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Abstract
Rounded shapes are associated with softness and warmth, whereas Platonic solids are associated

with hardness and coldness. We investigated the temperature-shape association through sensorial/

conceptual qualities of geometric ice-like textured shapes. In Experiment 1, participants viewed

symmetrical rotating 3D shapes (five Platonic solids—cube, tetrahedron, octahedron, icosahedron,

dodecahedron; a star polyhedron and a sphere) and control shapes (naturalistic and angular), rating

them in terms of liking, hardness, temperature, wetness, and texture. In Experiment 2, participants

visualized ice, and selected/rated, from 22 adjectives, those corresponding to the concept of ice. In

Experiment 3, for each of the shapes from Experiment 1, participants chose the most appropriate

conceptual attribute from among the six attributes most frequently reported in Experiment 2. All

shapes looked cold. Liking and hardness ratings were similar for the ice-sphere and the Platonic

solids, with an enhanced liking and the attribution of the “beautiful” concept for starlike ice shapes.
The cube was appreciated as solid and the Platonic solids as strong and bright. Self-reported intro-

version, extroversion, and fitness level were significantly related to the appreciation of geometric

ice structures. These findings are discussed in relation to crossmodal correspondences and the role

of individual differences.
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An extensive body of evidence links geometric shapes to various sensorial and conceptual qualities.
We most often visually judge the various objects that we come into contact with based on their geo-
metric properties, such as shape and curvature, but also their orientation, size, and volume
(Kahrimanovic et al., 2010). When manipulating and/or haptically interacting with objects of inter-
est, other important material object information is also extracted/becomes available, including the
object’s weight, temperature, and texture, with these characteristics often derived through direct
contact with the skin (Gallace & Spence, 2014). Other senses, such as audition, make significant,
if rather unexpected contributions to material perception (e.g., as outlined in the multisensory
experience of judging an object’s material qualities, termed “Shitsukan” in Japanese; see
Fujisaki, 2020; Komatsu & Goda, 2018; Spence, 2020a; see also Guest et al., 2002; Spence &
Zampini, 2006, for further audio-tactile interactions). Through repeated exposure, objects of interest
also become associated with higher-order conceptual attributes, such as connotative meaning
linked to objects we regularly interact with (Osgood, 1952; Osgood et al., 1957; see also
Gombrich, 1960, 1972; Marks, 2014, on the crossmodal meaning of symbols).

With respect to easily recognizable shapes, there exist some specific manufactured structures, e.g.,
the ancient stone-carved spheroids, that have successfully spanned hundreds of thousands of years
starting from the Middle Paleolithic, with scientists still puzzled by these spheroids’ intended func-
tion/purpose (Muller et al., 2023; see also MacGregor, 2000). Nowadays, rounded shapes have
received an extensive consideration in the literature, with many findings consistently demonstrating
people’s preference for objects presented in rounded, over angular forms (Bar & Neta, 2006; Ghoshal
et al., 2015; Silvia & Barona, 2009). One explanation for this liking response is in terms of symmetry:
The perfectly symmetrical sphere is significantly preferred when compared to other symmetrical geo-
metric shapes (e.g., see Turoman et al., 2018). Recently, the sphere was contrasted with other sym-
metrical objects that have been considered beautiful (namely the Platonic solids, as described by Plato
in his dialogue Timaeus), and people’s liking was probed, together with other types of sensorial appre-
ciation for geometric shapes, such as their perceived hardness, and their expected temperature. Note
that for Plato, beauty was intrinsic to the geometric regularity and symmetry of these solids, and he
used them creatively so as to represent the elements of the material world, in order to construct/
propose a theoretical model of the universe. There are five Platonic solids (tetrahedron, octahedron,
icosahedron, cube/hexahedron, and dodecahedron), rendered as regular convex polyhedra with all
faces formed of regular congruent polygons meeting at each vertex. The key characteristic of the
Platonic solids is that they are all perfectly symmetrical, irrespective of their direction of rotation.
The sphere is preferred, being evaluated as the softest and receiving the warmest temperature
ratings, with the Platonic solids, by contrast, rated as harder and significantly colder than the
sphere (Juravle et al., 2022). While earlier conceptual pairings of the words circle and square have
been congruently related to concepts of warmth/coldness, as well as softness/hardness (Liu &
Kennedy, 1993, 1997), this round shape—warm temperature correspondence highlighted in
Juravle et al.’s (2022) study, is, to the best of our knowledge, the first empirical demonstration for
the shape-temperature crossmodal correspondence. To validate this crossmodal correspondence,
studies were designed in our lab that manipulated the humanly perceptually available (estimated) tem-
peratures (i.e., temperatures we are comfortably interacting with) for geometric shapes. For example,
taste-wise, hot-temperature round pieces of food were recently shown to be preferred to rectangular
ones (Juravle et al., 2024). With the present study, our goal is to further investigate the shape-
temperature crossmodal correspondence for cold estimated temperatures. In this respect, we concen-
trate on the geometric shape of objects, as their material properties are kept constant and they are ren-
dered visually to appear as if made of ice. The approach outlined here targets the naturalness of
geometric shapes, our familiarity with them, and the semantic meaning that they carry.

With Plato’s categorization of the so-called Platonic solids as the most beautiful shapes (Lloyd,
2010; see also Melo, 2022; Wilczek, 2015), as well as Plato’s attribution of specific natural
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worldly elements to each of them (e.g., fire for the tetrahedron, air for the octahedron, water for the
icosahedron, and earth for the cube; the dodecahedron was conceived to represent the whole universe),
the question arises as to the specificity and naturalness of the typical testing of liking and other sen-
sorial qualities in geometric shape perception. Note that most studies to date have assessed shape per-
ception using traditional 2D renderings on a computer screen (though see Etzi et al., 2012, for a study
looking at manipulating 3D shapes), with the further specifics of texture and/or object materiality in the
context of its practical purpose for daily activities receiving little, if no attention. In this respect, the
physical characteristics of objects such as their shape symmetry and (perceived) shape naturalness
may be closely interconnected to their material perception. Take, for a recent example, the mathem-
atically derived geometric infinite polyhedra (Huylebrouck, 2023; see also Bertol, 2016, for further
visual conceptualizations of the Platonic solids), which, devoid of specific material properties,
appear, if anything, to be less beautiful than the Platonic solids that served as their basis. To
uncover the beauty of the Platonic solids, given their naturalness (i.e., as designated by their presence
in the defining geometric shapes that exist in nature, both living forms, e.g., in the DNA of the simplest
life forms, and nonliving forms, e.g., the structure of crystals), one needs to assess them with respect to
their natural materiality. Furthermore, by taking into consideration previous findings of the appreci-
ation of Platonic solids as appearing visually as colder in temperature (Juravle et al., 2022), the present
study investigates naturalness in geometric shape perception by assessing these geometric shapes of
interest in an ice-textured form, i.e., a naturally appearing material that everyone is familiar with.1

In Experiment 1, because of their material natural ice-like presentation, it was hypothesized that the
Platonic solids would be liked significantly more than other geometric shapes (no matter whether
they were symmetrical or asymmetrical). Specifically, we aimed to further explore Platonic perfect
symmetry. For this, we used a naturalistic asymmetrical stone-like shape as a control (see Juravle
et al., 2022) and also introduced two shapes outside the theorized Platonic perfect symmetry: the sym-
metrical regular star, together with the angular asymmetrical star-like control shape used as its control.
Because the control geometric shapes that we presented are not universally recognized and/or pro-
posed as being beautiful2 (e.g., as is the case for the sphere and the Platonic solids), the expectation
was of higher esthetic appreciation for the sphere and the Platonic solids, as well as a lower
estimated temperature and enhanced hardness for the Platonic solids (Juravle et al., 2022).

It is not only an object’s material characteristics that influence and drive our appreciation for its
beauty. Beauty is often in the eye of the beholder, and as such, individual subjective characteristics
need to be taken into account. In this respect, familiarity with certain geometric shapes may be
expected to influence liking and sensorial assessments. For example, people show an enhanced pref-
erence for objects with curved contours they are familiar with, with this appreciation modulated by
individual traits, such as affective intuition and unconventionality (Chuquichambi et al., 2021).
Moreover, other individual differences, such as autistic traits, have recently been described in shape-
based crossmodal correspondences: Specifically, when given the choice, people with high autistic
traits are less likely to choose consensual crossmodal color-shape associations, such as the
pairing of colors red/pink with rounded shapes, or the pairing of the sweet taste with color pink
(Chen et al., 2021; see Spence, 2022a, for a review). Therefore, in the experiments reported here,
we formulated exploratory hypotheses with regard to the specific personality traits targeted in the
three studies, with the starting point being the ice texture. The exploratory hypothesis that was
put forward with respect to ice consumption in everyday life, in the form of drinks “on the
rocks,” targeted introversion/extroversion personality traits because of the typical social environ-
ment in which such drinks are consumed. Relatedly, because of people’s preference for cold
drinks (Eccles et al., 2013; cf., Hyde & Witherly, 1993), the exploration of a link toward sensation
seeking in personality could be considered (Spence, 2022b). Furthermore, we also assessed fitness
by self-report because of the strength component of fitness that we expected to mirror the texture/
consistency of the Platonic solids. Note that all these were formulated as exploratory hypotheses, to
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have an additional measure of any latent underlying individual differences that could help explain
and potentially underlie the appreciation of geometric shapes.

Experiment 1

Methods
Participants. An a priori power calculation with an α= .05 and 1− β= .80 indicated that a sample
size of 36 participants would be sufficient to detect an f= 0.25 effect in the data (G∗Power 3.1;
Erdfelder et al., 2009; Faul et al., 2007), should one be present (Cohen, 1988). A total of 38 parti-
cipants (27 females, mean age of 31 years, SD= 9 years, age range 19–52 years) were therefore
recruited to take part in Experiment 1. The participants were recruited from socializing apps
(e.g., WhatsApp, Facebook) and gave their informed consent to take part in the study. The study
was approved by the Ethics Board of the Alexandru Ioan Cuza University of Iasi, Romania
(no. 2325/24.05.2021). This study conforms to the Declaration of Helsinki and to all subsequent
amendments (Declaration of Helsinki, 1964, 2013).

Materials and Apparatus. The study was conducted online on the Testable platform (www.testable.
org; Rezlescu et al., 2020) between 21 May 2023 and 10 July 2023. The experimental stimuli con-
sisted of nine GIF images representing the different geometric shapes: the five Platonic solids (a
cube, a tetrahedron, an octahedron, an icosahedron, and a dodecahedron), a regular star polyhedron,
a sphere, one naturalistic irregular shape modeled on a natural rock, and another irregular angular
shape. All visual stimuli were created for the specific purpose of the study. The stimuli were
modeled with the help of 3ds Max 2023 (e.g., the Noise modifier and the Soft select tools,
Autodesk, San Francisco, USA) and rendered in V-Ray (Version 6, Chaos, Sofia, Bulgaria). All
of the geometric shapes were derived from a cube with a side of 100 cm and a camera view posi-
tioned 370 cm in front. The geometric shapes had the same ice appearance and the same height
(6.7 cm/6°23′ degrees of visual angle, assuming a standard viewing distance of 60 cm from
monitor). The objects were designed to have a hard, wet, and transparent-like-ice visual appearance,
for an objective (visual) perceptual experience of ice. The complete image (object+ background)
presented to the participants on each trial in Testable full-screen mode was 20.5 cm high× 12 cm
wide. All of the geometric shapes rotated clockwise continuously in the GIF file and throughout
the experimental trial, the 3D geometric shape was perceived in continuous rotating motion (see
Figure 1 for static 2D examples of the geometric shapes used in Experiment 1). The experimental
stimuli, together with the data that support the findings of this study, are all available from the cor-
responding author (G.J.), upon request. The actual rotating stimuli used in Experiment 1 are pre-
sented in the Supplemental Material.

Procedure and Experimental Design. At the beginning of the experiment, the participants were asked
to enter into full-screen mode and calibrate their screen, such that all participants saw the experimen-
tal stimuli at the same size. The experimental platform presented the participants with instructions
outlining the general scope of the study and the type of data that would be collected as a result of
their taking part. They were informed that they could quit at any point, gave their informed consent,
and provided the required demographic data. Each experimental trial consisted of the presentation of
a single experimental stimulus (i.e., a rotating geometric shape) together with a visual analog scale
(VAS), positioned below the rotating geometric figure. The participants used their mouse to move
the pointer on the scale and rate the presented shape on the given VAS, with only the end anchors
visible. The VASs used were set from 0 to 100 points, with 0 = lack of the measured variable, 50 =
moderate presence, and 100 = maximum recorded.
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The manipulated independent variable was geometric shape (cube, tetrahedron, octahedron,
icosahedron, dodecahedron, star polyhedron, sphere, naturalistic irregular shape, and angular irregu-
lar shape). Each geometric shape was presented until a response was detected, for each of the five
VASs recorded as dependent measures: estimated Liking (very unpleasant to very pleasant), esti-
mated Hardness (very soft to very hard), estimated Temperature (very cold to very hot), estimated
Wetness (very dry to very wet), and estimated Texture (not at all slippery to very slippery). In a
repeated measures design, three repetitions were recorded for each visual stimulus. In total, each par-
ticipant completed 135 trials in a randomized order.

Following the experimental trials, the participants had to fill in a series of psychological scales.
Specifically, from the International Personality Item Pool (Goldberg et al., 2006; Iliescu et al., 2015),
the scale assessing extroversion was used, with 10 items including “I am the life of the party,” “I feel
comfortable around people,” “I start conversations,” “I talk to a lot of different people at parties,” “I
don’t mind being the centre of attention,” “I don’t talk a lot,” “I keep in the background, I have little
to say,” “I don’t like to draw attention to myself,” and “I am quiet around strangers.” Participants
responded on a 5-point Likert scale with anchors 1 (completely disagree) and 5 (completely
agree). In the calculation of the final extroversion score, the last five items were reversed; the
total extroversion score is the sum of the 10 items used. The total extroversion score had excellent
internal consistency (Cronbach’s α= .91; 95% CI [0.86, 0.95]).

From the Big Five personality traits (McCrae & John, 1992), introversion was measured on a
four-item subscale including the items “I am reserved,” “I am sometimes shy, inhibited,” “I am talk-
ative,” and “I am outgoing, sociable.” To provide a measure of introversion, the last two items were
reversed (e.g., see Tuovinen et al., 2020). Participants responded on a 5-point Likert scale with the
anchors 1 (completely disagree) and 5 (completely agree). The total introversion score was calcu-
lated as the sum of the four items; Cronbach’s α= .86 (95% CI [0.75, 0.92]) was obtained, which
is considered good internal consistency.

Figure 1. Still pictorial examples of the experimental stimuli used in Experiment 1. From the upper left

corner: cube, tetrahedron, octahedron (upper row), icosahedron, dodecahedron, star polyhedron (middle

row), sphere, naturalistic irregular control shape, and angular irregular shape (lower row). Note that

participants assessed the stimuli while they were in rotational motion (see Supplemental Material for the actual

rotating versions of the visual stimuli).
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The participants also received a five-item questionnaire that assessed their self-reported level of
physical fitness, the International Fitness Scale (IFIS; see Ortega et al., 2011, 2023). The scale
includes items assessing overall self-repoted physical fitness, cardiorespiratory fitness, muscular
force, speed/agility, and flexibility, on a 5-point scale from 1 (poor) to 5 (very good). The calculated
internal consistency for this study is excellent (Cronbach’s α= .92; 95% CI [0.87, 0.95]). The
experiment lasted for about 20 min.

Data Analysis. The data from each of the five VASs (Liking, Hardness, Temperature, Wetness, and
Texture) were inspected visually with histograms and sample/theoretical quantiles (Q-Q) plots,
together with skewness and kurtosis calculations. In order to compare the Platonic solids to the
sphere and the control shapes, all of the VASs were analyzed with one-way repeated measures ana-
lysis of variance (ANOVAs) with the factor of geometric shape (cube, tetrahedron, octahedron,
icosahedron, dodecahedron, star polyhedron, sphere, the naturalistic irregular shape, and angular
irregular shape). These ANOVAs were followed up by Holm-corrected paired-samples t-tests to
identify any geometric shape effect in the data (Holm, 1979). The Greenhouse-Geiser correction
was used to adjust the ANOVA degrees of freedom, when the sphericity assumption was violated.

Separate correlations were performed between the average data for the five sensorial scales col-
lected in Experiment 1 and the total scores calculated for introversion and extroversion, as well as
participants’ overall self-reported fitness. Statistical analyses were performed in Matlab (R2021a,
MathWorks, Natick, MA, USA) and JASP 0.16.3 (JASP Team, 2022).

Results
Liking. The results indicated a significant main effect of geometric shape, F(4.36, 161.24)= 3.13;
p= .002; η2p = 0.078; ϵ= .545, with the naturalistic shape (M= 51.68; SE= 3.91) being significantly
less liked than the cube, M= 67.46; SE= 4.34; t(37)= 3.50, p= .019; d= 0.605, the octahedron,
M= 69.32; SE= 4.06; t(37)= 3.91, p= .004; d= 0.676, the icosahedron, M= 66.24; SE= 3.97;
t(37)= 3.23, p= .045; d= 0.558, and the sphere, M= 66.98; SE= 4.14; t(37)= 3.39, p= .026; d=
0.587. None of the other post hoc t-tests reached significance (see Figure 2).

Hardness. The results highlighted a significant main effect of geometric shape, F(3.92, 144.93)=
3.66; p= .008; η2p = 0.090; ϵ= .490, indicating that the naturalistic shape (M= 69.55; SE= 4.72)
was rated as looking significantly harder than the octahedron, M= 52.49; SE= 4.06; t(37)=
−3.48, p= .021; d=−0.683, and was also rated as marginally significantly harder when compared
to the sphere,M= 53.97; SE= 4.72; t(37)=−3.18, p= .057; d=−0.624; see Figure 2. Importantly,
the sphere did not differ significantly in terms of its expected hardness from any of the Platonic
solids, nor from the regular star polyhedron and the angular irregular shape (p= n.s.).

Temperature. The results of Experiment 1 indicated a significant main effect of geometric shape on
temperature evaluations, F(4.86, 179.76)= 4.03; p= .002; η2p = 0.098; ϵ= .607; see Figure 2. Post
hoc tests highlighted that the dodecahedron (M= 48.55; SE= 3.63) was rated as significantly
warmer than the naturalistic shape, M= 31.25; SE= 3.73; t(37)= 4.33, p < .001; d= 0.743, and
the angular irregular shape, M= 30.61; SE= 3.57; t(37)= 4.49, p < .001; d= 0.770. A trend
toward the octahedron (M= 43.17; SE= 4.20) being rated as warmer than the irregular shape was
also apparent in the temperature data, t(37)= 3.14, p= .061; d= 0.539.

Wetness. The results highlighted a significant main effect of geometric shape, F(3.97, 146.71)=
2.27; p= .023; η2p = 0.058; ϵ= .496, indicating that the naturalistic shape (M= 54.87; SE= 3.75)
was rated as looking significantly dryer than the cube, M= 69.25; SE= 4.063; t(37)=−3.62, p=
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.013; d= 0.593, and marginally significant dryer when compared to the octahedron,M= 67.28; SE=
3.75; t(37)= 3.12, p= .070; d= 0.512; see Figure 2.

Texture. The results highlighted a significant main effect of geometric shape, F(3.09,114.31)= 3.64;
p= .014; η2p = 0.089; ϵ= .386, indicating that the naturalistic shape (M= 48.28; SE= 4.32) was
rated as looking significantly less slippery than the cube, M= 72.18; SE= 3.66; t(37)= 4.61, p<
.001; d= 0.911, the octahedron, M= 66.66; SE= 4.30; t(37)= 3.54, p= .016; d= 0.701, the icosa-
hedron, M= 65.45; SE= 3.75; t(37)= 3.31, p= .035; d= 0.654, and the dodecahedron, M= 67.68;
SE= 4.17; t(37)= 3.74, p= .008; d= 0.740. A marginally significant difference in texture was also
registered between the cube and the star polyhedron, M= 56.24; SE= 4.32; t(37)= 3.07, p= .074;
d= 0.608; see Figure 2.

Lastly, means together with standard deviations for the three scales of extroversion, introversion,
and self-reported physical fitness are presented in Table 1.

The results indicated that extroversion was not related to any of the sensorial appreciation scales
measured in Experiment 1 (all ps= n.s.). A significant correlation was, however, found between the
participants’ introversion (total score) and the reported hardness of the star polyhedron (r=−.337;
p= .039), in that the higher the introversion score, the softer the star polyhedron was rated by the

Figure 2. Means± 95% CI for each of the five VASs used to evaluate the geometric shapes in Experiment 1:

Liking (0 = very unpleasant to 100 = very pleasant), Hardness (0 = very soft to 100 = very hard), Temperature

(0 = very cold to 100 = very hot), Wetness (0 = very dry to 100 = very wet), and Texture (0 = not slippery at all to
100 = very slippery). The thick horizontal line indicates the midpoint of the VAS scale [refer to the online

version of this graph for color version].

Table 1. Means with standard deviations recorded in Experiments 1–3 for the three questionnaires assessing

introversion, extroversion, and overall self-reported fitness level.

Experiment 1 Experiment 2 Experiment 3

Mean SD Mean SD Mean SD

Introversion 10.53 3.80 9.07 3.18 11.49 3.88

Extroversion (IPIP) 30.53 7.91 38.20 8.30 32.08 8.97

Fitness (IFIS) 20.95 4.90 17.49 4.38 15.13 4.10

Note. Introversion from the Big Five personality traits. IPIP = International Personality Item Pool; IFIS = International Fitness

Scale.
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participants. Importantly, the self-reported fitness level significantly correlated with the liking of the
cube (r= .368; p= .023) and the dodecahedron (r= .340; p= .037): The fitter the participants con-
sidered themselves to be, the likelier they were to positively appreciate these two regular shapes.
Intriguingly, the higher the participants’ self-reported fitness level, the harder they evaluated the
consistency of the sphere (r= .373; p= .021). Though not significant, a similar marginally signifi-
cant effect on hardness was also registered for the star polyhedron (r= .313; p= .056). Furthermore,
our results indicate that the fitter the participants declared themselves to be, the more slippery they
rated the tetrahedron (r= .326; p= .046) and the octahedron (r= .346; p= .033). Concerning the
irregular shapes tested in Experiment 1, the results show that the fitter the participants (by self-
report), the wetter they perceived the naturalistic rock-shaped ice to be (r= .383; p= .017).
Importantly, a negative correlation is detected for the evaluated temperature data, in that the fitter
the participants consider themselves to be, the colder they evaluate the temperature of the angular
irregular-shaped piece of ice (r=−.387; p= .016; see Figure 3).

Discussion
In agreement with the crossmodal symmetry-based associations that have been reported previously
(Juravle et al., 2022; Turoman et al., 2018), the results of Experiment 1 highlight a clear effect of
symmetry, with the Platonic solids in the shape of the cube, the octahedron, and the icosahedron,
as well as the sphere, all being significantly more liked, than the naturalistic rock-like shape.
However, in contrast to previous results suggesting that the sphere is typically the preferred geomet-
ric shape, the dominance of the sphere in terms of liking dissipates when this is presented in an ice
format. Such a result might be taken to indicate that rounded ice shapes may appear unfamiliar and/
or somehow to lack naturalness.

Not only is the naturalistic irregular geometric shape liked less, but it is also rated as being sig-
nificantly harder than the octahedron, and marginally harder than the sphere. The naturalistic shape
is also significantly dryer, as compared to the cube, with such a result suggesting an intrinsic wetness
in the perception of symmetrically shaped ice cubes. Furthermore, symmetrical geometric shapes
such as the cube, octahedron, icosahedron, and the dodecahedron are perceived as significantly
more slippery textured and thus aligned to the intended feel of ice, as compared to the naturalistic
irregular control shape.

As expected, all temperature assessments in Experiment 1 were situated below the moderate
demarcation of the scale used in our study. In this context, it is the round-shaped Platonic solid
dodecahedron, and not the sphere, that was rated as the warmest, relative to the other irregular

Figure 3. Scatter plots of significant correlations found in Experiment 1 between the self-reported

introversion, self-reported fitness, and the sensorial qualities of geometric shapes.
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geometric shapes that appeared as though they were made of ice. Furthermore, with no difference in
hardness, wetness, or texture, between the sphere and the Platonic solids, it would appear that visual
material cues play a significant role when people sensorially assess various geometric shapes. Note
that when presented in a neutral hue, the sphere is typically perceived as being softer and also ther-
mally rated as moderately warm (Juravle et al., 2022). As unexpected as this result may appear, such
an even distribution in terms of liking and appreciation for sensorial attributes for both the rounded
and angular symmetrical shapes could signal a rather context-based appreciation of shape. That is,
just as the connotative associations of color have been shown to be context-dependent, as captured
by the “color-in-context” theory (e.g., Elliot & Maier, 2012). In terms of shape, we may take the
primitives of angularity and roundedness as universal signifiers of liking. However, context and
individual differences could further be fitted as higher-order categories when affectively and sensori-
ally appreciating shape (see also Chuquichambi et al., 2022, for a discussion).

In Experiment 1, regular versus irregular geometric shapes presented visually to appear as if they
were made of ice were assessed for liking, together with the sensorial qualities of expected hardness,
temperature, wetness, and slipperiness in texture. Having established the correspondence between
the ice shapes and their expected sensorial qualities, Experiment 2 was designed to investigate
whether any conceptual language-based correspondence would exist in the appreciation of ice.
For this, participants were asked to mentally imagine/visualize ice and to select those adjectives
that corresponded to the general concept of ice.

Experiment 2

Methods
Methods are similar to those used in Experiment 1; only the differences are outlined below.

Participants. An a priori power calculation with an α= .05 and 1− β= .80 indicated that a sample
size of 29 participants would be necessary to detect a r= .5 effect in the data (G∗Power 3.1;
Erdfelder et al., 2009; Faul et al., 2007), should one be present (Cohen, 1988). A total of 41 parti-
cipants (23 females, mean age of 30 years, SD= 11 years, age range 16–53 years) took part in
Experiment 2.

Materials, Procedure, and Experimental Design. The study was conducted online on Google Forms
between 18 May 2023 and 16 June 2023. The participants were presented with a succession of
22 trials that required a single answer on a 1 (not at all) to 10 (very much) Likert scale assessing
their appreciation of ice as being one of 22 diverse conceptual attributes, including fresh, clear,
pure, colored, bright, powerful/strong, crystalline, transparent, opaque, dense, viscous, diluted,
shiny, structured, beautiful, solid, fine, fluid, clean, natural, liquid, and heavy. They were asked
to visualize the ice as each of the presented attributes/concepts and use the Likert scale to assess
their appreciation of ice as the currently presented attribute/concept from each of the 22 selected
attributes enumerated above. Following the experimental trials, the participants were asked to fill
in the same succession of psychological scales, as those measured in Experiment 1: the scale asses-
sing extroversion from the International Personality Item Pool, the total extroversion score had good
internal consistency (Cronbach’s α= .89; 95% CI [0.83, 0.93]); the introversion scale with an
acceptable Cronbach’s α= .72 (95% CI [0.55, 0.84]); and the IFIS fitness with good Cronbach’s
α= .86 (95% CI [0.77, 0.92]). The experiment lasted for about 5–10 min.

Data Analysis. Total preference scores were calculated as the sum of individual ratings for each of the
22 attributes, together with frequency tables. The attributes were ordered by their total sum (i.e.,
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preference score), and those with the highest scores were used in Experiment 3. Finally, correlations
were conducted between the conceptual attribute preference scores and the total scores for introver-
sion, extroversion, and self-reported fitness.

Results
Means together with standard deviations for the three scales of extroversion, introversion, and self-
reported fitness are presented in Table 1. Figure 4 shows the distribution of total preference scores
for the conceptual attributes tested in Experiment 2.

The results of Experiment 2 indicated that participants appreciated ice mostly as solid, natural,
and bright, and with an equal rating: strong, crystalline, and beautiful. The more extroverted parti-
cipants were, the higher their appreciation of ice as being bright (r= .312; p= .047) and crystalline
(r= .336; p= .032). Relatedly, the less introverted participants were, the brighter (r=−323; p=
.040) and stronger they rated ice as being (r=−.364; p= .019). Lastly, self-reported fitness posi-
tively correlated with participants’ appreciation of ice as beautiful (r= .311; p= .048) and natural
(r= .323; p= .039). See Figure 5 for a graphical representation of the significant correlations in
Experiment 2.

Discussion
The results of Experiment 2 provide an overview of the preferred qualities used when people con-
ceptually evaluate ice. Other recent studies have established a conceptual link between various visu-
ally presented textures, e.g., furry versus crystalline visually presented textures, which were paired
in associative learning tasks requiring classification of textures as either hot or cold in temperature,
with words of fur/metal or happy/sad emojis (Barbosa Escobar, Wang, Corredor & Velasco, 2023a),
highlighting an affective mechanism that is implicated in the appreciation of temperature (Barbosa
Escobar, Velasco, Byrne & Wang, 2023b, 2023c).

To have an additional conceptual association for the ice shapes used in Experiment 1, we selected
the most frequent conceptual attributes recorded in the appreciation of ice in Experiment 2.
Specifically, in Experiment 3, the participants assessed each of the five Platonic solids, together
with the star-shaped polyhedron, the sphere, and the control naturalistic and angular shapes used

Figure 4. Histogram of the total sum of ratings for ice appreciation calculated across all participants in

Experiment 2, for each of the 22 conceptual attributes that were presented.

10 i-Perception 15(6)



previously in Experiment 1, for the most frequent conceptual attributes found to be paired with ice in
Experiment 2 (i.e., solid, natural, bright, strong, crystalline, and beautiful). Our expectation was for
the identification of higher ratings of Platonic solids as being solid and strong, whereas, taking into
consideration the known enhanced liking of rounded shapes (Bar & Neta, 2006; Ghoshal et al.,
2015; Silvia & Barona, 2009), we expected the sphere to be evaluated as significantly more
beautiful.

Figure 5. Scatter plots of significant correlations found in Experiment 2 between the self-reported

extroversion, introversion, and self-reported fitness and the conceptual attributes of geometric shapes.
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Experiment 3

Methods
An a priori power calculation with an α= .05 and 1− β= .80 indicated that a sample size of 143
participants was necessary to detect an effect size of w= 0.30, in the data (G∗Power 3.1;
Erdfelder et al., 2009; Faul et al., 2007), given that an effect was present (Cohen, 1988). A total
of 177 participants received course credit for taking part in Experiment 3. Due to a lack of engage-
ment with the experimental task, those participants with zero variance in their responses (i.e., press-
ing the same button, for all nine of the geometric shapes tested in Experiment 3) were excluded from
the study sample analysis, together with an outlier exclusion in the RT data (i.e., answers consisting
of a single button being pressed, or RTs that were too slow/fast, e.g., RTz-score >±3; Juravle &
Spence, 2015; Pukelsheim, 1994). The remaining sample (N= 154, 17 males, one nonbinary) had
a mean age of 24 years old (SD= 8 years, age range 20–50 years).

The apparatus and materials were as in Experiment 1. The study was conducted online on the
Testable platform (www.testable.org; Rezlescu et al., 2020) between 1 September 2023 and 7
October 2023. The participants were informed that the experiment was designed to investigate
any links that exist between geometric shapes and the perception of temperature and were
asked to give their subjective appreciation of ice. They gave their consent to take part in the
study. The participants received nine trials, each with a single 3D rotating geometric shape,
and six conceptual attribute buttons, placed below the shape: solid, natural, bright, strong, crys-
talline, and beautiful. On each trial, the participants were instructed to choose the attribute that
they thought was most representative for the currently displayed geometric shape, by clicking
on one of the six available buttons. By forcing participants to choose a single attribute from
the six presented concepts for their response, we assured the representativeness of their
choice. They were informed that there were no correct or incorrect answers; we required their
subjective opinion on the shape–conceptual attribute match. Once their choice had been made,
the experiment continued on to the next trial. The order of the trials was randomized across
participants.

Following the experimental trials, the participants were asked to fill in the various psychological
scales, as used in Experiments 1 and 2: The scale assessing extroversion from the International
Personality Item Pool, the total extraversion score had excellent internal consistency (Cronbach’s
α= .91; 95% CI [0.88, 0.93]); the introversion scale with a good Cronbach’s α= .83 (95% CI
[0.78, 0.87]); and the IFIS fitness score with good Cronbach’s α= .84 (95% CI [0.79, 0.87]). The
experiment took an average of 7 min to complete.

For each of the geometric shapes, frequency tables of the six conceptual attributes were calcu-
lated and then the Pearson χ2 test was used to compare the observed frequencies in the sample to
those attributes’ frequencies predicted by chance. For the analysis, we considered equal predicted
frequencies for each of the conceptual attributes in each of the nine geometric shapes tested in
Experiment 3 (i.e., each conceptual attribute with a predicted frequency of 16.67%).

Results
Figure 6 summarizes the data concerning the conceptual attributes (means± 95% CI) in Experiment 3,
for each of the nine geometric shapes. The shapes are ordered on the x-axis from the five Platonic solids
(cube, tetrahedron, octahedron, icosahedron, and dodecahedron), followed by the regular star polyhe-
dron, the sphere, with the naturalistic irregular shape and the angular irregular shape closing the line
on the right of Figure 6. Visual inspection of the figure indicates that some of the assessed conceptual
attributes failed to surpass chance (depicted by the thick black line, at 16.67%). The majority of the
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geometric shapes exhibited two conceptual attributes chosen at above chance levels, e.g., the cube, χ2(5)
= 32.62; p< .001; the star polyhedron, χ2(5)= 58.65; p< .001; the sphere, χ2(5)= 12.83; p= .025; the
naturalistic shape, χ2(5)= 112.96; p< .001; and the angular irregular shape, χ2(5)= 65.84; p< .001.
Furthermore, a series of geometric shapes highlight three conceptual attributes chosen at above
chance level, including the tetrahedron, χ2(5)= 24.68; p< .001; the octahedron, χ2(4)= 28.73;
p< .001; the icosahedron, χ2(5)= 22.18; p< .001; and the dodecahedron, χ2(5)= 29.35; p< .001.

It is visually evident in Figure 6 that the only geometric shape surpassing chance level for the
solid conceptual attribute is the cube. Furthermore, as expected, the Platonic solids are consistently
conceptually appreciated as strong, given that all ratings of the Platonic solids are localized above
the line representing chance-level performance. From among the Platonic solids, the tetrahedron, the
octahedron, the icosahedron, and the dodecahedron are significantly considered as being bright, as is
the sphere. The crystalline concept has been attributed to the octahedron and the icosahedron,
whereas, unsurprisingly, the naturalistic stone-like geometric shape was the only shape with the
natural appreciation rising above the chance-level line. Importantly, even though the beautiful con-
ceptual appreciation was given above chance to several of the geometric shapes, including the
rounded ones, such as the dodecahedron and the sphere, but also the star polyhedron and the
angular irregular shape, the results of Experiment 3 indicate that the sphere was not appreciated
as the most beautiful shape. Rather, it is the angular irregular shape and the star regular polyhedron
that were rated as being most beautiful.

Discussion
The results of Experiment 3 demonstrate that the Platonic solids are characterized conceptually as
being strong, solid, bright, and crystalline. On the other hand, the results also highlight that for
those cases where rounded objects are made of ice, their dominion in terms of beauty and liking
appears to falter: The geometric shapes associated with the beautiful concept in Experiment 3
were the star polyhedron and the irregular angular shape, with both shapes resembling the typical
formation of ice-shaped snowflakes. Both simple and complex 2D renderings of snowflakes have
previously been associated with enhanced esthetic evaluations (Adkins & Norman, 2016; see

Figure 6. Means± 95% CI (presented as percentages) for the appreciation of each of the six conceptual

attributes assessed to represent each of the nine geometric shapes in Experiment 3. The participants were

asked to pair one of the six attributes to each geometric shape presented. The thick horizontal line

indicates chance-level responding (i.e., 16.67%) (refer to the online version of this graph for color

version).
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also, Phillips et al., 2010). In the General Discussion, several explanations for these findings are con-
sidered and a few suggestions in terms of the potential applications of these findings are discussed.

General Discussion
The present study investigated sensorial and conceptual attributes of ice-textured visually presented
geometric shapes, by opposing the most liked geometric shape, the sphere, to other geometric
shapes, namely the Platonic solids, long famous for their beauty. Presenting participants with
shapes acknowledged as beautiful in a naturalistic state (i.e., made of ice) allowed us to describe
ice both sensorially and in terms of its conceptual (connotative) associations. These results indicate
comparable liking and hardness ratings for the sphere and the Platonic solids. The regular star poly-
hedron and the irregular star-like control shape were conceptually classified as beautiful and
received the highest liking ratings in this study. As expected, all of the Platonic solids were consid-
ered strong, with the cube being classified as solid.

Symmetry-based studies have established the spherical shape together with the related rounded
contours as typically being rated as beautiful and highly liked (Bar & Neta, 2006; Ghoshal et al.,
2015; Silvia & Barona, 2009). By visually attaching the attribute of naturalness to the sphere, in
the context of a rather icy presentation, these results demonstrate that liking, and the appreciation
of beauty, is, to a certain degree at least, context-dependent. That is, when considering an ice-shaped
sphere, we are faced with a trade-off between two incompatible features, as these are demonstrated
in crossmodal research: We appreciate the rounded contour, but likely dislike the implied tempera-
ture of the ice finish. In a similar take on context in shape perception, it has recently been suggested
that the preference for rounded/curved shapes is actually determined by presentation time, stimulus,
and task type, as well as expertise with a certain stimulus (Chuquichambi et al., 2022), but also by
taste expectations and the emotional valence of the visual 2D stimuli (Motoki & Velasco, 2021).
Moreover, people would appear to differ significantly on important artistic sensitivity criteria,
including symmetry, when appreciating beauty (Corradi et al., 2020; see also Corradi et al.,
2019; Cotter et al., 2017).

Even though temperature was only suggested visually in the current study, through the visually
derived ice finish of all geometric shapes used, our results indicate that the perceived/implied low ice
temperature of the depicted objects impacted both participants’ sensorial and conceptual consider-
ation. The temperature of ice is an easily established visual characteristic, the certainty of which
could not be changed, as is the case of other surface materials, that could feel cold/warm, but
which need tactile input to ascertain their actual temperature. To include familiarity and naturalness
in our discussion, a somewhat natural correspondence between lower temperatures and angularity
could be implied, just by taking into consideration that water freezing transforms into regular
angular crystalline structures. Nevertheless, note that our findings indicate that temperature was
rightfully transmitted through the visual presentation of our stimuli: All of the geometric stimuli pre-
sented in Experiment 1 were rated as being colder in terms of estimated temperature (i.e., all average
ratings fall below the middle of the temperature VAS). Relatedly, the shapes were consistently rated
as wet and, aside from the naturalistic rock-like shape, all the other shapes were rated as significantly
slippery. Taken together, these results of combined low temperature, enhanced wetness, and slip-
periness highlight the successful visual rendition of ice in our study.

Considering the ice-texture finish of our stimuli, the results of Experiment 1 indicate that context
may be implicated in shape perception (Motoki & Velasco, 2021). Presenting a sphere in a neutral
gray hue makes people rate it as soft and warm, softer and warmer even than other symmetrical
angular shapes having the same neutral gray hue (Juravle et al., 2022; see also Woods et al.,
2013, for manipulations of expectation in color-shape correspondences). However, when adding
a naturalistic context from the visually derived ice texture, as this was manipulated in the present
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study, the results highlight an equivalence in appreciating temperature, hardness, texture, and
wetness. All these sensory qualities appear to be driven first and foremost by people’s knowledge
of the material properties of ice (see, e.g., Marschallek & Jacobsen, 2022, for the appreciation of
various material qualities; and Spence, 2020a, for a review). Such findings suggest that (the percep-
tion of) shape may not be independent of the consideration of material qualities. Relatedly, context
can also give way to emotional valence in the appreciation of shape. For example, a cold stimulus
such as ice may be perceived as pleasant or unpleasant depending on the environmental context and
the location on the body where it is experienced. Take the pleasant case of a glass of water with ice
cubes, sipped during a hot summer day, highlighting our enjoyment of cold drinks (Eccles et al.,
2013). On the other hand, iced water likely soon loses its appeal when served in a wintery
environment.

Furthermore, it has been demonstrated that familiarity with an object and its attributes impacts its
sensorial appreciation (Chuquichambi et al., 2021), as well as how people relate and interact with its
various parts, e.g., we will fixate the top part of novel objects we come into contact with, but we will
likely grasp them according to their center of mass (Juravle et al., 2015). In a similar vein, it appears
that people are more likely to associate rounded shapes with the self, whereas angular ones are attrib-
uted to strangers (i.e., what has been termed the self-prioritization effect; Manippa & Tommasi,
2023; Vicovaro et al., 2022). Moreover, while the results reported here are reflective of people’s sub-
jective visual appreciation of ice-textured objects, future studies are needed in order to investigate
the objective feel of ice and its impact in the assessment of various sensorial qualities, such as these
were investigated in the present study (i.e., the appreciated temperature of a geometric shape). For
example, people’s liking of 3D objects differs somewhat, as a function of whether these shapes are
presented visually or haptically (Etzi et al., 2012). However, their perceived temperature is still to be
investigated (even though other temperature-based correspondences have received considerable
attention in the literature; see, e.g., Spence, 2020b, for color-temperature correspondences).
Furthermore, take, for instance, structural integrity characteristics such as compressibility and/or
resistance to deformation (see, e.g., Tiest & Kappers, 2006), which may predict object intrinsic
qualities like solid and/or strong, as they were attributed to the cube and naturalistic stone in
Experiment 3. On the other hand, the concept of bright could be better predicted by surface qualities
such as reflection or brilliance, which may reflect material qualities such as gloss (Chadwick &
Kentridge, 2015), translucency, and/or transparency (Anderson, 2011), as these were attributed to
the octahedron and the sphere in Experiment 3. Here, a geometric shape’s complexity should
also be considered, when ascertaining higher-order conceptual qualities of a given object. For
instance, it has been shown that simple 2D geometric shapes are perceived to be glossier, as com-
pared to more complex shapes (van Assen et al., 2016; see also Beck, 1964, 1965; Kaplan, 1969).
Furthermore, it has been suggested that some complexity-driven properties of objects may weigh
more in esthetic evaluations than others: Aside from objects’ symmetry (Rosen, 2008), researchers
have pointed the spatial complexity of objects (Papadimitriou, 2020a; 2020b), the geometry of
angles (Bertol, 2016), and spatial entropy (Papadimitriou, 2022) and topology (Papadimitriou,
2023). Relatedly, because of their association with the sun, radiating qualities like radial symmetry
or sphericity would also be expected to predict brilliance or warmth. In a similar vein, consideration
needs to be given to the specific type of interaction with objects of interest. Note that the effect of
temperature can be tracked even in the absence of a thermal sensory stimulus, e.g., consider here
only how the human pupils have been reported to contract in response to the mere imagination of
a light body, such as the sun (Laeng & Sulutvedt, 2014).

With respect to the individual differences investigated in the present study, our results indicate
that personality traits interact with the appreciation of geometric ice structures, such that extroverts
appreciate ice as bright and crystalline. A meta-analysis on Big Five extroversion and alcohol use
found that higher extroversion was associated with a higher probability of drinking alcohol,
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higher alcohol use per occasion of drinking, and higher alcohol use over a specific time period
(Kotov et al., 2010). Even though many distilled alcoholic beverages/spirits tend to be served
with ice (i.e., on the rocks), an association between iced alcohol drinks and extroversion is still
to be demonstrated. Furthermore, those people who consider themselves to be fit tend to also con-
sider ice as beautiful and natural, and somehow mirroring the enhanced hardness of the cube in the
strength component of physical fitness, our results indicate fitter (by self-report) people’s superior
preference for the ice cubes, as well as their reporting of an enhanced hardness of the sphere. It
appears that the drive for thinness, a demonstrated indicator for an eating disorder tendency, is posi-
tively correlated with the degree of the classical crossmodal correspondence between sweet taste and
rounded geometric contours (Hamamoto et al., 2020). Moreover, research highlights that people
with body dysmorphic disorder (BDD) associate negative words to their selves (Rief et al., 2006;
Veale, 2004). Considering that athletes are less likely to develop BDD and, hence, have a better
body image (Ghasemi et al., 2010), and the typical pairing of negative emotions and angular
shapes versus the positive emotions and round shapes, our results of enhanced hardness for the
cube and the sphere in self-assessed fitter people could be taken to indicate the perceived sensorial
hardness of objects as a positive quality. That is, if we were to consider the universal pairing of
round and soft, for example, (cube)-angular and hard could be taken as the angular counterpart.

Taken together, the present study highlights the importance of context and semantic meaning in
crossmodal shape perception. Context is derived from naturalness of material cues (i.e., ice, as visu-
ally manipulated/rendered in the experiments presented here), as well as their familiarity, together
with people’s propensity to perceive specific features of a given object, as this is facilitated
through intrinsic individual personality traits and self-reported fitness. Future studies need to
further assess natural material textures, their interactions with the various human senses, and their
importance and types of involvement in crossmodal shape perception.
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Notes
1. Our conceptualizing of naturalness is closely linked to the esthetics of form/geometric shapes, regular

rounded or rectangular, as opposed to the natural irregular, often curving forms, also known as and referred
to as organic, or biophilic (see, e.g., examples in Archisoup, 2023, https://www.archisoup.com/shapes-in-
architecture).

2. Note that there exist many natural shapes that are considered and/or accepted as being beautiful, even though
they may not be geometric shapes, but organic configurations and/or forms. For the present purpose, the
focus of the investigation is specifically on geometric shape(s).
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