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Abstract
Understanding the lexical characteristics of Chinese characters is crucial given their extensive usage and unique logographic 
structure. In this study, we normed affective ratings (valence and arousal) for 3971 Chinese characters. We investigated the 
relationships between intensity (mean rating) and ambiguity (rating variability) of these affective variables, alongside addi-
tional lexico-semantic variables from Su et al., Behavior Research Methods, 55(6), 2989–3008, (2022). Drawing on lexical 
data from 25,281 two-character words available in the Chinese Lexicon Project (Tse et al., Behavior Research Methods, 
49(4), 1503–1519, 2017, Behavior Research Methods, 55(8), 4382–4402, 2023; Chan & Tse, Behavior Research Methods, 
56(7), 7574–7601, 2024), we further explored cross-level relationships between character-level and word-level variables. 
Multiple regression analyses controlling for various lexical variables revealed several noteworthy patterns. First, we identified 
a quadratic valence–arousal relationship, such that characters with extreme valence ratings (either highly positive or highly 
negative) elicited higher arousal compared to neutral characters. This relationship was moderated by arousal ambiguity, par-
tially consistent with previous findings (Brainerd et al. Journal of Experimental Psychology: General, 150(8), 1476–1499, 
2021a), Second, we observed consistent quadratic intensity–ambiguity relationships across all variables, supporting the 
quadratic law proposed by Brainerd et al. Journal of Memory and Language, 121, 104286, (2021b). Finally, significant posi-
tive associations occurred between character-level variables and their corresponding word-level variables for both the first 
and second characters. The strength of these cross-level relationships varied across affective and lexico-semantic variables 
and may further be influenced by semantic transparency. Overall, our findings advance the understanding of affective and 
semantic features of Chinese characters and offer insights into the cross-level integration of characters’ and words’ lexical 
characteristics. The data reported in this paper are available at: https://​osf.​io/​kh4yx.
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Introduction

The Chinese writing system is logographic and morpho-
syllabic, characterized using individual characters that cor-
respond to a single syllable and represent a unit of meaning 
(Hoosain, 1991). Each character is composed of multiple 
strokes, which sometimes form orthographic components 
known as radicals, functional units that often encode seman-
tic or phonological information (Yin & Snowden Rohsenow, 
1994). However, there is not always a direct link between 
a character’s orthography and its pronunciation at the syl-
labic level (e.g., only about 34–40% of characters share the 
same pronunciation as their phonetic radical, Law et al., 
2009; Yum et al., 2014), making Chinese orthography dis-
tinct from alphabetic languages, such as Spanish or English, 
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where there is a more transparent relationship between spell-
ing and sound, allowing for phonological decoding.

Chinese characters frequently combine to form two-char-
acter words, which account for the majority of the Chinese 
lexicon. According to the Institute of Language Teaching 
and Research (1986), about 73.6% of Chinese words are 
composed of two characters (Myers, 2010; Packard, 2000). 
As not only words but also some characters carry mean-
ings, there has been debates on whether words or characters 
should be considered the basic structural units in Chinese 
language (e.g., Wang, 2011). When two characters combine, 
the resulting word often represents a new concept that may 
not necessarily be inferable from the meanings of individual 
characters (Han et al., 2014; Chen et al., 2023a, b), such as 
東西 (“thing” literally “east–west”). This bears resemblance 
to the formation of compound words in English, where the 
meaning of a compound word can range from compositional 
(or semantically transparent, e.g., firewood) to non-com-
positional (or semantically opaque, e.g., blackmail). Sev-
eral studies have examined the role of constituents’ lexical 
characteristics in English compound word processing. For 
example, Gagné and Spalding (2016) examined the effect of 
semantic transparency on written production of compound 
words and found that the typing latency was sensitive to the 
morphemic structure, as well as semantic transparency of 
the first constituent (see also Kim et al., 2019, for related 
findings in lexical decision and naming). Investigating how 
orthographic, phonological, and semantic characteristics of 
Chinese characters and words interrelate provides valuable 
insights into the complexities of Chinese language process-
ing and offers a comparative framework for cross-linguistic 
studies of compound word formation.

Understanding the lexical characteristics of Chinese 
characters and words is essential for several reasons. First, 
there is an increasing number of people worldwide learn-
ing Chinese as a second language (Tsung & Cruickshank, 
2011; Gong et al., 2018), which highlights the practical sig-
nificance of investigating its linguistic structure and func-
tion. Second, the distinctive features of the Chinese writing 
system, particularly its logographic nature, offer a unique 
perspective in psycholinguistics. This aspect of Chinese 
provides insights into cognitive processing that are criti-
cal for the development of universal theories of language 
processing, such as universal phonological hypothesis (Per-
fetti et al., 1992) and orthographic depth hypothesis (Katz 
& Frost, 1992). These hypotheses can be evaluated within 
the context of Chinese, which challenges the predominantly 
Anglocentric perspective in psycholinguistic research 
(Share, 2008).

Over the past decade, researchers have developed several 
Chinese word rating databases, which provide normed rat-
ings for large pools of words across lexical variables, such as 
valence, arousal, concreteness, imageability, and familiarity 

(e.g., Chan & Tse, 2024; Ho et al., 2015; Su et al., 2022; 
Yee, 2017). Freely accessible to researchers, these nor-
med ratings, which demonstrate high inter-rater reliability, 
become invaluable tools in the field, enabling experimental 
manipulations such as matching on specific lexical charac-
teristics and facilitating investigations of the interrelation-
ships among lexical variables (e.g., Chang & Lee, 2020; 
Wang et al., 2019). Despite the critical role of norming 
studies, the development of similar databases for Chinese 
characters; that is, basic orthographic unit of the language, 
has been largely limited to simplified script (Liu et al., 2007; 
Peng et al., 2024; Xue et al., 2024). This represents a signifi-
cant gap, particularly for traditional Chinese script, which 
is still widely used in regions such as Hong Kong, Taiwan, 
and Macau. Traditional script differs from simplified script, 
which was introduced during writing reforms in the  1960 s 
to reduce stroke counts and facilitate literacy acquisition 
(e.g., 钟 vs. 鐘; simplified and traditional script for clock). 
The orthographic differences between simplified and tradi-
tional scripts may influence not only the ease of learning but 
also the interpretation and emotional connotations of charac-
ters (Chan & Tse, 2024). Moreover, existing character nor-
ming databases have revealed the intertwined relationships 
among affective and lexico-semantic variables in simplified 
scripts. For example, Pearson correlations among familiar-
ity, concreteness, and imageability was found to be consist-
ently positive, while these variables, together with valence 
were also negatively correlated with age of acquisition (Liu 
et al., 2007; Wang et al., 2019; Su et al., 2022; Peng et al., 
2024). To fully understand the affective and semantic dimen-
sions of Chinese characters, it is important to norm valence 
and arousal ratings for characters presented in traditional 
script, thereby addressing this gap in the literature.

The present study builds on the Chinese Lexicon Project 
(Tse et al., 2017, 2023), which compiled lexical decision and 
speeded naming performance data for 25,281 Chinese two-
character words, along with various orthographic, phono-
logical, and semantic variables. Our study has four research 
objectives:

Norming affective variables for Chinese characters: We 
conducted a normed rating study for two affective vari-
ables, valence and arousal, on 3971 traditional Chinese 
characters, the base characters of the 25,281 words in Tse 
et al.’s (2017, 2023) database.
Examining inter-relationships among lexical variables 
of Chinese characters: Using the newly normed valence 
and arousal ratings, as well as previously normed ratings 
of concreteness, imageability, and familiarity (Su et al., 
2022), which were also provided by Chinese-speaking 
university students in Hong Kong, we investigated the 
inter-relationships among lexical characteristics at the 
character level.
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Characterizing ambiguity measures: We examined ambi-
guity measures, defined as the standard deviation of nor-
med ratings across raters for each lexical variable, and 
their relationship with intensity measures (mean ratings) 
and explored quadratic relationships between intensity 
and ambiguity, as observed in previous work (Chan & 
Tse, 2024).
Cross-level analyses of character–word relationships: We 
investigated the relationships between character-level and 
word-level lexical variables, including the moderating 
role of semantic transparency and the relative contribu-
tions of the first versus second character to word-level 
variables.

Norming affective variables for Chinese characters 
and examining inter‑relationships among lexical 
variables of Chinese characters

Research on the affective properties of Chinese characters 
remains relatively scarce, especially with respect to tradi-
tional Chinese characters compared to simplified ones. For 
example, Peng et al. (2024) normed valence and arousal 
ratings for 3827 simplified Chinese characters and found 
a weak positive correlation between character valence 
and familiarity (r =.125) and a weak negative correlation 
between character valence and age of acquisition (AoA; r 
= –.196). This suggests that characters with more positive 
valence tend to be more familiar and acquired earlier in life. 
Similarly, Xue et al. (2024) normed ratings for valence, 
emotional arousal, and other lexico-semantic variables 
(concreteness, imageability, and AoA) for 2500 simplified 
Chinese characters. They replicated Peng et al.’s findings 
of the negative valence–AoA relationship and also found 
positive correlations between emotional arousal and image-
ability and between valence and imageability. However, 
Xue et al. reported that the relationships of valence and 
arousal, arousal and AoA, valence and concreteness, and 
arousal and concreteness were varied depending on the lexi-
cal composition and positioning of these characters within 
their corresponding two-character words. The authors did 
not provide a detailed explanation for these unsystematic 
patterns, suggesting a need for further investigation into how 
affective variables are associated with lexico-semantic vari-
ables within a larger pool of Chinese characters in another 
(traditional) script.

Beyond the relationships between affective and lex-
ico-semantic variables, some studies have considered the 
associations among lexico-semantic variables of Chinese 
characters. For example, the correlation between AoA and 
other lexical variables, such as familiarity, concreteness, 
and imageability, has been consistently negative in previous 
studies (Liu et al., 2007; Wang et al., 2019; Su et al., 2022). 
These findings suggest that characters acquired earlier in 

life tend to be more familiar, more concrete, and easier to 
form mental images. Also, robust positive correlations were 
reported among imageability, concreteness, and familiarity, 
such as strong imageability–concreteness correlations (r 
=.796 in Liu et al., 2007; r =.804 in Wang et al., 2019; r 
=.923 in Su et al., 2022), moderate imageability–familiarity 
correlations (r =.641 in Liu et al., 2007; r =.488 in Su et al., 
2022), and moderate concreteness–familiarity correlations 
(r =.470 in Liu et al., 2007; r =.467 in Su et al., 2022). 
These suggest that characters perceived as more familiar are 
also more likely to be seen as concrete and easily imagi-
nable, highlighting the intertwined nature of these lexico-
semantic variables. This suggests the importance of taking 
related variables into account when researchers examine the 
relationships among lexico-semantic variables of Chinese 
characters and tease apart their unique impact on word rec-
ognition performance.

Other than examining relationships among lexical vari-
ables within Chinese characters, Xue et al. (2024) compared 
the inter-relationships of lexico-semantic variables within 
two-character words with those within their characters and 
observed both similarities (e.g., concreteness–imageability 
correlation) and differences (e.g., AoA–imageability correla-
tion) between character and word levels. They argued that 
the words and their corresponding characters are inherently 
associated but also independent to some extent. However, 
it is not clear why some variable relationships remain con-
sistent between characters and words while others diverge. 
Given that Xue et al.’s study involved only about 7311 two-
character words and 2500 characters, it is important to rep-
licate and extend these findings with a larger pool of two-
character words and characters.

Valence ambiguity and intensity–ambiguity 
relationship

An emerging area in psycholinguistic and memory research 
concerns attribute ambiguity, which refers to variability in 
individuals’ subjective ratings of lexical attributes. Valence 
ambiguity, for instance, arises because personal experiences 
shape differing emotional reactions toward the same word. 
For example, the word “dog” may evoke positive feelings in 
some individuals, yet elicit negative evaluations from oth-
ers who have experienced adverse encounters (e.g., being 
bitten). Despite its relevance, valence ambiguity, defined 
as the standard deviation of valence ratings across raters, 
was largely overlooked until recent investigations by Brain-
erd and his colleagues (Brainerd et al., 2021a, b; Chang 
& Brainerd, 2023). Brainerd (2018) reported that greater 
valence ambiguity weakens the typically robust relationship 
between valence and arousal. Similarly, increased ambigu-
ity in arousal ratings also attenuates the valence–arousal 
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association (Brainerd, 2018; Brainerd et al., 2021a, b; Mat-
tek et al., 2017; Chang & Brainerd, 2023).

Expanding beyond valence and arousal, Brainerd and 
his colleagues (2021) identified a quadratic relationship 
between intensity (mean ratings) and ambiguity (standard 
deviation of ratings) for several other lexico-semantic vari-
ables, including concreteness, familiarity, and imageability. 
Specifically, ambiguity tends to peak at moderate intensity 
levels, forming an inverted-U-shaped pattern where subjec-
tive ratings at intermediate intensities are associated with 
maximal variability (Brainerd et al., 2021a, b). Chan and 
Tse (2024) replicated most of these relationships using a 
large dataset of 25,281 Chinese two-character words from 
Tse et al.’s Chinese Lexicon Project (2017, 2023). Their 
findings confirmed the quadratic intensity–ambiguity rela-
tionship for valence, arousal, concreteness, and imageability, 
while not for familiarity. Moreover, they demonstrated that 
ambiguity in valence and arousal moderates the asymmetri-
cal U-shaped relationship between these two attributes, sug-
gesting distinct processes for intensity and ambiguity during 
lexical processing.

To date, however, no research has tested whether these 
intensity–ambiguity patterns generalize to Chinese char-
acters, the more fundamental units of the Chinese writing 
system. As individual characters are the building blocks of 
two-character words, examining intensity–ambiguity rela-
tionships at the character level is critical for determining the 
consistency of these patterns across different lexical levels. 
Following Brainerd and his colleagues (2021), we quantify 
the ambiguity of a lexical variable as the standard deviation 
of its ratings across raters and intensity as the corresponding 
mean rating across raters.

Cross‑level analyses of character–word relationships

Examining the relationship between the lexical variables of 
two-character words (e.g., valence, arousal, imageability, 
concreteness, and familiarity) and those of their constituent 
characters is a critical step in understanding Chinese word 
processing. For example, do words composed of two char-
acters with more negative valence exhibit overall negative 
valence as a whole? The potential consistency of lexico-
semantic and affective variables between two-character 
words and their corresponding characters has important 
implications for theoretical models of Chinese word process-
ing. Given the linguistic structure of Chinese words; that is, 
combinations of constituent characters that typically, though 
not always, carry individual meanings, theoretical models 
often emphasize the interplay between character-level and 
word-level representations. Some models propose that char-
acters and multi-character words are represented separately 
(e.g., Li et al., 2016; Taft et al., 1999; Tan & Perfetti, 1999), 
whereas other models explicate the connections between the 

individual characters and the word (e.g., Li et al., 2016; Peng 
et al., 1999; Zhou & Marslen-Wilson, 2000) (see Tse & Yap, 
2018; Tse et al., 2024, for their detailed introduction). These 
suggest that those of its characters may partially shape the 
lexical characteristics of a two-character word.

The hierarchical organization of the Chinese lexicon 
implies that word processing involves both bottom-up and 
top-down processes. Specifically, early stages of processing 
may involve the extraction of character-level representa-
tions, which are then integrated to form word-level repre-
sentations. For example, a two-character word may activate 
semantic nodes corresponding to each character, leading to 
overlapping activations in affective (e.g., valence, arousal) 
and perceptual (e.g., imageability, concreteness) dimensions. 
From this distributed and interactive perspective, the global 
semantic profile of a two-character word could reflect, to 
some extent, the sum or integration of the lexical attributes 
of its characters.

While word-level variables are generally expected to cor-
relate with character-level variables, two additional issues 
warrant consideration: the role of semantic transparency and 
the relative contributions of the first and second characters 
to the word-level lexical variables.

Semantic transparency refers to the degree of semantic 
relatedness between a word and its two characters (Tse et al., 
2017). It has long been recognized as a key moderator of 
how character-level information contributes to word-level 
representations in Chinese (e.g., Myers et al., 2004; Tse & 
Yap, 2018; Tse et al., 2024). In highly transparent words, 
each character’s meaning aligns closely with the meaning 
of the whole word, such that the activated lexico-semantic 
and affective information of the characters (e.g., valence 
and concreteness) is more coherent with that of the word. 
By contrast, in opaque words, the relationship between 
the word and its characters is obscure or can be idiomatic 
in meaning; that is, the meanings of the constituent char-
acters may conflict with the meaning of the whole word. 
Hence, the relationship between the characters’ lexical 
variables and the word’s lexical variable is expected to be 
stronger for transparent words (e.g., 花園 “garden” literally 
“flower-park”) than opaque words (e.g., 沙發 “sofa” literally 
“sand-deliver”).

The relative contributions of the first and second char-
acters to the lexical variables of the whole word also war-
rant further investigation. Using a megastudy approach with 
over 17,000 two-character words, Tse et al. (2024) examined 
how both character-level and word-level lexical variables 
influence lexical decision and naming performance. They 
found that, in lexical decision tasks, the effects of lexical 
variables were comparable regardless of whether the vari-
able was associated with the first or second character. In con-
trast, naming tasks revealed stronger influences from lexical 
variables linked to the first character. These results suggest 
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that readers tend to process both characters in parallel when 
making lexical decisions but rely on a sequential processing 
strategy when reading words aloud.

This raises several questions: when evaluating lexico-
semantic and affective characteristics, are word-level lexical 
variables inherently more influenced by the attributes of the 
first characters than those of the second characters? If so, 
does the degree of this influence vary across different lexico-
semantic and affective variables? For example, might word 
valence be more strongly associated with the valence of the 
first characters compared to that of the second characters? 
In contrast, word arousal might rely on a more balanced 
contribution from both characters.

To our understanding, current models of Chinese word 
processing do not explicitly predict whether the first or 
second character would have a stronger association with 
word-level variables. Addressing these questions requires 
systematically comparing the associations between word-
level variables and the lexical variables of the first and sec-
ond characters across multiple lexical variables. Despite the 
substantial theoretical implications, to our knowledge, no 
study has systematically examined the correlation between 
character-level and word-level lexical variables across a 
wide range of dimensions. Existing research, such as Tse 
et al. (2023) and Chan and Tse (2024), has primarily focused 
on word-level variables, leaving a significant gap in under-
standing the intertwining relationship between character-
level and word-level lexical variables. With the availability 
of newly normed valence and arousal ratings for single char-
acters (this study) and previously normed lexico-semantic 
variables (e.g., concreteness, imageability, familiarity; Su 
et al., 2022), as well as the well-compiled lexical variables 
of two-character words in Tse et al. (2023), it is now possible 
to conduct systematic cross-level analyses.

The present study

The present study aims to investigate the relationships 
among affective and lexico-semantic variables in Chinese 
characters presented in traditional script, building on 25,281 
two-character words and their corresponding 3971 charac-
ters compiled in the Chinese Lexicon Project (Tse et al., 
2017, 2023). We also compare these relationships within 
this character pool to see if it replicates the findings previ-
ously observed in the word pool (Chan & Tse, 2024). More-
over, we examine the intensity–ambiguity relationships in 
Chinese characters and compare these findings with those 
previously reported for two-character words (Chan & Tse, 
2024). This analysis explores whether quadratic relation-
ships between intensity and ambiguity, observed in varia-
bles such as valence, arousal, concreteness, and imageabil-
ity, extend to the character level. Furthermore, we conduct 
cross-level analyses to examine the relationships between 

character-level variables and word-level variables, how they 
can be moderated by semantic transparency, and how the 
lexical variables of the first and second characters are asso-
ciated differentially with the lexical variables of the whole 
word. Taken together, these findings aim to advance our 
understanding of the affective and lexico-semantic dimen-
sions of Chinese characters and their reflection in word 
features.

Method

Participants

Two hundred and fifteen native Cantonese-speaking students 
from the Chinese University of Hong Kong (CUHK), the 
same population as in Tse et al. (2017), were recruited to 
participate in online rating tasks for valence and arousal, 
conducted in two separate sessions. Participants who did not 
complete the experiment (N = 38), responded too quickly 
(i.e., more than 50% of responses were < 200 ms; N = 9), 
encountered network server issues (N = 4), completed the 
tasks more than once (N =3), or misunderstood the instruc-
tions (N = 1) were excluded. This process left data from 
160 participants for the final analyses. Participants ranged 
in age from 18 to 24 years (M = 19.96, SD = 1.37) and were 
predominantly female (68.75%). This study was approved 
by the Survey and Behavioral Research Ethics Committee at 
the Chinese University of Hong Kong (SBRE-23-0238) and 
was conducted in accordance with relevant guidelines and in 
accordance with the Declaration of Helsinki. Prior to their 
participation in the study, all participants provided informed 
consent. All participants received monetary compensation 
of HK$100 upon completing both sessions.

Materials and procedure

The 3971 characters were base characters obtained from Tse 
et al.’s (2017) pool of 25,281 two-character words. These 
characters were randomly divided into eight lists (496–497 
characters each). Each list was assigned to 20 participants for 
rating. Valence and arousal were assessed using Bradley and 
Lang’s (1994) nine-point Self-Assessment Manikin scale (1 
= extremely negative/calm; 9 = extremely positive/excited). 
Familiarity, imageability, concreteness, age of acquisition 
(AoA), and semantic radical transparency ratings were 
obtained from Su et al. (2022), where 4376 characters were 
rated by 20 participants each. The semantic radical trans-
parency ratings were collected for 3126 phonetic characters, 
with those that had undergone orthographic changes being 
removed. Semantic transparency was rated by 20 participants 
per word on a seven-point scale for their semantic relatedness 
between word and corresponding characters, where 7 = most 
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related/transparent (see Tse et al., 2017, for more details). 
Word-level variables, including valence, arousal, familiarity, 
concreteness and imageability, were retrieved from Chan and 
Tse (2024), which involved ratings for 25,281 two-character 
words by 20 participants per word.

Data collection was conducted online using PsychoPy 
(Peirce et al., 2019) hosted on Pavlovia.org. Participants 
were provided with the URL link via e-mail. Each par-
ticipant completed two separate rating sessions: one for 
valence and one for arousal. To minimize task fatigue and 
ensure independent evaluations, each participant rated one 
of the eight character lists for valence and a different list for 
arousal. The order of the two sessions was counterbalanced 
across participants. After completing the first session, par-
ticipants received the URL link for the second session via 
e-mail. The mean time taken for each session was about 
35.52 min (SD = 165.58). The mean time lag between two 
sessions was about 2.04 days (SD = 1.51).

During each rating session, characters were presented one 
at a time on the screen and remained on the screen until a 
key response was recorded. Participants were instructed to 
rate their first impression of each character as quickly as pos-
sible and provided with definitions and examples of valence 
and arousal before the task to ensure their clear understand-
ing of the rating criteria. Similar to the typical procedure in 
other norming studies (e.g., Chan & Tse, 2024), no attention 
check was implemented, allowing the present findings to be 
directly compared with those of previous studies.

Results

The mean valence and arousal ratings for all 3971 charac-
ters can be accessed here: https://​osf.​io/​kh4yx. Descrip-
tive statistics of valence, arousal, familiarity, imageability, 

concreteness, age of acquisition (AoA), and their ambigui-
ties (i.e., standard deviations) are summarized in Table 1. 
All mean values for these variables were based on ratings 
from 20 participants per character.

The distributions of valence, arousal, and their varia-
bilities are shown in Fig. 1. Valence was normally distrib-
uted, with 54.32% characters rated above the mean. Vari-
ability in valence ratings was smaller for characters with 
mid-range valence scores. Arousal, on the other hand, 
exhibited a positive skew, with only 44.60% of charac-
ters rated above the mean. Variability in arousal ratings 
was lower for characters rated as less arousing. Valence 
ambiguity (standard deviation of valence ratings) was 
normally distributed, with 49.46% of characters’ valence 
ambiguity above the mean. Similarly, arousal ambiguity 
(standard deviation of arousal ratings) followed a normal 
distribution, with 50.82% characters’ arousal ambiguity 
above the mean.

Reliability

Inter-rater reliability for valence and arousal ratings was 
assessed using split-half correlations, corrected by the 
Spearman–Brown formula. Participants were divided 
into two equal groups based on whether their numbers 
were odd or even. Corrected correlations for valence 
ratings across the eight lists ranged from.78 to.94 
(.78,.92,.94,.84,.86,.91,.92, and.88), while for arousal rat-
ings, they ranged from.61 to.84 (.79,.65,.68,.61,.78,.81,.84, 
and.78). These results suggest that valence ratings were 
generally more reliable than arousal ratings, consistent 
with findings in previous studies (Warriner et al., 2013; 
Chan & Tse, 2024).

Table 1   Descriptive statistics of characters’ lexical variables (N = 3971)

Note. Familiarity, concreteness, imageability, and age of acquisition ratings are retrieved directly from Su et al. (2022; N =3604)

Variables Mean SD Range Skewness Kurtosis

Valence (9-point scale) 4.782 .958 1.75–7.95 –.185 2.92
Arousal (9-point scale) 3.930 .780 2.10–7.20 .672 3.35
Familiarity (7-point scale) 6.079 .669 2.75–6.95 –.126 4.41
Concreteness (7–point scale) 3.790 1.197 1.15–6.75 .220 2.29
Imageability (7-point scale) 3.924 1.158 1.23–6.82 .0581 2.28
Age of acquisition (7-point scale) 4.235 1.018 1.10–6.71 –.221 2.67
Valence ambiguity 1.58 .331 .37–.2.68 –.0874 3.08
Arousal ambiguity 2.24 .307 1.14–3.19 –.199 2.92
Familiarity ambiguity 1.17 .431 .22–2.39 .106 2.08
Concreteness ambiguity 1.68 .309 .41–2.52 –.615 3.63
Imageability ambiguity 1.81 .303 .56–2.69 –.640 3.67
Age of acquisition ambiguity 1.17 .230 .44–2.32 .371 3.71

https://osf.io/kh4yx
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Correlation with previous studies

Since no prior studies have normed affective ratings of tra-
ditional Chinese characters, we compared our results with 
simplified Chinese character norming studies (Peng et al., 
2024, N = 3827; Xue et al., 2024, N = 2500). Valence 
ratings in our study were strongly correlated with those 
reported in Peng et al. (.82) and Xue et al. (.79). Arousal 
ratings also showed positive but moderate correlations 
with these studies (.55 in Peng et al. and.51 in Xue et al.). 
The weaker correlation for arousal may reflect differences 
in the populations sampled (mainland China in prior stud-
ies vs. Hong Kong in the present study), as arousal rat-
ings are susceptible to cultural and individual differences 
(Montefinese et al., 2014).

Relationships among lexical variables

We conducted multiple regression analyses to examine the 
relationships with other variables (arousal, familiarity, con-
creteness, imageability, and AoA) as outcome variables. 
Each model controlled for the influence of other lexico-
semantic variables and their ambiguities, which to our 
knowledge, was not done in some previous studies (e.g., 
Peng et al., 2024; Xue et al., 2024). All variables were stand-
ardized, the regression coefficients are reported in Table 2, 
and the adjusted R2 values for each model are reported 
below. For models where arousal and AoA are the outcome 
variables, adding the squared valence term significantly 
improved the model fit; while for models where familiar-
ity, concreteness, and imageability are the outcome vari-
ables, adding the squared valence term did not significantly 
improve the model fit. The complete model statistics can be 

Fig. 1   Distribution of mean and ambiguities of valence and arousal. 
Note. Top left: Distributions of valence and arousal ratings. Top right: 
Distributions of valence and arousal ambiguities. Bottom left: Scat-

terplots for the variability of valence. Bottom right: Scatterplot for the 
variability of arousal. Dashed lines indicate medians
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found on https://​osf.​io/​kh4yx, and the best-fit model statis-
tics are shown in Table 2. The relationships discussed in this 
section are presented in Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15 and 16.

Valence and other lexico‑semantic variables

Valence‑arousal  The relationship between valence and 
arousal was analyzed using both linear and quadratic 

Table 2   Standardized regression coefficients and standard error of characters’ lexical variables’ interrelationships models (N = 3971)

Note. ***p <.001, **p <.01, *p <.05

Predictor Variable Outcome variable

Arousal Familiarity Concreteness Imageability Age of acquisition

Valence –.291*** (.0147) .0133 (.00712) –.0279*** (.00821) .00614 (.00811) –.0486*** (.00973)
Valence2 .194*** (.0109) --- --- --- –.0227** (.00716)
Arousal --- .0699*** (.00833) –.0358*** (.00974) .0283** (.00961) .0985*** (.0121)
Familiarity .338*** (.0433) --- –.113*** (.228) .119*** (.0224) –.749*** (.0228)
Concreteness –.0115** (.0379) –.0846*** (.0171) --- .844*** (.0101) –.0878*** (.0235)
Imageability .104** (.0384) .0918 (.0173) .869*** (.0104) --- –.0389 (.0239)
Age of acquisition .256*** (.0315) –.397*** (.0121) –.0608*** (.0166) –.0270 (.0164) ---
Valence ambiguity .158*** (.0137) .00284 (.00632) –.0115 (.00730) .0109 (.00720) .00539 (.00871)
Arousal ambiguity .404*** (.0153) –.0406*** (.00771) –.00997 (.00895) .00916 (.00883) –.0188 (.0107)
Familiarity ambiguity .0106 (.0292) –.413*** (.0104) –.0977*** (.0151) .0576*** (.0150) .0948*** (.0181)
Concreteness ambiguity .00138 (.0173) .0197* (.00780) .0381*** (.00900) –.0544*** (.00883) .0201 (.0107)
Imageability ambiguity –.0133 (.0176) .0286*** (.00792) –.0977*** (.00896) .101*** (.00882) .0366*** (.0109)
Age of Acquisition ambiguity .0285 (.0164) –.0114 (.00739) .00398 (.00854) .0172* (.00841) –.111*** (.00992)
Semantic radical transparency .0517** (.0185) –.0272** (.00838) .0427*** (.00966) –.0621*** (.00948) .0443*** (.0115)
Model statistics

     Adjusted R2 .510 .821 .844 .844 .740
     F-statistics 191.1*** 902.5*** 1064*** 1063*** 521.1***
     Degrees of freedom 14, 2547 13, 2548 13, 2548 13, 2548 14, 2547

Fig. 2   Relationships between valence and other lexico-semantic variables

https://osf.io/kh4yx
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models. The linear model revealed a significant association 
between the two variables (β = –.327, SE =.0154, p <.001). 
The quadratic model (best-fit model) revealed an asymmetric 

relationship: extremely negative characters were rated as 
more arousing than extremely positive characters (β =.194, 
SE =.0109, p <.001; Fig. 2).

Fig. 3   Relationships between arousal and other lexico-semantic variables

Fig. 4   Familiarity–concreteness relationship
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Valence‑familiarity  The relationship between valence and 
familiarity was not significant in either the linear model (β 
=.0133, SE =.00712, p =.0620) or the quadratic model (β 
=.00151, SE =.00523, p =.773). Adding the squared valence 
term did not significantly improve the model. Thus, char-
acter valence is not related to character familiarity (Fig. 2).

Valence‑concreteness  We observed a weak negative rela-
tionship between valence and concreteness, as shown in 

Fig. 4, where more positive characters were rated as less 
concrete (β = –.0279, SE =.00821, p <.001). As the model 
without the squared valence term is the best-fit model, the 
valence–concreteness relationship is best described by a lin-
ear model (Fig. 2).

Valence–imageability  The association between valence 
and imageability was not significant in the linear valence 
model (β =.00614, SE =.00811, p =.449; see Fig. 2) or the 

Fig. 5   Familiarity–imageability relationship

Fig. 6   Familiarity–age-of-acquisition relationship
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model with squared valence term (β =.00123, SE =.00595, 
p =.836). These suggest that valence does not predict 
imageability, even when accounting for potential nonlinear 
relationships.

Valence–AoA  A weak asymmetric relationship was found 
between valence and AoA, where extremely negative 
characters were rated as being acquired later in life than 
extremely positive characters (β = –.0227, SE =.00716, p 

<.01), as depicted in Fig. 2. As the model with the squared 
valence term is the best-fit model, it suggests the curvilinear 
valence–AoA relationship.

Arousal and other lexico‑semantic variables

Arousal–familiarity  We found a positive linear arousal–
familiarity relationship, with more arousing characters rated 
as more familiar (β =.0699, SE =.00834, p <.001; Fig. 3).

Fig. 7   Concreteness–imageability relationship

Fig. 8   Concreteness–age-of-acquisition relationship
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Fig. 9   Imageability–age-of-acquisition relationship

Fig. 10   Intensity–valence ambiguity relationships
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Fig. 11   Valence–arousal relationship moderated by valence ambiguity

Fig. 12   Valence–arousal relationship moderated by arousal ambiguity
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Arousal–concreteness  We obtained a negative linear rela-
tionship between arousal and concreteness (β = –.0358, SE 
=.00974, p <.001), indicating that the more arousing char-
acters were rated as less concrete, as shown in Fig. 2.

Arousal–imageability  We observed a positive linear rela-
tionship between arousal and imageability, where more 

arousing characters were rated as more imageable (β =.0283, 
SE =.00961, p <.01; Fig. 3).

Arousal–AoA  We found a positive linear relationship 
between arousal and AoA, where more arousing characters 
were rated as acquired later in life (β =.0985, SE =.0121, 
p <.001; Fig. 4).

Fig. 13   Valence–valence ambiguity

Fig. 14   Arousal–arousal ambiguity
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Relationships among lexico‑semantic variables

Familiarity–concreteness  We obtained a negative linear 
relationship between familiarity and concreteness, suggest-
ing that more familiar characters were rated as less concrete 
(β = –.113, SE =.0223, p <.001; Fig. 4).

Familiarity–imageability  We obtained a positive linear rela-
tionship between familiarity and imageability, with more 
familiar characters rated as more imageable (β =.119, SE 
=.224, p <.001; Fig. 5).

Familiarity–AoA  We found a negative linear relation-
ship between familiarity and AoA, where more familiar 

Fig. 15   Familiarity–familiarity ambiguity

Fig. 16   Concreteness–concreteness ambiguity
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characters were rated as being acquired earlier in life (β = 
–.749, SE =.0228, p <.001; Fig. 6).

Concreteness–imageability  We found a strong positive 
linear relationship between concreteness and imageability, 
where more concrete characters were rated as more image-
able (β =.844, SE =.0101, p <.001; Fig. 7).

Concreteness–AoA  A negative linear relationship was 
observed between concreteness and AoA, with more con-
crete characters rated as being acquired earlier in life (β = 
–.0878, SE =.0235, p <.001; Fig. 8).

Imageability–AoA  No significant relationship was found 
between imageability and AoA, indicating that the image-
ability of a character did not predict its AoA (β = –.0389, 
SE =.0239, p =.103; Fig. 9).

Valence ambiguity and other lexico‑semantic 
variables

To examine how valence ambiguity is associated with other 
lexico-semantic variables, we conducted regression analyses 
with valence ambiguity as the outcome variable, controlling 
for all other lexico-semantic variables and their ambigui-
ties. The regression coefficients are shown in Table 3 and the 
relationships are shown on Fig. 10. Model comparison using 
ANOVA indicated that including the squared valence term (R2 
=.0743, F(14,2547) = 15.7, p <.001) significantly improved 
the model fit for valence ambiguity compared to when only 
the linear valence term was included. The complete statistics 
for the latter model can be found on https://​osf.​io/​kh4yx.

The best-fit model revealed a significant positive 
arousal–valence ambiguity linear relationship (β =.316, SE 
=.0273, p <.001; see Fig. 10), indicating that more arousing 

Table 3   Standardized regression coefficients and standard errors for intensity–ambiguity regression models in Chinese characters

Note. ***p <.001, **p <.01, *p <.05

Predictor variable Outcome variable

Valence ambiguity Arousal ambiguity Familiarity ambi-
guity

Concreteness 
ambiguity

Imageability ambi-
guity

Age-of-acquisition 
ambiguity

Valence .174*** (.0220) .0535** (.0166) .00132 (.00851) –.0190 (.0131) .0231 (.0145) –.0511** (.0187)
Valence2 –.0654*** (.0163) --- --- --- --- ---
Arousal .316*** (.0273) .753*** (.0184) .0160 (.0101) –.0432** (.0157) –.0523** (.0172) .0299 (.0222)
Arousal2 --- –.247*** (.0109) --- --- --- ---
Familiarity .0291 (.0619) –.233*** (.0459) −1.431*** (.0228) –.151*** (.0370) –.109** (.0409) –.479*** (.0648)
Familiarity2 --- --- –.445*** (.0116) --- --- ---
Concreteness –.0897 (.0536) –.0612 (.0400) –.118*** (.0204) .399*** (.0319) –.204*** (.0348) .0336 (.0451)
Concreteness2 --- --- --- –.652*** (.0137) --- ---
Imageability .0828 (.0543) .0844* (.0406) .0370 (.0208) –.142*** (.0320) .435*** (.0345) .0663 (.0457)
Imagaeability2 --- --- --- --- –.617*** (.0171) ---
Age of acquisition .0279 (.0451) –.116*** (.0336) –.194*** (.0189) –.122*** (.0269) –.0838** (.0297) –.656*** (.0436)
Age of acquisition2 --- --- --- --- --- –.248*** (.0242)
Valence ambiguity --- .000313 (.0147) .00955 (.00755) .00408 (.0117) –.0239 (.0128) –.0109 (.0166)
Arousal ambiguity .00173 (.0243) --- –.0159 (.00925) .00669 (.0143) .0311* (.0157) –.0429* (.0204)
Familiarity ambi-

guity
.0336 (.0413) –.0358 (.0308) --- –.0507* (.0244) .0575* (.0269) .0921* (.0367)

Concreteness 
ambiguity

.0346 (.0244) –.0187 (.0182) –.0111 (.00934) --- .000592 (.0176) –.0440* (.0207)

Imageability ambi-
guity

–.0344 (.0248) .0184 (.0185) .0130 (.00951) .0774*** (.0149) --- –.0259 (.0208)

Age of acquisition 
ambiguity

–.0277 (.0231) –.0569*** 
(.00172)

–.0113 (.00901) –.00561 (.0136) –.0207 (.0150) ---

Semantic radical 
transparency

–.0411 (.0262) –.0270 (.0196) .00848 (.0100) .0130 (.0155) –.0261 (.0171) .0704** (.0220)

Model statistics
     Adjusted R2 .0743 .431 .835 .541 .459 .135
     F-statistics 15.7*** 139.5*** 929.1*** 216.9*** 156*** 29.44***
     Degrees of 

freedom
14, 2547 14, 2547 14, 2547 14, 2547 14, 2547 14, 2547

https://osf.io/kh4yx
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characters exhibited greater variability in perceived valence. 
However, the associations of valence ambiguity with familiar-
ity (β =.0291, SE =.0619, p =.638; Fig. 10), concreteness (β = 
–.0897, SE =.0536, p =.094; Fig. 10), imageability (β =.0828, 
SE =.0543, p =.128; Fig. 10), and AoA (β =.0279, SE =.0451, 
p =.536; Fig. 10) were nonsignificant. While familiarity and 
AoA exhibited a positive trend and concreteness and AoA 
showed a negative trend, these nonsignificant relationships sug-
gest that among affective and lexico-semantic variables, arousal 
is the only variable that consistently predicts valence ambiguity.

Ambiguity as moderator for valence–arousal 
relationship

To test whether valence ambiguity and arousal ambiguity 
moderate the valence–arousal relationship as shown in previ-
ous studies (Brainerd, 2018), we extended the best-fit model 
predicting arousal (Model-1b) by adding interaction terms. 
Specifically, we included the interaction between valence 
and valence ambiguity in Model-1a (R2 =.510, F(16,2545) = 
167.6, p <.001) and between valence and arousal ambiguity 
in Model-1b (R2 =.541, F(16,2545) = 189.8, p <.001). The 
regression coefficients are summarized in Table 4.

The interaction terms for valence × valence ambiguity 
(β = –.0116, SE =.0144, p =.422) and valence2 × valence 
ambiguity (β =.0186, SE =.0104, p =.0741) in Model-1a 
were nonsignificant, suggesting that valence ambiguity did 
not moderate the effect of valence on arousal, as shown 
in Fig. 11. In contrast, the interaction terms for valence 
× arousal ambiguity (β =.0940, SE =.0144, p <.001) and 
valence2 × arousal ambiguity (β = –.110, SE =.0102, p 
<.001) in Model-1b were significant, indicating that arousal 
ambiguity moderated the valence–arousal relationship, as 
shown in Fig. 12. Specifically, when arousal ratings are 
less variable, extreme valence leads to higher arousal; con-
versely, when arousal ratings are highly variable, extreme 
valence is associated with lower arousal.

Intensity–ambiguity relationship

Following Brainerd et al. (2021a, b) and Chan and Tse 
(2024), we investigated the quadratic intensity–ambiguity 
relationship for valence, arousal, familiarity, concreteness, 
imageability, and AoA of Chinese characters. All lexico-
semantic variables and their ambiguities are controlled. For 
each ambiguity as the outcome variable, we first examined 
the linear intensity–ambiguity pattern and then added a 
squared intensity term to test for a quadratic pattern. For 
all models, adding a squared intensity term significantly 
improved the model fit. All best-fit model results are sum-
marized in Table 3, and the intensity–ambiguity relation-
ships are shown in Figures 13, 14, 15, 16, 17 and 18. The 
complete model statistics are shown on https://​osf.​io/​kh4yx.

Valence–valence ambiguity

We observed an asymmetric quadratic relationship between 
valence and valence ambiguity, where extremely positive 
characters exhibited greater variability in perceived valence 
than extremely negative characters (β = –.0654, SE =.0163, 
p <.001; see Fig. 13).

Arousal–arousal ambiguity

We found an asymmetric quadratic relationship between 
arousal and arousal ambiguity, where extremely arousing 
characters exhibited greater variability in perceived arousal 
than least arousing characters (β = –.247, SE =.0109, p 
<.001; see Fig. 14).

Familiarity–familiarity ambiguity

We identified an asymmetric quadratic relationship between 
familiarity and its ambiguity, where extremely familiar char-
acters exhibited less variability in perceived familiarity than 

Table 4   Standardized regression coefficients and standard error for 
arousal models

Note. Model-1a includes valence ambiguity, Model-1b includes 
arousal ambiguity. ***p <.001, **p <.01, *p <.05

Predictor variable Arousal as outcome variable

Model-1a Model-1b

Valence –.293*** (.0148) –.336*** (.0154)
Valence2 .199*** (.0112) .259*** (.0120)
Familiarity .337*** (.0433) .335*** (.0419)
Concreteness –.116** (.0379) –.102** (.0367)
Imageability .105** (.0384) .0945* (.0372)
Age of acquisition .258*** (.0315) .253*** (.0305)
Valence ambiguity .142*** (.0167) .155*** (.0132)
Arousal ambiguity .402*** (.0153) .499*** (.0173)
Familiarity ambiguity .00900 (.0293) .00451 (.0283)
Concreteness ambiguity .00149 (.0173) .00801 (.0168)
Imageability ambiguity –.0133 (.0176) –.0145 (.0170)
Age of acquisition ambiguity .0291 (.0164) .0244 (.0158)
Semantic radical transparency .0512** (.0185) .0502** (.0179)
Valence × valence ambiguity –.0116 (.0144) ---
Valence2 × valence ambiguity .0186 (.104) ---
Valence × arousal ambiguity --- .0940*** (.0144)
Valence2 × arousal ambiguity --- –.110*** (.0102)
Model statistics

     Adjusted R2 .510 .541
     F-statistics 167.6*** 189.8***
     Degrees of freedom 16, 2545 16, 2545

https://osf.io/kh4yx
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Fig. 17   Imageability–imageability ambiguity

Fig. 18   Age of acquisition–age of acquisition ambiguity
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less familiar characters (β = –.445, SE =.0116, p <.001; see 
Fig. 15).

Concreteness–concreteness ambiguity

We found a quadratic relationship between concreteness 
and concreteness ambiguity, where both extremely concrete 
and extremely abstract characters exhibited lower ambiguity 
compared to moderately concrete characters (β = –.652, SE 
=.0137, p <.001; see Fig. 16).

Imageability–imageability ambiguity

We identified a quadratic relationship between imageability 
and imageability ambiguity, where highly imageable and 
least imageable characters exhibited lower ambiguity com-
pared to moderately imageable characters (β = –.617, SE 
=.0171, p <.001; see Fig. 17).

AoA–AoA ambiguity

We obtained an asymmetric quadratic relationship between 
AoA and AoA ambiguity, where characters rated as acquired 
later exhibited less variability in AoA compared to charac-
ters rated as being acquired earlier in life (β = –.248, SE 
=.0242, p <.001; see Fig. 18).

Character‑level and word‑level relationship

To examine the relationship between character-level and 
word-level variables, we matched the first and second char-
acters with the corresponding two-character words and con-
ducted multiple regressions with word-level variables being 
outcome variables and character-level lexico-semantic vari-
ables being predictor variables. In each of the analyses, those 
word-level variables that were not the outcome variable were 
controlled. For example, when word valence was the out-
come variable, word arousal, familiarity, concreteness, and 
imageability were all controlled. Due to the absence of AoA 
data at the word level, we focused on word valence, arousal, 
familiarity, concreteness, and imageability in these analy-
ses. Model comparison using ANOVA indicated that adding 
squared character valence terms significantly improved the 
model fit for all outcome variables. The complete model 
statistics can be found on https://​osf.​io/​kh4yx. In another 
set of analyses, we also included the character variable × 
character semantic transparency interaction term to test the 
potential moderating role of character semantic transparency 
in these relationships.

Only best-fit models are presented in the paper. The two 
sets of analyses are summarized in Tables 5 and 6, respec-
tively. The relationships discussed in this section are pre-
sented from Figs. 19, 20, 21, 22, and 23.

Character valence‑word valence

Using best-fit model, we observed curvilinear relation-
ships between both first-character valence (β =.421, SE 
=.00611, p <.001) and second-character valence (β =.330, 
SE =.00649, p <.001), and their corresponding word 
valence, such that as valence increased, its positive effect 
on word valence diminished (Fig. 19). Based on the mag-
nitude of the standardized regression coefficients, the rela-
tionship between character valence and word valence was 
larger in the first character than in the second character. 
Furthermore, the interaction terms for both first-character 
(β =.0772, SE =.00540, p <.001) and second-character 
valence (β =.0923, SE =.00620, p <.001) with character 
semantic transparency were significant, indicating that 
character semantic transparency moderated the relation-
ship between character valence and word valence. Spe-
cifically, the relationship between character valence and 
word valence was stronger and more linear for words with 
more transparent characters than those with more opaque 
characters (Fig. 19).

Character arousal‑word arousal

Using the best-fit model, we found positive relationships 
between both first-character arousal (β =.202, SE =.00672, p 
<.001) and second-character arousal (β =.186, SE =.00689, 
p <.001) with word arousal (Fig. 20). The relationship 
between character arousal and word arousal was larger in the 
first character than in the second character. The significant 
interaction terms between both first-character (β =.0306, SE 
=.00441, p <.001) and second-character arousal (β =.0356, 
SE =.00489, p <.001) and character semantic transparency 
indicated that character semantic transparency moderated 
the relationship between character arousal and word arousal. 
Specifically, the relationship was stronger for words with 
more transparent characters than those with more opaque 
characters (Fig. 20).

Character familiarity–word familiarity

Using the best-fit model, we obtained positive relation-
ships between both first-character familiarity (β =.254, SE 
=.0239, p <.001) and second-character familiarity (β =.245, 
SE =.0237, p <.001) with word familiarity (Fig. 21). The 

https://osf.io/kh4yx
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relationship between character familiarity and word familiar-
ity was larger in the first character than in the second charac-
ter. According to the interaction model, character semantic 
transparency did not moderate the relationship between word 
familiarity and first-character familiarity (β = –.00846, SE 
=.0118, p =.475) or between word familiarity and second-
character familiarity (β =.0197, SE =.0116, p =.0896; see 
Fig. 21).

Character concreteness–word concreteness

Using the best-fit model, we obtained positive relation-
ships between both first-character concreteness (β =.150, 

SE =.0155, p <.001) and second-character concreteness 
with word concreteness (β =.142, SE =.0155, p <.001; see 
Fig. 22). The relationship between character concreteness 
and word concreteness was larger in the first character than 
in the second character. The significant interaction terms 
between both first-character (β =.0299, SE =.00543, p 
<.001) and second-character concreteness (β =.0362, SE 
=.00531, p <.001) and character semantic transparency indi-
cated that the character semantic transparency moderated 
the relationship between character concreteness and word 
concreteness. Specifically, higher semantic transparency 
amplified the positive linear effect of character concrete-
ness on word concreteness (Fig. 22).

Table 5   Standardized regression coefficients and standard errors for character-level and word-level lexical variables

Note.***p <.001, **p <.01, *p <.05

Predictor variable Outcome variable

Word valence Word arousal Word familiarity Word concreteness Word imageability

C1 Valence .421*** (.00611) –.0150* (.00590) –.0118* (.00520) .00993 (.00679) –.00632 (.00621)
C1 Valence2 –.0396*** (.00401) .0115*** (.00344) .00510 (.00303) -.0142*** (.00395) –.0116** (.00362)
C1 Arousal .0667*** (.00804) .202*** (.00672) .0157** (.00608) –.0107 (.00793) –.0129 (.00726)
C1 Familiarity .00943 (.0317) –.0184 (.0272) .254*** (.0239) .0998** (.0313) –.0311 (.0286)
C1 Concreteness –.0575*** (.0158) –.0261 (.0135) –.00316 (.0119) .150*** (.0155) .0451** (.0142)
C1 Imageability .0151 (.0148) .0257* (.0126) –.0128 (.0112) –.0220 (.0145) .157*** (.0133)
C1 Age of acquisition –.0229* (.0111) .0786*** (.00944) –.0229** (.00834) .0218* (.0109) –.00539 (.00996)
C1 Semantic transparency .00634 (.00576) –.0153** (.00493) .0219*** (.00435) .0337*** (.00567) .0480*** (.00518)
C1 Valence ambiguity .0287*** (.00540) .0184*** (.00463) .000551 (.00408) –.00323 (.00658) .00403 (.00488)
C1 Arousal ambiguity –.0223*** (.00668) –.00892 (.00571) .00256 (.00504) .00376 (.00658) .00455 (.00602)
C1 Familiarity ambiguity –.0286 (.0120) .0110 (.0102) .0529*** (.00901) .0112 (.0118) –.00824 (.0108)
C1 Concreteness ambiguity .00455 (.00697) .000259 (.00596) –.00761 (.00526) –.0130 (.00686) –.00491 (.00628)
C1 Imageability ambiguity .0170* (.00674) –.00261 (.00577) .00504 (.00509) .00793 (.00664) –.00593 (.00608)
C1 Age of acquisition ambiguity –.00215 (.00661) –.0128* (.00566) –.00277 (.00499) –.00431 (.00651) .0111 (.00596)
C2 Valence .330*** (.00649) –.0248*** (.00595) –.0177*** (.00525) –.00629 (.00685) –.0186** (.00627)
C2 Valence2 –.0351*** (.00423) .0186*** (.00363) .0102** (.00320) .0280*** (.00417) –.0168*** (.00382)
C2 Arousal .0336*** (.00821) .186*** (.00688) .00780 (.00620) –.0259** (.00808) –.0207** (.00740)
C2 Familiarity .0352 (.0315) –.0471 (.0269) .245*** (.0237) .131*** (.0310) –.0508 (.0284)
C2 Concreteness –.0693*** (.0158) –.00210 (.0135) –.00361 (.0119) .142*** (.0155) .0772*** (.0142)
C2 Imageability .0421** (.0148) .0243 (.0127) –.00732 (.0112) –.0232 (.0146) .147*** (.0133)
C2 Age of acquisition –.00942 (.0114) .0621*** (.0974) .0100 (.00860) .0258* (.0112) –.000949 (.0103)
C2 Semantic transparency .0269*** (.00585) .00693 (.00501) .0143** (.00442) .0492*** (.00575) .0169** (.00527)
C2 Valence ambiguity .0295*** (.00525) .0262*** (.00449) .00511 (.00397) .000308 (.00517) –.00371 (.00474)
C2 Arousal ambiguity –.00747 (.00687) –.0127* (.00587) –.000817 (.00518) .0155* (.00676) –.00823 (.00619)
C2 Familiarity ambiguity .0176 (.0120) .0187 (.0103) .0524*** (.00908) .0121 (.0119) –.000531 (.0109)
C2 Concreteness ambiguity .00951 (.00705) .0202*** (.00603) .00129 (.00532) .000158 (.00694) –.0149* (.00635)
C2 Imageability ambiguity .0000662 (.00654) –.0105 (.00559) –.00652 (.00494) .00533 (.00644) .00845 (.00589)
C2 Age of acquisition ambiguity .00152 (.00680) –.0128* (.00582) .00943 (.00514) .00157 (.00670) .0155* (.00613)
Model statistics

     Adjusted R2 .542 .653 .666 .545 .621
     F-statistics 516.4*** 822.5*** 868.9*** 523.2*** 714.2***
     Degrees of freedom 40, 17398 40, 17398 40, 17398 40, 17398 40, 17398
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Table 6   Standardized regression coefficients and standard deviation for character-level and word-level correlation moderated by semantic trans-
parency

Predictor variable Outcome variable

Word valence Word arousal Word familiarity Word concreteness Word imageability

C1 Valence .399*** (.00624) –.0112 (.00590) –.0119* (.00520) .0111 (.00677) –.00403 (.00615)
C1 Valence2 –.0368*** (.00413) .00939** (.00344) .00503 (.00303) –.0136*** (.00395) –.0109** (.00358)
C1 Arousal .0622*** (.00791) .196*** (.00673) .0155* (.00608) –.00848 (.00792) –.00875 (.00719)
C1 Familiarity .00618 (.0313) –.0188 (.0271) .257*** (.0241) .0964** (.0312) –.0412 (.0283)
C1 Concreteness –.0474** (.0156) −0.0194 (.0135) –.00306 (.0119) .157*** (.0155) .0609*** (.0141)
C1 Imageability –.00372 (.0146) 0.0240 (.0126) –.0128 (.0111) –.0179 (.0145) .160*** (.0131)
C1 Age of acquisition –.0178 (.0109) 0.0823*** (.00942) –.0227** (.00835) .0293** (.0109) –.0105 (.00989)
C1 Semantic transparency –.0279*** (.00687) −0.0118* (.00496) .0293** (.0103) .0193** (.00643) .0177** (.00576)
C1 Valence ambiguity .0304*** (.00532) .0163*** (.00462) .000492 (.00408) –.00409 (.00532) .00247 (.00482)
C1 Arousal ambiguity –.0204** (.00658) –.00608 (.00571) .00254 (.00504) .00290 (.00657) .00302 (.00596)
C1 Familiarity ambiguity –.00452 (.0118) .0133 (.0102) .0537*** (.00904) .00927 (.0117) –.0134 (.0107)
C1 Concreteness ambiguity .00525 (.00686) .00574 (.00595) –.00797 (.00528) –.00684 (.00695) .00551 (.00628)
C1 Imageability ambiguity .0114 (.00664) –.00254 (.00575) .00479 (.00509) .0118 (.00665) .00566 (.00607)
C1 Age of acquisition ambiguity –.00505 (.00651) –.0120* (.00564) –.00270 (.00499) –.00619 (.00651) .00647 (.00590)
C2 Valence .295*** (.00703) −0.0167** (.00602) –.0180*** (.00525) –.00594 (.00684) –.0192** (.00620)
C2 Valence2 –.0239*** (.00452) .0148*** (.00365) .0103** (.00320) –.0270*** (.00417) –.0145*** (.00378)
C2 Arousal .0356*** (.00809) .175*** (.00701) .00836 (.00621) –.0236** (.00806) –.0216** (.00732)
C2 Familiarity .0419 (.0310) –.0492 (.0268) .239*** (.0239) .122*** (.0310) –.0656* (.0281)
C2 Concreteness –.0609*** (.0156) –.00600 (.0135) –.00468 (.0120) .151*** (.0155) .0943*** (.0141)
C2 Imageability .0338* (.0146) .0243 (.0126) –.00762 (.0112) –.0178 (.0146) .150*** (.0132)
C2 Age of acquisition –.00615 (.0112) .0646*** (.00972) .00947 (.00861) .0282* (.0112) –.00553 (.0102)
C2 Semantic transparency –.0154* (.00684) .0168** (.00519) –.00200 (.0105) .0317*** (.00648) –.0161** (.00580)
C2 Valence ambiguity .0285*** (.00518) .0261*** (.00448) .00476 (.00397) .000780 (.00516) –.00198 (.00486)
C2 Arousal ambiguity –.00604 (.00678) –.00772 (.00589) –.000996 (.00518) .0147* (.00675) –.00732 (.00612)
C2 Familiarity ambiguity .0169 (.0119) .0160 (.0103) .0511*** (.00911) .000794 (.0119) –.00784 (.0107)
C2 Concreteness ambiguity .00940 (.00694) .0222*** (.00602) .00186 (.00533) .00721 (.00704) –.00265 (.00636)
C2 Imageability ambiguity .000556 (.00645) –.00992 (.00558) –.00602 (.00495) .00951 (.00646) .0192** (.00588)
C2 Age of acquisition ambiguity .00203 (.00670) –.0122* (.00580) .00915 (.00514) –.00365 (.00673) .00418 (.00611)
C1 Valence × C1 Semantic trans-

parency
.0772*** (.00540) --- --- --- ---

C1 Valence2 × C1 Semantic 
transparency

.0120*** (.00362) --- --- --- ---

C2 Valence × C2 Semantic trans-
parency

.0923*** (.00620) --- --- --- ---

C2 Valence2 × C2 Semantic 
transparency

.00778* (.00374) --- --- --- ---

C1 Arousal × C1 Semantic trans-
parency

--- .0306*** (.00441) --- --- ---

C2 Arousal × C2 Semantic trans-
parency

--- .0356*** (.00489) --- --- ---

C1 Familiarity × C1 Semantic 
transparency

--- --- –.00846 (.0118) --- ---

C2 Familiarity × C2 Semantic 
transparency

--- --- .0197 (.0116) --- ---

C1 Concreteness × C1 Semantic 
transparency

--- --- --- .0290*** (.00543) ---

C2 Concreteness × C2 Semantic 
transparency

--- --- --- .0353*** (.00530) ---
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Character imageability–word imageability

Using the best-fit model, we observed positive relation-
ships between both first-character imageability (β =.158, 
SE =.0133, p <.001) and second-character imageability 
(β =.147, SE =.0133, p <.001) with word imageability 
(Fig. 23). The relationship between character imageability 

and word imageability was larger in the first character than 
in the second character. The significant interaction terms 
between both first-character (β =.0602, SE =.00484, p 
<.001) and second-character imageability (β =.0713, SE 
=.00481, p <.001) and character semantic transparency indi-
cated that the character semantic transparency moderated 
the relationship between character imageability and word 

Note. ***p <.001, **p <.01, *p <.05

Table 6   (continued)

Predictor variable Outcome variable

Word valence Word arousal Word familiarity Word concreteness Word imageability

C1 Imageability × C1 Semantic 
transparency

--- --- --- --- .0602*** (.00484)

C2 Imageability × C2 Semantic 
transparency

--- --- --- --- .0713*** (.00481)

Model statistics
     Adjusted R2 .556 .655 .666 .547 .630
     F-statistics 494*** 790.6*** 827.6*** 502.3*** 705.2
     Degrees of freedom 44, 17394 42, 17396 42, 17396 42, 17396 42, 17396

Fig. 19   Character valence–word valence relationship. Note. The two figures at the bottom present the moderation effect of character semantic 
transparency in the character valence–word valence relationship
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imageability. Specifically, higher semantic transparency 
amplified the positive linear effect of character concrete-
ness on word concreteness (Fig. 23).

We also explored the relationship between character-level 
and word-level variables when word-level lexico-semantic 
variables were not controlled and found a similar pattern 
of results for all variables except that neither first-charac-
ter semantic transparency nor second-character semantic 
transparency moderated the relationship between character 
familiarity and word familiarity.

Discussion

The present study aims to norm the ratings of valence and 
arousal, two core dimensions of emotions (e.g., Russell, 
2003), of 3971 Chinese characters in traditional script and 
investigate the relationships among their affective and lex-
ico-semantic variables. Specifically, we conducted a normed 
rating study for valence and arousal of the base characters 
from the large pool of 25,281 two-character words compiled 
by Tse et al.’s (2017, 2023) Chinese Lexicon Project. Both 

the mean (intensity) and standard deviation (ambiguity) of 
these normed affective variables are made freely accessible 
to the research communities (https://​osf.​io/​kh4yx), follow-
ing our previous practice (e.g., Chan & Tse, 2024; Tse et al., 
2023). Using these normed data and those of previous stud-
ies (Chan & Tse, 2024; Su et al., 2022), we examined the 
relationships among affective and lexico-semantic variables 
of the characters, including their ambiguity measures, as 
well as the relationships across word-level and character-
level variables, while controlling for other lexico-semantic 
variables. The key findings are summarized and discussed 
as follows.

Examining inter‑relationships among lexical 
variables of Chinese characters

We compared the inter-relationships among affective and 
lexico-semantic variables (valence, arousal, concreteness, 
imageability, and familiarity) within the pool of characters to 
those previously reported for simplified Chinese characters 
(e.g., Xue et al., 2024; Peng et al., 2024) and for its corre-
sponding word pool (Chan & Tse, 2024), thereby exploring 

Fig. 20   Character arousal–word arousal. Note. The two figures at the bottom present the moderation effect of character semantic transparency in 
the character arousal–word arousal relationship

https://osf.io/kh4yx
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whether there could be any potential differences in the pat-
tern between the two scripts.

Regarding the affective variables, we obtained an asym-
metric valence–arousal relationship, where extremely nega-
tive characters are more arousing than extremely positive 
characters (Fig. 2). This pattern is consistent with findings 
for two-character words, where similar quadratic relationship 
was observed (e.g., Chan & Tse, 2024). Another nonlinear 
relationship we found is between valence and AoA, where 
extremely negative characters are acquired later in life than 
extremely positive characters (Fig. 6). This partially aligns 
with both Peng et al. (2024) and Xue et al. (2024) where 
negative correlation was observed. We, however, did not 
replicate Peng et al.’s weakly positive valence–familiarity 
relationship or Xue et al.’s weakly positive valence-image-
ability relationship (only for some subsets of characters), 
indicating that valence is not associated with familiarity or 
imageability (Figs. 3 and 5). Further, we found a positive 
arousal–AoA relationship, in contrast to the null relation-
ship in Xue et al. The discrepancies between our study and 
previous studies may arise from the difference in analytic 
methods. While some studies relied on correlational analy-
ses (e.g., Xue et al.), we ran regression analyses controlling 
for extraneous lexico-semantic variables (see, e.g., Table 2). 
The other findings of affective variables are in line with 
Chan and Tse’s (2024) findings on word variables: positive 

arousal–familiarity and arousal–imageability relationships 
and negative valence–concreteness and arousal–concrete-
ness relationships. The consistencies of these relationships 
between words and characters suggests that the mechanisms 
under these inter-relationships among both affective and lex-
ico-semantic variables operates similarly whether the unit is 
a character or a two-character word.

For the lexico-semantic variables, we replicated the 
positive imageability–familiarity and imageability–con-
creteness relationships and the negative AoA–concrete-
ness and AoA–familiarity relationships (Liu et al., 2007; 
Wang et al., 2019; Su et al., 2022). However, the absence 
of AoA–imageability relationship and negative famili-
arity–concreteness relationship contradict the moderate 
positive familiarity–concreteness relationship (.470 in 
Liu et al., 2007;.460 in Su et al., 2022) and moderate 
negative AoA–imageability relationship (–.523 in Liu 
et al., 2007; – 0.491 in Su et al., 2022). It is noteworthy 
that we did find a positive trend of familiarity–concrete-
ness relationship (see Fig. 4), as in previous studies, but 
this became negative when extraneous variables were 
strictly controlled. From the statistical point of view, this 
suppression effect suggests that the positive correlation 
between familiarity and concreteness observed in previ-
ous studies might be partially driven by the effect of some 
lexical variables, such as arousal, on both familiarity and 

Fig. 21   Character familiarity–word familiarity. Note. The two figures at the bottom present the moderation effect of character semantic transpar-
ency in the character familiarity–word familiarity relationship
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concreteness. In other words, the influence of these vari-
ables, which were not controlled in prior works, might 
“mask” the genuine negative relationship by contribut-
ing positive covariance to the concreteness–familiarity 
association.

Characterizing ambiguity measures

In addition to examining the intensity of various lexico-
semantic and affective variables; that is, the average rat-
ings across raters, we also examined their ambiguity, which 
to our knowledge has never been investigated in Chinese 
characters. In the present study, we examine the ambigu-
ity measures in Chinese characters and compare the find-
ings with those previously observed in two-character words 
(Chan & Tse, 2024), including the relationships between 
valence ambiguity and other lexico-semantic variables. We 
also explore how valence ambiguity and arousal ambiguity 
moderate the valence–arousal relationship and test whether 
the quadratic relationships between intensity (mean ratings) 
and ambiguity (standard deviation of ratings across raters), 

which were reported for valence, arousal, concreteness, and 
imageability, could be extended to the character level.

While Chan and Tse (2024) reported that valence, 
arousal, concreteness, imageability, and familiarly were cor-
related with valence ambiguity in two-character words, we 
found that only arousal, but not other variables, was associ-
ated with valence ambiguity. This shows that characters with 
higher arousal (e.g., 愛-love) might be more likely associ-
ated with more diverse valence ratings, depending on the 
raters’ idiosyncratic experience (e.g., some associate 愛 with 
exciting love experience, whereas others associate that with 
depressive breakup episodes). Nevertheless, it is not clear 
why valence ambiguity is not associated with other lexico-
semantic or affective variables in characters.

Contrary to Chan and Tse’s (2024) findings that both 
valence ambiguity and arousal ambiguity moderated the 
quadratic valence–arousal relationship in two-character 
words, we only found the moderation effect of arousal 
ambiguity on the valence–arousal relationship. The 
valence–arousal relationship typically follows a U-shaped 
pattern under low arousal ambiguity, where extreme valence 

Fig. 22   Character concreteness–word concreteness. Note. The two figures at the bottom present the moderation effect of character semantic 
transparency in the character concreteness–word concreteness relationship
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leads to heightened arousal. As arousal ambiguity increases, 
the relationship reverses into an inverted U-shape function, 
with characters with extreme valence being associated with 
lower arousal (Fig. 12). This pattern did not occur when 
valence ambiguity was examined as a moderating variable. 
The U-shaped valence–arousal relationship was consistent 
across different levels of valence ambiguity (Fig. 11). These 
findings were partially consistent with Brainerd’s (2021a, b) 
result that the increase in arousal ambiguity decreases the 
valence–arousal relationship.

All intensity–ambiguity relationships for lexico-semantic 
variables showed inverted U-shaped relationships, where 
characters with extreme variable values exhibit less variabil-
ity than characters in mid-range. These replicated Brainerd 
et al. (2021a, b) and Chan and Tse’s (2024) quadratic inten-
sity–ambiguity relationships for valence, arousal, familiarity, 
and concreteness. In the present study, we further extend 
this to AoA. The quadratic relationships are asymmetric in 
valence, arousal, familiarity, and AoA, and are symmetric in 
concreteness and imageability. Thus, for different variables, 
extreme values on the two ends are associated with their 
variability differently. This may arise from how tightly the 

two sets of variables are associated with universal norms, 
where the interpretation of the variables with asymmetric 
pattern (valence, arousal, familiarity, and AoA) could be 
influenced by cultural or personal experience. On the other 
hand, the interpretation of the variables with symmetric pat-
tern (concreteness and imageability) may be influenced by 
sensory experiences, which provide consistent anchoring 
point about mid-concreteness and mid-imageability, as well 
as their distance to high-/low-concreteness and imageability. 
Our pattern of results is generally in line with those reported 
by Chan and Tse (2024) for two-character words, except that 
they found a U-shaped valence-valence ambiguity relation-
ship, where negative and positive words are more ambiguous 
than neutral words.

Cross‑level analyses of character–word relationships

We conducted cross-level analyses to explore how charac-
ter-level variables are associated with word-level variables. 
This includes examining the moderating role of semantic 
transparency, the degree of semantic relatedness between 
a word and its constituent characters (see Tse et al., 2017), 

Fig. 23   Character imageability–word imageability. Note. The two figures at the bottom present the moderation effect of character semantic trans-
parency in the character imageability–word imageability relationship
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and assessing the relative contributions of the first vs. sec-
ond character to the overall lexical characteristics of a two-
character word. Our results revealed that character-level 
variables are positively associated with the corresponding 
word-level variables, and this applies to both first and sec-
ond characters. The relationships between character vari-
ables and word variables were generally stronger in first 
characters than in second characters for all variables. These 
findings suggest that valence, arousal, familiarity, concrete-
ness, and imageability at the word level are more associated 
with those at the level of first character (vs. second char-
acter). However, the extent to how much stronger the first 
character-word variable association is than those of second 
character varies across different lexico-semantic variables. 
The difference was the largest for valence (.091), follow-
ing arousal (.016) and imageability (.010), with familiarity 
(.009) and concreteness (.008) showcasing the smallest dif-
ferences. This highlights the importance of controlling for 
the character-level variables even when studies aim only at 
investigating the word-level variables of Chinese words (see 
Tse & Yap, 2018, as an example). Future research should 
compare the predictive power of lexico-semantic variables at 
the word level, as well as for the first and second characters, 
in influencing performance on typical lexical processing 
tasks, such as lexical decision and speeded naming.

For most lexico-semantic and affective variables in the 
present study (valence, arousal, concreteness, and imageabil-
ity), the semantic transparency of both first and second char-
acters was found to amplify the positive linear relationship 
between character-level variables and word-level variables, 
with the only exception for the first-character’s and second-
character’s familiarity. The character and word variables are 
more strongly associated for words with semantically trans-
parent characters than those with semantically opaque char-
acters. This is consistent with previous works (e.g., Myers 
et al., 2004; Tse & Yap, 2018; Tse et al., 2024) that semantic 
transparency could moderate the relationship between char-
acter-level and word-level representations. Future research 
should further investigate why the first-character familiar-
ity is similarly associated with the word familiarity regard-
less of the semantic transparency. According to Balota and 
Chumbley (1984), character/word familiarity could be rated 
based on orthography and phonology, which may thus not 
necessarily capture only the character/word meaning to the 
same extent as the other variables being examined in the 
present study.

Future directions

Given the interplay between the character-level and word-
level representation in Chinese lexicon, the impact of lexical 
variables on lexical decision or naming performance could 

be attributed to the combined semantic or affective informa-
tion of the word and individual characters. Focusing on the 
character level, if a character is high in arousal or strong in 
valence and is embedded in a two-character word, it can 
facilitate or interfere with lexical processing depending on 
task demands. For instance, high-arousal characters may 
accelerate the detection of affective words but could slow 
down the recognition if the surrounding context (i.e., another 
character or the whole word) is incongruent. These should 
be tested by examining the potential interaction of character-
level and word-level variables (e.g., character frequency × 
word frequency) on the lexical processing performance, as 
reflected by lexical decision or speeded naming in future 
studies.

Another direction is to compare the present affective rat-
ings and relationships with those established in other lan-
guages. For example, Ho et al. (2015) compared the nor-
med ratings of ANEW and those in the Chinese-translated 
equivalent. While some words in two languages belong to 
the same valence category (e.g., despise), some words carry 
different valence information in different languages (e.g., 
crazy). Future research on investigating the similarities and 
differences among different languages and developing a 
comparative cross-linguistic framework is of great impor-
tance. In fact, future research should test whether the present 
pattern of relationships among affective and lexico-semantic 
variables, based on Chinese two-character words, could be 
generalized to English compound words (e.g., Kim et al., 
2019), which share similar structures; that is, two constitu-
ents that are words on their own. This would further enhance 
our understanding of how constituents and words are repre-
sented at the semantic level of English lexicon.

Before concluding our study, it is important to highlight 
an inherent difference in Chinese characters and words that 
may complicate the interpretation of our findings. That is 
characters generally have more ambiguous meaning than 
words (e.g., Hoosain, 1991; Taft, 2003). Some characters 
are not very clear in meaning on their own, unless they are 
paired with another character (e.g., 生, 情, 烈). This might 
suggest that character lexico-semantic ratings are gener-
ally more varied than word lexico-semantic ratings (across 
raters); that is, the mean ambiguity of lexico-semantic vari-
ables might be larger for characters than for words. This 
is indeed the case when we compare the mean ambiguity 
of the characters in the present Table 1, with that of the 
words in Chan and Tse’s (2024) Table 1, except familiar-
ity. To make sure the ambiguity measures at the character 
level might not complicate the interpretation of our findings, 
we re-ran all the above analyses without the character-level 
ambiguity measures being controlled. It is noteworthy that 
all patterns of results remained the same except that the 
valence–familiarity becomes significant (p <.001), and that 
semantic transparency moderates the relationship between 
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the second character’s familiarity and word familiarity (p 
<.05) when character-level ambiguities are not controlled. 
This shows that our findings might not be compromised by 
potential general differences in ambiguities between char-
acters and words.

We also reexamined the character-word level analyses 
using an alternative semantic ambiguity measure, perceived 
number of meanings (Chen et al., 2024b), defined as the num-
ber of meanings participants could think of for each given 
character, ranging from 0 to 5. This measure was normed on a 
set of simplified Chinese characters more highly overlapping 
with our present sample (N = 2376) than the other ambigu-
ity measures (e.g., Chang & Lee, 2018; Chen et al., 2024a; 
Hsieh et al., 2024). Using perceived number of meanings as 
the moderator in cross-level analyses yielded a similar pat-
tern of results, with the exception that it did not moderate the 
relationship between character and word valence in either the 
first or second character. It is worth noticing that as simplified 
Chinese characters could be more ambiguous (carry more 
meanings) than traditional Chinese characters (e.g.,发 could 
be 發/髮, 干 could be乾/幹), future studies should be cau-
tious in comparing character ambiguity data across different 
scripts. In addition, future research should use other semantic 
ambiguity indices to further examine their moderating effects 
on the relationships between lexical variables at the character 
and word levels, thereby assessing the robustness and repli-
cability of the present findings.

In the present study, Chinese characters are treated as 
isolated lexical units rather than as morphemes within two-
character words. However, it is plausible that characters may 
function differently when embedded within words (e.g., 
Tse et al., 2024; Xue et al., 2024). Future studies should 
investigate how context-dependent ratings of Chinese char-
acters (e.g., rating a character’s valence within transparent 
vs. opaque word contexts) differ from ratings obtained for 
standalone characters. Treating Chinese characters explicitly 
as morphological constituents within larger word units may 
have substantial implications for orthographic neighborhood 
(or morphological family) in the Chinese writing system 
(e.g., Li et al., 2015; Tsang et al., 2024; Tse et al., 2024). 
Finally, while our present semantic transparency measure 
relied upon participants’ subjective ratings (Tse et al., 2017), 
future studies could use distributional semantic models to 
generate transparency ratings, thus providing an objective 
validation of our findings.

Conclusion

In the present study, we established the affective ratings 
(valence, arousal) of 3971 Chinese characters in traditional 
script, and demonstrated the relationships among these 

affective variables and other lexico-semantic variables. 
Building on the previous Chinese Lexicon Project (Tse 
et al., 2017, 2023; Chan & Tse, 2024), we also explored the 
cross-level relationships between character-level variables 
and word-level variables.

The findings revealed several important patterns. First, 
we replicated the quadratic valence–arousal relationship as 
shown in two-character words (Chan & Tse, 2024), such 
that negative and positive characters exhibit higher arousal 
than neutral characters. This curvilinear relationship could 
be moderated by arousal ambiguity, such that the increase in 
arousal ambiguity weaken the valence–arousal correlation, 
which was partially in line with previous findings (Brainerd 
et al., 2021a, b). Our findings on other relationships among 
lexico-semantic variables partially align with previous stud-
ies on simplified Chinese characters (Liu et al., 2007; Wang 
et al., 2019; Su et al., 2022; Xue et al., 2024) and two-char-
acter words (Chan & Tse, 2024), which could be attributed 
to a stricter control of extraneous variables in our regres-
sion analyses, as compared with mere bivariate correlation 
analyses in some studies (e.g., Xue et al., 2024). Second, 
we found quadratic intensity–ambiguity relationship for all 
variables included in the study (valence, arousal, familiarity, 
concreteness, imageability, and AoA), thus supporting the 
quadratic law proposed by Brainerd et al. (2021b). Third, 
we revealed that all character-level variables are positively 
associated with their corresponding word-level variables. 
This association applies to both first and second characters, 
and that the relationship is stronger in first characters than 
for second characters in all affective and lexico-semantic 
variables included in the study. However, the extent to how 
much the association in the first character is larger than that 
of the second character varied across affective and lexico-
semantic variables. Semantic transparency is found to mod-
erate cross-level variable relationships in all lexical variables 
but familiarity.

The present study normed the affective ratings (valence 
and arousal) of a large pool of 3971 traditional Chinese char-
acters that is freely accessible to the researchers, providing 
invaluable resource for future psycholinguistic experiments 
such as matching specific lexical characteristics and inves-
tigation of other inter-relationships among lexical varia-
bles. By controlling for extraneous variables using multiple 
regression analyses, we extend previous works on Chinese 
characters and highlight the importance of incorporating 
various lexico-semantic variables in obtaining more accurate 
understanding of these relationships. Our cross-level analy-
sis on the correlation between character-level and word-level 
variables, for the very first time, revealed the intertwining 
relationship among these lexico-semantic variables between 
Chinese character and word, which furthers our understand-
ing about Chinese word-processing.
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