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Abstract

This study examined how sensory modalities
and affective dimensions jointly shape the
semantics of Mandarin monosyllabic adjec-
tives—a lexical class that is both perceptually
rich and emotionally salient yet understudied in
prior research. Drawing on embodied cognition
theory, we integrated newly collected percep-
tual strength ratings (visual, auditory, haptic,
gustatory, olfactory) for 165 adjectives with ex-
isting sensory norms (Chen et al., 2019) and
affective ratings (valence, arousal; Peng et al.,
2024), yielding a dataset of 298 items. Analy-
ses revealed an asymmetrical sensory organiza-
tion, with strong gustatory–olfactory coupling
and relative independence of auditory imagery.
Visual strength predicted more positive valence,
whereas auditory and haptic strength predicted
higher arousal, and modality exclusivity dif-
ferentiated pleasantness from arousal. These
results indicate that sensory experience sys-
tematically contributes to affective semantics,
supporting embodied accounts of conceptual
meaning. The study provides cross-linguistic
insights into the perceptual grounding of emo-
tion and offers a resource for future psycholin-
guistic and computational modeling.

1 Introduction

"We walked down the path to the well-house, at-
tracted by the fragrance of the honeysuckle with
which it was covered. Someone was drawing water
and my teacher placed my hand under the spout. As
the cool stream gushed over one hand she spelled
into the other the word water, first slowly, then
rapidly. I stood still, my whole attention fixed upon
the motions of her fingers. Suddenly I felt a misty
consciousness as of something forgotten—a thrill
of returning thought; and somehow the mystery of
language was revealed to me. I knew then that ‘w-a-
t-e-r’ meant the wonderful cool something that was
flowing over my hand. That living word awakened
my soul, gave it light, hope, joy, set it free!"

— Helen Keller, The Story of My Life (1903)
This vivid account captures a profound insight:

word meaning can arise directly from embodied
sensory experience. It illustrates how perception
and language intertwine—the tactile sensation of
flowing water, the auditory rhythm of spelling, and
the affective awakening that follows.

A single word can engage multiple senses and
emotions at once. In Chinese, 清 (clear) may
evoke visual imagery, the sound of flowing water,
and a sense of calm;香 (fragrant) blends olfactory
impressions with pleasant affect;刺耳 (piercing)
conveys auditory harshness and negative emotion.
Such examples show that perceptual and affective
experiences are systematically intertwined in lex-
ical representation—yet this interplay remains in-
sufficiently examined in Chinese.

The idea that language both reflects and shapes
human thought has long guided cognitive and lin-
guistic theory (Hardin, 1993; Rosch, 1974; Vygot-
sky, 2000; Whorf, 1956). Early work on linguistic
relativity argued that linguistic structure provides
the scaffolding through which perceptual and con-
ceptual distinctions are formed. This tradition high-
lights that meaning is not neutral but shaped by
how language encodes experience.

Building upon this tradition, embodied cognition
approaches extend the discussion by emphasizing
that meaning is not only linguistically mediated
but also grounded in direct sensory and emotional
experience (Barsalou, 1999, 2008). Within the em-
bodied cognition framework, meaning is grounded
in the reactivation of sensory, motor, and emotional
traces associated with a word’s referent (Barsa-
lou, 1999, 2008; Zwaan et al., 2002). Research
on sensory dimensions has typically focused on
five modalities—vision, audition, touch, taste, and
smell—measured using modality strength and ex-
clusivity norms (Lynott and Connell, 2009). In
parallel, studies on affective dimensions have iden-
tified valence (pleasantness) and arousal (emotional
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intensity) as key factors influencing lexical process-
ing and conceptual organization (Bradley and Lang,
1999; Warriner et al., 2013). While each dimen-
sion has been widely studied for English, relatively
few studies have addressed how sensory profiles
systematically relate to emotional evaluations of
words.

In Chinese, research on sensory norms has be-
gun to emerge (e.g. Chen et al., 2019; Zhong and
Ahrens, 2023), but it remains fragmented in lexical
coverage, with limited attention to adjectives and
minimal integration with affective ratings. Particu-
larly, adjectives merit focused investigation: they
are semantically compact, frequently encode per-
ceptual features, and often carry strong emotional
connotations. Moreover, cross-modal patterns such
as gustatory–olfactory coupling or the indepen-
dence of auditory modality, reported in English
and other languages, have not been systematically
tested in Mandarin adjectives.

Beyond modality strengths, embodied cognition
posits that sensory experience forms a fundamen-
tal component of emotional representation—bodily
sensations not only accompany emotions but consti-
tute part of their experiential core (Damasio, 1994;
Prinz, 2005). Yet it remains unclear to what extent
different types of sensory experience contribute
to emotional activation, and whether specific sen-
sory channels (e.g., visual, auditory, haptic) are
more strongly linked to affective dimensions such
as pleasantness and arousal. Addressing this ques-
tion helps clarify how emotion is grounded in dis-
tinct perceptual systems within the mental lexicon.

In addition to modality-specific effects, the over-
all structure of sensory engagement may also shape
emotional meaning. Modality exclusivity, which
captures the extent to which a word’s meaning
is concentrated in a single sensory channel (Ly-
nott and Connell, 2009), provides a useful index of
the breadth versus focus of embodied experience.
Words that engage multiple senses may support
richer, integrative simulations, whereas those con-
fined to one dominant modality may evoke more
vivid but narrower experiences. Examining how
both sensory diversity and perceptual focus re-
late to emotional valence and arousal thus offers a
deeper understanding of how embodied experience
contributes to affective meaning in language.

The present study addresses these gaps by inte-
grating sensory modality ratings and affective rat-
ings into a unified dataset of 298 Chinese monosyl-
labic adjectives. Building on embodied cognition

theory, we pursue three main questions:

1. Interrelationships among sensory modalities
– Do certain modalities tend to co-occur in
Chinese adjectives, and how do these patterns
compare to those reported in other languages?

2. Prediction of affective dimensions – To what
extent can valence and arousal be system-
atically predicted from sensory modality
strengths?

3. Role of modality exclusivity – Does percep-
tual focus on a single dominant modality en-
hance or diminish affective evaluations?

By focusing on monosyllabic adjectives and ex-
amining both perceptual and emotional dimensions
simultaneously, this study contributes (a) novel em-
pirical evidence on the embodied structure of Man-
darin word meaning, (b) potential cross-linguistic
comparisons with English and other languages, and
(c) a lexical resource for psycholinguistic, compu-
tational, and applied linguistic research.

2 Literature Review

Embodied cognition theory offers a framework in
which conceptual knowledge is grounded in sen-
sory, motor, and emotional experiences, challeng-
ing the traditional amodal view of semantic repre-
sentation (Barsalou, 1999, 2008). This perspective
has been supported by evidence from cognitive neu-
roscience, such as the discovery of mirror neurons
(Rizzolatti et al., 1996) and mechanisms described
by Hebbian learning, which demonstrate how sen-
sory, motor, and linguistic systems can become
functionally integrated. In language processing,
comprehension and production involve the simula-
tion of sensory and motor experiences associated
with linguistic input (Zwaan, 2003; Kogan et al.,
2020). For example, understanding the word chair
may engage visual imagery of its form, the motor
schema of sitting, and even tactile sensations of its
surface. Within Barsalou’s Perceptual Symbol Sys-
tems account (Barsalou, 1999), these perceptual
traces—encoded during prior experiences—are re-
activated during linguistic tasks, forming an embod-
ied route to meaning. This theoretical framework
provides the foundation for investigating how sen-
sory experiences are represented and re-engaged in
lexical semantics.

Language often encodes modality-specific fea-
tures such as vision (bright), audition (loud), touch
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(rough), taste (sweet), and smell (fragrant). The
concept of modality exclusivity quantifies the de-
gree to which a word is associated with a single
sensory modality versus multiple modalities (Ly-
nott and Connell, 2009, 2013). In English, large-
scale modality norms have revealed systematic re-
lationships among modalities, such as the strong
gustatory–olfactory coupling and the moderate co-
occurrence of visual and haptic features (Lynott
and Connell, 2009; Lynott et al., 2020; Speed and
Brybaert, 2022). These norms have informed re-
search in psycholinguistics, cognitive semantics,
and computational modeling by providing quan-
titative measures of perceptual grounding. They
have also been applied to examine processing ef-
fects, such as the modality-switch effect in sen-
tence–picture verification tasks, and to explore how
cross-modal integration supports conceptual orga-
nization.

Compared to English and other Indo-European
languages, modality norm research in Mandarin
is relatively recent. Chen et al. (2019) produced
the first large-scale Mandarin modality exclusivity
norms for monosyllabic and disyllabic adjectives,
reporting perceptual strength ratings across five ba-
sic modalities and analyzing the influence of ortho-
graphic semantic radicals on modality judgments.
While their dataset provides a crucial baseline, it
did not include affective ratings, making it impossi-
ble to examine direct links between perceptual pro-
files and emotional dimensions. Zhong and Ahrens
(2023) extended the scope by examining modal-
ity–emotion relationships in disyllabic nouns, find-
ing that olfactory and interoceptive modalities were
more emotionally charged, especially in arousal
and absolute valence. However, their dataset had
notable imbalances, with very few tactile and ol-
factory items (n = 8 for each), and their focus on
nouns leaves open questions about whether similar
patterns hold for adjectives—an important lexical
class for perceptual and affective meaning.

Valence (pleasantness) and arousal (emotional
intensity) are two fundamental affective dimen-
sions shaping lexical processing (Bradley and Lang,
1999; Kousta et al., 2011; Warriner et al., 2013).
These dimensions influence a range of cognitive
processes, including lexical decision, memory, and
semantic categorization. In Mandarin, several af-
fective norms have been established (e.g., Yao et al.,
2017), but very few studies have integrated them
with sensory modality data. Yi et al. (2025) repre-
sents a rare attempt, examining sensory–emotion

links in a large-scale dataset of disyllabic nouns
translated from English norms (Warriner et al.,
2013). Their results suggest that certain modal-
ities, particularly olfactory and interoceptive, are
more strongly associated with extreme valence and
higher arousal.

Findings from English also indicate potential sys-
tematic modality–affect correspondences: gusta-
tory and olfactory words tend to be more affectively
rich and emotionally flexible (Winter, 2016), while
auditory and haptic words are often linked to higher
arousal (Lynott et al., 2020). However, other stud-
ies argue that these associations may be context-
dependent or mediated by conceptual categories
(Citron et al., 2014; Lynott and Connell, 2013).
The extent to which such correspondences gener-
alize across languages, and across word classes
such as adjectives versus nouns, remains an open
question.

The relationship between emotion and bodily
sensation is not entirely separable: sensory expe-
rience serves as an essential, and in some cases
sufficient, condition for emotional activation. Em-
pirical evidence supports this link. Dagaev and
Terushkina (2014) employed a property verification
task to test whether emotional concepts involve em-
bodied somatosensory components. Participants
judged whether a given property applied to a con-
cept (e.g., CLOWN–funny), with each trial pair
consisting of a context trial and a target trial. A
modality switch occurred when the two trials be-
longed to different modalities (e.g., somatosensory
→ emotional). Their results revealed an asym-
metric effect between emotional and bodily sen-
sation channels: when switching from emotional
to somatosensory trials, no significant cost was ob-
served; When switching from somatosensory to
emotional trials, reaction times were significantly
longer. The findings provide direct evidence for
the embodied nature of emotional knowledge, in-
dicating that emotional understanding involves the
partial re-enactment of bodily states rather than
purely symbolic operations.

Nevertheless, it remains unclear how differ-
ent types of sensory experiences contribute to
emotional responses, and whether their influence
varies across sensory modalities. Moreover, in the
modality-switch paradigm as mentioned above, re-
searchers often select strongly unimodal words to
control material consistency, using modality ex-
clusivity as an index of the breadth and focus of
perceptual engagement (e.g., Dagaev and Terushk-
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ina, 2014; Vermeulen et al., 2007). This paradigm
assumes that strongly unimodal words, compared
with multimodal ones, more effectively activate
specific sensory experiences, thereby producing
faster reaction times. From an affective perspective,
this raises an important question: Do the dimen-
sionality and breadth of bodily sensory experience
differentially influence emotional activation? In
other words, the extent to which different words
evoke emotions may depend on both their sensory
modality (the type of embodied experience) and
their modality exclusivity (the degree of perceptual
specificity).

Despite increasing interest in the interface be-
tween sensory and affective dimensions, Mandarin
research remains fragmented in three ways. First,
there is no integrated dataset that combines bal-
anced sensory modality ratings and affective rat-
ings for adjectives—a lexical class rich in percep-
tual and emotional meaning. Second, modality
interrelationships, such as gustatory–olfactory cou-
pling or auditory independence, have not been sys-
tematically tested in Mandarin adjectives. Third,
it remains unclear whether modality exclusiv-
ity—perceptual focus on a single dominant modal-
ity—predicts emotional valence and arousal in Chi-
nese, and whether such effects align with or diverge
from English findings. Addressing these gaps will
advance embodied accounts of Chinese lexical se-
mantics and provide a cross-linguistic perspective
on how perception and emotion jointly shape word
meaning.

3 Methodology

3.1 Participants
A total of 160 native speakers of Mandarin Chi-
nese participated in the study. All participants
were recruited in mainland China, held at least
a college-level education, and reported normal or
corrected-to-normal vision and hearing. The sam-
ple was balanced for gender (80 male, 80 female)
with a mean age of 24.7 years (SD = 3.2, range =
18–35). None reported a history of neurological
or psychiatric disorders. Written informed consent
was obtained prior to participation, and the study
adhered to ethical guidelines for human subjects
research.

3.2 Materials
The stimulus set was constructed from two prin-
cipal sources to maximize lexical coverage and

ensure representativeness across sensory modali-
ties.

1. Existing norms – Sensory modality ratings
for 133 monosyllabic Chinese adjectives were
obtained from the database developed by
Chen et al. (2019), which provides perceptual
strength ratings across five modalities: visual,
auditory, haptic, gustatory, and olfactory.

2. Newly identified items – To expand the cov-
erage of perceptually salient adjectives, we
adopted the selection by Peng et al. (2024),
who identified 165 additional monosyllabic
adjectives through expert linguistic judgment.
These items were specifically chosen for their
potential sensory relevance, based on seman-
tic transparency, frequency, and morphologi-
cal characteristics.

Affective ratings (valence and arousal) for all items
were obtained from Peng et al. (2024), ensuring
that both sensory and emotional dimensions were
available for each word and no scale conversions
were necessary.

3.3 Procedure
For the 165 newly identified adjectives, sensory
ratings were collected in an online questionnaire
format. Participants rated each word on five sen-
sory dimensions (visual, auditory, haptic, gustatory,
olfactory) in response to the prompt: "To what ex-
tent do you think the word清 (clear) can be used
to describe the following sensory experiences?"
Ratings were made on a 6-point Likert scale from
0 ("no association") to 5 ("strong association").

The 165 adjectives were evenly distributed
across eight questionnaire lists, each containing
21 or 22 items. Assignment of words to lists was
pseudo-randomized to balance modality coverage
across lists, and participants were randomly as-
signed to lists. All instructions were presented in
Mandarin, and no time limit was imposed on re-
sponses.

3.4 Data Preparation
For each word, mean sensory ratings across partici-
pants were calculated for all five modalities. The
dominant modality of each word was defined as
the modality with the highest mean rating. Modal-
ity exclusivity was computed following Lynott and
Connell (2009) as the range of the five modality
ratings divided by their sum, yielding values from
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0 (completely multimodal) to 1 (completely uni-
modal).

The final dataset comprised 298 adjectives (133
from Chen et al., 2019, ; 165 newly rated), each an-
notated with five sensory ratings and two affective
ratings.

To visualize the overall distribution of ratings,
Figure 1. presents histograms for all sensory and
affective dimensions, with dashed lines marking
the mean (red) and median (black) of each vari-
able. These plots show that visual strength was
rated highest on average, whereas gustatory and
olfactory strengths were relatively low. Valence
and arousal exhibited near-normal distributions, in-
dicating a balanced coverage of positive–negative
and low–high arousal adjectives.

3.5 Data Analysis
Data analysis proceeded in three stages. First, de-
scriptive visualizations were generated to display
the distribution of ratings across sensory and af-
fective dimensions, enhancing transparency in the
data.

Second, to examine the internal structure of sen-
sory modality ratings, Spearman’s rank correla-
tion coefficients were computed among the five
modalities (visual, auditory, haptic, gustatory, and
olfactory). This approach allowed us to identify
modality pairs that tend to co-occur in perceptual
profiles, as well as those that remain relatively inde-
pendent (Lynott and Connell, 2009). Significance
levels were reported for each pairwise comparison,
and the results were visualized using a correlation
heatmap with significance markers.

Finally, two multiple linear regression models
were constructed to assess how well affective eval-
uations could be predicted from sensory profiles.
Valence and arousal served as the dependent vari-
ables, while the five sensory modalities and modal-
ity exclusivity were entered as predictors. To fa-
cilitate coefficient comparison, predictors were
standardized prior to analysis. To ensure the va-
lidity and robustness of regression results, sev-
eral standard diagnostic and correction procedures
were employed. Multicollinearity was assessed
using Variance Inflation Factors (VIF; Long and
Ervin, 2000), which quantify how strongly predic-
tors are linearly related. Heteroscedasticity was
tested via the Breusch–Pagan test (Breusch and
Pagan, 1979), and residual normality was exam-
ined using the Shapiro–Wilk test (Shapiro and
Wilk, 1965). Influential observations were identi-

fied based on Cook’s distance (Cook, 1977), which
measures each data point’s impact on model es-
timates. When heteroscedasticity was detected,
HC3 heteroskedasticity-consistent standard errors
(White, 1980; Long and Ervin, 2000) were applied
to correct inferential tests. To further evaluate co-
efficient stability under potential outliers, robust
regression using M-estimators (Huber, 1964) was
conducted. These procedures provide a comprehen-
sive evaluation of model reliability and ensure that
the reported effects are not driven by violations
of linear model assumptions. All analyses were

Figure 1: Distributions of sensory and affective ratings.

conducted in R (R Core Team, 2023) using the
stats, Hmisc (Harrell, 2024), car (Fox and Weis-
berg, 2019), lmtest (Zeileis and Hothorn, 2002),
sandwich (Zeileis, 2004), and MASS (Venables
and Ripley, 2002) packages, with the significance
level set at α = .05.

4 Results

Figure 1 illustrates the distributions of sensory and
affective ratings. Visual strength showed the high-
est overall ratings, gustatory and olfactory strengths
were comparatively low, and both valence and
arousal exhibited near-normal distributions, indi-
cating balanced affective coverage and clear differ-
entiation across sensory modalities.

4.1 Correlation analysis of sensory modality
ratings

The correlation analysis among the five sensory
modality ratings revealed both well-documented
and novel patterns of interrelationships, offering a
detailed picture of the sensory structure underlying
Mandarin monosyllabic adjectives. As shown in
Figure 2, which presents the full correlation matrix
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using Spearman’s rank coefficients (ρ), the most
prominent positive association was found between
gustatory and olfactory strength (ρ = .81, p < .001).
This strong coupling is consistent with robust psy-
cholinguistic and perceptual evidence that taste and
smell are closely linked in both neural processing
and conceptual representation (Auvray and Spence,
2008; Lynott and Connell, 2009). In practical terms,
this means that adjectives highly associated with
taste (e.g., 甜 "sweet") are also very likely to be
strongly associated with smell, reflecting the mul-
tisensory integration that underlies flavor percep-
tion. The size of this correlation is comparable
to, or even slightly higher than, that reported in
English adjective norms (Lynott et al., 2009), sug-
gesting that this gustatory–olfactory pairing may be
a cross-linguistic and potentially universal feature
of sensory semantics.

A weak but noteworthy positive correlation
emerged between visual and haptic strength (ρ =
0.11, p = .057). Although this effect was marginally
significant, its direction aligns with findings in En-
glish and other languages where visual attributes
(e.g., 光滑 “smooth”) often co-occur with tac-
tile impressions. This pattern may reflect the fact
that many surface properties—such as smoothness,
roughness, or texture—are accessible both visually
and through touch. The magnitude of this asso-
ciation in Mandarin appears weaker than in some
English datasets (e.g., Speed and Brybaert, 2022),
potentially reflecting differences in how adjectives
encode surface descriptors in the two languages.

In contrast, visual strength exhibited significant
negative correlations with both gustatory strength
(ρ = –0.30, p < .001) and olfactory strength (ρ =
–0.29, p < .001). This suggests a form of mutual ex-
clusivity, where words highly tied to visual imagery
tend to have weaker connections to taste and smell.
Such negative associations may arise from the fact
that visual descriptors in Mandarin often refer to
properties of objects that are not inherently linked
to flavor or scent (e.g., 亮 “bright,” 暗 “dark”),
and that taste- or smell-related words tend to evoke
internal, bodily-oriented experiences rather than
external, visually observable properties.

Auditory strength showed weak to moderate pos-
itive correlations with haptic (ρ = .15, p = .011)
and olfactory strength (ρ = .21, p < .001), and a
marginal association with gustatory (ρ = .11, p =
.053). These patterns indicate occasional overlap
between sound-related and other sensory imagery,
perhaps in words depicting intensity or dynamic

qualities (e.g.,响 “loud”). Nevertheless, the over-
all independence of auditory ratings from most
other modalities supports the idea that auditory ex-
perience relies on distinct temporal and acoustic
representations (Farmer et al., 2006; Lynott and
Connell, 2009).

A weaker but statistically significant positive cor-
relation was observed between haptic and olfactory
strength (ρ = 0.14, p = .017). Although the effect
size is small, it is intriguing because it suggests
occasional overlap between tactile and olfactory
imagery. One possible explanation is that some ad-
jectives describe materials or substances (e.g.,腥
“fishy,”滑 “slippery”) that are jointly characterized
by both texture and smell.

Overall, the results reveal a perceptual organiza-
tion in which gustatory–olfactory coupling forms
a tightly integrated cluster, visual–haptic links re-
main marginal, auditory is largely distinct, and vi-
sual–taste/smell interactions are mutually exclusive.
These findings establish a structural baseline for
exploring how specific sensory channels contribute
to affective meaning in subsequent analyses.

Figure 2: Correlation matrix of sensory modalities.

4.2 Regression analysis of sensory modality
ratings and emotional dimensions

To examine how sensory modality profiles are asso-
ciated with affective meaning, two multiple regres-
sion models were fitted, with valence and arousal
as outcome variables, respectively. All predictors
were standardized to facilitate coefficient compari-
son.

Comprehensive diagnostic checks were con-
ducted to evaluate model validity. Variance In-
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flation Factors (VIFs) were all below 3.3, sug-
gesting no substantial multicollinearity among the
predictors. The Breusch–Pagan test indicated het-
eroscedasticity in the valence model (BP = 37.80,
p < .001), but not in the arousal model (BP = 4.62,
p = .59). The Shapiro–Wilk test suggested slight
deviations from normality for residuals (valence:
W = 0.98, p < .001; arousal: W = 0.99, p = .011),
though Q–Q plots confirmed that the distributions
were approximately normal overall.

Inspection of Cook’s distance identified 10 po-
tential influence points in the valence model and
19 in the arousal model (Cook’s D > 0.0135). Re-
moving these points did not change the pattern or
direction of the results; thus, all data points were
retained.

To address potential heteroscedasticity and influ-
ential observations, we additionally computed HC3
robust standard errors and performed M-estimator
regressions (MASS::rlm). The results were consis-
tent across estimation methods, indicating that the
observed relationships were statistically reliable
and not driven by outliers.

The valence regression model was statistically
significant (F(6, 290) = 2.60, p = .018; adjusted R2

= .031), indicating that sensory modality ratings
collectively explained about 3% of the variance in
valence evaluations.

After applying HC3 robust standard errors, vi-
sual strength remained positively associated with
valence (β = 0.20, p = .005), suggesting that adjec-
tives evoking strong visual experiences tend to be
perceived as more pleasant. In contrast, modality
exclusivity showed a marginally negative associa-
tion (β = –0.19, p = .07), indicating that adjectives
tied to a single sensory channel may be evaluated
as slightly less pleasant. Other modalities (auditory,
haptic, gustatory, olfactory) did not show reliable
associations (all ps > .10).

The arousal regression model accounted for a
larger portion of variance (F(6, 290) = 5.80, p <
.001; adjusted R2 = .089). Under the HC3 correc-
tion, auditory strength (β = 0.18, p < .001), haptic
strength (β = 0.11, p = .007), and modality exclu-
sivity (β = 0.18, p < .001) each showed significant
positive associations with arousal. This pattern sug-
gests that adjectives evoking auditory and tactile
experiences, or dominated by one sensory chan-
nel, are more likely to be judged as activating or
intense.

The M-estimator regression confirmed the ro-
bustness of these findings: auditory (β = 0.18, p <

.001), haptic (β = 0.11, p = .007), and modality ex-
clusivity (β = 0.19, p < .001) remained significant.

Taken together, these analyses reveal that va-
lence is modestly associated with visual and mul-
timodal characteristics, whereas arousal is more
strongly linked to auditory and haptic experiences,
as well as modality dominance. Importantly, all in-
terpretations are correlational in nature and should
not be construed as evidence of direct causal influ-
ence between sensory and affective dimensions.

5 Discussion

The present study set out to examine how sensory
and affective dimensions jointly shape the seman-
tics of Mandarin monosyllabic adjectives, address-
ing three key questions: (1) the interrelationships
among sensory modalities, (2) the extent to which
valence and arousal can be predicted from sensory
profiles, and (3) the role of modality exclusivity
in affective evaluations. By integrating perceptual
ratings across five modalities (visual, auditory, hap-
tic, gustatory, olfactory) with affective ratings (va-
lence, arousal) in a unified dataset, we provide a
systematic account of how perceptual experience
contributes to emotional word meaning in a lexical
class that is both perceptually rich and affectively
salient.

The correlation analysis revealed a perceptual or-
ganization broadly consistent with cross-linguistic
findings, yet with certain language-specific nu-
ances. As expected, gustatory and olfactory modal-
ities formed a tightly coupled cluster, reflecting
their shared experiential and neural basis in fla-
vor perception (Lynott and Connell, 2009; Lynott
et al., 2020). This strong coupling suggests that
Mandarin adjectives related to taste often simulta-
neously evoke olfactory sensations, mirroring the
multisensory integration that underlies flavor per-
ception more generally.

A weak but noteworthy overlap was observed be-
tween visual and haptic modalities, implying that
surface-related features—such as texture, smooth-
ness, or glossiness—may be accessible both visu-
ally and through touch, though to a lesser degree
than reported in English norms (Speed and Bry-
baert, 2022). This cross-linguistic difference sug-
gests that Mandarin adjectives may encode surface
properties more functionally or contextually rather
than visually.
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Interestingly, visual imagery tended to exclude
internal sensations such as taste and smell, im-
plying a conceptual divide between outwardly ob-
servable properties and inward bodily experiences.
This asymmetry aligns with the general observation
that adjectives describing visual appearance (e.g.,
亮 “bright”,暗 “dim”) often capture spatially ex-
ternal, object-based qualities, while taste and smell
adjectives (e.g., 酸 “sour”, 臭 “smelly”) pertain
to embodied, interoceptive sensations. Meanwhile,
auditory modality remained largely independent
from the others, reinforcing the idea that audi-
tory representation is grounded in temporally dy-
namic and acoustically distinct processing. Overall,
Mandarin sensory adjectives exhibit a structured
but asymmetrical organization—one dominated by
taste–smell integration, with vision, touch, and
sound occupying more specialized and partially
independent roles.

Regression analyses revealed that different sen-
sory channels contribute unequally to emotional
meaning. Visual imagery emerged as a modest
yet consistent predictor of pleasantness, suggest-
ing that adjectives evoking vivid visual experiences
tend to be evaluated as more pleasant. This ten-
dency may reflect cultural and cognitive associa-
tions in Mandarin between brightness, clarity, and
aesthetic harmony and positive emotional tone,
consistent with the symbolic role of light and vi-
sual clarity in Chinese idioms, poetry, and moral
metaphors.

In contrast, arousal was primarily linked to audi-
tory and haptic modalities, consistent with the idea
that sounds and physical sensations carry strong
activation potential. This finding highlights how
certain sensory experiences—particularly those in-
volving abrupt or proximal stimuli—tend to evoke
stronger physiological engagement. Adjectives de-
scribing auditory intensity (e.g., 吵 “noisy”) or
tactile extremity (e.g.,滑 “slippery”) appear to em-
body dynamic or forceful qualities that naturally
enhance arousal.

Notably, gustatory and olfactory modalities
showed no reliable associations with either valence
or arousal, diverging from English results where
taste and smell often carry strong emotional va-
lence (Winter, 2016). This discrepancy may be at-

tributable to lexical and cultural factors: Mandarin
adjectives describing taste and smell are fewer in
number and often restricted to physical or con-
textual descriptions (e.g., describing food or en-
vironment) rather than abstract emotional evalua-
tion, thereby limiting their contribution to affective
meaning at the lexical level.

Modality exclusivity further clarified how the
breadth of sensory experience shapes affective in-
terpretation. Adjectives that evoke multiple sen-
sory modalities were associated with higher pleas-
antness, whereas those tied to a single dominant
modality were perceived as more activating. This
dual pattern indicates that sensory focus intensifies
emotional arousal—likely by engaging vivid and
detailed mental simulations—but may narrow the
hedonic scope, leading to less positive evaluations
overall.

This finding complements embodied cognition
accounts (Barsalou, 1999, 2008) by showing that
the extent of sensory engagement, not merely the
presence of sensory content, modulates affective
meaning. Words restricted to one sensory chan-
nel may evoke more vivid and focused simula-
tions, enhancing arousal; in contrast, multimodal
words integrate diverse perceptual cues, producing
richer, more balanced experiential representations
that align with positive affect.

From an embodied cognition perspective, these
findings reinforce that conceptual representation is
grounded in perceptual and affective systems, with
different modalities contributing unequally to dis-
tinct emotional dimensions. Vision appears more
closely tied to hedonic evaluation (valence), while
audition and touch contribute to physiological ac-
tivation (arousal). This division may reflect un-
derlying neurocognitive specializations: the visual
system is linked to appraisal and aesthetic judg-
ment, whereas auditory and tactile systems are con-
nected to proximity, urgency, and survival-relevant
reactions.

Furthermore, the role of modality exclusivity
underscores the importance of sensory diversity
and focus in shaping emotional meaning. Words
evoking multiple modalities may reflect more inte-
grative and experiential processing, while modality-
specific words capture sharper but narrower affec-
tive tones. Taken together, these findings suggest
that sensory profiles—rather than isolated modali-
ties—form the foundation for affective meaning in
lexical semantics.
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6 Conclusion

The present study examined how sensory modal-
ities and affective dimensions jointly shape the
semantics of Mandarin monosyllabic adjectives.
Integrating newly collected sensory ratings with
affective evaluations, we constructed a dataset
of 298 adjectives for the first systematic analy-
sis of sensory–affective mappings in this lexical
class. The results revealed an asymmetrical sen-
sory organization: gustatory and olfactory modali-
ties were strongly coupled, visual–haptic overlap
was weak, and auditory imagery remained largely
independent. Regression analyses showed that
visual strength predicted more positive valence,
whereas auditory and haptic strength predicted
higher arousal. Modality exclusivity further influ-
enced affective meaning—multimodal adjectives
were more pleasant, while unimodal ones were
more arousing. These findings support embodied
cognition accounts, showing that sensory experi-
ence systematically contributes to affective seman-
tics, with both universal and language-specific pat-
terns in Mandarin.

7 Limitations and future directions

While the present study provides a comprehensive
dataset and robust statistical analyses, several limi-
tations should be noted. First, although the dataset
covers a large number of monosyllabic adjectives, it
does not include disyllabic adjectives or other word
classes that may exhibit different modality–affect
patterns. Future work could broaden the scope
to these forms and compare results across lexical
categories. Second, the study relies on explicit rat-
ings, which capture conscious associations but may
not fully reflect automatic or context-dependent
processing. Incorporating time-sensitive methods
such as EEG, eye-tracking, or priming paradigms
could reveal how modality–affect mappings unfold
during real-time comprehension. Third, cultural
and contextual factors were not directly examined;
cross-linguistic comparisons, for instance between
Mandarin and English, could clarify universal ver-
sus language-specific effects.

Beyond theoretical contributions, the findings
have implications for language education, computa-
tional linguistics, and affective computing. Under-
standing which sensory modalities align with posi-
tive or high-arousal meanings could inform vocab-
ulary teaching and sentiment modeling, while the
dataset may aid multimodal systems in interpreting

and generating emotionally nuanced language.In
sum, this study shows that sensory and affective
dimensions are systematically linked in Mandarin
adjectives, reflecting both universal and language-
specific patterns. The integrated sensory–affective
norms offer a theoretical contribution to embod-
ied cognition and a practical resource for future
psycholinguistic and cross-linguistic research.
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