expect that the steam effect on temperature
perception, freshness perception, food desirability and WTP to be the highest when the warm
food is presented with steam animation. The preregistration of Study 2 can be found at

https://aspredicted.org/I.Z6 XC7.
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3.1 Methods
3.1.1. Participants

An a priori power analysis was conducted using G*Power version 3.1 (Faul et al., 2007) for
sample size estimation. For ANOVA test for mains effect and interactions, based on a
medium effect size (f = 0.25), a probability of 1 — 8 = 0.80, and an a-value of 0.05, a sample
size of 211 participants was suggested. 468 participants from the U.K. were recruited from

Prolific (https://www.prolific.com/). Same as Study 1, the targeted participants are adults

without colour-blindness as colour perception may affect their evaluation of food images. We
included the following yes/no questions at the end of the questionnaire as the manipulation
check: “T saw steam coming out of the food” and “The steam was animated”. After checking
participants’ responses to the manipulation check questions, a sample of 428 participants was
included in the analysis, with an average age of 42.09 years (SD = 14.54 years), and 37%
male. 55 participants reported a recent lack of appetite or allergies to the food items in the
image, however including them did not affect the study outcomes. Details of sample
demographics for the sample including and excluding those lack of appetite and with food

allergies, are provided in Appendix B.
3.1.2. Stimuli and procedure

Study 2 used images of curry and sushi as the stimuli (see Fig.4). Images were sourced from
the same food image database (Toet et al., 2019). The reason for replacing the picture of the
curry was that several participants in Study 1 commented in their feedback that the curry in
the picture looked disgusting and unappetising. For Study2, the stimuli were edited to
resemble a restaurant menu. Same as Study 1, the images were edited with the steam
simulator to incorporate constantly rising steam animation. For the implied animation
condition, we used one frame of the animated steaming picture and therefore the steam is
overlaid on the food but not moving. For control conditions, the same sets of stimuli were

presented without the steam. All stimuli were presented in the format of GIFs.

Study 2 was scheduled for noon as in Study 1. After providing informed consent,
participants rated their momentary hunger levels and frequency of dining out as control
variables. After that, participants were randomly assigned to one of the six conditions: curry

with animated steam, sushi with animated steam, curry with implied steam, sushi with
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implied steam, curry without steam, and sushi without steam. They then evaluated the food
from various perspectives, including temperature perception, freshness perception, food
desirability, and WTP. Demographic information was also collected. Before concluding the

session, participants provided feedback and report any technical issues.
Figure 4
Stimuli for Study 2.

2 GURRY HouSE GURRY HOUSE

Chiv ehiv

GREEN CURRY
CHICKEN /SEAFOOD/ TOFU

GREEN CURRY PASTE WITH COCONUT MILK,
[GGPLANTS, BAMBOO SHOOTS, BASIL, AND
BELL PEPPERS.

£0250

GREEN CURRY
CHICKEN [ STAFOOP TOFU

GREEN CURRY PASTE WITH COCONUT MILK,
[GGPLANTS, BAMBOO SHOOTS, BMASIL, AND
BELL PCPPIRS.

£1250

SUSHI Houst

(7

¢ SUSHI HoUSE
cniv

SUSHI SET SUSHI SET
1 PICS # PICS

MIXED SET OF NIGIRIS AND INSIDE QUTS MIXED SET OF NIGIRES ANP INSIDL OUTS

M M0

Note. For steam animation conditions, the stimuli (a & c) are presented with animated traces
of rising steam; for implied steaming conditions, the stimuli are presented with traces of
steam that is not moving; for control conditions (b & d), the same images are presented

without steam.
3.1.3. Measures

For manipulation check, participants were asked to provide yes/no answers to two questions:
“] saw steam coming out of the food” and “The steam was animated”. Frequency of dining
out was measured with one item “How frequently do you visit restaurants or order
takeaways?” (1 = very rare to 7 = very usual) Hungry level, temperature perception and food
desirability were measured with the same items in Study 1. Cronbach’s « of the four items
measuring food desirability is 0.89 in Study 2. Freshness perception was measured on another

7-point scale on “1 = not fresh” to “7 = fresh”. WTP was measured with slider scales, with
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the price on the menu as the median (see Fig. S1). For curry, the slider ranged from £2.5 to
£22.5, and for sushi, the price slider ranged from £10 to £30. Emotional arousal was
measured both before and after viewing the stimuli with one item “How are you feeling right

now?” (1 = calm to 7 = excited). All items are specified in Table S4.
3.1.4. Analysis

A series of two-way ANOVAs were conducted to examine the effect of food type (warm vs.
cold) and image type (steam animation vs. implied steam vs. no steam control) on
temperature perception, freshness perception, food desirability and WTP. Post hoc analyses
were conducted with Bonferroni t-tests. Of particular interest were the main effects of the
factor image type and interactions with food type. All analyses were conducted in SPSS

v29.0.
3.2 Results

There were no significant differences in age (F(5, 422) = 1.04, p = 0.392), hungry level (F(5,
422) = 0.71, p = 0.618), frequency of eating out (F(5, 422) = 0.43, p = 0.829) and the
emotional arousal before stimuli exposure (F(5, 422) = 0.46, p = 0.805) among the six
conditions, indicating successful group randomization. Descriptive results are supplemented

in Table S4.

ANOVAs were first conducted with temperature perception as the dependent variable
to examine the interaction effect of food type (warm vs. cold) and image type (steam
animation vs. implied steam vs. control). Results revealed that there was a significant
interaction effect of food type and images type (F(2,422) = 7.36, p < 0.001, 3 = 0.034) as
well as main effects of both food type (F(2,422) = 269.88, p < 0.001, n3 = 0.390) and image
type (F(2,422) = 63.88, p < 0.001, > = 0.232). Post-hoc analyses showed that for warm food
(i.e., curry), temperature perception of food with animated steam (M = 5.68) was significantly
higher than with implied steam (M = 4.86, p < 0.001) and without steam textures (M = 4.68, p
< 0.001), and no difference between the implied condition and control condition (p = 1.000).
Similarly for cold food (i.e., sushi), temperature perception with animated (M = 4.41) was
significantly higher than the implied condition (M = 2.63, p < 0.001) and control condition
(M = 2.49, p < 0.001), and no difference between implied and control conditions (p = 1.000).

From the results, steam textures proved to be a cue of thermal temperature independent of the
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context. Notably, post hoc test results also showed that across each image type, curry was
always perceived to have significantly higher temperature than sushi (ps < 0.001). Figure 5
illustrated the interaction. Animated traces of steam added to food images increased the
temperature more for sushi as sushi was perceived to be at lower temperatures without the
steam. Additionally, our results showed that steam textures in implied motion did not

increase temperature perception.

No significant effects of the factor image type, nor its interactions, regarding
freshness perception, food desirability, WTP and change in emotional arousal were found.

However, these results are reported in Supplementary Material (Table S7).

Figure 5

Interaction effect of image type and food type on temperature perception in Study 2.

& .
A .
g 4 LY
£ .
2 A
*
g .
= b 3
.
3 .
\I
‘ I
Animation Implied Control
= = Cold (Sushi)

— A (Curry)

Note. Scale of temperature perception ranges from 1 to 7. Bars represent 95% ClIs.
3.3 Discussion

Study 2 provides additional evidence that animated steam texture is an effective visual cue of
high temperature when incorporated in food images. More importantly, Study 2 shows that
this visual temperature cue is independent of context. Even when added to the food that is

unlikely to give off steam, animated steam textures are still considered to be a cue of high
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thermal temperature. We show that temperature perception can be crossmodally influenced
by visual cue, especially when thermal temperature cannot be physically perceived. This
vision-based temperature cue can be applied to food photography to deliver the perception of
food being warm even when the temperature cannot be immediately perceived. For example,
some food options in the supermarkets (e.g., ready meals) are kept cold when they are on sale
but should be warm or hot when consumed. Given the importance of food temperature
perception (Yamin et al., 2020), it is practically beneficial to incorporate visual temperature

cues such as animated traces of steam to convey “warmth” in this case.

The second aim of Study 2 was to examine whether animated steam textures led to
increased emotional arousal, which can lead to increased food desirability. Our findings
suggest that animated steaming food images triggered higher temperature perception of the
food depicted compared to no steam images but did not trigger stronger emotional arousal.
Additionally, Study 2 results showed that rising steam presented in the implied motion format
did not increase temperature perception. There have been mixed results and discussions on
whether implied motion can hint at movement without explicitly showing it (Kourtzi &
Kanwisher, 2000; Krekelberg et al., 2003; Gvili et al., 2015, 2017; Xiong, Hu, & Ma, 2023;
Yu et al., 2022). However, in the case of steam textures, implied motion is not as effective as

its animated counterpart.

We assessed several downstream consequences of food being perceived at a higher
thermal temperature: freshness perception, food desirability, and WTP. The results of Study 2
showed that although the addition of animated steam increased temperature perception, it did
not make people feel that their food was fresher or more willing to pay for it. Though we
found that animated steam added to food images resulted in increased food desirability, this
downstream consequence was not reproduced in Study 2. Upon comparison of the descriptive
results of food desirability in Study 1 and Study 2, curry with animated steam was rated to be
of similar desirability (Msuay1 = 3.97, SDsway1 = 1.77; Mauay2 = 4.08, SDsway1 = 1.48); while the
curry in Study 1 without the steam was rated to be at a lower level of desirability than the one
in Study 2 (Msudy1 = 3.24, SDswdy1 = 1.79; Maudy2 = 3.95, SDsuay1 = 1.43). Of the eight written
responses received for Study 1, three mentioned that the curry looked unappealing, which
coincided with the difference in food desirability scores between the two studies. Therefore,
we hypothesize the appeal of a food image acts as a boundary condition for the positive

impact of heightened temperature expectations on food desirability. Specifically, we propose
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that in the case of non-appealing food images, there is greater potential to enhance
palatability through the addition of animated steam. To further examine this hypothesis and

examine this hypothesis, Study 3 was conducted.

4. Study 3

Study 3 examines food image appeal as a boundary condition on the effect of enhanced
temperature perception making food more desirable. With a 2 (image appeal: high vs. low) %
2 (image type: steam animation vs. no steam control) between-within design, we expect that
the heightened temperature perception caused by steam animation may only increase food
desirability for unappealing food image. Preregistration of Study 3 can be found at:

https://aspredicted.org/37K _Y?2J.

4.1 Methods

4.1.1. Participants

For ANOVA tests for a 2 x 2 mixed design, based on a medium effect size (f = 0.25), a
probability of 1 — f = 0.80, and an a-value of 0.05, a sample size of 66 participants was
suggested by power analysis. 149 participants from the U.K. were recruited from Prolific

(https://www.prolific.com/). Eight participants were disqualified due to technical issues

during the experiment. The same manipulation check questions were used as in Study 2.
After manipulation check and technical check, a sample of 141 participants was included in
the analysis, with an average age of 40.91 years (SD = 13.06 years), and 29% male. As in
Study 1 and Study 2, participants with food allergies and lack of appetite remained in the
sample. Details of sample demographics for the sample including and excluding those

participants, are provided in Appendix C.

4.1.2. Stimuli and Procedure

Study 3 used the curry stimuli from Study 1 and Study?2 (see Fig. 6). The procedure is the
same as Study 2. Participants were randomly assigned to one of the two between-group

condition (image type: steam animation vs. no steam control). In each group, participants saw
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both types of curry in a randomized order. Participants first evaluated food appeal, followed

by evaluation of temperature perception, freshness perception, food desirability, and WTP.
4.1.3. Measures

Study 3 added a measure of food appeal before other outcome measure. Participants indicated
how much they agreed with the statement “The food in the picture looks appealing” from “1
= strongly disagree” to “7 = strongly agree”. In addition, other measures were the same as

Study 2 (see Table S8 for details).
4.1.4. Analysis

Mixed-model ANOVAs were conducted for manipulation check of image appeal (high vs.
low) for green and yellow curry images with and without animated steam textures. ANOVAs
were then conducted to examine the effects of image type (steam animation vs. no steam
control, between-group factor) and its interactions with image appeal (high: green curry vs.
low: yellow curry, within-group factor) on food appeal, temperature perception, freshness
perception, food desirability and WTP. To replicate the mediational results in Study 1,
mediation analyses were conducted with 10,000 bootstrapped samples (Model 4), to examine
the mediation effect of temperature perception on the relationship between image
manipulation (steam animation condition was coded as 1, and control condition was coded as
0) and food desirability, separately for food images of high (i.e., green curry) and low appeal
(i.e., yellow curry). All the statistical analyses were performed using SPSS v29.0 and

PROCESS for SPSS.
Figure 6

Stimuli used for Study 3.
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CURRY HousE CURRY HOUSE

(77 (727

GREEN CURRY GREEN CURRY
GHICKEN/ SEAFOOD/ TOFY GHICKEN / SEAFOOD/ TOFU

GREEN CURRY PASTC WITH COCONUT MILK GREEN CURRY PASTC WITH COCONUT MILK,
[GEPLANTS, BAMBOO SHOOTS, BASIL, AND EGGPLANTS, BAMBOO SHOOTS, BASIL, AND
BILL PPPERS. BELL PEPPIRS,

21250 21250

CURRY HOUSE CURRY HOUSE

chi en

THA! YELLOW CURRY THAI YELLOW CURRY
CHICKEN 1 SEAFOOD ! TOFU CHICKTN / STAFOOD/ TOFU

YOLLOW CURRY PASTE WITH COCONUT YILLOW CURRY PASTL WITH COCONUT
MILK, EGGPLANTS, BAMBOD SHOOTS, MILK, [GGPLANTS, BAMBOD SHOOTS,
BASIL, AND BELL PEPPERS, BASIL, AND BELL PLPPLRS.

£1250 50

Note. For steam animation conditions, the stimuli (left column) are presented with animated
traces of rising steam; for control conditions (right column), the same images are presented

without steam.

4.2 Results

4.2.1. Effects of steam animation (image type) and image appeal

There were no significant differences in age (¢(139) = 1.39, p = 0.165), hungry level (¢(139) =
0.13, p = 0.898) and frequency of eating out (t(139) = 1.58, p = 0.117) between the two
groups, indicating successful group randomization. Descriptive results are supplemented in

Table S9.

ANOVA results of food appeal showed that there was no interaction effect of image
type and curry image on the ratings of food appeal, F(1,139) = 0.03, p = 0.854, and no
significant effect of image type, F(1,139) = 1.07, p = 0.302, but a significant main effect of
curry, F(1,139) = 46.03, p < 0.001, n; = 0.249. These results suggest that green curry was
perceived as more appealing compared to yellow curry, with or without the animated steam
texture superimposed, which aligns with our hypothesis that green curry image is perceived

to be more appealing than the yellow curry image. Therefore, it is confirmed that green curry
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image is a stimulus of relatively high appeal (without steam, M = 4.01, with steam, M =
4.23), while the yellow curry image has a relatively low level of attractiveness (without

steam, M = 3.05, with steam, M = 3.32).

Same as Study 1 and Study?2, there was a significant main effect of image type on
temperature perception, F(1,139) = 47.73, p < 0.001, n> = 0.256, but no interaction effect of
image appeal and image type (F(1,139) = 1.06, p = 0.305) or main effect of curry (F(1,139) =
0.70, p = 0.404). These results showed that animated steam textures can significantly elevate
temperature perception despite image appeal. For freshness perception, there was a
significant interaction effect of image type and image appeal (see Fig.7), F(1,139) =9.07, p =
0.003, n = 0.061, and a significant main effect of image type, F(1,139) = 8.18, p = 0.005, n;
= 0.056, and image appeal, F(1,139) = 34.89, p < 0.001, 3 = 0.201. Post-hoc results showed
that freshness perception of low appeal image significantly increased when animated steam
was added (M = 5.44) compared to control condition (M = 4.56, p < 0.001), but no difference
between the two image type conditions for high appeal image (animation group, M = 5.71;
control, M = 5.40, p = 0.129). For food desirability, there was a borderline significant
interaction effect of image appeal and image type, F(1,139) = 3.83, p = 0.052, n> = 0.027, a

significant main effect of curry (F(1,139) = 45.23, p < 0.001, n; = 0.246 ) and no main effect
of animation (F(1,139) = 2.86, p = 0.093). Post-hoc results revealed that food desirability of
low appeal image significantly increased with animated steam (M = 3.84) compared to
control condition (M = 3.21, p = 0.017), but no difference between the two image type
conditions for high appeal image (animation group, M = 4.39; control, M = 4.22, p = 0.516).
For WTP, there was a significant main effect of image appeal, F(1,139) = 32.97, p < 0.001,
n> = 0.192, but neither an interaction effect (F(1,139) = 1.27, p = 0.262) nor a main effect of
image type (F(1,139) = 0.032, p = 0.858) was detected.

Figure 7

Interaction effect of image type and image appeal on freshness (a) and food desirability (b) in
Study 3.
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Control Animation
Note. Green curry represents high image appeal condition, and yellow curry represents low
image appeal condition. Scale of temperature perception ranges from 1 to 7. Bars represent

95% Cls.

4.2.2. The mediation effect of steam animation on food desirability through temperature

perception

Mediation analyses were conducted separately for each image appeal condition (high: green
curry vs. low: yellow curry). The standardized coefficients of the path analyses are illustrated
in Fig. 8. For high image appeal condition, at the 95% confidence level, the indirect effect of
steam animation on food desirability was estimated to be 0.70 (95% CI [0.41, 1.03], bootstrap
SE = 0.16). Mediation analysis showed that participants perceived the green curry image with
animated steam to be of higher temperature (8 = 0.89, SE = 0.19, t = 5.85, p < 0.001). This
increased temperature perception led to enhanced food desirability (8 = 0.50, SE = 0.11, t =

5.87, p < 0.001). As the direct effect of steam animation on food desirability was not
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significant (direct effect = 0.53, 95% CI [-1.05, 0.00], bootstrap SE = 0.27, t = 1.96, p = 0.52;
total effect = 0.17, 95% CI [-0.35, 0.70], bootstrap SE = 0.27, t = 0.65, p = 0.516),
temperature perception completely mediated the influence of image type (animation vs.
control) on food desirability. This result is aligned with Study 2, in which we did not find a
total effect of image type on food desirability.

For low image appeal condition, the indirect effect of steam animation on food
desirability was estimated to be 0.62 (95% CI [0.32, 0.93], bootstrap SE = 0.16). Mediation
analysis revealed that animated steam increased temperature perception (f = 0.99, SE = 0.19,
t =6.71, p <0.001), which then increased food desirability (8 = 0.40, SE =0.11, t =4.42, p <
0.001). There was a significant total effect (see Fig.8, 95% CI [0.11, 1.14], bootstrap SE =
0.26, t = 2.41, p = 0.017) but not a significant direct effect (95% CI [-0.54, 0.57], bootstrap
SE =0.28, t = 0.04, p = 0.965). This result replicated Study 1, in which we found a significant
effect of image type on food desirability.

Figure 8

The mediating role of temperature perception between the effect of steam animation on food
desirability in Study 3 (standardized coefficients for each pathway) for image of high appeal
(a) and low appeal (b).

a.

/ Expected Temperature \

0.8k 0.50%**

/ ~.
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/ Expected Temperature \
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Image Type e
(animation vs. control) | = — — — — 0.01 (Direct effect) ====—- Food Desirability

Note. *p < 0.05, **p < 0.01, ***p < 0.001. Animation condition was coded as 1 and control

condition was coded as 0.
4.1 Discussion

Study 3 examines the effect of animated steam textures on several downstream outcomes
including freshness, food desirability and WTP, and whether image appeal is a boundary
condition for the effect. By comparing image of high and low appeal, either with or without
steam animation, we found that animated steam textures enhance freshness perception, food
desirability, but only for image of low appeal. Noted here we defined freshness as how
freshly made people feel about the dish. These further consequences of the visual textures
signalling high thermal temperature is important: using food temperature as a heuristic cue
ultimately can increase food freshness perception and desirability for the food but not WTP
for the food. These findings inspire implications for digital food marketing, pointing out the
importance of delivering a sense of high thermal temperature (for warm food) and the

potential benefits of heightened temperature perception.

5. General Discussion

This research, encompassing three studies, examine whether temperature perception can be
modified crossmodally by visual temperature cues and the downstream consequences. In this
particular research, we looked into digital food and steam textures as a visual cue of high
thermal temperature. Three online experiments were conducted: Study 1 establishes that
animated steam is an effective visual cue indicating high thermal temperature; Study 2 shows

that such a visual temperature cue is independent of context and can convey high thermal
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temperature even when the food is not supposed to give off steam; Study 3 complements
Study 1 and 2 by showing that steam animation as an effective visual cue of high thermal
temperature, leads to increased freshness perception and food desirability, but only for food
images of low appeal. Across these studies, several key findings highlight both the efficacy

and limitations of embedding visual temperature cue in digital food images.

Our results showing traces of steam, when added to food images, can deliver a sense
of high thermal temperature even when temperature cannot be sensed physically. This
observation adds to the existing literature on crossmodal associations by showing that
temperature perception can be crossmodally modified with visual cue (Barbosa Escobar et al.,
2023a, b; Spence, 2011, 2020a). The current research extends prior research by showing that
individuals can rely on past food experiences and generate crossmodal correlation for
temperature when this information is lacking in digital food photography (Spence, 2011). As
Spence (2020a) pointed out, temperature-based crossmodal associations are not universally
automatic but can be task-dependent, it will be interesting to further investigate whether
visual cues signalling temperature perception in one scenario (e.g., food consumption) are

functioning the same in other scenarios.

This study highlights the importance of food temperature. Much as previous literature
has shown the importance of temperature in influencing consumer product evaluations (Hadi
& Block, 2019; Park & Hadi, 2020; Spence, 2020a; Zwebner et al., 2014), the present study
underlines the importance of temperature perception in food appreciation. Simply
heightening temperature perception can increase people’s desirability for food when they
look at the photos, especially when the image does not appear appealing. More than people
have realized, temperature of food plays a crucial role in stimulating appetite (Kokaji &
Nakatani, 2021; Sakay et al., 2022; Yamin et al., 2020) and positive evaluations of food
(Magee, 2012; Pramudya & Seo, 2018). Additionally, we show that images of warm food
being perceived to have high thermal temperature delivers a sense of food freshness. That
said, people feel that the food is more recently made when its digital picture is simply
attached traces of moving steam. This finding can inspire digital food presentation across
contexts, including for online 2D images, AR, and VR food assets, and food packages of

frozen foods, where food freshness can hardly be perceived.

The comparison between implied motion and animated steam raised important

questions about the applicability of static visual enhancements. Contrary to expectations,
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implied motion did not significantly impact temperature expectations or food preferences,
diverging from previous research on implied motion’s influence on food perception (e.g.,
Amar, Gvili, & Tal, 2021; Cian, Krishna, & Elder, 2014; Li & Liu, 2021; Mulier et al., 2021;
Suzuki et al., 2021; Xiong et al., 2023). This divergence from earlier studies, which have
posited mental simulation as a crucial mechanism through which implied motion impacts
food-related expectations (Detenber, Simons, & Bennett, 1998; Li et al., 2019; Pessoa & De
Weerd, 2003), suggests the limitation in the effectiveness of implied motion within the
context of food photography. While past studies have highlighted mental simulation as a key
pathway through which implied motion influences expected food experiences (Detenber et
al., 1998; Li et al., 2019; Pessoa & De Weerd, 2003). The lack of significant impact on
perceived temperature and food preferences in our study indicates a potential deviation from
established patterns, necessitating further exploration into how implied motion affects various

perceptual dimensions and contexts differently.

The results of the present study suggest practical implications for the application of
food photography technology in enhancing the visual appeal of food (Piqueras-Fiszman &
Spence, 2015; Sakay et al., 2022). Consistent with the findings of Kokaji & Nakatani (2021),
the importance of portraying the main dish as warm to stimulate appetite is reaffirmed. More
importantly, the current study sheds light on the potential of animated textures, such as a
steam effect, in elevating the desirability for food items that might initially appear
unappealing. The findings of Study 3 demonstrated that steam animation’s impact on food
desirability and freshness is modulated by the inherent appeal of the food image. This
suggests that enhanced thermal temperature perception yields greater benefit for food images
that are inherently less appealing. Such insights are important for informing digital food
marketing strategies, especially in promoting unconventional food choices like ready-to-eat
meals and frozen food products. Incorporating animated visual elements might prove
instrumental in overcoming initial hesitations on the freshness and deliciousness of such
products and therefore enhancing the market appeal of these culinary offerings. Despite the
positive impact on sensory perceptions and desirability, steam animation did not influence
WTP. One possible explanation for the null findings on WTP is that the current study
incorporated animated steam in food images for an online menu, which may have delivered a
strong sense of artificialness. Future research in digital food marketing should, therefore,
investigate deeper into contextual factors that might augment consumers’ WTP. Such

investigations can illuminate the conditions under which visual enhancements like steam
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animation can effectively translate into increased valuation of food products, offering

valuable insights for optimizing digital marketing strategies in the food industry.

The present study opens avenues for future research into the complex dynamics of
visual enhancements of temperature perception for digital food. We have showed that
animated visual temperature cue in food photography can crossmodally influence temperature
perception, it will be interesting for future research to encompass field experiments across
diverse settings, such as investigating the impact of digital food presentation on billboards,
television screens, and online banners. Such studies will extend the understanding of
consumer responses to visual temperature cues in everyday environments. Additionally, the
exploration of diverse food categories, ranging from fresh to pre-packaged, and restaurant
meals, is essential to explore the generality of the current findings. Another promising
direction is the investigation of contextual factors influencing the perception of temperature-
related visual cues. The role of environmental temperature, for instance, may be crucial in
determining the perceived authenticity of steam animation in food imagery (Motoki et al.,
2018). There are individual differences that could potential moderate the steam effect. For
example, the degree to which consumers accept or resist technological enhancements in
digital imagery can profoundly affect their perception of and response to such modifications.
Investigating this interplay between individual attitudes and the impact of dynamic visual
elements like steam animation will be instrumental in helping marketers tailor their strategies
to diverse consumer segments. Finally, future studies could incorporate variables such as
cultural differences in food perception, the context of consumption, and the synergy of
multiple sensory cues. This broader approach contributes to build a more comprehensive
understanding of how visual temperature cues influence consumer behaviour in digital

settings.

6. Conclusion

This study explored the possibility of modifying temperature perception of food with visual
temperature cue. Specifically, we investigated animated steam textures as a cue of high
thermal temperature. Through a series of online experimental studies, we demonstrated that
animated steam traces are effective in evoking perceptions of warmth and enhancing

freshness perception and food desirability when people look at the food images. Importantly,
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our results also uncovered the role of image appeal as a boundary condition for the effect of
temperature cues. While animated steam enhanced freshness perception and desirability for
food images of low appeal, this effect was contingent on the initial attractiveness of the
image. By demonstrating the efficacy of digital animation in enhancing food desirability and
moderating temperature perception, this study provides valuable insights for practitioners

seeking to optimize their food photography strategies to engage and motivate consumers.
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