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Abstract

Cross-modal correspondence, a cross-sensory cognitive phenomenon, reveals the link be-
tween visual forms and taste experiences. Although research on Western alphabetic typog-
raphy is extensive, the Chinese character system has received less attention. This study
systematically examines Chinese typeface categories (Song, Hei, Yuan, and Calligraphic)
and stroke thickness (bold, medium, thin) in a real packaging context. The effects on the
expectancies of the five flavors —sour, sweet, bitter, spicy, and salty —were measured. The
results showed a significant interaction effect between typeface category and stroke thick-
ness for all five flavor dimensions. The rounded Yuan typeface with thin strokes tended
toward sweetness. Bold Song typefaces tend toward bitterness or spiciness, while bold
Hei typefaces tend toward saltiness. The Calligraphic typeface, with its complex visual
features, is strongly associated with bitterness and spiciness only when paired with bold
strokes. Sourness shows a reverse modulation pattern. These findings reveal that the vi-
sual features of Chinese typefaces shape gustatory crossmodal correspondences through
interactive modulation rather than simple linear addition. This confirms the common
cross-modal perceptual pattern of ‘curvature-sweetness, angularity-non-sweetness’ across
Chinese and English writing systems while also reflecting the culturally specific patterns
driven by Chinese typographic features (such as the bifeng structure at stroke terminals)
and the unique phenomenon of cross-modal correspondence with spiciness. This provides
an empirically grounded and culturally adaptive reference for the marketing application
of Chinese typefaces in packaging contexts.

Keywords: Chinese typography; taste expectancy; cross-modal correspondence; food
packaging

1. Introduction
1.1. Crossmodal Correspondence: From Shape to Typeface—Universality and Application

Crossmodal correspondence refers to the cognitive phenomenon in which systematic
matching relationships exist between features across different sensory channels. It has be-
come a frontier topic in contemporary cognitive science research (Spence, 2011). Unlike
clinical synesthesia, crossmodal correspondence reflects environmental statistical regular-
ities acquired and automated through daily experience. This phenomenon essentially rep-
resents the human sensory system’s adaptive coding of the world’s regularities. These cor-
respondences operate largely outside of awareness. Yet, they significantly and robustly in-
fluence human perception, judgment, and behavior. A large body of empirical research has
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fully confirmed the universality and diversity of crossmodal correspondences. For exam-
ple, in temperature-vision crossmodal correspondences, systematic associations exist be-
tween colour hue and temperature perception (Spence, 2020). In the sound-shape dimen-
sion, high-frequency tones are often perceived as bright, sharp visual forms. In contrast,
low-frequency tones are associated with heavy, rounded shapes (Loconsole et al., 2023;
Sciortino & Kayser, 2023). Colour and shape significantly influence the perception of sweet-
ness, sourness, and aroma of foods (Chen et al., 2021; Motoki & Velasco, 2021; M. Wang &
Li, 2022). These findings collectively reveal the authenticity and cross-domain consistency
of crossmodal correspondence as a universal cognitive mechanism.

Among the many studies on crossmodal correspondence, the mapping between shape
and taste has received particularly robust empirical support. This topic has also developed
a relatively mature theoretical framework. Spence (2011) proposed a four-category frame-
work for crossmodal correspondence mechanisms: statistical correspondence (statistical
learning based on environmental regularities), affective correspondence (mediated by af-
fective associations), semantic correspondence (rooted in linguistic and conceptual links),
and structural correspondence (reflecting isomorphic mapping of stimulus dimensions).
The statistical learning hypothesis suggests that individuals acquire consistent associations
of sensory features through repeated co-occurrence in the natural environment. During
long dietary experience, smooth, rounded textures often co-appear with sweet foods (e.g.,
ripe fruits). Sharp, angular shapes often accompany sour or bitter substances (e.g., un-
ripe fruits, medicinal plants). Empirical research has confirmed this: curved and rounded
features positively predict sweetness perception (Velasco et al., 2014; Motoki et al., 2019),
whereas angular and sharp features are associated with sour or bitter taste expectancy
(Velasco et al., 2015a, 2016a, 2016b). The affective mediation hypothesis also suggests that
rounded, curved shapes elicit more positive affective responses than sharp, angular shapes.
Since sweetness naturally carries positive valence (Drewnowski, 1997), this partly explains
the round—-sweet correspondence (Motoki et al., 2019; Salgado-Montejo et al., 2015). This
concept has also been applied to the design of food shapes (Spence et al., 2013).

In a cross-cultural study covering 25 languages and 10 writing systems, Cwiek et al.
(2022) found that the bouba/kiki effect was robust across cultures and writing systems. This
suggests that shape—taste crossmodal phenomena may have an innate basis. The same
phenomenon exists in the field of typeface design. Velasco et al. (2015b) systematically
demonstrated stable correspondences between typeface curvature and basic taste words.
Rounded typefaces are more readily matched with sweetness. Angular typefaces pair well
with salty, sour, and bitter flavors. The psychological basis lies in the higher processing
fluency and positive affective valence of rounded typefaces. Typefaces can simultaneously
convey taste quality, intensity, and affective information (Velasco et al., 2018).

1.2. Deepening of Western Typeface—Taste Crossmodal Correspondence Research

The above studies indicate that the shape-taste crossmodal phenomenon in Western
typefaces is generalizable, and continued attention has been given to the effects and interac-
tions of other visual features as well as the ecological validity in real consumption contexts.

Stroke thickness or weight. Spence (2011) pointed out that intensity matching in
crossmodal correspondences (e.g., brightness and loudness, visual weight and auditory
intensity) may have a physical correspondence property independent of quality pathways.
Thicker strokes, due to their greater visual weight, may imply intense flavours such as
bitterness and saltiness, whereas thin strokes imply mild flavours. When bold strokes
in angular typefaces are combined with the sharpness of angularity, an enhancing effect
on intense tastes such as bitterness occurs (Velasco et al., 2018), suggesting that designers
should synergistically configure curvature and weight.
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Interaction effects. Typeface curvature and weight do not operate independently;
rather, they jointly shape taste expectancy through synergistic interactions. Sunaga et al.
(2025) found that the connotative meanings of instrumental timbre (e.g., bright, smooth,
heavy) and the connotative consistency between visual design features significantly influ-
ence consumer evaluations and choice behavior. This crossmodal connotative congruency
effect suggests that when the visual features of a typeface align with the connotative di-
mension of the taste image it conveys, consumers experience higher processing fluency
and a stronger sense of sensory correctness, leading to more positive evaluations. Lee and
Spence (2023) systematically integrated the interactions of visual features such as colour,
shape curvature, and texture, constructing a theoretical framework to predict the overall
effect of visual feature combinations, emphasizing that the taste expectations generated by
such combinations may deviate from the simple summation of individual features and can
even give rise to entirely new semantic meanings. Piqueras-Fiszman and Spence (2011) and
Piqueras-Fiszman et al. (2012), using implicit association tests to study packaging colour—
taste correspondences, found that brand familiarity and learning experience played signif-
icant moderating roles. This finding suggests that typeface—taste correspondences may be
influenced by both innate predispositions and acquired learning, and that examining the
interaction between typefaces and brand logos, cultural symbols, etc., in real packaging
contexts is an unavoidable direction for future research.

Real-world validation. Extending typeface-taste correspondences to real consump-
tion contexts is a crucial step for validating ecological validity. de Sousa et al. (2020),
using coffee packaging as a context, found that angular typefaces significantly increased
consumers’ expected and perceived coffee acidity, whereas rounded typefaces showed
no significant association with sweetness (possibly because coffee is predominantly bit-
ter and sour), indicating that typeface effects are moderated by product category and
are not universal or constant. Otterbring et al. (2022) found that angular typefaces were
consistently associated with sourness, but the typeface effect was significantly attenuated
among young consumer groups, suggesting that activation strength may vary with gener-
ational characteristics.

Although typeface-taste crossmodal correspondences have a certain degree of uni-
versality, they are modulated by cultural experience. Wan et al. (2014) documented cul-
tural differences in crossmodal taste associations among participants from China, India,
Malaysia, and the United States, demonstrating that cultural familiarity with specific food-
visual pairings can enhance or modify crossmodal mappings. This finding suggests that
directly generalising conclusions from Western typeface research to the Chinese writing
system requires caution, because Chinese characters are not only logographic but also carry
unique calligraphic traditions and visual aesthetics.

1.3. Research on Typeface—Taste Correspondences in the Chinese Context

Compared with the abundant research on Western typefaces, research on the Chi-
nese character system remains relatively limited. The most directly related study comes
from W. Wang (2017), who systematically tested crossmodal correspondences between
the shape and brightness of Chinese characters and taste perception among Chinese and
Malaysian participants. Using a two-survey design, Wang manipulated the shape (an-
gular vs. rounded) and brightness (low, medium, high) of Chinese characters, and mea-
sured participants’ taste intensity and quality expectations. The results showed that angu-
lar Chinese characters were consistently associated with intense tastes (sour, bitter, salty),
whereas rounded Chinese characters were associated with mild tastes and sweetness; char-
acters with low brightness (dark colour) were rated as having a more intense taste, while
those with high brightness (light colour) were linked to milder taste expectations. Cru-
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cially, the shape-brightness consistency analysis revealed that the combination of angular
shapes with low brightness maximised intense taste expectations, while the combination
of rounded shapes with high brightness maximised mild taste expectations. This suggests
that shape quality and visual weight operate through partially independent pathways, pro-
ducing synergistic effects.

In addition, research on synaesthesia in Chinese has revealed a language-internal
mechanism that may reinforce cross-sensory correspondences among Chinese speakers.
For example, Zhao et al.’s (2018) corpus analysis of gustatory adjectives showed that the
intensity adjectives ‘¥’ (strong or dense) and V%" (light or pale) apply to both visual
intensity —such as ‘#%¢" (dark green; depth or saturation) and ‘¥ #’ (light blue; paler
hue)—and auditory intensity —such as ‘W [ 1 & (strong accent; intensifies strength).
They also found that quality-specific taste adjectives like ‘fiif” (sweet) often appear in vi-
sual and auditory contexts, such as ‘FSE MK (pleasant, sweet smile) and “filf 5 (1) 75 &~
(sweet, melodious voice). These findings support Spence’s proposal that repeated expo-
sure to these linguistic patterns enables Chinese speakers to learn that intensity is a shared
dimension of taste and vision. Finally, Zhao et al. (2017) showed that taste often serves
as the source domain in Chinese synaesthetic transfers, suggesting it underlies Chinese
cross-modal cognition.

1.4. Differences in Typeface—Taste Research Between Chinese and English Contexts
1.4.1. Differences in the Basic Flavor Framework

Western food science typically recognises five basic tastes: sour, sweet, bitter, salty,
and umami, whereas the traditional Chinese five-flavor theory centres on sour, sweet, bit-
ter, spicy, and salty. This difference is deeply rooted in cultural traditions: the Yin-Yang
and Five Elements theory in traditional Chinese philosophy laid the theoretical founda-
tion for the five flavors, associating sour, bitter, salty, spicy, and sweet with the attributes
of Metal, Wood, Water, Fire, and Earth, respectively, in the dimension of flavor. In tradi-
tional Chinese medicine (TCM), these five flavors also serve as key indicators of medicinal
properties (T. Y. Huang et al., 2017). As ‘medicine and food share the same origin’, the
five flavors are not only medicinal characteristics but are also deeply embedded in the
daily diet, becoming central to the attributes of food ingredients and culture. As stated
in the Huainanzi-Yuan Dao Xun: ‘WRZ AR T, 10 K2 A AT FEZ4 4 (The harmonies
of taste are no more than five, yet the transformations of the five flavors are inexhaustible
in tasting) (Xu, 2014). In the Chinese context, most scholars have studied sour, sweet, bit-
ter, spicy, and salty as basic taste words, including Zhang (1999), Gou (2003), B. Z. Huang
(2006), and Wertz (2007).

From a physiological perspective, spiciness is not a pure taste but a mixture of thermal
sensation, pain, and basic taste qualities (He et al., 2023). However, spiciness has long been
deeply rooted in Chinese culture and daily diet. In contrast, modern Western and Japanese
food science have recognized umami as a basic taste, with Japanese researcher Kikunae
Ikeda discovering it in 1908, long after the formal establishment of the Chinese five-flavor
system. To maintain the cultural and historical consistency of the research framework,
the present study deliberately focuses on the traditional five flavors. This cultural differ-
ence implies that investigating crossmodal correspondences, including spiciness, in the
context of Chinese characters has both unique theoretical significance and indigenous cul-
tural value.

1.4.2. Differences in Visual Features of Typefaces

Bifeng is a distinctive visual feature of Chinese typefaces. Luo et al. (2025) described
it as ‘stroke-specific terminals’, while the calligraphic tradition defines bifeng as the sharp,
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exposed tip traces produced at the beginning and end of a stroke due to the brush tip being
revealed (Zhou, 2022).

Chinese bifeng is cross-scripturally parallel to serifs in Latin typefaces, both in form
and function. Serif typefaces (e.g., Times New Roman) add small decorative strokes at
the ends of strokes, thereby providing additional perceptual anchors to facilitate letter dis-
crimination (Arditi & Cho, 2005), whereas sans-serif typefaces (e.g., Arial) omit these dec-
orations (Bringhurst, 2004). The stroke-terminal features corresponding to Chinese bifeng
have also been shown to be key diagnostic cues in Chinese character recognition (Luo et al.,
2025). Li and Wang (2018) compared Song and Times New Roman typefaces across six as-
pects (number of strokes, stroke density, shape of stroke terminal angles, decoration of
stroke terminal angles, etc.), pointing out that the shape and decoration of stroke termi-
nals are important factors affecting typeface legibility, and confirmed that the geometric
quantification of bifeng features is mapped onto perceptual and aesthetic evaluation. The
presence or absence of bifeng forms a structural dichotomy in Chinese characters.

However, the forms of Chinese bifeng are much more complex. X. Wang et al. (2013)
identified geometric information about Chinese character stroke terminals (e.g., sharpness,
angle, curvature) as important bases for describing bifeng. They developed a method to cal-
culate the stroke tip’s initial position using ‘sar(s)’, established a bifeng shape description
model (multi-scale Fourier descriptor of curvature histogram, MFDCH), and described
its visual style characteristics using stroke tip smoothness (SM). Yi et al. (2014) captured
calligraphic style features in terminal segments, corner segments, and head segments, re-
flecting various styles with smooth contours and beautiful appearances. This means that
bifeng is not merely a qualitative concept at the calligraphic or aesthetic level, but an objec-
tive geometric feature that can be detected, measured, and used in pattern recognition. But
these studies have focused primarily on font recognition and have not conducted in-depth
quantification of bifeng geometric features.

Rooted in the tradition of Chinese calligraphic aesthetics, the visual sharpness and
range of morphological variation of bifeng are generally significantly greater than those of
typical Western serifs, which may produce a stronger angularity effect in crossmodal cor-
respondences. Therefore, directly applying conclusions from Western typeface research
while ignoring the specific feature of bifeng in Chinese characters may lead to misjudge-
ments of Chinese consumers’ flavour expectations. Given that the understanding of the
relationship between bifeng geometric features and taste is still at an early exploratory
stage, the present study first treats the presence or absence of bifeng as a binary variable
to determine whether this feature modulates taste expectancy.

1.5. Research Approach and Hypotheses

Based on the above analysis, although Western research has established a basic frame-
work linking typeface curvature to taste quality and typeface weight to taste intensity, and
has revealed interaction effects among visual features, transplanting these conclusions
directly to the Chinese context faces three research gaps that have not been sufficiently
addressed. First, existing research lacks an examination of crossmodal correspondences
grounded in the traditional Chinese five-flavor framework. Western research is based on
sour, sweet, bitter, salty, and umami, whereas spiciness occupies a fundamental position
in Chinese food culture; its mapping onto the visual features of Chinese characters has not
yet been systematically tested. Second, the bifeng feature unique to Chinese characters
has long been overlooked. Existing Chinese studies have manipulated only the macro-
level curvature and brightness of typefaces, without including bifeng as an independent
variable; consequently, it remains unclear to what extent the ‘angularity effect’ in West-
ern research is driven by Chinese bifeng, let alone the specific association between bifeng
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and intense tastes such as spiciness. Third, no study has systematically investigated the
interaction between typeface category and stroke thickness in Chinese typeface—taste cor-
respondences. W. Wang (2017) examined the synergistic effect of shape and brightness
but did not address stroke thickness, a key intensity cue; the possible non-linear synergis-
tic or inhibitory relationship between typeface category (reflecting the presence/absence of
bifeng, morphological differences, and overall curvature) and stroke thickness remains an
unexplored area.

Unlike the main-effect testing approach used in Western research, the present study fo-
cuses on the interactive effects of typeface category and stroke thickness on the five Chinese
flavors in a concrete packaging context. Accordingly, we hypothesize that in the Chinese
writing system, different typeface categories and the visual weight represented by stroke
thickness exhibit a non-linear synergistic or inhibitory relationship: typeface category mod-
erates the direction and strength of the effect of stroke thickness, while the transmission of
taste expectancy via stroke thickness also depends on the specific visual attributes of the
typeface category. In other words, the two do not independently influence taste judgments;
rather, they interact and jointly shape the final taste expectancy.

2. Exploratory Experiment

2.1. Methods
2.1.1. Screening of Samples for the Exploratory Experiment

The exploratory experiment aimed to screen and verify the associative links between
different Chinese typeface categories and the five flavors, thereby providing foundational
materials for the formal experiment. Based on the font classification system and download
frequency data from the Ziyou platform (https://www .hellofont.cn/), combined with the
classification criteria for packaging typeface design outlined in relevant literature (Velasco
et al., 2018; Xiong, 2004), 20 representative font samples were preliminarily selected and
categorized into five major types: calligraphic fonts, classical-style fonts, modern fonts,
creative fonts, and artistic fonts (Table 1).

Table 1. Font Samples.

Calligraphic Fonts

Classical-Style Fonts Modern Fonts Creative Fonts Artistic Fonts

AT A S ETET# # K FHUZE RILPE

BT AR BREM QX 7 [ EER

EFZEE WEEEZESH  Hmwy RFZR

SEIEARAA XIXEEHRE =®E2E4 SUMRERX

We used the card sorting method to screen the samples and select representative type-
face stimuli, thereby improving the feasibility of subsequent experiments (Martin & Han-
ington, 2013). First, we produced cards with the typeface displayed on one side and the
reverse side left blank (Figure 1) to prevent participants from being influenced by prior
knowledge that might interfere with their initial intuitive judgments. Second, five design
researchers were invited to evaluate and screen the 20 preliminary samples based on visual
features such as bifeng and stroke thickness. This method leveraged diverse perspectives
from researchers to ensure the preliminary sample set was representative and comprehen-
sive, thereby enhancing the accuracy and completeness of the research findings. Ultimately,
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four groups (comprising eight typefaces in total) were selected for the next stage of the ex-
periment (Table 2). The specific steps of the card sorting procedure were as follows:

(1) Grouping and naming: Based on visual features, the five designers independently
classified the 20 typeface cards into groups by placing visually similar ones together,
and gave each group a name.

(2) Reason elaboration: Each designer provided a written explanation of the visual ratio-
nale for each self-created category and any associated sensory impressions.

(3) The researcher compiled results and analyzed major grouping trends, consensus fea-
tures, and differing viewpoints.

(4) Sample selection: Based on the textual analysis and K-means clustering results, the
researcher selected representative samples and described their characteristics.

9y *

%
%@

a R

Figure 1. Physical test cards in the card sorting task.

Table 2. Font analysis in the exploratory experiment.

C . Characteristics Font L d Font T
roupin ID ont Legen on e
ping Contact Distinction 8 yp
1 Distinct bifeng, Bold }.l.-': F 2 H ﬁe
Category 1 pronounced stroke _ Song
2 width variation, upright Thin )ﬁ ? /;(IJ 7')&
Category 2 3 Indistinct bifeng, uniform Bold ;X'XEH% .
. . ei
4 stroke width, upright Thin [IE@EEEE
1.
Category 3 5 Indistinct bifeng, uniform Rounded 'ﬁ,ﬁ Bk Yuan
6 stroke width, rounded Square and Round $ m HE E:
7 . N Distinct bifen, 2B 88 Fp
Category 4 Graphic symbolization & 7 ,\/-:/ Calligraphic
8 of strokes Indistinct bifeng QX [ 7R

Based on the oral reports, the researchers’ primary classification criteria included the
presence or absence of bifeng, contrast in stroke thickness, and overall morphological fea-
tures. Combined with K-means clustering, the 20 preliminary samples were divided into
four categories: Category 1—Song typeface (with bifeng, pronounced stroke-thickness con-
trast, upright glyph shape); Category 2—Hei typeface (without bifeng, uniform stroke
thickness, upright glyph shape); Category 3—Yuan typeface (without bifeng, uniform
stroke thickness, rounded glyph shape); Category 4 —Calligraphic typeface (strokes with
a symbolic character, distinctive writing style). These four categories form an orthogonal
structure along the two core dimensions of bifeng and stroke thickness, ensuring both sys-
tematicity and representativeness of the visual features.

To ensure that the research focused on the crossmodal effects of typefaces in a pack-
aging context, the eight selected typefaces were applied to common food packaging repre-
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senting the five flavors. All products were chosen from the most common categories in the
Chinese daily diet (lemon water, white sugar, Kuding tea, chili sauce, and table salt) to en-
sure that participants had highly certain and consistent taste expectations for each product,
thereby establishing a comparable baseline within each product and allowing the modula-
tory effect of typefaces to be detected. In the experiment, visual elements such as patterns
and colour schemes were kept identical across all packaging, with typeface as the only
variable manipulated, to isolate the interference of other packaging design factors to the
greatest extent and to test the effect of typeface features on taste expectancy (Figure 2).

b sweet ¢ bitter
1 2

Figure 2. Stimuli used in the exploratory experiment: (a) sour taste stimuli, (b) sweet taste stimuli,
(c) bitter taste stimuli, (d) spicy taste stimuli, (e) salty taste stimuli.

2.1.2. Participants

Participants in the study were required to have a Chinese cultural background to en-
sure the experimental stimuli could be effectively activated. Designers who had partici-
pated in the preliminary card sorting were excluded from this experiment, thereby ensur-
ing that all participants were exposed to the experimental stimuli for the first time. As
shown in Table 3, 80 participants were recruited (Mg = 35.28 + 14.05; 51.25% female; sam-
ple size similar to that of Velasco et al. (2018), with the majority aged 1844 years (61.25%).
This study used an anonymous questionnaire survey with minimal risk to participants.
Voluntary completion and return of the questionnaire were taken to imply informed con-
sent. Therefore, ethical approval was exempted, and the requirement for written informed
consent was waived.

Table 3. Basic information of participants in the exploratory experiment (N = 80).

Demographics Classification Frequency Percent (%)
Male 39 48.75
Gender Female 41 51.25
0-17 8 10.00
Age 18-44 49 61.25
45-59 18 22.50
60+ 5 6.25

https://doi.org/10.3390/bs16060913


https://doi.org/10.3390/bs16060913

Behav. Sci. 2026, 16, 913

9 of 27

2.1.3. Procedure

Data were collected online via the Wenjuanxing platform (https://www.wjx.cn/). The
platform used a forced-response feature. This ensured that all data were collected com-
pletely and that no questions were omitted. Participants read an informed consent state-
ment and confirmed their agreement before entering the experimental task. They had the
right to withdraw from the experiment at any time. If they withdrew, their data were
excluded from the final analysis.

The experiment consisted of five sets of stimulus materials, corresponding to the five
flavors: sour, sweet, bitter, spicy, and salty. Each set was composed of eight typeface
images (Figure 2). The images in each set were presented in random order to eliminate
order effects. A 30 s adaptation period was provided before each set. During adaptation,
participants observed all images in that set to familiarize themselves with the materials.
After the adaptation period, participants answered the following question for each of the
eight images in the current set: ‘Based on your first impression, please select the image(s)
that most strongly evoke the following taste perception (multiple selections allowed, up
to three).” Participants completed the five sets of tasks independently. Each set was con-
ducted separately, and no feedback was provided between sets.

Throughout the experiment, the experimenter did not interfere with participants’
judgments and was responsible only for recording evaluation results and participants’
verbal feedback (e.g., intuitive descriptions of typeface features). All data were collected
anonymously and used solely for academic research. After the experiment, participants
received a cash red envelope as a token of appreciation.

2.2. Results Analysis

As shown in Figure 3, Typeface 5 (Yuan, bold strokes) had the highest selection rate
for sweetness (57.38%) and was considered most representative of sweetness. On the spicy
flavor dimension, Typeface 1 (Song, bold strokes) had the strongest association, with a se-
lection rate of 65.57%. The bitter taste was mainly linked to Typefaces 7 (Calligraphic, with
bifeng) and 1 (Song, bold strokes), with selection rates of 40.98% and 39.34%, respectively.
For the salty taste, Typefaces 3 (Hei, without bifeng, bold strokes) and 1 (Song, with bifeng,
bold strokes) had selection rates of 52.46% and 50.82%, respectively. For sour taste, Type-
face 2 (Song, with bifeng, thin strokes) and Typeface 3 (Hei, without bifeng, bold strokes)
were chosen at rates of 40.98% and 39.34%.

Sour 07

Sweet

Bitter

r0.3

Flavor category
Selection proportion
(=]
=

0.2

ro.1

Salty

Font 1 Font 2 Font 3 Font 4 Font 5 Font 6 Font 7 Font 8

Font ID

Figure 3. Heatmap of the distribution of selection proportions for different typefaces across the five
flavor associations in the exploratory experiment.
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The results show that each typeface’s associative selections were not uniform across
taste dimensions; they showed clear patterns (see Figure 3). Differences emerged, with
clustering and consistent taste-association judgments. The rounded typeface (Yuan) had
a higher selection proportion on the sweet dimension. Song and Calligraphic typefaces
received more selections for sour, bitter, and spicy flavors. The Hei typeface was chosen
more often for the salty dimension.

2.3. Discussion

The results of the exploratory experiment showed that, without any real taste stimuli,
participants were able to complete taste association tasks based solely on the visual fea-
tures of Chinese typefaces presented on real packaging, and the distribution differences
were evident. As shown in Table 2 and Figure 3, in Category 1 (Song) and Category 2
(Hei), bold strokes generally had higher selection proportions than thin strokes across most
flavors, such as spicy, bitter, and salty, indicating that stroke thickness affects taste associ-
ations. In Category 3 (Yuan), the purely rounded typeface (Typeface 5) had the highest se-
lection rate for sweetness, while the typeface with mixed square-round features (Typeface
6) showed a marked decrease in sweet proportion, suggesting that inconsistency in round-
ness leads to differences in associations. In Category 4 (Calligraphic), the typeface with
bifeng (Typeface 7) showed significantly higher association levels for bitter and spicy fla-
vors than the typeface without bifeng (Typeface 8). Although this exploratory experiment
did not include an independent pre-test, the data indicate that, with product expectations
controlled, the typefaces themselves still possess substantial room for modulating taste
perception. However, whether this modulatory mechanism is independent or interactive
remains to be investigated. Based on the above findings, subsequent experiments will con-
trol variables by selecting the typefaces with higher selection proportions (Typefaces 1, 3,
5, 7) as representatives, systematically manipulating stroke thickness (bold, medium, thin)
and the presence of bifeng, to further examine their interaction effects.

3. Main Study

3.1. Methods
3.1.1. Design

The formal experiment adopted a 4 (font type) x 3 (stroke weight) within-subjects
design. The typeface categories included Song, Hei, Yuan, and Calligraphic, correspond-
ing to the representative samples numbered 1, 3, 5, and 7 in the exploratory experiment,
respectively. Stroke thickness was divided into three levels: bold, medium, and thin. The
dependent variable was participants’ ratings of each stimulus on the five flavor dimensions
(sour, sweet, bitter, spicy, salty) using a 10-point Likert scale. According to the classifica-
tion in Table 2, the Song and Calligraphic typefaces are those with bifeng, whereas the Hei
and Yuan typefaces are those without bifeng.

The experiment retained the product packaging context from the exploratory experi-
ment; only the typeface on the packaging was replaced to isolate the interference of other
visual factors. Participants viewed five sets of stimulus materials in sequence (correspond-
ing to the five flavors), each set containing 12 images (4 font type x 3 stroke weight), with
the images presented in random order (Table 4).
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Table 4. Full factorial combination of font type (Song, Hei, Yuan, Calligraphic) and stroke weight
(bold, medium, thin) with corresponding packaging stimuli for each of the five flavor categories
(sour, sweet, bitter, spicy, salty).

Experimental Sample

Font Type Thickness 1D Sour Sweet Bitter Spicy
Bold 1 r, E
Song Medium 2 A ':?;"
Thin 3 W ?“
Bold 4 v E
Hei Medium 5 ?,,
Thin 6 ?“
Bold 7 " E
Yuan Medium 8 @: E
Thin 9 A E
Bold 10 | A E
Calligraphic Medium 1 ?“‘
Thin 12 LA E“‘
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3.1.2. Participants

Participants in the study were required to have a Chinese cultural background to en-
sure the experimental stimuli could be effectively activated. Designers and participants
who had previously taken part in the preliminary card sorting and the exploratory exper-
iment were excluded from this experiment, thereby ensuring that all participants were
exposed to the experimental stimuli for the first time. A total of 123 participants were re-
cruited for this study. Following data cleaning, eight participants were excluded for not
responding to at least one item or for providing identical responses for 8 consecutive items.
In the end, 115 valid participants remained (Mgge = 35.73 + 13.92). We conducted an a pri-
ori power analysis using G * Power 3.1.9.7 (effect size f =0.10,  =0.05,1 — p=0.85, ¢ =0.75)
based on a repeated-measures ANOVA (within-subjects design) framework to calculate
the required sample size (Faul et al., 2007). The results indicated that the minimum re-
quired sample size was N = 86. This means that the sample size in the formal experiment
clearly exceeded the required sample size. All valid data were included in subsequent
analyses. Participant information is presented in Table 5.

Table 5. Basic information of participants in the formal experiment (N = 115).

Demographics Classification Frequency Percent (%)
Male 48 41.74
Gender Female 67 58.26
0-17 13 11.30
Age 18-44 66 57.39
45-59 29 25.22
60+ 7 6.09

3.1.3. Procedure

The experiment used a combination of offline paper questionnaires and an online
questionnaire platform (Wenjuanxing, https://www.wjx.cn/) for data collection. Partici-
pants first read an informed consent statement, confirming their voluntary participation
and agreement to have their data used for academic research. Participants had the right to
withdraw from the experiment at any time, in which case their data would not be included
in the final analysis. This study used an anonymous questionnaire survey with minimal
risk to participants. Voluntary completion and return of the questionnaire were taken to
imply informed consent. Therefore, ethical approval was exempted, and the requirement
for written informed consent was waived.

At the beginning of the experiment, participants were shown an overall image con-
taining all 12 typeface images for a given taste set for 30 s. This phase aimed to familiarize
participants with all typeface stimuli under that taste dimension and to establish an over-
all perceptual reference. After the overall image presentation, the rating phase began. The
12 typeface images were presented one by one, and participants rated each image accord-
ing to the following instruction: Based on your first impression, please rate the strength of
the association between the current image and the current taste. Ratings were made on a
10-point Likert scale, where 1 means ‘not at all’ and 10 means ‘extremely strong’.

Participants completed the five flavor sets (sour, sweet, bitter, spicy, and salty) inde-
pendently (Table 4). Each set was conducted separately, and no feedback was provided
between sets. Throughout the experiment, the experimenter did not interfere with par-
ticipants’ judgments and was responsible only for recording evaluation results and par-
ticipants’ verbal feedback (e.g., intuitive descriptions of typeface features). All data were
collected anonymously and used solely for academic research. After the experiment, par-
ticipants received a cash red envelope as a token of appreciation.
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3.2. Results Analysis

This study employed linear mixed-effects models (LMMs) to examine the effects of
Chinese typeface category and stroke thickness on crossmodal correspondences for the
five flavors (sour, sweet, bitter, spicy, salty), following a similar experimental approach to
that of Chuquichambi et al. (2024). Using SPSS 27, LMM analyses were conducted on the
12 stimulus combinations (4 typeface categories x 3 stroke thickness levels). In each model,
typeface category (Song, Hei, Yuan, Calligraphic) and stroke thickness (bold, medium,
thin) were entered as fixed effects, with a random-intercept-only structure (1|SubjectID).
Given the within-subjects design of this study, the main source of non-independence lies
in differences in individual baseline response tendencies —some participants consistently
gave higher or lower taste expectancy ratings than others. The random intercept directly
captures this characteristic, thereby effectively controlling for non-independence in the
repeated-measures data. Matuschek et al. (2017) noted that, when selecting random-effect
structures, adhering to the principle of parsimony can improve statistical power and avoid
reduced power due to over-parameterization. All models were fitted using restricted max-
imum likelihood (REML), with degrees of freedom approximated using the Satterthwaite
method. If the interaction between typeface category and stroke thickness was not sig-
nificant, post hoc pairwise comparisons for main effects were conducted with Bonferroni
correction (6 pairs for typeface category, 3 pairs for stroke thickness); if the interaction was
significant, simple effects analyses were performed with appropriate corrections. Type III
sums of squares were used for all fixed-effect tests.

Diagnostic checks were performed for each fitted model to assess model adequacy.
Normality of residuals was evaluated using Q-Q plots of standardized residuals. For
all five models, the Q-Q plots showed that the data points closely followed the diagonal
line with no systematic deviations, indicating that the assumption of residual normality
was met. Homoscedasticity was assessed by plotting standardized residuals against fit-
ted values. The scatterplots showed that residuals were randomly distributed around the
zero line, and the spread remained approximately constant across different ranges of fit-
ted values, with no clear fan-shaped, funnel-shaped, or curved patterns, indicating that
the assumption of homoscedasticity was satisfied. The intraclass correlation coefficient
(ICC)—the proportion of total variance explained by the random intercept—was 0.283 for
sour, 0.348 for sweet, 0.318 for bitter, 0.311 for spicy, and 0.287 for salty, indicating that
approximately 28-35% of the total variance could be attributed to individual differences
between participants, further supporting the necessity of including a random intercept.
All models converged successfully without warning messages.

The results of the linear mixed-effects models (Figure 4) showed that typeface cate-
gory had a significant effect on all five flavor expectations (Table 6). The effect was largest
for sour taste, F(3, 1554) = 88.866, p <0.001, partial 7% = 0.175 (large effect); followed by sweet
taste, F(3, 1254) = 38.870, p < 0.001, partial 72 = 0.085 (medium effect); the effects on salty
(partial 5% = 0.054, small effect), spicy (partial 72 = 0.038, small effect), and bitter (partial
1> =0.025, small effect) were relatively smaller but still significant. In contrast, the effects of
stroke thickness showed a complementary pattern: they primarily acted on spicy (partial
1% =0.081, medium effect) and salty (partial #* = 0.062, medium effect), with no significant
effect on sour (p =0.136) and a negligible effect on sweet (partial 72 = 0.006). The interaction
between typeface category and stroke thickness was significant for all five flavor dimen-
sions (Table 6); therefore, further simple effects analyses were conducted to decompose
the interactions. Table 7 presents the mean ratings of the five flavor expectations under
different combinations of typeface category and stroke thickness.
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Figure 4. Raincloud plot of the effects of typeface category and stroke thickness on the five flavor
expectations in the formal experiment. Dots represent data points from individual participants. A
small number of outliers (shown as scatter points) reflect normal individual differences in the per-
ception of typeface—flavor correspondences. These outliers were not removed in order to preserve
the originality and representativeness of the data.
Table 6. LMM fixed-effects tests for the effects of typeface category, stroke thickness, and their inter-
action on flavor expectations.
Sour Sweet Bitter Spicy Salty
F 88.886 38.870 10.734 16.416 22.738
Font type p <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 ***
partial 72 0.175 0.085 0.025 0.038 0.054
F 1.998 4.094 9.850 55.278 41.149
Stroke weight p 0.136 0.017* <0.001 *** <0.001 *** <0.001 ***
partial 1> 0.003 0.006 0.015 0.081 0.062
Font tvpe x Stroke F 3.457 2.637 2.803 7.092 4.963
t};\ii ht p 0.002 ** 0.015* 0.010 * <0.001 *** <0.001 ***
& partial 1> 0.016 0.012 0.013 0.033 0.023

Note. For all F-tests, the denominator degrees of freedom were approximated using the Satterthwaite method.
Effect sizes are partial eta-squared (partial 52). Effect size magnitude interpretation follows Cohen (1988):
small = 0.01, medium = 0.06, large = 0.14. * p <0.05, ** p <0.01, *** p <0.001.
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Table 7. Mean ratings of five-flavor expectancy across different typeface categories and stroke thick-
ness levels.

Font Type Stroke Weight

Sour Sweet Bitter Spicy Salty
SD M SD M SD M SD M SD

Bold 6.361 2082 5992 2287 6538 1956 6.639 1986 6.118 2.565

Song Medium 5966 2.008 5521 2147 5832 1919 6.034 1961 5429 2177
Thin 5689 2057 5496 2201 5496 1987 5303 2106 4975 2279

Bold 5.882 2241 5244 2.091 5664 2108 6.067 2250 5824 2389

Hei Medium 5689 195 5395 2005 5538 2016 5.815 2107 5.630 2.143
Thin 5605 2293 4975 2234 516 2198 4378 2107 4479 2251

Bold 5210 2541 5.622 2307 5109 2386 5.807 2412 4.840 2.642

Yuan Medium 5479 2299 5765 2212 5034 2251 5.857 2226 5160 2.285
Thin 5756 1966 5908 2079 5202 2196 5235 209 4740 2.149

Bold 3916 253 4983 2531 6.135 2548 6.059 265 5454 2.583

Calligraphic Medium 3378 2236 4.135 2524 5092 2746 4361 2540 4.437 2527
Thin 4168 2611 4227 2309 5471 2776 4479 2597 3546 2.280

3.2.1. Simple Effects Analysis for Sour Taste Expectancy

The simple effects analysis for sour taste expectancy (Table 8) showed that the effect of
stroke thickness was only present in Song and Calligraphic typefaces: for Song, the rating
for bold stroke was significantly higher than that for thin stroke (MD = 0.672, p = 0.041); for
Calligraphic, the rating for thin stroke was significantly higher than that for medium stroke
(MD =0.790, p = 0.002). When stroke thickness was controlled, across all typeface compar-
isons, the sour taste expectancy for the Calligraphic typeface was significantly lower than
that for Song, Hei, and Yuan typefaces (MDs =1.294-2.588, all p <0.001). No other compar-
isons were significant.

Table 8. Pairwise comparisons within fixed effect levels for the simple effects analysis of sour
taste expectancy.

Fixed Effects Pairwise Comparisons MD p 95% CI
Font type Song Bold vs. Thin 0.672 0.041* [0.019, 1.199]
Calligraphic Thin vs. Medium 0.790 0.002 ** [0.236, 1.416]
Song vs. Yuan 1.151 <0.001 *** [0.384, 1.685]
Song vs. Calligraphic 2.445 <0.001 *** [1.671,2.972]
Bold Hei vs. Calligraphic 1.966 <0.001 *** [1.280, 2.581]
Yuan vs. Calligraphic 1.294 <0.001 *** [0.637, 1.937]
. Song vs. Calligraphic 2.588 <0.001 *** [1.819, 3.120]
Stroke weight Medium Hei vs. Calligraphic 2311 <0.001 *** [1.619, 2.920]
Yuan vs. Calligraphic 2.101 <0.007 *** [1.454, 2.755]
Song vs. Calligraphic 1.521 <0.001 *** [0.776, 2.076]
Thin Hei vs. Calligraphic 1.437 <0.001 *** [0.732, 2.033]
Yuan vs. Calligraphic 1.588 <0.001 *** [0.932, 2.233]

Note. * p <0.05, ** p <0.01, *** p <0.001.

3.2.2. Simple Effects Analysis for Sweet Taste Expectancy

The simple effects analysis for sweet taste expectancy (Table 9) showed that the effect
of stroke thickness was only present in the Calligraphic typeface: for Calligraphic, the
rating for bold stroke was significantly higher than that for medium stroke (MD = 0.848,
p=0.001) and for thin stroke (MD =0.756, p = 0.004). When stroke thickness was controlled,
in most typeface comparisons, the sweet taste expectancy for the Calligraphic typeface was
significantly lower than that for Song, Hei, and Yuan typefaces (MDs = 0.639-1.681, all
p < 0.039). In addition, a specific pattern emerged under the thin stroke condition: the

https://doi.org/10.3390/bs16060913


https://doi.org/10.3390/bs16060913

Behav. Sci. 2026, 16, 913 16 of 27

rating for Yuan was significantly higher than that for Hei (MD = 0.933, p = 0.003). No other
comparisons reached statistical significance.

Table 9. Pairwise comparisons within fixed effect levels for the simple effects analysis of sweet
taste expectancy.

Fixed Effects Pairwise Comparisons MD P 95% CI
) ) Bold vs. Medium 0.848 0.001 ** [0.294, 1.427]
Font type Calligraphic Bold vs. Thin 0.756 0.004 ** [0.199, 1.332]
Song vs. Hei 0.748 0.011* [0.115, 1.364]
Bold Song vs. Calligraphic 0.009 <0.001 *** [0.393, 1.642]
Yuan vs. Calligraphic 0.639 0.039 * [0.019, 1.268]
Song vs. Calligraphic 0.386 <0.001 *** [0.845, 2.094]
: - Hei vs. Calligraphic 0.260 <0.001 *** [0.619, 1.868]

trok ht Medium grap
Stroke weig Yuan vs. Calligraphic 0.630 <0.001 *** [0.949, 2.198]
Song vs. Calligraphic 0.269 <0.001 *** [0.662, 1.912]
) Hei vs. Yuan —0.933 0.003 ** [—1.451, —0.202]

Thin Hei vs. Calligraphic 0.748 <0.001 *** [0.202, 1.451]
Yuan vs. Calligraphic 1.681 <0.001 *** [1.028, 2.277]

Note. * p <0.05, ** p <0.01, *** p <0.001.

3.2.3. Simple Effects Analysis for Bitter Taste Expectancy

The simple effects analysis for bitter taste expectancy (Table 10) showed that the effect
of stroke thickness was significant in both Song and Calligraphic typefaces: for Song, the
rating for bold stroke was significantly higher than that for medium stroke (MD = 0.706,
p =0.028) and for thin stroke (MD = 1.042, p < 0.001); for Calligraphic, the rating for bold
stroke was significantly higher than that for medium stroke (MD = 1.043, p < 0.001) and
for thin stroke (MD = 0.664, p = 0.018). When stroke thickness was fixed: under the bold
stroke condition, the rating for Song was significantly higher than that for Hei (MD = 0.874,
p=0.002) and for Yuan (MD =1.429, p <0.001), while the rating for Yuan was significantly
lower than that for Calligraphic (MD = —1.026, p <0.001); under the medium stroke condi-
tion, the rating for Song was significantly higher than that for Yuan (MD = 0.798, p = 0.010)
and for Calligraphic (MD = 0.740, p = 0.036). No other comparisons reached statistical sig-
nificance.

Table 10. Pairwise comparisons within fixed effect levels for the simple effects analysis of bitter
taste expectancy.

Fixed Effects Pairwise Comparisons MD P 95% CI
Song Bold vs. Medium 0.706 0.028 * [0.051, 1.218]
Font type Bold vs. Thin 1.042 <0.001 *** [0.399, 1.566]
Calligraphic Bold vs. Medium 1.043 <0.001 *** [0.365, 1.531]
Bold vs. Thin 0.664 0.018* [0.086, 1.253]
Song vs. Hei 0.874 0.002 ** [0.244, 1.530]
Bold Song vs. Yuan 1.429 <0.001 *** [0.687, 1.973]
Stroke weight Yuan vs. Calligraphic —1.026 <0.001 *** [—1.617, —0.331]
) Song vs. Yuan 0.798 0.010* [0.122, 1.408]
Medium Song vs. Calligraphic 0.740 0.036 * [0.027, 1.313]

Note. * p <0.05, ** p < 0.01, *** p < 0.001.

3.2.4. Simple Effects Analysis for Spicy Flavor Expectancy

The simple effects analysis for spicy flavor expectancy (Table 11) showed that the ef-
fect of stroke thickness was significant within all four typefaces: for Song, the rating for
bold stroke was significantly higher than that for medium stroke (MD = 0.605, p = 0.030)
and for thin stroke (MD = 1.336, p < 0.001), and the rating for medium stroke was sig-
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nificantly higher than that for thin stroke (MD = 0.731, p = 0.018); for Hei, both bold
and medium strokes were significantly higher than thin stroke (MD = 1.689, 1.437, both
p < 0.001); for Yuan, both bold and medium strokes were significantly higher than thin
stroke (MD = 0.572, p = 0.040; MD = 0.622, p = 0.030); for Calligraphic, the rating for bold
stroke was significantly higher than that for medium stroke (MD =1.698, p <0.001) and for
thin stroke (MD =1.580, p <0.001).

Table 11. Pairwise comparisons within fixed effect levels for the simple effects analysis of spicy fla-
vor expectancy.

Fixed Effects Pairwise Comparisons MD p 95% CI
Bold vs. Medium 0.605 0.030 * [0.046, 1.224]
Song Bold vs. Thin 1.336 <0.001 *** [0.724, 1.902]
Medium vs. Thin 0.731 0.018* [0.089, 1.267]
. Bold vs. Thin 1.689 <0.001 *** [1.124, 2.302]
Font type Hei Medium vs. Thin 1.437 <0.001 *** [0.907, 2.084]
Yuan Bold vs. Thin 0.572 0.040 * [0.020, 1.198]
Medium vs. Thin 0.622 0.030 * [0.046, 1.224]
Calligraphic Bold vs. Medium 1.698 <0.001 *** [1.116, 2.293]
Bold vs. Thin 1.580 <0.001 *** [0.942, 2.119]
Bold Song vs. Yuan 0.832 0.003 ** [0.212, 1.510]
Song vs. Calligraphic 1.673 <0.001 *** [0.977, 2.275]
Medium Hei vs. Calligraphic 1.454 <0.001 *** [0.847, 2.145]
Stroke weight Yuan vs. Calligraphic 1.496 <0.001 *** [0.777, 2.075]
Song vs. Hei 0.925 0.001 ** [0.299, 1.597]
Thin Song vs. Calligraphic 0.824 0.010* [0.125, 1.423]
Hei vs. Yuan —0.857 0.008 ** [—1.440, —0.142]

Note. * p <0.05, ** p < 0.01, *** p < 0.001.

When stroke thickness was fixed: under the bold stroke condition, the rating for Song
was significantly higher than that for Yuan (MD = 0.832, p = 0.003); under the medium
stroke condition, the ratings for Song, Hei, and Yuan were significantly higher than that
for Calligraphic (MDs = 1.673, 1.454, 1.496, all p < 0.001); under the thin stroke condition,
the rating for Song was significantly higher than that for Hei (MD =0.925, p =0.001) and for
Calligraphic (MD = 0.824, p = 0.010), and the rating for Yuan was significantly higher than
that for Hei (MD = 0.857, p = 0.008). No other comparisons reached statistical significance.

3.2.5. Simple Effects Analysis for Salty Taste Expectancy

The simple effects analysis for salty taste expectancy (Table 12) showed that the effect
of stroke thickness was significant within Song, Hei, and Calligraphic typefaces: for Song,
the rating for bold stroke was significantly higher than that for medium stroke (MD = 0.689,
p=0.023) and for thin stroke (MD =1.143, p <0.001); for Hei, both bold and medium strokes
were significantly higher than thin stroke (MD = 1.345, 1.151, both p < 0.001); for Calli-
graphic, bold stroke was significantly higher than medium stroke (MD =1.017, p < 0.001)
and thin stroke (MD =1.908, p < 0.001), and medium stroke was significantly higher than
thin stroke (MD = 0.891, p = 0.003).

When stroke thickness was fixed: under the bold stroke condition, the rating for Song
was significantly higher than that for Yuan (MD = 1.278, p < 0.001) and for Calligraphic
(MD =0.664, p = 0.016), and the rating for Hei was significantly higher than that for Yuan
(MD =0.984, p <0.001); under the medium stroke condition, the ratings for Song, Hei, and
Yuan were significantly higher than that for Calligraphic (MDs = 0.992, 1.193, 0.723, all
p < 0.004); under the thin stroke condition, the ratings for Song, Hei, and Yuan were also
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significantly higher than that for Calligraphic (MDs =1.429, 0.933, 1.194, all p < 0.001). No
other comparisons reached statistical significance.

Table 12. Pairwise comparisons within fixed effect levels for the simple effects analysis of salty
taste expectancy.

Fixed Effects Pairwise Comparisons MD p 95% CI
Song Bold vs. Medium 0.689 0.023 * [0.070, 1.286]
Bold vs. Thin 1.143 <0.001 *** [0.497, 1.712]
Hei Bold vs. Thin 1.345 <0.001 *** [0.784, 1.999]
Font type e Medium vs. Thin 1.151 <0.001 *** [0.575, 1.790]
Bold vs. Medium 1.017 <0.001 *** [0.410, 1.625]
Calligraphic Bold vs. Thin 1.908 <0.001 *** [1.244, 2.460]
Medium vs. Thin 0.891 0.003 ** [0.227, 1.443]
Song vs. Yuan 1.278 <0.0071 *** [0.574, 1.913]
Bold Song vs. Calligraphic 0.664 0.016* [0.095, 1.435]
Hei vs. Yuan 0.984 <0.001 *** [0.347, 1.687]
Song vs. Calligraphic 0.992 <0.001 *** [0.434, 1.774]
Stroke weight Medium Hei vs. Calligraphic 1.193 <0.001 *** [0.678, 2.018]
Yuan vs. Calligraphic 0.723 0.004 ** [0.200, 1.540]
Song vs. Calligraphic 1.429 <0.001 *** [0.843, 2.183]
Thin Hei vs. Calligraphic 0.933 0.001 ** [0.330, 1.670]
Yuan vs. Calligraphic 1.194 <0.001 *** [0.521, 1.861]

Note. * p <0.05, ** p < 0.01, *** p < 0.001.

4. Discussion

Through an exploratory experiment and a formal experiment within a real packag-
ing context, this study systematically investigated the interactive modulation effects of
Chinese typeface categories (Song, Hei, Yuan, Calligraphic) and stroke thickness (bold,
medium, thin) on the expectancy of the five flavors: sour, sweet, bitter, spicy, and salty.
The results of linear mixed-effects models (LMMs) showed that the interaction effect be-
tween typeface category and stroke thickness was significant across all five flavor dimen-
sions. Given the significant interaction effects, the main effects of typeface category and
stroke thickness cannot independently explain changes in taste expectancy —their effects
are interdependent. This paper analyzes the specific patterns of influence of typeface cat-
egory and stroke thickness, respectively, across different taste dimensions, and further
integrates their interaction mechanisms.

4.1. The Taste-Modulating Effect of Typeface Category
4.1.1. The Sweetness Advantage of Yuan Typeface and Its Condition Dependence

The Yuan typeface had the highest mean rating on the sweet dimension, especially
under the thin-stroke condition (M = 5.908). However, the simple effects analysis revealed
that the differences in sweet ratings between bold, medium, and thin strokes within the
Yuan typeface were not statistically significant (all p > 0.05). That is, although the numerical
value for the thin stroke was higher than that for the bold stroke, it cannot yet be concluded
that the bold stroke significantly weakens the perception of sweetness. Nevertheless, un-
der the thin stroke condition, the sweet rating for Yuan was significantly higher than that
for Hei (MD =0.933, p =0.003), and was numerically the highest among all typefaces; under
the bold stroke condition, the differences between Yuan and Song or Hei were no longer
significant. This finding suggests that the sweetness advantage of the Yuan typeface may
be more pronounced when visual weight is lower (thin strokes), but the strength of this
effect still requires further verification. Furthermore, on the sour dimension, the rating for
Yuan under the thin-stroke condition (M = 5.756) was higher than under the bold-stroke
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condition (M = 5.210), but did not reach statistical significance, showing only a numerical
reverse trend.

4.1.2. The Association of Song Typeface’s Angular Bifeng with Bitter, Spicy, and
Salty Tastes

The Song typeface under the bold stroke condition showed high ratings for bitter,
spicy flavor, and salty taste expectancy (bitter: M = 6.538, spicy flavor: M = 6.639, salty:
M = 6.118), all being the highest or second-highest among all typeface-thickness combi-
nations. Simple effects analysis indicated that for Song, the bitter rating for bold stroke
was significantly higher than that for medium stroke (MD = 0.706, p = 0.028) and thin
stroke (MD = 1.042, p < 0.001); the spicy flavor rating was also significantly higher than
for medium and thin strokes; for salty taste, bold stroke was significantly higher than thin
stroke (MD =1.143, p <0.001). Moreover, under the bold stroke condition, the bitter rating
for Song was significantly higher than that for Hei (MD = 0.874, p = 0.002) and for Yuan
(MD =1.429, p <0.001); the spicy flavor rating was significantly higher than that for Yuan
(MD =0.832, p = 0.003). The experimental data also indicate that although the advantage
of bold stroke over thin stroke for sour taste in Song was significant (MD = 0.672, p =0.041),
the absolute magnitude of this difference was smaller than the corresponding differences
for bitter and spicy flavor, and there was no significant difference between medium and
thin strokes, suggesting that the moderating effect of stroke thickness on sour taste may
be less stable than for bitter and spicy flavor.

4.1.3. The Hei Typeface’s Association with Saltiness and Glyph Compensation

The Hei typeface showed relatively high ratings on the salty dimension; under the
bold stroke condition (M = 5.824), there was no significant difference from the Song type-
face bold stroke (M =6.118). For bitter and spicy flavor, the ratings for the Hei typeface bold
stroke were significantly higher than those for its thin stroke (bitter: MD =1.345, p <0.001;
spicy flavor: MD =1.689, p < 0.001). However, the bitter rating for the Hei typeface bold
stroke was significantly lower than that for the Song typeface bold stroke (MD = 0.874,
p = 0.002), while there was no significant difference in spicy flavor between the Hei type-
face and the Song typeface. This suggests that for the Hei typeface, a typeface without
bifeng but square and rigid, the enhancing effect of visual weight (bold stroke) on bitter,
spicy flavor, and salty also exists, but bitter may require more explicit angular bifeng fea-
tures (such as those in the Song typeface) to reach its highest level.

4.1.4. The Dynamic Bifeng of Calligraphic Typeface and the Effect of Visual Complexity

The Calligraphic typeface showed a rating pattern across multiple taste dimensions
that differed from those of other typefaces, with its effects unstable and heavily influenced
by stroke thickness.

On the bitter and spicy flavor dimensions, the Calligraphic typeface exhibited high rat-
ings for bitter (M = 6.135) and spicy flavor (M = 6.059) only under the bold stroke condition,
approaching the level of Song bold stroke; however, ratings dropped sharply under the
medium stroke condition (bitter: M =5.092, spicy flavor: M =4.361), and increased slightly
under the thin stroke condition (bitter: M = 5.471, spicy flavor: M = 4.479). Simple effects
analysis confirmed that for Calligraphic, the bitter rating for bold stroke was significantly
higher than that for medium stroke (MD = 1.043, p < 0.001) and thin stroke (MD = 0.664,
p = 0.018); the spicy flavor rating was also significantly higher than for medium and thin
strokes (both p<0.001). However, there was no significant difference between medium and
thin strokes for bitter (MD =0.379, p > 0.05), nor for spicy flavor (MD =0.118, p > 0.05). This
discontinuous pattern contrasts with the gradual pattern observed for the Song typeface.
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On the sweet dimension, regardless of stroke thickness, the sweet ratings for the Cal-
ligraphic typeface were the lowest among the four typefaces, and were significantly lower
than those for Yuan under bold, medium, and thin stroke conditions (all p < 0.039). On
the salty dimension, the salty ratings for the Calligraphic typeface fluctuated dramatically
with stroke thickness: they were relatively high under the bold stroke condition (M =5.454),
then decreased successively under medium (M = 4.437) and thin (M = 3.546) strokes, with
all pairwise comparisons being significant (Table 12). On the sour dimension, the rating
for Calligraphic under the thin stroke condition (M = 4.168) was significantly higher than
under the medium stroke condition (MD = 0.790, p = 0.002), with the bold stroke condition
falling between. This “V-shaped’ pattern suggests that the sour association of the Calli-
graphic typeface may not depend on visual weight; instead, it is stronger under thin strokes
(where the overall appearance is leaner and sharpness is enhanced).

Taken together, the gustatory crossmodal correspondences of the Calligraphic type-
face cannot be simply subsumed into a linear framework of ‘with bifeng vs. without
bifeng’ or ‘bold vs. thin’. Its dynamic bifeng, highly complex visual features, and cul-
tural symbolic meanings together produce an unstable and directionally diverse pattern
of interactions.

4.2. The Condition Dependence of Stroke Thickness

The effect of stroke thickness showed clear typeface dependence across different taste
dimensions. Overall, bold strokes elicited higher ratings than thin strokes on the bitter,
spicy, and salty dimensions, but this effect did not hold across all typefaces. For exam-
ple, in the Song and Hei typefaces, the ratings for bitter, spicy flavor, and salty under bold
strokes were significantly higher than those under thin strokes; however, in the Yuan type-
face, most differences between bold and thin strokes on bitter, spicy flavor, and salty were
not significant (except for spicy flavor: bold vs. thin MD = 0.572, p = 0.040). This suggests
that the moderating effect of stroke thickness on taste intensity occurs mainly in typefaces
with angular bifeng or square features, whereas for rounded typefaces, the modulation of
taste intensity by stroke thickness is very limited.

On the sour and sweet dimensions, the effect of stroke thickness was even weaker
and varied in direction. The dominant factor for sweet taste is glyph curvature rather than
thickness, while sour taste showed a typeface-dependent thickness effect (bold stroke en-
hanced sourness in the Song typeface, while the Yuan typeface showed numerically higher
ratings under thin strokes, though not significant). This pattern further supports the core
idea of the interactive modulation model: visual weight does not map independently onto
taste intensity but must operate synergistically with the typeface’s contour features.

4.3. Theoretical Integration of Interaction Patterns

The experimental results align with the previous hypotheses: there exists a non-
linear synergistic or inhibitory relationship between typeface category and stroke thick-
ness, jointly shaping taste expectancy. Three typical interaction patterns between typeface
category and stroke thickness can be summarised:

Synergistic enhancement type (observed for bitter, spicy flavor, and salty). When
angular bifeng or square typefaces (Song, Hei) are combined with bold strokes, taste ex-
pectancy is significantly amplified.

Condition-dependent type (observed for sweet taste). The rounded typeface (Yuan)
showed a sweetness advantage only under the thin stroke condition.

Dual-path reverse modulation type (observed for sour taste). The angular bifeng type-
face (Song) followed the rule of bold-stroke enhancement, whereas the rounded typeface
(Yuan) showed a reverse trend with numerically higher ratings under thin strokes. One
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possible explanation for this divergent pattern is that sour taste associations may have dual
semantic attributes: on the one hand, a warning signal of unripe fruit (associated with an-
gularity and intensity); on the other hand, a refreshing and bright positive attribute (asso-
ciated with slenderness and sharpness). However, this interpretation is currently only a
preliminary account and awaits further validation.

4.4. Commonalities and Differences in Typeface—Flavor Crossmodal Correspondences Between
Chinese and Western Contexts

Crossmodal correspondence research on typeface-taste associations in Chinese and
Western contexts reveals both cross-culturally consistent perceptual regularities and dif-
ferences arising from writing systems, visual features, and cultural experience. Studies in
both contexts share the cross-cultural core regularity of ‘curvature-sweetness, angularity-
non-sweetness’, and both indicate that visual features interact synergistically rather than
simply additively. At the same time, the feature-driven pathway of the Chinese character
system, the dual geometric and cultural attributes of bifeng, and the high visual complex-
ity of the Calligraphic typeface together shape the specific patterns of taste associations in
the Chinese context.

4.4.1. Commonalities: Cross-Cultural Perceptual Regularities

Crossmodal correspondence research on typeface—taste associations in Chinese and
Western contexts reveals consistent underlying regularities. In the present study, the Yuan
typeface under the thin stroke condition showed the highest sweet taste expectancy, which
aligns with the ‘rounded-sweet’ correspondence found in Latin-script studies (Velasco
et al., 2015b, 2018). Meanwhile, the high ratings of the Song typeface with bold strokes
for non-sweet tastes such as bitter, spicy flavor, and salty are also consistent with the
‘angular-bitter/sour’ mapping observed in Western research. This cross-cultural consis-
tency suggests that ‘curvature-sweetness, angularity-non-sweetness’ may constitute a uni-
versal crossmodal mapping rule, underpinned by a dual mechanism of affective mediation
(Salgado-Montejo et al., 2015) and statistical learning (Spence, 2011). Furthermore, in the
Chinese character system, the effects of typeface category and stroke thickness (including
bifeng) on flavor expectancy are not independent and additive but operate together in a
non-linear manner. This is consistent with the phenomenon of ‘synergistic combination of
visual features’ highlighted in Western research (Lee & Spence, 2023).

4.4.2. Differences: Modulation of Gustatory Crossmodal Correspondence Pathways by
Writing Systems

In terms of perceptual pathways, Chinese characters tend to follow a ‘feature-driven’
route. As logograms, the discrete structure of Chinese characters makes it easy for ob-
servers to extract visual information from local features such as bifeng morphology, turn-
ing sharpness, and stroke thickness, and to activate taste associations accordingly. Tavas-
soli (2001) found that Chinese character users had significantly better memory for character
colours than alphabet users, indicating a higher degree of visual engagement in Chinese
character processing. In the present study, stroke thickness significantly modulated the
expectancy of intense tastes such as spicy flavor, salty, and bitter, and this effect depended
on the typeface category. Specifically, the modulation of bitter taste expectancy by stroke
thickness was not universally effective across all typefaces but was significant only for
the Song typeface with its angular bifeng, while it had almost no effect on the rounded,
bifeng-free Yuan typeface. This reflects the driving role of local features (bifeng, turning
sharpness) in gustatory crossmodal correspondences within the Chinese character system.
In contrast, alphabetic scripts tend to follow a more ‘holistic-driven’ route, where taste
associations rely more on the overall contours and curvatures of letters or words.
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Regarding the dual geometric and cultural attributes of bifeng, the Chinese character
system exhibits a unique pattern. A quantitative study by Lyu et al. (2022) found that
in the aesthetic evaluation of regular script (Kai), bifeng had a much stronger influence
on style perception than did structure. The angular bifeng is a core visual feature of the
Song typeface. The simple effects analysis of the present study shows that the high rat-
ings of the Song typeface for bitter, spicy flavor, and salty did not arise solely from the
presence of bifeng, but from the synergistic amplification of ‘bold stroke + angular bifeng’.
Under the bold stroke condition, the bitter rating for Song was significantly higher than
that for Hei and Yuan, but this difference diminished or disappeared under medium and
thin stroke conditions. This suggests that angular bifeng does not, by itself, automatically
convey strong taste expectations; rather, it requires sufficient visual weight (bold strokes)
to produce a significant enhancement. Moreover, a study by Wei et al. (2018) showed that
the visual-spatial features of Chinese characters (upright vs. slanted) can systematically
activate different semantic associations (reliability vs. innovation), indicating that local
visual features of Chinese characters can activate specific semantic meanings through em-
bodied pathways. By analogy, the angularity of bifeng may similarly activate semantic as-
sociations related to intense tastes through embodied pathways. Chinese bifeng not only
carries geometric features but also embodies traditional Chinese bodily based concepts
and cultural philosophy, such as ‘/Ji&’ (forcefulness), ‘#i#” (muscularity), ‘%~ (dynamic
potential), and “ X A& — (harmony between heaven and humanity). These cultural mean-
ings further reinforce the association between angular bifeng and intense tastes (especially
spicy flavor and bitter), creating a hybrid pathway that combines visual features with cul-
tural experience. In contrast to the standardised presentation of bifeng in printed type-
faces such as Song, calligraphic typefaces have more complex stroke-terminal morphol-
ogy, more stroke intersections, and more complex overall contours (Y. Wang & Lyu, 2024),
exhibiting greater formal variability and richer connotations, and consequently more com-
plex flavour crossmodal correspondences. For example, the instability of taste expectancy
for the Calligraphic typeface under medium stroke thickness may arise from such visual
heterogeneity, where multiple features compete simultaneously for processing resources,
failing to form a dominant dimension that drives a specific taste association. However, this
interpretation still requires further experimental validation, for example, by systematically
manipulating the degree of bifeng consistency to test its direct effect on taste expectancy.

Finally, cultural experience modulates taste mappings. The present study included
spicy flavor as an independent dimension, and the results showed that bold strokes com-
bined with angular bifeng (especially in the Song typeface) enhanced spicy flavor ex-
pectancy, whereas thin strokes weakened it. Physiologically, spiciness is not a taste cat-
egory but a compound of pain and taste, yet it holds a high perceptual status in Chinese
food culture and shows significant crossmodal correspondences.

4.5. Methodological Implications of the Real Packaging Context

This study employed real food packaging as stimulus materials, differing from pre-
vious experimental paradigms that used abstract shapes or isolated typefaces. Liu et al.
(2020) classified packaging elements into linguistic and non-linguistic elements, noting
that they influence consumers through different mechanisms —non-linguistic elements pri-
marily affect perception and affective preferences, while linguistic elements primarily in-
fluence behavioral responses, and both are modulated by multisensory interaction mech-
anisms. Tu and Yang (2013) investigated the mechanisms through which packaging influ-
ences food taste experience, emphasizing the critical role of multisensory integration in
food packaging. Peng and Wan (2022) examined crossmodal influences of taste stimuli on
visual attention in Chinese participants, finding that flavor cues can induce attentional bias
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toward associated colours, indicating that stable taste-visual crossmodal associations exist
among Chinese consumers. By presenting typefaces on real packaging, the present study
not only improved ecological validity but also verified the transferability of typeface-taste
crossmodal effects to real consumption contexts. However, real packaging inevitably in-
troduces additional variables such as colour, material, and brand information. This is both
an advantage in terms of ecological validity and a methodological limitation that needs to
be acknowledged.

4.6. Theoretical Contributions and Practical Implications

The theoretical contributions of this study are threefold. First, it extends crossmodal
correspondence research from Western alphabetic writing systems to the logographic Chi-
nese character system, validating the cross-script universality of the synergistic combina-
tion effect of visual features. Second, it proposes a synergistic framework centred on in-
teraction effects, replacing the traditional main-effect framework, and emphasises that the
non-linear combination of typeface category and stroke thickness determines the specific
direction of taste expectancy. Third, it documents differential modulatory patterns of type-
face categories on flavour perception, as well as the atypical sensitivity of the Calligraphic
typeface across multiple taste dimensions. These findings demonstrate that the complexity
of crossmodal mappings far exceeds simple linear correspondences, although the detailed
cognitive mechanisms remain to be further empirically validated.

At the practical level, this study provides designers and marketers with an evidence-
based reference for typeface—flavour configurations. Perceptual congruity theory suggests
that the degree of match between typeface features and product attributes significantly
influences consumer evaluations (Doyle & Bottomley, 2004, 2006). The present study fur-
ther indicates that such congruity requires simultaneous consideration of the interaction
between typeface category and stroke thickness, rather than a single dimension. Sweetness-
oriented brands (e.g., desserts, milk tea) should adopt rounded typefaces combined with
thin strokes to form a consistent ‘sweet’ visual language in brand logos and packaging.
Bitterness- or spiciness-oriented brands (e.g., dark chocolate, spicy snacks) should adopt
typefaces with angular bifeng combined with bold strokes to convey strong taste cues.
Salty products may consider typefaces with angular bifeng or square features combined
with bold strokes. For sour products, the choice should be flexible, aligned with specific
brand positioning: angular bifeng typefaces tend toward bold strokes, while rounded type-
faces tend toward thin strokes. Moreover, the Calligraphic typeface fully activates the ex-
pectancy of bitter and spicy flavour only under the bold stroke condition, while its taste ex-
pectancy is unstable under medium strokes. Therefore, the application of the Calligraphic
typeface requires careful matching of stroke thickness with the target taste positioning.

4.7. Limitations and Future Directions

First, this study operationalised bifeng as a binary variable (present vs. absent) rather
than as a continuously measurable geometric variable. The bifeng of the Song typeface
takes the form of regular, geometric decorative terminals, whereas the bifeng of the Calli-
graphic typeface exhibits irregular, organic variations. These two types differ substantially
along continuous dimensions such as sharpness, angle, and curvature, and collapsing them
into a binary classification inevitably loses important perceptual information. However,
this operational choice should be understood within the developmental trajectory of cross-
modal correspondence research: Western shape—taste research similarly evolved from a
binary classification of ‘angular vs. rounded’ to continuous curvature measurements (Ve-
lasco et al., 2014, 2015b, 2016a); the binary operationalisation of bifeng in this study lies
at a similar preliminary exploratory stage and has empirical value in establishing whether
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bifeng participates in gustatory crossmodal correspondences. Furthermore, bifeng and
Western serifs may differ in morphological variability, cultural semantic load (Zhao et al.,
2017, 2018), and visual salience, but the above analysis lacks independent perceptual val-
idation. Future research could draw on geometric quantification methods for stroke ter-
minals (X. Wang et al., 2013), adopt parametric approaches to independently manipulate
the sharpness, length, and curvature of bifeng, further test the net effect of bifeng on taste
expectancy, and conduct comparative studies between the two.

Second, although we introduced real packaging designs to enhance ecological valid-
ity, this inevitably introduced additional variables. Beyond colour, material, and brand
information, the products themselves carry strong inherent flavour expectations, which
may have interacted with the typeface effects to influence participants’ taste ratings. This
study did not conduct an independent pre-test to quantify each product’s baseline flavour
expectancy, nor did it assess whether packaging familiarity dominated participants’ judg-
ments. Consequently, we cannot fully attribute the observed rating differences solely to
typeface features; it remains unclear to what extent typeface effects reflect independent
crossmodal associations rather than modulation of pre-existing product expectations. In
future research, we will first establish mapping models through tightly controlled basic ex-
periments (using abstract stimuli without product context), then gradually increase contex-
tual realism, and directly compare typeface effects with and without packaging to isolate
the net contribution of typeface features. At the same time, in advertising and social me-
dia communication, typeface combinations can be integrated with other visual elements
such as colour, to create multidimensional sensory congruity, reinforcing consumers’ ex-
pectations of product flavour characteristics. However, this study measured only taste ex-
pectancy; the actual effects of typeface selection on brand emotional attachment, cultural
identity, or purchasing behaviour await further empirical validation.

Finally, the taste dimensions explored in this study are primarily limited to sour,
sweet, bitter, spicy, and salty, and have not yet included umami. As a widely recognised
fifth basic taste, umami plays an important role in food perception. Whether stable taste
mappings exist between umami and the visual features of Chinese typefaces remains to be
verified in future research.

5. Conclusions

This study confirms that the visual features of Chinese typefaces play an important
role in shaping taste expectancy. It not only reaffirms the cross-cultural perceptual rule
that ‘roundness is associated with sweetness, angularity with non-sweet tastes’, but fur-
ther reveals that in the unique logographic writing system of Chinese characters, typeface
category, stroke thickness, and the presence of bifeng can all serve as critical visual cues
influencing taste perception.

These findings extend the application of multisensory integration and crossmodal cor-
respondence theories to a non-alphabetic writing system, and provide empirical evidence
for sensory marketing and visual communication design. In practical application, typeface
selection should not be viewed merely as a stylistic choice, but should be understood as a
precise perceptual language. By scientifically configuring the visual attributes of typefaces,
designers can construct a guiding taste narrative for consumers even before the product
is experienced.
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