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Abstract

Perception of emotion conveyed through language is influenced by embodied experiences obtained from social interactions,
which may vary across different cultures. To explore cross-cultural differences in the perception of emotion between Chinese
and English speakers, this study collected norms of valence and arousal from 322 native Mandarin speakers for 4923 Chinese
words translated from Warriner et al., (Behavior Research Methods, 45, 1191-1207, 2013). Additionally, sensory experience
ratings for each word were collected. Analysis demonstrated that the reliability of this dataset is satisfactory, as indicated by
comparisons with previous datasets. We examined the distributions of valence and arousal for the entire dataset, as well as
for positive and negative emotion categories. Further analysis suggested that valence, arousal, and sensory experience corre-
lated with various psycholinguistic variables, including the number of syllables, number of strokes, imageability, familiarity,
concreteness, frequency, and age of acquisition. Cross-language comparison indicated that native speakers of Chinese and
English differ in their perception of emotional valence and arousal, largely due to cross-cultural variations associated with
ecological, sociopolitical, and religious factors. This dataset will be a valuable resource for research examining the impact of
emotional and sensory information on Chinese lexical processing, as well as for bilingual research investigating the interplay
between language and emotion across different cultural contexts.
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Introduction

Emotion plays an important role in our daily lives. We expe-
rience positive and negative emotions from time to time, and
these emotional experiences influence not only our well-
being but also fundamental cognitive processes, such as
attention, learning, memory, and decision-making (Dukes
et al., 2021). Emotions can be defined as transient, bio-psy-
cho-social reactions to events that impact us (Matsumoto &
Hwang, 2012). They can also be systematically represented
as two bipolar dimensions, namely, valence and arousal
(Russell, 2003). Valence captures the degree to which an
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emotion is pleasant or unpleasant, whereas arousal describes
the degree of physiological activation elicited by a stimu-
lus, varying from calm to excited (Lang et al., 1997). Emo-
tion can be expressed through multiple channels, including
facial expressions, body movements, and language. Needless
to say, language plays a crucial role in the perception and
expression of human emotions. On the one hand, language
reflects the affective states of humans; on the other hand,
it also guides and impacts the perception, recognition, and
categorization of emotional experiences (Ogarkova et al.,
2009). When it comes to linguistic units such as words, it
is well accepted that words do not merely convey concep-
tual information but also vary in valence and arousal levels
(Lindquist & Gendron, 2013), with a large number of stud-
ies showing that valence and arousal moderate the accuracy
and speed of visual word processing in various cognitive
tasks (e.g., Citron, 2012; Crossfield & Damian, 2021; Her-
bert et al., 2008; Hinojosa et al., 2010; Kissler et al., 2006).

Despite the debate surrounding the universality of emo-
tion among psychologists, it is now widely acknowledged
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that the perception and expression of emotion can vary sig-
nificantly within individuals over time, across individuals
within the same culture, and across cultures (Barrett, 2009).
The variation in emotion across cultures has been widely
reported. For instance, some emotion categories exist only
in specific cultures, and the same physiological experience
can be categorized as distinct emotion categories across cul-
tures. Cross-cultural differences in emotion production and
perception are not difficult to understand. Emotional con-
tent in language is processed not only linguistically but also
through sensory-motor representations (Kousta et al., 2009),
with emotional concepts such as “anger” and “sadness”
often associated with bodily and physiological experience.
According to constructivist theories of emotion, although
the physical experience activated by emotions is largely
determined biologically, the process of learning to express
and perceive emotion is heavily shaped by sociocultural
context and highly dependent on cultural factors (Barrett
et al., 2007). This has been confirmed by many researchers.
For instance, Loderer et al. (2020) investigated achievement-
related emotions tied to concepts of success or failure. They
compared the perceptions of achievement-related emotions
among Canadian, German, Colombian, and Chinese stu-
dents and identified cultural differences in the physiologi-
cal characteristics of emotions, particularly for boredom. In
a large-scale study, Jackson and colleagues (2019) exam-
ined emotion semantics across 2474 spoken languages and
found significant variation in networks of emotion concepts,
which were predicted by the geographic proximity of lan-
guage families. Chen and colleagues (2019) provided further
evidence of cultural variation in emotional processing at the
neural level. In their study, Eastern and Western participants
exhibited distinct neural activation patterns when processing
emotional words, with Eastern participants showing greater
activation in regions related to emotion regulation, while
Western participants demonstrated increased activation in
areas associated with emotional experience and evaluation.

Chinese and English are the two most spoken languages
in the world. Previous studies have collected norms of
valence and arousal for Chinese (e.g., Xu et al., 2021; Yao
et al., 2017) and English words (Citron et al., 2014; Warriner
et al., 2013). To the best of our knowledge, Xu et al. (2022)
is the only study that has compared the most highly valenced
and arousing Chinese words in their dataset with their Eng-
lish translations. However, their study primarily focused on
collecting norms of valence and arousal for Chinese words,
rather than systematically comparing emotion perception
between Chinese and English. To provide a comprehensive
analysis of cultural commonalities and differences in emo-
tion perception between Chinese and English, and to offer
deeper insights into cross-cultural variation in emotion, the
present study collected ratings of valence and arousal for
4923 Chinese words that are translations of their English
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equivalents, originally derived from the norming study by
Warriner et al. (2013). Unlike Warriner et al. (2013), we
excluded dominance ratings (i.e., the degree of feeling in
control or being controlled as suggested by a word), because
valence and arousal are generally regarded as the two pri-
mary dimensions of affect representation (e.g., Russell,
2003). Additionally, valence and arousal have demonstrated
robust effects on word recognition (e.g., Kuperman et al.,
2014). We extended the work of Warriner and colleagues by
collecting sensory experience ratings for these words, aim-
ing to examine the relationship between emotion and embod-
ied experience. Various psycholinguistic variables have been
reported to be associated with emotional valence, including
familiarity (Citron et al., 2014; Yao et al., 2017), frequency
(Hinojosa et al., 2016; Warriner et al., 2013; Yao et al.,
2017), concreteness (Hinojosa et al., 2016; Warriner et al.,
2013), and imageability (Citron et al., 2014). Similarly, sev-
eral variables have been found to correlate with emotional
arousal, including familiarity (Citron et al., 2014), frequency
(Hinojosa et al., 2016), and imageability (Monnier & Sys-
sau, 2014). Additionally, research has documented robust
age-of-acquisition effects in L1 and L2 lexical processing,
where early-learned words are processed significantly faster
than late-learned words (e.g., Dirix & Duyck, 2017). Thus,
this study also retrieved other psycholinguistic variables
from previous research, including imageability (Su et al.,
2023b), familiarity (Su et al., 2023a), concreteness (Xu & Li,
2020), frequency (Tsang et al., 2018), and age of acquisition
(Xu, Li & Guo, 2021), to explore their relationships with
valence, arousal, and sensory experience. Our research aims
to illuminate cross-cultural differences in emotion percep-
tion between Chinese and English, providing insights into
how linguistic and cultural contexts shape emotional experi-
ences. Our dataset will be a valuable resource for research
examining Chinese-English bilingual lexical processing
from the perspective of emotion and embodiment, as well
as for investigations into the interplay between language and
emotion across different cultural contexts.

Method
Participants

This study involved 322 participants, who were college stu-
dents from universities and colleges in Beijing, China. They
were all native speakers of Mandarin Chinese. Among the
participants, 160 were male and 162 were female. Regard-
ing their education background, 154 participants were
undergraduate students, 152 were masters students, and 16
were PhD students. Their ages ranged from 17 to 34 years
(M =23.1, SD=3.3). All participants reported themselves to
be mentally and physically healthy.
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Stimuli

The words included in our stimulus set were translated from
Warriner et al. (2013). Warriner and colleagues included
13,915 words that were widely distributed across parts of
speech and frequently used in English, making them an
excellent fit for our research purposes. To begin with, we
translated all the English words from Warriner et al. (2013)
into Chinese using online English-Chinese dictionaries.
Subsequently, these Chinese translations were re-translated
back into English using online Chinese-English dictionar-
ies. To ensure the quality of the translations, only those with
matched forward and backward translations were retained
(i.e., the English translations of a Chinese word provided
by the online Chinese-English dictionary should include the
original English word). All Chinese-English translation pairs
were cross-checked by two proficient Chinese-English bilin-
gual speakers. Following this, the authors reviewed the Eng-
lish-Chinese translation pairs and removed those that met
one of the following conditions: (1) the English word was
not translated correctly into Chinese; (2) the Chinese word
did not match the English word in terms of part of speech;
(3) the Chinese translation turned out to be a phrase rather
than a single word (e.g., intimacy->% % 5% %&; highway- 5
T A % decade-T4F); (4) the Chinese translation was not
frequently used by native speakers of Mandarin (e.g., con-
stituency-i%£[X ; corporal- | 1-); (5) the Chinese translation
was semantically ambiguous (e.g., uniform-#l| %, where “f
X can also be used as a verb in Chinese, meaning “to bring
someone under control”); (6) the Chinese translation was a
technical term used in certain fields (e.g., acetylene- £
hemoglobin- Ifil ZI. 25 [1). Following this procedure, a final set
of 6153 Chinese words was selected, of which 53.1% were
nouns, 23.7% were verbs, and 8.8% were adjectives. In terms
of syllabic structure, a majority of words were disyllabic
(81.5%) and trisyllabic (12.5%).

Data collection

Following Warriner et al. (2013), we employed a nine-point
scale to gather ratings of valence and arousal for the stimulus
words. Unlike Warriner and colleagues, our scale was not
reversed; they ranged from 1 to 9, with 1 indicating unhappy
or calm emotions and 9 indicating happy or excited emo-
tions. Following the practice of Xu et al. (2022), we included
the option “I am not familiar with this word” alongside the
nine-point scale. The 6153 Chinese words were distrib-
uted across 10 lists, each containing 658—662 words. In
order to give participants a sense of the entire range of the
stimulus words that they would encounter, calibrator words
were selected from Warriner et al. (2013). For each list of
words, three dimensions, namely valence, arousal, and sen-
sory experience, were normed using nine-point scales. The

calibrator words were presented in fixed order at the begin-
ning of each list, with the remaining words randomized.
Participants were divided into 20 groups (16—17 individu-
als per group). Each group of participants was randomly
assigned to rate two dimensions for each list of words (i.e.,
valence and sensory experience, or arousal and sensory
experience), one dimension at a time. We collected ratings
of valence, arousal and sensory experience for the Chinese
words through online questionnaires created and delivered
by Qualtrics. Participants were instructed to respond based
on their intuition and at their own pace. On average, assign-
ments were completed in approximately 1 h. Participants
received 60 yuan per completed assignment.

Results
Data cleaning

A total of 322 respondents contributed to the final dataset.
Altogether, 344,033 ratings were collected for the three
dimensions (i.e., valence, arousal, and sensory experience).
Approximately 4% of the data were removed due to missing
responses. Participants who had more than 15% of responses
of “I am not familiar with this word” were excluded, result-
ing in the removal of one participant for valence ratings
and one for sensory experience ratings. Additionally, we
removed participants who showed little variability in their
ratings (i.e., with more than 85% of responses being the
same). This resulted in the removal of 1428 valence ratings,
4810 arousal ratings, and 2575 sensory experience ratings.
Ratings where participants selected “I am not familiar with
this word” were also excluded (1293 ratings for valence,
1228 ratings for arousal, and 1804 ratings for sensory experi-
ence). To ensure adherence to the screening criteria outlined
in the Stimuli section, the first author re-screened the 6153
English-Chinese translation pairs, removing Chinese words
identified as phrases, technical terms, or incorrect transla-
tions of English words. Following this, 4923 Chinese words
were retained in the final database, including 3066 nouns,
1276 verbs, and 485 adjectives. With regard to valence, 64
words received fewer than 15 valid ratings (minimum: 10).
For arousal, 89 words received fewer than 15 valid ratings
(minimum: 6). For sensory experience, 108 words received
fewer than 15 valid ratings (minimum: 8).

Descriptive statistics

Distribution for valence, arousal, and sensory experience
ratings

Table 1 presents descriptive statistics for valence, arousal,
and sensory experience ratings of 4923 Chinese words and
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Table 1 Descriptive statistics for valence, arousal, and sensory experience ratings
M Median Min Max SD Skewness Kurtosis

Valence. CH 5.12 5.29 1.06 8.31 1.16 -0.71 0.41
Arousal. CH 497 4.93 1.94 7.62 0.80 0.27 —-0.07
Sensory. CH 4.43 4.44 1.56 7.75 0.97 0.06 -0.29
Valence. EN 5.24 5.38 1.30 8.53 1.30 —-0.48 —-0.16
Arousal. EN 4.15 4.05 1.67 7.74 0.92 0.57 0.13

CH: Chinese; EN: English

their English translations from Warriner et al. (2013). The
distribution of valence ratings is negatively skewed, while
arousal ratings are positively skewed. In contrast, the distri-
bution of sensory experience ratings is nearly symmetrical,
as illustrated in Fig. 1. Further, as depicted in Table 1 and
Fig. 2, the distributional patterns of valence and arousal rat-
ings are consistent between Chinese words and their English
translations, with the exception that the valence ratings for
Chinese words exhibit a more leptokurtic distribution, indi-
cating a higher concentration of data around the mean. Addi-
tionally, the variability in the ratings of valence and arousal
between the Chinese words and their English translations
is comparable, as evidenced by similar standard deviations.

Figures 3 and 4 display the means of the ratings for
valence, arousal, and sensory experience for Chinese words
and their English translations, plotted against their stand-
ard deviations. Each scatterplot includes a smoother low-
ess line that illustrates the overall trend in the variability
of the data. For both languages, the variability in valence
ratings increases notably at the lower and upper extremes
around the average valence rating (Fig. 3). This suggests

that words with moderate valence ratings were rated more
consistently, whereas words at the extremes (very positive or
very negative) were rated more variably. Similarly, arousal
ratings exhibit a U-shaped distribution in variability, with
words at the minimal and maximal ends of arousal eliciting a
broader range of emotional responses. This U-shaped pattern
is more pronounced in the ratings of sensory experience for
the Chinese words, as illustrated in Fig. 4.

Distribution of valence and arousal ratings for emotion
categories

Xu et al. (2008) developed a dictionary consisting of 27,466
Chinese words and tagged the emotion categories for each
word. Based on emotion categories extracted from Xu et al.
(2008), we grouped our data into subsets and created scat-
terplots illustrating the distribution of the means of valence
and arousal ratings for 403 Chinese words spanning six
positive emotions (Happy: 59 words; Affection: 40 words;
Respect: 36 words; Ease: 18 words; Trust: 26 words; Praise:
224 words) and 445 Chinese words spanning six negative
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Fig. 1 Distributions of valence, arousal, and sensory experience ratings for the Chinese words
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Fig. 2 Distributions of valence and arousal ratings for the Chinese words and their English translations in Warriner et al. (2013)
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Fig.4 Standard deviation of ratings for sensory experience plotted against the mean ratings for the Chinese words

emotions (Angry: 9 words; Sad: 44 words; Fear: 30 words;
Hatred: 81 words; Disappointment: 11 words; Criticism: 270
words). Overall, as illustrated in Figs. 5 and 6, each emo-
tion category demonstrates unique characteristics in terms
of valence and arousal. For instance, the distribution of the
“Happy” class, marked in orange, predominantly clusters in
the high-valence range (5 —8), with corresponding arousal
ratings primarily in the middle to high range (3-6). This

indicates that words associated with happiness are perceived
as highly positive and moderately to highly arousing. The
“Praise” class, depicted in purple, spans a high valence range
(5-8), with arousal ratings variably extending from moderate
to high (3—6). This suggests that words of praise are viewed
positively and can vary significantly in arousal, potentially
reflecting the intensity of the praise. Regarding negative
emotions, for instance, words in the “Angry” class (marked
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Fig.5 Distribution of valence and arousal ratings for positive emotion categories of the Chinese words
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Fig. 6 Distribution of valence and arousal ratings for negative emotion categories of the Chinese words

in red) cluster predominantly in the low valence area (2-5),
with moderate to high arousal levels (4-6). This suggests
that anger-related words are perceived as highly negative
and evoke a moderate to high level of emotional arousal. In
comparison, the “Disappointment” category shows a mod-
erate to low valence (2—4), with low arousal levels (2-3),
suggesting words associated with disappointment are seen
as negative but relatively less arousing, depicting a more
subdued emotional state.

Reliability

To evaluate the reliability of the valence and arousal ratings
in the current study, we compared our ratings with those col-
lected in previous studies. For valence ratings, 2654 Chinese
words in our study were also included in Xu et al. (2022),
and the correlation between our valence ratings and those
in Xu et al. (2022) was relatively high (r=0.84, p <0.001).
A high correlation was found between our arousal ratings
and those collected by Xu et al. (2022), with a correlation
coefficient r=0.63, p <0.001. We also computed the corre-
lation between our valence and arousal ratings for the 4923
Chinese words and the ratings collected for their English
translations by Warriner et al. (2013). Moderate to high cor-
relations were observed: the correlation for valence ratings
was r=0.72, p<0.001, whereas the correlation for arousal
ratings was r=0.50, p <0.001. As can be seen, valence rat-
ings in our study aligned more closely with previous studies
than arousal ratings. Similar patterns have been observed

by Warriner et al. (2013), Xu et al. (2022), and Yao et al.
(2017), who also reported that the reliability of arousal rat-
ings—measured through inter-rater reliability or split-half
reliability—tends to be lower than that of valence ratings.
This difference is likely due to the more subjective and
context-dependent nature of arousal. Valence ratings typi-
cally involve clearer positive or negative judgments, whereas
arousal might be more influenced by individual interpreta-
tions and emotional states, leading to greater variability in
ratings.

Correlations between dimensions

We conducted correlation analyses on the valence, arousal,
and sensory experience ratings for the Chinese words in our
dataset. Specifically, we found a weak negative correlation
between valence and arousal ratings, suggesting that words
perceived as more positive tend to be rated as less arousing.
The correlation between valence and sensory experience was
nonsignificant. However, arousal and sensory experience rat-
ings exhibited a weak but positive correlation, suggesting
that more arousing words are more likely to invoke stronger
sensory experiences.

To further dissect these relationships, we divided the
4923 Chinese words into positive (valence ratings: 7-9, 141
words) and negative categories (valence ratings: 1-3, 346
words) based on their average valence ratings and analyzed
the correlations within each category. The analysis yielded
distinct correlational patterns for positive versus negative
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words. For positive words, the correlation between valence
and arousal ratings was not significant. However, negative
words showed a weak but significant negative correlation
between valence and arousal ratings. Such correlational
patterns can also be observed in Fig. 7. Regarding the sen-
sory experience, positive words showed a weak positive
correlation with valence, but for negative words, the cor-
relation between valence and sensory experience was weak
and negative. Furthermore, the correlation between sensory
experience and arousal was slightly stronger for negative
words than for positive words (see Table 2 for the correla-
tion coefficients).

Correlations with lexical properties

We computed Spearman correlations between ratings of
valence, arousal, and sensory experience for the Chinese
words with the number of syllables, number of strokes of
the characters within each word, and lexical properties
retrieved from previous studies. These lexical properties
included imageability (retrieved from Su et al., 2023b),

familiarity (retrieved from Su et al., 2023a), concreteness
(retrieved from Xu & Li, 2020), frequency (retrieved from
Tsang et al., 2018, and the Modern Chinese Corpus), and
age of acquisition (retrieved from Xu et al., 2021). Out of
the 4923 Chinese words, 1554 were shared with previous
studies (nouns: 766; verbs: 541; adjectives: 240; adverbs: 6;
pronouns: 1), and the correlations between valence, arousal,
and sensory experience ratings with lexical properties were
computed based on these observations. As can be seen in
Fig. 8, distinct correlation patterns were revealed. Overall,
valence, arousal, and sensory experience ratings correlated
weakly with lexical properties. For valence, negative cor-
relations were found with the number of strokes (r= —0.05,
p <0.001), concreteness (r= —0.05, p<0.001), and age of
acquisition (r= —0.18, p <0.001), and positive correlations
were found with frequency (for frequency based on Tsang
and colleagues, r=0.15, p <0.001; for frequency based on
the Modern Chinese Corpus, r=0.15, p<0.001), imageabil-
ity (r=0.06, p<0.001), and familiarity (r=0.21, p <0.001).
For arousal, negative correlations were found with famili-
arity (r= —0.07, p<0.001), imageability (r= —0.09,

Arousal ratings

Valence ratings

Fig.7 Correlations between valence and arousal ratings of the Chinese words

Table 2 Correlations between valence, arousal, and sensory experience ratings for positive and negative Chinese words

Overall Positive words only Negative words only

Valence Arousal Sensory Valence Arousal Sensory Valence Arousal Sensory
Valence 1 1 1
Arousal —0.29* 1 0.09 1 —0.20* 1
Sensory 0.06 0.21* 1 0.22% 0.16* 1 —0.10% 0.20% 1
*p<0.05
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Fig.8 Correlations between valence, arousal, and sensory experience ratings and lexical properties (NA denotes nonsignificant correlations.)

p<0.001), and frequency based on the Modern Chinese Cor-
pus (r=—0.07, p<0.001), and positive correlations were
found with number of syllables (r=0.03, p <0.001), num-
ber of strokes (r=0.08, p <0.001), concreteness (r=0.17,
p<0.001), age of acquisition (r=0.13, p <0.001), and fre-
quency based on Tsang and colleagues (r=0.01, p <0.001).
For sensory experience, negative correlations were found
with frequency obtained from the Modern Chinese Corpus
(r=-0.08, p<0.001), number of syllables (r= —0.06,
p<0.001), concreteness (r=—0.13, p<0.001), and age of
acquisition (r= —0.26, p <0.001), and positive correlations
were found with imageability (r=0.28, p <0.001), familiar-
ity (r=0.16, p<0.001), and frequency obtained from Tsang
and colleagues (r=0.14, p <0.001).

Regression analysis

To investigate the influence of valence, arousal, sensory
experience, and other lexical properties on lexical process-
ing, we fitted a linear regression model using the aforemen-
tioned variables to predict reaction time collected from a
lexical decision task by Tsang et al. (2018). A total of 1894

words were used for the linear regression analysis (nouns:
911; verbs: 633; adjectives: 298; adverbs: 6; pronouns: 1).
Both reaction time and the predictors were standardized.
The final model explained approximately 19% of the vari-
ance (multiple R%: 0.194; adjusted R*: 0.191). The analysis
revealed significant effects for all predictors except concrete-
ness and number of syllables, which were therefore removed
from the final model. Specifically, valence, arousal, sensory
experience, familiarity, and frequency were negatively asso-
ciated with reaction time. This suggests that Chinese words
perceived as more pleasant, more arousing, more familiar,
more frequent, and those that activate more sensory experi-
ences are processed faster. By contrast, number of strokes,
imageability and age of acquisition were positively associ-
ated with reaction time, indicating that Chinese words that
are visually more complex, more imageable, and acquired
later are processed more slowly.

To assess the unique variance in lexical decision time
explained by valence, arousal, and sensory experience,
we also conducted a hierarchical regression. The baseline
model included the lexical properties described in the pre-
vious section. Before running the analysis, we evaluated
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multicollinearity among the predictors by calculating vari-
ance inflation factor (VIF) values. We found that both con-
creteness (VIF=3.1) and imageability (VIF=3.3) had VIF
values greater than 3.0, indicating moderate multicollinear-
ity. Additionally, we observed that the number of syllables
exhibited little variability and did not contribute unique
information to the baseline model. Therefore, we removed
the number of syllables from the baseline model. Given that
concreteness and imageability represent conceptually dis-
tinct constructs, we residualized imageability with respect
to concreteness and included the residualized variable in
the regression model. The baseline model explained 17.2%
of the variance in lexical decision time. Adding valence
and arousal increased the explained variance to 18.8%,
with a AR? of 1.6%. Including sensory experience in the
updated model further increased the explained variance to
19.4%. Both additions were small but statistically significant
(»<0.001), suggesting that valence, arousal, and sensory
experience provide unique predictive value beyond lexical
properties in explaining lexical decision time Table 3.

Cross-cultural comparisons

To examine cross-cultural differences in the perception of
emotion between Chinese and English speakers, we ranked
valence and arousal ratings for the Chinese words in our
dataset and their English translations from Warriner et al.
(2013). We listed the top 25 words with the highest valence
ratings in both Chinese and English and present them in
Table 4. Additionally, we listed the top 25 words with the
highest arousal ratings in both languages and present them
in Table 5.

As shown in Table 4, highly valenced English words
include terms expressing positive emotions and feelings
(e.g., happiness, smile), positive personal qualities or rela-
tionships (e.g., honest, lover), and celebrations and vaca-
tions (Christmas, vacation). This category also encompasses

Table 3 Regression analysis results

Estimate SE t

Intercept —0.462 0.005 —96.261%***
Valence —-0.025 0.004 —5.795%**
Arousal -0.016 0.005 —3.487%**
Sensory —0.018 0.005 —3.775%**
Strokes 0.032 0.005 6.236%**
Imageability 0.013 0.005 2.695%%%*
Familiarity —-0.071 0.006 —11.360%**
Frequency -0.018 0.005 —3.955%**
Age of acquisition 0.028 0.005 5.136%%%*

3074 observations were deleted due to missingness. Multiple R*:
0.1941. Adjusted R%: 0.1906. ***: p <0.001
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words related to rewards or benefits (prize, bonus) and
pleasant places, weather, or food (e.g., oasis, sunny, pizza).
Similarly, highly valenced Chinese words include terms that
express positive emotions and personal qualities (e.g., com-
fortable, modest), achievements or success (e.g., success,
medal), and pleasant food or places (candy, home). Notably,
Chinese native speakers also assigned high valence ratings to
words representing positive values and ideals (e.g., freedom,
peace), as well as family and national identity (e.g., home,
patriotic). Among the top-ranked valenced words, only the
translation pair “vacation-{ix #]” was shared between English
and Chinese.

Regarding arousal ratings, as shown in Table 5, words
that received high arousal ratings in English include terms
related to violence and crime (e.g., gun, murderer), natu-
ral disasters, accidents, and health conditions (e.g., tor-
nado, shipwreck, diarrhea), as well as romantic and sexual
experiences (e.g., lover, sex), and rewards (money, bonus).
Similarly, highly arousing words as perceived by Chinese
native speakers also included terms representing crimes
and misconduct (e.g., treason, aggressor), natural disasters,
accidents, or health conditions (e.g., amputate, tumor), sex-
ual experiences (adulterer, aphrodisiac), and rewards (e.g.,
money). Uniquely, highly arousing words in Chinese also
included terms expressing negative personal qualities or
situations (e.g., ungrateful, unemployment). Among the top-
ranked arousing words, the following translation pairs were
shared between English and Chinese: arsonist-2 ‘K JE; rape-
SR T terrorist/terrorism-24 i = /R 4>, money-%£k&.

To decipher potential differences in the perception of
emotion between Chinese and English speakers, we filtered
our dataset and selected English-Chinese translation pairs
that received discrepant valence and arousal ratings. Spe-
cifically, we focused on pairs with a difference in valence or
arousal ratings of at least two points. This included Chinese
words receiving valence or arousal ratings that were no less
than two points higher or lower than their English transla-
tions, and vice versa. Overall, 88 Chinese words received
valence ratings that were no less than two points lower
than their English translations, 54 Chinese words received
valence ratings that were no less than two points higher than
their English translations, three Chinese words received
arousal ratings that were no less than two points lower than
their English translations, and 368 Chinese words received
arousal ratings that were at least two points higher than their
English translations.

We then randomly selected 55 Chinese words that
received significantly higher arousal ratings than their
English translations and plotted the data points as two
scatterplots (Figs. 9 and 10), showing the distribution of
valence and arousal ratings for the total of 200 words that
fall into the aforementioned categories. As illustrated in
Figs. 9 and 10, three Chinese words received much lower
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Table 4 Highly valenced words in English vs. Chinese

English word Chinese translation ~ Valence rating in Chinese word English translation Valence
English rating in
Chinese
vacation B8] 8.53 oy mom 8.31
happiness e 8.48 HE motherland 8.31
Christmas SEYETT 8.37 75 outstanding 8.25
magical har 8.23 B respect 8.12
joyful AR 8.21 AfE masterpiece 8.06
honest WK 8.16 E3/5 nice 8.06
sunshine FHo'G 8.14 IS mother 8.00
bonus pras 8.05 ESey lucky 7.94
laughter £ 8.05 Wi medal 7.94
comedy BRI 8.05 Bt freedom 7.92
lover HA 8.05 SR optimistic 7.88
love = 8.00 g mommy 7.88
oasis 23 8.00 (ELER trust 7.88
prize L4 8.00 hipii! mastery 7.81
live WE 7.95 RS candy 7.76
faithful sy 7.95 1B vacation 7.75
sunny 5 B 7.95 % lovely 7.75
wisdom M 7.94 TR E carefree 7.71
pizza g 7.89 &% bullion 7.71
smile (e 7.89 B success 7.69
joke e 7.88 = patriotic 7.69
rest RE 7.86 K home 7.67
winner | % 7.86 #F1& comfortable 7.65
create fl)i& 7.86 FF peace 7.62
sweetheart it 7.84 i’ 3572 modest 7.62
arousal ratings than their English translations: TR (pleas- Discussion

ure), 4 & (galaxy), and ZE3F (life). By contrast, a group
of Chinese words received significantly higher arousal
ratings than their English translations, including words
related to military (% FA-army, J#l J]J-bayonet), health
(e.g., % F-vertigo), religion (e.g., ¥ K -salvation), food
and drinks (A7 -broth, %%-tea), business and econom-
ics (e.g., lk-earn, % Z=-shareholder), and nature (e.g., i
Ji-pond, Kif-sea).

Regarding the perception of valence in emotion, Chinese
words receiving much higher valence ratings than their Eng-
lish translations include those describing violence and war
(e.g., Wili-attack, /Il -warship), political concepts (e.g.,
37.¥%i-legislation, B ZX-politician), and health and body
(K -blister, #iH -clavicle). Conversely, some Chinese
words received significantly lower valence ratings than
their English translations, including words representing con-
cepts related to finance and commerce (e.g., 35 JG-dollar, i&
#X-refund), immoral or criminal acts (e.g., fii & -peek, 1%
Jii-piracy), holidays (5 1E 7 -Christmas), and political or
religious concepts (¥ K Hfi-colony, £ 4< 3= #{-cardinal).

This study reports the valence, arousal, and sensory experi-
ence ratings of 4923 Chinese words translated from their
English equivalents as listed in Warriner et al. (2013). The
reliability of these ratings was established through correla-
tion analyses with prior studies (Warriner et al., 2013; Xu
et al., 2021). Descriptive statistics indicate that the distri-
butional patterns of valence and arousal ratings for the Chi-
nese words are consistent with their English counterparts
from Warriner et al. (2013). For both positive and negative
emotion categories, variations were observed in the distri-
bution of valence and arousal ratings. Our correlation anal-
yses revealed that while valence and arousal ratings were
not associated for positive words, a weak negative associa-
tion existed for negative words. Sensory experience ratings
exhibited a weak correlation with both valence and arousal
ratings across positive and negative words. Specifically,
sensory experience ratings correlated positively with both
valence and arousal for positive words, but correlated nega-
tively with valence and positively with arousal for negative
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Table 5 Highly arousing words in English vs. Chinese

English word Chinese translation Arousal rating in Chinese word English translation Arousal

English rating in

Chinese
gun it 7.74 S| treason 7.62
sex {63 7.60 FEXKR revel 7.62
lover HA 7.45 sulliED rollercoaster 7.44
tornado T A 7.45 Y& torment 7.38
terrorism Rt 3 X 7.42 =R ungrateful 7.38
erotic T 7.27 Pk arsonist 7.31
penetration A 7.25 oy fatal 7.31
rape SRAT 7.24 TR thriller 731
seduction ek 7.16 19,3 burst 7.31
attack Yok 7.05 51 money 7.25
frostbite il 7.05 Vit abduct 7.25
mafia B 7.05 IS adulterer 7.25
killer KT 7.05 bEs war 7.19
bullshit fEhE 7.00 g5 amputate 7.19
naughty i 6.95 JilBrs tumor 7.19
arsonist Pk 6.95 B A AIDS 7.19
spider Wk 6.91 e abortion 7.13
bonus W4 6.90 Wl scholarship 7.12
money (57 6.86 |4 unemployment 7.12
grenade FHa 6.86 [T alcoholism 7.12
arrest BE £ 1] 6.86 PRI rape 7.06
shipwreck T 6.85 120 aggressor 7.06
diarrhea g5 6.85 =151 adventure 7.06
climax =] 6.83 R 7+ terrorist 7.06
murderer ER 6.83 Ee] aphrodisiac 7.06

words. The analysis also identified weak but significant cor-
relations between valence, arousal, sensory experience rat-
ings, and various psycholinguistic variables, including num-
ber of syllables, number of strokes, imageability, familiarity,
concreteness, frequency, and age of acquisition. Regression
analysis further demonstrated that these ratings, along with
psycholinguistic variables, significantly predicted visual
word recognition, as indicated by lexical decision time
retrieved from Tsang et al. (2018). Cross-cultural compari-
sons of valence and arousal ratings between Chinese words
and their English equivalents highlighted both similarities
and differences in emotional perception, with most differ-
ences attributable to ecological or sociopolitical factors.
Previous studies have reported that valence and arousal
ratings are correlated for both positive and negative words,
with the relationship between these ratings being U-shaped
for English words (Citron et al., 2014; Warriner et al., 2013)
and for Chinese words (Xu et al., 2021; Yao et al., 2017).
Specifically, words that are either positive or negative are
more arousing than those that are neutral. Our study par-
tially replicates this U-shaped relationship between valence

@ Springer

and arousal. This pattern was corroborated by the significant
correlation found between valence and arousal ratings for
negative words. However, no significant correlation between
valence and arousal was found for positive words, which
may largely be due to the limited number of highly valenced
words included in our sample (see Fig. 7).

Sensorimotor information deeply influences our physi-
cal experience and linguistic knowledge about the world. In
recent years, a growing number of researchers have begun
to collect sensory experience ratings for words (e.g., Bonin
et al., 2015; Diez et al., 2019; Juhasz & Yap, 2013; Muraki
et al., 2022; Wu & Mu, 2024), which are thought to reflect
the extent to which a word evokes an actual sensation (taste,
touch, sight, sound, or smell) experienced when reading
the word. Sensory experience ratings are not limited to a
single sensation. Thus, they can establish the link between
lexical-semantics and embodied cognition across different
sensory/perceptual modalities. Regarding the relationship
between sensory experience and emotion, Diez et al. (2019)
found that sensory experience ratings correlated positively
with valence (r=0.11) and arousal (r=0.25) for Spanish
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Fig.9 Discrepancies in valence and arousal ratings between English words and their Chinese translations (X- and Y-axis represent ratings for
English words in Warriner et al., 2013. CH: Chinese)

./iﬁﬂ?
| =
&l 1';,\ iy s
Ve
. F2 ma
Eﬁ.ﬂ\ o gq;m\. J/ /TJ ]| B
7/ . R ¢ gﬂg E]
. | mg 2R
&l wnE J HtE 7
N o - u*ﬂ’ #®#A C ol
/' #it '& 2./ nf\/
202" HEEY WA 1
5 &8
=, w8’ gaR— ™ Buw Sau /w L B i °
8 e - . o = - TR . CH_arousal_higher
Kid, K ) A % ~ & 'ffu 4L B
8 o : NN N : : T — T / @ cH_arousal_lower
ﬁ E=R B oz S ’r/*‘m ff/5 # @ cH_valence_higher
28 B o LBFR fm 3 %‘6‘: /%‘fr:m S~pan @ cH_valence lower
4 /fh/.\ﬂrﬁf \¥‘/ ni e HF
15— g B~ Fam T
DEx R ——pmi
&4 mm/. 5 \"ﬁfﬁ«
B
, Rties mppKUE
LI §:
ZiE
. L.
A
ek
2 Sx

Valence (mean)

Fig. 10 Discrepancies in valence and arousal ratings between Chinese words and their English translations (X- and Y-axis represents ratings for
English words in Warriner et al., 2013. CH: Chinese)

words. Similarly, Muraki et al. (2022) found that sensory Wu and colleagues (Wu & Mu, 2024) are the first to collect
experience correlated with valence (r=0.09) and arousal  sensory experience ratings for Chinese words. Except for
(r=0.23) for English words. To the best of our knowledge,  a negative correlation with valence ratings retrieved from
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Xu et al. (2022), they did not find evidence indicating that
sensory experience is associated with emotion. In our study,
we partially replicated the findings reported in Spanish and
English, with positive correlations found between sensory
experience and valence, as well as between sensory expe-
rience and arousal, among positive words. However, for
negative words, similar to Wu and Mu (2024), we found
that sensory experience ratings correlated negatively with
valence, which suggests that more negative words are likely
to evoke a stronger sensational experience. To verify such
patterns, more studies (especially Chinese studies) should
be conducted to collect sensory experience and emotion rat-
ings to examine their relationship. Additionally, future stud-
ies should carry out correlational analysis between sensory
experience and emotional valence and arousal by splitting
materials into positive and negative words.

Regarding the relationship between emotion and other psy-
cholinguistic variables, our study replicated most of the find-
ings reported in previous studies. Earlier research indicated
that highly valenced positive words tend to be less concrete
(Hinojosa et al., 2016; Warriner et al., 2013), more vivid in
mental imagery (Citron et al., 2014), more frequent (Hino-
josa et al., 2016; Warriner et al., 2013), and more familiar to
language users than negative words. Our results confirmed
these outcomes, as evidenced by positive correlations between
valence and imageability, frequency, and familiarity, alongside
a negative correlation between valence and concreteness. The
relationship between emotional arousal and psycholinguistic
variables presents a more complex picture. Previous studies
(Citron et al., 2014; Yao et al., 2017) reported that highly
arousing words are more familiar to language users than less
arousing words. However, our findings contradict this, show-
ing a negative association between arousal ratings and famili-
arity ratings retrieved from Su et al. (2023a). Regarding the
relationship between arousal and variables such as concrete-
ness, imageability, and frequency, research findings have been
inconsistent. For example, some studies have found that highly
arousing words are more imageable than less arousing words
(Citron et al., 2014), while others, such as Monnier and Sys-
sau (2014), observed the opposite. In line with Monnier and
Syssau (2014), we found a negative correlation with image-
ability ratings, suggesting that more arousing words are less
imageable. Yao et al. (2017) found that highly arousing words
tend to be less concrete. However, we observed a positive cor-
relation between arousal ratings (from Su et al., 2023a) and
concreteness ratings (from Xu et al., 2021), indicating that
more arousing words might be more concrete. Moreover, coun-
terintuitively, we found a strong negative correlation between
concreteness and imageability (r= —0.78). After reevaluating
the rating instructions for concreteness in Xu and Li (2020) and
for imageability in Su et al. (2023b), it was discovered that the
numerical scale used by Xu and colleagues is reversed com-
pared to that of Su and colleagues., with a range from "very
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concrete" to “very abstract” (instead of from “very abstract”
to “very concrete”). Thus, the negative correlation between
concreteness and imageability actually reflects a positive rela-
tionship between these two variables, and the seemingly incon-
sistent negative correlation between arousal and concreteness
is aligned with previous findings, indicating that more arousing
words in this study are indeed less concrete. For frequency,
previous studies have shown that highly arousing words are
less frequent than less arousing words (Hinojosa et al., 2016),
and our results confirmed this pattern. Finally, little research
has examined the relationship between emotion and age of
acquisition. We found a negative correlation between valence
and age of acquisition, and a positive correlation between
arousal and age of acquisition. To validate these findings, fur-
ther studies will be needed.

Our study identified correlations between sensory expe-
rience ratings of Chinese words and various linguistic
attributes. Specifically, we found positive correlations with
familiarity (r=0.16) and imageability (r=0.28), and a nega-
tive correlation with age of acquisition (r= —0.26). These
results suggest that words evoking stronger sensory experi-
ences are typically more familiar, more imagery-provoking,
and acquired earlier. Our findings regarding the relation-
ship between sensory experience and familiarity replicate
previous studies on Spanish (Diez et al., 2019) and English
words (Juhaz et al., 2015). Similarly, our findings are con-
sistent with previous research on imageability across various
languages, including English (Juhasz et al., 2015; Pexman
et al., 2019), Spanish (Diez et al., 2019), French (Bonin
et al., 2015), and Chinese (Wu & Mu, 2024). Additionally,
our findings on the association between sensory experience
and age of acquisition are consistent with previous studies
(Diez et al., 2019; Juhasz et al., 2015; Pexman et al., 2019;
Wu & Mu, 2024). Previous research indicates a positive cor-
relation between sensory experience and concreteness (Diez
et al., 2019; Muraki et al., 2022; Pexman et al., 2019); how-
ever, our study found a negative association. As mentioned
in our manuscript, the concreteness ratings scale in Xu and
Li (2020) was reversed, with 1 indicating “very concrete”
and 5 indicating “very abstract.” Therefore, our finding of
a negative association between concreteness and sensory
experience (r= —0.13) actually aligns with previous find-
ings. Regarding the relationship between sensory experience
and word frequency, some studies report negative correla-
tions (Bonin et al., 2015; Pexman et al., 2019; Wu & Mu,
2024), while others (e.g., Diez et al., 2019) report positive
correlations. In our study, depending on the corpus used
to measure word frequencies, both positive and negative
correlations were observed. This suggests that the choice
of corpus may influence the relationship between sensory
experience and word frequency.

We conducted a regression analysis incorporating valence,
arousal, sensory experience, and other psycholinguistic
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variables as predictors of standardized reaction time, using
data from Tsang et al. (2018) in a lexical decision task. The
model accounted for a significant portion of the variance in
word recognition latency (19%). Moreover, our hierarchical
regression model suggests that valence, arousal, and sensory
experience made significant contributions to word recogni-
tion, in addition to lexical properties such as the number
of strokes, imageability, concreteness, frequency, and age
of acquisition of individual words. Our findings reveal that
both valence and arousal negatively affect word recognition
speed: words perceived as more pleasant or more arousing
are processed faster than those that are less so. These results
align with previous studies on the impact of valence in word
recognition (Kuperman et al., 2014; Yao et al., 2017). How-
ever, our findings diverge from those of Yao et al. (2017),
who reported no significant influence of arousal, and from
Kuperman et al. (2014), who observed that highly arous-
ing words are recognized more slowly than calming ones.
Regarding sensory experience, earlier research (Bonin et al.,
2015; Juhasz et al., 2011) indicates that words with higher
sensory experience ratings are associated with faster reaction
time in lexical decision tasks. In contrast, Wu and Mu (2024)
did not find a significant effect of sensory experience on
prediction of lexical decision latencies. Our data confirm the
observations of Juhasz et al. (2011) and Bonin et al. (2015),
suggesting that sensory information plays an active role dur-
ing word processing, and that the recognition of a visual
word entails accessing sensory representations. Addition-
ally, our analysis confirms the significant roles of familiarity,
frequency, and age of acquisition as predictors of lexical
decision latency, supporting findings from previous studies
(Su et al., 2023a, 2023b; Xu et al., 2022; Yao et al., 2017).
Given that all predictors in our regression model were stand-
ardized, it is possible to compare their relative contributions
directly, as shown by the regression coefficients. As can be
seen in Table 3, familiarity, age of acquisition, and valence
emerged as the most influential predictors, contributing sig-
nificantly to the prediction of lexical decision latency.

This study is the first to systematically examine cross-cul-
tural differences in emotion perception between Chinese and
English speakers. Xu et al. (2022) analyzed the valence rat-
ings for the top ten most positively and negatively perceived
words in both languages, without considering arousal differ-
ences. Our research expanded their research by collecting both
valence and arousal ratings for 4923 Chinese words and their
English equivalents from Warriner et al. (2013), facilitating a
comprehensive cross-linguistic comparison. We identified and
analyzed the top 25 words with the highest valence and arousal
in each language to better understand these cross-cultural differ-
ences. We observed similarities and distinct differences in emo-
tional valence and arousal. Both Chinese and English speakers
rated words linked to positive emotions, virtues, romantic rela-
tionships, celebrations, vacations, rewards, achievements, and

pleasant environments as highly valenced. However, Chinese
speakers assigned higher valence to words associated with posi-
tive ideals (freedom, peace, respect, trust), family and national
identity (home, mom, motherland, patriotism), and political
concepts (motherland, communism, socialism, welfare, legis-
lation), and viewed words related to violence and conflict (e.g.,
attack, assassin, bomber, jihad, warship) as less negative. In
terms of arousal, both groups found words associated with vio-
lence, crime, disasters, accidents, health conditions, and sexual
experiences highly arousing. Moreover, Chinese speakers rated
words linked to negative personal qualities (ungrateful, treason,
alcoholism, unemployment), as well as military, health, reli-
gion, business, economics, and nature, as more arousing than
their English counterparts. Our findings confirm significant
cross-cultural differences in emotion perception, which can be
attributed to differences in ecology, values, religious beliefs,
and sociopolitical contexts.

Finally, this study has several limitations that may impact
the reliability and generalizability of our ratings. First, all
participants were college students. Previous research (e.g.,
Warriner et al., 2013) indicates that educational level can
influence the perception of emotion. Therefore, the lack of
diversity in educational background may limit the general-
izability of our findings to a broader population. Second,
the reliability of our ratings may be compromised for some
words due to a limited number of responses (see Data clean-
ing). Lastly, cross-cultural comparisons in this study were
made based on Chinese-English translation equivalents.
However, certain English words can be translated into mul-
tiple Chinese synonyms (e.g., acquaintance: Fi, Z4 \).
Consequently, differences observed between Chinese and
English in this study could also stem from variations in
translation practices.

Conclusion

To conclude, this study provides subjective ratings of
valence, arousal, and sensory experience for 4923 Chinese
words translated from English in Warriner et al. (2013). Our
database is a valuable resource for research exploring the
impact of emotional and perceptual information on Chi-
nese lexical processing, as well as for studies investigating
cross-cultural differences in emotion perception between
Chinese and English. Future research should extend our
efforts by collecting emotional and sensory norms from a
broader selection of Chinese words and from a variety of
cultural backgrounds. Our database, instructions for collect-
ing ratings, and R codes for analyses can be downloaded as
supplementary materials from Open Science Framework at
https://osf.io/vn9wc/?view_only=4a67691a0fef40a9b8f8
ec7296clelda.
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