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Abstract 
 

The proposed study investigates the phonological activation of semantic radicals in 
Chinese compound characters. Radicals are the internal structure of a compound character. In 
the standardised writing system of Modern Chinese, it is widely acknowledged that more 
than 80% of the characters are phonetic-semantic compounds (Kang, 1993; Zhu, 1987). 
These compounds consist of one phonetic radical that provides phonological information 
(e.g. � “sheep/goat, /jǎŋ/” in the character � “ocean, /jǎŋ/”), and one semantic radical that 
gives clues to the meaning of the whole character (e.g. 
 which represents 	 “water, /ʂwèi/” 
in the character � “ocean, /jǎŋ/”). In previous studies of the sublexical processing of Chinese 
characters, the centre of attention – both theoretically and empirically – has been largely 
focused on the phonetic radical. The semantic radical is a distinctive feature of written 
Chinese – a logographic writing system – as its presence provides cues to the meaning of the 
whole character without making any phonological contribution. There has been mounting 
evidence which shows that the processing of Chinese characters involves automatic 
decomposition of the radicals, with both phonological and semantic information accessible at 
the sublexical level.  

Building on the work of Zhou and Marslen-Wilson (1999a), who successfully 
demonstrated semantic priming of phonetic radicals in a primed naming study, the current 
study aims to complete the profile of Chinese sublexical processing by investigating whether 
phonological information is also activated in semantic radicals, and whether the 
orthographical transparency of a semantic radical has any effect on this activation. 
Orthographically transparent radicals can also stand alone as a legal character and are thus 
represented at both lexical and sublexical levels, whereas orthographically opaque radicals 
are represented at the sublexcial level only and presumably have an indirect connection to the 
lexical representations of their corresponding full character. We thus predict that the 
phonological information of an orthographically transparent semantic radical will be more 
accessible during sublexical processing. 

This prediction will be tested in two experiments. The first experiment uses semantic 
radicals, in either the Opaque or the Transparent condition, and compound characters that 
contain a semantic radical as two types of primes. The target character is homophonic or 
close-homophonic (contrastive only in aspiration) to this semantic radical, but bears no 
semantic or orthographical similarity. A primed naming task is adopted with visual priming 
input. Facilitation effect is predicted for both radical prime and compound prime, with a 
stronger effect in the Transparent condition. The second experiment uses cross-modal primed 
naming task, with auditory rather than visual input, to determine the source of decomposition. 
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If the same effect is replicated, we can conclude that the decomposition of compound 
characters is mainly a result of phonological rather than simply visual stimulation. Findings 
of this study will test the “Universal Phonological Principle”, proposed by Perfetti, Zhang 
and Berent (1992), by contributing fine-grained descriptions to the processing of a 
logographic writing system, which differs from most writing systems in the world and 
therefore provides invaluable insight into sublexical processing. 
 
Keywords: Chinese compound character, sublexical processing, semantic radicals, 
phonological activation, primed naming 

 
 

1. Radicals in Chinese Compound Characters: A Brief Introduction 
 

An alphabetic writing system like English forms a word by combining letters, which are 
non-meaningful units that inherently contribute to the sound of a word by virtue of being a 
phonological system. A logographic writing system like Chinese forms a character by 
combining strokes, which are by themselves not only meaningless but also soundless; there is 
no relationship between any particular stroke and a consonant or a vowel. Above this 
minimal level of strokes, Chinese compound characters consist of internal structures, namely 
radicals, which provide the semantic or phonological information of the whole character. For 
example, the character� “sunny weather, /tɕʰǐŋ/” contains a radical� “green/black, /tɕʰíŋ/” 
on the right hand side, which contributes to the phonological information of the character but 
is semantically unrelated, and a radical � “sun/day, /ɻî/” on the left hand side, which 
provides cues to the meaning but is phonologically unrelated.  

The most interesting contrast between Latinate and Chinese writing systems occurs at the 
sublexical level: in an English word, a string of letters inherently make phonological 
contribution but may not necessarily be semantically related to the word; “bullet” shares 
accidental phonological overlapping with “bulletin”, but the latter is not derived from 
“bullet”. During real-time processing, words like “bulletin” are not further decomposed into 
arbitrarily combined strings of letters, which would otherwise be processed just like non-
word strings (e.g. “int” in “mint”) (Marslen-Wilson, Tyler, Waksler, & Older, 2002). This 
provides evidence for the existence of “stem” in the mental representation of English lexicon. 
On the other hand, Chinese radicals typically perform either semantic or phonological 
function; occasionally, some radicals may be completely unrelated to the compound character 
as a result of historical development of the writing system (Feldman & Siok, 1999b; Zhou & 
Marslen-Wilson, 1999a). The internal structure of a compound character is important in 
accessing its sound and meaning, raising many interesting questions with regards to the 
mental representation of Chinese lexicon and how it may differ from that of English. What 
roles do radicals play in the processing of Chinese compound characters? What is the 
temporal profile of the decomposition of compound characters in a logographic writing 
system like Chinese? 

In the standardised writing system of Modern Chinese, it is widely acknowledged that 
about 95% of the characters are complex characters composed of two or more radicals, and 
more than 80% of the characters are phonetic-semantic compounds (Kang, 1993; Zhu, 1987). 
Phonetic-semantic compounding is the most common way of forming characters in Chinese, 
and these compounds consist of one semantic radical and one phonetic radical. Key facts 
about the Chinese writing system are summarised in Table 1. 
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The Chinese Writing System: Key Facts and Terms 

Logographic 
writing system 

A logographic system, such as Chinese, is a writing system based on 
logograms 

Logogram Logograms are symbols that represent concepts rather than sounds 
Compound 
character 

The most common way of forming characters in Chinese; typically 
consisting of one phonetic radical and one semantic radical 

Phonetic radical Part of a compound character, typically on the right hand side; providing 
phonological information of the whole character 

Semantic radical Part of a compound character, typically on the left hand side; providing 
semantic information of the whole character 

Table 1: Key facts about the Chinese writing system 
 

Since a very young age, Chinese students are taught explicitly to pay attention to the 
composition of compound characters, learning individual radicals and their roles in the 
corresponding characters (Ho, Ng, & Ng, 2003; Wu, Zhou, & Shu, 1999). For example, the 
radical 
 is given the name ��	 “three drop water”, and can be found in characters that 
are semantically related to “water”, such as � “large river”, � “small river”, � “lake”, and 
� “sea”. Radicals – especially semantic radicals – are also used as indexes and searching 
cues in dictionaries (Wu et al., 1999). Given the explicit instruction and frequent usage, it is 
hardly surprising that the recognition of Chinese compound characters involves automatic 
decompositions of radicals (Hung, Tzeng, & Tzeng, 1992).  

Most previous studies in Chinese character recognition have focused on various aspects 
of phonetic radical processing (Fang, Horng, & Tzeng, 1986; Hue, 1992; Peng, Yang, & 
Chen, 1994; Perfetti & Zhang, 1995; Perfetti & Tan, 1998; Seidenberg, 1985; Tsang, Wu, Ng 
& Chen, 2016; Zhou & Marslen-Wilson, 1999a, 1999b, 2000). Semantic radicals are much 
understudied by comparison, but they in fact represent a distinctive feature of written Chinese 
– one of the very few existing logographic writing systems in the world – as they only 
provide cues to the meaning of the whole character without making any phonological 
contribution. For this particular reason, research on semantic radicals has the potential of 
providing invaluable insight into the mental representation of Chinese lexicon. 

The primary interest of the current study, therefore, lies in the semantic radical which is 
usually on the left hand side and gives clue to the meaning of the whole character (Ding, 
Peng, & Taft, 2004). In particular, we distinguish two types of semantic radicals based on 
their orthographical transparency: the radical� which represents “sun”, as in the character 
� “sunny, /tɕʰǐŋ/”, has the same structure as its corresponding legal character (Ding, Taft, & 
Zhu, 2000; K. Lee, 2009), and is thus orthographically transparent; by contrast, the radical 

 which represents “water” cannot stand on its own as a legal character, and is considered 
orthographically opaque when compared with its corresponding legal character	 “water, 
/ʂwèi/” (Ding et al., 2004; Perfetti & Tan, 1998). These two types of semantic radicals are 
dubbed as “Transparent” and “Opaque” respectively in the current study. 

Feldman and Siok (1999a) pointed out that the study of semantic radicals is of great 
significance because this type of radicals is present only in written form but is “not generally 
realised phonologically”. There are around 800 phonetic radicals in Chinese, but their 
phonetic relation with the compound is actually not very consistent, varying between 25% 
and 40% (Fan, Gao, & Ao, 1984; Y. Zhou, 1978). On the other hand, according to I. Taylor 
and M. Taylor (2013), the Modern Chinese writing system contains approximately 200 
semantic radicals, most of which cannot stand on its own as a legal character, i.e. they are 
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orthographically opaque. As the writing system evolves over time, a semantic radical may 
cease to bear direct semantic relationship with the compound character, but there is a general 
consensus that most semantic radicals still provide reliable cues to the meaning of the 
character, although the degree of “reliability” seems to vary between different semantic 
radicals (Feldman & Siok, 1999a; K. Lee, 2009). For instance, the radical �“hand” is 
semantically related to over 90% of the compounds it forms (Jin, 1985), while for the radical 
�“silk” the relatedness is estimated to be around 65% (Fan, 1986). Nevertheless, the pattern 
remains quite systematic and thus provides a solid basis for research into the processing of 
semantic radicals. 

There is mounting evidence which shows that the processing of Chinese character 
involves automatic decomposition of its radicals, with both phonological and semantic 
information accessible at the sublexical level. However, the time course of this activation, 
along with the interaction between phonological and semantic information in a given radical, 
occurs in a very subtle way; such cognitive details do not typically reveal themselves in 
native speakers’ intuition. This motivates an experimental take on the question of how 
exactly the phonological information of semantic radicals is activated. 
 

2. Sublexical Processing in Chinese: Previous Research 
 
Written Chinese differs vastly from alphabetic writing systems such as English or 

German. Crucially, since no level encodes a single phoneme in this logographic system, there 
is no “grapheme-phoneme mapping” to speak of (Perfetti & Tan, 1998). Nevertheless, it has 
been suggested that Chinese character recognition involves automatic decomposition of the 
radicals (C. Lee, Tsai, Huang, Hung, & Tzeng, 2006), and speakers access the phonological 
and semantic information of compound characters via the representation of their radicals 
(Ding et al., 2004; Taft & Zhu, 1997; W. Zhang, Feng, & He, 1994).  

Ding, Peng, and Taft (2004) showed that the recognition of a compound character is 
facilitated by priming of a different compound character that shares the same radical in the 
same position. This supports the view that radicals have their own level of representation in 
the mental lexicon of Chinese characters. Moreover, during the decomposition process of a 
compound character, the activation of phonological information at the sublexical level has 
been observed empirically by using various experimental techniques, including primed 
naming task, lexical decision task, and the Stroop task (Perfetti & Zhang, 1995; Pollatsek, 
Tan, & Rayner, 2000; Spinks, Liu, Perfetti, & Tan, 2000; Tan, Hoosain, & Siok, 1996). 
These findings led to the so-called “Universal Phonological Principle”, first proposed by 
Perfetti, Zhang and Berent (1992), who claimed that phonological activation occurs as a 
necessary process in all writing systems, “with the details of the writing system influencing 
the details of phonological processing”. In a lexical judgment task, Cheng and Shih (1988) 
reported a significant phonological priming (but not visual priming) effect for single 
characters at both short and long SOAs, which is congruent with the notion that lexical access 
in Chinese requires phonological mediation. They argued for the necessity of “pre-lexical 
phonological recoding” when processing Chinese characters, despite the fact that the Chinese 
writing system has no grapheme-phoneme conversion rules. Based on a similar idea, Perfetti 
and Zhang (1995) observed phonological interference in a semantic judgment task as well as 
semantic interference in a phonological judgment task, suggesting that Chinese readers 
cannot bypass phonology when recognising compound characters, and in fact phonological 
activation occurs even earlier than semantic activation. These results render further support 
for the view that phonological activation occurs as a necessary process in Chinese character 
recognition. 
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However, others have reported that phonological activation may opt out in the processing 
of Chinese compound characters (Chen & Shu, 2001; Weekes, Chen, & Lin, 1998). For 
instance, using both compound and single characters in a lexical decision task, Weekes, 
Chen, and Lin (1998) argued that they found no evidence for phonological priming in single 
character recognition, contrary to what Cheng and Shih (1988) claimed. This led them to 
conclude that the activation of phonology is strictly constrained by the particular type of 
character, and that phonological activation is not a necessary part of single character 
recognition. In addition, there seemed to be an interaction between character frequency and 
phonological/semantic interference, with the usefulness of radicals decreasing as the 
character frequency goes up, which suggests that the processing of high-frequency characters 
can bypass phonological activation at the sublexical level (Cheng & Shih, 1988). Chen and 
Shu (2001) also argued against the early phonological activation hypothesis proposed by 
Perfetti and Tan (1998), pointing out that the error data in their study did not converge with 
the naming latency results, which suggests that semantic activation was actually more 
important during the processing of Chinese compound characters, and that phonology should 
be optional for accessing semantic information in compound characters. Furthermore, Zhang, 
Perfetti, and Yang (1999) also reported a homophone judgment task in which they looked at 
semantic-semantic compound characters, where no phonological information of the whole 
character can be straightforwardly accessed from either radical. They concluded that for this 
particular type of compounds, character-level pronunciation must be retrieved on the basis of 
the whole character, bypassing the decomposition process that activates the phonological 
information of both radicals. In this study, however, the focus was on semantic-semantic 
compounds, which make up a very small proportion of all Chinese characters.  

Therefore, in the centre of this debate lies the question of whether phonological 
information is fully activated at the sublexical level in a logographic system such as Chinese, 
and so far there have been very mixed results concerning different types of compound 
characters. Although Seidenberg (1985) provided a sketch of phonological activation in 
different writing systems, a lot more research on the processing of compound characters has 
emerged ever since, and our understanding thereof needs to be updated accordingly. It has 
been widely acknowledged that the processing of compound characters involves automatic 
decomposition into phonetic and semantic radicals at the sublexical level, and there is an 
interesting yet complex interplay between the phonological and semantic information during 
the processing of each radical. However, in general, little consensus has been reached 
regarding the extent to which phonological activation is necessary. This tension cannot be 
resolved unless we complete the profile of the sublexical processing in Chinese by looking at 
the time course of phonological as well as semantic activation in both types of radicals. 

To this end, Zhou and Marslen-Wilson (1999a) conducted a landmark study which 
suggests that the processing of phonetic radicals is both a phonological and semantic event, 
rather than a primarily phonological one. In a primed naming study that investigated the 
semantic priming of phonetic radicals, when a target character (� “purple, /tsı̯ ̀/”)  was primed 
by a phonetic-semantic compound� “sunny weather, /tɕʰǐŋ/”, which is phonologically and 
semantically unrelated to the target but embeds a radical � “blue/green, /tɕʰíŋ/” that is 
semantically related to the target, a facilitation effect was found at shorter SOA (57ms); the 
same effect was reported for irregular compound character, e.g. � “guess, /tsʰái/”, in which 
the same radical � “blue/green, /tɕʰíŋ/” no longer shares phonological overlapping with the 
compound prime, ruling out the possibility of phonological spreading from the whole-
character level (see Table 2 for a set of sample stimuli). These results have been successfully 
replicated in an ERP study (C. Lee et al., 2006). In addition, Wu, Zhou, and Shu (1999) built 
on the work of Zhou and Marslen-Wilson (1999a) and reported a developmental study of the 



6	

sublexical processing of Chinese characters, in which a similar phonological priming effect 
was observed when “target characters were semantically related to the phonetic radicals” 
embedded in compound characters, although this seems to hold only for sixth-grade children, 
but not for third-grade children.  

 
Phonetic Radical Compound Prime Control  Target 

�   
blue/green  

/tɕʰíŋ/ 

� 
guess 
/ tsʰái/ 

 
wave 
/pó/ 

�  
purple 
/tsı̯ ̀/  

Table 2: Target and primes in Zhou & Marslen-Wilson (1999a) 
 

In sum, previous studies have showed that sublexical processing of low-frequency 
compound characters involves various degrees of decomposition, with phonological and 
semantic information accessible possibly as early as at the sublexical level. Since both 
phonological and semantic information is activated for phonetic radicals, a natural extension 
of this finding is that the same can be expected to hold for semantic radicals; that is to say, it 
is reasonable to hypothesise that the processing of semantic radicals will also be both a 
phonological and a semantic event.  
 

3. Semantic Radicals: Phonological Activation? 
 
As Feldman and Siok (1999a) pointed out, semantic radicals have received much less 

attention compared with phonetic radicals in previous research. This might be because it is 
not quite clear how non-character radicals (i.e. orthographically opaque semantic radicals) 
were represented given that they were not legal characters themselves, although their 
contribution to “the semantic activation of the whole character” was undeniable, as Zhou and 
Marslen-Wilson (1999a) reasoned. Perfetti and Tan (1998) also made similar speculation 
about orthographically opaque semantic radicals, and they insightfully pointed out that it is a 
fair assumption that the phonological information of semantic radicals will be activated at an 
equally early stage, because reading, i.e. visual recognition of words, is also “speech 
dependent” due to the human biological preference for speech.  

Indeed, semantic radicals have been found to play an critical role in Chinese character 
recognition (Ju & Jackson, 1995), and they also undergo the process of decomposition as 
readers use them to access corresponding semantic representations (Zhou & Marslen-Wilson, 
1999b). In a lexical decision task, Feldman and Siok (1999a) found a significant facilitation 
effect for primes that are semantically related, regardless of the semantic radical, but not for 
primes that do share the same semantic radical which makes no contribution to the meaning 
of the compound character. This demonstrates that only semantic radicals that provide 
reliable cues to meaning will facilitate the recognition of target compound characters, with a 
strong effect at longer SOAs (243ms). Findings of this study suggest that semantic radicals 
are a “psychologically relevant unit” during the processing of compound characters (Feldman 
& Siok, 1999a; Li & Chen, 1997). Moreover, phonetic radicals and semantic radicals perform 
different functions in the processing of compound characters (Feldman & Siok, 1999a). It is 
therefore crucial to understand how each functional component is processed in order to obtain 
a full picture of Chinese character recognition (Feldman & Siok, 1997). In particular, since 
the presence of semantic radicals does not contribute to the sound of compound characters, 
experimental work on such functional components can provide insights that are inaccessible 
in the study of an alphabetic writing system, where morphemes inevitably contribute to the 
phonological information in addition to representing meaningful units.  
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Therefore, the proposed study aims to answer two questions: (1) Is the phonological 
information of the semantic radical is activated at the sublexical level? (2) Does 
orthographical transparency of the semantic radicals have an effect on this activation? 
Building on the work of Zhou and Marslen-Wilson (1999a), as well as Perfetti and Tan 
(1998), we propose two primed naming experiments to test the hypothesis that the activation 
of semantic radicals will also be both a phonological and a semantic event, resembling what 
has been observed for phonetic radicals. We predict that semantic radicals in low-frequency, 
phonetic-semantic compound characters are subject to automatic decomposition, with 
phonological information fully activated at the sublexical level, especially for 
orthographically transparent radicals which have representations at both lexical and 
sublexical levels. Figure 1 illustrates the various relations between a compound prime 
(middle), its semantic radical (left), and a target character (right) that is homophonic to the 
semantic radical. 

 
Figure 1: Relations between the semantic radical, the compound prime and the target 

 
In previous studies of the phonological and semantic priming of Chinese radicals, 

researchers mostly adopted the primed naming task with primes presented visually rather 
than auditorily. In addition to using the visual primed naming task, we propose a follow-up 
study in which a cross-modal primed naming task is used. If the same effect is replicated, we 
can conclude that the decomposition of compound characters is mainly a result of 
phonological rather than visual stimulation. Another purpose of using auditory stimulation 
along side visual stimulation is that by manipulating the SOA conditions, we can further 
investigate the time course of phonological and semantic activation to see if the two-stage 
model of lexical access also holds for sublexical processing in Chinese character recognition 
(Schriefers, Meyer, & Levelt, 1990). If the phonological and semantic activation is “serially 
ordered”, as Schriefers et al (1990) suggested, then at shorter SOAs, we expect an exclusively 
semantic activation, and no phonological information of the semantic radical is activated at 
this stage; at longer SOAs, we should capture an exclusively phonological activation which 
facilitates the phonological priming of semantic radicals. 

The proposed study aims to fill a gap in the literature by exploring the phonological 
activation of semantic radicals, a functional component that is absent in alphabetic writing 
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systems and has received relatively less attention compared to the phonetic radicals in 
Chinese. Findings of this study will test the “Universal Phonological Principle” (UPP) 
proposed by Perfetti, Zhang and Berent (1992), by contributing fine-grained descriptions to 
the processing of a logographic writing system, which differs from most writing systems in 
the world in term of the mental representation of “silent” components. Since alphabetic and 
logographic writing systems have proven to “activate different (lexical) coding and memory 
mechanisms” (Chen & Juola, 1982), the current study has the potential of shedding new light 
into sublexical decomposition processes that are inaccessible in the study of alphabetic 
writing systems. 
 

4. Experiments 
  
 We propose two primed naming experiments to investigate whether the phonological 
information of semantic radicals is activated along side the semantic information at the 
sublexical level, whether orthographical transparency of the semantic radical has effect on 
this activation, and what is the time course of phonological and semantic activation during 
the whole process.  
 There are several caveats concerning the choice of methodology and the experimental 
material. First of all, the primed naming task is adopted because of our primary interest in 
phonological priming. Although naming tasks may potentially suffer from producing 
“complex patterns of phonological facilitation and interference at the output as well as the 
identification levels” (Perfetti & Tan, 1998), we believe that this method is most suitable for 
addressing our research questions. Since naming tasks “specifically require phonological 
form” and can be used as a way of eliciting the outcome of phonological processing, it would 
consequently help us tap into the time course of phonological activation. The lexical decision 
task does not align with the research questions of the proposed study, because it would 
require us to present illegal compound characters that bear no sound or meaning at all (given 
the nature of a logographic writing system), failing to yield any informative results about the 
early activation of phonological information at the sublexical level. 

Secondly, previous research suggests that word frequency and radical position play a role 
in the extent to which a compound character is decomposed during processing. Weekes, 
Chen, and Lin (1998) observed a facilitation effect when a compound character is primed by 
its radical, but only if the compound character is of low frequency; no facilitation effect arose 
from the priming of a radical to a high-frequency compound character (Ding et al., 2004).  A 
similar interplay between character frequency and decompositionality also was reported by 
Seidenberg (1985), who suggested that speakers may adopt a whole-character approach for 
high-frequency compound characters, whereas low-frequent ones are more likely to be 
subject to automatic decomposition into radicals. K. Lee (2009) also pointed out that similar 
to English, low-frequency Chinese characters tend to require “dual, parallel phonological and 
semantic processing”. Therefore, for the purpose of our study, we will follow the convention 
of using low-frequency characters to elicit a more thorough decomposition process. With 
regard to the frequency of radicals, it must be noted that whether or not a semantic radical 
can stand alone as a full character has no necessary correlation with its frequency (Feldman 
& Siok, 1999a); all semantic radicals used in our study are of high or medium frequency as a 
component of the character1. Additionally, we consistently use the left-right structure in our 
selection of compound characters, since it is found to be more subject to automatic 
decomposition and to signal any priming effect at the sublexical level (Zhou & Marslen-

																																																								
1 Based on Modern Chinese Dictionary (2012), Modern Chinese Frequency Dictionary (Wang, Chang, & Li, 
1985), and Modern Chinese Character Frequency List (Da, 2005). 
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Wilson, 1999b). 
 
 
 

Experiment 1 
 
Design and stimuli:  

Twenty-four semantic radicals have been selected, with half of them being 
orthographically transparent and the other half orthographically opaque. Each radical appears 
twice and is combined with another radical to form a total 48 compound characters. Given 
the complex interplay between character frequency and radical frequency, we have only 
chosen low-frequency compound characters (<0.024%), and the frequency of all semantic 
radicals is kept similar across the board. A list of the stimuli can be found in the Appendix, 
and sample items are provided in Table 3. 

 
Radical 

Condition 
Semantic 
Radical 

Compound 
Prime 

Control  Target Character  

Transparent � 
mountain 

/ʂán/ 

� 
mountain peak 

/lìŋ/ 

� 
change 
/pjɛ̂n/ 

� 
shirt 
/ʂán/ 

Explanation 
of relations: 

A  A + B 
Semantically 
related to A 

__ 
 

Phonologically 
related to A 

Opaque � (�) 
speech 
/jɛ̌n/ 

� 
comment 
/pʰǐŋ/ 

� 
possible; can 

/kè/ 

� 
salt 
/jɛ̌n/ 

Explanation 
of relations: 

Legal 
character of A  

A + B 
Semantically 
related to A 

__ Phonologically 
related to A 

Table 3: Sample item from Experiment 1 
 
All radical prime have a reliable semantic relationship with the compound primes, but 

they are not phonologically related to each other. Among the compound primes, half of them 
are authentic phonetic-semantic compounds while the other half are “irregular” compounds, 
i.e. the radical on the right hand side has no phonological overlapping with the whole 
character. Given that our current interest is in the semantic radical, the phonological 
relationship between the other radical and the compound character should not matter, 
although we have counterbalanced these two types of compounds in the stimuli. Forty-eight 
unrelated control primes have also been selected, all of which bear no phonological, 
semantic, or orthographic association with the compound prime or the radical prime. Fillers 
are adopted from Experiment 2 in Zhou and Marslen-Wilson (1999a), and are included in our 
study for the purpose of replication as well as disguising the real intention of the experiment 
from participants. 

The target character is homophonic or close-homophonic to the semantic radical, but 
they bear no semantic or orthographical similarity. Exact homophones are selected whenever 
possible. However, in practice it is sometimes difficult to find exact homophones of similar 
frequency for all radicals, and occasionally close homophones are carefully selected (same 
tone, same place of articulation of the onset consonant, contrastive only in aspiration). All of 



10	

the target characters have the same tone and POA of the onset segments as the radical prime 
because previous ERP studies in German and English suggest that a mismatch in tone and 
POA produces asymmetric priming effect, e.g. non-coronal consonants effectively activate 
coronal consonants, but not vice versa (Friedrich, Lahiri, & Eulitz, 2008; Roberts, Wetterlin, 
& Lahiri, 2013). Vowels are also kept consistent as they contribute critical phonological 
information to the characters, especially since all the characters are monosyllabic; a mismatch 
in height and manner features also shows asymmetrical priming effect (Cornell, Lahiri, & 
Eulitz, 2011; Eulitz & Lahiri, 2004). The same goes for tones: previous studies (e.g. C. Lee, 
2007; Taft & Chen, 1992) have showed that even if a prime and a target share the same 
segment structure, a mismatch in tone would not reliably facilitate target response, e.g. � 
“hug, /lòu̯ /”  does not prime � “building/hall, /lǒu̯ /”. A similar pattern has been observed in 
Mandarin Tone 3, which is assumed to be underspecified and elicits asymmetrical mismatch 
responses when contrasted with a different tone, although “the locus of this effect” seems to 
be only perceptual instead of phonological (Politzer-Ahles, Schluter, Wu, & Almeida, 2015). 
Out of these considerations, whenever a close homophone has to be chosen as the target 
character, we take advantage of the six pairs of onset plosive consonants in Mandarin 
Chinese which show pairwise contrast only in terms of aspiration, i.e. /p/ - /ph/, /t/ - /th/, /k/ - 
/kh/, /tɕ/ - /tɕʰ/, /ts/ - /tsʰ/, /ʈʂ/ - /ʈʂʰ/2. 

In addition to the type of semantic radicals, we also manipulate the SOA conditions to 
tap into the time course of phonological activation. Thus, our experimental design involves 
two Orthographical Transparency conditions (i.e. Transparent, Opaque) and three SOA 
conditions (i.e. 50ms, 100ms, and 150ms), yielding a 3 × 2 factorial design. 

 
Participants:  

Sixty participants will be recruited from a collaborating university in Mainland China, 
with ten participants for each Orthographical Transparency condition (i.e. Transparent, 
Opaque) in each SOA condition (i.e. 50ms, 100ms, and 150ms). All participants will be 
native speakers of Mandarin Chinese as well as native readers of Simplified Chinese 
characters who are between twenty and thirty-five years old. All participants will receive 
monetary compensation or course credits for their participation. 
 
Procedure:  

A rating task will be given to a group of native Chinese speakers who are not participants 
in the main experiment. With prime and target characters presented side-by-side, these 
participants will be asked to judge on a scale from 1 to 10 how related each pair is in terms of 
the meaning and pronunciation. This is to determine whether the semantic and phonological 
relatedness of the primes and targets is consistent across different items. 

Following the convention of previous studies in Chinese radical processing, the primed 
naming task will present the primes visually. Image files of all items will be generated by a 
computer programme, for which the standard font songti will be used. During the experiment, 
participants will first see an eye fixation signal “+” at the centre of the computer. There is a 
300-ms blank interval after the fixation signal disappears, and then the prime will be 
presented on the computer screen for 50ms, 100ms, or 150ms, depending on the SOA 
condition asigned (Zhou & Marslen-Wilson, 1999a). After this, the prime will be replaced by 
the target character, which will be presented on the computer screen for another 300ms. 
There will be 10 practice trials at the beginning of the experiment, and each experimental 

																																																								
2 Note that in Pinyin, the romanisation system used for Chinese characters in Mainland China, the aspiration 
contrast between two voiceless plosives is transcribed as if they differ in terms of voicing, e.g. /p/ is represented 
by b and /ph/by p. Phonetically, however, they are both voiceless and differ only in terms of aspiration. 
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session begins with at least 3 fillers. Participants will be asked to pronounce the target 
character as quickly and accurately as possible, speaking into a microphone that transmits the 
Reaction Time to a computer. Accuracy rate will be monitored simultaneously by a 
researcher. 
 
Expected Outcome 

We predict that the activation of semantic radicals will also be both a phonological and a 
semantic event, resembling what has been found for phonetic radicals. Semantic radicals in 
low-frequency, phonetic-semantic compound characters are subject to automatic 
decomposition, with their phonological information activated and accessible at the sublexical 
level.  

In Experiment 1, we predict a facilitation effect when the target is primed by a compound 
character that embeds a radical which bears phonological overlapping with the target, even 
though the compound prime and target are not phonological, semantically, or 
orthographically related. Critical primes will show shorter reaction times and/or higher 
accuracy rates when compared with control primes. In addition, we predict different 
phonological priming effects for two types of semantic radicals, distinguished by their 
orthographical transparency. Orthographically transparent radicals can stand alone as a legal 
character and therefore have both lexical and sublexical representations, whereas 
orthographically opaque radicals are represented at the sublexical level and are only 
indirectly connected to the lexical representations of their corresponding legal character. 
When processing the orthographically opaque radicals, readers would need to take an extra 
step by converting them into corresponding legal characters before accessing the 
phonological information. Therefore, we expect a more robust priming effect in the 
orthographically transparent condition. 

However, it remains a question whether the effect obtained from Experiment 1 is due to 
phonological activation or simply a result of visual stimulation. Therefore, we propose a 
follow-up study in which the cross-modal primed naming task is adopted, with auditory 
rather than visual input of the primes. If the same effect is replicated, we can conclude that 
the decomposition of compound characters is indeed a result of phonological rather than 
visual stimulation. Secondly, by using auditory stimulation along side visual stimulation, we 
can manipulate the SOA conditions and further investigate the time course of phonological 
and semantic activation to see if the two-stage model of lexical access holds for sublexical 
processing in Chinese character recognition (Schriefers, Meyer, & Levelt, 1990).  

 
 
Experiment 2 
 
Design & Stimuli:  
 In Experiment 2, we adopt a cross-modal primed naming task, with auditory rather than 
visual input, to determine the source of decomposition. All other aspects of the experimental 
design and material remain the same as in Experiment 1.  

 
Participants:  

Participants from Experiment 1 will be excluded from this experiment. All other 
requirements follow Experiment 1. 
 
Procedure:  

The same rating task as in Experiment 1 will be carried out prior to the main experiment. 
During Experiment 2, participants will first see an eye fixation signal “+” at the centre of the 
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computer. There is a 300-ms blank interval after the fixation signal disappears, and then 
participants will hear the prime, with SOA conditions being set at -150ms, 0ms, and 150ms, 
respectively. The target character will be presented on the computer screen for 300ms. All 
other aspects of the procedure follow Experiment 1. 
 
Expected Outcome 

In Experiment 2, when the prime input is presented auditorily rather than visually, we 
predict that the same effect in Experiment 1 will be obtained if the decomposition of Chinese 
compound characters is ultimately a result of phonological rather than purely visual 
stimulation. We are also interested in the time course of the phonological and semantic 
activation. If the phonological and semantic activation is “serially ordered”, then at shorter 
SOAs, we expect an exclusively semantic activation, with no phonological information of the 
semantic radical activated at this stage; at longer SOAs, we should capture an exclusively 
phonological activation of semantic radicals. 

Our predictions are congruent with the lexical constituent model (Perfetti & Tan, 1999; 
Perfetti, Liu, & Tan, 2005), which states that orthography, phonology, and semantics 
constituents are all activated for lexical access. If the predictions are attested, findings of the 
proposed study will provide strong evidence for Universal Phonological Principle (Perfetti et 
al., 1992) by showing that phonological information is available at the sublexical level even 
for a “silent” functional component like the semantic radical in written Chinese, which makes 
no phonological contribution to the compound character that it is embedded in. 
 

5. Alternative Outcomes 
 
We have also considered several alternatives regarding the anticipated outcome of the 

proposed experiments.  
The first alternative is that the predicted priming effect is detected in both Experiment 1 

and Experiment 2, but there is no difference between orthographically opaque and transparent 
conditions. This is not very likely to occur, given that theoretically speaking, radicals from 
these two conditions have different levels of representation (see Table 3 as a reminder), 
which should lead to a difference in the time course of the activation of phonological as well 
as semantic information. But if there was indeed no difference between these two conditions, 
one possible interpretation is that the pre-exposure of semantic radicals could evoke complete 
decomposition at both lexical and sublexical levels, and semantic radicals would be accessed 
directly via their sublexical representations, which might explain why having an additional 
lexical representation does not make a difference in the orthographically transparent 
condition.  

The second alternative outcome would be that only exact homophones (with the exact 
same segmental and tonal structure) show the predicted phonological activation, but not 
close-homophones whose onset consonants differ from the semantic radicals in terms of 
aspiration. If that were the case, it would be of equal theoretical interest as it shows that 
aspirational mismatch would also fail to activate a priming effect, a hypothesis that has been 
much less explored compared with POA and tonal mismatches.  

A third potential outcome may be that the predicted priming effects are only observed in 
Experiment 1, with primes visually presented to the participants, but not in Experiment 2 
where the input is auditory. This would mean that the decomposition of Chinese compound 
characters is primarily due to visual stimulation, which would be inconsistent with most 
previous accounts of the phonological activation in Chinese character processing.  

Finally, another possibility would be that no phonological activation is observed at all in 
either experiment. This would suggest that phonological information might not be accessible 
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during the processing of semantic radicals, and that phonological activation is not universal at 
the sublexical level, even for low-frequency phonetic-semantic compound characters which 
have been found to undergo automatic (but perhaps not full) decomposition at a very early 
stage.   
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Appendix : Stimuli for Experiment 1 & Experiment 2 
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