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Abstract Previous studies about the orthographic neighborhood size (NS) in Chinese have
overlooked the morphological processing, and the co-variation between the character fre-
quency and the the NS. The present study manipulated the word frequency and the NS
simultaneously, with the leading character frequency controlled, to explore their influences
on word lexical decision (Experiment 1) and naming (Experiment 2). The results showed
a robust effect that words with a larger NS produced shorter reaction time than those with
a smaller NS, irrespective of the word frequency and the tasks. This facilitative effect may
occur due to a semantic network formed by neighbor words, resulting in the semantic acti-
vation to accelerate the word recognition. Moreover, the comparison of the effect sizes of
word frequency between the two tasks showed that lexical decision responses demonstrated
a larger word frequency effect, indicating that the sub-word processing was involved in the
multi-character word recognition.

Keywords Character/word recognition · Neighborhood size effect · Frequency effect ·
Morphological processing

Introduction

Neighborhood size (NS) of a word is the number of words that can be generated by changing
one letter at any position within the word (Coltheart et al. 1977). Past alphabetic studies
already explored NS, and its influence on word recognition. Some researchers intended to
investigate the same topic using similar definition in English but obtained contradictory
results in Chinese (Huang et al. 2006; Tsai et al. 2006). They might have overlooked the
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fact that the components of a word can be very different in Chinese and the alphabetic
system.

For instance, word length in English language usually ranges from 2 to 8 letters, and is
easily confused with NS, because longer words have smaller NS, and vice versa (Jalbert
et al. 2011; Lavidor and Ellis 2002). However, this is not the case with Chinese, because
nearly two-thirds of all Chinese words are formed by two characters. For example, about
60% of the word database compiled by the National Language Committee (2000) consists
of two-character words. Furthermore, the unit of the Chinese writing system is a charac-
ter which is represented by a morpheme, while the constituent parts of English words, the
letters, do not have such morphemic representation. Importantly, a degree of semantic rela-
tion exists between a Chinese character within a word and its neighbor words sharing the
character.

Neighborhood Size Effects in the Alphabetic System

As a result of the analysis of English materials, Coltheart et al. (1977) found no NS effect
on word recognition in lexical decision task (LDT), arguing that the amount of NS does not
influence word processing. However, Andrews (1989) pointed out that Coltheart et al. (1977)
may have ignored the impact of word frequency. After the manipulation of word frequency
and NS in the LDT and naming tasks, a facilitative NS effect was found for low-frequency
words. Andrews (1989) interpreted these findings as evidence for the interactive activation
model, formulated by McClelland and Rumelhart (1981).

By definition, neighbors may be a group of similar words in terms of orthography, while
similar orthography often resembles similar phonology in alphabetic scripts. Within the
interactive activation framework, a high-frequency word has a lower threshold for word
recognition, which means it can be more easily recognized, and the amount of NS would not
have a significant effect. In contrast, a low-frequency word has a higher threshold for word
recognition. Hence, to recognize the word correctly, more activation is needed. Under this
low-frequency condition, the more neighbors the target word has, the more partially activated
orthographic neighbors there are, and thus, the stronger the feedback from the word to the
letter nodes. As a consequence, the target word reaches threshold faster, thus resulting in
a facilitative NS effect. Indeed, many follow-up studies have confirmed these results (e.g.,
Andrews 1992; Carreiras et al. 1997; Forster and Shen 1996; Peereman and Content 1995;
Pollatsek et al. 1999; Sears et al. 1995).

For French, however, researchers have proposed a different concept called orthographic
neighborhood frequency effect. This concept suggests that words with high-frequency neigh-
bors are processedmore slowly than thosewithout high-frequency neighbors (Grainger 1990;
Grainger et al. 1989, 1992). Using the LDT, Grainger et al. (1989) manipulated words
with no neighbors, words with at least one neighbor but none of higher frequency, words
with only one higher-frequency neighbor, and words with many higher-frequency neigh-
bors, and instead of NS effect, a significant inhibitory neighborhood frequency effect was
observed.

Subsequently, Grainger and collaborators used priming paradigms or masked identifica-
tion to study the orthographic and phonological information in neighbors. They also found
that words with one neighbor of higher frequency leads to inhibitory neighborhood effects
(Grainger and Ferrand 1994; Grainger and Jacobs 1996; Grainger and Segui 1990; Segui
and Grainger 1990). As a result, the target word that owns higher frequency neighbors in
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the same lexical unit will compete against each other, reaching recognition threshold more
slowly than that for lower-frequency neighbors.

However, Sears et al. (1995) verified the stimuli used by Grainger et al. (1989) and argued
that the small range of NS does not mirror a real NS effect. Although Grainger and collabora-
tors reported inhibitory neighborhood frequency effects in the LDT (Grainger 1990; Grainger
and Segui 1990), the findingwas not presented in the naming task (Grainger 1990). To address
this problem and to better understand the process of word recognition, Sears et al. (1995)
used these LDT and naming tasks simultaneously and manipulated word frequency, NS,
and neighborhood frequency. Their results showed a facilitative NS effect for low-frequency
words in both tasks, nevertheless, the inhibitory neighborhood frequency effect advocated
by Grainger (1990), and his team (Grainger et al. 1989, 1992) could not be proved. In a
more recent research Sears et al. (2006) suggested that neighborhood frequency has no direct
effect on reading time, and has little, if any effect on post-identification processing of English
words.

The above findings imply that NS can influence word recognition. Previous alphabetic
studies mainly attribute facilitative NS effects to the perceived level of orthography, in which
orthographic neighbors tend to have similar phonology (e.g., Andrews 1989, 1992; Peere-
man and Content 1995; Pollatsek et al. 1999). However, as Andrews (1997) pointed out,
the relationship between orthography and phonology in other languages results in differ-
ent NS effects. Unlike alphabetic systems, in Chinese there is only one shared character
among the neighbors; hence, orthographic and phonological similarity is lower than that
presented in the alphabetic system. Another distinction between the two languages is that
characters have their own meaning in Chinese, while English letters are meaningless by
themselves.

More importantly, the critical psycholinguistic difference between Chinese and English
NS is that, Chinese neighbor words share one character with specific semantics, which led
to similar representations at the lemma level and a degree of relation between the meaning
of the character and words. When investigating the NS effects in Chinese word recogni-
tion, the possibility that activated neighbor words manifest the top-down influences from
the semantic level must be taken into consideration, while the past research about English
NS rarely mentioned it and merely focused on the bottom-up feedbacks by perceptual rep-
resentations from the orthographic level. Therefore, it is crucial to explore the possible role
of NS effects on Chinese compound word recognition in terms of semantics in the present
study.

Neighborhood Size Effects in the Chinese Writing System

Previous studies of the NS effect of Chinese only focused on the character level (e.g., Li et al.
2011; Wang and Zhang 2011), with radical as its main component to carry phonological or
even semantic information. Among the few researchers on NS effect in Chinese compound
words are Huang et al. (2006), and Tsai et al. (2006), and their definition of NS was very
similar to the one used in English. They characterize NS as the number of neighbors that
share the same constituent character with the target word. For instance, a two-character word
(e.g., , sè cǎi, color) can have neighbors which contain the leading character (such as

, sè zé, color shades) or neighbors which contain the second character (such as ,
shuĭ cǎi, watercolor).

Even though Huang et al. (2006) and Tsai et al. (2006) manipulated the same variables
as word frequency and NS, they only obtained similar results for word frequency effect.
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In terms of the NS effect their studies present contradictory findings. Huang et al. (2006)
found no significant main effect of NS but a significant interaction effect between word fre-
quency and NS. High-frequency words with more neighbors were identified faster, while
low-frequency words with more neighbors were identified slower. On the other hand, Tsai
et al. (2006) obtained a marginally significant main effect of NS of the leading charac-
ter. Words with more neighbors sharing the same leading character were identified faster.
However, there was no interaction effect between word frequency and NS on response
latencies.

It should be noted that although the NS of the leading character affects lexical decision
latencies, neither of the studies balanced the leading character frequency among different NS
conditions. Also, the analyses were not performed by items. Therefore, the present study is
to resolve the conflict between these two studies in order to get a clearer image of the NS
effect in Chinese compound words.

Contributions of the Present Research

We present three points to emphasize the novel contributions of the present study. First, the
NS of an English word is made up of words with orthographic and phonologic similarity.
In contrast, most Chinese words consist of two characters. The similarity in orthography
and phonology can only reach up to 50% in Chinese neighbor words. However, the leading
character plays an important role in NS effects. And neighbor words form a network of
semantically related words which share the same leading character (Wu et al. 2013). For
example, when a target word (such as , jı̄a zú, families) has the same leading character
( , ra, jı̄a, family), the neighbor words ( , jı̄a rén, family member; , jı̄a pŭ, family
tree; , jı̄a chăn, family property; , jı̄a yòng, family expenditure, etc.) are related to
each other at the semantic level.

From the mentioned-above example, a character in a Chinese compound word is sim-
ilar to a morpheme or a stem (lemma) in an English word. Moreover, a Chinese char-
acter is not completely equal to an English letter. Therefore, identification of a Chinese
compound word should not only consist of the orthographic and phonological processing
like letter processing but also of the morphological processing. The role of morphological
processing in Chinese word recognition was neglected in previous studies about the NS
effects.

Regarding morphological processing, Baayen and his collaborators suggested that mor-
phological productivity is a crucial sub-lexical factor in word recognition (Baayen 1994;
Baayen et al. 1997; Schreuder and Baayen 1997). The number of words derived from a
stem (lemma) by means of compounding (i.e. mouse: mouser, mousetrap, etc.), derivation
(i.e. beautiful: beauty, beautifully, etc.) or inflection (i.e. agree: agreeing, agreed, etc.), has
been referred to as the morphological family size (MFS) (De Jong et al. 2000; Schreuder
and Baayen 1997). A series of studies showed that lexical decision responses to words with
the larger MFS were faster than those to words with the smaller MFS in alphabetic systems
(Bertram et al. 2000; De Jong et al. 2000; Dijkstra et al. 2005;Moscoso del PradoMartín et al.
2005, 2004; Schreuder and Baayen 1997). These studies suggested that response latencies
are not affected by the overlap in orthography or phonology of the morphological family
members. Instead, response latencies are affected by a given stem which activates not only
its own semantic representation but also, to a certain extent, the semantic representations of
its morphological relatives. The present study aimed to address the issue of morphological
processing related to the NS effect.
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As for the second contribution, previous studies indicated that in Chinese, the NS based on
the leading character in two-character words exerts a greater influence on the target word than
that on the second character (e.g. Huang et al. 2006; Tsai et al. 2006). This seems to imply
that Chinese word recognition involves the sub-lexical processing. To address this issue, we
used both the LDT (Experiment 1) and naming task (Experiment 2) to separate pre-lexical
component from lexical access, as suggested by Liu et al. (1996).

In one trial of the LDT, participants must process the two characters in order to decide
whether the combination of them is a real word. This task can reflect the word frequency
effect in Chinese (Wu et al. 1994). However, in the one trial of the naming task, participants
have to pronounce the two characters within a word, and they can probably make a respond
based on the character before recognizing the entire word. Compared with LDT, such sub-
lexical processing tends to diminish word frequency effect (Monsell et al. 1989; Wu et al.
1994). The present study contained two experiments, comparing the effect sizes of word
frequency between those two tasks, a complete picture of the process in word recognition
can be better captured, as evident in the previous research (e.g., Frost et al. 1987; Liu et al.
1996).

The third contribution is the revelation of the co-variation between the character frequency
and the number of words embedding that character. Character frequency (token frequency)
is defined as the summation of frequencies of all words sharing the character in Chinese
(Wu et al. 2013). In other words, a character that forms more multi-character words tends
to have higher occurrence frequency. This idea is also supported after the analysis of the
four main Chinese character databases compiled in Taiwan. We calculated the correlation
coefficients between the amount of possible word combinations by each Chinese character
and its frequency in each database. The following results were obtained: a coefficient of .46
for the character database by Liu et al. (1975); .50 for the database byWu and Liu (1988); .62
for the database by Chinese Knowledge Information Processing Group (2001); and .57 for
the database byNational Language Committee (2000). All results showed significant positive
correlation (p < .001). To get an unbiased understanding of the NS effect, this covariance
was considered in the present study. We intended to manipulate the NS while the leading
character frequency was controlled.

The goal of the current study was to examine NS effects for both high- and low-frequency
words in Chinese. As suggested by previous studies of alphabetic systems, the NS has no
effect for high-frequency words. Studies of Chinese writing system, however, show contra-
dictory results. In light of the contributions above, the two hypothesis of this study can be
evolved.

First, we expect to observe facilitative NS effects in Chinese word recognition for both
high- and low-frequency words in the LDT and naming tasks. This is because the morpholog-
ical structure of words could achieve an efficient retrieval scheme for words (Sandra 1994).
Bybee (1995) also pointed out that morphological properties of words emerged from asso-
ciations among semantically-related words in lexical representations. Furthermore, lexical
access can be facilitated by activating semantically-related words in the long-term memory
representations, because these words form a context in which words are easier to access from
memory. The supporting context allows pre-activation of relevant lexical features, making
lexical access less effortful (Lau et al. 2008).

Therefore, we hypothesize that the larger the NS in Chinese, the more related words there
are in a semantic network, leading to stronger top-down semantic activation from the semantic
representations to the lemma nodes. In other words, the more semantically related neighbor
words of a target word at the semantic level, the more related nodes activated at the lemma
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Table 1 Averages and standard deviations (in parenthesis) of word frequency, neighborhood size, and leading
character frequency for target words in each condition

Variable High-WF Low-WF

Large NS Small NS Large NS Small NS

WF 99.64 (91.04) 98.28 (99.26) 3.28 (2.09) 3.48 (2.42)

NS 69.96 (16.54) 18.08 (4.64) 71.00 (23.11) 17.16 (5.87)

LCF 1,041.36 (391.26) 1,049.64 (378.50) 1,042.96 (454.16) 1,044.04 (444.86)

Data from theNational Language Committee (2000).WF word frequency,NS neighborhood size, LCF leading
character frequency (controlled)

level, lowering the threshold to recognize the target word and accelerating the identification
process.

Second, a significant difference between the effect sizes of word frequency in the LDT and
naming tasks is also expected to be observed, while lexical decision responses may manifest
a larger word frequency effect. Moreover, we hypothesize that in the naming task, there
is no need for participants to recognize the entire word, when they pronounce the leading
character. It implies the phonology processing may be involved before the word recognition.
Therefore, the naming task reflects the earlier stage of the lexical processing, which leads
to relatively weaker effect of word frequency. While in the LDT, participants cannot make
a correct decision about whether it is a real word until both the characters contained in the
word are identified, so it reflects the later stage of the lexical processing, resulting in the
gradually distinct effect of word frequency.

Experiment 1 (Lexical Decision Task)

Participants

Forty university students (mean age 20.74, 19 males) participated in the lexical decision task.
All of them were native Chinese speakers with normal or corrected-to-normal vision, and
they possessed proficiency in listening, speaking, reading and writing Mandarin.

Methods and Materials

A 2 × 2 two-way within-subjects design was adopted which contained the factors of word
frequency (high vs. low) and orthographicNS (large vs. small), with their descriptive statistics
summarized as shown in Table 1.

A total of 100 two-character words were selected from four Chinese character databases
that were compiled in Taiwan: the database of Liu et al. (1975), the database of Wu and Liu
(1988), the database of National Language Committee (2000), and the database of Chinese
Knowledge Information Processing Group (2001). All the stimuli were selected from the
four databases and the selection standards were consistent across them, that is to say, if a
word was high-frequency in one database, in other three databases it must be high-frequency
too, which helps to the repetition and validation of other researchers.

In the LDT task, 50% stimuli were two-character non-word foil targets for the “No
response.” For the “Yes response,” there exist many neighbor words sharing the leading
character in the large NS condition, while there exist fewer neighbor words sharing the lead-
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ing character in the small NS condition. The leading character frequency of the target word
and the number of strokes of constituent characters were also balanced under different con-
ditions. Over 90% of high-frequency words with large and small NS had higher-frequency
neighbor words, and 100% of low-frequency words with large and small NS had higher-
frequency neighbor words. The assignment of each target word to different conditions was
counter-balanced among participants.

Apparatus and Procedure

The experiment was operated by an IBM PC/486 computer. All stimuli were presented in
isolation in the center of a 17-inch VGA-adapted, 60Hz display. Reaction times (RTs) and
the duration of stimulus display were both measured to the nearest millisecond and synchro-
nized with the onset of video frame refreshing. E-Prime v2.0 Professional was adopted for
experimental procedures and the software for data handling was the program designed by
Wu (1995). Participants received 20 practice trails with feedback, in which they must reach
an accuracy no lower than 80% to enter the subsequent formal trials without feedback.

Participants received a LDT task in which they were asked to judge whether the stimulus
appearing in the center of the screen was a real word (e.g., , zhòng duō, numerous) or not
(e.g., , lā néng). They were instructed to respond as accurately and quickly as possible
by pressing one of two keys, one of which was colored in green for ‘real-word’ response,
and the other was colored in red for ‘not-a-real-word’ response. In each trial, the following
sequence of events occurred: (a) an asterisk, used as a fixation point, appeared at the center
of the monitor and lasted for 500ms accompanied by a 100Hz warning tone for 200ms,
before a blank screen appeared for 500ms; (b) the target word occupying a 24 × 50 dot
matrix area which subtended a visual arc of approximately 2 degrees, from a 70cm viewing
distance, remained there until the computer detected the participant’s key stroke, and the RT
was measured from the onset of the target word until a response was made; and (c) the whole
screen immediately turned blank for 1,000ms before an asterisk with a warning tone for the
next trial was presented.

In the LDT, 100 real-word trials and 100 non-word trials were evenly and randomly
divided into 25 blocks, and all of the stimuli were two-character words. Each block had 4
experimental trials indicating different conditions, one trial for each condition, in addition
to four non-word trials. An on-line random assignment with a block randomization shuffling
procedurewas performed separately so that each participant received an idiosyncratic random
sequence of block-arranged stimuli. All participants were tested individually.

Results

To calculate the mean RT of correct responses for each condition by each participant, trials
with RTs less than 250ms (possible anticipation), or RTs exceeding 2.5 standard deviations
from the mean of its condition, were treated as outliers. The percentage of outliers was 3.7%.
The recomputed means of correct RTs and the mean percentages of errors across participants
under different conditions of word frequency × NS are shown in Table 2.

Participants responded faster to target words with higher frequency compared to those
with lower frequency, while response to target words with large NS also took shorter than
to those with small NS. To assess statistical significance of these effects ANOVA was used
across participants, F1, and across stimulus items, F2.

Mean RTs from all participants showed that the main effect of word frequency
was highly significant, F1(1, 39) = 198.11, MSe = 1,668.68, p < .001, ω̂2

partial
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Table 2 Mean latencies and
error percentages (in parenthesis)
as a function of word frequency
and neighborhood size for word
lexical decision (Experiment 1)
and naming (Experiment 2)

Task High-WF Low-WF

Experimental 1 (LDT)

Large NS 554 (1.70) 645 (7.30)

Small NS 567 (2.80) 657 (13.50)

Experimental 2 (naming)

Large NS 461 (2.40) 479 (3.80)

Small NS 472 (2.70) 500 (7.00)

= .55; F2(1, 96) = 96.65, MSe = 2,449.02, p < .001, ω̂2
partial = .49, in which the

decision latencies was much shorter for high- than for low-frequency words. The main
effect of NS was also significant, F1(1, 39) = 6.31, MSe = 1,076.68, p < .05, ω̂2

partial

= .03; F2(1, 96) = 4.79, MSe = 2,449.02, p < .05, ω̂2
partial = .04, in which the

decision responses was faster for the large NS than for the small NS. The interaction
effect between word frequency and orthographic NS was not significant, F1(1, 39) < 1,
p > .88; F2(1, 96) < 1, p > .53.

Interim Discussion

Interestingly, since the main effect of NS was significant, while the interaction of word
frequency and NS failed to reach significance, manifesting facilitative NS effects were
found for both high- and low-frequency words. And no inhibitory effect in the LDT as
Grainger et al. (1989,1990, 1992) was found. It was in line with our first hypothesis as stated
above, and more robust facilitative effect was revealed than that in past research of alpha-
betic languages which demonstrated facilitative NS effect only for low-frequency words
(e.g., Andrews 1989, 1992; Forster and Shen 1996; Sears et al. 1995). It also illustrated
the stronger facilitative effect cannot be explained merely on the level of orthography or
phonology as research in alphabetic systems. Moreover, the semantic activation may also
give rise to the results of Experiment 1. Owning to the definite meaning carried by one
character in Chinese, the neighbor words sharing the same lemma (the character) also have
relevant semantics, which brought about the more activated nodes at the semantic level and
stronger top-down influences when the NS was large, compared with those in small NS
condition.

However, in previous studies of Chineseword recognition,Huang et al. (2006) observed an
inhibitory NS effect for low-frequency words. Since the semantics of the leading character
in a Chinese word seemed to play a facilitative role, why did they observe the inhibitory
effect? As aforementioned in the third contribution, Huang et al. (2006) probably overlooked
the covariance between character frequency and NS, and we indeed obtained a completely
different result from theirs after excluding the confounding of the leading character frequency
in this experiment.

Besides, the results of Experiment 1 suggest a facilitative word frequency effect as indi-
cated in previous studies (e.g., Andrews 1989; Frost et al. 1987; Grainger 1990; Wu et
al. 1994). That is, the response to a high-frequency word was faster than that to a low-
frequency word in both the large and small NS conditions. It also illustrated that, adopting
the LDT can reflect the word frequency effect sensitively and we also attempted to com-
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pare results from the LDT in Experiment 1 with those from the naming task in further
experiment. To further confirm the results obtained by Experiment 1, Experiment 2 was
designed to investigate whether facilitative NS effects could be also observed in the naming
task.

Experiment 2 (Naming Task)

Participants

Forty university students (mean age 21.03, 20 males) from the same pool as in Experiment 1
participated in the naming task of this experiment. Participants in Experiment 2 did not take
part in the LDT task of Experiment 1. All of them were native Chinese speakers with normal
or corrected-to-normal vision, and they possessed proficiency in listening, speaking, reading
and writing Mandarin.

Methods and Materials

The same design and stimuli, except for non-word foils, from Experiment 1 were adopted in
Experiment 2.

Apparatus and Procedure

The same apparatus and procedure used in Experiment 1 were adopted, with an addition of a
voice-activated circuit linked with a microphone used to detect the onset of the participant’s
pronunciation in Experiment 2. In the naming task, the phonetic symbols used in Taiwan
representing the correct pronunciation were presented above the stimulus as feedback during
practice trails. Via a remote connection line, the experimenter, seating behind the participant,
either pressed one button to indicate the correct pronunciation of the word (e.g., , jià
zhí, value), or the other button to indicate an incorrect pronunciation of the word or made
some other sound (such as a cough).

Results

Data analyses were similar to that in Experiment 1. The percentage of outliers was 2.9%.
The mean correct RT and the mean percentages of errors across participants under different
conditions are shown in Table 2.

If we compare the results of this experiment to those of Experiment 1, a consistent pattern
of results can be noticed. A two-way ANOVA revealed a highly significant main effect of
word frequency, F1(1, 39) = 85.01, MSe = 238.51, p < .001, ω̂2

partial = .34; F2(1, 96)

= 23.87, MSe = 586.57, p < .001, ω̂2
partial = .19, the naming latencies being much

shorter for high- than for low-frequency words. The main effect of NS was also highly
significant, F1 (1, 39) = 57.80, MSe = 177.05, p < .001, ω̂2

partial = .26; F2(1, 96)

= 11.84, MSe = 586.57, p < .01, ω̂2
partial = .10, the naming responses being faster

for the large NS than for the small NS. The interaction effect between word frequency and
orthographic NS was not significant, F1(1, 39) < 1, p > .17; F2 (1, 96) < 1, p > .31.
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Interim Discussion

It is commonly known that every task has its own demands; hence, in order to prove the
existence of an effect, it must be observed compatibly under different tasks as Andrews
(1997) noted in her review paper. The results of naming latencies clearly showed the same
pattern as in Experiment 1, which was missing in the studies by Huang et al. (2006) and Tsai
et al. (2006). And it added to evidence of our first hypothesis that no matter in the LDT or
the naming task, facilitative NS effects in high-frequency and low-frequency words can be
observed stably.

Moreover, the research by Frost et al. (1987) revealed that, in the naming task participants
were required to read the word aloud and they might pronounce it based on some rules (such
as grapheme-to-phoneme conversion) rather than identify the entire word, which led to the
weaker word frequency effect than that in the LDT. It signified that, in the languages with
shallow orthography, the phonology processing may be involved before the entire word was
identified. Given this, after comparing the effect sizes of character frequency between those
two tasks in Chinese character recognition, Liu et al. (1996) found the stronger character
frequency effect in the naming task instead of the LDT, which was widely different from
results in the alphabetic systems. It can be inferred that the pre-lexical phonology was not
involved in Chinese character recognition, and the phonology of characters was launched in
the post-lexical processing.

However, since the characters in the word possessed the fair degree of influence, it is
reasonable to observe the character processing in Chinese word recognition. In light of
the different stages in the lexical processing reflected by the LDT and the naming task, we
compared the results betweenExperiments 1 and 2 to uncover additional insights as suggested
by previous studies (e.g., Frost et al. 1987; Liu et al. 1996).

Comparison of Data Between Experiment 1 and Experiment 2

Methods

To compare the results of the two experiments, a three-way ANOVAwith the within-subjects
factors of word frequency (higher vs. lower) and orthographic NS (larger vs. smaller), and
the between-subjects factor of task (lexical decision vs. naming), was performed on the RT
data.

Results

The results demonstrated that significant sources of variation were word frequency,
F1(1, 78) = 269.80, MSe = 953.71, p < .001, ω̂2

partial = .46; F2(1, 96) = 88.54,

MSe = 2,066.22, p < .001, ω̂2
partial = .30, NS, F1(1, 78) = 26.91, MSe = 626.97,

p < .001, ω̂2
partial = .08; F2(1, 96) = 8.89, MSe = 2066.22, p < .01, ω̂2

partial = .04,

task, F1(1, 78) = 127.98, MSe = 10, 275.09, p < .001, ω̂2
partial = .28; F2(1, 96)

= 873.92, MSe = 969.37, p < .001, ω̂2
partial = .81, and word frequency × task,

F1(1, 78) = 98.09, MSe = 953.71, p < .001, ω̂2
partial = .23; F2(1, 96) = 69.91,

MSe = 969.37, p < .001, ω̂2
partial = .26. The other interactions were not significant,

word frequency × NS, F1s(1, 78) < 1, p > .62; F2s(1, 96) < 1, p > .60, NS × task,
F1s(1, 78) < 1, p > .62; F2s (1, 96) < 1, p > .57, and word frequency × NS ×
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task, F1s(1, 78) < 1.28, p > .26; F2s(1, 96) < 1, p > .86. A further analysis showed
that the simple main effect of word frequency was significant under the LDT, F1(1, 78)
= 346.63, MSe = 953.71, p < .001, ω̂2

partial = .52; F2(1, 192) = 155.95, MSe

= 1,517.79, p < .001, ω̂2
partial = .44, and it was also significant albeit weaker under the

naming task, F1(1, 78) = 21.26, MSe = 953.71, p < .001, ω̂2
partial = .06; F2(1, 192)

= 9.23, MSe = 1,517.79, p < .01, ω̂2
partial = .04. This illustrates that facilitative NS

effects in Experiments 1 and 2 would not change across tasks.

Interim Discussion

According to the aforementioned research by Frost et al. (1987) and Liu et al. (1996), either
the LDT or the naming task can capture the processing of the word recognition and provide
clear reflections about the word frequency effect. Nevertheless, if participants can retrieve the
pronunciation just via sub-lexical phonology (i.e., componential information) before lexical
access is finished, there will be smaller frequency effects and shorter RTs in the naming task
than those in the LDT (e.g., Frost et al. 1987). In contrast, if participants have to retrieve the
pronunciation after lexical access, there will be larger frequency effects and longer RTs in
the naming task relative to the LDT (e.g., Liu et al. 1996). Thus, comparing the results of
these two tasks can showmore evidence as to whether the processing of characters within the
word (i.e., its components) is involved in Chinese word recognition (Wu et al. 1994, 2013).

The frequency of one word usually reflects the familiarity for people to recognize it in the
mental lexicon, and then the two tasks should supposedly yield similar effect sizes. However,
the results indicated otherwise. The comparison of the effect sizes of word frequency between
those two tasks in the present study revealed that, lexical decision responses manifested a
largerword frequency effect than that for naming responses, and the response latencies for lex-
ical decisionswere distinctly slower than those for naming. It also verified our second hypoth-
esis that the experimental results exhibited a very similar pattern as that found by Frost et al.
(1987), indicating a pre-lexical phonology was involved in multi-character word processing.

In Experiment 1, in order to be able to decide whether a target word was a real word
or not, participants had to correctly identify both characters of the target word. However,
in Experiment 2, participants were instructed to read aloud the target word in the naming
task, and RT was recorded with the onset of the pronunciation of the leading character. It is
possible that the participants were able to pronounce the leading character before identifying
the target word, diminishing the effect sizes of word frequency in turn. In addition, if the
acquisition of word pronunciation takes place after lexical access in Chinese, word frequency
effect in the naming task should be stronger than that for LDT, as validated by the pattern
obtained in the study by Liu et al. (1996). Whereas, the present research showed the opposite
results, revealing that the process of word recognition is influenced by its characters.

General Discussion

In summary, the present study highlights several points. First and foremost, we demonstrated
that orthographic neighbor words exert a robust facilitative NS effect on both word decision
and naming in Chinese. In alphabetic systems, neighbors are defined as a group of words
with very similar orthography, often with similar phonology as well. Therefore, facilitative
NS effects on low-frequency words may be caused by influences from the orthographic and
phonological levels (e.g., Andrews 1989, 1992; Forster and Shen 1996; Sears et al. 1995).
However, this is not the case in Chinese, because we found facilitative effects for both high-
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Fig. 1 Semantic activation model in Chinese word recognition

and low-frequency words. As aforementioned, orthographic and phonological similarity of
Chinese neighbor words is much lower than that in the alphabetic system. So it would be
difficult for us to explain such robust facilitative effects on the orthographic and phonological
level.

What is more, past studies which investigated the topic of NS in Chinese used the same
definitions and notions with English, but they overlooked the morphological processing in
Chinese word recognition. According to our calculations based on the four main character
databases as aforementioned, the Chinese writing system contains more than 100,000 words
constituted by about 5,000 common characters. And the neighbor words with the same
constituent character have overlapping semantics (Wu et al. 2013).

Importantly, combining the interactive activationmodel (McClelland andRumelhart 1981)
and the model of morphological processing (Schreuder and Baayen 1997), a possible cogni-
tive mechanism in Chinese word recognition is shown in Fig. 1. In addition to the bottom-up
feedbacks from the perceived level to the meaning level, there are top-down influences from
the meaning level to the perceived level. When a target word shares the same character with
neighbor words at the character level, semantic activation will provide top-down influences
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from the semantic level to activate the related nodes at the lemma level. Therefore, the larger
NS will lead to more words with related meaning in Chinese, which results in the stronger
semantic activation in the network. Under the circumstances, the process to complete the
target word identification will be accelerated. Compared with the orthographic and phono-
logical processing in the alphabetic system, such semantic processing plays a greater role in
Chinese word recognition.

Second, character frequency (token frequency) in Chinese is defined as the summation
of frequencies of all words sharing a particular character (Wu et al. 2013). As previously
indicated, character frequency may co-vary with the number of words containing particular
character. Furthermore, the NS of the leading character in two-character words exerts a great
influence on word recognition. Any experiment which manipulates NS without controlling
the frequency of the shared leading character would only lead to biased conclusions. We
infer that, such bias caused by the frequency of the leading character, and the selection
of inappropriate stimuli (by items analyses were not performed), are the reasons why the
experiments of Huang et al. (2006) and Tsai et al. (2006) have obtained conflicting results.

Moreover, after the leading character frequency was controlled, if the participant gave a
response after combining two characters of the target word in the naming task, the effect
sizes of word frequency should be similar to that in the LDT, not weaker. This might be
because in the earlier stage of the lexical processing, participants were able to pronounce it
after merely identifying the leading character, with no need for recognizing the entire word,
diminishing the supposed effect sizes of word frequency in the naming task (e.g., Wu et al.
1994). While in the LDT, the complete word recognition must be fulfilled, and the due effect
sizes of word frequency were manifested. The pattern of the two experimental results in this
study is similar to that found by Frost et al. (1987), demonstrating the processing of sub-word
phonology involved in pre-lexical stage of Chinese word recognition. Such results imply that
the basic recognition unit may be a character rather than a word. Huang et al. (2006) and
Tsai et al. (2006) clearly overlooked this possibility in their experiments.

Conclusion

The present study examined orthographic NS effects in Chinese word lexical decision and
naming, and compared the results between the two experiments. We not only proposed
possible cognitive mechanism of NS effects in Chinese word recognition, but also showed
that a pre-lexical phonology was involved in multi-character word processing. Our findings
suggest that the leading character of neighbor words plays a dominant role during word
recognition in the Chinese writing system. In Chinese, one may associate neighbor words
based on semantics of the particular character they shared, and this will help to process
various kinds of lexical meanings of Chinese words.
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Appendix 1: High-Frequency Words Used in Experiments 1 and 2

Over 90% of the above high-frequency words with larger and smaller NS had higher
frequency neighbor words.
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Appendix 2: Low-Frequency Words Used in Experiment 1 and 2

100% of the above low-frequency words with larger and smaller NS had higher frequency
neighbor words.
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Appendix 3: Non-words Used in Experiment 1
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