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In this article, we present normative data for 2,423 Chinese single-character words. For each word, we report
values for the following 15 variables: word frequency, cumulative frequency, homophone density, phonological
frequency, age of learning, age of acquisition, number of word formations, number of meanings, number of com-
ponents, number of strokes, familiarity, concreteness, imageability, regularity, and initial phoneme. To validate the
norms, we collected word-naming latencies. Factor analysis and multiple regression analysis show that naming
latencies of Chinese single-character words are predicted by frequency, semantics, visual features, and consistency,
but not by phonology. These analyses show distinct patterns in word naming between Chinese and alphabetic lan-
guages and demonstrate the utility of normative data in the study of nonalphabetic orthographic processing.

Recent research has shown that many variables affect
speakers’ performance in word-naming tasks. As Ba-
lota, Cortese, Sergent-Marshall, Spieler, and Yap (2004)
pointed out, such variables could include factors at various
levels—for example, the surface level (initial phoneme),
the lexical level (e.g., word length, word frequency, and
spelling-to-sound consistency), and the semantic level
(e.g., imageability and concreteness). These levels are not
mutually exclusive and in fact sometimes overlap with one
another—for example, word frequency could influence
word naming at both the lexical and the semantic level.

Previous studies in alphabetic languages, especially those
languages with transparent orthographic systems, have sug-
gested that lexical-level variables play more important roles
than semantic-level variables in word-naming tasks (e.g.,
Balota et al., 2004; Barca, Burani, & Arduino, 2002; Frost,
1998; Lukatela & Turvey, 1994; Van Orden, Pennington, &
Stone, 1990). For example, in Italian, a language with trans-
parent orthography—phonology correspondences, Barca
et al. (2002) found that only lexical-level variables (e.g., fre-
quency, word length, and neighborhood size) had significant
effects on the naming of nouns, whereas semantic variables
(e.g., imageability and concreteness) had negligible influ-
ences. In English, in which the orthography—phonology re-
lationship is less transparent, Balota et al. (2004) found that
surface-, lexical-, and semantic-level variables all have an
impact on word-naming performances. Semantic effects,
however, have been shown by a few studies to be significant
only for low-frequency and exception words (e.g., Strain,
Patterson, & Seidenberg, 1995, 2002).

Previous studies have also examined variables on word/
character! naming in nonalphabetic languages such as Chi-
nese and Japanese. These studies have shown that surface
and lexical variables such as word/character frequency,
phonetic regularity, number of strokes, and number of
components are also important for Chinese word naming
(Leck, Weekes, & Chen, 1995; Zhou, Shu, Bi, & Shi, 1999).
Other variables, such as initial phoneme of a syllable, age
of acquisition, homophone density, and phonological fre-
quency, have only recently been examined and shown to be
important (Chen, Wang, Wang, & Peng, 2004; Liu, Zhang,
& Shu, 2006; Ziegler, Tan, Perry, & Montant, 2000). Fi-
nally, semantic-level variables such as imageability and
concreteness have also recently been found to be important
in the processing of Japanese Kanji (Chinese characters;
Shibahara, Zorzi, Hill, Wydell, & Butterworth, 2003), as
well as in word naming and lexical decision in Chinese
(Chen & Peng, 1998; see also Q. Zhang & Zhang, 1997).
A major finding from Shibahara et al. (2003) was that se-
mantic effects (i.e., imageability effect) were stronger in
Kanji processing than in word processing in English.

However, few previous studies have attempted to relate
their experimental patterns (usually based on a small set
of characters/words) to large-scale normative data, since
collection of such normative data is time consuming and
labor intensive. The present study fills this gap. In par-
ticular, we examined a large set of potential variables that
could contribute to word-naming performances by Chinese
speakers. In our study, we first collected normative data
for the most common single-character words in Chinese,
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and then explored for these words the relationship between
variables in the normative data and word-naming latencies
from experimental data. The large-scale normative data de-
rived from our study have obvious practical significance for
psycholinguistic research using Chinese characters/words.
Moreover, our analyses of the relationships between norma-
tive data and word-naming latencies could also yield results
that shed light on theoretical issues regarding universality
versus linguistic specificity in lexical processing.

METHOD

Materials

Given that monosyllabic words have been the focus of previous stud-
ies in both alphabetic and nonalphabetic languages, our study examined
only single-character words, which are comparable to monosyllabic
words in alphabetic languages. A total of 2,423 single-character words
were selected from the Language Corpus System of Modern Chinese
Studies (hereafter, LCSMCS; Sun, Huang, Sun, Li, & Xing, 1997).
The corpus includes about 46,000 word types, of which about 5,300
are single-character words. Three major lexical categories—nouns,
verbs, and adjectives—are the focus of our investigation. Of the 2,423
single-character words selected for this study, there were 977 nouns,
1,133 verbs, and 313 adjectives. Since lexical ambiguity is a pervasive
phenomenon in Chinese (see P. Li, Jin, & Tan, 2004; Y. Zhang, Wu, &
Yip, 2006), we identified a significant number of ambiguous words
that could be used in more than one grammatical category (e.g., nouns
and verbs). Of the 2,423 words selected, 604 were words that can occur
in two different grammatical categories, and 351 were words that can
occur in three or more categories. For these grammatically ambiguous
words, we identified the dominant grammatical category (or catego-
ries) according to usage frequency in LCSMCS (Sun et al., 1997), and
then rated the corresponding age of acquisition, familiarity, concrete-
ness, and imageability for each dominant category.

Variables

On the basis of previous studies, and upon considering the charac-
teristics of Chinese characters, we chose the following 15 variables
for our normative study (grouped below according to the similarities
of the variables):

1. Initial phoneme. A typical Chinese monosyllable consists of
three parts: initial (onset), final (thyme), and tone. The initial phoneme
is usually a consonant, but in some cases there is no onset consonant and
the initial phoneme is a vowel. The final consists of at least the nucleus
vowel, sometimes with or without a medial or nasal ending. Lexical
tones are suprasegmental, imposed on the initial and the final. Accord-
ing to the phonetic analysis of Chinese consonants based on place of
articulation (Luo & Wang, 2002), we classified the onset phonemes of
Chinese words into seven types: bilabial, labiodentals, dental-veolar,
alveolar, retroflex, dorsal, and velar. When no onset consonant was
present in the syllable, the vowel was counted as the eighth type.

2. Regularity. About 80% of Chinese characters are phonetic
compound characters that consist of a phonetic part and a semantic
part (Y. Li & Kang, 1993). These characters are sometimes also called
phonograms or ideophonetic (see Peng & Jiang, 2006). They can be
divided into three categories, based on whether the pronunciation of
the phonetic part is the same as the pronunciation of the whole char-
acter in which the phonetic part appears: regular (such as & “gingl.”
which is pronounced the same as its phonetic part 1 “gingl”), ir-
regular (such as 4 “cail.” which is pronounced differently from its
phonetic part ¥ “gingI”), and bound (such as V& “fengl,” in which
the phonetic part [4%] has neither a pronunciation nor a meaning of
its own in modern Chinese). The other 20% of characters are nonpho-
netic compound characters, most of which are simple characters that
do not have a separate phonetic part (e.g., H “chong2”). Each char-
acter in our normative data was categorized into one of three types,
according to the utility of the phonetic part to the whole character:
regular, irregular, or other (bound or no phonetic part).

3. Word frequency, cumulative frequency, and number of
word formations. The characters in our study can be used as single-
character words or as morphemes in multicharacter words, so there
are two types of frequency: the frequency of the single-character
words (word frequency), and the sum frequency of all of the words
in which a character appears (cumulative frequency). The latter type
of frequency also depends on the number of words that a charac-
ter can form (number of word formations). In our normative study,
word frequency was based on the data from the LCSMCS (Sun et al.,
1997), and cumulative frequency was based on the Balanced Corpus
of Modern Chinese (Sun, 2006), the largest electronic database on
Chinese to date (with about 660 million characters).

4. Homophone density and phonological frequency. In Chi-
nese, there are many single-character words that are homophones.
The size of the largest homophone family (“yi4”) reaches 205. The
number of homophones is defined as homophone density (see P. Li &
Yip, 1998). Phonological frequency refers to the total frequency of all
of the characters that have the same pronunciation. Both homophone
density and phonological frequency of the characters were calculated
from the Modern Chinese Frequency Dictionary (Wang, 1986).

5. Number of meanings. Some Chinese characters have several
meanings. According to the Dictionary of Chinese Character Infor-
mation (Science Publishers, 1988), about 53% of Chinese characters
have one meaning, 21% have two meanings, 19% have three or more
meanings, and the remaining 7% have no meanings of their own
(i.e., they are characters bound to other characters to make words).
This dictionary subdivided characters into six categories, based on
the number of meanings that a character can have: 0 (no meaning), 1
(one meaning), 2 (two meanings), 3 (three to four meanings), 4 ( five
to eight meanings), and 5 (nine or more meanings).

6. Number of strokes and number of components. The basic
ingredients of Chinese characters are strokes. The number of strokes
can be as few as 1 and as many as 36. Strokes make up components
(parts or radicals), which can appear recurrently in different charac-
ters. These two variables can be used as indices of the visual com-
plexity of characters. For more details on these variables, see Xing,
Shu, and Li (2004) for a summary accessible to English readers.

7.Age of learning. Age of learning refers to the time at which
the learner is exposed to a given character, and this is determined by
the time when a character is first introduced in standard school text-
books (People’s Education Press, 2006). For more details about how
textbook-based age of learning can predict character acquisition, see
Shu, Chen, Anderson, Wu, and Xuan (2003).

8. Age of acquisition, familiarity, concreteness, and image-
ability. Age of acquisition refers to the time when the learner has ac-
quired the meaning and pronunciation of the character.? Familiarity,
concreteness, and imageability are standard lexical characteristics
that have been examined in previous studies of alphabetic languages.
The values for these three variables and age of acquisition were ob-
tained by subjective ratings based on the method and procedure of
Barca et al. (2002). See more details about the rating study below.

Table 1 presents the descriptive statistics for the numerical vari-
ables. The table does not include initial phoneme and regularity, be-
cause these are nonnumerical variables.

Participants

A total of 480 native Chinese speakers (122 males) with a mean
age of 20.3 years (range = 18-23 years) participated in the rating
study. A separate group of 39 speakers (19 males) with a mean age of
19.5 years (range = 17-25 years) participated in the word-naming
study. All of the participants were undergraduate or graduate students
from Beijing Normal University. They had normal or corrected-to-
normal vision, and reported no cognitive or motor problems. They
were paid for their participation.

Procedure

The rating instructions and procedures were similar to those used
by Barca et al. (2002). In our rating study, the 2,423 words were split
randomly into three groups, for presentation in three different ver-
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sions. Each version had about 800 words and was printed on nine
pieces of A4-sized paper. The presentation order of the words was
randomized for each version. Each participant rated the words on one
of the four variables (i.e., age of acquisition, familiarity, concrete-
ness, and imageability) for all of the words in a version. There were
12 groups of participants (40 per group) in the rating task, such that
each item was rated by 40 participants on each of the four variables.

In the word-naming task, the participants were tested one at a time
in an experimental room. They were seated about 60 cm away from
the computer screen. A fixation cross was presented on the computer
for 500 msec, followed by a 120-msec blank, and then followed by the
target character, in white against black background. The participants
were given a 2-sec interval to respond before the next trial began. The
fixation and stimuli were displayed in 28-point Song font. Stimuli
presentation and data recording were controlled by the DMDX system
(Forster & Forster, 2003). The participants were instructed to name the
characters as quickly and as accurately as possible into an external mi-
crophone that was connected to the DMDX timing box. Each partici-
pant received the 2,423 words in randomized order. Practice stimuli
were given before the experimental trial began. The experimental ses-
sion included seven short breaks, to prevent participant fatigue. The
entire experimental session lasted about 90 min.

Analyses

The participants’ responses were checked for accuracy by two
experimenters offline. For the analyses of the word-naming data,
incorrect responses and time-out data were removed (mean error rate
for the 2,423 words was 7.9%). Data from 4 participants were also
removed because of high error rates (20% or more) or long naming
latencies (700 msec or longer). Only 2,390 of the 2,423 words en-
tered our final statistical analyses, because 33 words had high error
rates (above 50%). Detailed error rates are not reported here.

Since word frequency distributions tend to follow Zipf’s law
(Zipf, 1932), and are generally skewed (as was true with our three
frequency measures), we calculated the logarithms (base 10) of the
word frequency, cumulative frequency, and phonological frequency
data. We also log-transformed the distributions of the number of
word formations, age of learning, and homophone density data to
correct for their positive skewness before running the regression
analysis (Hair, Black, Babin, Anderson, & Tatham, 2006).

RESULTS AND DISCUSSION

Correlations Among Variables and Naming
Latency

Table 2 presents the correlations (Pearson’s ) among the
numerical variables and the harmonic means of the naming
latencies for the 2,390 Chinese single-character words.

Table 1
Descriptive Statistics for the 13 Numerical Variables
Variable Acronym M SD
Word frequency”® WF 83.43 453.99
Cumulative frequency” CF 238.34 632.05
Phonological frequency” PF 1,278.99 2,438.36
Homophone density HD 31.22 28.98
Age of learning AoL 6.29 5.26
Age of acquisition AoA 441 0.90
Number of word formations NWF 20.30 27.43
Number of meanings NM 2.24 1.08
Concreteness CON 5.03 1.03
Familiarity FAM 5.97 0.74
Imageability MG 5.30 0.96
Number of components NC 3.04 1.06
Number of strokes NS 9.81 3.40

*“The values for the three frequency indices were counted in times/million.
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A number of observations can be made about the data
in Table 2. First, naming latencies correlated highly with
word frequency (WF), cumulative frequency (CF), num-
ber of word formations (NWF), age of learning (AoL),
age of acquisition (AoA), and familiarity (FAM). These
correlations indicate that the words that are named faster
tend to be highly frequent, be more familiar, form more
words, and be learned and acquired earlier in life. Second,
both word frequency and cumulative frequency, which
were highly correlated with each other, were highly cor-



related with several other variables, including number
of word formations, age of learning, age of acquisition,
number of meanings (NM), and familiarity. These correla-
tions indicate that frequency is inherently related to other
lexical characteristics in Chinese. Third, concreteness
(CON) and imageability (IMG) were, not surprisingly,
highly correlated with one another. Fourth, age of acqui-
sition had high correlations with all of the other variables.
Specifically, age of acquisition correlated positively with
age of learning and number of strokes (NS), and nega-
tively with cumulative frequency, word frequency, number
of word formations, familiarity, and imageability, which
suggests that early-acquired words tend to appear early
in textbooks, have fewer numbers of strokes, form more
multiple-character words, occur more frequently, and be
highly familiar and highly imageable.

Multiple Regression Analysis

To explore the importance of variables that affect word
naming in Chinese, we used a multiple regression analysis
(MRA). In addition, we wanted to explore the interaction
between cumulative frequency and age of acquisition. Ac-
cording to the localized semantic growing network and
distributed network plasticity hypotheses, cumulative
frequency should interact with age of acquisition (Ellis
& Lambon Ralph, 2000; Hernandez & Li, 2007; Lam-
bon Ralph & Ehsan, 2006; P. Li, Farkas, & MacWhinney,
2004). In our MRA, we followed Aiken and West (1991),
who suggested that cumulative frequency and age of ac-
quisition should be centered? before running this type of
analysis (see also Young & Perkins, 2005). This was to
avoid collinearity between cumulative frequency, age of
acquisition, and the product of cumulative frequency and
age of acquisition.

The results of the naming-latency MRA are displayed
inTable 3. At Step 1 of our MRA, the initial phoneme (IP)
variable was entered into the regression. As expected, the
IP variable has a significant role in word naming, which
accounted for 5.8% of the variance in the naming-latency
data. At Step 2, we used a stepwise-method MRA to ex-
plore the roles of all the other 14 lexical and semantic
variables. Ten out of the 14 variables were significant in
accounting for the variances in word naming. In terms of
the amounts of variances accounted for, the variables can
be ordered (in decreasing importance) as follows: age of
acquisition (AoA), cumulative frequency (CF), regular-
ity (REG), familiarity (FAM), concreteness (CON), num-
ber of strokes (NS), number of word formations (NWF),
phonological frequency (PF), imageability (IMG), and
number of components (NC). Together, the 10 variables
accounted for 55.8% of the variance, and among these
10 variables, age of acquisition accounted for the largest
amount of variance (44.8%), and cumulative frequency
accounted for an additional 5.6% of the variance.

At Step 3 of the MRA, we added the interaction of cu-
mulative frequency and age of acquisition to the equation.
Table 3 shows that the interaction accounted for an addi-
tional amount of variance at a significant level, which sug-
gests that cumulative frequency does interact with age of
acquisition, and word naming in Chinese is affected by the
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Table 3
Standardized Coefficients (/) and AR? at the Three Steps of MRA
B T AR?

Step 1 .058
Bilabial -.137 —5.733***
Labiodentals .040 1.899
Dental—veolar .076 3.361™*
Alveolar -.133 =5.271"*
Dorsal .069 2.716"
Velar -.048 -2.029"
Vowels -.092 —3.844***

Step 2 558
AoA .670 46.481*** 448
CF -.348 -17.409"* .056
REG -172 -12.952*** 029
FAM -.132 -7.519"* .010
CON 126 7.024** .008
NS .048 3.229" .002
NWF -.075 —3.154** .002
PF .038 2.660"" .001
IMG -.059 —2.243" .001
NC -.040 -2.155" .001

Step 3 .024
CF*AoA -.163 —12.427* .024

p<.05. Tp<.0l. "™p<.00l.

interaction. Following Aiken and West (1991) and Cohen
and Cohen (1983), we could recast the regression equation
to probe a significant interaction, and in this case, we used
the value of 1 standard deviation (SD) above or below the
means to do so, as Aiken and West (1991) suggested. The
regression equation could be written as:

The A in the equation contains the constant and all other
variables’ influences; by, b,, and b5 are the unstandardized
coefficients in the final regression equation. When consid-
ering early-acquired words, the AoA value was substituted
by the value 1 SD below the mean (i.e., 0). When consider-
ing late-acquired words, the AoA value was substituted by
the value 1 SD above the mean. Thus, we have the follow-
ing two modified formulas in Equation 2, one for early-
acquired words and one for late-acquired words.

RT = A —835+CF — 1643 Early acquired
RT = A —28.75%CF + 1643 Late acquired (2)

We could see that the frequency effect is stronger on
late-acquired than on early-acquired words, given that
the absolute value of the coefficient is larger for the for-
mer (28.75) than the latter (8.35) from the formulas in
Equation 2.

Principal Component Factor Analysis

As discussed earlier, many of the variables of interest
in our study are highly correlated with each other (see
Table 2), indicating significant collinearity among the
variables. To reduce the influence of collinearity and to
further identify the general factors that influence word
naming, we conducted a principal component factor anal-
ysis (Hair et al., 2006). In this analysis, all 15 variables
except initial phoneme were simultaneously submitted to
factor analysis. The factor scores were then used as pre-
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Table 4
Rotated Factor Loadings for All 14 Predictor Variables
Factor
Variable Frequency  Semantics  Visual Features ~ Phonology  Consistency
CF 905 -.021 -.187 156 -.052
NWF .867 .059 -.166 134 -.046
WF 795 247 -.076 -.060 -.014
AoL =756 -.320 .066 -.060 -.010
AoA -.740 —469 292 -.038 .018
NM 713 -.250 -.100 -.093 -.002
IMG 169 914 011 =119 -.018
CON —-.096 910 018 -.070 .027
FAM 499 676 -.063 .012 -.065
NC -.147 —-.029 917 -.014 .023
NS -251 .013 .890 -.034 .019
HD -120 -.113 .026 .890 .008
PF 258 -.032 -.078 845 .069
REG -.054 -.018 .035 .066 994
% Variance 30.62 18.46 12.95 11.36 7.17
dictors in a confirmatory MRA, with harmonic means of ~Conclusions

the naming latency as the dependent variable.

Table 4 presents the results of the factor analysis. Five fac-
tors were extracted (eigenvalues > 1.0) from the analysis:
(1) frequency, with high loadings for cumulative frequency,
word frequency, number of word formations, age of acqui-
sition, age of learning, and number of meanings; (2) se-
mantics, with high loadings for imageability, concreteness,
and familiarity; (3) visual features, with high loadings for
number of components and number of strokes; (4) phonol-
ogy, with high loadings for homophone density and phono-
logical frequency; and (5) consistency, with high loadings
for regularity. These five factors together accounted for
80.56% of the total variance, of which frequency accounted
for 30.62%, semantics 18.46%, visual features 12.95%,
phonology 11.36%, and consistency 7.17%. Table 4 also
shows that age of acquisition and familiarity both loaded
highly on the frequency and semantics factors.

Table 5 presents the results of the factor score—based
MRAs. Frequency, semantics, visual features, and consis-
tency all significantly predicted the naming latencies. To-
gether, they accounted for 50% of the total variance [R? =
.50; F(5,2383) = 476.49, p < .001]. However, the factor
phonology was not significant in the regression. Thus, the
regression equation for our Chinese word-naming data
could be written as

RT = 532 — 31.05 * frequency
— 10.15 * semantics
+ 9.53 = visual features

— 7.37 * consistency. 3)
Table 5
Regression of Factor Scores on Naming Latencies
Factor B B T
Frequency -31.05 -0.63 —43.51"**
Semantics -10.15 -0.21 —-14.22"*
Visual features 9.53 0.19 13.35**
Phonology -1.18 —0.02 —-1.65
Consistency =737 -0.15 —-10.32"**

= <001,

In this study, we presented normative data of 15 vari-
ables for 2,423 Chinese single-character words. Our study
is one of the first, and by far the largest, of its kind in the
study of Chinese language processing. Although norma-
tive data are widely available for alphabetic languages,
such data are rare or nonexistent for nonalphabetic lan-
guages. Thus, the norms and analyses presented here will
be useful to the cognitive and psycholinguistic studies of
Chinese and to comparative studies of Chinese and other
languages.

To validate the norms, we used 15 variables to predict
naming latencies for the 2,423 words, in order to identify
the effects of these variables on lexical processing. We
conducted both factor analyses and MRAs to show that
word-naming latencies are affected by frequency, seman-
tics, visual features, and consistency of Chinese charac-
ters. However, the effect of phonology on word naming
is not significant. These results distinguish Chinese from
alphabetic languages, in which phonological factors and
orthographic features play a more significant role than
semantic factors (e.g., Barca et al., 2002; Bates, Burani,
D’Amico, & Barca, 2001).

The normative data described in this article are avail-
able at cogsci.richmond.edu/. We are currently developing
a Web-based interface that will enable users to retrieve on-
line the characteristics of the 15 variables for an even larger
set of Chinese words. When it is completed, the interface
should function as a Chinese version of the MRC Psycho-
linguistic Database (www.psy.uwa.edu.au/mrcdatabase/
uwa_mrc.htm) or the English Lexicon Project (elexicon
.wustl.edu).
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NOTES

1. The notion of “word” in Chinese is somewhat fuzzy in compari-
son with the idea in English (see Hoosain, 1992). Instead, a character
is the most basic orthographic unit, which corresponds to a morpheme
and often a monosyllabic word in the spoken language (what we call a
“single-character word” here). Words can also consist of two characters
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(disyllabic), three characters (trisyllabic), and so on. The variable “num-
ber of word formations” (NWF) refers to the number of multisyllabic
words that the same character can form.

2. Our age of acquisition (AoA) scores are based on participants’ rat-
ings of the age at which characters are acquired, a method that is typically
used in AoA research. There is some debate about whether subjective rat-
ings or objective AoAs (as derived from child language corpora) can bet-
ter predict word naming and picture naming (see Barbarotto, Laiacona,
& Capitani, 2005; Chalard, Bonin, Méot, Boyer, & Fayol, 2003; Mor-
rison, Chappell, & Ellis, 1997; Pérez & Navalon, 2005). No large-scale
objective AoAs exist yet for Chinese characters or words. It should also
be noted that our participants ranged in age from 18 to 23 years (college

students), which could potentially limit the generalizability of AoA ef-
fects on word naming (see Spieler & Balota, 2000, about factors that
might influence word naming in younger and older adults).

3. “Centering” here means the subtraction of each observation or mea-
surement from the mean of a given variable, which allows the researcher
to get deviation scores. Centering can reduce multicollinearity among pre-
dictor variables, especially when the interaction between two continuous-
variable predictors is considered. See Aiken and West (1991) for details.
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