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ABSTRACT

Unlike phonographic writing systems such as that of English, Chinese has a logographic
writing system, in which each grapheme encodes both sound and meaning (Sun, 2006). Thus,
Chinese provides a unique perspective for the development and examination of reading theories,
which are primarily based on the results of alphabetic scripts. Explaining the success of Chinese
native readers is also a critical step to understand L2 character recognition and help nonnative
speakers become effective Chinese readers. Although there is a growing body of research on
both L1 and L2 character recognition, the literature on L1 processing has focused on context-
independent character identification, and the majority of the previous studies on L2 character
recognition used offline tasks. Therefore, more experimental data are needed to understand how
context effects affect character recognition and the nature of L2 character processing in real time.

This study examined how characters were processed by native speakers (N = 104) and L2
learners (N = 105) under context-independent and context-embedded conditions. By using two
primed-character decision tasks, Experiments 1 and 2 explored the orthographic, phonological,
and semantic activation of radicals in compound character recognition. Experiment 3 tested
context effects on character recognition by comparing radical activation in highly constraining
and non-constraining sentence contexts using a self-paced/masked priming paradigm (Luke &
Christianson, 2012, 2013). Finally, the influence of L1 orthography on L2 character recognition
was examined by comparing the processing patterns of Chinese learners from four typologically
different L1 writing systems including abjad, abugida, alphabet, and syllabary/logography.

The results suggest that both native speakers and L2 learners activated the orthographic,
phonological, and semantic properties of radicals during character recognition under the context-

independent condition. Moreover, native speakers activated radical-level and character-level



representations in parallel when reading compound characters in non-constraining sentence
contexts and made specific predictions about the identity of the upcoming character in highly
constraining contexts. L2 learners did not activate radical-level information when reading
sentences. Nevertheless, they were sensitive to contextual cues and adopted different reading
strategies as their Chinese proficiency increased. Although native speakers processed phonetic
radicals and semantic radicals in qualitatively and quantitatively similar ways, L2 learners
displayed different processing patterns for different types of radicals. Semantic radicals were
activated earlier than phonetic radicals; L2 learners who had acquired a limited number of
characters were more sensitive to phonetic radicals, whereas those who had acquired a larger
number of characters were more sensitive to semantic radicals. Lastly, the results indicate that L1
orthographies may influence L2 character recognition. L2 learners from alphabetic L1
backgrounds had faster responses than those from abugida L1 backgrounds, and learners from
shallow L1 orthographies had higher accuracy rates than those from deeper L1 orthographies.
These findings are consistent with previous research on context-independent character
recognition and can be accommodated in the Interactive Activation Model (e.g., Taft, 2006),
which posits that simple characters and complex characters are represented at different levels.
The observed context effect demonstrates the methodological importance of examining character
recognition in experimental settings that approximate natural reading. As for pedagogical
implications, the results suggest that L2 learners may benefit from explicit instruction of
phonetic radicals and teaching approaches that are sensitive to their L1 backgrounds. The study
also implies that instructors should draw L2 learners’ attention to character decomposition and
radical properties when teaching sentence-level comprehension, so that L2 learners will be able

to develop effective character processing strategies that are applicable to natural reading.
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Chapter 1: Introduction

1.1 Background of the study

Unlike phonographic writing systems such as that of English, Chinese has a logographic
writing system, in which each grapheme (i.e., character) encodes both sound and meaning at the
level of the syllable (Sun, 2006). Although the majority of characters contain some phonological
information in their radicals, which are sub-character components, Chinese is not “spelled.”
Furthermore, due to diachronic changes, the existing phonographic representation is inconsistent;
phonological information is only loosely encoded at the sub-character level (i.e., radical level) in
some characters, where the phonological variation of the cue can span a greater distance than the
phoneme. Yet native speakers of Chinese manage to read the script just as efficiently as native
readers of any other languages and have little difficulty processing the characters that have
fossilized centuries of phonological and semantic change. Therefore, the Chinese script provides
a unique perspective for the development and examination of reading theories. Current theories
of word recognition and orthographic processing, which are primarily based on the results of
alphabetic scripts, must accommodate the difference across writing systems and account for the
success of the Chinese reader (Honorof & Feldman, 2006).

Additionally, explaining the success of Chinese native readers is also a critical step to
understand character recognition in a second language® (L2) and help nonnative speakers become
effective Chinese readers. It has been widely acknowledged in the field of L2 acquisition and
pedagogy that foreign languages that are linguistically unrelated to the learner’s first language

(L1) are more challenging to learn. Therefore, learning the Chinese writing system has been

1 In this study, “second language (L.2)” is used an umbrella term which refers to any language that is acquired after
the learner’s native/first language.



found to be the most challenging and time-consuming task in learning Chinese for L2 learners
from non-logographic L1 backgrounds (e.g., Everson, 1998). Given the growing numbers of L2
learners studying Chinese worldwide, understanding how L2 learners can acquire and process
Chinese characters more efficiently has become increasingly important.

In the last two decades, there has been a growing body of research on both L1 and L2
character recognition. With regard to L1 character processing, the literature has focused on
context-independent character identification. The effects of contextual cues on visual character
recognition, however, have been largely ignored. As for L2 character processing, the majority of
the previous studies employed offline tasks and were centered on character learning strategies;
therefore, additional experimental data are needed to understand the nature of L2 character

processing in real time.

1.2 Aims of the study

The primary goal of this study is to understand how Chinese characters are processed by
native speakers and L2 learners from orthographically different L1 backgrounds under both
context-independent and context-embedded conditions. Specifically, the aim of Experiment 1 is
to investigate how the orthographic properties of radicals are activated in L1 and L2 Chinese
character recognition; the aim of Experiment 2 is to further examine how the phonological and
semantic properties of radicals are activated in L1 and L2 character recognition; the aim of
Experiment 3 is to explore context effects on L1 and L2 character recognition by comparing
radical activation in highly constraining and non-constraining sentence contexts. Finally, the
study also aims to examine the influence of L1 orthography on L2 character recognition by
comparing the processing patterns of L2 learners from four typologically different L1 writing

systems.



The study involved 104 Chinese native speakers and 105 L2 learners from alphabetic,
abjad, abugida, and logographic L1 backgrounds, who participated in two primed-character
decision tasks and a self-paced/masked priming (SPaM) task (Luke & Christianson, 2012, 2013).
Participants’ character processing patterns were explored through statistical analyses of their
response times (RTs) (i.e., linear mixed effects models) and accuracy rates (i.e., logistic mixed
effects regression models) under different experimental conditions.

1.3 Significance of the study

The current study contributes to the understanding of Chinese character processing and
acquisition in a number of ways.

By exploring the character processing strategies of L2 learners and potential L1
orthography transfer effects, this study will offer pedagogical suggestions for enhancing L2
learners’ literacy development in Chinese. The comparison between native and L2 character
recognition will contribute to the field of Second Language Acquisition (SLA) and help identify
the reading strategies that are effective for the Chinese writing system and determine what kind
of explicit instruction and exercises will help L2 learners acquire Chinese characters more
effectively.

Additionally, this study differs from previous research on L1 character recognition to the
extent that it provides empirical evidence covering both context-independent radical activation
and context effects on radical activation during visual character recognition. In natural reading,
characters typically occur in sentence contexts rather than in isolation. For ecological validity
reasons, it is important to validate the previous findings on context-independent character

recognition under context-embedded experimental conditions that approximate natural reading.



Finally, the results of the study will also provide empirical evidence as to whether
theoretical word recognition models, which are mainly based on the results of experiments on
alphabetic language processing, can account for reading Chinese.

1.4 The Chinese writing system
Chinese characters are composed of a series of strokes, which can combine in specified

ways to form recurrent partials called components (F14 bujian) (Taft, Liu, & Zhu, 1999). Some

components are characters in their own right, whereas others are bound orthographic elements
that do not occur independently. Based on the number of components in a given character,

Chinese characters can be divided into two broad categories: simple characters (3 wén), which

make up about 5% of all modern Chinese characters, and complex characters (7 zi), which

constitute about 95% of the total characters (Li, 1993; Yin & Rohsenow, 1994). As shown in
Table 1, a simple character consists of only one component that cannot be divided into further
meaningful units. In addition, no phonological information is represented beneath the whole-
character level, nor is there systematic correspondence between orthography and semantics or
phonology (Zhou & Marslen-Wilson, 1999c). In contrast, a complex character contains two to
eight components (Liu, Wang, & Perfetti, 2007).

Table 1

Example of Simple Characters and Complex Characters

Character category Example
Simple characters + (¢i, “seven”); . (mie, “to squint”); 2 (yé, “also”)
Complex characters $ (gou, “dog”); # (sh, “ripe”); "8 (jido, “to chew™)

Additionally, more than 80% of complex characters are composed of a phonetic component and
a semantic component. These characters are often referred to as phonetic compounds, compound
characters, or phonograms (} 7= ¥ xingshéngzi) (Zhou & Marslen-Wilson, 1999c). Table 2

4



shows that semantic components (e.g., 7 “water”) indicate the semantic category of compound
characters (e.g., i& “(water) clear”) and are often referred to as semantic radicals (3 & bushou,
SFF yifh, or JE£5% xingpang), whereas phonetic components (e.g., 7 ging; see Table 2) provide
cues to the pronunciation of the compound character (e.g., i& ging) and are thus referred to as
phonetic radicals (75 7 shéngfii, & yinfii, or 7555 shengpdng).

Table 2

Example of Compound Characters

Compound character Semantic radical Phonetic radical
5 qing “(water) clear” 7 “water” H ging “blue”
I qing “sunny” H “sun” H qing “blue”
I qing “to ask/request” 1 “speech” H ging “blue”

However, due to the evolution of the Chinese language and its writing system, both
semantic and phonetic functions are inconsistent, resulting in many exceptions and irregular
characters. As seen in Table 3, in terms of phonological relations between the phonetic radical
and the whole character, compound characters generally fall into five categories: regular, semi-

regular, rhyming, alliteration, and irregular. (Zhou & Marslen-Wilson, 1999c).

Table 3

Phonological Relations between Phonetic Radicals and Compound Characters

Type Compound character Phonetic radical
Regular & qing “(water) clear” H qing “blue”
Semi-regular i qing “sunny” H ging “blue”
Rhyming ¥ jing “shrewd” T qing “blue”
Alliteration & gian “glorious” H qing “blue”
Irregular ¥ cai “guess” T ging “blue”

Unlike letter clusters in alphabetic languages, phonetic radicals provide cues to the
pronunciation of the entire character rather than only a part of it. Furthermore, phonetic radicals

5



can be either bound components that never occur alone (e.g., in %, in which # does not occur
alone) or independent characters (e.g., in £, in which % can occur alone as a simple character)
which have their own meanings that are unrelated to the meanings of compound characters. For
instance, the phonetic radical & ging (see Table 3) provides hints for the pronunciation of the

compound character & ging, but its meaning — “blue” — has nothing to do with the meaning of

the compound character I “sunny.”

Similar to the variation of phonetic radical regularity, semantic radicals also vary in terms
of semantic transparency, which is the degree of relatedness between the meaning of a
compound character and the semantic category denoted by its semantic radical (Feldman & Siok,

1999a). As demonstrated in Table 4, the semantic radical A “wood” is semantically transparent
in the compound character £ “tree branch,” but is semantically opaque in #X “power.”

Table 4

Semantic Relations between Semantic Radicals and Compound Characters

Type Compound character Semantic radical
Transparent ¥ zhi “tree branch” A “wood”
Opaque X quan “power” A “wood”

Analogous to the case of phonetic radicals, semantic radicals can be bound components
that do not appear alone (e.g., in 1#, in which + does not occur alone) or independent characters
on their own (e.g., in #¢, in which 7K can occur alone as a simple character), but their
pronunciation is unrelated to the pronunciation of the compound characters. For example, the
semantic radical /X “wood” (see Table 4) indicates that the meaning of the compound character
¥ “tree branch” is related to “wood,” but its pronunciation mu has nothing to do with the

pronunciation of the compound character % zAi.
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The relationship between a radical and its host character can alternatively be described
with the concept of consistency; that is, whether a compound character’s pronunciation agrees
with those of other compound characters that contain the same phonetic radical. As shown in

Table 5, compound characters that contain the phonetic radical & huéang are consistently
pronounced huang, whereas compound characters that have the phonetic radical £ tai vary

greatly in phonological consistency. Although the concept of consistency has been traditionally
used to address the relationship between phonetic radicals and their host characters, semantic
radicals also vary in terms of semantic transparency (e.g., Lee, 2009). As illustrated in Table 5,

radical-character relatedness within the semantic radical family of ¥ “hand” varies from

transparent (as in 7 “to hit”) to opaque (as in $j| “cight”), whereas the semantic radical ¥ “ice”

shows less variability.
Table 5

Consistency Relationship between Radicals and Compound Characters

Consistency Phonetic radical Semantic radical
_ Radical & huéng F “hand”
Consistent . i i s il e - .
Character % huang 1% huang #2 huang ] “to hit” | “eight” 3# “to crash”
Inconsistent Radical £ tai 7 “ice”
Character #7 tai 1A yi V& zhi 7 “cold” UK “ice” % “to freeze”

Finally, radicals can occur in different positions within a character, and compound
characters can have a variety of graphic structures. As Table 6 shows, common structures include
left-right, top-bottom, half-enclosure, and enclosure (Shen & Ke, 2007). For the purposes of this
study, only compound characters with left-right structure were used because they have been
shown to be easier to decompose in perceptual analyses than characters with other graphic

structures (Yu, Feng, Cao, & Li, 1990).



Table 6

Common Graphic Structures of Compound Characters

Graphic structure Example

Left-right structure
Top-bottom structure
Half-enclosure structure
Enclosure structure

H X%




Chapter 2: Previous Studies on L1 Chinese Character Recognition

2.1 Previous studies on L1 Chinese character recognition

Previous studies have explored L1 character recognition by examining the roles played
by different orthographic units including strokes (e.g., Peng & Wang, 1997; Wang, Tian, Han,
Liversedge, & Paterson, 2014; Yan et al., 2012), components (e.g., Taft, Zhu, & Peng, 1999),
phonetic radicals (e.g., Chi, et al., 2014), semantic radicals (e.g., Hung, Hung, Tzeng, & Wu,
2014), and whole characters (e.g., Zhang, Xiao, & Weng, 2012).

These studies have demonstrated that although all orthographic units may be activated
during the course of visual character identification, radicals have been found to be the functional
orthographic processing unit (e.g., Chen, Allport, & Marshall, 1996; Wang & Dong, 2013) and
provide a major information resource for character processing (e.g., Peng, Li, & Yang, 1997).
Radical properties such as radical function, quantity, position, and frequency have been found to
modulate visual character recognition (e.g., Ding, Peng, & Taft, 2014; Feng, 2007; Peng &
Wang, 1997; Taft & Zhu, 1997; Taft, Zhu, & Peng, 1999; Wu, Mo, Tsang, & Chen, 2012).
Because both semantic radicals and phonetic radicals constitute an important level of
representation in Chinese native speakers’ orthographic processing system, the processing of
radical-level information is critically involved in compound character recognition, and character
recognition is often achieved via radical activation (e.g., Chen & Zhang, 2008, 2012; Feldman &
Siok, 19994, b; Hue, 1992; Li & Chen, 1999; Zhou & Marslen-Wilson, 1999c; Zhou, Peng,
Zheng, Su, & Wang, 2013). Furthermore, research on L1 acquisition has confirmed the critical
role played by radical awareness (i.e., the implicit and explicit knowledge of the positional and
functional properties of radicals) in Chinese children’s literacy development (e.g., Packard et al.,

2006; Shu & Anderson, 1999).



The following sections will focus on the activation of radical properties during character
recognition. Compared with research on the graphic, phonological, and semantic processing at
the level of the complete character, research on the sub-character level (i.e., radical level)
processing is still in its infancy.

2.1.1 Orthographic activation of radicals in L1 character recognition

Converging evidence has demonstrated that the orthographic properties of radicals are
automatically activated during the identification of compound characters. Shen, Li, and Zhu
(1997) compared the priming effects on compound character targets that were produced by prime

characters that were orthographically identical to the target’s embedded radicals (e.g., 12), by
characters that had one fewer stroke (e.g., 1) or one more stroke (e.g., ) than the embedded
radicals, and by unrelated controls (e.g., ). They found that participants (N = 60) responded

faster when targets were preceded by all three types of related primes at the stimulus onset
asynchronies (SOAs) of 23 ms and 46 ms. Although no difference across related prime
conditions was observed at 23 ms, identical-radical primes produced stronger facilitatory effects
than visually similar primes did at 46 ms. These results indicate that the orthographic features of
radicals are activated during the early visual processing stages of compound characters.

In a primed-character decision task, She and Zhang (1997) asked 16 native speakers to
determine whether a target was a real character or not after they were presented with four types
of primes for 224 ms: (1) transparent semantic radical, (2) opagque semantic radical, (3) regular
phonetic radical, and (4) irregular phonetic radical, and two types of targets: high-frequency
compound characters and low-frequency compound characters. The results showed that there
were no priming effects for high-frequency compound character targets, whereas all four types of

primes produced significant facilitatory effects for low-frequency targets. Although no main
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effect of radical type and regularity/transparency were observed, She and Zhang found a
significant interaction between target frequency and regularity/transparency. Specifically, for
high-frequency compound character targets, regular/transparent radical primes produced larger
facilitation than did irregular/opaque radical primes, whereas for low-frequency compound
targets, the opposite pattern was observed. These findings suggest orthographic activation of
both phonetic and semantic radicals during compound character recognition. Although no
priming effects were detected for high-frequency compound character targets, the interaction
effect indicated that radicals were still activated, but the activation was likely obscured by the
frequency effect.

Ding et al. (2004) also investigated the orthographic activation of radicals but found
results that were different from She et al.’s (1997). In a primed-character decision task, 42 native
speakers were asked to decide whether a target (e.g., fiz) was a real character or not after being
presented with three types of primes for 43 ms: (1) radical prime, which was identical to the

radical of the target (e.g., =), (2) similar prime, which was orthographically similar to the

radical of the target (e.g., ), and (3) unrelated control (e.g., ). The experiment revealed that

radical primes produced facilitatory effects on participants’ RTs, whereas similar primes
produced inhibitory effects. Because the stimuli were irregular and opaque compound characters,
there was no phonological or semantic overlap between the primes and targets under the radical
priming condition. Therefore, Ding et al. suggest that the facilitation arises from the activation of
the orthographic form of the radical.

The studies presented above reported different results with regard to the direction of
priming (facilitation vs. inhibition) produced by primes that were orthographically similar to the

radical of the target character. Although more research is needed to determine the direction of
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priming, these studies have clearly demonstrated that the orthographic properties of radicals are

automatically activated during the visual recognition of compound characters.

2.1.2 Phonological activation of radicals in L1 character recognition

The phonological activation of phonetic radicals has been extensively studied from the
perspective of phonological regularity and consistency effects. Converging empirical evidence
has demonstrated that at least for low-frequency compound characters, regular and consistent
phonetic radicals facilitate the recognition and naming of compound characters (e.g., Fang,
Horng, & Tzeng, 1986; Gao & Peng, 2005; Hue, 1992; Lee, Tsai, Su, Tzeng, & Hung, 2005; Mu,
Han, & Chen, 2005; Pollatsek, Tan, & Rayner, 2000; Seidenberg, 1985; She & Zhang, 1997;
Williams & Bever, 2010; Zhang, Perfetti, & Yang, 1999; Zhang & Wang, 2001).

Recent neurocognitive research has further investigated the neural mechanisms
underlying regularity and consistency effects. In a functional magnetic resonance imaging
(fMRI) study, Tan, Feng, Fox, and Gao (2000) found that, when compared with reading aloud of
regular characters, irregular characters elicited larger MR signal intensity changes over regions
including left infero-middle frontal cortex, left motor cortex, right infero-frontal gyri, bilateral
anterior superior temporal areas, and anterior cingulate cortex. Additionally, the right superior
parietal lobule, cuneus in the bilateral cortex, and thalamus were involved in the processing of
irregular characters, but not regular characters. Peng et al.’s fMRI (2004) results also showed
that bilateral fusiform gyri, the posterior superior temporal gyrus, and inferior parietal regions
were more active when low-frequency irregular characters were presented relative to regular
characters. Consistent with these results, Guo’s (2009) fMRI study showed greater activity for
irregular than regular characters in the left fusiform gyrus. In a magnetoencephalography (MEG)

study, Hung et al. (2014) also demonstrated that irregular compound characters differed from
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regular characters in the M250 and M350 components. With regard to consistency effects, Lee et
al.’s (2004) fMRI results showed greater activity in bilateral inferior frontal cortices, the left
temporo-parietal region, and the left temporo-occipital junction when participants named low-
frequency, inconsistent characters as compared with consistent ones. Lee et al.’s (2007) event-
related potential (ERP) study further revealed that, when compared with high-consistency
characters, low-consistency characters elicited greater N170 amplitude in the frontal region, and
that high-consistency characters elicited greater N400 amplitude than did low-consistency
characters. Similarly, Hsu, Tsai, Lee and Tzeng’s (2009) also found consistency effects of
phonetic radical in compound character recognition at N170 and P200. These studies have
provided neurophysiological evidence for regularity and consistency effects on Chinese character
recognition.

Although regularity and consistency effects provide indirect evidence for radical-level
activation in compound character recognition, it remains unclear what kind of phonological
properties are activated. Zhou and colleagues were the first group to directly investigate the
phonological activation at the radical level in visual character recognition. In a primed naming
task (Zhou & Marslen-Wilson, 1999b), target characters (e.g., {& gian) were preceded by three
types of primes: (1) compound characters whose phonetic radicals were homophonic to the

targets (e.g., X ci, whose phonetic radical was X gian), (2) the phonetic radicals as stand-alone
characters (e.g., X gian), and (3) unrelated controls. Their results demonstrated that low-

frequency compound characters facilitated the naming of the targets. Because the compound
characters themselves were unrelated to the targets, the priming effect was caused by the fact that
the phonetic radicals embedded in the compound characters were homophonic to the targets.

Based on these findings, Zhou and Marslen-Wilson conclude that at least low-frequency
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compound characters are decomposed, and that the phonological representations of their
phonetic radicals, although different from those of the whole characters, are activated during
reading. For high-frequency compound characters, it is possible that they are not decomposed or
the access to the phonological properties of their phonetic radical is transient and immediately
suppressed by the phonology of whole characters.

Zhang, Zhou, Shu, and Xing (2003) further examined the competition between
phonological activations of compound characters and their radicals in a naming experiment. In
their study, 44 native speakers were asked to name regular and irregular compound characters

(e.g., Wy fen, which is regular vs. # ban, which is irregular), as well as the phonetic radicals that
were embedded in the compound characters (e.g., 77 fen). For high-frequency compound

characters, participants’ naming responses to phonetic radicals were longer when the host
compound characters were irregular than when they were regular, indicating that the
phonological processing at the character level interfered with the processing at the radical level,
for low-frequency compound characters, the phonological processing of whole characters and
that of their phonetic radicals interfered with each other. These results demonstrate that the
phonological activation of whole characters is stronger than that of their phonetic radicals, and
that the phonological properties of phonetic radicals are accessed at least when they are
embedded in low-frequency compound characters.

In a recent study, Zhou, Fong, Minett, Peng, and Wang (2014) investigated the time
course of the phonological activation of phonetic radicals in a primed semantic judgment task
with ERPs (N =19). By comparing the priming effects produced by radical-level related primes

(e.g., = gin, which was homophonic to the phonetic radical Z& qin of the compound character

target £ zhen) and character-level related primes (e.g., 2 zhén, which was homophonic to the
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target #%& zhén) at the SOA of 500 ms, they found a radical-level interference effect on the N170,

P200, and N400 responses and a character-level effect only on the N400 responses. These
findings are consistent with the previous studies and indicate that the pronunciation of the
phonetic radical is activated prior to that of its host character.

Phonological processing of semantic radicals, however, has been largely ignored by the
previous research; only two studies to date have examined whether the pronunciation of the
semantic radical is automatically activated during compound character recognition.

In the first study, Zhou, Lu, & Shu (2000) used a primed naming task and compared 41

participants’ responses to target characters (e.g., i shén) across four priming conditions at the
SOA of 57 ms: (1) character-level related prime (e.g., & shén), which was homophonic to the
target (e.g., i shen), (2) character-level unrelated control (e.g., it jing), (3) radical-level related
prime whose semantic radical was homophonic to the target (e.g., # ducd, whose semantic
radical was & shén, which was in turn homophobic to the target), and (4) radical-level unrelated
control (e.g., % yan). Character-level related primes and low-frequency radical-level related

primes both facilitated the naming of targets, indicating that at least for low-frequency compound
characters, the pronunciation of the semantic radical is automatically accessed.

Zhou, Peng, Zheng, Su, & Wang (2013) also investigated the phonological activation of
semantic radicals in a primed naming experiment with a similar design (N= 30). Consistent with
Zhou et al.’s (2000) results, they also found that both character-level and radical-level related
primes facilitated the naming of targets, although the radical-level effect was much weaker
compared with the strong facilitatory effect at the character level.

To summarize, previous experimental data on the phonological activation of radicals

suggest that both the phonological representations of radicals and those of whole characters are
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automatically activated in reading Chinese. Although phonological processing at the character
level does not fundamentally differ from that at the radical level, radical-level phonological

activation may occur earlier than that at the character level.

2.1.3 Semantic activation of radicals in L1 character recognition

As presented above, the majority of the research on the phonological activation of
radicals has focused on phonetic radicals. Similarly, previous studies on the sematic activation of
radicals have been concerned with semantic radicals, and most of them approached the issue
from the perspective of semantic transparency effects. The converging results demonstrate that
native speakers of Chinese make more errors and take longer to make decisions on compound
characters that contain opaque semantic radicals relative to compound characters that contain
transparent semantic radicals (e.g., Cheng & Lan, 2011; Feldman & Siok, 1999a, 1999b; Flores
d’Arcais, 1992; Lee, 2009; Leck, Weekes, & Chen, 1995; Liu, Shu, & Xuan, 2002; Williams &
Bever, 2010; Xu & Deng, 2011; Yan, Zhou, Shu, & Kliegl, 2012; Yang, Peng, Perfetti, & Tan,
2000; Zhang & Peng, 1993; Zhang, Peng, Zhang, 1991; Zhang, Zhang, & Peng, 1990; Zhou &
Marslen-Wilson, 1999b).

Although the effect of semantic transparency provides indirect evidence for semantic
activation at the radical level during compound character recognition, it does not inform us what
kind of semantic information of the radical is accessed by the reader. Zhou et al. (2013) were the
first group to directly examine whether the meaning of the semantic radical was activated during
compound character recognition. In a primed naming experiment, 36 native speakers of Chinese

A

were asked to name a target character (e.g., #i “arrow’) after being presented with four types of
primes for 100 ms: (1) character-level related prime (e.g., = “bow”), which was semantically

[41 90N 19

related to the target (i “arrow”) at the character level, (2) character-level control prime (e.g., &
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“grain”), which was unrelated to the target; (3) radical-level related prime (e.g., 7% “full”’), whose

semantic radical (= “bow”) was semantically unrelated to the target (& “arrow”), and (4)

radical-level control prime (e.g., #% “to match”), which was unrelated to the target. The results

showed that for low-frequency primes, both character-level and radical-level related primes had
a significant facilitatory effect on participants’ naming responses compared with control primes,
indicating that the semantic information of semantic radicals that are embedded in low-frequency
compound characters are automatically activated.

As for phonetic radicals, Zhou and Marslen-Wilson (1999b, c¢; 2002) did a series of
studies to investigate whether the meaning of the phonetic radical was activated during
compound character identification. By using primed naming tasks, Zhou and Marslen-Wilson
(1999D, c) explored the semantic activation of phonetic radicals that were embedded in regular,
rhyming, and irregular compound characters. Three types of primes were used: (1) simple
characters (e.g., X\ “wind”) that were semantically related to the target (e.g., iy “rain”), (2)
compound characters that contained (1) as their phonetic radicals (e.g., #4 “maple” whose
phonetic radical was X “wind”’) and were thus related to the target only at the radical level, and
(3) unrelated controls. To track the time course of the activation, three SOA conditions were
used in the experiment: 57 ms, 100 ms, and 200 ms. Statistical analyses on participants’ naming
latencies showed facilitatory effects produced by both types of related primes, indicating that
phonetic radicals are decomposed during compound character identification and used to access
their own semantic representations. Additionally, the radical-level priming effect was much
smaller than that at the character level, and it disappeared within 200 ms after the prime was

presented. This suggests that there is competition in the semantic processing system between the
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representations corresponding to the whole compound characters and those corresponding to the
phonetic radicals.

To replicate these results, Zhou and Marslen-Wilson (1999b, ¢) conducted another
primed naming experiment with the same SOA conditions, in which targets were irregular

£«

compound characters (e.g., & “to guess”), and primes included the phonetic radicals of the

targets (e.g., & “blue”), characters that were related to the phonetic radicals of the targets but not
the targets (e.g., %% “purple”), and unrelated controls. Although there were no priming effects at

57 ms, significant inhibitory effects were found at both 100 ms and 200 ms. Based on these
results, the authors argue that the observed inhibition is likely to be caused by the automatic
radical decomposition in reading compound characters. The presence of phonetic radicals
activates the meaning of the radicals and thus increases the competition between the semantic
representations of compound characters and those of their phonetic radicals.

Zhou and Marslen-Wilson (2002) further examined the semantic processing of phonetic
radicals in a semantic judgment task, in which 60 participants were consecutively presented with
a pair of characters for 100 ms and asked to decide if they were semantically related. The
character pair consisted of a compound character (e.g., ##i “to spray”) and a character (e.g., <
“east”) that was either semantically related to the phonetic radical (e.g., /5 “west”) of the
compound character but unrelated to the meaning of the compound character or a unrelated
control (4% “purple”). Additionally, both regular and irregular compound characters were used in
the study to examine whether the potential radical-level semantic activation existed across
different types of compound characters and how phonological activation interacted with
semantic activation at the radical level. Comparisons of participants’ RTs across different
conditions demonstrated significant inhibitory effects for both regular and irregular compound
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characters when the phonetic radical of the compound character was semantically related to the
other character. In line with Zhou and Marslen-Wilson’s previous findings (1999b, c), this study
also indicates that during compound character recognition, native speakers of Chinese
automatically access the semantic representations of the embedded phonetic radicals in parallel
to the access to the meanings of the whole compound characters.

Lee, Tsai, Huang, Hung, & Tzeng (2006) explored the time course of the semantic
activation of phonetic radicals in a primed-character recognition task with ERPSs, in which 76
native speakers were instructed to determine whether a probe was the first or the second
character presented in a trial while their EEGs were recorded. There were three SOA conditions:

50 ms, 100 ms, and 300 ms, and four priming conditions: (1) the target (e.g., Z “wife”) was
semantically related to the prime (e.g., % “husband”) at the character level, (2) the target (e.qg.,
FiY “rain”) was semantically related to the phonetic radical embedded in a regular compound
character (e.g., M féng “maple,” whose phonetic radical was X feng “wind” ), (3) the target
(e.9., & “to buy”) was semantically related to the phonetic radical embedded in an irregular
compound character (e.g., #& dU “to read,” whose phonetic radical was & mai “to sell””), and

(4) an unrelated control. By using the N400 component as an index of semantic processing, they
found an interaction between semantic activation at the radical level and the phonological
regularity of the compound character. Specifically, for priming conditions (2) and (3) described
above, there were significant N400 effects at the SOAs of 50 ms and 100 ms, but the effects for
condition (3) were smaller compared with those for condition (2). These results suggest that
within the first 50 to 100 ms of perceiving a compound character, Chinese native speakers
activate the meaning of the embedded phonetic radical, and such semantic information is more
strongly activated when the host character is a regular compound character than when it is an
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irregular character. Additionally, the semantic processing at the radical level is later suppressed,
and no semantic information from the phonetic radical is preserved after 300 ms.

Finally, Luo, Proctor, and Weng (2015) investigated the semantic activation of both
phonetic radicals and semantic radicals using a Stroop paradigm. In a color judgment task (N =

18), compound characters whose meanings were unrelated to colors but contained [ “white” or
“black™ as a radical (e.g., ¥4 “to pat,” which contained 5 “white” as its phonetic radical; and
ER “silent,” which contained 22 “black” as its semantic radical) elicited a Stroop effect, i.e.,

interference in RTs. Luo et al. further examined the interaction between the effect of character
frequency and the Stroop effect (N = 44) and found that Stroop effect appeared only for low-
frequency compound characters but not for high-frequency characters. These results are
consistent with Zhou et al.’s (2013) study and demonstrate that radicals are semantically
activated during compound character recognition.

Consistent with the findings on the phonological activation of radicals, research on the
semantic processing of radicals has provided clear evidence that semantic activation occurs at
both the character level and at the radical level in parallel during reading Chinese. The semantic
properties of radicals are automatically accessed during the visual recognition of its host
compound character.

2.1.4 Context effects on L1 character recognition

The majority of the previous studies on radical activation employed online lexical or
phonological tasks including naming, character decision, semantic judgment, and semantic
categorization. Although all of these tasks can provide a sensitive measure for examining
character recognition, they do not allow the study of relatively natural language processing. In

natural reading, characters seldom appear alone; they are usually embedded in sentences, and the
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way they are processed by the reader is often affected by sentence contexts. To date there have
been only a few studies that investigated the effect of radical activation on character recognition
in word context or sentence contexts, and little research has been done to directly examine how
contextual cues modulate character processing.

In two semantic categorization tasks, Zhang and colleagues (Zhang & Peng, 1993;
Zhang, Peng, & Zhang, 1991) investigated the role semantic radicals played in character
recognition in a two-character word context. In the first study (Zhang et al., 1991), 26 native
speakers were presented with two category names (i.e., females and birds) and asked to decide
whether a given two-character word was a member of the categories. Six types of words were

constructed: (1) both characters had transparent semantic radicals (e.g., ZH4H “sister,” whose
semantic radical was %z “female”), (2) only the first character had a transparent semantic radical
(e.g., ¥ “sister-in-law”), (3) only the second character had a transparent semantic radical (e.g.,
K4# “aunt”), (4) neither of the characters had transparent semantic radical (e.g., i £}
“grandmother”), (5) one of the characters had an opaque semantic radical (e.g., &% “child,”
whose semantic radical % “female” was unrelated to the meaning of the whole character), and

(6) unrelated words (e.g., & &F “older brother”). The results showed that words that contained

characters whose semantic radicals were transparent (i.e., condition (1), (2), and (3))
significantly facilitated participants’ RTs relative to words that contain characters with opaque
semantic radicals. This indicates that semantic radicals are activated during character
identification in word context.

In the second study, Zhang and Peng (1993) further examined the activation of semantic
radicals in word recognition by using a 2 (semantic radical transparency: transparent, opaque) X

2 (familiarity: high, low) design (N= 28). The results are consistent with their previous findings
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(Zhang et al., 1991) and demonstrate that transparent semantic radicals facilitate character
recognition at the word level. Additionally, familiarity with radicals also plays an important role
in the activation of semantic radicals.

As for sentence contexts, Liu, Inhoff, Ye, and Wu (2002) were among the first to
examine phonetic radical processing in an eye-movement-contingent display-change paradigm.
In the study, 27 native speakers were presented with five types of previews during sentence
reading: (1) identical preview (e.g., ¥k wei “flavor”), (2) stroke overlap preview (e.g., £k zhi
“bead”), (3) semantic radical preview (e.g., 'z chi “to eat,” which shared the same semantic
radical with the target), (4) phonetic radical preview (e.g., #k méi “younger sister,” which shared
the same phonetic radical with the target), and (5) dissimilar preview (e.g., % siin “bamboo

shoot”). They found robust parafoveal phonetic radical preview benefits on both first pass and
total reading time measures, and semantic-radical preview benefit only on the late measures.
Because the phonetic radical preview characters were not homophonic to the target characters,
Liu et al. suggested that it was the orthographic information from the phonetic radical that
yielded preview benefits. In conclusion, the study demonstrates that character processing in
sentence contexts also involves the activation of radical properties.

Tsali, Lee, Tzeng, Hung, and Yen (2004) also examined both character-level and radical-
level phonological processing in an eye-tracking study. In the first experiment (N = 20), they
investigated the preview benefits of characters in a boundary paradigm by manipulating the
phonological and orthographic similarities between previews and targets. For example, for a

target character (e.g., f# guan “jar”), the previews included a homophone that shared the same
phonetic radical with the target (e.g., # guan “to irrigate”), an orthographically dissimilar

homophone (e.g., 5 guan “to pass through™), a non-homophone that shared the same phonetic
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radical (e.g., #£ quan “power”), and an orthographically dissimilar non-homophone (e.g., 53
weng “old man”). The data revealed both phonological and phonetic-radical preview benefits. To
further investigate whether the phonetic-radical preview benefit was due to the orthographic
similarity between the target and the preview or rather due to radical-level processing, Tsai et al.
conducted a second experiment (N = 36), where the consistency value of the target was

manipulated. In the experiment, low-consistency compound character targets (e.g., 1 jii “to
detain”) and high-consistency compound character targets (e.g., ¥ yu “bath”) were presented

with three types of previews: (1) a homophonic compound character that shared the same

phonetic radical with the target (e.g., & jiz “foal” or # yu “rich”), (2) a non-homophonic
compound character that shared the phonetic radical (e.g., & gou “hook” or 1% s “vulgar”), and
(3) an unrelated preview (e.g., ¥ mdng “reckless” or it lil “to flow”). Analyses on the first

fixation duration data showed both types of homophonic preview benefits (i.e., previews (1) and
(2)) for high-consistency targets but not for low-consistency targets, whereas analyses on the
gaze duration data indicated that only the preview benefit of homophonic preview was robust
regardless of target consistency. Taken together, Tsai et al. suggest that phonological
computation occurs early at both the character level and radical level during Chinese sentence
reading.
2.2 Theoretical models of L1 Chinese character recognition

Most theoretical models of word recognition were initially built based on reading
alphabetic languages. Because the Chinese script differs significantly from alphabetic scripts in
terms of visual complexity and grapheme-to-phoneme correspondence (GPC) (Ehrich, Zhang,
Mu, & Ehrich, 2013), researchers have been testing whether these models account for Chinese
character recognition. Although the majority of the models that have been adapted to explain
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reading Chinese posit that character recognition involves radical-level activation to some extent,
they differ as to how and when radical-level information is extracted and how radical-level
activation and character-level activation interact with each other. Additionally, they also differ in

several other aspects such as learnability and the role of the context effect.

2.2.1 The Interactive Activation Model

The Interactive Activation Model was initially proposed by McClelland and Rumelhart
(1981; Rumelhart & McClelland, 1982). According to the model, word recognition is a result of
excitatory and inhibitory interactions between detectors for visual features, letters, and words. A
visual input activates detectors for visual features, which in turn activate detectors for letters, and
then words. Additionally, the model suggests that active detectors at the word level may inhibit
each other and send feedback to the letter level, enhancing the perceptibility of the constituent
letters of the word that is in the visual display.

This model was later adapted by Taft and colleagues (e.g., Ding et al., 2004; Taft, 2006;
Taft & Zhu, 1997; Taft et al.,1999) to explain character recognition among skilled adult readers
of Chinese. As Figure 1 illustrates, the model posits that features, simple characters, and complex
characters are represented at different levels; the feature level is lower than the simple character

level, which is in turn lower than the complex character level. A simple character (e.g., [X) that
can alternatively function as a radical in complex characters (e.g., #iX) is represented as both a

simple character and a radical in the model, and these representations are linked with each other.
Additionally, radicals that appear in different positions within complex characters each have

their individual representations (e.g., [X in KX vs. [X_ in #iX). Finally, the model hypothesizes that

there are inhibitory links between units that are activated via shared features. For example, there
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are inhibitory links between the characters Kk and #iX, and likewise, between the radical [X that

occurs on the left in complex characters and the radical [X that occurs on the right.

CONCEPT

(COMPLEX

CHARACTER
FORM

SIMPLE
CHARACTER
v (RADICALY

FEATURE

Figure 1. The Hierachical Interactive Activation Model?.

2.2.2 The Connectionist Model

The Connectionist Model was first outlined by Rumelhart and McClelland (McClelland,
Rumelhart, & the PDP Research Group, 1986; Rumelhart, McClelland, & the PDP Research
Group, 1986). As illustrated in Figure 2, the model follows the distributed parallel processing
principle and hypothesizes that words are represented by activation patterns over sets of
orthographic, phonological, semantic units, and an inter-level of hidden units. Context units are
also included in the model because words typically occur in contexts, and word recognition is
thus often modulated by context. These distributed representations are inter-linked with

modifiable weights on the connections, and word recognition is achieved via the cooperative and

2 Reprinted, with permission, from Ding et al. (2004). The nature of the mental representation of radicals in
Chinese: A priming study. Journal of Experimental Psychology: Learning, Memory, and Cognition, 30 (2), 530-
539.
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competitive interactions among large networks of processing units. Because knowledge (e.qg.,
linguistic knowledge of the language) is encoded as weights on connections between units,
learning can gradually adjust these weights based on the statistical structure among inputs and

outputs, and the hidden units may potentially facilitate the learning of complex mappings.

Orthography Phonology

Figure 2. The Connectionist Model®.

Chen and Peng (1994) were among the first to apply the Connectionist Model to Chinese
character naming. Implemented via a back-propagation algorithm, their model consisted of 420
orthographic units, which forward-fed to 200 hidden units, which in turn forward-fed to 42
phonological units. The model was able to name 1108 characters after training, and its
performance showed effects of frequency, regularity, and consistency. Similarly, Hsiao and
Shillcock (2005) also trained a model to map between Chinese orthography and phonology and
were able to replicate the interaction between regularity and frequency effects that have been
found in the empirical data of compound character naming.

By using a corpus of 4468 characters, Yang, Zevin, Shu, McCandliss, and Li (2006)

trained a model to map from orthographic units to phonological units and simulated the effects of

3 Reprinted, with permission, from Seidenberg, M. & McClelland, J. (1989). A distributed, developmental model of
word recognition and naming. Psychological Review, 96 (4), 523-568.
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frequency, regularity, and consistency, as well as their interactions. They then trained a second
model on 103 compound characters to map orthography, phonology, and semantics, and were
able to simulate the effects of semantic radical transparency and family size. Furthermore, the
simulations showed a very different developmental pattern than that of English; mappings from
orthography to semantics were learned faster than those from orthography to phonology,
indicating that there may be qualitative differences in the development of literacy skills across
writing systems. In a later study, Yang and Shu (2008) reexamined the application of the
Connectionist Model to reading Chinese in two simulations. They first trained a model on 270
orthographic units, 200 hidden units, and 92 phonological units, and were able to simulate the
effects of frequency, consistency, and regularity, and their interactions, which were consistent
with the findings on skilled Chinese readers. In the second simulation, they trained a model using
the same corpus with modified orthographic representations of phonetic radicals and only
observed the effect of consistency and its interaction with frequency. Finally, these results were
replicated in Yang, McCandliss, Shu, and Zevin’s (2009) study, which showed that the
Connectionist Model of reading aloud could be successfully adapted to explain reading Chinese
characters, and its predictions were confirmed by behavioral naming experiments.
2.2.3 The Dual Route Model

The Dual Route Model (e.g., Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart, Rastle,
Perry, Langdon, & Ziegler, 2001) posits that there are three routes to word recognition: the
lexical semantic route, the lexical non-semantic route, and the GPC route. As demonstrated in
Figure 3, in the lexical semantic route, the visual features of a word activates the orthographic
representation of word. The orthographic representation is then directly mapped onto the

semantic representation of the word, which in turn activates the phonological representation of
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the word. In the lexical non-semantic route, the orthographic representation of a word activate its
representation in the phonological lexicon, and then the word’s phonemes. The GPC route, on
the other hand, converts a letter string into phonemes based on GPC rules. Additionally, the Dual
Route Model hypothesizes that the lexical routes play a more dominant role in skilled reading
and high-frequency word recognition, whereas the GPC route is more frequently used for low-

frequency word recognition.

Visual Feature
Units

Letter Units
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Orthographic
Input
Lexicon

3
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Figure 3. The Dual Route Model*.

———=o Inhibitory connection

Although the Dual Route Model has not yet been implemented computationally for

Chinese reading, a number of empirical studies have either directly or indirectly examined

4 Reprinted, with permission, from Coltheart et al. (2001). DRC: A dual route cascaded model of visual word
recognition and reading aloud. Psychological Review, 108 (1), 204-256.
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whether such a model can account for Chinese character recognition. Empirical data have
demonstrated that the meaning of a character can be accessed via the activation of its
phonological properties (e.g., Perfetti & Zhang, 1995) or its orthographic properties (e.g., Leck et
al., 1995). Research on acquired forms of dyslexia has also shown that reading Chinese can be
accomplished via either the lexical route or the GPC route (e.g., Bi, Han, Weekes, & Shu, 2007,
Han & Bi, 2009; Yin & Butterworth, 1992).

Based on data from an anomic patient, whose character reading performance was
significantly better than her picture naming performance, Weekes, Chen, and Yin (1997)
proposed a Chinese script-specific adaption of the Dual Route Model. This model consists of
three levels of representation (i.e., orthographic units, phonological units, and semantic units),
which are linked via a semantic pathway and a non-semantic pathway. The semantic pathway
resembles the lexical semantic route in the original Dual Route Model (Coltheart et al., 1993),
whereas the non-semantic pathway is a combination of the lexical non-semantic route and the
GPC route, and it allows phonological activation at both the character level and the radical level.
Based on this model, Weekes et al. argue that character naming can be achieved either via the
mappings between a character’s semantic representations and phonological output or via the
mappings between its orthographic units and phonological output.

Different versions of dual route theories may vary in terms of their commitment to the
modularity hypothesis (Fodor, 1983). The original Dual Route Model described by Coltheart and
colleagues is to some extent committed to modularity (Seidenberg, 2012), whereas other versions
may assume a parallel activation via more than one route. The horse-racing models, for example,
suggest that a simultaneous activation of visual features, letters, and word-level information, and

that the speed of activation is affected by the corresponding frequency of each unit (Huang &
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Wang, 1992). Such an assumption of parallel activation has been supported by empirical
evidence showing that radical-level processing and character-level processing may be
simultaneously involved in Chinese character recognition (e.g., Yang et al., 2000; Yu, 1998).
2.2.4 Other theoretical models

Based on Biederman’s (1987, 1990) recognition-by-components model, Huang and
Wang (1992) proposed a modified model, which assumes that the basic principles behind
character recognition and object recognition are largely similar. The Lexical Constituency Model
proposed by Perfetti and colleagues (e.g., Perfetti & Liu, 2006) is another widely-cited model.
This model hypothesizes that a character representation entails three interlocking constituents:
orthography, phonology, and semantics, and the recognition of the character is achieved by the
specification of the values of these three constituent variables. Additionally, the model suggests
that graphic and phonological properties of a character are its pure form features, and that there
is a functional independence between these form features and the meaning of the character. By
assuming a universal role of phonology across writing systems, Perfetti and colleagues argue
that, just as in alphabetic scripts, access to semantics is almost exclusively mediated via
phonology in Chinese, and phonological information is activated earlier than semantic
information. Although the Lexical Constituency Model has been supported by a number of
empirical studies (e.g., Perfetti & Tan, 1998; Perfetti & Zhang, 1995; Tan & Perfetti, 1997) and
computational simulation (e.g., Perfetti, Liu, & Tan, 2005), other studies report that access to
semantics does not depend on the prior activation of phonology in Chinese (e.g., Shen & Forster,
1999; Wong, 2000; Zhang et al., 2012; Zhang, Zhang, & Kong, 2009; Zhou & Marslen-Wilson,

1999a, 2000).
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Chapter 3: Previous Studies on L2 Character Recognition

Previous research on L2 character acquisition has focused on character recognition and
production at the whole character level (e.g., Hayes, 1987, 1988; Ke, 1996a; Liu et al., 2007;
Sergent & Everson, 1992), but recent studies have extended into radical-level processing
strategies. Nevertheless, there has been less focus on the online processing at the radical level in
L2 Chinese compared with the extensive research on L2 learners’ radical awareness and
character learning strategies.

3.1 Effect of radical awareness on L2 character recognition

Consistent with the findings on radical awareness in L1 acquisition of characters, studies
on L2 acquisition also indicate that radical awareness and radical knowledge play crucial roles in
the literacy development of L2 Chinese.

To capture the development of radical awareness in L2 Chinese, Ke (1996b) proposed a
model that suggests that L2 learners of Chinese acquire orthographic awareness in three
successive stages. In the first stage (i.e., pre-component stage), learners acquire characters as
wholes with little component processing. They are unable to decompose a compound character
into its constituting radicals because they have not acquired enough characters to abstract out the
recurring components. In the second stage (i.e., component processing stage), learners begin to
apply their knowledge of common semantic and phonetic radicals to character learning and can
predict the meaning and pronunciation of a novel compound character based on its radicals. In
the final stage (i.e., automatic component processing stage), learners have native-like
orthographic awareness and process characters via the activation of radical information.

The hypotheses of Ke’s (1996b) orthographic awareness development model have been

tested by a number of empirical studies. Jackson, Everson, and Ke (2003) investigated whether
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L2 learners who had studied Chinese for one year were able to apply their radical knowledge to
inferring the meaning and pronunciation of novel compound characters. Their results suggest
that L2 learners are able to transfer their knowledge on the semantic and phonetic radicals that
they have previously learned, although they perform better on semantic radicals than on phonetic
radicals. Consistent with these findings, Wang, Perfetti, and Liu’s (2003) study also shows that
L2 learners from alphabetic L1 background are sensitive to the structural composition of Chinese
characters after a short period of Chinese study. In their study, L2 learners rejected non-
characters that contained illegal radicals fastest and most accurately, followed by non-characters
that contained legal radicals in illegal positions, and then those that contained legal radicals in
legal positions.

L2 learners’ acquisition of semantic radical knowledge and radical perception skills were
also investigated in Shen and Ke’s (2007) study, in which 263 L2 adult learners enrolled in first-,
second-, third-, and fourth-year Chinese classes completed a radical perception test, a radical
knowledge test, a radical knowledge application test, and a vocabulary test. The radical
perception test, which comprised forty compound characters from four graphic structure
categories, was developed to examine L2 learners’ ability to decompose characters into radical
units and use semantic radicals to reproduce characters when encountering novel characters. In
the radical knowledge test, forty high-frequency semantic radicals were presented to assess L2
learners’ passive knowledge of the sound and meaning of the radicals. The radical knowledge
application test was designed to test L2 learners’ ability in using semantic radical knowledge
when learning novel compound characters. Lastly, participants” word knowledge was also
examined in the vocabulary test, in which they were instructed to provide a sound and a meaning

for forty two-character words randomly selected from their Chinese lessons. The results
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demonstrate that radical knowledge, radical perception skills, and radical knowledge application
skills each has its unique developmental trajectory, but there is a linear trend between L2
learners’ development of radical knowledge and their ability to apply this knowledge. Although
L2 learners develop radical perception skills rapidly during their first year of Chinese study, the
acquisition of radical knowledge is relatively slow and the development of their ability to apply
this knowledge is not synchronous with their increase in radical knowledge.

In her dissertation, Su (2010; Su & Kim, 2014) examined radical awareness levels among
L2 learners across different Chinese proficiency levels and investigated the relationship between
radical awareness and word recognition. In the study, 97 L2 learners, divided into elementary
and advanced groups, completed a word recognition task, a character-legality decision task, a
character-meaning matching task, and a character-writing task. The results indicate that
advanced learners have a higher level of radical awareness than that of elementary learners.
Additionally, for L2 learners across both levels, there are significant correlations between
implicit radical awareness, explicit positional radical awareness, explicit functional semantic
radical awareness, and word recognition performance. Finally, Su found that the explicit
functional awareness of semantic radicals is the unique predictor for L2 learners’ word
recognition performance.

Hao and Shu (2005) investigated L2 learners’ awareness of phonetic radicals by teaching
25 L2 learners three types of compound characters (i.e., fully regular, semi-regular, and
characters that contained unknown phonetic radicals). They found that learners’ performance
was best on regular compound characters, followed by semi-regular compound characters, and
worst on characters with unknown phonetic radicals, indicating that L2 learners are able to apply

their knowledge of phonetic radicals to learning novel characters.
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Kim (2010) investigated the reading stages L2 learners of Chinese went through in their
literacy development in two experiments. In the first experiment, 70 L2 learners were asked to
learn 18 novel characters that varied in terms of visual distinctiveness; in the second
experiments, they learned 18 novel characters that differed in terms of phonetic consistency. The
results showed that participants who had higher working memory capacities performed better in
the first experiment, whereas those who knew more characters learned consistent and semi-
consistent characters faster than the inconsistent characters in the second experiment. Based on
these findings, Kim proposed a model of developmental stages in L2 Chinese. The model
suggests that, different from L1 literacy development, adult learners bypass the visual stage and
start from the phonetic stage, and then progress to the orthographic stage as their proficiency
increases. Although this model differs from Ke’s (1996b) model, both of them confirm the
importance of radical awareness in reading Chinese as an L2.

Finally, Tong and Yip (2015) investigated whether L2 learners of Chinese were aware of
the orthographic, phonological, and semantic properties of radicals, and whether their radical
awareness predicted their word recognition performance. In addition to two character reading
aloud tasks, a picture-character mapping task was conducted under three conditions: no cue,
phonetic cue, and semantic cue, where 84 L2 learners were presented with a picture (e.g., a
bridge) and asked to choose an answer from five types of pseudo-character or non-character
options: (1) a pseudo-character that contained the correct semantic radical in a legal position, (2)
a pseudo-character that contained the correct phonetic radical in a legal position, (3) a pseudo-
character that had unrelated radicals, (4) a non-character that contained the correct semantic
radical in an illegal position, and (5) a non-character that contained the correct phonetic radical

in an illegal position. Their results showed that under the no-cue condition, L2 learners tended to
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choose pseudo-characters that contained correct radicals in legal positions more than those that
contained correct radicals in illegal positions. Additionally, there was a semantic radical bias
under both no-cue and semantic-cue conditions, where learners chose pseudo-characters that
contained correct semantic radicals more than those that contained correct phonetic radicals.
When a phonetic cue was provided, however, the opposite pattern was observed. These findings
indicate that L2 learners are able to apply their radical awareness and radical knowledge to
reading novel characters and they rely more on semantic radicals than on phonetic radicals.

3.2 Effect of character learning strategy on L2 character recognition

Although it has been acknowledged that radical awareness facilitates L2 character
learning, research on L2 character learning strategies indicates that radical-related strategies are
largely underused.

Ke’s (1998a) study indicates that although Chinese learners consider radical knowledge
important, they feel the need to memorize characters as wholes and tend to practice writing
characters repeatedly without taking advantage of their knowledge of the Chinese orthography.
By analyzing the self-reports from 29 first-year L2 learners of Chinese, McGinnis (1999) also
found that English-speaking students prefer rote repetition and creating personal stories over
using semantic radicals and phonetic radicals when learning novel characters. Yin’s (2003)
longitudinal study on Chinese L2 learners’ learning difficulties and strategies over a three-year
period also reported similar findings. It was found that learners tend to use mechanical strategies
such as writing characters repeatedly and reading aloud characters repeatedly, although they also
attempt to memorize radicals and use radical knowledge during character learning.

Shen (2005) investigated the character learning strategies used by 95 English-speaking

learners enrolled in beginning through advanced Chinese classes by using three questionnaires.
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Based on the analyses on the survey results, Shen identified 30 common strategies and found
that, among these strategies, orthographic knowledge-based strategies and metacognitive
strategies relating to preview and review of characters are the most commonly used. Different
from previous findings (e.g., McGinnis, 1999), her results indicate that L2 learners use strategies
including making use of radical knowledge to encode characters.

A number of researchers further investigated the effectiveness of L2 learners’ use of
character learning strategies. Zhao and Jiang (2002) examined the correlations between
beginning L2 learners’ strategy use and their character test scores and found that memorizing
characters as wholes may not be effective, whereas using knowledge of semantic radicals to
learn novel characters is effective. Additionally, learning strategies have been found to affect the
acquisition of compound characters to a greater extent relative to the acquisition of other types of
characters. Liu and Jiang (2003) compared the effectiveness of two L2 character learning
strategies: (1) radical analysis and recalling, and (2) writing characters repeatedly. Their results
indicate that strategy (1) is more effective than strategy (2) for learning the orthographic forms of
characters, whereas the two strategies do not differ for learning the pronunciations and meanings
of characters.

Shen (2004) also explored how different learning strategies affected L2 character
retention. By comparing the effectiveness of the three strategies including rote memorization,
student self-generated elaboration, and instructor-guided elaboration, she found that the last two
strategies resulted in better retention of characters. Based on these results, Shen suggests that
deeper processing of characters yields better performance than does shallow processing.

In two recent studies, Sung (2012, 2014) explored the effects of learning strategies on L2

learners’ character test performance. In the first study, Sung (2012) identified seven strategies
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that were most frequently used, which included four strategies that were stroke-orthographic
knowledge-based and three that were phonological-semantic-knowledge based. Among them, the
stroke-orthographic knowledge-based strategies accounted for 6.8% of learners’ character
learning performance. In the second study, Sung (2014) identified twenty different strategies and
observed that L2 learners who frequently used phonological strategies performed better on the
phonological comprehension questions, whereas those who frequently used orthographic
strategies performed better on the graphic comprehension, graphic production, and phonological
production sections of the test.

3.3 Activation of radicals in L2 character recognition

To examine the role phonetic radicals played in L2 character recognition, Jiang (2001)
conducted a paper-and-pencil test, in which 32 L2 learners (16 second-year learners and 16 third-
year learners) wrote down the pinyin pronunciations for 80 phonologically regular compound
characters and 80 irregular ones. The results showed that L2 learners performed better on regular
characters than on irregular characters, and that the regularity effect was stronger for the third-
year learners relative to second-year learners. These findings suggest that L2 learners are
sensitive to the phonological relationship between compound characters and their phonetic
radicals, and that L2 learners may use more phonetic-radical-based decoding strategies in
character recognition as their Chinese proficiency increases.

Williams (2010, 2013) investigated the effects of semantic and phonetic radicals on L2
character recognition by using three different tasks. In a semantic categorization task, 30 L2
learners were presented with four characters at a time and asked to determine if each character
belonged to a given semantic category. The four types of characters included: (1) a compound

character with a transparent semantic radical that belonged to a given category (e.g., J& “wolf,”
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whose semantic radical was 7 “dog”), (2) a compound character with an opaque semantic
radical and did not belong to the category (e.g., 4t “crazy,” whose semantic radical was 7
“animal”), (3) a character that belonged to the category (e.g., [ “tiger”), and (4) unrelated
control (e.g., & “older brother”). The results showed that L2 learners responded faster to (1)

than to (3), indicating that transparent semantic radicals facilitated the activation of character
meaning. Additionally, responses to (2) were also slower than those to (4), showing that opaque
semantic radicals interfered with character recognition. In a homophone recognition test, the
same L2 learners were shown a pair of characters and asked to determine whether the characters
were homophones. Four types of characters were used: (1) two homophonic characters that had

the same phonetic radical (e.g., % an and & an), (2) two non-homophonic characters that had
the same phonetic radical (e.g., fiZ wéi and 7. gi), (3) two homophonic characters that had

different phonetic radicals (e.g., & cf and 17 cf), and (4) unrelated control characters (e.g., £+
wdng and HR gén). The results showed that there was no difference between condition (1) and

(3), but responses to (2) were significantly slower than those to (4), indicating that irregular
phonetic radicals produced an inhibitory effect on character recognition. Lastly, in a character
decision task, the same participants were presented with a compound character with either a
blurred semantic radical or a blurred phonetic radical and asked to determine if it was a real
character. Results showed that L2 learners were slower in identifying characters with blurred
phonetic radicals relative to those with blurred semantic radicals. Taken together, Williams
suggests that semantic radicals play a more important role in L2 character recognition, whereas
phonetic radicals are mainly used for orthographic disambiguation rather than phonological

activation.
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Zhao et al. (2012) explored the neural basis of regularity effect on L2 character
recognition in an fMRI study. In the experiment, 20 L2 learners from alphabetic L1 backgrounds
and a control group of Chinese native speakers were presented with a compound character with
either a regular or an irregular phonetic radical. Neuroimaging results showed that L2 learners
exhibited stronger activation than native speakers did in the right occipitotemporal region. L2
learners also had greater activations in the ventral portions of the left inferior parietal lobule and
the left inferior frontal gyrus, whereas native speakers exhibited more dorsal activations in these
regions. Based on the L2 learners’ brain activation, Zhao et al. conclude that they are sensitive to
phonological regularity effects.

Wei and Jiang (2014) studied the effects of frequency and regularity on L2 character
recognition by asking 17 advanced L2 learners to write down the pinyin for 30 compound
characters and 10 simple characters. The results showed that for low-frequency compound
characters, L2 learners are able to use phonetic radicals as phonological cues.

Lu, Koda, Zhang, and Zhang (2014) examined the effect of semantic radical transparency
on character meaning inference. In a semantic category judgment test, 48 L2 learners enrolled in
a third-semester Chinese class were presented with a category in English (e.g., fish), followed by

a compound character (e.g., il “carp”), and asked to determine if the character was a member of

the given category. Half of the characters had transparent semantic radicals, and the other half
had opaque semantic radicals. Additionally, L2 learners’ character inference ability was
measured by a multiple-choice task and a lexical inference task, in which they were presented
with 40 sentences, each containing an unfamiliar character, and asked to choose the most
appropriate meaning for the character. Finally, a radical knowledge test was conducted to

measure L2 learners’ radical knowledge. In the test, the learners were presented with the radicals
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used in the lexical inference task and asked to rate their familiarity with the radicals. Lu et al.’s
results indicate that both semantic radical transparency and learner’s radical knowledge influence
their use of semantic radical information during character recognition.

3.4 Effect of context on L2 character recognition

To date, only three studies have examined context effects on L2 character recognition
(Sun, 1992; Wang & Koda, 2013; Williams, 2010). Sun (1992) compared context-independent
character recognition and context-embedded word recognition and found that graphic
information is processed to a lesser degree when context is available. Similarly, Williams (2010)
also compared character recognition in isolation and in sentence contexts by conducting
character decision and sentence reading tasks. The character decision task, in which semantic
radicals or phonetic radicals were blurred, showed that L2 learners were slower in recognizing
pseudo-characters whose phonetic radicals were blurred than those whose semantic radicals were
blurred. The same results were found in the task in which the characters with blurred radicals
were embedded in sentences. Based on these findings, Williams argues that L2 learners may use
phonetic radicals for orthographic disambiguation during character recognition.

Wang and Koda (2013) examined the effect of context on radical-level processing by
having 37 first-year L2 learners from alphabetic L1 backgrounds complete three paper-and-
pencil tests. The first test was a radical meaning test, in which L2 learners were asked to select
the correct meaning for 15 commonly used semantic radicals. The second task was a context-
independent character meaning inference task, in which L2 learners were asked to select a
character that would fit a given meaning from three types of novel characters including (1)
compound characters with transparent semantic radicals, (2) compound characters with semi-

transparent semantic radicals, and (3) simple characters. In the last task, which was a context-
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embedded character meaning inference task, L2 learners were presented with an English
sentence that contained a novel character and asked to select the correct meaning for the
character. Their results suggest that semantic radicals facilitate character-meaning inference in
both context-independent and context-embedded conditions, and that L2 learners are sensitive to
semantic radical transparency.

3.5 Effect of L1 background on L2 character recognition

Previous research has shown that L2 learners’ L1 background may influence their use of
Chinese character learning strategies (e.g., Arrow, 2004; Jiang & Zhao, 2001; Sung & Wu, 2011)
and the way they process characters. Ke (1998b) explored whether and how a heritage
background in Chinese influenced character recognition and production in L2 Chinese and found
that for first-year learners, heritage language background has no effect on learners’ character
recognition or production. Similar results were reported in Shen’s (2003) and Xiao’s (2006)
studies, both of which suggesting that a heritage background in Chinese has little influence on
learners’ reading, vocabulary, and writing performance. These studies indicate that although
Chinese heritage learners may be more proficient in speaking and listening, the nature of the
Chinese writing system may not allow them to transfer their existing oral and aural skills easily
(Ke & Li, 2011).

In Jiang’s (2003) study, 74 L2 learners who were native speakers of Japanese, Korean,
Indonesian, and English were asked to write down the pinyin pronunciations and meanings for
30 characters that they had learned. The results revealed that there was a significant correlation
between Indonesian- and English-speaking learners’ performance on pinyin pronunciation
production and character meaning production, but such a correlation was not found for Japanese-

and Korean-speaking learners. These findings suggest that L2 learners from alphabetic L1
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backgrounds may rely more on phonological decoding than L2 learners from Japanese L1
background.

Gao (2001) analyzed the relationship between L2 learners’ orthographic errors and their
L1 backgrounds and found that Japanese-speaking learners differ from L2 learners of other L1
backgrounds in that Japanese-speaking learners make fewer errors and that they tend to process
compound characters as wholes. Consistent with Gao’s findings, Feng, Lu, and Xu (2005) also
found that L2 learners from alphabetic L1 backgrounds tend to decompose compound characters
and that they are more sensitive to character components that occupy the right and the bottom
positions within compound characters. L2 learners who are native speakers of Japanese or
Korean, however, tend to process compound characters that have a left-right structure as wholes
but decompose characters that have a top-bottom structure. Nevertheless, Lin and Collins’s
(2012) study on the influence of L1 background and the effects of frequency, regularity, and
consistency on L2 character recognition accuracy showed different results. In their study, 22
English-speaking learners and 31 Japanese-speaking learners were asked to read 130 characters
that varied in terms of regularity, consistency, visual complexity, and familiarity. The results
showed that although both groups of L2 learners are able to use phonetic radical information
when reading characters, the Japanese-speaking learners make greater use of radical-level
information (i.e., the regularity and consistency properties of phonetic radicals) than English-
speaking learners do.

Although the studies presented above reported mixed results with regard to L2 learners’
processing patterns, they indicate that L1 background may influence L2 character recognition

and learners’ abilities to use radical-level information when reading Chinese.

42



Chapter 4. Overview of the Experiments

4.1 Rationale

As presented in the previous chapter, the literature on L1 character recognition has
focused on context-independent character recognition, and only two studies to date (Liu et al.,
2002, Tsai et al., 2004) have examined character recognition in sentence reading, and neither of
these two studies investigated the influence of contextual cues (e.g., sentence predictability) on
Chinese character recognition.

Research on L2 character recognition has generally focused on radical awareness and
character learning strategies. Although a number of studies have also explored radical-level
processing in L2 Chinese acquisition, the majority have used offline tasks such as paper-and-
pencil tests and questionnaires. Additionally, previous studies on L2 character recognition were
mostly concerned with the regularity and consistency effects of phonetic radicals and the
transparency effect of semantic radicals. No study to date has directly explored whether and how
the phonological and semantic properties of radicals are activated during L2 character
processing. How context influences radical activation has also been largely ignored in the
previous research on L2 character processing. Sun’s (1992) study was only concerned with
character-level activation, whereas Wang and Koda’s (2013) used English sentences and offline
tasks, which may not reflect natural reading and character processing in real time. Finally, the
previous studies on the effect of L1 background on L2 character recognition mainly involved
heritage learners, Japanese- or Korean-speaking learners, and learners from alphabetic L1
backgrounds, and they yield mixed results. Little is known as to how learners from other types of

L1 orthographies (e.g., abugida) process characters.
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To address these gaps in the literature, the current study examined L1 and L2 character
recognition under both context-independent and context-embedded conditions by conducting
three online experiments. Specifically, the study aimed to address the following four research
questions:

(1) How do native speakers and L2 learners access the orthographic properties of radicals

during character recognition?

(2) How do native speakers and L2 learners access the phonological and semantic

properties of radicals during character recognition?

(3) How does sentence context influence L1 and L2 character recognition?

(4) How does the reader’s L1 orthography influence his or her L2 character recognition?

The masked priming paradigm was chosen for the study, because it has been shown to be
an effective tool to investigate orthographic processing. In a typical priming experiment, two
stimulus items — a prime and a target — are presented sequentially in a single trial, and the
relationship between them can be manipulated depending on the specific research goal (Jiang,
2012). As participants in masked priming experiments are typically unware that priming is
occurring, the behavioral patterns captured are less likely to be affected by their strategic
processing or metalinguistic knowledge, and tend to reflect real-time language processing
(McNamara, 2005). In addition to two primed-character decision tasks (Experiments 1 and 2), a
third experiment was conducted using the combined self-paced reading and masked-priming
paradigm (SPaM), which has been shown to be effective in detecting sentence context effects in

early word recognition (Luke & Christianson, 2012, 2013).
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4.2 Overview of the experiments

Experiment 1 was designed to answer research question (1): How do native speakers and
L2 learners access the orthographic properties of radicals during character recognition. In the
experiment, participants were presented with prime characters that contained the target
characters as either their phonetic or semantic radicals and asked to determine if the targets were
real characters. Prime frequency and target frequency were also manipulated in the experiment,
and two SOA conditions were used to track the potential time course of radical-level
orthographic activation. If readers automatically decomposed compound characters, significant
priming effects would be expected.

Experiment 2 aimed to answer research question (2): How do native speakers and L2
learners access the phonological and semantic properties of radicals during character recognition.
In order to examine whether and how the phonological and semantic properties of radicals were
activated, primes were manipulated so that they were related to the target at the character level or
at the radical level or unrelated. If readers automatically activated the meaning and pronunciation
of the radical during compound character recognition, there should be priming effects produced
by both character-level and radical-level related primes.

To address research question (3): How does sentence context influence L1 and L2
character recognition, both highly constraining and non-constraining sentences were included in
Experiment 3, and primes and targets were presented within these sentence contexts. In this
experiment, primes that were either (1) a radical of the target, (2) related to the target at the
character level, (3) related to the target at the radical level, or (4) unrelated. If readers also
activated the properties of radicals during sentence reading, there should be significant priming

effects. Additionally, if readers’ character processing strategies were sensitive to sentence
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context information, there should also be reading time differences between highly constraining
and non-constraining sentence contexts.

Finally, to answer research question (4): How does the reader’s L1 orthography influence
his or her L2 character recognition, L2 learners from four different types of L1 backgrounds
were recruited, and their L1 orthographies include: (1) abjad, which employs writing systems
where only consonants are presented (e.g., Arabic); (2) abugida®, which employs segmental
writing systems where consonant-vowel sequences are presented as one unit, and the unit is
typically based on a primary consonant letter and a secondary vowel notation (e.g., Thai); (3)
alphabet, which employs writing systems where both vowels and consonants are represented by
letters (e.g., English); and (4) syllabary/logography (e.g., Japanese, which employs kanji
(Chinese characters) in addition to two syllabaries hiragana and katakana ). (Daniels, 1996).

Native speakers of Chinese were also recruited in the study to provide a baseline for comparison.

5 Abugida is also called alphasyllabary. Abugida scripts differ from pure syllabaries in that, abugida syllables
beginning with the same consonant are typically written with characters based on the same sign in a regular way,
and the character for a given syllable typically consists of a number of elements that designate the individual sounds
of the given syllable (Bright, 2000).
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Chapter 5: Experiment 1

The primary goal of this experiment was to examine whether Chinese native speakers and
L2 learners activated the orthographic forms of radicals when reading compound characters. This
was achieved by having participants complete a primed-character decision task, in which

compound character primes (e.g., fit za “he”) contained the target characters (e.g., 2 yé “also”)

as their radicals. Because the target character was orthographically identical to the radical of the
prime, any priming effects observed would suggest that the orthographic form of the radical was
activated during the visual recognition of the prime character. On the other hand, if no priming
effects were observed, it would suggest that compound characters are processed as single units
and that radical-level activation may not be involved.

Additionally, whether radical function and compound character/radical frequency
modulated the orthographic activation of radicals was investigated by manipulations of the
function of radicals (i.e., semantic or phonetic radical) as well as the frequency of compound
characters and their radicals. The experiment also explored the potential time course of the
orthographic activation of radicals during character recognition by using two SOA conditions
(i.e., 50 ms and 200 ms). These two SOAs were chosen because at 50 ms, primes are generally
not consciously perceived, i.e., primes presented for shorter periods than about 50 ms are
generally below the perceptual threshold (Forster, 1998). In contrast, primes presented for 200
ms are fully visible and consciously perceived. Therefore, comparisons of priming effects at
these two SOAs would address the question as to whether the orthographic activation of radicals,
if any, occurred at relatively early or late stages of visual recognition. Finally, L2 learners’ L1
orthographic background information was included in the statistical analyses to examine whether

and how L1 orthography influenced L2 character processing.
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5.1 Participants
5.1.1 Native speakers of Chinese

Participants for Experiment 1 included 72 native speakers of Chinese, who were
undergraduate or graduate students enrolled at Hangzhou Normal University and Beijing
Language and Culture University, China. To document their language background information,
they were asked to complete a background questionnaire (see Appendix A) and an English cloze
test (see Appendix D). Their average age, English cloze test score, and length of English study
are shown in Table 7.

Table 7

Experiment 1: Native Speakers’ Background Information

Native speakers Average Range

Gender 16 males, 56 females NA

Age (yrs) 19.63 18-34

English cloze test score 65.21/100 37.5/100-82.5/100
Length of English study (yrs) 9.69 3-20

5.1.2 L2 learners of Chinese

In addition to native speakers, 68 L2 learners of Chinese enrolled at Beijing Language
and Culture University participated in Experiment 1. To measure their Chinese proficiency, they
were asked to complete a background questionnaire (see Appendix B), a Chinese cloze test (see
Appendix C), and an on-line Chinese character recognition test®. All of the L2 learner
participants (except a native speaker of English) had also learned English as an L2, and 36.76%
of them reported to have learned other foreign languages besides Chinese and English. Their
background information is summarized in Table 8. Statistical analyses showed that L2 learners’

Chinese cloze test scores significantly correlated with number of known characters (r = 0.57, p

& The Chinese character recognition test is available at http://www.clavisinica.com/character-test-applet.html
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<.001), length of Chinese study (r = 0.17, p <.001), and weekly use of Chinese (r =0.32, p
<.001).
Table 8

Experiment 1: L2 Learners’ Background Information

L2 Learners Average Range
Gender 27 males, 41 females NA

Age (yrs) 23.50 18-45
Chinese cloze test score 80.76/100 36/100-100/100
Number of known Chinese characters 1664 263-3032
Weekly use of Chinese (%) 56.43% 3%-95%
Length of Chinese study (yrs) 5.12 0.67-27
Age of first immersion in Chinese-speaking 19.91 6-37
countries (yrs)

Length of immersion in Chinese-speaking 5 75 0.04-27
countries (yrs)

Number of foreign languages studied 2.49 1-5

As shown in Table 9, the L2 learners were divided into four groups based on the
orthographic typology of their L1 writing systems (Daniels, 1996).
Table 9

Experiment 1: Orthographic Typology of L2 learners’ First Language Writing Systems

L1 orthography type  Languages Number of participants
Abjad Persian 1

Abugida Burmese, Hindi, Lao, Nepali, Thai 24

Alphabet English, French, Georgian, Korean, 42

Mongolian, Portuguese, Russian, Tajik,
Ukrainian, Uzbek, Vietnamese
Syllabary/logography Japanese 1

In addition to orthographic typology, the depths of the L2 learners’ L1 orthographies
were also included in the analyses. Orthographic depth is the transparency of the relationship
between the phonemes and letters of the orthography (Liberman, Liberman, Mattingly, &

Shankweiler, 1980). If letters and phonemes correspond to each other completely and
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consistently in an orthography, then this orthography is considered shallow. On the other hand, if
the relationship between letters and phonemes are equivocal, i.e., some letters can represent more
than one phoneme and some phonemes can be written in more than one way in the orthography,
then the orthography is considered deep. Previous research on L1 literacy development has
shown that deep orthographies demand greater phonological development and linguistic
awareness on the learner’s part than does a shallow orthography (e.g., Liberman et al., 1980).
The depth of orthography is conceptually different from orthography type in that it
describes the nature of a given orthography from a different dimension, i.e., orthographies that
belong to the same type may vary in terms of orthographic depth. For example, although both are
alphabetic orthographies, English has a much deeper orthography than does Spanish. If L2
processing is influenced by the learner’s L1 orthography properties (Koda, 1997), it is possible
that, just as with orthographic typology, the depth of the learner’s L1 orthography will also play
an important role. To test this possibility, the depths of L2 learners’ L1 orthographies were
quantified by calculating the phoneme-to-letter ratios of the orthographies, and the ratios were
included as a continuous variable in the statistical analyses. As shown in Table 10, when the
phoneme-to-letter ratio of a given orthography is relatively low, as in the case of Nepali, there is
a relatively complete correspondence between phonemes and letters, indicating that Nepali is
orthographically shallow. When the phoneme-to-letter ratio is high, as in the case of English, a
letter may corresponds to a number of different phonemes, and the reader needs to rely on
context-dependent GPC rules to determine which phoneme the letter represents in a given

context. English is thus orthographically deeper relative to Nepali.
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Table 10

Experiment 1: Orthographic Depths of L2 learners’ First Language Writing Systems

L1 Phoneme-to-letter ratio Number of participants
Thai 0.49 18
Kazakh 0.64 1
Tajik 0.86 1
Hindi 0.91 1
Nepali 0.94 1
Lao 0.97 2
Burmese 1.00 2
Georgian 1.00 1
Korean 1.03 13
Persian 1.06 1
Ukrainian 1.09 1
Uzbek 1.23 8
Russian 1.24 2
Vietnamese 1.24 1
French 1.31 1
Mongolian 1.34 10
English 1.73 2
Portuguese 1.73 1
Japanese NA 1

5.2 Design and materials

A 3 (prime type: high-frequency related, low-frequency related, unrelated control) x 2
(target frequency: high-frequency, low-frequency)’ x 2 (prime-target relation: phonetic radical,
semantic radical) x 2 (SOA: 50 ms, 200 ms) design was used in Experiment 1. The stimuli

consisted of 48 prime-target sets (see Appendix E for the complete list).

" The target frequency was manipulated so that the target characters were either high- or low-frequency. However,
target frequency was treated as a continuous variable in the data analyses.
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Table 11

Experiment 1: Design and Sample Stimuli

Prime type Prime- Target

Stimulus type

HF related LFrelated Control target Character  Frequency

relation
(1) PR relation, HF target
Character fih oth EillN Phonetic
Pronunciation ta chi zhua radical yé
Translation he to loosen  to catch also High
(2) SR relation, HF target
Character i3] Al fifi Semantic H
Pronunciation de gqui shi radical  bai
Translation of to convert  to cause white
(3) PR relation, LF target
Character A [ I Phonetic 4]
Pronunciaiton yue zhué chéng radical shao
Translation about to pour city spoon
(4) SR relation, LF target Low
Character fic [i78 i Semantic 1
Pronunciation péi sil mdn radical  you
Translation to match  crisp full evening

Note. PR = phonetic radical; SR = semantic radical; HF = high-frequency, LF = low-frequency.

As shown in Table 11, the prime-target relation was manipulated so that targets were
either the phonetic radicals (28 sets) or the semantic radicals (20 sets) of the compound character
primes. Half of the targets were high frequency and the other half were low-frequency
characters. Therefore, altogether there were four stimulus types: (1) phonetic-radical relation,
high-frequency target, (2) semantic-radical relation, high-frequency target, (3) phonetic-radical
relation, low-frequency target; and (4) semantic-radical relation, low-frequency target.
Additionally, each stimulus type had three types of compound character primes: high-frequency

related, low-frequency related, and unrelated control.
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Only simplified characters were used in the experiment. All of them were chosen from a
character-frequency statistics database®. The 48 high-frequency primes had a mean frequency of
1515.54 per million (range = 34.70 — 37496.70 per million), the 48 low-frequency primes had a
mean frequency of 4.67 per million (range = 0.0065 — 24.70 per million), and the 24 control
primes had a mean frequency of 517.44 per million (range = 2.11 — 3862.10 per million). The 24
high-frequency targets had a mean frequency of 1961.99 per million (range = 368.91 — 8895.84
per million), and the 24 low-frequency targets had a mean frequency of 27.25 per million (range
=0.79 — 235.59 per million).

Because regular and semi-regular compound characters share similar phonological
properties with their phonetic radicals, any priming effects between them could be due to the
processing of the whole character rather than the processing of the phonetic radical; the same
also applies to transparent semantic radicals. To rule out this possibility, only compound
characters that had irregular phonetic radicals were used as primes for the phonetic-radical sets,
and those that had opaque semantic radicals were used as primes for the semantic-radical sets.
Specifically, for the 28 phonetic-radical sets, the related primes differed from their phonetic
radicals (i.e., targets) in terms of consonants and vowels. For the 20 semantic-radical sets, a
semantic relatedness judgment pretest was conducted, in which 30 native speakers of Chinese
who did not participate in the main experiments rated the semantic relatedness between the
primes and their semantic radicals (i.e., targets) from 1 (not related at all) to 4 (closely related).
The average score was 1.59, and the scores for the low-frequency primes (M = 1.56) did not

differ from those for the high-frequency primes (M = 1.63).

8 The database was developed by the Center for Chinese Linguistics at Peking University and is available at
http://ccl.pku.edu.cn:8080/ccl_corpus/CCL_CC_Sta_Xiandai.pdf
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To control for repetition effects, a Latin square design was used. Three presentation lists
were created; in each list, each target appeared only once but the three types of primes appeared
in equal numbers. In addition, 48 sets of prime-target fillers were included in each list. For each
participant, the sequence of the items on the list was pseudo-randomized. Finally, two SOAs
(i.e., 50 ms and 200 ms) between primes and targets were used to track the potential time course
of the orthographic activation of radicals during compound character recognition.

5.3 Procedures

The preparation of the experimental stimuli was as follows. First, all primes (in Kaiti
font) and targets (in Songti font) were generated in a word-processing program and converted
into individual image files. Both fonts are commonly used in the Chinese language community.
Although the same character looks stylistically different in the two fonts, the structure and
strokes of the character remain the same. Different fonts for the primes and targets were chosen
to ensure that participants were not reacting to the visual trace of the primes, especially under the
short SOA condition. Second, 48 non-characters were generated by removing strokes from or
adding strokes to real, unrelated characters. These non-characters, which were used as fillers in
the character decision task, did not differ from the critical characters in terms of size or font.
Finally, the experiment was programmed and presented using E-Prime Professional software,
version 2.0 (Schneider, Eschman, & Zuccolotto, 2002).

Figure 4 illustrates the procedures of Experiment 1. In each trial, a fixation point (“+”)
was first presented at the center of a computer screen for 250 ms, followed by a 250-ms forward
mask (“##). A prime character was then presented for either 50 ms or 200 ms, depending on the
SOA condition, and then immediately replaced by the corresponding target character, which

remained on the screen until participants decided whether it was a real character or not. Because
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the prime character was sandwiched between the mask and the target character, participants were
unlikely to consciously perceive the prime under the short SOA condition (Jiang, 2012). Half of
the targets were real characters (i.e., critical items), and half were non-characters (i.e., fillers). In
the experiment, 36 native speakers and 34 L2 learners were randomly assigned to the short SOA
condition, and the other 36 native speakers and 34 L2 learners to the long SOA condition. None

of the participants reported to have seen primes under the short SOA condition.

Eye fixation (250 ms)

Mask (250 ms)

H#

A Prime (depending on the SOA condition)

1, Target

(Stays on the screen until participants
make judgment whether the target is
a real character or not)

Figure 4. Experiment 1: Procedures. SOA = stimulus onset asynchrony.

Participants were tested individually in a quiet room. They were seated in a comfortable
chair about 60 cm from a computer screen and were randomly assigned to one of the three
experimental lists. Participants were asked to make a response to the target as quickly and as
accurately as possible in each trial. They were first presented with ten practice trials, followed by
the experimental trials. There was a break in the middle of the test sessions; the first three trials

after the break were always fillers.
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5.4 Data Analysis

The data of native speakers and those of L2 learners were analyzed separately in linear
mixed effects models with random effects for subjects and items using the Ime4 package, version
1.1-7 (Bates, Maechler, Bolker, & Walker, 2014) of R, version 3.1.1 (R Core Team, 2014).

5.4.1 Native speakers of Chinese

Prior to the analyses, trials with target onset delays greater than 5 ms were dropped from
the data set, which resulted in a 0.46% data loss. Additionally, RTs that were shorter than 200 ms
or longer than 5000 ms were removed (0.23% of the data). These thresholds were chosen based
on the distribution of RTs. The average accuracy rate of native speakers was 95.65%; only trials
that were answered correctly were included in the analysis. Outliers that were two standard
deviations below or above the condition means were discarded (3.67% of the total data).

RTs and target frequencies were log transformed and centered prior to the analysis. Fixed
effects of the model included trial number, prime type, target frequency, prime-target relation,
and SOA, and random effects were fit using a “maximal” random effects structure supported by
the data (Barr, Levy, Scheepers, & Tily, 2013). This included random intercepts for subjects and
items, by-subject random slopes for prime type and prime-target relation, and by-item random
slope for SOA. Other fixed effects were not included as random slopes because they contributed
the least amount of variance and including them caused the model to fail to converge. Only fixed
effects and interactions that were statistically significant (p < .05) or marginally significant (p
<.1) were retained in the model. Additionally, native speakers’ accuracy data were analyzed in a
separate logistic mixed effects regression model, with fixed effects including prime type, target

frequency, prime-target relation, and SOA, and random intercepts for subjects and items.
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5.4.2 L2 learners of Chinese

Three items were excluded from the analysis due to low accuracy (< 60%). Trials with
target onset delays greater than 5 ms were removed (0.33% of the data). Additionally, RTs that
were shorter than 200 ms or longer than 10000 ms were discarded (0.46% of the data). As
before, these thresholds were chosen based on the distribution of RTs. The average accuracy rate
of L2 learners was 89.12%, and only trials that were answered correctly were included in the
analysis. Finally, outliers that were three standard deviations® below or above the condition
means were excluded (2.44% of the data).

L2 learners’ RT data were analyzed in a separate linear mixed effects model using the
same procedures. Prior to the analysis, RTs, target frequencies, and numbers of known characters
were log-transformed and all continuous variables were centered. In addition to the fixed effects
that were included for the native speaker data, Chinese cloze test score, number of known
characters, L1 orthography type, and L1 phoneme-to-letter ratio were also entered into the
model. Random effects included random intercepts for subjects and items, and by-item random
slopes for the effect of Chinese cloze test score. Finally, L2 learners’ accuracy data were
analyzed in a logistic mixed effects regression model in R. In the model, prime type, target
frequency, prime-target relation, SOA, Chinese cloze test score, number of known characters, L1
orthography type, and L1 letter-to-phoneme ratio were included as fixed effects, and random

intercepts for subjects and items were entered as random effects.

% Three standard deviations instead of two (as in the case of native speakers) were used here because there was much
more variation in the L2 learner data. Using two standard deviations as the trimming criterion here would therefore,
cause extensive data loss.
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5.5 Results

5.5.1 Native speakers of Chinese

The mean values of Chinese native speakers’ RTs on the target characters for each

condition are presented in Table 12.

Table 12

Experiment 1: Native Speakers’ Response Times (in Milliseconds) on Target Characters

Prime-target Target

relation

Prime type

frequency High-frequency

Low-frequency

Control

Phonetic
radical
Semantic
radical

High
Low
High
Low

669.74 (168.44)
744.80 (221.61)
684.25 (181.04)
737.20 (218.48)

677.80 (183.11)
764.32 (211.42)
665.25 (178.71)
720.56 (228.21)

675.78 (183.74)
816.61 (288.73)
691.78 (195.45)
768.12 (233.40)

Note. Standard deviations are provided in parentheses.

Table 13 presents the output of the linear mixed effects model on Chinese native

speakers’ RT data. There were significant main effects of trial number (p <.001), target

frequency (p <.001), prime type (p < .001), and significant interactions between trial number

and target frequency (p <.001), prime type and target frequency (p = .0026648), and target

frequency and SOA (p = 0.0399995).
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Table 13

Experiment 1: Output of Linear Mixed Effects Model on Native Speakers’ Response Times

Parameters Estimate SE t
Intercept 0.1498000 0.0279800  5.352***
Trial number -0.0005009 0.0000584  -8.585***
Prime type: high-frequency -0.0326500 0.0098630  -3.310**
Prime type: low-frequency -0.0359000 0.0101200  -3.548***
Target frequency -0.0564700 0.0068890  -8.196***
SOA: 200 ms -0.0180200 0.0289300 -0.623
Prime-target relation: semantic radical -0.0215000 0.0190200 -1.125
Prime type: high-frequency x target frequency 0.0120800 0.0039240  3.077**
Prime type: low-frequency x target frequency 0.0113400 0.0039280  2.886**
Target frequency x SOA: 200 ms 0.0072280 0.0034850  2.074*
Trial number x target frequency 0.0000799 0.0000234  3.414***

Note. SOA = stimulus onset asynchrony. ***p <.001, **p < .01, *p < .05, p<.1

The main effect of trial number showed that native speakers sped up as they progressed
through the experiment. There was also a main effect of target frequency, where participants’
RTs were faster when the target was a high-frequency character (M = 676.98, SD = 181.31) than
when it was a low-frequency character (M = 760.72, SD = 237.54). As illustrated in Figure 5,
there was also an interaction between trial number and target frequency, where the effect of

target frequency gradually decreased over the course of the experiment.
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Figure 5. Experiment 1: Interaction effects (in milliseconds) of trial number and target frequency
on native speakers’ response times.

Figure 6 illustrates the main effect of prime type on native speakers’ RTs. Responses to
targets were faster when they were preceded by related primes (M = 708.15, SD = 202.25) than
when they were preceded by unrelated control primes (M = 737.27, SD = 236.61). Additionally,
RTs under both high-frequency related prime condition (M = 707.86, SD = 200.35) and low-
frequency related prime condition (M = 708.44, SD = 204.23) were faster than those under the

control condition (M = 737.27, SD = 236.61).
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Figure 6. Experiment 1: Effects (in milliseconds) of prime type on native speakers’ response
times.

Furthermore, there was a significant interaction between target frequency and prime type.
As shown in Figure 7, although both high- and low-frequency related primes produced
facilitatory effects on low-frequency targets, such effects were not found for high-frequency
targets. This was likely to be due to a floor effect, i.e., because of the participants’ fast RTs on
high-frequency targets, there was little room for facilitation, and the priming effects, if any,

might have been obscured for high-frequency targets.
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@High-Freq Prime  @Low-Freq Prime  @Control Prime

Figure 7. Experiment 1: Interaction effects (in milliseconds) of prime type and target frequency
on native speakers’ response times.
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Lastly, the analysis also revealed a significant interaction between SOA and target
frequency. As illustrated in Figure 8, although native speakers’ responses to high-frequency
targets at the SOA of 50 ms (M = 677.70, SD = 188.37) did not differ from those at 200 ms (M =
676.27, SD = 174.18), their responses to low-frequency targets were slower at 50 ms (M =
770.31, SD = 250.35) relative to at 200 ms (M = 751.50, SD = 224.32). Similar to the interaction
between prime type and target frequency, the absence of the effect of SOA for high-frequency

targets was possibly because participants’ fast RTs had obscured the priming effects (i.e., a floor

effect).
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Figure 8. Experiment 1: Interaction effects (in milliseconds) of stimulus onset asynchrony
(SOA) and target frequency on native speakers’ response times.

The output of the logistic mixed effects model on native speakers’ accuracy data is
presented in Table 14. The model revealed a significant main effect of target frequency (p <

.001) and a significant interaction between target frequency and SOA (p = .0234000).
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Table 14

Experiment 1: Output of Logistic Mixed Effects Model on Native Speakers’ Accuracy Data

Parameters Estimate SE z p

Intercept 3.85830 0.32758 11.778 < 0.001***
Prime type: high-frequency 0.03704 0.23084 0.160 0.8725000
Prime type: low-frequency -0.12029 0.22500 -0.535 0.5929000
Target frequency 0.31500 0.06882 4,577 0.000004 7***
:er:rr;i'ttiir?:;if;ft'on: 008204  0.30508  0.269 0.7880000
SOA: 200 ms 0.01849 0.31019 0.060 0.9525000
Target frequency x SOA -0.15609 0.06886 -2.267 0.0234000*

Note. SOA = stimulus onset asynchrony. ***p < .001, **p < .01, *p < .05, p<.1

Native speakers had higher accuracy rate for high-frequency targets (M = 0.97, SD =

0.16) than for low-frequency targets (M = 0.94, SD = 0.24), and target frequency interacted with

SOA. Figure 9 shows native speakers’ average accuracy was higher for high-frequency targets

relative to low-frequency targets at 50 ms, but such a difference was reduced at 200 ms.
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Figure 9. Experiment 1: Interaction effects (in milliseconds) of target frequency and stimulus
onset asynchrony (SOA) on native speakers’ accuracy.
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5.5.2 L2 Learners of Chinese
The means of Chinese L2 learners’ RTs for each condition are presented in Table 15.

Table 15

Experiment 1: L2 Learners’ Response Times (in Milliseconds) on Target Characters

Prime-target Target Prime type

relation frequency  High-frequency Low-frequency Control

Phonetic High 905.24 (461.90) 934.45 (467.01) 991.33 (536.88)
radical Low 1379.42 (899.47) 1434.17 (948.67) 1404.05 (913.45)
Semantic High 952.68 (468.07) 904.43 (396.77) 896.70 (372.75)
radical Low 1194.93 (611.84) 1272.12 (862.36) 1351.05 (893.70)

Note. Standard deviations are provided in parentheses.

Table 16 presents the output of the linear mixed effects model on Chinese L2 learners’
RT data. There were significant main effects of trial number (p < .001), target frequency (p <
.001), and L1 orthography type (p =.0390749), and a marginally significant main effect of
prime-target relation (p = .0548714). The results also showed significant interactions between
trial number and SOA (p = 0.0156748), target frequency and SOA (p < .001), and prime-target
relation and number of known characters (p < .001). Finally, there was a significant three-way

interaction between prime type, prime-target relation, and SOA (p = .0268428).
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Table 16

Experiment 1: Output of Mixed Effects Model on L2 Learners' Response Times

Parameter Estimate SE t
Intercept 0.0003676 0.2559000 0.001
Trial number -0.0006973 0.0001233  -5.657***
Prime type: high-frequency -0.0060270 0.0338100  -0.178
Prime type: low-frequency 0.0334400 0.0337200 0.992
Target frequency -0.0740600 0.0078370  -9.450***
Prime-target relation: semantic radical -0.0435800 0.0471500  -0.924
SOA: 200 ms -0.0467100 0.0751000  -0.622
Chinese cloze test score -0.1124000 0.3178000  -0.354
Number of known characters 0.0923100 0.0946600 0.975
L1 orthography type: abugida 0.3839000 0.2603000 1.475
L1 orthography type: alphabet 0.1181000 0.2512000 0.470
L1 phoneme-to-letter ratio 0.1477000 0.1466000 1.008
Prime type: high-frequency x SOA: 200 ms -0.0953200 0.0475000  -2.007*
Prime type: low-frequency x SOA: 200 ms -0.1090000 0.0474900  -2.296*
Prime-target relation: semantic radical x
SOA: 200gms -0.0768700 0.0508400  -1.512

. - X
e g lation:semanicracical 009500 00503400 1854
Trial number x SOA: 200 ms 0.0003133 0.0001296 2.418*
Target frequency x SOA: 200 ms 0.0226000 0.0063350 3.567***
ilmigfgeir:z@triocnhaizgz:‘;'C radical -0.1485000 0.0360600  -4.117%**
eltion semantc adica » SO 200 me. 01411000 00708800 191"
Prime type: low-frequency x prime-target 0.1830000 0.0712600 5 5gg*

relation: semantic radical x SOA: 200 ms

Note. SOA = stimulus onset asynchrony. ***p <
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First, there was a main effect of trial number, where L2 learners sped up as they

progressed through the experiment. There was also a significant interaction between SOA and

trial number. As illustrated in Figure 10, the effect of SOA was strong for the earlier trials, but it

gradually disappeared during the course of the experiment.
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Figure 10. Experiment 1: Interaction effects (in milliseconds) of stimulus onset asynchrony

(SOA) and trial number on L2 learners’ response times.

The model also revealed a main effect of target frequency; participants responded faster

to high-frequency target characters (M = 933.05, SD = 460.55) than to low-frequency target

characters (M = 1340.85, SD = 864.57). Furthermore, the effect of target frequency interacted

with the effect of SOA. As shown in Figure 11, there was little difference between L2 learners’

responses to high-frequency targets at the SOAs of 50 ms (M = 937.80, SD = 461.84) and 200 ms

(M =928.47, SD =459.55), whereas their responses to low-frequency targets were faster at 200

ms (M = 1243.18, SD = 758.83) relative to at 50 ms (M = 1441.74, SD = 951.89). There are two

possible explanations for the absence of SOA effect for high-frequency targets. It was possible

that, as L2 learners’ responses to high-frequency targets were relatively fast, there was less room
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for facilitation. Alternatively, it was also possible that L2 learners’ activation of radical-level
orthographic representations was less automatic for compound characters that contained low-
frequency simple characters as their radicals relative to those that contained high-frequency

simple characters.
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Figure 11. Experiment 1: Interaction effects (in milliseconds) of target frequency and stimulus
onset asynchrony (SOA) on L2 learners’ response times.

There was a significant three-way interaction between prime type, prime-target relation,
and SOA. As illustrated in Figure 12, semantic radical primes produced significant facilitatory

effect at the SOA of 50 ms, whereas phonetic radical primes produced facilitation at 200 ms.
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Figure 12. Experiment 1: Interaction effects (in milliseconds) between prime type, prime-target
relation, and stimulus onset asynchrony (SOA) on L2 learners’ response times.

There was also a marginally significant effect of prime-target relation, where L2 learners’
responses to semantic radical sets (M = 1078.94, SD = 642.86) were numerically faster than
those to phonetic radical sets (M = 1125.29, SD = 727.14). Furthermore, the effect of prime-
target relation interacted with the number of characters L2 learners knew at the time of the
experiment. As Figure 13 shows, L2 learners who had acquired a limited number of characters
responded to phonetic-radical sets faster relative to semantic-radical sets, whereas those who had

acquired a larger number of characters responded to semantic-radical sets faster.
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Figure 13. Experiment 1: Interaction effects (in milliseconds) of prime-target relation and
number of known characters on L2 learners’ response times.

Lastly, Figure 14 presents the significant main effect of L1 orthography type. On average,
L2 learners coming from alphabetic L1 backgrounds had significantly faster RTs (M = 1037.79,
SD = 633.59) than those from abugida L1 backgrounds (M =1244.94, SD = 774.82). However,
this difference was unlikely to be due to a proficiency effect, as there was no statistical
difference between the average Chinese cloze test score of the participants from alphabetic L1
backgrounds (M = 82.35, SD = 12.01) and the average score of the participants from abugida L1
backgrounds (M = 79.35, SD = 17.07), or between the average number of characters known by
the alphabetic group (M = 1672.44, SD = 582.77) and that of the abugida group (M =1640.78, SD

= 629.78).
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Figure 14. Experiment 1: Effects (in milliseconds) of first language orthography type on L2
learners’ response times.

The output of the logistic mixed effects model on L2 learners’ accuracy data is presented
in Table 17. The model showed significant main effects of target frequency (p <.001) and
number of known characters (p = .03190). On average, L2 learners’ accuracy rate for high-
frequency targets (M = 0.97, SD = 0.16) was higher than that for low-frequency targets (M =
0.81, SD = 0.39). L2 learners’ accuracy also increased as they acquired more Chinese characters.
The average accuracy for L2 learners who knew 250-1700 characters was 0.86 (SD = 0.34) and

0.93 (SD = 0.25) for L2 learners who knew 1700-3500 characters at the time of the experiment.
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Table 17

Experiment 1: Output of Logistic Mixed Effects Model on L2 Learners’ Accuracy Data.

Parameters Estimate SE z p
Intercept 3.27980 1.12109 2.926 0.00344**
Prime type: high-frequency 0.22304 0.17014 1.311 0.18988
Prime type: low-frequency -0.03258 0.16450 -0.198 0.84298
Target frequency 0.53583 0.05632 9.515 < 0.001***
Prime-target relation 0.07150 0.24402 0.293 0.76953
SOA: 200 ms 0.30027 0.25781 1.165 0.24414
L1 orthography type: abugida -0.16178 1.13672 -0.142 0.88682
L1 orthography type: alphabet -0.56752 1.09833 -0.517 0.60536
L1 phoneme-to-letter ratio -0.88432 0.56154 -1.575  0.11530
Number of known characters 0.77037 0.35903 2.146 0.03190*
Chinese cloze test score 1.32588 1.18846 1.116 0.26458

Note. SOA = stimulus onset asynchrony. ***p < .001, **p < .01, *p < .05, p<.1

5.6 Discussion

The purpose of Experiment 1 was to investigate whether the orthographic forms of
radicals were activated during compound character recognition. The results of the experiment
can be summarized as follows: First, compound character primes facilitated both Chinese native
speakers’ and L2 learners’ responses to the embedded radicals, indicating that at least the
orthographic forms of radicals were activated during compound character recognition. Second,
Chinese native speakers processed phonetic radicals and semantic radicals in qualitatively and
quantitatively similar ways, whereas L2 learners’ processing patterns differed as a function of
radical type. For L2 learners, semantic radical sets produced priming effects earlier than phonetic
radical sets. Additionally, L2 learners who had acquired a limited number of characters

responded to phonetic-radical sets faster, whereas those who had acquired a larger number of

71



characters responded to semantic-radical sets faster. Finally, L2 learners from alphabetic L1
backgrounds had faster RTs than those from abugida L1 backgrounds. Given that there was no
statistical difference in terms of their scores on the Chinese proficiency test or the character
recognition test, such a difference was likely due to L1 orthographic influence.

For Chinese native speakers, compound character primes produced significant facilitatory
effects regardless of compound character frequency. Because there was no phonological or
semantic overlap between the primes and targets, the facilitation indicates that that both high-
and low-frequency compound characters are automatically decomposed and that at least the
orthographic forms of their radicals are activated. This finding is consistent with the several
previous studies (e.g., Ding et al., 2004; Shen et al., 1997) and partially consistent with She and
Zhang’s (1997) results, where priming effects were found for low-frequency but for not high-
frequency compound characters.

This discrepancy between She and Zhang’s results and the current study may be due to
the fact that compound characters were used as targets in their study but primes in the current
study. In She and Zhang’s study, the radicals embedded in high-frequency characters might have
been activated, but given the fast RTs for the high-frequency targets, there was little room for
facilitation, and thus radical activation might have been obscured. This assumption is consistent
with the results for high-frequency radical targets in the current study. Although both high- and
low-frequency compound character primes produced significant facilitatory effects on low-
frequency radical targets, such priming effects were not found for high-frequency targets. Similar
to She and Zhang’s results on high-frequency compound character targets, participants’ fast RTs
on the high-frequency radical targets might have obscured the priming effects in the current

study (i.e., a floor effect).
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Although there was no significant main effect of SOA on native speakers’ performance in
the experiment, the interaction between target frequency and SOA suggests that the orthographic
activation of radicals during compound character recognition may be stronger at the SOA of 200
ms than 50 ms. It was possible that, at the SOA of 50 ms, the decomposition of compound
character was not yet completed, and prime characters thus had not produced strong facilitation,
leading to the dominant effect of target frequency. At the SOA of 200 ms, the completion of
compound character decomposition gave rise to stronger priming effects and significantly
facilitated the recognition of target characters, leading to the reduction of RT difference between
high- and low-frequency targets. Although native speakers responded to low-frequency targets
faster and more accurately at the SOA of 200 ms relative to at 50 ms, no difference was found
for high-frequency targets. As mentioned above, this was possibly because the fast RTs for high-
frequency targets had obscured any observable difference due to a floor effect.

For L2 learners of Chinese, the three-way interaction between prime type, prime-target
relation, and SOA shows that the orthographic properties of semantic radicals were activated as
early as 50 ms after the compound characters were presented, but the facilitation disappeared at
200 ms. The orthographic activation of phonetic radicals, on the other hand, was not detectable
until 200 ms after the stimulus onset. Taken together, Experiment 1 suggests that L2 learners
also activate the orthographic forms of radicals during compound character recognition, which is
consistent with previous studies that demonstrated L2 learners’ sensitivity to radical level
information during character recognition (e.g., Jiang, 2001; Wang et al., 2003; Wei & Jiang,
2014; Zhao et al., 2012).

The three-way interaction also suggests that L2 learners activate the orthographic features

of semantic radicals earlier in comparison with phonetic radicals. This is in line with the
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marginally significant main effect of radical, which showed that L2 learners’ responses to
semantic radical sets were faster than to phonetic radical sets. The interaction between prime-
target relation and number of known characters further indicates that semantic radicals may be
acquired faster and better than phonetic radicals. Although L2 learners’ acquisition of semantic
radicals progressed as a function of their character knowledge, their acquisition of phonetic
radicals remained incomplete even at the advanced level. This finding is consistent with a
number of previous studies (Jackson et al., 2003; Ke & Li, 2011; Tong & Yip, 2015), which
showed that that L2 learners performed better on semantic radicals than on phonetic radicals.
The interaction between prime-target relation and number of known character also shows
that, for L2 learners who had limited knowledge of Chinese characters, their responses to
phonetic-radical sets were faster than those to semantic-radical sets; for those who had greater
knowledge of characters, however, the opposite pattern was observed — semantic-radical sets
received faster responses than phonetic-radical sets. There are several possible reasons for the
processing difference between semantic radicals and phonetic radicals. First, the difference could
be due to classroom instruction and Chinese language textbooks, which place a stronger
emphasis on semantic radicals relative to phonetic radicals (Jackson et al., 2003; Zhang, 2009).
Additionally, although L2 learners may use phonetic radicals as orthographic cues (Williams,
2010, 2013), they are likely to use semantic-radical-related learning strategies more than
phonetic-radical-related strategies (Chen, 2011). Another possible reason for the difference
concerns the developmental stages in reading Chinese as an L2 (Kim, 2010) and the nature of the
Chinese orthography, i.e., there are about 200 semantic radicals (as listed in the Xinhua
Dictionary) but a much larger number of phonetic radicals. For example, an analysis on 3262

compound characters covered in the Chinese language textbooks for primary schools in China
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shows that these compound characters contain 1426 phonetic radicals (Shu, Wu, Zheng, & Zhou,
1998). Furthermore, semantic radicals tend to be more reliable than phonetic radicals. An
analysis on 3130 Chinese characters shows that their semantic radicals’ average score for
semantic transparency was 4.201 on a 7-point Likert scale (Lee, 2009). Analyses on phonetic
radicals, on the other hand, indicate that only about 30-36% of them provide reliable
phonological cues (Yin, 1991; Zhou, 1978). Taken together, it was possible that L2 learners who
had acquired a limited number of characters were in the phonetic stage and thus more sensitive to
phonetic radicals. On the other hand, L2 learners who had acquired a larger number of characters
entered the orthographic stage and became sensitive to the regularity and consistency properties
of radicals (Kim, 2010). As these higher-level L2 learners were likely to be implicitly or
explicitly aware that semantic radicals tended to be more reliable than phonetic radicals, they
showed more sensitivity to semantic radicals and processed them faster than phonetic radicals.

The interaction between target frequency and SOA shows that the orthographic activation
of radicals was stronger at the SOA of 200 ms than at 50 ms, indicating that L2 learners might
not have completed compound character decomposition at the SOA of 50 ms. As little priming
effect had occurred at this time point, the effect of target character frequency was dominant. At
the SOA of 200 ms, when the decomposition of compound character primes was completed, the
priming effect facilitated the recognition of target characters and thus reduced the effect of target
frequency. Like native speakers, L2 learners also responded to low-frequency targets faster at the
SOA of 200 ms relative to at 50 ms, but no difference was found for high-frequency targets.
Again, this may be caused by a floor effect for high-frequency targets.

Finally, L2 learners coming from alphabetic L1 backgrounds had faster RTs than those

from abugida L1 backgrounds. This indicates that learners’ L1 orthography may influence the
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way they process characters in L2 Chinese. As mentioned above, such a RT difference was
unlikely to be due to discrepancies in terms of the two groups’ Chinese proficiency, as no
statistical difference was observed in their cloze test scores or character recognition test scores.
This finding supports the assumption that L1 orthography-based processing strategies are
transferred to L2 reading, and L2 word recognition is to a large extent constrained by the
learner’s L1 orthography properties (Koda, 1997). In the context of the present study, abugida
orthographies such as Thai have qualitatively different features when compared with alphabetic
scripts, and native readers of Thai have been found to process the script using a syllabic level of
segmentation rather than phonemic reading (Winskel, 2009). Therefore, it was likely that, due to
their reading experience in the L1 scripts, L2 learners from abugida L1 backgrounds were less
skilled at compound character decomposition and radical-level processing compared with their
counterparts from alphabetic L1 backgrounds. Thus, the transfer of the abugida group’s L1
reading strategies led to slower responses in the experiment. This finding is consistent with Feng
et al.’s (2005) results, where L2 learners from alphabetic L1 background were found to be more
likely to decompose compound characters compared with learners from other L1 backgrounds.
In conclusion, the results of Experiment 1 suggest that both native speakers and L2
learners activate the orthographic forms of radicals during compound character recognition.
Nevertheless, it remains unclear if such activation was purely form based or is evidence for a
deeper level of radical processing (i.e., the activation of the phonological and semantic properties
of radicals). Because there was graphic overlap between primes and targets in Experiment 1, it
was difficult to rule out the possibility that the facilitation observed here was simply due to
orthographic similarity rather than activation of radical-level information during compound

character recognition. To test this possibility, Experiment 2 was conducted, in which graphically
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distinct primes and targets were used to explore whether the phonological and semantic

properties of radicals were activated during compound character recognition.
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Chapter 6: Experiment 2

The goal of Experiment 2 was to investigate whether the phonological and semantic
properties of radicals were activated during compound character recognition. To achieve this, a
second primed-character decision task was conducted, in which primes were phonologically or

semantically related to targets (e.g., & mai “wheat”) either at the character level (e.g., 32 mai “to
sell,” which was related to the target at the character level) or at the radical level (e.g., % du
“calf,” which contained =& mai “to sell” as its phonetic radical and was thus related to the target

at the radical level). Different from Experiment 1, where primes and targets shared orthographic
form overlap, the primes and targets used in the current experiment were graphically distinct but
phonologically or semantically related. Therefore, if radical-level related primes produced
facilitatory effects relative to unrelated control primes, it would suggest that radical-level
phonological and/or semantic information had been activated during compound character
recognition. On the other hand, if no priming effects were observed in Experiment 2, it would
suggest that the activation at the radical level observed in Experiment 1 was purely form based.
As in Experiment 1, to investigate whether radical function played a role in compound
character recognition, the prime-target relation was also manipulated in Experiment 2 so that the
targets were either the phonetic radicals or semantic radicals embedded in the radical-level
related primes. Moreover, the potential time course of radical-level activation was examined by
using two SOA conditions (i.e., 50 ms and 200 ms). Lastly, to further explore the influence of L1
orthography on L2 character recognition, L2 learners’ L1 background information was included

in the statistical analyses.
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6.1 Participants
Because the stimuli of Experiment 2 were different from those used Experiment 1, the

participants from Experiment 1 also took part in Experiment 2.

6.2 Design and materials

As shown in Table 18, a 2 (prime type: related, control) x 2 (prime level: character level,
radical level) x 2 (prime-target relation: phonetic radical, semantic radical) x 2 (activation type:
phonological activation, semantic activation) x 2 (SOA: 50 ms, 200 ms) design was used in
Experiment 2. The stimuli consisted of 84 prime-target sets (see Appendix F for the complete
list), and each set contained four types of primes: (1) character-level related prime, which was
related to the target at the character level; (2) character-level control prime, which matched with
the character-level related prime in terms of visual complexity (i.e., same stroke number) and
frequency, but was otherwise unrelated to the target; (3) radical-level related prime, which was
not semantically, phonologically, or orthographically related to the target at the character level;
however, as a compound character, it contained the character-level related prime as its radical,
and was thus related to the target at the radical level; and (4) radical-level control prime, which
was also a compound character with the same radical (i.e., the non-critical radical) as the radical-
level related prime, and matched with it in terms of frequency, but was otherwise unrelated to the
target.

Additionally, to investigate whether phonetic radicals were activated differently than
semantic radicals, the prime-target relation was manipulated so that the character-level related
prime was either a phonetic radical (42 sets) or a semantic radical (42 sets) of the radical-level
related prime. Finally, to explore whether the semantic properties of radicals were activated

differently than their phonological properties, the activation type was manipulated. In 42 sets (21
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phonetic-radical sets and 21 semantic-radical sets), the target was a homophone of the
corresponding character-level related prime; in the other 42 sets (21 phonetic-radical sets and 21
semantic-radical sets), the target was semantically related to the character-level related prime.
Table 18

Experiment 2: Design and Sample Stimuli

Prime type Prime-

Stimulus type Character level Radical level target Target Activation
Related  Control  Related Control  relation type

(1) PR relation, PA

Character S H sz o Phonetic 2%

Pronunciation mai qi du gl radical  mai

Translation to sell it calf cow wheat Phonological
(2) SR relation, PA activation

Character H R B FE Semantic /KK

Pronunciation ér jin dan zhén radical g

Translation ear to end todelay  pillow you
(3) PR relation, SA

Character ~f T <} £ Phonetic  JX.

Pronunciaiton clin wang fu jie radical  cpi

Translation inch to die to pay to lend ruler Semantic
(4) SR relation, SA activation

Character FH N4 iF "y Semantic &

Pronunciation tian ye JT JT radical  nong

Translation field business abnormal horn farming

Note. PR = phonetic radical; SR = semantic radical; PA = phonological activation; SA =
semantic activation

Experiment 2 used the same character-frequency statistics database as in Experiment 1.
Target characters had a mean frequency of 600.24 per million (range = 9.55 — 6406.13 per
million). Character-level related primes had a mean frequency of 826.88 per million (range =
1.22 —9201.13 per million), and the corresponding character-level controls had a mean
frequency of 1033.50 per million (range = 0.19 — 9544.12 per million). The radical-level related
primes had a mean frequency of 73.66 per million (range = 0.14 — 1111.49 per million), and the
corresponding radical-level controls had a mean frequency of 75.99 per million (range = 0.29 —

2733.02 per million). There were no statistical differences in terms of frequency between
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character-level related primes and their corresponding controls, or between radical-level primes
and their controls.

As in Experiment 1, compound characters that met specific requirements were selected as
primes to rule out the possibility that the observed priming effects were due to phonological or
semantic processing of whole characters rather than the activation of radical properties.
Specifically, for sets under the phonological activation condition, compound characters (i.e.,
radical-level related primes) differed from their radicals (i.e., character-level related primes) in
terms of consonants and vowels; for sets under the semantic activation condition, two semantic-
relatedness judgment pretests® were conducted. The first pretest was conducted to select radical-
level related primes that had semantically opaque radicals. In this test, 30 native speakers of
Chinese, who participated in the pretest of Experiment 1 but not in any of the main experiments,
rated the semantic relatedness between the radical-level related primes and their semantic
radicals (i.e., the corresponding character-level related primes) from 1 (not related at all) to 4
(closely related), and the average score was 1.68. Additionally, to make sure that character-level
related primes were truly semantically related to targets under the semantic activation condition,
and that control characters were truly unrelated, a second pretest was conducted, in which 15
native speakers of Chinese, who did not participate in any previous tests, rated the semantic
relatedness between primes and targets on the same four-point scale. On average, character-level

related primes scored 3.18, and the corresponding control primes scored 1.30.

T hirty-one prime-target sets (see Appendix F) were adapted from Zhou & Marslen-Wilson’ (1999c) and Zhou et
al.” (2013) materials. These characters were not included in the semantic relatedness judgment pretests, as they were
already normed by the paper authors.
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6.3 Procedures

Experiment 2 used the same procedures as Experiment 1. Two SOA conditions (i.e., 50
ms and 200 ms) were used to track the potential time course of the activation effects and were
treated as a between-subject factor; 36 Chinese native speakers and 34 L2 learners were
randomly assigned to the short SOA condition, and the other 36 native speakers and 34 learners
to the long SOA condition. No participants under the short SOA condition reported to have seen

the primes.

6.4 Data analysis
6.4.1 Native speakers of Chinese

The same data analysis procedures used in Experiment 1 were also used in Experiment 2.
Specifically, trials with target onset delay greater than 5 ms were dropped prior to the analyses,
which resulted in a 0.41% data loss. Additionally, RTs that were shorter than 200 ms or longer
than 5000 ms were discarded (0.20% of the data). The average accuracy rate was 97.72%; only
trials that were answered correctly were included in the analysis. Finally, outliers that were two
standard deviations below or above the means were excluded (3.64% of the total data).

As in Experiment 1, native speakers’ RT data were analyzed using a linear mixed effects
model in R. RTs and target frequencies were log transformed and centered prior to the analysis.
Fixed effects included trial number, prime type, prime level, prime-target relation, activation
type, SOA, and target frequency, and random effects included random intercepts for subjects and
items, by-subject random slopes for the effects of prime-target relation and activation type, and
by-item random slope for the effect of SOA. Native speakers’ accuracy data were analyzed in a

separate logistic mixed effects regression model. Prime type, prime level, prime-target relation,
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activation type, SOA, and target frequency were entered as fixed effects; subject and item were

included as random effects.

6.4.2 L2 learners of Chinese

One item was excluded from the analysis due to low accuracy (< 60%). Trials with target
onset delays greater than 5 ms were not included, which resulted in a 0.30% data loss.
Additionally, RTs that were shorter than 200 ms or longer than 10000 ms were removed (0.36%
of the data). The average accuracy rate was 94.19%; only trials that were answered correctly
were included in the analysis. As in Experiment 1, outliers that were three standard deviations
below or above the means were also discarded (2.12% of the data).

The data of the L2 learners were analyzed in a separate linear mixed effects model, in
which prime type, prime level, prime-target relation, activation type, SOA, target frequency, L1
orthography type, L1 phoneme-to-letter ratio, Chinese cloze test score, and number of known
characters were included as fixed effects. Random effects included random intercepts for
subjects and items, by-subject random slopes for the effects of prime type, prime-target relation,
and prime level, and by-item random slope for the effect of SOA. Prior to the analyses, RTs,
target frequencies, and numbers of known characters were log-transformed, and all continuous
variables were centered. L2 learners’ accuracy data were analyzed in a separate logistic mixed
effects regression model, with prime type, prime level, prime-target relation, activation type,
SOA, target frequency, L1 orthography type, L1 phoneme-to-letter ratio, Chinese cloze test
score, and number of known characters as fixed effects, and subjects and items as random

effects.
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6.5 Results

6.5.1 Native speakers of Chinese

The mean values of Chinese native speakers’ RTs on the target characters for each

condition are shown in Table 19.

Table 19

Experiment 2: Native Speakers’ Response Times (in Milliseconds) on Target Characters

Prime-target Prime type -
relation Character level Radical level

Related Control Related Control
Phonetic
radical 696.59 (215.81)  700.41 (211.84)  718.78 (228.83)  731.60 (236.45)
f’: dTCj;t'C 681.85 (109.85)  695.87 (214.74)  709.31(213.79)  715.63 (218.40)

Note. Standard deviations are provided in parentheses.

Table 20 presents the output of the linear mixed effects model on Chinese native

speakers’ RT data. The model revealed significant main effects of trial number (p < .001), target

frequency (p <.001), prime type (p = .04986), prime level (p < .001), significant interactions

between prime level and SOA (p = .04518), between prime level and target frequency (p =

.03925), and a three-way interaction between prime type, prime level, and SOA (p = .03606).
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Table 20

Experiment 2: Output of Linear Mixed Effects Model on Native Speakers’ Response Times

Parameters Estimate SE t

Intercept 0.0964600 0.0289700  3.3290**
Trial number -0.0004610 0.0000403  -11.442***
Prime type: related -0.0097600  0.0122000 -0.8000
Prime level: radical level 0.0485300 0.0122500  3.9610***
Prime-target relation: semantic radical -0.0152000  0.0111400 -1.3640
Activation type: semantic 0.0011650 0.0107400  0.1080
SOA: 200 ms 0.0081900 0.0360300  0.2270
Target frequency -0.0210200 0.0042540  -4.9430***
Prime level: radical level x SOA: 200 ms -0.0497600 0.0171900 -2.8940**
Prime level: radical level x target frequency 0.0086890 0.0042140  2.0620*
Prime type: related x prime level: radical level -0.0170200  0.0172600 -0.9860
Prime type: related x SOA: 200 ms -0.0126900  0.0171500 -0.7400
Prime type: related x prime level: radical level x 0.0508900 00242700  2.0970*

SOA: 200 ms

Note. SOA= stimulus onset asynchrony. ***p <.001, **p < .01, *p < .05, .p<.1

The main effect of trial number showed that native speakers sped up as they progressed

through Experiment 2. The main effect of target frequency suggested that native speakers’ RTS

also increased as a function of target frequency.

As illustrated in Figure 15, the main effect of prime type demonstrated that native

speakers’ responses to targets were faster when they were presented with a related prime (M =

701.53, SD = 215.07) relative to its corresponding control prime (M = 710.93, SD = 220.93).

Although this was true for both character-level and radical-level primes, there was also a main

effect of prime level. Targets following character-level primes received faster responses (M =

693.62, SD = 210.62) than those following radical-level primes (M = 718.83, SD = 224.56).
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Figure 15. Experiment 2: Effects (in milliseconds) of prime type and prime level on native
speakers’ response times.

As showed in Figure 16, the significant interaction between prime level and SOA
indicated that, for targets following character-level primes, there was little RT difference
between the SOAs of 50 ms (M = 694.63, SD = 221.74) and 200 ms (M = 692.63, SD = 199.24).
For those following radical-level primes, however, native speakers’ RTs at the SOA of 200 ms

(M =707.85, SD = 210.87) were faster than those at 50 ms (M = 730.00, SD = 237.25).
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Figure 16. Experiment 2: Interaction effects (in milliseconds) of prime level and stimulus onset
asynchrony (SOA) on native speakers’ response times.

86



Furthermore, prime level also interacted with target frequency. As illustrated in Figure
17, although there was a significant effect of target frequency under the character-level priming

condition, the frequency effect was not significant under the radical-level priming condition.
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Figure 17. Experiment 2: Interaction effects (in milliseconds) of prime level and target frequency
on native speakers’ response times.

Figure 18 illustrates the three-way interaction between prime type, prime level, and SOA.
Although the priming effects produced by character-level related primes were facilitatory at both
SOAs, the facilitation was stronger at 200 ms (13.79 ms) relative to at 50 ms (4.01 ms).
However, a different pattern was observed for radical-level related primes. Compared with
control primes, radical-level related primes produced facilitatory priming effects (27.61 ms) at
the SOA of 50 ms, but inhibitory effects (-7.97 ms) were observed at 200 ms, indicating that the

activation of radical-level information may be suppressed.
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Figure 18. Experiment 2: Interaction effects (in milliseconds) of prime type, prime level, and
stimulus onset asynchrony (SOA) on native speakers’ response times.

The results of the logistic mixed effects model analysis of native speakers’ accuracy data
are summarized in Table 21. No significant predictors were found.
Table 21

Experiment 2: Output of Logistic Mixed Effects Model on Native Speakers’ Accuracy Data

Parameters Estimate SE z p

Intercept 4.401709 0.288265 15.270 < 0.001***
Prime type: related 0.077550 0.175454  0.442 0.658
Prime level: radical -0.274035  0.177247  -1.546 0.122
Prime-target relation: semantic radical -0.018488 0.223399 -0.083  0.934
Activation type: semantic -0.298003  0.224154 -1.329 0.184
Target frequency 0.027493 0.077301  0.356 0.722
SOA: 200 ms 0.001357  0.237694  0.006 0.995

Note. SOA = stimulus onset asynchrony. ***p < .001, **p < .01, *p <.05, .p<.1
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6.5.2 L2 learners of Chinese

L2 learners’ mean RTs for different conditions are reported in Table 22, and the output of

the linear mixed effects model is presented in Table 23.

Table 22

Experiment 2: L2 Learners’ Response Times (in Milliseconds) on Target Characters

Prime-target
relation

Phonetic
radical
Semantic
radical

Prime type

Character level Radical level

Related Control Related Control
1130.94 (649.63) 1125.38 (641.40) 1160.55 (654.83) 1185.48 (669.30)

1161.30 (662.99) 1164.88 (644.33) 1172.24 (658.80) 1225.16 (719.90)

Note. Standard deviations are provided in parentheses.

As shown in Table 23, the linear mixed effects model on L2 learners’ RTs reported

significant main effects of trial number (p <.001), target frequency (p < .001), and prime level (p

=.008440). There were also significant interactions between prime-target relation and number of

known characters (p =.001381), and prime type and target frequency (p = .041960).
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Table 23

Experiment 2: Output of Linear Mixed Effects Model on L2 Learners’ Response Times

Parameters Estimate SE t
Intercept -0.0984400 0.2629000 -0.374
Trial number -0.0006061  0.0000784 -7.735***
Prime type: related -0.0147800 0.0104500 -1.414
Prime level: radical 0.0270500 0.0102400 2.642**
Target frequency -0.0750900 0.0084990 -8.835***
Prime-target relation: semantic radical 0.0254000 0.0226100 1.123
Activation type: semantic -0.0096890 0.0221400 -0.438
SOA: 200 ms 0.0345600 0.0670600 0.515

L1 orthography type: abugida 0.3382000 0.2691000 1.257

L1 orthography type: alphabet 0.1355000 0.2597000 0.522

L1 phoneme-to-letter ratio -0.0316000  0.1509000 -0.209
Chinese cloze test score -0.0040670  0.3228000 -0.013
Number of known characters 0.1022000 0.0981200 1.042
Prime-target relation x number of known characters ~ -0.0793000 0.0241100 -3.289**
Prime type: related x target frequency 0.0145600 0.0071590 2.034*

Note. SOA= stimulus onset asynchrony. ***p <.001, **p < .01, *p < .05, .p<.1

First, the main effect of trial number again showed that L2 learners sped up significantly

as they progressed through the experiment. The main effect of target frequency indicated that

high-frequency targets received faster responses relative to low-frequency targets.

The main effect of prime level demonstrated that L2 learners’ responses were faster when

targets were presented after character-level primes (M = 1145.63, SD = 649.48) in comparison

with when they were presented after radical-level primes (M = 1186.04, SD = 676.49).

Figure 19 illustrates the significant interaction between prime type and target frequency.

Low-frequency targets following related primes received faster responses than those following



control primes, but the RT difference across these two priming conditions was reduced for high-
frequency targets. As discussed before, the absence of priming effects here was likely to be due

to a floor effect for high-frequency targets.
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Figure 19. Experiment 2: Interaction effects (in milliseconds) of prime type and target frequency
on L2 learners’ response times.

The interaction between number of known characters and prime-target relation, which
was observed in Experiment 1, was also returned by the model here. As shown in Figure 20, L2
learners who had acquired a limited number of characters responded to phonetic-radical sets
faster relative to semantic-radical sets; in contrast, L2 learners who had acquired a larger number

of characters responded to semantic radical sets faster (Figure 21).
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Figure 20. Experiment 2: Interaction effects (in milliseconds) of prime-target relation and
number of known characters on lower-level L2 learners’ response times.
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Figure 21. Experiment 2: Interaction effects (in milliseconds) of prime-target relation and
number of known characters on higher-level L2 learners’ response times.
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Table 24 presents the results of the logistic mixed effects model on L2 learners’ accuracy
data. The analysis revealed a significant main effect of target frequency (p < .001), indicating
that L2 learners’ accuracy was higher for high-frequency targets than for low-frequency targets.
There was a significant main effect of Chinese cloze test score (p = .032278), suggesting that L2
learners who scored higher on the Chinese cloze test made fewer errors in the experiment than
those who scored lower on the cloze test.

Table 24

Experiment 2: Output of Logistic Mixed Effects Model on L2 Learners’ Accuracy Data

Parameters Estimate SE z p

Intercept 5.03170 1.35407 3.716 0.000202***
Prime type: related -0.09115 0.13181  -0.692 0.489218
Prime level: radical -0.09542 0.13065 -0.730 0.465190
Prime-target relation: semantic radical -0.34518 0.24968  -1.383 0.166816
Activation type: semantic -0.12340 0.24951  -0.495 0.620918
SOA: 200 ms 0.15063 0.26723 0.564 0.572982
Target frequency 0.47268 0.09126 5.180 < 0.001***
L1 orthography type: abugida -0.81490 1.35795  -0.600 0.548444
L1 orthography type: alphabet -1.18104 1.32469  -0.892 0.372627
L1 phoneme-to-letter ratio -0.53542 0.58073  -0.922 0.356540
Chinese cloze test score 2.57842 1.20434 2.141 0.032278*
Number of known characters 0.54368 0.36000 1.510 0.130983

Note. SOA = stimulus onset asynchrony. ***p < .001, **p < .01, *p < .05, p<.1
6.6 Discussion

The purpose of Experiment 2 was to investigate whether the phonological and semantic
properties of radicals were activated during compound character recognition. The major findings
of the experiment are summarized as follows: First, radical-level related primes facilitated native

speakers’ responses to targets, indicating that native speakers automatically activate the
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phonological and semantic information at the radical level when processing compound
characters. Second, although little priming effect was observed on L2 learners’ responses to
high-frequency targets, related primes produced facilitation on low-frequency targets relative to
control primes, indicating that L2 learners also activate the phonological and semantic properties
of radicals during compound character recognition. Third, the interaction between prime-target
relation and number of known characters suggests that although L2 learners who have limited
knowledge of characters may be more sensitive to phonetic radicals, learners who have a larger
number of characters tend to be more sensitive to semantic radicals.

In line with previous results on radical-level activation (Lee et al., 2006; Luo et al., 2015;
Zhang et al., 2003; Zhou & Marslen-Wilson, 1999b, ¢, 2002; Zhou et al., 2000; Zhou et al.,
2013; Zhou et al., 2014), the native speaker data in the current experiment showed that both
character- and radical-level related primes facilitated responses to targets, suggesting that
compound characters are decomposed and that the phonological and semantic properties of the
embedded radicals are automatically retrieved. This radical-level activation cannot be attributed
to graphic form overlap or mediation through phonological or semantic activation of compound
characters, because only phonological irregular or semantically opaque radicals were used in the
experiment.

Additionally, native speakers’ responses were faster when they were presented with
simple character primes (i.e., character-level primes) than when they were presented with
compound character primes (i.e., radical-level primes). This main effect of prime level is
consistent with the hypothesis of radical-level activation and indicates that both of the radicals
embedded in the compound character primes may be activated, leading to stronger interference

compared with simple character primes that contain only one component.
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Furthermore, the interaction between prime level and SOA indicates that there was little
RT difference between the SOAs of 50 ms and 200 ms under the character-level priming
condition, whereas RTs were faster at the SOA of 200 ms relative to at 50 ms under the radical-
level priming condition. There are two possible explanations for the interaction effect. First, it is
possible that, as in Experiment 1, there was little room for facilitation under the character-level
priming condition; the fast RTs may have obscured the difference between the two SOA
conditions due to a floor effect. The second possibility is that, as discussed above, the
representations of the radicals embedded in the compound character primes (i.e., radical-level
primes) were automatically activated at the SOA of 50 ms and caused interference with the
activation of the representations of the whole characters. The interference was resolved at the
SOA of 200 ms, as participants could consciously perceive the primes under this condition.
Therefore, RTs were faster at 200 ms relative to 50 ms under the radical-level priming condition.

The stronger effect of target frequency at the character level compared with that at the
radical level suggests competition between the representations of whole characters and the
representations of their embedded radicals. For character-level primes, native speakers’ RTs
decreased as a function of the frequency of the target character because there were no competing
representations activated simultaneously. For radical-level primes, however, there appeared to be
competition between the representations of the whole character and the representations of the
embedded radicals, and the activation of character- and radical-level representations were likely
to interfere with each other. Therefore, the effect of target frequency was likely to have been
dampened by the competition between the different representations under the radical-level

priming condition.
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This hypothesis was further supported by the three-way interaction between prime type,
prime level, and SOA. Although both character- and radical-level related primes produced
facilitation at 50 ms, a different pattern was observed at 200 ms, when character-level related
primes produced stronger facilitation, but radical-level related primes produced inhibition. This
priming pattern, which has been previously reported (Lee et al., 2006; Zhou & Marslen-Wilson,
1999D, c; Zhou et al., 2014), also suggests that there is a competition between character-level
activation and radical-level activation during the visual recognition of characters in L1 Chinese.
Although both radical-level and character-level representations are likely to be activated during
the early stages of visual processing, radical-level activation may be subsequently suppressed at
the later stages, leading to the inhibitory effects observed in the current experiment.

As for L2 character recognition, the significant main effect of prime level also suggests
that L2 learners may have activated the representations of the prime characters along with the
representations of the embedded radicals under the radical-level priming condition. The
competition between the representations was likely the reason for the slower responses under the
radical-level priming condition relative to the character-level priming condition, where no
competition was involved.

This possibility was further supported by the significant interaction between prime type
and target frequency. Although little priming effect was observed for high-frequency targets
possibly due to a floor effect, low-frequency targets following related primes received faster
responses than those that followed control primes. This interaction indicates that L2 learners also
activate both character-level and radical-level representations during compound character

recognition.
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Lastly, there was also a significant interaction between prime-target relation and number
of known characters. As in Experiment 1, L2 learners who had limited knowledge of characters
responded to phonetic-radical sets faster relative to semantic-radical sets. Learners who had
greater knowledge of characters, on the other hand, did not show such a difference; in fact, their
responses to semantic radical sets were faster than those to phonetic radical sets. Given that there
was no frequency difference between phonetic-radical targets (M = 591.34 per million) and
semantic-radical targets (M = 619.08 per million), this difference may reflect a discrepancy
between the acquisition of phonetic radicals and semantic radicals over the course of their
Chinese study. Consistent with the results of Experiment 1, this discrepancy suggests that
although L2 learners may begin by using phonetic radicals as orthographic cues (Williams, 2010,
2013), they gradually shift to processing strategies that emphasize semantic radicals and tend to
neglect the function of phonetic radicals due to a number of potential reasons, including
classroom instruction, character learning strategies, Chinese language textbooks, the nature of
the Chinese orthography, and the developmental stages in reading Chinese as an L2 (as discussed
in Experiment 1).

To summarize, Experiments 1 and 2 indicate that both Chinese native speakers and L2
learners decompose compound characters and activate the orthographic, phonological, and
semantic representations of radicals during compound character recognition. Nevertheless, both
of the experiments used character decision tasks. Although such tasks have been used as an
effective tool to investigate word/character perception across languages, the visual processing
involved in this type of task is quite different from natural reading; words/characters are typically
presented in isolation with no contextual information, and non-words/non-characters or pseudo-

words/pseudo-characters are typically required by the nature of the task. Therefore, findings
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based on lexical/character decision tasks may not necessarily explain what is happening in
natural reading.

To examine whether and how contextual information modulates the way Chinese native
speakers and L2 learners process compound characters and activate radical properties, a third
experiment was conducted, in which target characters occurred in both highly constraining and

non-constraining sentence contexts.
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Chapter 7: Experiment 3

The goal of Experiment 3 was to investigate whether radical properties were activated
during compound character recognition in sentence contexts and how contextual information
affected radical activation. This was achieved by using a novel experimental paradigm developed
by Luke and Christianson (2012, 2013) — a combined self-paced reading and masked-priming
paradigm (SPaM).

To replicate Experiments 1 and 2 in sentence contexts and test the activation of
orthographic, phonological, and semantic properties of radicals at one setting, the order of the
materials used in the previous experiments were inverted in the current experiment. Therefore,
compound characters (e.g., fi zht “to wish”) were used as targets rather than primes in
Experiment 3. The primes, which were presented for 50 ms in the experiment, included four
types: (1) orthographically identical to the radical of the target (e.g., " xiong “brother”), (2)
phonologically or semantically related to the target at the character level (e.g., Xl xiong “fierce”),
(3) phonologically or semantically related to the target at the radical level (e.g., ¥ zhu “to
lodge™), and (4) unrelated controls (e.g., H chou “ugly”).

Although facilitatory priming effects were expected in Experiments 1 and 2, interference
effects were predicted in the current experiment due to the inverted order of the materials.
Because the previous experiments have shown that reading compound characters involves the
automatic activation of both character-level and radical-level representations, it was predicted
that the preactivation of radical properties would increase the competition between the

representations of the whole character and those of its radicals. When radical properties differ

from those of the compound character, as in the case of irregular phonetic radicals and opaque
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semantic radicals used in the current experiment, this competition should slow down the reader’s
access to the compound character targets.

As in previous experiments, relations between primes and targets and activation types
were also manipulated so that the primes were phonologically or semantically related to the
phonetic radicals or semantic radicals embedded in the targets. By comparing the priming effects
across these conditions, it would be possible to examine whether radical function and activation
type played important roles in compound character processing during sentence reading. To test
the influence of L1 orthography on L2 character recognition during sentence reading, L2
learners’ L1 background information was also included in the statistical analyses.

In the current experiment, target characters were presented in highly constraining or non-
constraining sentence contexts, and their occurrences were thus either expected or unpredictable.
Based on previous research on reading alphabetic scripts (e.g., Federmeier, 2007; Luke &
Christianson, 2012), it was predicted that highly constraining contexts should facilitate readers’
prediction of the orthographic, phonological, and semantic properties of the upcoming compound
character, whereas character recognition in non-constraining contexts should be similar to that
under the context-independent condition.

Another possibility was that participants’ fast RTs might obscure any priming effects in
Experiment 3. Because character recognition in sentence contexts was expected to be much
faster than that in a character decision task, the magnitude of priming effects was expected to be
smaller than that observed in Experiments 1 and 2. Therefore, participants’ fast RTs might cause
a floor effect, compressing the means for each condition together and in turn obscuring any

priming effects.
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7.1 Participants
7.1.1 Native speakers of Chinese

Because there was overlap between the materials used in Experiments 1 and 2 and those
used in Experiment 3, a new group of 69 participants from the same participant pool were
recruited for Experiment 3, none of whom had participated in any of the previous experiments or
pretests. There were 32 native speakers of Chinese, who were undergraduate or graduate students
enrolled at Beijing Language and Culture University, China. As in previous experiment, they
were instructed to complete a background questionnaire (see Appendix A) and an English cloze

test (see Appendix D). Their background information is presented in Table 25.

Table 25

Experiment 3: Native Speakers’ Background Information

Native speakers Average Range

Gender 7 males, 25 females NA

Age (yrs) 25.36 19-27

English cloze test score 75.31/100 42.5/100-90/100
Length of English study (yrs) 11.00 10-17

Natlor_1al I_—hgher Educa’Flon Entrance 113.28/150 88/150-129/150
Examination score (Chinese)

National Higher Education Entrance 124.88/150 89/150-142/150

Examination score (English)

7.1.2 L2 learners of Chinese

Additionally, 37 L2 learners of Chinese were recruited for Experiment 3. Due to
technical failure during the experiment, two participants were unable to complete the experiment,
and their data were thus not included in the analysis. All of the L2 learners were undergraduate
or graduate students enrolled at Beijing Language and Culture University, China. They were
asked to complete a background questionnaire (see Appendix B) and a Chinese cloze test (see
Appendix C). With the exception of three native speakers of English, 79.41% of the L2 learner
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participants had studied English as an L2, and 21.62% of them reported to have studied other
foreign languages besides Chinese and English. L2 learners’ background information is
summarized in Table 26. Statistical analyses showed that their Chinese cloze test scores
significantly correlated with the length of Chinese study (r = 0.61, p <.001), length of
immersion in Chinese-speaking countries (r = 0.18, p <.001), and weekly use of Chinese (r =

0.21, p < .001).

Table 26

Experiment 3: L2 Learners’ Background Information

L2 Learners Average Range

Gender 13 males, 24 females NA

Age (yrs) 25.36 18-44

Chinese cloze test score 81.89/100 36/100-100/100
Weekly use of Chinese (%) 62.44% 5%-100%
Length of study (yrs) 5.02 0.5-29

Age of first immersion (yrs) 22.29 14-42

Length of immersion (yrs) 1.85 0.08-5.83
Number of foreign languages studied 1.97 1-4

As in previous experiments, L2 learners were divided into four groups based on the
orthographic typology of their L1 writing systems (Daniels, 1996). As shown in Table 27, the
abjad group consisted of 1 participant whose L1 was Arabic; the abugida group consisted of 15
participants, whose L1s included Thai and Nepali; the alphabet group consisted of 20
participants, whose L1s included English, French, Spanish, Indonesian, Korean, Uzbek,
Mongolian, and Vietnamese; and the syllabary/logography group consisted 1 participant, whose
L1 was Japanese. Table 28 presents the phoneme-to-letter ratios of the L2 learners’ L1

orthographies.
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Table 27

Experiment 3: Orthographic Typology of L2 learners’ First Language Writing Systems

L1 orthography type  Languages

Number of participants

Abjad Arabic
Abugida Nepali, Thai
Alphabet English, French, Spanish, Indonesian,

Korean, Uzbek, Mongolian, Vietnamese

Syllabary/logography Japanese

1
15
20

Table 28

Experiment 3: Orthographic Depths of L2 learners’ First Language Writing Systems

L1 Phoneme-to-letter ratio Number of participants
Thai 0.49 13
Nepali 0.94 2
Korean 1.03 5
Indonesian 1.08 3
Spanish 1.11 1
Arabic 1.21 1
Uzbek 1.23 2
Vietnamese 1.24 1
French 1.31 1
Mongolian 1.34 2
Tswana 1.38 1
English 1.73 4
Japanese NA 1

7.2 Design and materials

Experiment 3 used a 2 (sentence predictability: low, high) x 2 (activation type:

phonological activation, semantic activation) x 2 (prime-target relation: phonetic radical,

semantic radical) x 4 prime type (character-level related, radical-level related, radical, unrelated

control) design. The stimuli consisted of 48 sets of sentences (96 sentences in total; see

Appendix G for the complete list), 48 target characters, and 192 prime characters.
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As shown in Table 29, there were two sentences in each set, both of which contained an
identical compound character target. The target was unpredictable in one sentence, but highly
predictable in the other sentence. Four types of primes were constructed for each target. As
shown in the first example (i.e., phonological activation of phonetic radicals) in Table 29, each

prime set included: (1) a radical prime (Yt xiong “brother”), which was orthographically
identical to the radical that was embedded in the compound character target (#i zht “to wish”),

(2) a character-level related prime (13 zhu “to lodge™), which was a homophone of the target (¥t
zhu “to wish”) and was thus related to the target at the character level; (3) a radical-level related

prime (X xiong “fierce”), which was a homophone of the radical (4. xiong “brother”) that was
embedded in the target (¥t zhu “to wish”), but unrelated to the target character. It was thus only

related to the target at the radical level; and 4) a control prime (e.g., T chou “ugly”), which was
phonologically, semantically, and orthographically unrelated to the target, but was matched with
the radical-level related prime (X xiong “fierce”) in terms of stroke number and frequency.

To examine whether phonetic radicals were processed differently than semantic radicals
in sentence contexts, the prime-target relations of the stimuli were controlled so that the radical
prime was either a phonetic radical (24 sets) or a semantic radical (24 sets) of the target
character. To explore whether the phonological properties of radicals were activated differently
than the semantic properties, two activation types were included in Experiment 3; the character-
level and radical-level related primes were either homophones of (24 sets) or semantically

related to (24 sets) the target and or the radical of the target.

104



Table 29

Experiment 3: Design and Sample Stimuli

1. Phonological activation of phonetic radicals

Low-constraint sentence
FATEZF IR, B RAMEREIR S . (Cloze probability: 0)
Our family wishes you a Happy New Year, each day filled with good health and
joy.
High-constraint sentence
FERX B R R b, A CHPLIREM . (Cloze probability: 0.91)
In the spirit of this holiday season, I sincerely wish you happiness.
Prime-target set

Target: % zhu

Radical prime: % xiong
Character-level related prime: 13 zhu
Radical-level related prime: X xiong
Control prime: H chou

2. Semantic activation of phonetic radicals

Low-constraint sentence
At 5 LI B LI Sy, ANEITE P I X . (Cloze probability: 0)
He has never seen a donkey or a horse and does not know the difference.
High-constraint sentence
Y FMEIRZIRIM)IL, B SFIY AR . (Cloze probability: 1)
There are many hybrids in the animal kingdom; for example, a mule is the offspring
of a horse and donkey.
Prime-target set

Target: I donkey

Radical prime: /' household
Character-level related prime: % to ride
Radical-level related prime: & family
Control prime: /= tall
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Table 29 (cont.)

3. Phonological activation of semantic radicals

Low-constraint sentence
A3 A ™ s s, RSB THOE BT . (Cloze probability: 0)
They closed the windows and then shut the door.

High-constraint sentence

T REMESEAERIR T, mE A #HE T . (Cloze probability: 0.83)
Because of extremely low visibility, the highway was closed.
Prime-target set

Target: £ feng

Radical prime: =£ gui
Character-level related prime: X\ feng
Radical-level related prime: 14 gui
Control prime: 1 fu

4. Semantic activation of semantic radicals

Low-constraint sentence
HosznT DI — 4k BT 42, ARSI AL HE I, (Cloze probability: 0)
You can just rent an SUV and then drive there for a trip.
High-constraint sentence

WUERTRATI T Z AL, P KEfE B — & . (Cloze probability: 0.92)
If you need a camera for your trip, you can just buy, borrow, or rent one.
Prime-target set

Target: #H to rent

Radical prime: 7K grain

Character-level related prime: f& to borrow
Radical-related prime: 1 sprout

Control prime: & rock

As in previous experiments, to rule out the possibility that the priming effects observed
were due to phonological or semantic overlap between compound characters and their radicals
rather than the activation of their radicals, only characters that met specific requirements were
selected. For sets under the phonological activation condition, compound characters (i.e., target)

differed from their radicals (i.e., radical primes) in terms of consonants and vowels; for sets
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under the semantic activation condition, two semantic-relatedness judgment pretests were
conducted. As in Experiment 2, the first pretest was conducted to ensure that the compound
characters that were chosen as targets had opaque semantic radicals. In the test, 30 native
speakers of Chinese, who had participated in the previous norming tests but not any of the main
experiments, rated the semantic relationship between the target characters and their semantic
radicals on 1 (not related at all) to 4 (closely related) scale; the average score was 1.90,
indicating that the target characters had opaque semantic radicals. A second norming test was
then conducted to make sure that the character-level related primes were truly related to the
targets, the radical-level related primes were related to the radicals of the targets, and that the
control primes were truly unrelated. For this purpose, 26 native speakers of Chinese, who did not
participate in the main experiments, were recruited to complete a semantic judgment test. They
were asked to rate the semantic relationship between primes and targets on the same four-point
scale. On average, character-level related primes scored 3.52, radical-level related primes scored
3.50, and control primes scored 1.33.

The same character-frequency statistics database used in the previous experiments was
used here. Radical primes had a mean frequency of 54.24 per million (range = 1.22 — 131.42 per
million), character-level related primes had a mean frequency of 89.84 per million (range = 9.42
—131.42 per million), the radical-level related primes had a mean frequency of 103.82 per
million (range = 9.42 — 131.42 per million), control primes had a mean frequency of 106.66 per
million (range = 9.92 — 131.42 per million), and targets had a mean frequency of 112.94 per
million (range = 3.06 — 474.19 per million).

To explore context effects on character recognition, 96 sentences were designed to make

the target characters as predictable as possible in half of the sentences and as unpredictable as
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possible in the other half of the sentences, with predictability quantified by cloze probability. To
assess these sentences, 64 native speakers of Chinese who did not participate in the main
experiments were recruited to perform a sentence-fragment completion task. They were given
the first part of the sentences, up to but not including the target characters, and instructed to
complete the fragments based on their first intuition. For the 48 sentences under the low-
predictability condition, the participants completed the fragment with the target character 0% of
the time, indicating that the targets were unpredictable in these sentences. For the 48 sentences
under the high-predictability condition, the participants completed the given fragment with the
target character 76.01% of the time (range = 33.33% — 100%), indicating that the sentences were
highly constraining. To control for wrap-up effect, all of the target characters were embedded in
the middle of the sentences. Specifically, all sentences consisted of 20 segments, and targets
occurred in the fifth segment under the low-predictability condition and within fourteenth to
eighteenth segments under the high-predictability condition.

A Latin square design was used to control for repetition effects. Eight presentation lists
were created; in each list, the same target appeared only once but four types of primes appeared
in equal numbers. Each list contained 24 phonetic-radical prime-target sets and 24 semantic-
radical prime-target sets; half of the trials were under the phonological activation condition, and
the other half under the semantic activation condition. Six practice sentences were presented
before the main experiment, and two filler sentences were presented before the target sentences
in the main experiment. Additionally, yes/no comprehension questions were created for each
sentence in the experiment. In each list, half of the sentences had a “yes” answer, and the other
half had a “no” answer. All target sentences were presented in a random order for each

participant.
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7.3 Procedures

The procedures of Experiment 3 are illustrated in Figure 22. Participants were first
presented with a fixation point (“+”) on the left side of a computer screen. Once he or she
pressed the space bar, the target sentence was presented on the screen, with hash marks (“##”) in
the place of characters. The mask for the first character of the sentence remained on the screen
for 200 ms, and was then replaced by a prime character, which was presented for 50 ms. The
prime character was then replaced by a target character. Once the participant finished reading the
character and pressed the space bar, the target character was replaced with underlines (“__ ), and
the sequence began again for the next character. Participants were instructed to read the
sentences at their normal speed, and their RTs were measured from the onset of each target
character. After the last character of each sentence was presented, participants saw a yes/no
comprehension question in the center of the screen and were instructed to answer it based on
what they had just read. After the question was answered, the fixation point reappeared on the
screen and the process for the next sentence began.

To prevent participants from noticing the critical items in the experiment, each character
in the sentences was presented after a prime character (Luke & Christianson, 2012). For

characters that were non-critical items, the prime characters were the same as the targets.

109



+ Eye fixation (until button press)

HAHBHH R Mask (200 ms)

L B Prime (50 ms)

F A Target (until button press)

_ R Mask (200 ms)

VRS | Prime (50 ms)

_3{######## Target (until button press)

Figure 22. Experiment 3: Procedures.

The experiment was administered using E-Prime Professional software, version 2.0
(Schneider et al., 2002). Participants were tested individually in a quiet room. They were seated
in a comfortable chair about 60 cm away from the computer screen and were randomly assigned

to one of the eight presentation lists.

7.4 Data analysis

As mentioned above, the overall fast RTs for individual characters in sentence contexts
may cause the means for all conditions to be compressed together; thus, it was possible that no
priming effects would be observed in Experiment 3. Additionally, it has been commonly
observed that participants often speed up as they progress through a reading task, as
demonstrated by previous studies (e.g., Luke & Christianson, 2012), the significant main effect
of trial number, and the significant interactions between trial number and other independent

variables on both native speakers’ and L2 learners’ RTs that were observed in Experiments 1 and
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2. Therefore, priming effects may only be detectable in the earlier trials of the experiment, but
obscured as participants’ reading speeds increased through the experiment (Luke & Christianson,
2012). For this reason, two separate analyses on the RT data were conducted in the current
experiment; the first analysis was performed on the entire data set, and the second one was on the
first half of the experiment.

As a self-paced reading task was part of the SPaM paradigm, spillover effects were also
expected in Experiment 3. In a self-paced reading experiment, participants tend to press the
button as quickly as possible, thus buffering each segment for reconstruction and integration later
in the sentence. The use of this buffering strategy often causes results to be observed on the
segment following the region of interest in the sentence rather than on the very region (Witzel,
Witzel, & Forster, 2012). For this reason, participants’ RTs for both the target characters (i.e.,
target region) and the characters that immediately followed the targets (i.e., target+1 region)
were analyzed to capture potential spillover effects.

7.4.1 Native speakers of Chinese

Prior to the analyses, RTs that were shorter than 10 ms or longer than 1000 ms*! were
removed (3.13% of the data in the target region and 2.47% in the target+1 region). The average
accuracy for the experiment was 95.77%, indicating that participants were making a conscious
effort to comprehend the sentences. As in previous experiments, trials that were answered
incorrectly and outliers that were two standard deviations below or above the means were

discarded (4.30% of the data for the target region and 4.07% for the target+1 region). Prior to the

1 These thresholds were chosen based on the distribution of the data. Due to the nature of the self-paced reading
task and the design of the current experiment (i.e., each segment only contained one Chinese character, and half of
the target characters were highly predictable in the given sentence contexts), RTs shorter than 100 ms made up
27.08% of the total data in the target region and 18.62% in the target+1 region, and RTs shorter than 200 ms were
58.33% of the data in the target region and 47.27% in the target+1 region. Therefore, only extreme outliers were
discarded to ensure minimal information loss and data distortion.
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analyses on the first half of the experiment, the same procedures were used to trim outliers,
which were 3.23% of the data for the target region and 3.10% for the target+1 region.

Two linear mixed effects models were performed separately on native speakers’ RTs in
the target region and the target+1 region. Fixed effects included trial number, target frequency,
prime type, prime-target relation, activation type, and sentence predictability (i.e., cloze
probability as a continuous variable). Random effects included random intercepts for subjects
and items, and by-subject random slopes for effects including prime type, prime-target relation,
activation type, and sentence predictability. As before, RTs and target frequencies were log
transformed, and all continuous variables were centered before the analyses.

Native speakers’ accuracy data were analyzed in a separate logistic mixed effects
regression model. Fixed effects included prime type, prime-target relation, activation type,
sentence predictability, and target frequency; random effects included random intercepts for
subject and item, as well as by-subject random slope for the effect of prime type.

7.4.2 L2 learners of Chinese

The data of three L2 learners whose accuracy rates were below 60% were not included in
the analysis. RTs that were shorter than 10 ms or longer than 3000 ms*? were removed (2.21% of
the data in the target region and 0.52% in the target+1 region). The average accuracy was
84.51%, indicating that L2 learners were paying attention to the task and reading the sentences
for meaning. As in previous experiments, trials that were answered incorrectly as well as outliers
that were three standard deviations below or above the means were discarded (2.20% of the data

in the target region and 2.09% in the target+1 region). Prior to the analyses on the data of the

12 As mentioned above, only the extreme outliers were discarded here, because RTs shorter than 100 ms made up
9.11% of the total data in the target region and 5.99% in the target+1 region, and RTs shorter than 200 ms were
28.71% of the data in the target region and 18.62% of the target+1 region.
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first half the experiment, the same procedures were used to trim outliers, which were 2.53% of
the data in the target region and 2.18% in the target+1 region.

Two separate linear mixed effects models were performed on L2 learners’ RTs in the
target region and target+1 region. In addition to the fixed effects for the native speaker data,
Chinese cloze test score, L1 orthography type, and L1 phoneme-to-letter ratio were included in
the model. Random effects included by-subject and by-item random intercepts, by-subject
random slopes for the effects including prime type, prime-target relation, activation type, and
sentence predictability, as well as by-item random slope for the effects of Chinese cloze test
score and L1 orthography type.

Finally, L2 learners’ accuracy data were analyzed in a separate logistic mixed effects
regression model, which included prime type, prime-target relation, activation type, sentence
predictability, target frequency, Chinese cloze test score, L1 orthography type, and L1 phoneme-

to-letter ratio as fixed effects, and subject and items as random effects.

7.5 Results
7.5.1 Native speakers of Chinese

For the target region, the analysis did not show any significant priming effects; for the
target+1 region, the model revealed a significant three-way interactions between trial number,
prime type, and sentence predictability (p = .03881).

As discussed above, the absence of main effects of priming here was not surprising, given
that native speakers’ average RT in Experiment 3 (M = 175.88, SD = 103.14) was much faster
than those in Experiment 1 (M = 719.06, SD = 219.83) and Experiment 2 (M = 706.21, SD =
218.04). The fast RTs here might have obscured the priming effects in Experiment 3; as

participants’ reading speed increased over the course the experiment, the priming effects shrunk
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and eventually disappeared. This possible explanation was confirmed by the main effect of trial

number (p < .001) in both the target and target+1 regions and the significant interaction between

trial number and other independent variables mentioned above. Therefore, presented below are

the analyses on the first half of the experiment rather than those on the entire data set.

The mean values of native speakers’ RTs on the target characters and target+1 characters for each

condition in the first half of the experiment are presented in Table 30 and Table 31.

Table 30

Experiment 3: Native Speakers’ Response Times (in Milliseconds) in the Target Region in the

First Half of the Experiment

High predictability sentence

Low predictability sentence

PR

SR

PR SR

(1) Radical prime 208.31 (112.13)

(2) Character-level
related prime

(3) Radical-level
related prime

192.07 (122.81)
233.24 (127.07)

(4) Control prime 184.58 (105.97)

183.45 (119.76)
213.66 (111.69)
200.66 (130.68)

207.94 (121.98)

216.07 (104.82) 193.79 (115.93)
201.89 (98.40)  190.46 (100.47)
150.02 (107.07) 212.17 (107.42)

201.37 (134.37) 193.05 (123.42)

Note. Standard deviations are provided in parentheses. PR = phonetic radical; SR = semantic

radical.
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Table 31

Experiment 3: Native Speakers’ Response Times (in Milliseconds) in the Target+1 Region in the
First Half of the Experiment

High predictability sentence

Low predictability sentence

PR SR

PR SR

(1) Radical prime

(2) Character-level
related prime

(3) Radical-level
related prime

(4) Control prime

199.41 (90.72)  228.91 (103.15)
206.23 (115.85) 233.68 (122.97)
222.02 (110.10) 247.00 (122.02)

209.00 (112.67) 267.46 (113.86)

265.80 (125.28) 247.38 (131.32)
248.22 (130.82) 244.80 (123.43)
240.56 (135.33) 249.82 (113.60)

247.47 (170.72)  223.79 (142.87)

Note. Standard deviations are provided in parentheses. PR = phonetic radical; SR = semantic

radical.

The results of the two linear mixed effects models on native speakers’ RTs in the first

half of the experiment are summarized in Table 32 (target region) and Table 33 (target+1

region).

As shown in Table 32, the model on native speakers’ RTs in the target region revealed

main effects of trial number (p = .003816) and target frequency (p = .036216), indicating that

participants sped up significantly under all conditions over the course of the first half of the

experiment, and that high-frequency targets were read faster than low-frequency targets. No

significant priming effects were observed in this region.
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Table 32

Experiment 3: Output of Linear Mixed Effects Mode! on Native Speakers’ Response Times in the

Target Region in the First Half of the Experiment

Parameters Estimate SE t
Intercept 0.266124 0.142639 1.866
Trial number -0.013211 0.004549 -2.904**
Target frequency -0.044713 0.021299 -2.099*
Prime type: radical 0.028253 0.097369 0.290
Prime type: character-level related 0.040598 0.096211 0.422
Prime type: radical-level related 0.058028 0.094126 0.616
Prime-target relation: semantic radical 0.005183 0.068427 0.076
Activation type: semantic 0.040474 0.067330 0.601
Sentence predictability 0.060135 0.097739 0.615

Note. ***p <.001, **p < .01, *p< .05, p<.1

As shown in Table 33, the analysis on native speakers’ RTs for target+1 characters in the

first half of the experiment revealed significant effects of trial number (p < .001), target

frequency (p =.016245), an interaction between prime type and target frequency (p = .001402),

and an interaction between prime type and sentence predictability (p = .003944).

The effect of trial number again confirmed that participants’ reading speeds increased as

the experiment progressed, and the significant effect of target frequency indicated that characters

immediately following high-frequency target characters were read faster than those following

low-frequency targets.

116



Table 33

Experiment 3: Output of Linear Mixed Effects Model on Native Speakers’ Response Times in the
Target+1 Region in the First Half of the Experiment

Parameters Estimate SE t
Intercept 0.213850 0.142139 1.505
Trial number -0.015257 0.003716  -4.106***
Target frequency -0.169158 0.038111  -4.439***
Prime type: radical 0.090599 0.090210  1.004
Prime type: character-level related 0.079862 0.078471  1.018
Prime type: radical-level related 0.104050 0.080271  1.296
Prime-target relation: semantic radical 0.094648 0.059911  1.580
Activation type: semantic 0.044777 0.056965  0.786
Sentence predictability 0.323665 0.141135  2.293*
Target frequency x prime type: radical 0.189781 0.051846  3.661***

Target frequency x prime type: character-level related  0.160999 0.050844  3.167**
Target frequency x prime type: radical-level related 0.153080 0.052450  2.919**

Sentence predictability x prime type: radical -0.626642 0.186358  -3.363***

Sentence predictability x

prime type: character-level related
Sentence predictability x

prime type: radical-level related

-0.425650 0.182663  -2.330*

-0.169447 0.185860 -0.912

Note. ***p <.001, **p < .01, *p<.05, .p<.1

The interaction between prime type and target frequency on native speakers’ RTs for the
target+1 characters is plotted in Figure 23. Although the effect of target frequency was
significant under the radical-level related prime and control prime conditions, it was not
significant under the radical prime and character-level related prime conditions. This indicates
that there was likely to be competition between character-level activation and radical-level
activation under radical prime and character-level prime conditions, and the competition might

have dampened the effect of target frequency under these two conditions.

117



300
280 A
g
o 260 -
[«B}
£
|_
@ 240 -
[
=
¥ 220 A
200 A
180 T T T T T T T
0 60 120 180 240 300 360 420 480

Target Frequency (per million)

Radical Prime Character-Level Related Prime
Radical-Level Related Prime Control Prime

Figure 23. Experiment 3: Interaction effects (in milliseconds) of prime type and target frequency
on native speakers’ response times in the target+1 region.

As illustrated in Figure 24, there was also a significant interaction between prime type
and sentence predictability. When the target character was unpredictable in the sentence context,
radical primes, character-level related primes, and radical-level related primes all produced
inhibition, indicating that both character-level and radical-level representations were activated in
non-constraining sentence contexts. On the other hand, when the target was highly predictable in
the sentence context, radical primes and character-level related primes produced significant
facilitation, suggesting that character-level representations and the orthographic representations

of radicals were activated.
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Figure 24. Experiment 3: Interaction effects (in milliseconds) of prime type and sentence
predictability on native speakers’ response times in the target+1 region.

The results of the logistic regression model on native speakers’ accuracy data are
summarized in Table 34. The analysis revealed significant main effects of target frequency (p =
.0409) and sentence predictability (p = .0243). Native speakers’ average accuracy rate was higher
for high-frequency targets than for low-frequency targets. Accuracy also increased as a function
of sentence predictability, where accuracy for sentences that had high cloze probability was

higher than for those that had low cloze probability.
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Table 34

Experiment 3: Output of Logistic Mixed Effects Model on Native Speakers’ Accuracy Data

Parameters Estimate SE z p

Intercept 3.49368 0.57476 6.078 < 0.001***
Target frequency 0.36901  0.18044 2.045 0.0409*
Prime type: radical 0.46792  0.47404 0.987 0.3236
Prime type: character-level related 0.40671  0.57836 0.703 0.4819
Prime type: radical-level related 0.88122  0.66813 1.319 0.1872
Sentence predictability 0.90234  0.40051 2.253 0.0243*
Prime-target relation: semantic radical 0.48616  0.52203 0.931 0.3517
Activation type: semantic 0.02898 0.51708 0.056 0.9553

Note. ***p <.001, **p < .01, *p<.05, p<.1

7.5.2 L2 learners of Chinese

The linear mixed effects model on L2 learners’ RTs in the target region revealed
significant main effects of trial number (p < .001), target frequency (p = .0051520), and Chinese
cloze test score (p <.001). Specifically, the effect of trial number again showed that L2 learners
sped up significantly as they progressed through the experiment, and that their fast RTs in the
second half of the experiment might compress the means under all conditions together and
obscure the priming effects. The effect of target frequency demonstrated that high-frequency
characters were read faster than low-frequency characters in sentence contexts, and the main
effect of Chinese cloze test score suggested that L2 learners who scored higher on the cloze test
had faster reading times relative to their counterparts who scored lower on the test.

The analysis on L2 learners’ RTs in the target+1 region revealed significant effects of
trial number (p <.001) and Chinese cloze test score (p <.001), which are consistent with the

results of the target region. Furthermore, the analysis also showed a significant main effect of
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sentence predictability (p <.001), suggesting that L2 learners’ RTs were faster when the target
character was highly predictable (M = 370.36, SD = 235.02) than when it was unpredictable (M =
443.23, SD = 321.49). This indicates that L2 learners were sensitive to contextual cues, and that
they actively used these cues to predict the upcoming characters during sentence reading.
Moreover, the analysis also revealed a marginally significant interaction between
sentence predictability and Chinese cloze test score (p = .0720651), showing that L2 learners’
reading strategies might change as a function of the increase in their Chinese proficiency. As
illustrated in Figure 25, although L2 learners who had lower Chinese proficiency read highly
predictable targets faster than unpredictable targets, such a difference was reduced as L2
learners’ Chinese proficiency increased. One possible explanation for this change is that
advanced L2 learners’ fast RTs had obscured the difference between the two predictability
conditions. An alternative possibility is that there was a shift in L2 learners’ sentence reading
strategies; as they became more proficient in Chinese, they relied less on contextual cues and

tended to use bottom-up strategies when processing characters in sentence contexts.
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Figure 25. Experiment 3: Interaction effects (in milliseconds) of sentence predictability and
Chinese cloze test score on L2 learners’ response times in the target+1 region.
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However, the analyses presented above did not show any significant priming effects. As
discussed above, the absence of priming here was not surprising, as L2 learners’ fast RTs in
Experiment 3 (M = 470.55, SD = 415.16), which were much shorter than those in Experiment 1
(M =1104.70, SD = 691.24) and Experiment 2 (M = 1165.77, SD = 663.32), might have
obscured the effects. The significant effect of trial number as well as its interactions with other
independent variables observed in the previous two experiment and the current experiment
suggest that, just like native speakers, L2 learners also sped up as they progressed through the
experiment. Therefore, effects that were not present in the second half of the experiment might
be detectable in the first half of the experiment. To test this possibility, L2 learners’ RT data set
was divided into two parts based on the trial number, and a separate analysis was performed on
the first half of the experiment, which is reported below.

Table 35 and Table 36 present the mean values of L2 learners’ RTs on the target
characters and target+1 characters for each condition in the first half of the experiment.

Table 35

Experiment 3: L2 Learners Response Times (in Milliseconds) in the Target Region in the First
Half of the Experiment

High predictability sentence Low predictability sentence

PR SR PR SR

(1) Radical prime ~ 473.83 (381.61) 504.66 (418.96) 528.18 (487.22) 495.44 (477.10)

(2) Character-level
related prime

(3) Radical-level
related prime

(4) Control prime ~ 473.86 (346.68)  456.26 (390.39) 483.41 (461.74) 555.28 (510.21)

450.38 (309.98) 492.00 (373.23) 465.63 (445.35) 441.87 (431.20)

502.33 (441.16) 546.98 (398.00) 470.67 (450.62) 338.93 (288.69)

Note. Standard deviations are provided in parentheses. PR = phonetic radical; SR = semantic
radical.
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Table 36

Experiment 3: L2 Learners Response Times (in Milliseconds) in the Target+1 Region in the First
Half of the Experiment

High predictability sentence

Low predictability sentence

PR

SR

PR

SR

(1) Radical prime

(2) Character-level
related prime

(3) Radical-level
related prime

(4) Control prime

396.08 (335.86)
360.76 (187.23)
403.59 (203.27)

368.34 (210.00)

406.55 (242.97)
409.67 (205.06)
415.18 (257.42)

411.62 (305.68)

538.80 (463.49)
493.29 (305.11)
439.79 (358.61)

545.73 (464.29)

513.78 (420.81)
451.70 (299.03)
522.90 (320.47)

442.88 (370.99)

Note. Standard deviations are provided in parentheses. PR = phonetic radical; SR = semantic

radical.

The results of the model on L2 learners’ RTs in the target region in the first half of the

experiment are summarized in Table 37. The model revealed significant main effects of prime

type (p =.03782), Chinese cloze test score (p < .001), and a marginally significant main effect of

L1 orthography type (p = .07574)
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Table 37

Experiment 3: Output of Linear Mixed Effects Model on L2 Learners’ Response Times in the
Target Region in the First Half of the Experiment

Parameters Estimate SE t
Intercept 0.365746 0.526501 0.695
Trial number -0.004128 0.003651 -1.131
Target frequency -0.034433 0.019354 -1.779
Prime type: radical -0.071199 0.070305 -1.013
Prime type: character-level related -0.197316 0.068867 -2.865**
Prime type: radical-level related -0.103338 0.073392 -1.408
Sentence predictability 0.148692 0.082944 1.793
Prime-target relation: semantic radical 0.036169 0.057321 0.631
Activation type: semantic 0.041484 0.058672 0.707
Chinese cloze test score -3.405723 0.785524 -4.336***
L1 orthography type: abugida 0.358287 0.596131 0.601
L1 orthography type: alphabet -0.515810 0.519202 -0.993
L1 phoneme-to-letter ratio 0.602393 0.465774 1.293

Note. ***p <.001, **p < .01, *p<.05, .p<.1

The main effect of Chinese cloze test score again showed that L2 learners who scored
higher on the cloze test had faster RTs than those who scored lower. More interestingly, the
model also revealed a significant main effect of prime type. As shown in Figure 26, the main
effect of prime type indicated that L2 learners” RTS were faster when targets followed character-
level related primes (M = 462.14, SD = 388.69) than when they followed control primes (M =
490.64, SD = 446.51). Radical primes and radical-level related primes, however, did not

produced significant priming effects.
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Figure 26. Experiment 3: Effects (in milliseconds) of prime type on L2 learners’ response times
in the target region.
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The marginally significant effect of L1 orthography on L2 learners’ RTs in the target
region is illustrated in Figure 27. Although there was no statistical difference between the
Chinese cloze test scores of the L2 learners from abugida L1 backgrounds (M = 87.39, SD =
9.29) and those from alphabetic L1 background (M = 85.81, SD = 12.75), L2 learners from
abugida L1s had slower responses (M = 580.32, SD = 424.42) relative to those from alphabetic

L1s (M = 393.67, SD = 374.76).
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Figure 27. Experiment 3: Effects (in milliseconds) of L1 orthography on L2 learners’ response
times in the target region.
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Table 38 presents the results of the mixed effects model on L2 learners” RTs for the

target+1 characters in the first half of the experiment. The analysis revealed significant main

effects of trial number (p < .001), sentence predictability (p <.001), and Chinese cloze test score

(p < .001). All these effects are consistent with the results discussed above. Additionally, the

absence of prime type effect in the target+1 region also showed that L2 learners were slower to

process characters than native readers, whose data showed spillover effects.

Table 38

Experiment 3: Output of Linear Mixed Effects Model on L2 Learners’ Response Times in the
Target+1 Region in the First Half of the Experiment

Parameters Estimate SE t

Intercept 0.037006 0.368377 0.100
Trial number -0.011202 0.002948 -3.800***
Target frequency -0.031277 0.01795 -1.742
Prime type: radical -0.056461 0.058214 -0.970
Prime type: character-level related -0.057057 0.056482 -1.010
Prime type: radical-level related -0.056701 0.060265 -0.941
Sentence predictability -0.210517 0.051493 -4.088***
Prime-target relation: semantic radical -0.010284 0.051111 -0.201
Activation type: semantic -0.018842 0.051361 -0.367
Chinese cloze test score -2.550007 0.5642 -4.520%**
L1 orthography type: abugida 0.557640 0.419058 1.331

L1 orthography type: alphabet 0.139450 0.365273 0.382

L1 phoneme-to-letter ratio 0.288598 0.328136 0.880

Note. ***p <.001, **p < .01, *p<.05, p<.1

The results of the logistic regression model on L2 learners’ accuracy data are summarized

in Table 39. The analysis revealed significant main effects of sentence predictability (p =
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.00264), Chinese cloze test score (p < .001), and L1 phoneme-to-letter ratio (p = .02643), as well
as a significant interaction between prime-target relation and activation type (p = .00698).
Table 39

Experiment 3: Output of Logistic Mixed Effects Model on L2 Learners’ Accuracy Data

Parameters Estimate SE z p

Intercept 3.12324  0.62398 5.005 < 0.001***
Target frequency 0.02500  0.08711 0.287 0.77414
Prime type: radical 0.20852  0.23225 0.898 0.36929
Prime type: character-level related 0.19583  0.23184 0.845 0.39830
Prime type: radical-level related 0.14761  0.23038 0.641 0.52170
Sentence predictability 0.64810  0.21550 3.007 0.00264**
Prime-target relation: semantic radical -0.39023  0.35088  -1.112 0.26607
Activation type: semantic -0.50491  0.33839  -1.492 0.13568
Chinese cloze test score 556485  0.87100 6.389 < 0.001***
L1 orthography type: abugida -1.24178  0.64574  -1.923 0.05448

L1 orthography type: alphabet -0.94781  0.56141  -1.688 0.09136

L1 phoneme-to-letter ratio -1.05664  0.47600 -2.220 0.02643*

Prime-target relation: semantic radical
x activation type: semantic

Note. ***p <.001, **p < .01, *p< .05, p<.1

1.37024  0.50793 2.698 0.00698**

Specifically, the model showed that the average accuracy rate was higher for sentences
that had high cloze probability than for those that had low cloze probability, and that L2 learners
who scored higher on the Chinese cloze test had higher accuracy rates than those who scored
lower on the test.

The interaction between prime-target relation and activation type is plotted in Figure 28.
For phonetic radical sets, L.2 learners’ average accuracy rate was higher under the phonological

activation condition (M = 0. 86, SD = 0.34) than under the semantic activation condition (M =
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0.81, SD = 0.39); for semantic radical sets, their average accuracy rate was higher under the
semantic activation condition (M = 0.91, SD =0.29) than under the phonological activation
condition (M =0.82, SD = 0.39), indicating that L2 learners were sensitive to the functional

specificity of radicals.
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Figure 28. Experiment 3: Interaction effects (in milliseconds) of prime-target relation and
activation type on L2 learners’ accuracy.

Finally, Figure 29 shows that L2 learners from L1 orthographies with high phoneme-to-
letter ratios had lower accuracy rates than those from L1 orthographies with low phoneme-to-

letter ratios.
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Figure 29. Experiment 3: Effects of the phoneme-to-letter ratio of first language orthography on
L2 learners’ accuracy.

7.6 Discussion

The purpose of Experiment 3 was to investigate whether radical properties were activated
during character recognition in sentence contexts and how contextual cues modulated radical-
level activation.

The major findings from the native speaker data are summarized as follows. First, there
was a significant effect of target frequency under radical-level related prime and control prime
conditions, but the frequency effect was not significant under radical prime and character-level
related prime conditions. This interaction indicates that radical-level and character-level
representations were likely activated in parallel under the radical prime and character-level
related prime conditions, and the competition between these representations might have
dampened the frequency effect. Second, for targets that were unpredictable in the sentence,

radical primes, character-level related primes, and radical-level related primes all produced
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inhibition, suggesting that the preactivation of radical-level representations might have caused
competition and thus interfered with the activation of character-level representations. For targets
that were highly predictable in the sentence, however, radical primes and character-level related
primes produced facilitation, indicating that the phonological and semantic representations of the
whole compound characters, as well as the orthographic forms of their radicals were preactivated
when the compound characters were expected by the reader. In other words, in highly predictable
contexts, lexical activation reaches a stage — prior to encountering the prime — where
phonologically and semantically related primes facilitate final access. In unpredictable contexts,
though, when little to no prediction precedes the presentation of the prime, related primes start
lexical activation along an ultimately incorrect route. This activation then needs to be inhibited
once the target is encountered, producing the inhibitory effect of the related primes. Interference
from the unrelated control is not as strong as from the related primes, however, due to the
control’s greater dissimilarity from the target.

As for L2 learners, there are four major findings. First, the main effect of sentence
predictability on L2 learners’ RTs suggests that they are sensitive to contextual cues and that
they actively use contextual information to predict the upcoming characters when reading
Chinese. Additionally, L2 learners may adopt different reading strategies as their Chinese
proficiency increases; those at the lower level tend to use more top-down strategies and appear to
rely more heavily on contextual cues, whereas L2 learners at higher proficiency levels appear to
shift to bottom-up processing strategies, relying less on contextual information when reading
Chinese sentences. Second, the main effect of prime type shows that only character-level related
primes produced significant facilitatory effects on L2 learners’ RTs. This indicates that L2

learners automatically activated the phonological and semantic representations of the whole
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characters; nevertheless, they did not activate radical-level information when processing
compound characters in sentence contexts. Third, the interaction between prime-target relation
and activation type suggests that L2 learners were sensitive to the functional specificity of
radicals in the offline task. Finally, L2 learners’ L1 orthographies may influence the way they
process Chinese characters. Specifically, L2 learners from abugida L1s had slower RTs than
those from alphabetic L1s, and learners whose L1 orthographies had high phoneme-to-letter
ratios had lower accuracy rates than those whose L1 orthographies had low phoneme-to-letter
ratios.

For native speakers, the interaction between prime type and sentence predictability
illustrates that native speakers utilize contextual information when reading sentences and may
adopt different character processing strategies depending on the availability of contextual cues.
Specifically, when the target character was unpredictable, radical primes and radical-level related
primes both produced inhibitory effects relative to control primes, indicating that the
preactivation of the orthographic, phonological, and semantic properties of radicals may have
facilitated the decomposition of the compound character and increased the competition between
radical-level representations and character-level representations. The phonological and semantic
activation of the whole character had to compete with that of the radicals, resulting in native
speakers’ slower RTs under the radical prime and radical-level related prime conditions. This is
consistent with the results of Experiments 1 and 2, as well as previous research on character
recognition under context-independent conditions (e.g., Zhou & Marslen-Wilson, 1999b, c; Zhou
et al., 2013). In addition to radical primes and radical-level related primes, character-level related
primes also produced significant inhibitory effects in non-constraining sentence contexts. This

was likely to be due to the phonological and semantic similarity between the primes and targets.
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The representations of the character-level related primes, although similar to those of the targets,
were incongruent with the given sentence context. In order to integrate the target into the
sentence, the reader would need to suppress the activation of the competing representations of
the prime, which in turn delayed their responses to the target. Taken together, these results are
consistent with previous findings on character recognition in word and sentence contexts (Liu et
al., 2002; Tsai et al., 2004; Zhang & Peng, 1993; Zhang et al., 1991) and demonstrate that
character recognition in non-constraining sentence contexts also involves the activation of
radical properties.

On the other hand, when a compound character was highly predictable in the sentence
contexts, there was facilitation produced by the preactivation of the phonological and semantic
representations of the whole character and the preactivation of the orthographic representations
of its radicals. Because no previous studies have investigated character recognition in highly
constraining sentence contexts among Chinese readers, the results of the current experiment were
compared with the findings on other languages. The literature on processing alphabetic scripts
suggests that there are two hypotheses regarding the effect of predictability on processing
efficiency. A number of researchers argue that predictability effects kick in after lexical access
and facilitate the semantic integration of the word into the sentence (e.g., Forster, 1989), whereas
many ERP studies suggest that the influence of predictability occurs during lexical access,
because the reader actively predicts the properties of the upcoming word (e.g., Federmeier,
2007). These ERP results indicate that readers’ predications of the identity of the upcoming word
can be quite specific, including the semantic content (e.g., Federmeier & Kutas, 1999),
phonology (e.g., DeLong, Urbach, & Kutas, 2005), and orthographic information (e.g., Laszlo &

Federmeier, 2009) of the expected word. The results of the current experiment are consistent
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with these ERP studies and with Luke and Christianson’s (2012) findings on transposed-letter
effects in highly constraining sentence contexts. The facilitation produced by radical primes and
character-level related primes suggest that Chinese native speakers made specific predictions
about the phonological and semantic representations of the whole character and the orthography
of its radicals, and when the primes supported their predictions, their responses to targets were
facilitated. As for the absence of the priming effects produced by radical-level related primes in
highly constraining sentence contexts, there are two possible explanations. It was possible that
the reader actively predicted the upcoming compound character and had preactivated the
orthographic, phonological, and semantic properties of the radicals that were embedded in the
compound character. However, as the phonological and semantic representations at the radical
level were different from those at the character level, radical-level representations were quickly
inhibited before the reader encountered the target character, and thus radical-level related primes
did not produce any detectable effects. On the other hand, the orthographic representations at the
radical level were not inhibited because there was orthographic overlap between the target
character and its radicals, and thus radical primes produced significant facilitation. The
alternative possibility was that the reader only preactivated character-level representations when
processing compound characters in highly constraining sentence contexts. Because there was
orthographic, phonological, and semantic overlap between character-level related primes, radical
primes, and target characters, these two types of primes produced facilitatory effects. Radical-
level related primes, on the other hand, did not share any similarities with the character-level
representations of the target characters and thus did not produce any priming effects.

The results from L2 learners suggest that they are sensitive to contextual cues, and that

they actively use these cues to predict the upcoming characters when reading Chinese sentences.
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Furthermore, their reading strategies may change as a function of their Chinese proficiency; they
may use more bottom-up processing strategies and rely less on contextual cues as their Chinese
proficiency increases.

There was also a main effect of prime type on L2 learners’ RTs, which shows that only
character-level related primes produced facilitation on L2 character recognition in sentence
contexts. This indicates that although L2 learners may activate radical information when reading
compound characters under context-independent conditions (as in Experiments 1 and 2), they
may not have access to radical-level representations when processing compound characters in
sentence contexts. One possible explanation is that L2 character decomposition is less automatic
and slower than L1 character decomposition. As described in Ke’s (1996b) model of L2 radical
awareness development, although learners who are in the component processing stage already
start to apply their knowledge of radicals to character learning, only those who are in the
automatic component processing stage have native-like orthographic awareness and process
characters via the activation of radical-level information. It is thus possible that the L2 learners in
the current experiment were in the component processing stage and had not yet reached the
automatic component processing stage. They had started to decompose compound characters, as
shown in Experiments 1 and 2; nevertheless, in the sentence reading task, where the processing
demand was higher and working memory was taxed to a greater extent, they were unable to
automatically decompose compound characters or retrieve radical-level information efficiently.
Thus, they fell back on processing characters as single units. Another possible reason is that
radicals are typically taught and studied in isolation or within single characters in the L2
classroom. Chinese language teachers seldom draw L2 learners’ attention to radicals when

teaching sentence comprehension or reading beyond single characters. Therefore, L2 learners
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may be more sensitive to radicals when reading context-independent characters relative to
reading characters that are embedded in sentences.

The results of Experiment 3 appear to be inconsistent with Wang and Koda’s (2013)
findings on L2 character recognition in sentence contexts, which found that L2 learners were
sensitive to semantic radical transparency when reading sentences. However, Wang and Koda’s
study used an offline task, whereas the current study used an online task. The methodological
difference shows that L2 learners may be able to activate radical information under offline
conditions but not during online language processing, again pointing to the less automatic nature
of L2 character decomposition. In line with this possibility, the interaction between prime-target
relation and activation type on L2 learners’ accuracy rates also illustrates that although L2
learners may not be able to activate radical information automatically during online sentence
processing, they are sensitive to the functional specificity of radicals in offline measures.

Lastly, Experiment 3 shows that L2 character recognition may be constrained by the
learner’s L1 orthography properties (Koda, 1997). Consistent with the findings of Experiment 1,
the current experiment shows that L2 learners from abugida L1 backgrounds had slower RTs
relative to those from alphabetic L1 backgrounds. As discussed in Experiment 1, because native
readers of abugida scripts tend to use a syllabic level of segmentation rather than phonemic
reading (Winskel, 2009), L2 learners from abugida L1 backgrounds may be less skilled at
compound character decomposition compared with their counterparts from alphabetic L1
backgrounds. The main effect of L1 phoneme-to-letter ratio on L2 learners’ accuracy also
indicates that the depth of a learner’s L1 orthography may influence the way he or she processes
Chinese characters. Specifically, L2 learners coming from relatively shallow L1 orthographies

had higher accuracy rates than those from relatively deep L1 orthographies. A possible

135



explanation is that native readers of orthographically shallow languages may be better at
word/character decomposition relative to those from relatively deep L1 orthographies, and these
L1-based literacy skills have been transferred to L2 character recognition. It is noteworthy that
the effect of L1 phoneme-to-letter ratio was not detected in Experiments 1 and 2 but emerged in
the current experiment. This may indicate that Experiment 3 provided a more sensitive
measurement because the SPaM task was more ecologically valid than the primed-character
decision task used in the previous two experiments.

To summarize, Experiment 3 shows that native speakers automatically activate the
orthographic, phonological, and semantic properties of radicals when processing compound
characters in non-constraining sentence contexts. On the other hand, in highly constraining
sentence contexts, they make specific predictions about the identity of the upcoming character
before encountering the character. The results also indicate that L2 learners are sensitive to
contextual cues, but they do not activate radical-level information when processing characters in
sentence contexts. Lastly, the experiment suggests that L2 learners’ L1 orthographies may

influence the way they process Chinese characters.
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Chapter 8: General Discussion

8.1 Summary of results

The goal of the current study was to examine how Chinese characters were processed by
native speakers and L2 learners from orthographically different L1 backgrounds. Specifically,
four research questions were addressed: (1) How do native speakers and L2 learners activate the
orthographic properties of radicals during character recognition? (2) How do native speakers and
L2 learners activate the phonological and semantic properties of radicals during character
recognition? (3) How does sentence context influence L1 and L2 character recognition? and (4)
How does the reader’s L1 orthography influence his or her L2 character recognition? To answer
these questions, two primed-character decision tasks and a primed self-paced reading task were
conducted with 104 native speakers and 105 L2 learners from 4 types of L1 orthographies.

In the first primed-character decision task, it was observed that both native speakers and
L2 learners activated the orthographic properties of radicals during compound character
recognition. Furthermore, although native speakers processed phonetic radicals and semantic
radicals in qualitatively and quantitatively similar ways, L2 learners displayed different
processing patterns for different types of radicals. Semantic radicals appeared to be activated
earlier than phonetic radicals; L2 learners who had acquired a limited number of characters were
more sensitive to phonetic radicals, whereas those who had acquired a larger number of
characters were more sensitive to semantic radicals. Finally, L2 learners coming from alphabetic
L1 backgrounds had faster RTs than those from abugida L1 backgrounds, indicating that L1
orthography may influence L2 character recognition.

The second primed-character decision task further explored the phonological and

semantic activation at the radical level during L1 and L2 character recognition. The results
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showed that both native speakers and L2 learners automatically activated the phonological and
semantic representations of radicals in parallel with those of whole characters. Consistent with
the findings of Experiment 1, it was again observed that lower-level L2 learners responded faster
to phonetic radicals, but higher-level learners responded faster to semantic radicals.

The last experiment showed that native speakers automatically activated the
orthographic, phonological, and semantic properties of radicals when processing compound
characters in non-constraining sentence contexts, but they made specific predictions of the
character-level representations of the upcoming compound character when reading it in highly
constraining sentence contexts. L2 learners were sensitive to contextual cues and might adopt
different reading strategies as their Chinese proficiency increased. Furthermore, L2 learners did
not activate radical-level information when processing compound characters in sentence
contexts, although they were sensitive to radical functional specificity under the offline reading
condition. Lastly, L2 learners coming from relatively shallow L1 orthographies had higher
accuracy rates than those from relatively deep L1 orthographies, and learners from abugida L1s
had slower RTs than those from alphabetic L1s, indicating that L1 orthographies may influence
the way L2 learners process Chinese characters.

Altogether, the current study shows that native speakers automatically activate
representations at both the whole character level and the radical level, but their processing
strategies may change as a function of sentence predictability. L2 learners also activate radical-
level information during character recognition, but the activation of phonetic radicals may be
slower than that of semantic radicals. Their acquisition of semantic radicals also appears to be
faster and better than that of phonetic radicals. Furthermore, when reading characters in sentence

contexts, L2 learners are able to utilize contextual cues to predict the upcoming character, but
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they do not activate radical-level information. Lastly, L1 orthography may influence L2
character recognition; L2 learners from alphabetic L1 backgrounds and shallower L1
orthographies may be more efficient at decomposing compound characters than those from

abugida L1 backgrounds and deeper L1 orthographies.

8.2 Implications for L1 character recognition

The present study indicates that radicals provide major information for compound
character processing; the orthographic, phonological, and semantic information is automatically
activated in parallel at both the whole character level and the radical level during L1 character
recognition. These results are consistent with the previous studies (e.g., Lee et al., 2004; She et
al., 1997; Zhou & Marslen-Wilson, 1999b, ¢, 2002; Zhou et al., 2000; Zhou et al., 2013) and
provide implications for theoretical reading models.

The current results can be accommodated in the Interactive Activation Model (e.g., Ding
et al., 2004; Taft, 2006), which posits that features, simple characters, and complex character are
represented at different levels. Additionally, the model hypothesizes that radicals that are also
freestanding simple characters have separate representations for each form, and these
representations are linked with each other. Both simple characters and complex characters are
directly linked to their phonological and semantic properties. Therefore, the activation of a
compound character is predicted to involve the activation of the phonological and semantic
representations of its radicals. This prediction was confirmed by the facilitatory effects produced
by compound character primes on radical targets, which were observed in Experiments 1 and 2.
Furthermore, the Interactive Activation Model suggests that radicals that appear in different
positions within a complex character each have their independent representations, and that there

are inhibitory links between these representations. Based on these assumptions, the model would

139



predict that the activation of a simple character might inhibit the activation of a compound
character containing the simple character as its radical. This prediction was confirmed in
Experiment 3, where radical primes and radical-level related primes produced inhibitory effects
on compound character targets. Nevertheless, the Interactive Activation Model does not address
how contextual information affects character recognition.

The Connectionist Model (e.g., Chen & Peng, 1994; McClleland et al., 1986; Rumelhart
et al., 1986) suggests that characters are represented by orthographic, phonological, and semantic
units. Although computational simulations have shown that the Connectionist Model may be
trained to replicate regularity and frequency effects that are found in behavioral experiments on
reading Chinese, the model does not make clear predictions as to how radical-level properties are
activated during compound character recognition. Nevertheless, the Connectionist Model posits
that there are context units connected to the orthographic, phonological, and semantic units, and
that word recognition is often modulated by context. These assumptions are consistent with the
results of the present study, where native speakers were found to process characters differently in
non-constraining and highly constraining sentence contexts.

Based on the assumptions of the Dual Route Model (e.g., Coltheart et al., 1993; Weekes
et al., 1997), there are three routes to character recognition, i.e., the lexical semantic route, the
lexical non-semantic route, and the GPC route, and different versions of the model may vary in
terms of their commitment to modularity. In the context of the present study, the dual route
theories would predict that the lexical route (i.e., character-level activation) would be the
dominant route for processing high-frequency, irregular compound characters, and some
variations of the theories (e.g., the horse-racing model) would predict parallel activation of

character- and radical-level information. The current study shows that even high-frequency,
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irregular compound characters were decomposed, and that the representations of the whole
character and those of its radicals were activated in parallel. These results do not support the
dual-route theories that are strongly committed to modularity, but are compatible with the
versions that predict parallel activation of different routes.

With regard to context effects on L1 character recognition, the results of the present study
are consistent with the previous findings that compound character processing in sentence
contexts also involves the activation of radical properties (e.g., Liu et al., 2002; Tsai et al., 2004).
The present study also explored how sentence predictability interacted with character processing,
which had not been studied before. The results indicate that native Chinese readers make specific
predictions as to the phonological, semantic, and orthographic identities of the upcoming
character in highly constraining contexts, and that sentence predictability may suppress the
activation of radical-level representations. These findings are consistent with behavioral and ERP
studies on reading alphabetic languages (e.g., Delong et al., 2005; Federmeier & Kutas, 1999;
Laszlo & Federmeier, 2009; Luke & Christianson, 2012) and suggest that predictability effects

occur during lexical access and have early influence on visual character recognition.

8.3 Implications for L2 character recognition

The present study shows that L2 learners activate radical-level representations during
compound character recognition under context-independent conditions, indicating that L2
learners who have intermediate or above proficiency in Chinese are sensitive to radicals. This is
consistent with a number of previous studies (e.g., Jackson et al., 2003; Wang et al., 2003; Shen
& Ke, 2007). Nevertheless, when compared with L1 character recognition, L2 compound
character decomposition and radical-level activation appear to be less automatic. When

processing demands are higher, as in the case of processing characters in a self-paced reading
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task, L2 learners are unable to engage in radical-level processing at all and fall back on
processing characters as single units. These results are in line with Shen and Ke’s (2007) finding
that L2 learners’ ability to apply radical knowledge online is not synchronous with their increase
in metalinguistic radical knowledge.

This study also demonstrates the discrepancy between the acquisition of semantic
radicals and that of phonetic radicals among L2 learners of Chinese. The results suggest that
semantic radicals are activated earlier relative to phonetic radicals. Furthermore, although L2
learners who have acquired a limited number of characters tend to be more sensitive to phonetic
radicals and may use them as orthographic cues, as suggested by Williams (2010, 2013), L2
learners who have acquired a larger number of characters are more sensitive to semantic radicals.
This difference may reflect several issues in the Chinese L2 classroom and L2 learners’ character
learning strategies. Previous research has reported that Chinese language textbooks and
instructors tend to place a stronger emphasis on semantic radicals than phonetic radicals (Jackson
et al., 2003; Zhang, 2009), and that L2 learners often rely more on semantic-radical-related
learning strategies relative to phonetic-radical-related strategies (Chen, 2011). These factors may
have contributed to the insufficient acquisition of phonetic radicals among L2 learners.

Finally, the current study suggests that L1 orthography may influence L2 character
acquisition. L2 learners from alphabetic L1 backgrounds were found to have faster RTs than
those from abugida L1 backgrounds, and L2 learners from shallower L1 orthographies had
higher accuracy than those from deeper L1 orthographies. These findings support Koda’s (1997)
argument that L1 orthography-based processing strategies are transferred to L2 reading, and L2
word recognition is often constrained by the reader’s L1 orthography properties. Furthermore,

the RT difference between the abugida group and the alphabet group observed in the current
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study is also in line with Feng et al.’s (2005) results, which showed that L2 learners from
alphabetic L1 backgrounds were more likely to decompose compound characters when

compared with L2 learners from other L1 backgrounds.

8.4 Pedagogical implications

Given the drastic difference between the Chinese script and other scripts, L2 learners are
often unable to transfer their L1 literacy skills to reading and writing Chinese. Therefore,
Chinese instructors should not only teach literacy, but also help L2 learners develop language
specific learning strategies that will enable them to acquire and process Chinese characters more
effectively. To this end, three Chinese script-specific pedagogical suggestions on L2 literacy
development are offered here based on the findings of the present study.

First, the current study demonstrates that although there is no processing difference
between phonetic radicals and semantic radical in L1 character recognition, phonetic radicals are
not utilized as much as semantic radicals by L2 learners. This difference is likely to be one of
main factors contributing to the inefficiency of L2 character processing. Teacher training may be
one of the solutions to this issue, as L2 learners may benefit greatly from the explicit instruction
of phonetic radicals and character learning strategies which will help them use radical-level
phonological information more effectively and in turn reduce their burden for rote memorization
of whole characters. Furthermore, as Chinese language textbooks typically emphasize semantic
radicals over phonetic radicals (Jackson et al., 2003; Zhang, 2009), providing a systematic
introduction of phonetic radicals and related exercises throughout all levels of instruction may
also benefit L2 learners’ acquisition of Chinese characters. Ideally, simple characters should be
introduced before complex characters that contain them as components, and regular/consistent

compound characters should be introduced before irregular/inconsistent compound characters, so
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that L2 learners can develop radical awareness quickly. This type of Chinese orthography-based
systematic introduction of characters may be especially effective for heritage learners who have
already acquired oral proficiency of the Chinese language and for reading/writing courses where
students have already taken spoken Chinese courses. For communication-oriented curriculum,
where high-frequency characters, which tend to be irregular and inconsistent, are introduced
before low-frequency characters, which tend to be more regular and consistent, the current study
suggests that L2 learners may benefit from instructor-guided analysis, comparison, and summary
of radical families.

Second, this study shows that although L2 learners are able to activate radical-level
information during context-independent character recognition, they do not utilize radical
information when processing characters in sentence contexts. Native speakers, on the other hand,
automatically utilize radical information when processing characters under both context-
independent and context-embedded conditions. This difference may be another reason for the
relatively inefficient, slow L2 character recognition. In natural reading, characters seldom occur
in isolation, and they are almost always embedded in sentence contexts. It is thus possible that
L2 learners make little use of radical-level information in natural reading. For this reason,
drawing L2 learners’ attention to character decomposition and radical properties when teaching
sentence-level comprehension and reading beyond single characters may help them develop
effective character processing strategies that are applicable to natural reading.

Lastly, the processing difference between L2 learners from different L1 orthographies
suggest that using teaching approaches and learning strategies that are sensitive to learners’ L1
backgrounds may help them acquire Chinese characters more effectively. Specifically, L2

learners whose L1 orthographies are typically processed in a non-decompositional fashion may
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need additional support with regard to radical-level activation than those who are familiar with
decompositional word/character processing.
8.5 Limitations and recommendation for future research

This study aimed to systematically investigate L1 and L2 character recognition, but there
remain several issues that were not addressed by the present study and await future research.

First, the effects of character graphic structure and radical position were not examined in
the study. As mentioned before, compound characters can have a variety of graphic structures
and their radicals can occur in a variety of positons within a compound character. Previous
studies have reported mixed results as to how the positional properties of radicals affect L1
character recognition (e.g., Feldman & Siok, 1997; Taft & Zhu, 1997), and little research has
been done on the effect of radical position on L2 character recognition. Therefore, further
research is needed to examine whether the same radical-level activation pattern also applies to
processing compound characters that contain radicals in atypical positions, and how the
activation of radical positional information, if any, influences L1 and L2 character processing.

Second, radical frequency was measured by the frequency count of the simple-character
version of the radical rather than measures of the radical’s combinability or neighborhood size in
the current study. Further research is needed to compare how different radical frequency
measures explain compound character recognition.

Third, only “free” radicals, which could occur alone as simple characters, were used in

the current study. It remains unclear how “bound” radicals (e.g., ¥ “hand”), which may not have

independent phonological or semantic representations, are processed during character

recognition. Although a few researchers have examined “bound” radicals (e.g., Cheng & Lin,

145



2013), no study to date has investigated how the phonological and semantic representations of
“bound” radicals are activated during character recognition.

Fourth, the present literature of character recognition has focused on phonetic compound
characters. Little research has been done on L1 or L2 recognition of other types of characters. A
recent study by Luo, Proctor, Weng, and Li (2014) investigated the activation of radical meaning
during L1 recognition of indicative characters, which are constructed by integrating the
meanings of two or more radicals. More research along this line is needed to explore whether
Chinese readers are sensitive to different character types in online processing and whether they
adopt different strategies to process different types of characters.

Furthermore, target position was not strictly controlled in Experiment 3. Target
characters always occurred in the fifth segment in the low-constraint sentences, however ranged
from the fourteenth to eighteenth segments in the high-constraint sentences. Future studies may
use n-gram information to strictly control for the position of target characters within
experimental sentences and thus rule out potential confounds with regard to target position.

As for L2 acquisition, the present study did not involve elementary L2 learners. It is
important to investigate whether and how character recognition among Chinese L2 beginners
differs from that among intermediate and advanced learners. It is equally important to investigate
L2 character recognition among learners who have reached near-native or superior proficiency
levels. Ke (1996Db) suggests that only L2 learners who are in the automatic component processing
stage (i.e., the final stage) have native-like orthographic awareness and process characters via the
activation of radical-level information. Future research is needed to examine whether near-native

L2 readers are able to decompose characters in a native-like way during online sentence reading.
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Additionally, most of the L2 learner participants for the current study were from abugida
and alphabetic L1 backgrounds. Further research on L2 learners from other types of L1
orthographies (e.g., abjad) is required to better understand the influence of L1 orthography on L2
character recognition. Other individual differences, such as character learning strategy and
language aptitude, were not documented in the present study and thus not included in the
analyses. Therefore, future research with detailed background information documentation may
be required to determine how individual differences among L2 learners influence the way they
process Chinese characters. Moreover, L2 was used as an umbrella term in the current study.
Many of the L2 learner participants had studied other languages; Chinese was therefore their L3
or even L4. Future research is required to explore how additional experience in learning other
types of orthographies influences the way a reader processes Chinese characters.

Finally, the findings of the current study may also serve as a potentially enlightening new
proving ground for examining the relative efficacy on the two currently-debated teaching
approaches: Focus-on-Forms (FonFs), where instruction is typically realized in the format of
“present-practice-produce” (Ur, 1996), and Focus-on-Form (FonF), where the primary focus is
on meaning rather on linguistic form (DeKeyser, 2007; Long, 1996; Shintani, 2013). Future
intervention studies are required to investigate the effect of FonFs instruction of phonetic
radicals and compare the effects of the FonFs and FonF approaches to teaching Chinese

characters.
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Appendix A: Language Background Questionnaire (Native Speakers)

BRAERER
T8 BT R A AN NS BFRA K 250 38 045 0 R A R T A 25
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Appendix B: Language Background Questionnaire (L2 Learners)

Sex: OF
Age:

Language Background Questionnaire

. General Information

UM

Major:

University year:

Do you have vision or hearing problems?

© © N o g kM W DN PEPD O ODDEFE D

10. Country of residence from 12 to 17 years old:

Mother’s native language:

Father’s native language:

Known Languages and Uses
Native language:

Dialect:

Dialect:

Dialect:

Language(s) spoken at home during childhood:

Country of residence from 6 to 11 years old:

Language(s) spoken at home during the first five years of your life:
Country of residence during the first five years of your life:
Language(s) of instruction during elementary school (content courses):

Language(s) of instruction during middle and high school (content courses):

11. Other foreign language(s) that you know and proficiency levels

Language

Reading

Writing

Speaking

Listening

Chinese

[ Beginner
U] Intermediate
L] Advanced
[J Near-native

1 Beginner
U] Intermediate
L] Advanced
[J Near-native

] Beginner
[J Intermediate
[J Advanced
[J Near-native

[ Beginner
U] Intermediate
] Advanced
(] Near-native

[ Beginner
1 Intermediate
1 Advanced
[J Near-native

1 Beginner
[ Intermediate
1 Advanced
[J Near-native

] Beginner
] Intermediate
1 Advanced
(] Near-native

[ Beginner
[ Intermediate
1 Advanced
[J Near-native

L] Beginner
L] Intermediate
L] Advanced
[J Near-native

L] Beginner
L] Intermediate
L] Advanced
[J Near-native

L] Beginner
L] Intermediate
1 Advanced
L] Near-native

[J Beginner
L] Intermediate
[J Advanced
[J Near-native
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12.

13.

14.

. Learning of Chinese (learners only)

w N PO

Weekly use of Chinese and other language(s)
a. % weekly use of Chinese:

b. % weekly use of English:

(a-d = 100%)

c. % weekly use of (language):
d. % weekly use of (language):
Have you taken the HSK test?

When?

Highest certificate level:

In what language are you the most comfortable at this time?

Age of first exposure to Chinese:

Context of first exposure to Chinese: I At school [J QOutside school
Chinese instruction

a. Number of years of Chinese instruction that you have received:

[ Both

b. Were the majority of your Chinese teachers native speakers of Chinese?
Immersion(s) in a Chinese-speaking environment
a. Firstimmersion

i. Age:

] Yes

J No
O N/A

ii. Place:

iii. Context:

iv. Duration: year(s) month(s)

week(s)

b. Second immersion
i. Age:

ii. Place:

iii. Context:

iv. Duration: year(s) month(s)

week(s)

¢. Third immersion

i. Age:

ii. Place:

iii. Context:

iv. Duration: year(s) month(s)

week(s)
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Appendix C: Chinese Cloze Test

Read the passage and choose the best answers to fill in the blanks.

HIRKFR
B A4F LR AX TR (1) [0 HERAFRAIFRIG PR, FTLARR

[5](2) BHEZIN. (3) FRZITATINR LAAL, M IE] TIRZ (4) .
AT TEEN Y PSS A B AR X B4k 4L (5) , AHZE T ESN AR AT DL #E RS
(6) , RFEM EEEEEMSE . WATMFEZNRIEC SR A 00 LR, T
1 (1) e A R RF (8) Bk, RERHASEHIL . NERERERAK
AREM, MR —TE T/, —T1m (9) . BT NR, fhLLETR (10)
TR, HEARER, HAE) , B PAss Ja B ER Y 2B it 22 R LI
(12) o HNEIX LKA TEAS (13) , At — EAT AR B — 1 i (14) .

PATIL I LA G 58— a2 2 (15) FZIm. FATEE (16) A
KHAR SR, HESET, FZMRLEHS (A7) T, AR AR A A
(18) .

AT AL IR K, R Z 7 A TEA (19) 7, BMECaERA
LAY EUR P (20) T o BATUARIE AT &8 B 1T — 1 (21) =,
WATH AT HEERIIZ 35 R (22) TR KRR E e, 1E L AT LA(23)

WAL (24) - (25) , AT — RO, H AR 1 A
X A AR

0 S
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Please choose the best answer.
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Appendix D: English Cloze Test

Please fill in the blanks in the following passage. Each blank must have one and only one word.

Joe came home from work on Friday. It was payday, but he wasn’t 1 excited about
it. He knew that 2 he sat down and paid his __ 3 and set aside money for groceries,
_ 4 forthecarandasmall __ 5 in his savings account, there wasn’t 6 much left

over foragood _ 7

He thought about going out for 8 at his favorite restaurant, buthe 9 wasn’t
in the mood. He wandered _ 10 his apartment and ate a sandwich. 11 a while, he
couldn’t stop himself 12 worrying about the money situation. Finally, 13 got into

his car and started 14
He didn’t have a destination in 15, but he knew that he wanted __ 16__ be far away from

thecity 17  helived.

He drove into a quiet country 18 . The country sights made him feel _ 19
His mind wandered as he drove 20 small farms and he beganto _ 21 living on his
own piece of 22 and becoming self-sufficient. It had always 23 a dream of his,
buthe 24 never done anything to make it 25 reality. Even as he was thinking,
___26___ logical side was scoffing at his __ 27 imaginings. He debated the advantages and
28 oflivinginthe countryand 29  his own food. He imagined his 30
equipped with a solar energy panel _ 31  the roof to heat the house 32 winter and

power a water heater. 33 envisioned fields of vegetables for canning _ 34 preserving
to last through the winter. 35 the crops had a good yield, _ 36___ he could sell the
surplusand 37 __ some farming equipment with theextra 38

Suddenly, Joe stopped thinking and laughed 39  loud, “I’'m really going to go
40 with this?”
Adapted from American Kernel Lessons: Advanced Students’ Book. O’Neill, Cornelius and Washburn (1981).
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Please choose the best answer.
1.
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Table 40

Appendix E: Materials for Experiment 1

Experiment 1: Phonetic-Radical Prime and Target Sets

Item Prime type Target
no. High-frequency Low-frequency  Control Character  Frequency
1 7% U 0 K mi % gé High
2 ¥ huén #£ pou it shéng A~ bu High
3 fih za 5ttt chi I zhua  ye High
4 W yan W gicn 1z chi H kai High
5 & xu ¥ chii ¥ ha & zhé High
6 i ha £H yao W ne H yue High
7 1 siin 5 xiin fiz @ 1 yuan High
8 ¥ hui Y hut I long % jin High
9 e ke 41 xi F wo High
10 1L jiang 91 jiang P han T gong High
11 iR ke R ke JH you R guo High
12 Wifa B fa # di % qu High
13 % géi ¥ jia ¥ bi 4 hé High
14 Wlqu 4 yu 8 wei X you High
15 IR yan #R yin 1 hua R gén Low
16 #%cuo fif cu H#5 huang Hoxi Low
17 i shi It zhou  duo <J con Low
18  #jin By N Fyu Low
19 2] yue ) zhud Ik chéng ) shéao Low
20 fFzuo FE zuo A rén E zha Low
21 % shi ffii sha i tang fir ya Low
22 BRyue #K do 4 tong K yao Low
23 . zhi 2 shi e jué AL wan Low
24 Hkshe Tk she B 2l % nie Low
25  jif pai Ji pi i yi U pei Low
26 5 il W i i jié E wi Low
27 YFsU #¥ tuo % da J¥ chi Low
28 i ou Hh ou 1R hen & ya Low
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Table 41

Experiment 1: Semantic-Radical Prime and Target Sets

Item Prime type Target
No.  High-frequency Low-frequency Control Character Frequency
1 EK silent % to defile f% boundary black High
2 [¥) of fIX to convert f# to cause 1 white High
3 3% to check 1% to refute £ through L horse High
4 % to compare  #% to cease 1% bun % vehicle  High
5 It leaf I inch 4E to repair M mouth  High
6 un if W envy i to hit %z female  High
7 Hfh exact fik busy 1% emotion 47 stone High
8 i agile fi#i to nourish i to speak every High
9 FE£ procedure & to examine i€ eel K grain High
10 Jifi to execute A at ¥¥ to hunt 77 square  High
11 fic. to match fik crisp T full 7§ evening Low
12 7% to overflow 5/ to promote [ to sleep = bow Low
13 i age %2 dirty I politics i tooth Low
14 fil. messy il to scrape & to crouch & tongue  Low
15 i bright L to pardon & camphor 75 red Low
16 ¥ shape F£ in vain %% handcuff R wood Low
17 1 to know r to rectify 4 knot K arrow Low
18 +} to seal £ symbol 5% boundary =+ jade Low
19 & width % building £ sodium 1 towel Low
20 b outside 4t mishap H tangerine 4 sunset  Low
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Table 42

Appendix F: Materials for Experiment 2

Experiment 2: Phonetic-Radical Prime and Target Sets

Prime type Target

Item .
No. Character level Radical level character Activation

Related Control Related Control
1 SE mai H qi b dii b gui % mai Phonological
2 1k zhi JG yuan it che % wan & zhi Phonological
3 73 shou W lidng #% ddo fil ci J5 shou Phonological
4 N st X ai Wi xido R ai E su Phonological
S H ce 7K yong it shan % nie x ce Phonological
6 K mo H jid ¥ wa #1 pao 2L mo Phonological
7 JII chuan I shang Y xzn % luo % chuan Phonological
8 ¥ xin B jin FE zi M hua H xin Phonological
9 Eiju EE 7 7% zhou op I J&| ju Phonological
10 ‘H g . zhong ¥ hua K jué & gii Phonological
11 U2 jian & chuan ¥R keng HE hua 8] jian Phonological
12 H bdi IR FE mo BR xi 2 bai Phonological
13 Hr dai %% qin i zhi 1 lin 7, dai Phonological
14 ¥ zhén 3= yuan 1 dian 0 gin &t zhén Phonological
15 o i T gan Ic fei 4K yao ¥ ji Phonological
16 P4 xt I bing il shai ™ kuang W xi Phonological
17 € ding Sl 4¢ zhan 4 xuan 11 ding Phonological
18 H chi R yang mh duo Iy pao ¥) chii Phonological
19 H you A= sdn Jifi hui % ci K you Phonological
20 2 can H. zhi 5 shén 7 tao & can Phonological
21 i shi 4 you Mk xie 1T ting = shi Phonological
22* Y xiong 4 rdn it kuang % leng 55 brother ~ Semantic
23*  ~fcln T wang £} U & jie R ruler Semantic
24* R dai 3 qi £ béo T rén 18 silly Semantic
25* /R gian £ shi K kdn Yt keng #h lack Semantic
26 Sji B shou K&t yin F% long & slow Semantic
27*  Jldao + g7 W] chii Al xiu X folk Semantic
28* R quadn & wi R fa ¥ fa ) dog Semantic
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Table 42 (cont.)

29*
30*
31*
32*
33*
34*
35*
36*
37*
38*
39*
40*
41*
42*

5F si

z yln
iE zou
4t zheng
4 xian
tE sheng
A rén
T qing
A na

I kai
iy jr

% huang
9% fen
XF dui

Py
JK zhdo
7 dou
K mi
Y7 zhi
L min
JLji
A tai
1M ér
F shou
7% long
J#k mé
7t kang
Z Xuan

fr dai
Iz tan
fiE ta
1 jing
Ve xi
#: xing
BA dui
G cai
M nué
fiff yan
it 10
B4 héng
i} pan
# shu

13 dei
HE kan
% X

UK bing
iz fan
o gu

Fk chu
i lang
£l dou
" kuang
B jie

W xie

fE kuang
¥ 16u

Ji temple
% fog

i to run
3} to fight
J& later

5t to die
£ animal
2L purple
IX this

% to close
1 to hit
£k green
% to depart
%8 wrong

Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic

Note. Items with * were adapted from Zhou and Marslen-Wilson (1999c).
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Table 43

Experiment 2: Semantic-Radical Prime and Target Sets

ltem Prime Target

No. Character level Radcial level Character Activation
Related Control Related Control

1 JZtostand & jade i peaceful 4% chaste ARl Phonological

2 #toreform Z%5toraise  #tobow  #tohold  #% gé Phonological

3 K wood ' middle % model % together %= mu Phonological

4 3 script H. mutual Wi colored  JH wave 5] wén Phonological

S 1 stone - half it bang #F to attack ~ 5E shi Phonological

6 & sound 5 note A beautiful 3 mud FH yin Phonological

7 = bow K big iH to quell  1H next o gong Phonological

8 78 millet % toclimb % sticky fili anvil B, shii Phonological

9 H ear J* toend Bk todelay  #£ pillow IR ér Phonological

10 K grain W must & careful ZH thorough Al hé Phonological

11 Ul shell Ft torise % complete 3% tera # bei Phonological

12 H field Ml trade fizi abnormal 4 horn Eif tidn Phonological

13 JF spear 3k head ¥ pity # belt E mdo Phonological

14 £ corner K night fill goblet 5 curve i jido Phonological

15* boat ) light fit helm B¢ ostrich 5 zhou Phonological

16* ] feather ~ 5 draught % plume 4 jar Ty Phonological

17*  + bone J& surname  #% bone #tocarve 4 gi Phonological

18*  j& deer Foldman i unicorn  ZH horse # U Phonological

19*  H eye 1 essence  H# eyelash  fEaname  #tmu Phonological

20*  f5 slice 7 tooth J&£ archive % calf I pian Phonological

21* 1l mountain /> small U4+ steep ¥ hideous M shan Phonological

22 T work T~ down I to fortify Wl alum F5 business ~ Semantic

23 37 to stand female v peaceful & chaste it to rise Semantic

24 Hitoreform Z5toraise  #tobow  $ to hold o4 to change  Semantic

25 3 script H mutual  %# colored i wave % character ~ Semantic

26 ¥ sound % note #1 beautiful ¥4 mud i loud Semantic

27 & until M excited  #toattain 1% hazelnut 1A toarrive  Semantic

28 % arrow = owner 4 short 2k to file iy arrow Semantic

29  Hear J& to end Hi to delay %L pillow W to listen  Semantic

30 K grain P must & careful ZH thorough  Hj sprout Semantic
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Table 43 (cont.)

31
32
33
34
35
36
37
38
39
40*
41*
42*

D1 shell
H insect
H field
7 spear
7K wood
5 bow
Z= millet
1 blood
T to give
71 page
-+ soil
+F king

Ft to rise
7E at

V. trade

3k head

1 middle
X big

% to climb
3% surname
X too

7 to hit
I vast

X wind

Ji% complete
T rainbow
i abnormal
7 pity

% model
3 to quell
Zi sticky
it quarrel
¥ happy
Fili skull

Br wall

H gem

¥ tera

L conflict
¥+ horn

# belt

% together
{H next

fiti anvil

2f to trip
% rubber
fi5 gull

1 weary
£ hibiscus

Ek pearl
¥ grass
A& farming
J& shield
1t. flower
%} to shoot
R grain
> heart
% to grant
4% paper
Y& mud

i crown

Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic
Semantic

Note. Items with * were adapted from Zhou et al. (2013).
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Appendix G: Materials for Experiment 3

A. Phonological Activation of Phonetic Radicals

1. BATEFRREFEIS, 8 REMERER R . (Cloze probability: 0)
Our family wishes you a Happy New Year, each day filled with good health and joy.
TEIRHAR T RIG 2 bR, FREOHPLIRFEE. (Cloze probability: 0.91)
In the spirit of this holiday season, I sincerely wish you happiness.
Target: i zhu
Radical prime: . xiong
Character-level related prime: 13 zhu
Radical-level related prime: X| xiong
Control prime: H. chou

2. EATEB AN ERE L, K22 EE . (Cloze probability: 0)
Please take off your jacket before entering; this is a requirement of the security department.
BN B N AN VR, T TRTIE LSRG 1. (Cloze probability: 1)
Shoes are not allowed in the sacred temple; please take off your shoes before entering.
Target: it tuo
Radical prime: bt dui
Character-level related prime: i tuo
Radical-level related prime: BA dui
Control prime: f1- shén

3. AU T —IREE, P E 1. (Cloze probability: 0)

He accidentally hit a car and was thus taken by the police.
M e 3 T L0KT, 2589 —4Z%3& 1 . (Cloze probability: 1)
He jaywalked at the intersection and was hit by a car.

Target: fi# zhuang

Radical prime: # tong

Character-level related prime: *k zhuang

Radical-level related prime: [A] téng

Control prime: [i] wen

4. BMERABEHE RN, WL ETE . (Cloze probability: 0)
If you do not have vinegar, you can use lemon juice instead.

LA R RIE BRI E R, bR —AJBE 5817 . (Cloze probability: 0.82)
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If you want to cook sweet and sour fish, you will need to add sugar and vinegar.
Target: fiff cu
Radical prime: & x7
Character-level related prime: {i£ cu
Radical-level related prime: /§ xi
Control prime: 3F bing

IR SEARE N gk s, XMRIEILR GRS . (Cloze probability: 0)
Just stop hiking if it is slippery; it is dangerous to climb the mountain in such weather.
BURIRE O g ik, B/ RIEIR G . (Cloze probability: 0.75)
As the snow had turned into ice, the road became very slippery and dangerous.
Target: & hua
Radical prime: & gu
Character-level related prime: 4 hua
Radical-level related prime: & gii
Control prime: ¥ rui

C IRRAREE TR T, Rt —E S 2. (Cloze probability: 0)
If you had lost your wallet and phone, you would be worried too.
WIT 2 Jafh B3R ESS, kR EH B T . (Cloze probability: 0.77)
After the chemotherapy, he looked very weak and had lost most of his hair.
Target: # diao
Radical prime: & zhuo
Character-level related prime: i1 diao
Radical-level related prime: y# zhud
Control prime: I gang

C WRZ TSIz, 5Bk #H . (Cloze probability: 0)
If the child starts coughing he will need to take medicine; otherwise, it will only get worse.
i3 T E R 5, LURE— B /EREMK. (Cloze probability: 0.94)
He was seriously ill with pneumonia and was coughing the whole time during class.
Target: 1% ké
Radical prime: % hai
Character-level related prime: 7% ké
Radical-level related prime: 2 hai
Control prime: & liu
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8.

10.

11.

fih B XK IZ BRI B B, AN EXRIZER KB Y). (Cloze probability: 0)
He likes spicy food and sweets, but does not like sour food.
M NEZE DU N KA, BT PAR ZXRIZ3K . (Cloze probability: 0.91)
He grew up in Sichuan province and thus really likes to eat spicy food.
Target: #f la
Radical prime: * shu
Character-level related prime: fi&§ la
Radical-level related prime: K shu
Control prime: /X ér

R BATE T X3 3e, AL KL M. (Cloze probability: 0)
Even if we lose this game, I will not be too sad.
HSTHEER R RIFRR, Wit AEZ. (Cloze probability: 0.83)
Actually never giving up is what matters; it is not that important whether we win or lose.
Target: % shii
Radical prime: A7 yu
Character-level related prime: 15 shii
Radical-level related prime: 4 yu
Control prime: % juan

Tt ANE SEREESE T F JLW, MK T TN % . (Cloze probability: 0)
She not only bought several shoes, but also bought a couple pants.
TAHABESINGEAL T, 5% X% 417, (Cloze probability: 0.82)
I will attend a wedding next month, so | need to buy a pair of new shoes.

Target: #£ xié

Radical prime: =E gui

Character-level related prime: &} xié

Radical-level related prime: V4 gui

Control prime: £} fu

BAREANME T — g A, (HEEZAKIE. (Cloze probability: 0)
Even though we borrowed some utensils, there were still not enough.
RAABATTSEA B A, RbF m B 1A 7. (Cloze probability: 0.91)
Because they were unable to buy this book, they had to borrow it from the library.
Target: f# jié
Radical prime: & x7
Character-level related prime: )i jié
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Radical-level related prime: /§ xi
Control prime: 3 bing

12, R g — A H AT, (HEE K@, (Cloze probability: 0)
It is okay if you want to renew it for one more month, but you have to let me know.
HArf AR 24 —=H, WRAEHEEM L. (Cloze probability: 0.75)
The current lease will expire in March this year, but you will be able to renew it.
Target: £ xu
Radical prime: % mai
Character-level related prime: J¥ xu
Radical-level related prime: % mai
Control prime: J& gi

B. Semantic Activation of Phonetic Radicals

13. Al Wad Btk Wit oy, AFEPIE X . (Cloze probability: 0)
He has never seen a donkey or a horse and does not know the difference.
MY FWARZIRMIL, e SHIPER . (Cloze probability: 1)
There are many hybrids in the animal kingdom; for example, a mule is the offspring of a
horse and donkey.

Target: I donkey

Radical prime: /* household
Character-level related prime: % to ride
Radical-level related prime: % family
Control prime: 7 tall

14. AR X 7 oKk, £ESMA B AL FLEENE . (Cloze probability: 0)
Their dog has escaped again; it’s running around right now.
R U s At S XY, Tt A R—FI AT . (Cloze probability: 0.92)
He begs his mom to buy a pet for him, regardless if it is a cat or a dog.
Target: i dog
Radical prime: %] sentence
Character-level related prime: Jfi cat
Radical-level related prime: ir] word
Control prime: Rk shape

15. SR JE Ak ek 1 AR Lk, b1 17— NEEWE. (Cloze probability: 0)
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16.

17.

18.

Then he blew the candles and made a wish.
NI AR R 7R, RIRESE XK AE T . (Cloze probability: 0.73)
Right after he hung the clothes up, the wind started and blew the clothes away.
Target: X to blow
Radical prime: /X to owe
Character-level related prime: % to blow
Radical-level related prime: 157 debt
Control prime: i% dawn

Tl AR B AR ST, Fr LAk T4 J Uitk (Cloze probability: 0)
He thought it was very smooth and refined, so he bought several bottles.
XFE HFEE TS, BRI X A& XEEM . (Cloze probability: 0.92)
This distillery has a long history; their liquor has a fragrant nose and is very smooth.
Target: /i smooth (used to describe alcohol)
Radical prime: = to enjoy
Character-level related prime: i alcohol
Radical-level related prime: F to use
Control prime: == owner

XA ARSI PIROR, 128 B R B RCANE - (Cloze probability: 0)

The man was chopped and bleeding badly; he may not make it even we send him to the

hospital.
fAITAE B AR KA ER AT, F7F THEMZBK T - (Cloze probability: 1)
They walked to the tree and chopped it down with an axe.

Target: fik to chop

Radical prime: /X to owe

Character-level related prime: &% to chop

Radical-level related prime: 157 debt

Control prime: i dawn

W Ui /NARRE T HRAG LG, FRATRE ML T - (Cloze probability: 0)
After hearing that Xiao Li’s eyes had become blind, we were all very sad.
P E R P OAE T, FHUSHRISHEE T . (Cloze probability: 0.83)
His ears had been deaf for a long time, and after the accident, his eyes became blind.
Target: i blind
Radical prime: 2 to harm
Character-level related prime: & blind
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Radical-level related prime: 17 to hurt
Control prime: XI surname

19. W RARAEH LR /NS, BAAIE R M 46 . (Cloze probability: 0)
If you want to shoot those birds, you need to start as soon as possible.
B BIRME G IT 5 &, R S5 T 2. (Cloze probability: 0.91)
After seeing the goose, he drew his bow and shot an arrow towards the bird.
Target: it to shoot
Radical prime: ~J" a unit of length
Character-level related prime: 3 bullet
Radical-level related prime: X a unit of length
Control prime: 55 leather

20. WA VFEABRMATAHH L, R34 Witk . (Cloze probability: 0)

We do not blame them for being careless, but just feel that it was such a pity.
XA ER R T 477, BrbAIRSE AR . (Cloze probability: 0.71)
This time he had tried his best, so | do not blame him at all.

Target: %t to blame/strange

Radical prime: 2% sacred

Character-level related prime: #f strange

Radical-level related prime: # deity

Control prime: ¥ to hold

21, WRSEAFERAERN 7 1R 1d,  FRATTHE SR 5K RIE ! (Cloze probability: 0)

If you do not think it is too soft or too hard, we will just go ahead and buy this bed.

L IX PR R A, A OB %K 7. (Cloze probability: 0.73)

Seeing the girl begging him with tears, his immediately softened and changed his mind.

Target: X soft

Radical prime: /X to owe
Character-level related prime: 2 soft
Radical-level related prime: 15t debt
Control prime: i dawn

22 HEREERTIRE S, TTULHIRE 4. (Cloze probability: 0)
It is quite easy to twist this grass into ropes, and | can teach you how to do it.
MAETFLIE T — R, REIEE T4 JLT T . (Cloze probability: 0.8)

He blew into his hands and twisted his hands several times to warm up.
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Target: #% to twist

Radical prime: % bad

Character-level related prime: £ to knead
Radical-level related prime: ¥ bad
Control prime: I ton

23, MR IX AN R Y, RANOZIRME R . (Cloze probability: 0)
His mistake was actually very serious, and it might be difficult for me to forgive him.
Ha FEA NRTERER, BEA RN %, (Cloze probability: 0.75)
In reality, no one is perfect, and everyone makes mistakes.
Target: £% mistake
Radical prime: & the past
Character-level related prime: % mistake
Radical-level related prime: [H old
Control prime: i} leaf

24, fEUE TREEL TAEDGE, AEWANZEN T . (Cloze probability: 0)
After deciding to leave the job, | was no longer afraid of my boss.
M SZEZAN T IXANEMR, RERE TIXANTAFE. (Cloze probability: 0.88)
He really could not stand the boss anymore and decided to leave the job.
Target: & to quit
Radical prime: 3¢ spicy
Character-level related prime: %l to leave
Radical-level related prime: % spicy
Control prime: i& surname

C. Phonological Activation of Semantic Radicals

25. AT THE B B4 ™ s sk, AREHET TS T . (Cloze probability: 0)
They closed the windows and then shut the door.
HTREMESEAENMC T, m AR #H3E 7. (Cloze probability: 0.83)
Because of extremely low visibility, the highway was closed.

Target: ¥} feng

Radical prime: £ gui
Character-level related prime: X\ feng
Radical-level related prime: 14 gur
Control prime: £} fu
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26. W H OB A W, JF B 5B, (Cloze probability: 0)

27.

28.

29.

A lack of enzymes will cause health problems and allergies.
BN TA4eANIE, AFHIGEERZ . (Cloze probability: 0.56)
Some people cannot digest milk, which is usually caused by a lack of digestive enzymes.
Target: fi§ méi
Radical prime: % you
Character-level related prime: % méi
Radical-level related prime: & you
Control prime: 7£ zai

BRI LI 2 T, THREEAF#KZ D, (Cloze probability: 0)
Even though taxes have increased, salaries remained more or less the same.
LB BURZ 5, MR BLAS FFIRIL . (Cloze probability: 0.62)
After the local government revised the policies, they no longer refunded taxes.
Target: #i shui
Radical prime: K hé
Character-level related prime: B shui
Radical-level related prime: J7] hé
Control prime: #J gou

i T —BEERA G, ATH ALK RBHE . (Cloze probability: 0)
He bought a pound of apples and strawberries and planned to make a fruit salad.
JE[H KT AR g, EENZBEMIZE A . (Cloze probability: 0.42)
The British units of length include inch, and the units of weight include pound and ounce.
Target: 5% bang
Radical prime: £ shi
Character-level related prime: #% bang
Radical-level related prime: i} shi
Control prime: {2 dan

Tt 5 OKES 7 ARERL, (H2 g2 Mk T . (Cloze probability: 0)
He thought that it was really cool and wanted to do the same, but was stopped by the teacher.
A 185 S5 5 78 AR, B RRIBEE LT . (Cloze probability: 0.42)
They were wearing sunglasses and stylish coats and looked really cool.
Target: fiE ki
Radical prime: 7§ you
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30.

31.

32.

33.

Character-level related prime: #% ku
Radical-level related prime: & you
Control prime: 7£ zai

WA KA LAoK, e Fin— s JLEL. (Cloze probability: 0)
If the soups turns too thick, you can add a bit more water and some salt.
FE AR IR TINTE R, 7Tt i VF 2 . (Cloze probability: 0.33)
If you add some starch to the soup, it will become much thicker.

Target: # chéu

Radical prime: &K hé

Character-level related prime: % chéu

Radical-level related prime: yi] hé

Control prime: 4 gou

LT RBN T AR, ERMNIZIL— 5. (Cloze probability: 0)
It is not good for girls to become too sticky (dependent); they should still be independent.
SRR IR AREBEE:, V5 S #7008 X F 1. (Cloze probability: 0.38)
Even though it was very hot, | was unable to take a shower and felt really sticky and sweaty.
Target: &l nian
Radical prime: 78 shii
Character-level related prime: 4F nian
Radical-level related prime: i shii
Control prime: %& ci

FATTA Rl R E XK, Bt DA RR A K 3 . (Cloze probability: 0)
They do not write any posts but only like to lurk, and are thus called lurkers.
W 350 o sl ANE 54 T, IS A4t R s T . (Cloze probability: 0.42)
| heard that the website not only warned him but also deleted his posts.
Target: I tie
Radical prime: 11 jin
Character-level related prime: & tie
Radical-level related prime: % jin
Control prime: 15 shii

AR BRI HA K, FATHER M = Xz . (Cloze probability: 0)
This kind of cookie will melt in your mouth and is not too sweet; we all really like it.
W Bt 7 IRFIRLLG, KUEE L #SER 1. (Cloze probability: 0.75)
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After hearing her saying “I love you,” Zhang Ming felt that his bones had melted away.
Target: fik si
Radical prime: & you
Character-level related prime: 75 si
Radical-level related prime: & you
Control prime: 7 zai

34, G AR AR B X FPER, WA R A J) . (Cloze probability: 0)
If you want to scrape off the paint, you will need to use a special knife.
AMUE CEBTROR T, KBGO T WE. (Cloze probability: 0.62)
Not only did the snow get stronger, the wind also started to blow stronger.
Target: | gua
Radical prime: & shé
Character-level related prime: /K gua
Radical-level related prime: & shé
Control prime: 1 dii

35. ML A HMR iz, (Ha2rigdEH &5, (Cloze probability: 0)
This kind of wine is a good match with steaks, but it’s very expensive.
PG R E 2, Lhansr g iZBi %k . (Cloze probability: 0.53)
Color combinations are quite important; for example, red should be matched with green.
Target: fic pei
Radical prime: % you
Character-level related prime: {ii, péi
Radical-level related prime: & you
Control prime: 7£ zai

36. XA R T 4 JLANE, A EEA B T . (Cloze probability: 0)

This piece of clothing is broken with holes; you cannot wear it anymore.

it o E 25 IEAE T, B IR ER . (Cloze probability: 0.75)

He said that Chinese economy was sliding, and that the realty bubble was about to break.
Target: #% po
Radical prime: £ shi
Character-level related prime: i8 po
Radical-level related prime: i} shi
Control prime: {2 dan
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D.

Semantic Activation of Semantic Radicals

37. HsgmT DI — e 42, ARSI ZE BBt (Cloze probability: 0)

38.

39.

40.

You can just rent an SUV, and then drive there for a trip.
AR RAT I 7R AL, P SEEfE e — & . (Cloze probability: 0.92)
If you need a camera for your trip, you can just buy, borrow, or rent one.
Target: fH to rent
Radical prime: 7K grain
Character-level related prime: f to borrow
Radical-related prime: 1 sprout
Control prime: % rock

HoseftANET HALARE, SMIE2ZIRAEE . (Cloze probability: 0)
He is actually not short or over-weight, and is in good shape.
XA TAEX S =i 2Kk, Tk w2817, (Cloze probability: 1)
This job has no requirement regarding body height; whether tall or short does not matter.
Target: %% short
Radical prime: 7% arrow
Character-level related prime: & short
Radical-related prime: #i arrow
Control prime: & to comfort

WHATER— N HEE, SUESAREENL. (Cloze probability: 0)
Please weigh your luggage before entering; otherwise, you will not be allowed to board.
WA E T ) EE, AHFERFR— T ! (Cloze probability: 0.92)
If you want to know how heavy it is, you should just take a scale and weigh it.
Target: FK to weigh
Radical prime: 7K grain
Character-level related prime: = to measure
Radical-related prime: 11 sprout
Control prime: & rock

FEAEE SN AR IE, KBEF ARITH 1. (Cloze probability: 0)

The house was very messy and dirty; it seemed that it had not been cleaned for a long time.
AT 58 LA A B EE,  BIALER SR XELRT . (Cloze probability: 0.89)

They did not cleaning up after using the room; it’s dirty and messy everywhere.
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Target: #il. messy

Radical prime: i tongue
Character-level related prime: & chaotic
Radical-related prime: -1 mouth
Control prime: . self

41, AL THRFRZKE, HBEZTFIIZE . (Cloze probability: 0)

We bought candies and fruits, hoping that the kids would like them.

Wr % TR BRIz &, fhitar T JLBE % . (Cloze probability: 0.83)

He heard that the kids really liked sweets, so he brought some candies with him.
Target: ## candy
Radical prime: K rice
Character-level related prime: #if sweet
Radical-related prime: 4} rice
Control prime: %) to supplement

42, IR SEANFERIL AR E, WYFREREER Y. (Cloze probability: 0)

If I buy a scale and record my weight, maybe I will successfully lose some weight.
Al RAR SR HIRIE L, O FRLLR . (Cloze probability: 0.69)
However, he has always been very fair, as if there was a scale inside him.

Target: ¥ scale

Radical prime: 7K grain

Character-level related prime: il to measure

Radical-related prime: 1 sprout

Control prime: & rock

43. filfk 7 IR R T b, B A BB . (Cloze probability: 0)
The melted wax dripped on the table; he couldn't clean it no matter how hard he tried.
PRIFXPHIARAEF fRi B, K E— 2547 1. (Cloze probability: 0.54)
It’s very easy to care for this type of hardwood floor; all you need to do is waxing it.
Target: # wax
Radical prime: H insect
Character-level related prime: 44 candle
Radical-related prime: JI€ to crawl
Control prime: il to guide

A4, fh AR KR ORI T, BT MR ELH AR . (Cloze probability: 0)
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45.

46.

47.

He felt terrible and thought that he was a loser, so he decided to commit suicide.
KT TFETRAZE, LIFEAELKNME 7! (Cloze probability: 0.44)
Because | lost so much money, | was feeling terrible.

Target: ¥4 terrible

Radical prime: > rice

Character-level related prime: %= rotten

Radical-related prime: 4} rice

Control prime: b to supplement

ST FWRTEERK, BRIRAKNE T . (Cloze probability: 0)
There was a thick layer of dust accumulated on the desk; it seemed that the room had been
empty for a long time.

XEMHAK RGIRE G, — W EgiA/K. (Cloze probability: 0.67)
The drainage system is very backwards here; whenever it rains, water will accumulate on
the roads.

Target: # to accumulate

Radical prime: 7K grain

Character-level related prime: 4£ to gather
Radical-related prime: 1 sprout

Control prime: & rock

32T —iRiE LS Z N, 05 T —ikE&iE K. (Cloze probability: 0)
He bought a piece painting for the teacher and wrote a thank-you card.
IR B VGRS R ATLASE—M@E7 & . (Cloze probability: 0.45)
If you like these art works, you can buy a piece to take home.

Target: 1 piece (classifier for paintings)

Radical prime: 111 towel

Character-level related prime: iH] painting

Radical-related prime: 17 cloth

Control prime: 5 history

R E R ERZE, PEMOHI R T . (Cloze probability: 0)
Even though he was the solidly the sales champion, he has already been fired.
g 7 LS A g Skw, i E B EAEE 1. (Cloze probability: 0.92)
After drinking, he felt dizzy and couldn't even walk steadily.

Target: 2 solid/steady

Radical prime: 7K grain
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Character-level related prime: € stable
Radical-related prime: 1 sprout
Control prime: % rock

48. AR N MHRIREE, BZIRMEFEIXA TS, (Cloze probability: 0)
Even though it was short, it was fascinating; | highly recommend this book.
KEADIETFR KGR, Lt K2EA1T. (Cloze probability: 1)
You can send me your comments, whether it is long or short does not matter.
Target: i short
Radical prime: %< arrow
Character-related prime: 7% short
Radical-related prime: #ir arrow
Control prime: & to comfort
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