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ABSTRACT

This dissertation reports on three studies of the cognitive representations and processes in visual
recognition of Chinese two-characler compound words. Because Chinese two-character compound words
are composed of two spatially separated characters which themselves are words, there has been a debate
about whether these words are represented and processed in the mental lexicon as unitary wholes or as
combinations of the component characters (Zhang & Peng, 1992; Taft & Zhu, 19935).

The first two studies are concerned with whether Chinese two-character compound words have
decomposed or holistic arthographic representations in the mental lexicon. Study 1 made usc of the high
frequency orthographic neighbor inhibition effect (Grainger & Jacobs, 1996; Duvis & Lupker, 2006) in the
masked priming paradigm. It was found that & high frequency orthographic neighbor (c.g.. M (T, means
virtually in English) inhibited recognition of a low frequency target word (c.g., B, means hrief in
English). The high frequency orthographic neighbor inhibition effect was supposed to be caused by iexical
competition between prime and target words (Grainger & Jacobs, 1996). Therelore, the observation of
inhibition in Study 1 suggests that the prime words have word-level representations that compete with those
of target words for lexical access. [t is argued that the activated word-level lexical representation is likely to
be orthographic representation, rather than phonological and semantic representations, because the
influence of phonology was found to be limited in a follow-up experiment, and the semantic relatedness
between the prime and target words was low. Furthermore, because the inhibition effects were stronger for
semantically opaque than transparent compound words, it seems that opaque words are more likely than
transparent words to be represented as unitary units,

Study 2 adapted the transposed-letter similarity effect in English (Forster, Davis, Schoknecht, &
Carter, 1987, Acah & Pcrea, 2008) into transposed-character similarity effect in Chinese to Jurther examine
the orthographic representation of Chinese compound words. Study 2 examined ':thc processing of both
transposable and untransposable compound words to distinguish the decomposed account (which assumes
motpheme-to-word  activation) and the holistic account (which assumes activation of word-level
orthographic representation) of the mental representation of Chinese compound words. It was found that
transposable word-word pairs (c.g., %%, means tie in English-{#%l, means /ead in Fnglish) did not

produce significant priming effects. This result is inconsistent with the decomposed account, but is



explicable in terms of the holistic account. Two follow-up experiments show that the transposed-character
similarity effects differ for transparent {e.g., 4f{, mcans pr;md in English) and opaque words (e.g., "%,
means careless in English)., Transposed nonwords show significant facilitation eifect to the original words
when the original words werc opague (c.g., J€'5-"4%) but not when they were transparent words (c.g..
-85 0. 1t suggests that opaque words are more likely than transparent words 1o be represented as
orthographic wholces. The findings of word-level orthographic representation and the influence of scmantic
transparency provide convergent evidence for the conclusions reached by Swudy 1.

The third study investigated whether or not the meaning ol a component morpheme would be
activated in the process of recognizing a Chinese two-character compound word. Current accounts of
morphological processing disagree on whether morphological processing is form then meaning. or form
with meaning (Feldman, O’Connoer, & Del Prado Martin, 2009; Davis & Rastle. 2010). The focus of the
debate is actually whether morpheme meaning activation occurs al carly stage of compound word
processing. This study attempted to contribute to that debate by trying to dissociate morphological
processing of form and mcaning. The method was 10 investigate masked priming eifects produced by
prime-target pairs that contained a pair of semantically related morphemes but without any overlap in
orthography, phonology or whole-word meaning (e.g., Wadd /swrprised in Englishi- § 5 break onels
promise in Lnglish/). Since there was no overlap between the prime and the target in form, any priming
effects produced could be attributed unequivocally to activation of morpheme meaning (e.g., -, both
means eat in English). The resubs of Study 3 show that morpheme meaning activation without form
overlap occurred as earty as the first 60ms of word processing. This finding is more consistent with the
form-with-meaning than the form-then-ineaning account,

In sum, the three studies suggest that, on one hand, Chinese compound words. particularly the
opaque ones, scem to be represented as holistic orthographic units in the mental lexicon. On the other hand,
the meanings of the component morphemes are activaled in visual recognition of Chinese compound words,
supgesting a decomposed access. The implications of these results for a model of Chinese compound word
represeniation and access, as well as the dispute between morpho-orthographic and morpho-semantic

decomposition accounts of morphological processing in other languages, were discussed.
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Chapter 1. Introduction

Chapter 1 Introduction

1.1 Context of the study

One of the hotly debated issues concerning visual recognition ol Chinese words is
the representation and processing of compound words. Despite the fact that Chinese
compound words are formally composed ol two compuonents (characters), previous
studics have shown that thcy may be processed as wholes and that word-level

representations and processing may affect character-level processing.

Take Word Superiority Effect (WSE) in Chinese as an example. [t was found that
characters included in real compound words are more likely 10 be correctly reported than
those included in two-character nonwords (Mok, 2009) (e.g., & Jappearance in Lnglish/
n AN /manner in English/ vs. in & &). Similar findings were also observed in an eve
movement study by Yan, Tian, Bai and Rayner (2006). They found that word frequency
aflects reading time on compound words and moderates the effect of character frequency,
Specifically, fhe frequency of characters included in low frequency compound words
affected reading time on compound words. while the frequency of characters embedded
.in high frequency compound words did not. The moderation effect of compound words
on component characters was also observed by Li, Rayner and Cave (2009), who tound

that character identification accuracy was much higher when the characters comprised



Chapter I Introduction

one four-character word (e.g., N EHi 4. /be ar a loss in English/ ) than two

two-character words (e.g., 2t Vs, frapidly in English/: /practical in English/).

If Chinese compound words are represented as wholes. 1t is not surprising that
compound words rather than characters are found to be the basic prucéssir[g units in
normal Chinese reading, Bai, Yan, Zang. Liversedge and Rayner (2008) found that
inserting a space between cvery two two-character words in a text did not interfere with
normal reading, while inserting a space between cvery two characters that form a word
did. It suggests that two-character words are likely to be processed as unitary units.

However, their results should be taken with cautions because abnormal spacing between

characters destroys word boundarics and may increase cognitive processing load.

Although these studics show that Chinese compound words may be represented
and processed as unitary wholes, one aspect that they did not make clear is which kind of
whole-word representation exists for Chinese compound words. A word’s representation
in the mental lexicon consists of three interlocking parts - an orthographic, a phonological
and a semantic representation (Perfetti, Liu, & Tan, 2005). Researchers have found that
Chinese compound words are likely to have word-level phonological representations
(Law, Wong, & Chiu, 2005) and word-level semantic represcnlationg (Zhou,
Marslen-Wilson, & Shu, 1999). lowever, the status of orthographic representation
remains a question. In visual word recognition, the most important component of lexical

representation is orthographic representation becausc it opens the door of the mental

| o]



Chapter 1 Introduction

lexicon. Thus, the present study aims to investigate word-level orthographic

representations of Chinese compound words,

How arc lexical representations ol Chinese compound words accessed? This
question concerns morphological processing of compound words. Morphemes are
linguistic units that conjoin both word form (orthography and phonology) and meaning
information. Thus, morphemes may function as orthographic indicators tor access of
compound word entries in the mental lexicon. At the same time. morphemes may also act

as meaning atoms for access of compound word meaning.

Compound words are one kind of complex words that are composed of two free
morphemes. On the one hand, the majority of Chincsc words are compound words, and
therefore, studies of morphological effects in Chinese mainly deal with compound words.
On the other hand, the main types of complex words in the English language are inflected
and derived words. Thus. the review of previous studies of morphological effects will be

mainly about such complex words when it comes to the English language.

The effects of component morphemes on complex word processing have been
extensively studied in the past three decades since Taft and Forster’s (1975: 1976)
pioneering studics. Rescarchers have proposed several models ta account for numerous
empirical findings about complex word processing. In accordance with their fundamental

theorctical assumptions, such models can be divided into two sides: localist and
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distributed accounts.

The localist accounts can be further divided into carly and late variants,
depending on the assumed time course of morphological decomposition. Early
decomposition accounts include the Prelexical Model (Taft & Froster, 1975 1976), the
Interactive Activation Model (Taft, 1994; Taft & Zhu, 1995) and the Dual route Model
(AAM model, Caramazza, Laudana, & Romani, 1988. MR model, Baayen, Dijkstra, &
Schreuder, 1997), Both the Prelexical Model and the Intcractive Activation Model
assume that form-based morphological decomposition is prelexical and obligatory.
However, the Dual Route Model assumes that there are both a morpholopical
decomposition route and a whole word access route and the two routes are relatively

independent of cach other.

Late decomposition accounts include the Supra-lexical Model (Giraudo &
Grainger, 2000; 2001) and the Hybrid Model (Diependacle, Sandra, & Grainger, 2005;
2009). The Supra-lexical Model asserts that morphological activation lags bechind whole
word activation. But the Hybrid Modecl includes both a sublexical morpho-orthographic

decomposition and a supra-lexical morpho-semantic activation.

The Distributcd Model, also called the Connectionist Model (Plaut & Gonnerman,
2000), denics the existence of discrete morphological units. It is proposed that a

distributed network of nodes representing form and meaning can capture morphological
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relationships by changes in the weights of the connections between the nodes.

Morphological processing has also been examined in Chinese, mainly with
compound words. The first documented study ot Chinese compound word processing ts
Zhang and Peng (1992), who found that character frequency attected lexical decisions to
compound word targets. suggesting that component characters/morphemes are activated
in Chinese compound word processing. In the following decade. a great amount of
research on Chinesc compound words was conducted and theoretical frameworks were
developed. Influential models include the Multi-tevel Interactive Activation Model (laft
& Zhu, 1995; 1997 Taft, Liu, & Zbu, 1999), the Intra/Inter Connection Model (Peng. Liu.
& Wang, 1999) and the Non-Hierarchical Scmantically Based model (Zhou,
Marslen-Wilson, & Shu, 1999). All models of Chinese compound word processing
acknowlédgc the coexistence of morpheme and word-level representations. The
Multi-level Iqteractive Activation Model assumes that morpheme-level representation 1s
set at a lower levcel than whole word level representation. The other two models contend
that the two types of representations arc sct at the same level. Jowever, a review of the

literatures shows that few developments have been made since these carly works.

In short, current models of morphological processing in compound word
recognition differ with respect to two major issues: (1) the locus of morphological
processing - prelexical or supralexical; and (2) the nature of morphological processing -

morpho-orthographic or morpho-semantic (Davis & Rastle, 2010; Feldman, O’Conner, &
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Del Prado Martin, 2009).

1.2 Research questions

The present research has two foci. The {irst is about the mental representation of
Chinese compound words: the second is about morphological processing in the access of

Chinese compound words. These two research questions were tackled in three studies.

1.2.1 Research question 1

Previous studies have revealed that Chinese compound words may be represented
as wholes but they did not make a distinction among different types of representations.
Thus the first research question, addressed in Studies 1 and 2, concerns whether Chinese
compound words have word-level orthographic representations in the mental lexicon. The
influence of semantic transparency on compound word representation will also be

addressed.

1.2.2 Research question 2

The second research question is related to the access of Chinese compound words.
Study 3 investigated morpho-semantic activation and its time course in the processing of

Chinese compound words.
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1.3 Significance
The rescarch will contribute to the ficld of compound word processing from the

following three perspectives:

Firstly, the present study will show whether Chinese two-character compound
words are represenied as two individual orthographic representations or one holistic
orthographic representation. The influence of semantic transparency on compound word
representation will also be revealed. The results of the present study, together with the
findings of word-level phonological representations (Law et al., 2005) and word-lcvel
semantic representations (Zhou ct. al, 1999), will reveal a full picture of lexical
representations of Chinese compound words. Mcanwhile, the findings will also bear on
whether human’s cognitive system emphasizcs more on  storage cconomy or

computation/processing efficiency.

Secondly, the findings of Study 3 will be used for distinguishing among difterent
models of morphological processing. The results may reveal the occurrence and the

time-coursc of morpheme meaning activation in Chinese compound words processing
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Chapter 2 Literature Review

2.1 Chinese compound word

According to the State Language Work Committee (2008), approximately 72.05%
of the most commonly used Chinese words (40351 out of 56008) are two-character words.
The majolr word-forming device for Chinese two-character words is compounding, which
refers to a language mechanism of creating new words by combining or putting together
two mono-morphemic words (or characters in Chinese). Compounding is the casicst way
to create or transfer new meanings in both Chinese and alphabetic languages (Libben &
Jarema, 2006, p2). Thus, investigation of the storage and processing of Chinese
compound words will not only help to clarify certain issues about Chinese words, but
also contributes to our knowledge on the most important morphological mechanism in

human languages.

Chinese compound words represent meaningful wholes but are formally
composed of two free morphemes. Each component morpheme corresponds to one
character on print and one syllable in sound. Chinese Characters are highly productive in
that each can combine with as many as hundreds of other characters to form different
two-character words. Take the character 4| (wind in English) as an example, it can
combine with other characters to form 357 different words (State lLanguage Work

Committee, 2008). Given that Chinese compound words are formally composed of two
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highly productive characters, it is tempting to ask whether Chinese compound words are

represented as holistic units or as two decomposed units in the mental lexicon.

The representation and access of Chinese compound words may be alffected by
factors such as semantic transparency and word frequency. Semantic transparency refers
to the degree of scmantic relatedness between component morphemes and the whole
word. Such relationship is much closer in transparent than opaque compound words.
Compared to transparent words. 1t is much harder to get the meaning of opaque words by

-

the sum of the component morpheme meanings. Thus. opaque words are more likely than

transparent words to be represented and accessed as wholes.,

Another factor that may affect compound words’ whole-word representation is
word surface/token frequency. Word surface/token [requency refers to the total number of
times a word appears in a corpus (Diependaele, Grainger, & Sandra. in press).
Whole-word frequency has been found to facilitate the processing of complex words in
studies of both alphabetic languages (c.g.. Niswander. Pollatsck, & Rayner, 2000) and
Chinese (e.g., Yan, Tian, Bai, & Rayner, 2006). For cxample, Yan and colleagues (Yan, ct
al., 2006) found that word frequency affect eye fixations in reading Chinese texts and
moderate the effect of character frequency. Although the frequency of the characters
embedded in low frequency words shows significant influence on participants’ rcading
speed, the frequency of the characters embedded in high frequency words docs not. Such

findings may suggest that high but not low frcquency words may have whole word
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representation and their component characters do not play a role in word processing.

The following section is divided into two parts: the first part concerns the
representation/storage of Chinese compound words; the second part concerns the role of
morphological processing in the access of Chinese compound words. Previous studies of
these two aspects will be reviewed and the research gap the present research aims to fill

will then be brought forward at the end of cach part.

2.2 Representation of Chinese compound words

2.2.1 Decomposed representation of Chinese compound words

As mentioned in the last section, compound words are highly productive because
characters can combine with one another to form a large number of new words. Thus, it is
reasonable to suspect that Chinese compound words are represented in terms of
characters. If this is the case, characters in different words should share one node in the
representational network. Each character will not be represented more than once.
Otherwisc, the same character would be represented repeatedly in different compound
words. Obviously, representing Chinese compound words in terms of characters may
save some cognitive capacity. Thus, pioneer resecarchers of Chinese compound word
studies have suggested that Chinese compound words are represented in a decomposed

way in the mental lexicon (Zhang & Peng, 1992).

However, there are reasons to doubt that Chinese characters may not be the

10



Chapter 2. Literature Review

optimal unit in which Chinese words are represented. First of all, because ot its high
productivity, a character may have very different meanings when it appears as a
component in different words. Such characters are quite similar to homographs in English.
For examplc, the meanings of the character {] in the words §)'Wr (mecans inquire about
in English) and f]'42 (means fight in Gnglish) are entirely different. Thus, it is hard 10
determine the exact meaning of the character based on character representation alone. A

word context is ofien necessary for determining the meaning ol component characters.

Secondly, the pronunciation of some characters is undctermined with the visual
form of a single character. For example, 4% can be pronounced as /huid/ in 23X
(means conference in English) and /kuaid/ in 2¥il" (means accountant in English). For

such characters, it i1s quite nccessary to rely on word context to decide their sounds and

meanings.

Considering the above two aspects, if component characters are the basic
representational units, the processing of Chinese compound words would not be cfficient.
Alternatively, if Chinese compound words are represcnited as unitary wholes, the match
between visual input and internal mental representation would be as fast as a dictionary
look-up process. The processing of component character/morpheme within the word
context would also be facilitated after the compound word has accessed its corresponding
representation in the mental lexicon. Hence, there are processing efficiency advantages

for representing Chinese compound words as orthographic wholes in the mental lexicon.

11
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2.2.2 Holistic representation of Chinese compound words

Previous models of Chinese compound words representation and processing hold
different views on the status of word-level orthographic representations. Specifically, the
Scmantic Overlap Model (Zhou, Marslen-Wilson, Taft. & Shu, 1999) denies the existence
of word-level orthographic representations of Chinese compound words. Instead, it
assumes that word-level orthographic rcpresentations are simply a combination of
component characters’ orthographic representations. Conversely, the Multilevcl
interactive-activation Framework (Taft et al.,, 1999) acknowledges the existence ol
word-level orthographic representations of compound words in the mental lexicon. It atso
assumes that morpheme-level representations are located at a lower level than word-icvel
representations and are connected upwardly with word-level representations. In addition
to the above two accounts, the balso acknowledges the existence of word-fevel
representation but did not make a distinction among semantic, phonological and

orthographic representations.

Some empirical studies provided evidence for word-level representations of
Chinese compound words. For example, the influence of word-level information on
component character processing has been revealed by the word superiority eftect (WSE)
in Chinese. [t has been found that a single character is perceived better when it is part of a
two-character word than when it is embedded in a two-character nonword (Mok, 2009).

These results can be explained if two-character words activate word-level representations

12
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in the mental lexicon that facilitate character-level processing.

Positive fecdback from word-level processing to character-level processing was
also observed in other studics. For example, in Li, Rayner and Cave (2009). tour
characters were briefly presented on the screen and the partictpants were asked to report
them verbally. The four characters can be combined into a single four-character word or
two 2-character words. It was found that the reporting accuracy was much higher in the
single word condition than the two words condition. It implics that the presented
characters were processed in terms of words. The advantage of single word condition

over two words condition may reflect the ease of processing one word than two words.

Two-character words are likely to be the basic processing units in normal Chinese
reading,, too. Bai and colleagues (Bai, Yan, Zang. L.iversedge. & Rayner. 2008) found that
inserting a spacc between two two-character words did not interlere with normal reading,
while inserting a space betwcen two characters that do not form a word did. However,
although these results suggest that two-character words are processed as wheoles. they
should be taken with cautions because abnormal spacing between characters destroys

word boundaries and may increasc cognitive processing load.

The existence of word-level representations is further supported by the finding
that compound words can be automatically activated in normal rcading. Inhoff and Wu

(2005) inserted four characters constituting two words in a sentence and asked

13
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participants to read them. In the ambiguous condition. the central two characters of the
four target characters can also form a word (e.g.. % FL%/l:, means students of
vocational school in English: 1% is also a word that means science in English). But in
the control condition, the central two characters did not form a word (e.g.. 43R EY

means natural science in English).. The results show that the gaze duration and total time
on the four target characters were much longer in the ambiguous condition than the
control condition. It suggests that any two characters falling in the perceptual span can be

activated even though this word does nol {it the parsing.

However. one aspect that these studies did not make clear is which kind of
word-lcvel representation is activated. Different kinds of word-level representations
should be distinguished. For semantic representation. it is quite likely for opaque
compound words to have word-level representations; but it is uncertain whether
word-level semantic representation is necessary for transparent words because whole
word meaning is almost equivalent to the combination of component morpheme
meanings. For phonological representation, word level representation is especially
important for characters that have more than one pronunciation (e.g., 2% iX/huid yid/ vs.
421l /kuaid ji4/). But such characters are not the majority of Chinese characters.
Importantly, the situation of whole-word orthographic representation is entirely unknown
because characters are written in the samc¢ way no matter it is used alone or as
components of compound words. Word-level orthographic representation may not be

necessary because it is exactly the same as a combination of component characters.
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2.3 Access of Chinese compound words

After discussion of the representation of Chinese compound words, another
question is how such words are accessed. Whether compound words are accessed as
wholes or as two units in compound word processing has been hotly debated. Recently,
however, the involvement ol component morphemes has been accepted by most
researchers. The focus of the dcbate now is in what ways component morphemes are
involved. In other words, the concern is whether cr;mponcm morphemes act as
orthographic cues for compound word access or as semantic components for compound
word meaning computation. The two accounts are called morpho-orthographic account

and morpho-semantic account in the following part.

2.3.1 Morphu-s.‘cmantic account

Morpho-semantic  activation has been routinely examined with the
morpho-semantic transparency effect in previous studies (Morris, Frank. Grainger, &
Holcomb, 2007; Rueckl & Aicher, 2008). Specifically, if transparent and opaque complex
prime words produce significantly different magnitude of priming etfects on their stems,
morpho-semantic activation is inferred. Conversely, if transparent and opaque words
produce similar priming effects, it is inferred that morpho-semantic information is not
involved in early morphological processing. Behavioral, eye movement and neural

studies have been used to test morpho-semantic activation.
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One of the pioneer studies of semantic transparency effect on complex words
processiﬁg is Marslen-Wilson, Tyler, Waksler, and Older (1994) in English. In a cross
modal {auditory-visual) priming experiment, they found morphological priming for
transparent complex words and their stems (e.g.. government-govern) only, but not for
opaque complex words and their stems (e.g.. apartment-apart). The results suggest that
transparent complex words were processed in a decomposed way., while opaque words
were treated as wholes. Thus, it is inferred that semantic factors aifect morphological
processing becausc the only difference between transparent prime-target pairs and opague
prime-target pairs was the degree of semantic relationship. Similar results were also

obtained with the long term priming paradigm (Rueck] & Aicher, 2008).

The semantic transparency elfect was also observed with Chinese compound
word by Wang and Peng (2000). Using unmasked visual priming paradigm (prime
duration 100ms), initial morpheme-compound word priming (e.g., X. beawifid in
English - 3E8H, beawriful in English), final morpheme-compound word priming (e.g., #H
beautiful in English - 3§ beawtiful in English) and morphologically related compound
word priming (e.g., K47, fine in English - XWN beauwriful in English) all revealed larger
priming effect produced by transparent pairs than opaque pairs. This finding suggests that

morpheme meaning activation occurs in Chinese compound word processing.

Morpho-semantic activation was also observed in neuropsychological studies. For
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#

example, Bollé, Schulz and Dobel, (2010) measured the neural activation (indicated by

MEG) of lexical decisions to derived German adjectives, pseudo-derived words that

replace the suffix of a real word by a synonymous suffix, and anomalous pseudo-derived

words that replace the suffix of a real word by a suffix out of role. The results show that

compared to real words and synonymous suffix pseudowords, lexical decisions to

L

anomalous suffix pseudowords increase brain activity of the left temporal lobe in the time
window of N400. The results suggest that morpho-semantic analysis took place in

complex words processing.

The influence of morpho-semantic processing on neural activation was also
observed by Morris, Frank, Grainger, and Holcomb (2007) with a backward masked
priming paradigm (prime duration 50ms, backward mask 20ms) in a lexical decision task.

They observed graded cffects for semantically transparent pairs (e.g., hunter-HUNT),

-

s:emantically opaque pairs (e.g., corner-CORN), and orthographically related pairs (e.g.,
scandal-SCAN) for both N250 and N400 component. The results show that semantic
transﬁarcncy affects morphological decomposition and thus provide more evidence to

morpho-semantic processing. Feldman et al. (2009) found similar results.

~

The' above studies used -indirect methods to infer the activation of

1

morpho-semantic information. Direct evidence of morpheme meaning activation was also
1
o LR . -
observed in normal reading by White, Bertram and Hyénid (2008), who found that a

parafoveal preview word éemantically related to the second constituent morpheme of a

17
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target compound word brought lacilitation effect on later eye movement indictors (i.e.,

* gaze duration, total rcading time) on the target.

2.3.2 Morpho-orthographic acceunt

Although the studies reviewed in the last section show that morpho-semantic
activation occurs in complex word processing, other rescarchers obscrved semantically
blind morphological decomposition. The latter groups of studies used both complex
word-root pairs and root-complex word pairs as prime-target pairs, both bimorphemic

and multi-morphemic words, and both low frequency words and high frequency words.

Morpho-orthographic decomposition is different from pure orthographic
processing. For example, Rastle, Davis, and New (2004) found that transparcnt (e.g.,
cleaner-CLEAN) and opaque (e.g., corner-CORN) complex word“s produced similar
amount of facilitation to lexical decisions of their roots, in a masked priming paradigm
(SOA' 42ms). However, pure orthographic primes (c.g., brothel-BROTI) did not bring
significant effect to target word recognition. This finding was confirmed by Longtin and
Meunier (2005) by the masked priming paradigm (SOA 47ms) with pseudowords
consisting of roots and suffixes and by Marslen-Wilson, Bozic, and Randall (2008) with

different SOA conditions (i.e., SOA 36, 48, & 72ms). All these studies show that

-

! Stimuius-Onset Asynchrony {SOA) refers to the length of time between the beginning of prime afid the

beginning of target.
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morpheme processing is {orm-based and insensitive 1o semantics, but it differs from

orthographic processing.

Morpho-orthographic decomposition was also evidenced for multi-morphemic
Russian words with the masked priming paradigm (prime duration 59ms) (Kazanina,
Dukova-Zheleva, Geber, Kharlamov, & Tonciulescu, 2008). Multi-morphemic words
containing two sullixes were used as primes and their roots containing one suflix were
used as targets. The results show that both transparcnt prime-target pairs {c.g.. gor-k-a —
GOR-A) and pseudo-derived prime-target pairs (c.g., lunk-a —~LUN-4) produced similar

facilitation, but orthographically related pairs (e.g., part-a =FPAR-A) did not.

The conclusion of automatic morpho-orthographic decomposition in most of the
studies reviewed above was drawn on low frequency complex words processing. The
influence of word frequency on morphological processing was examined by McCormick,
Brysbaert, and Rastle (2009). They found that complex primes produced similar
facilitation to their stems, regardless of word frequency, with a forward masked priming
experiment. The results show that morphological decomposition took place in both low

and high frequency complex words.

The morpho-orthographic decomposition account also received support from eye
movement studics (Pollatsek & Hyon4, 2005; Frisson. Niswander-Klement, & Pollatsek,

2008). For example, Pollatsek et al. (2005) recorded cyc movements of participants when
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they were reading sentences containing a Finnish compound target word. Semantic
transparency of the target words was manipulated. The results show that the semantic
transparency of the target words did not have significant eflcct on the gaze duration on
the target words. It suggests that semantic information may not affect the processing of

Finnish compound words.

Besides eye movement studies, morpho-orthographic decomposition was also
observed in neuropsychological studies. For example, Lavric, Clapp, and Rastle (2007)
used the masked priming paradigm (prime duration 42ms) to test the influcnce of
semantics on morphological decomposition in an ERP study. The N400 component
activated by opaque morphological pairs (e.g., corner-CORN) and transparent
morphological pairs (e.g., Aunter-HUNT) was quite similar. Both morphological pairs

elicit greater priming cilect than orthographic pairs (e.g., brothel-BROTH).

Similar pattern of brain activation was observed for transparent and opaque
Hebrew complex word pairs with priming paradigm (Bick, Goelman, & Frost, 2008). In
this study, half of the prime-target pairs were semantically related and the other half were
semantically unre.lated despite sharing a root. The FMRI results show that the activation
of scmantically related and unrelated morphologically rclated pairs did not differ
significantly. The results suggest that morphological processing in Hebrew was aiso

independent of semantics.

20
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It was also found that the brain region of morphological processing overlapped
more with that of orthographic processing than semantic processing in an FMRI study
(Gold & Rastle, 2007). In this study, lexical decisions to pseudo-morphological complex
word pairs (e.g., corner-CORN), orthographically related pairs (c.g., brothel-BROTH) and
semantically rclated word pairs (e.g., forest-TREE) were recorded in a masked priming
paradigm (SOA 30ms). The results show three brain regions for morphological
decomposition, with two of them (the posterior portion of the fusiform gyrus and the
extrastriatc region in a posterior portion of the middle occipitall gyrus) overlapped with
orthographic activation. The specific region for morphological dccomposition was the
anterior portion of the middle occipital gyrus. These results provided a neural basis for

morpho-orthographic account of morphological processing.

233 Forin-then-meaning account

The reason that there is evidence supporting either morpho-scmantic processing
or morpho-orthographic decomposition may lie in the diffecrences in the experimental
paradigms. Specifically, significant differences between transparent and opaque words
were found in cross-modal priming, unmasked visual-visual priming and masked priming
with long prime duration. However, under masked priming, where the prime words are
not consciously perceived, null effect of semantic transparency was often observed. If
this is the case, these findings are consistent with a form-then-mecaning account of

morphological processing of complex words.
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The form-then-meaning account has gained some empirical supports in the past
decade. For example, Rastle, Davis, Marslen-Wilson, and Tyler {2000) found that
transparent complex words produced consistent facilitation to their roots (e.g.,
departure-DEFPART) in both short and long SOA conditions, while opaque complex
words produced facilitation in the two shorter SOAs (43 and 72ms) but not in the long
SOA condition (230ms). It suggests that morpho-orthographic decomposition that can be
observed with both transparent and opaque words took place at the very early stage of
compound word processing, while morpho-semantic activation that can only be observed

with transparent words occurred at a later slage of complex word processing.

The form-then-meaning processing was also observed by Longtin, Segui, and
Hallé (2003), who examined morphological processing with French complex words by
both masked visual priming (SOA46ms) and unmasked auditory-visual priming. The
results of masked visual priming experiments show that prior presentation of a
transparent complex word, an opaque complex word, and a pseudo-derived word
produced similar facilitation to target root words. However, the results of auditory-visual
priming experiment show that only transparent complex words produced facilitation to
target root words. The contrasting findings with masked visual priming and unmasked
cross-modal priming experiments suggest that semantically blind morphological
decomposition may takes place at the early stagc of complex word processing, while the
semantic factors took effect at a later stage. Similar findings were also found by Feldman,

Soltano, Pastizzo, and Francis (2004).
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The form-then-meaning hypothesis also received support from neural studies. For
cxample, Morris, Grainger and Holcomb (2008) found that the brain activities of the
participants might differ when they were processing transparent and opaque related
prime-target pairs, depending on the stage of processing. They found that transparent and
opaque words elicited similar pattern in the early stage of thc N250 component that
should be regarded as an early stage activation component. However, the neural
activation pattern for transparent and opaque words differed from cach other on the late

stage of N250 component that may reflect top-down semantic activation.

2.3.4 Debate between form-then-meaning and form-with-meaning accounts

“Although the form-then-meaning account was supported by some empirical
studies, the debate between morpheme-orthographic account and morpho-semantic
account is far from settled. The critical issue is whether morpho-semantic activation
occurs at the very early stage of complex word processing. Some found that morpheme
meaning activation occurs at a later stage of compound word processing and thus
supported the form-then-meaning account (Rastle, Davis, Marslen-Wilson, & Tyler,
"2000); while others observed morpheme meaning activation at the very early stage of
compound word processing and thiis supported the form-with-meaning account (Feldman,
O’Connor, & Del Prado Martin, 2009). In fact, it is difficult to differcntiate the two
accounts. The critical difference between them seems to lie in the sequence of morpheme

form and meaning activation. If morpheme meaning activation is observed as soon as
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morpho-orthographic decomposition, it is supposed to support the form-with-meaning
account, Otherwise, if morpheme meaning activation lags bchind morpho-orthographic

decomposition, it is supposed to support the form-then-meaning account.

On the one¢ hand, Rastle and Davis {2008) concluded that the facilitation produced
by transparent and opaque complex words to their root were quite similar in size (30 vs.
23ms) after a review of nineteen recent studies on semantic transparency effect in
morphological processing under masked priming. Considering that the durations of the
primes in the reviewed studies ranged from 33ms to 59ms, their analysis show that at the
very early stage of complex word processing, morpho-orthographic decomposition may

be blind to semantic factors.

On the other hand, an opposite conclusion was recached by Feldman, O’Connor,
and Del Prado Martin (2009) after reanalyzing the same set of masked priming
experiments reviewed by Rastle et al. (2008). Feldman and colleagues noted that there
was a small but statistically insignificant effect of semantic transparency found in the
reviewed studies. When the results from the individual studies were pooled in a combined
analysis, a significantly larger priming effect by transparent words than opaque words on
their respective stem was found. Similar result was also found in their new experiment
(Feldman et al., 2009) and other studies with masked priming (c.g., Diependaele, Sandra,
& Grainger, 2009). Such findings suggest that morpho-semantic processing was indeed

observable at the very early stage of complex word processing and thus were against the
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form-then-meaning account.

In the face of the counterview from Feldman et al. (2009), Davis and Rastle (2010)
pointed out that some unmatched orthographic factors for transparent and opaquc
complex words may contribute to the results of Feldman et al., (2009). Specifically, some
opaque complex words containing quite irrcgular suffix changes (e.g., bliss-blistery) were
not treated as morphologically related pairs by other researchers (e.g.. McCormick et al..
2009). Including such words as opaque words may coniribute to the significant difterence
observed between transparent and opaque words by Feldman ct al., (2009). In addition,
Davis and Rastle (2010) used a more sophisticate method (funnel plots) to summarize

former studies and confirmed their original conclusions (Rastle & Davis, 2008).

24 Summan;y

Chinese compound words are meaningful units but composed of two
morphemes/characters. How such words are rcpresented in the mental lexicon is an
intriguing question. Previous studies have not reached a consensus (e.g., Zhang & Peng,
1992; Taft et al., 1999). They did not distinguish among orthographic, phonological and
semantic representations (e.g., Bai et al., 2008). Whether Chinese two-character
compound words are represented as orthographic wholes or not in the mental lexicon is

still an open question. The present study aims to fill this research gap.

The second focus of the present study concerns the access of Chinese compound
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words. The current debate on morphological proccssing centers on two aspects: the time
course of morphological processing (prelexical or supralexical) and the nature of
morphological processing (morpho-orthographic or morpho-semantic). These two points
can be combined into one question: Can morpheme meaning be activated at carly stage of
compound words processing? The second aim of the present study is to test morpheme

meaning activation during Chinesc compound words processing.

In order to answer the above two research questions, a series of masked priming
experiments was conducted. These experiments used the masked priming paradigm
instead of the unmasked priming paradigm, because of two reasons: (1) It has been
reported that in the masked priming paradigm with short prime duration, participants are
likely to perceive the prime unconsciously. But in the unmasked priming paradigm,
participants are likely to perceive and process the primes consciously. As a result, the
observed effects might be affected by the response strategies of the participants. (2) The
masked priming paradigm is supposed to detect early, automatic processing. According to
Perfetti, Tan and Liu (2005), activation of orthography in Chinese character processing is
quite fast and precedes phonological and semantic processing. Since the aim of the first
two studies was to examine orthographic processing of Chinese compound words, the
masked priming paradigm is more appropriate than the unmasked priming paradigm.
Similarly, because study 3 aims to test whether or not morpheme meaning activation
occurs al early stage of Chinese compound words processing, the masked priming

paradigm is appropriate.
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Chapter 3

Study 1: High frequency orthographic neighbor inhibition effect in Chinese

3.1 Introduction

The orthographic representation of Chinese compound words was investigated
with high frequency orthographic neighbor inhibition effect in Study 1. Orthographic
neighbors in English initially referred to words that differ only in one letter, with the
other letters remaining at their positions (e.g., take-lake) (Coltheart, Daclaar, Jonasson, &
Besner, 1977). Later, researchers (e.g., Davis, Perea, & Acha, 2009) held that
orthographic neighbors should include addition (e.g., width-with), deletion (e.g.,
Sfright-freight) and transposed neighbors (e.g., trial-trail). Some researchers (Nakayama,
Sears, & Lupker, 2008; Janack, Pastizzo, & Feldman, 2004) went even further to suggc§l

that two words with 50% orthographic similarity should be regarded as neighbors.

High frequency neighbor inhibition effect refers to the finding that lexical
decision responses to words with a high frequency orthographic neighbor are slower than
to those without a high frequency neighbor (Grainger & Jacobs, 1996). In masked
priming, a high frequency neighbor prime (e.g., able) inhibits a lexical decision response
to a low frequency neighbor target (e.g., AXLE), compared to control (e.g., door).
However, a low frequency neighbor does not inhibit but facilitate the lexical decision

response to a high frequency target (Forster & Davis, 1984; Segui & Grainger, 1990; De
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Moor, Verguts, & Brysbaert, 2005; Davis & Lupker, 2006).
-

In accordance with Grainger and Jacobs (1996), the high frequency neighbor
inhibition effect is caused by selective lateral inhibition among word candidates, as
proposed in the Interactive Activation Model (McClelland & Rumelhart, 1981). Word
candidates refer to words that get activation to some degree in'tl'le lexical access of target
word because they are related to the target word in certain aspects, such as orthography,
phonology and semantics. Selective lateral inhibition refers to the inhibition produced by
a word candidate to all the other activated word candidates. In visual word recognition,
words sharing orthographic similarity are strong competitors of cach other for lexical
access. A word’s ability to inhibit another word’s activation is assumed to be a function of
its word frequency. In other words, a high frequency word that has a high baseline
activation level can be activated to a much stronger level than a low frequency word.
Thus, the activated lexical representation of a high frequency word can interfere with the

lexical access of its low frequency neighbors.

This explanation predicts that nonword primes sharing orthographic similarity
with target words would not produce inhibition because nonwords are not assumed to
occupy lexical representation at all. Many studies (Forster, Mohan, & Hector, 2003: Perea
& Lupker, 2004) have confirmed that compared to an unrelated nonword (e.g., doir), a
nonword orthographic neighbor (e.g., axwe) brought facilitation to target word (e.g.,

AXLE) processing due to orthographic similarity. The results show that the orthographic
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neighbor effect is modulated by prime lexicality.

If the high frequency necighbor inhibition effcct is caused by two lexical
representations competing for lexical access. this cfiect can be used to investigate
whether or not Chinese compound words are represented as wholes in the mental lexicon.
Specifically. if Chinese two-character compound words are represented as holistic units
(i.e., occupy lexical entries in the mental lexicon), the representation of a high frequency
ncighbor would inhibit lexical access of a low frequency neighbor. Otherwise, if there are
no word-level representations, facilitation will be found between two orthographic
neighbors due to orthographic similarity. In short, inhibition effect is supposed to occur
on the lexical level and facilitation effect is supposed to occur on the prelexical level.
Thus, inhibition or facilitation between a high frequency orthographic neighbor and a low
frequency orthographic ncighbor in Chinese can shed light on the underlying

representation status of Chinese compound words.

Orthographic neighbors in Chinese cannot be defined in the same way as in
alphabetic languages, considering the great differences between the two writing systems.
In Chinese, characters sharing the same phonetic radicals (e.g., W&, Bi. 5, &, &)
were defined as orthographic neighbors by Li, Bi, and Zhang (2010). Two compound
words sharing one component character (e.g., i, means beautiful in English and & 1T,
means choice food in English) were defined as orthographic ncighbors by Huang, Lee,

Tsai, Tzeng, and Huang (2006). Because compound words are the objects investigated in
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the prese}lt study, orthographic neighbors used here follow Huang et al. (2006). .

Overview of Study 1

Study 1 was designed to explore word-level orthographic representations of
Chinese compound words. Four experiments were conducted to test high frequency
orthographic neighbor inhibition effect in Chinese and to detect the influence of semantic
transparency on such effect. The first two experiments each included two
sub-experiments in which either the initial or final character overlapped in the
prime-target word pairs. Experiment 1 attempted to reproduce the high frequency
orthographic inhibition effect with Chinese compound words by following the procedure
that previous studies had used to obtain such effects with alphabetic languages.
Experiment 2 improved on Experiment | by matching the phonological lexicality of word

and nonword neighbors.

Yo

et

To detect the effect of semantic lransparenéy on compound word representation,
semantic transparency of both prime and target compound words were added to the
design of Experiment 2 to develop Iﬁ)erimems 3 and 4. Experiment 3 used neighbors
sharing-the initial character and Experiment 4 used neighbors sharing the final charactgr.
Experiments 3 and 4 both included four parts: (1) Transparent prime-transparent target

(TT); (2) Opaque prime-transparent target (OT); (3) Transparent prime-opaque target

(TO); (4) Opaque prime-opaque target (OO).
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.

3.2 Experiment 1

4

The predictions of Experiment |1 are as following: (1) High frequency word
neighbors should produce inhibition to low frequency targets due to lexical competition,

if compound words have lexical entries in the mental lexicon. (2) Nonword neighbors

should produce facilitation to target words due to orthographic similarity.
’ ' ’ ’ %

M

3.2.1 Expel:iment la

Me.'};od | | :
Participants -

. Forty college students from the South China Normal University participated in the
present study. All of them were native Chinese speakers, right handed, and had normal or

correct-to-normal vision. They voluntarily took part in the study and were paid for their

participation. Experiments 1 and 2 used the same participants.

Design

This was a 2x2 within subject design. The first factor was orthographic
neighborhood of the prime and target, words (neighbor or not). The scconld factor was
lexicality of the prime words (orthogtaphic word or nonword).

. f

Materials
o .
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Twenty-eight low frcquency compound words (e.g., TAj#, means briefin English)
were selected as target words. The mean frequency of target words was 54 per million
(Institute of Language Teaching and Research, 1986). Each target word was paired with
four types of primes: a hi gh frequency orthographic neighbor (e.g., 1) FL, means virtually
in English), a high frequency unrelated word (c.g., “I:F%, means practical in English), an
orthographic nonword neighbor (¢.g., {7 %) and an unrelated nonword (e.g., #30). The
mecan {requency of orthographic neighbors and unrelated word was 1377 and 1477 per
million, respectively. The same number of nonword targets (e.g., {#%5) was designed in

the same way as.word targets. Another 20 pairs of word pairs were used for practice.

The critical materials were arranged in a Latin-Square Design. All materials were
divided into four blocks. Each block included 28 word targets and 28 nonword targets in
four different conditions. Each target word only appeared once in one block, preceded by
ornie type ol primes. The participants were divided into four equal subgroups and each
subgroup did only one block. In each block, the materialé were presented in randomized
order. Other linguistic characteristics of the prime words (i.c., frequency rank?,

neighborhood size and stroke number of component characters) are shown in Table 3-1.

2 The character frequency rank was according to State Language Work Committee, 2008, that cut the
commonly uscd 56,008 words into 2969 frequency ranks.
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Table 3-1 Linguistic characteristics of the stimuli used in Experiment 1-2

Linguistics characteristics Expla Explb Expla Exp2b

Frequency rank of initial character 184251 2892.54 1808.96 2903.34

(1952.00) (4533.58) (1887.46) (4835.01)

Frequency rank of {inal character 2853.06 2277.10 3969 87 2250.70

(3603.83) (2840.68) (3811.53) (3004.80)

Neighborhood size of initial character 102.94 68.12 98.62 75.70
(62.54) (76.71) (65.04) (75.67)
Neighborhood size of final character 92.34 112.89 83.77 105.17
(124.53) (113.68) (107.38) (114.81)
Stroke number of initial character 7.98 8.28 8.10 8.43
(2.44) (2.64) (2.36) (2.81)
Stroke number of final character 7.95 8.37 8.00 7.90
(2.95) (2.89) (2.84) (2.61)

Note. Standard deviations in parcntheses

Procedure
The stimuli were presented by a computer on a 15-inch liquid crystal display. All
the characters were set in 18 font of Song Font. The words presented at the center of the

screen were approximately 2.7cmx1.3cm in size. Participants sat about 60cm from the

screen. The program was compiled by the E<Prime 2.0 software.
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Forward masked priming paradigm was employed. In the beginning of the
experiment, a red fixation signal in 46 Font (the same size as a word stimulus) was first
shown at the center of the screen for 500ms. Then a series of symbols (####) appeared as
mask and lasted for 500ms. After its disappearance, a prime word would be presented at
the same position for 57ms. Then the target word turned up and stayed on the screen until
the participant made a response on the keyboard. The task was a lexicon decision task in
which the participants were to decide whether the target was a real word or not. As soon
as the participants made a decision, the target word disappeared and the participants were
asked to press a key to start the next trial, The participants could choose to rest cvery 20

trials.

Al the beginning of the experiment, the participants were instructed about the
procedure. Then there was a practice phase to make sure they undersiood the task. The

practice phase consisted of 10 word-word and 10 word-nonword pairs.

Results
Table 3-2 RT (ms) and accuracy in Experiment la
word prime nonword prime
RT Accuracy RT Accuracy
neighbor 855(192) 94(.24) 794(209) 97(.186)
unrelated 809(187) 98(.15) 836(219) .96(.20)

Note, Standard deviations in parentheses
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The data of one participant was deleted due to high error rate. The data of another
five participants were not used due to their long reaction time (M>2000ms). Only
correct response was included for analysis. Reaction time that exceeded three standard
deviations and those shorter than 300ms or longer than 1500ms was delcted (about 6%).
One item was deleted becausc one of the four prime conditions was totally removed by

the above criteria.

The data were analyzed with Linear Mixed Effect Model by R program, using
subject and item as random intercepts. The p-values were estimated by the Monte Carlo
Markov chain (MCMC) sampling (Baayen. 2008). The orthographic neighborhood
between prime and target words, prime lexicality and interaction of these two factors
were used as predictors for log RT. In addition, the model also included the linguistic
characteristics of the prime words including the frequency rank, neighborhood size and
stroke number of both the initial and final characters as covariates. An example of the
equation is as follows: logRT = lexicality * neighborhood + (1{Subjecct) + (1jtargetword)

+ freql + freq2 + N1 + N2 + stroke! + stroke?Z.

In total, 822 data points werc used in RT analysis. The results show that the main
effect of prime lexicality was not significant {t =-.62, p>.05). The main effect of
orthographic neighborhood was significant (¢ =-2.80, p<.01). The interaction between
prime lexicality and orthographic neighborhood was significant {# =3.83, p<.01). Further

analysis shows that this interaction was caused by inhibition produced by word
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orthographic neighbors (£=5.90, p<.05) and facilitation produced by nonword
orthographic neighbors (/7=4.06, p<.05) to target word. In addition, none of the effect
of covariate reached statistical significance (ps>.05). The pattern of the results is

shown in Figure 3-1.
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Figure 3-1 RT results in Exp 1a

For accuracy analysis, 1053 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. The results
show that the main effect of the stroke number of the initial character in prime words
reached significance, odds ratio=1.21, p<.05. It revealed that increase in the stroke
number of the initial character enhanced the possibility for the participants to make a
correct response. More importantly, the interaction between prime lexicality and
orthographic neighborhood was also significant, odds ratio= 0.23, p<.05. Further analysis
show that compared to unrelated words, high frequency orthographic word neighbors

reduced accurate rate of the lexical decisions to target words (F=5.53, p<.05). However,

the difference between nonword neighbors and unrelated nonwords was not significant

36



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese

(F=0.92, p>.05). No other effect reached significance (ps>.05). The pattern of the results

is shown in Figure 3-2.
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Figure 3-2 Accuracy results in Exp 1a

3.2.2 Experiment 1b >

Experiment 1a used prime-target word pairs that sharc the initial morpheme. In
order to explore the role played by character position in the processing of Chinese
two-character, prime-target word pairs sharing the final character was tested in

Experiment 1b.

Method
Participants, Design, and Procedure

The participants, design and procedure were the same as Experiment la.
g
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Materials

Twenty-eight low frequency two-character Chinese words (e.g., #4i#, means on
the way in English) were selected as target words. The mean frequency of target words
w;ts 54 per million. Fach target word was paired with four types of primes: an
orthographic neighbor (e.g., Hji%, means future in English), an unrelated prime word
(e.g., FH¥E, means conspiracy in English), an orthographic nonword neighbor (e.g., #k
&) and an unrelated nonword (e.g., Bi4). The mean frequency of related and unrelated
prime word was 667 and 672 per million, respectively. The linguistic characteristics of
the prime words including the mean frequency rank, the orthographic neighborhood size

and the stroke number of the initial and final characters are shown in table 1-1. The same

number of nonword targets was included.

Resulis
Table 3-3 RT (ms) and accuracy in Experiment 1b
word prime nonword prime
RT Accuracy RT Accuracy
neighbor 733(168) 97(.18) 689(167) 99(.12)
unrelated 721(175) 97(.16) 708(151) 99(.12)

Note. Standard deviations in parentheses

The data of one participant was deleted due to high error rate. Only correct

response was included for analysis. Reaction time that exceeded three standard deviations

38



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese

and those shorter than 300ms or longer than 1500ms was deleted (about 3.2%).

In total, 1035 data points were used in RT analysis. The results show that the main
cffect of prime lexicality was not sigqiﬁcam (r=.69, p>.05). The main effect of
orthographic neighborhood was significant (+=-2.61, p<.01). The interaction between
prime lexicality and orthographic neighborhood was significant (/=3.10, p<.01). But
simple effect analysis did not reveal significant difference between high frequency
neighbor and unrelated word primes (F=0.67, p>.05) or between nonword neighbor and
unrelated nonword primes (F=2.33, p>.05). The effect of the neighborhood size of the
second character in prime words reached significance (r=-2.09, p<.05). It shows that
neighborhood size of the second character facilitate target word processing. No other
effect of covariate reached statistical significance (ps>.05). The pattern of the results

is shown in Figure 3-3.
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Figure 3-3 RT results in Exp 1b
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For accuracy analysis, 1092 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. The results

did not reveal any significant effect (ps>.05).

3.2.3 Discussion of Experiment 1

The results of Experiment la show that lexical decision responses to a low
frequency word target preceded by a high frequency orthographic neighbor were slower
than by an unrelated word. However, nonword neighbor primes produced facilitation to
lexical decision responses to target words, compared to unrelated nonwords. On the one
hand, the observed inhibition effect is likely to be caused by lexical competition between
prime and target words. Otherwise, the visual similarity between prime and target words
would prodgce facilitation instead. Additionally, the inhibition is most likely to be caused
by competition between word-level orthographic representation of prime and target
words. That is because phonological and semantic similarities between prime and target
words are likely to produce facilitation in visual word recognition task. On the other hand,
the observed facilitation for nonword targets shows that nonwords did not have lexical

entries and thus did not produce lexical competition to target words.

Despite the results of Experiment 1b showing that the effect produced by word
neighbors and nonword neighbors, compared to their respective controls, were

significantly different, the inhibition effect produced by prime-target pairs with the same
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final characters was not quite reliable as revealed by simple effect analysis (p>.05). Such

results suggest inferiority of the final character in Chinese compound word processing.

3.3 Experiment 2

One aspect that was not matched for word and nonword neighbors in Experiment
I was phonological lexicality. Specifically, the orthographic word neighbors in
Experiment 1 can be pronounced as real Chinese words, but the nonword ncighbors
cannot. Thus, the difference produced by them may be confounded by phonological
factors. To test this possibility, both orthographic word and nonword ncighbors were
made as phonological words in Experiment 2 (e.g., ¥I%L, means cost-effective in English
and %L, the first characters, %! and *¢, werc homophones, thus % was a
phonological word). In this way, any difference between the priming effects produced by

orthographic word and nonword neighbors should be free {rom phonological influence.

3.3.1 Experiment 2a
Method
Participants

The same participants of experiment | took part in Experiment 2.

Design
This was a 2x2 within subject design. The first factor was orthographic

neighborhood of the prime and target words (neighbor or not). The second factor was

41



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese

orthographic lexicality of the prime words (orthographic word or nonword). It should be

noted that all prime words were phonclogical words.

Materials

The word targets were twenty-cight low frequency two-character Chinese words
(e.g., ¥&i®, means journey in English). Their mean frequency was 44 per million. Each
target word was paired with four types of primes: an orthographic word neighbor (e.g.,
B2k, means route in English), an unrelated word (c.g., <, means accomplish in
English), an orthographic nonword neighbor (but phonological word) (e.g., ¥ I&,
homophone of #%4k) and an unrclated nonword (but phonological word) (c.g., S<HR,
homophone of 3:#1). The mean frequencies of the related and unrelated words were
1313 and 1380 per million, respectively. In sum, therc were 112 pairs of word target. The

same rniumber of nonword targets was also used.

In addition to the 224 critical target words, another 20 pairs of materials (hall
word targets and half nonword targets) were created for practice. The target words used in
this experiment were arranged in a Latin-Square design as in Experiment 1. The mean
frequency rank, the orthographic neighborhood size and the stroke number of the initial

and final characters of prime words are shown in table 3-1.

Procedure

The procedure was the same as that of Experiment 1.

42



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinexe

Results
Table 3-4 RT (ms) and accuracy in Experiment 2a
word prime nonword prime
RT Accuracy RT Accuracy
neighbor 757(182) 92(.27) 742(174) .96{.19)
unrelated 712(178) 97(.16) 713(174) 95(.21)

Note. Standard deviations in parentheses

The data of onc participant was deleted due to high error rate. Only correct
responses were included in the analyscs. Reaction times that exceed three standard
deviations and those shorter than 300ms or longer than 1500ms were deleted (about

4.0%).

In total, 996 data points were used in RT analysis. The results (Figure 3-4) show
that the main effect of prime lexicality was not significant (+=-.39, p>.05).. The main
cffect of orthographic neighborhood was signiticant (¢=2.05, p<.05). The interaction
between prime lexicality and orthographic neighborhood was not significant {r=1.20,
p>.05). In addition, none of the cffects of the covariates reached statistical

significance (ps>.05).
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Figure 3-4 RT results in Exp 2a

For accuracy analysis, 1092 data points were used. A logit mixed effect model
using the same predictors and covariates as ﬁq RT analysis were constructed. The results
show that increase in the neighborhood size‘of the initial character reduced the possibility
to produce a correct response (odds ratio=0.99, p<.05), but that of the final character
enhanced the possibility to produce a correct response (odds ratio=1.01, p<.05). More
importantly, the interaction between prime iexica}ity and orthographic neighborhood was
also significant, odds ratio= 0.15, p<.01. Further analysis shows that the accuracy to
target word recognition preceded by a high frequency orthographic neighbor was lower
than by an unrelated word control (#=8.29, p<.01). However, the accuracy to target
words recognition preceded by a nonword neighbor was not signiﬁcaﬁtly different from
that,preceded by an L;nrelated nonword control (F=1.05, p>.05). No other effect reached

statistical significance (ps>.05). The pattern of the results is shown in Figure 3-5.
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Figure 3-5 Accuracy results in Exp 2a

-

" 3.3.2 Experiment 2b

The difterence between Experiment 2b and 2a was malterials. The prime-target

pairs examined in Experiment 2b shared final characters.
Method ‘ ; :

Participants, Design, and Procedure

The participants, design and procedure were the same as Experiment 2a.
Materials

Twenty-eight low frequency two-character Chinese words (e.g., #fi®, means
Journey in English) were selected as target words. The mean I'rcqum target
words was 52 per million. Each target word was paired with four types of primes: an

orthographic word neighbor (e.g., 1iUi&, means fiture in English), an unrclated word

(c.g., PH¥, means conspiracy in English), an orthographic nonword neighbor (but
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phonological word) (e.g., ¥ift, homophone of #ijif) and an orthographic unrelated
nonword (but phonological word) (c.g.. i, homophone of i) The mean
frequencies of related and unrelated word (i.e., Hiig and BHi}) were 728 and 728 per
million, respectively. The same number of nonword targets was also included. The mean
frequency rank, the orthographic neighborhood size and the stroke number of the initial

and final characters of prime words are in Table 3-1.

1

Results
Table 3-5 RT (ms) and accuracy in Experiment 2b
word prime nonword prime
RT Accuracy RT Accuracy
neighbor 687(161) 96(.19) 673(160) 971N
unrelated 697(169) 97N 686(145) 9718

Nore. Standard deviations in parcntheses

The data of one participant were deleted due to high error rate. Only correct data
was included for RT analysis. Reaction times that exceed three standard deviations and
those shorter than 300ms or longer than 1500ms were deleted (about 3.1%).

In total, 1024 data points were used in RT analysis. The results revealed no

significant ctlcct (ps>.05).

For accuracy rate analysis, 1092 data points were used. A logit mixed effect model
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using the same predictors and covariates as in R analysis was constructed. The results
show that the neighborhood size of the final character enhanced the possibility to produce
a correct response (odds ratio=1.02, p<.05). It also shows that the stroke number of the
final character enhanced the possibility to produce a correct response (odds ratio=1.25,

p<.05). No other cffect reach significance (ps>.05).

3.3.3 Discussion of Experiment 2

Cxperiment 2a but not 2b reveal significant inhibition cffect produced by high
tfrequency orthographic neighbors to low {requency target words. In other words, the
initial characters seem to be more important than the final characters in determining
lexical competition. The implication of this finding for the representation of Chinesc
compound words will be discussed in the General Discussion of this chapter.

An unexpected finding of Experiment 2a was that nonword neighbors (which
were phonological words) also produced inhibition to lexical decision responsces to target
words. This inhibition effect may be caused by the nonword neighbors activating the
orthographic represcentations of their base words. This is possible, considering that the
nonwords in this ¢xperiment sharc an initial character with their base words and can
be pronounced identically. Still, the word neighbors ‘scc‘m to produce a more reliable
inhibition effect than the nonword neighbors, because the accuracy analyses show a

significant interaclion effcct between neighborhood and prime lexicality
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3.4 Experiment 3

The results of Experiment 2 show that high frequency Chinese compound words
are likely to produce lexical competition to the recognition of target words. Experiments
3 and 4 went further to test the influence of the scn1a;nlic transparency of prime and target
words on the observed high frequency o'rlho—graphic neighbor inhibition effect. It is
predicted that high frequency opaque compound words are more likely to inhibit the
processing ol their low frequency orthographic neighbors than transparent compound

words.

3.4.1 Method
Participants

Eighty new subjects from the same subject pool participated.

Design

This was a 2(orthographic neighborhood.) x 2(prime lexicality) x 2(target
transparency) x 2(prime transparency) mixed design. Orthographic neighborhood, prime
lexicality and prime transparency were within-subject factors. Target transparency was a

between-subject factor’.

Materials

* It is worth noting that inclusion of pseduohomophone nonword neighbors in the present study aims to
make a balance between word and nonword neighbors on phonological aspects.
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The transparent and opaque words werc initially selected by the author and then
were further examined by the participants after they had finished the main experiment.
Eighty participants in Experiment 3 and 4 were divided into cight groups to evaluate the
semantic transparency of 818 words. Each group evaluated the semantic transparcncy of
about 100 Chinese compound words. Participants were invited to cvaluate the semantic
relatedness between component characters and whole words on a seven-point scale with
‘1" representing “highly unrelated’ and ‘7" ‘highly related’. T-test show significant
dilference between transparent (M=5.10, $D=0.76) and opaque (M=3.82, SD=0.91)

words (=-21.82, p<.0!).

Materials for transparent prime-transparent target (TT) part | .

Thirty-six low frequency Chinese compound words (e.g., §tfii, means cargo ship
in English; 5 means goods and #f} means ship) were used as word targets. The mean
frequency of target words was 37 per million. Each target word was preceded by cach of
the following primes once -- an orthographic ncighbor (e.g.. T1ili, means currency in
English; 1% means goods and i[i means money), an unrelated word (e.g.. 515, means
stable in English; £ means steady and 5 means fixed), an orthographic nonword
neighbor (e.g., 1, 4 is a homophone of i) and an unrclated nonword (e.g., £l
] is a homophone of ). The mean frequency of orthographic word ncighbor and

contro! words was 956 and 966 per million, respectively.

The prime-target pairs were arranged in a Latin-Square design. The total matcrials
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were divided into four blocks. Each block included 36 word targets and 36 nonword
targets in four different conditions (word neighbor, unrelated word, nonword neighbor,
unrclated nonword). Each target word only appeared once in one block, preceded by one
type of primes. The participants were divided into four equal subgroups and each

subgroup did only one block. In each block, the materials were randomized anew.

Materials for opaque prime-transparent target (OT) part

Thirty-six low frequency two-character Chinese words (e.g., fili %, means
random inspection in English; i mcans draw out and Y means check) were used as
word targets. The mean frequency of target words was 32 per million. Each target word
was paired with an orthographic neighbor (e.g., #ii%, means abstract in English; i
means draw out and % means resemble in English), an unrclated word (e.g., IF4,
means ;erious in English; I, means correct and & means pass through in English), an
orthographic nonword neighbor (e.g., Hli[nl, [7] is a homophone of %) and an unrelated

nonword (e.g., 1IF5%, &{is a homophone of #¢). The mean frequency of orthographic

word neighbor and control words was 719 and 714 per million, respectively.

Materials for transparent prime-opaque target (TQ) part

Thirty-six low frequency two-character Chinese words (e.g., R [*], means confess
in English; & means watck and |1 means white in English) were used as word target.
The mean frequency of the target words was 39 per million. Each target word was paired

with an orthographic neighbor (e.g., #&{i§, means performance in English; & means
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watch and i means play in English), an unrelated word (e. g- B4, means protect in
English; B means defend and 4 means profect in English), an orthographic nonword
neighbor (e.g., iR, IR is a homophone of i) and an unrelated nonword (e.g., ¥ 7.,
fi.is a homophone of #*). The mean frequency of orthographic word ncighbor and

control words was 941 and 931 per million, respectively.

Materials for opaque prime-opaque target (OO) part

Thirty-six low frequency two-character Chinese words (e.g., ¥1%Y, means tactful
in English; #l means machine and %! means wisdom in English) were used as word
targets. The mean frequency of target words was 38 per million. Each target word was
paired with an orthographic neighbor (e.g., ¥l £, means opportunity in English; §l
means machine and 4 means conference in English), an unrelated word (e.g., %18,
means message in English; 7§ means eliminate and B means rest in English), an
orthographic nonword neighbor (e.g., #L¥ ., . is a homophone of £¥) and an unrelated
nonword (e.g., 7§45, Ay is a homophone of ). The mean [rcquency of orthographic
word neighbor and control words was 809 and 804 per million, respectively. The same
number of nonword targets was included in each part. The arrangement of the materials
was similar as Experiment 1. Other linguistic characteristics of the prime words (i.e.,
frequency, neighborhood size and stroke number of component characters) are shown in

table 3-6.
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Table 3-6 Linguistic characteristics of the stimuli used Experiment 3

Linguistics characteristics T-T part O-T part T-O part 0-0 part
2018.26 1391.36 1671.60 1140.22
Frequency rank of initial character
{3836.50) (1527.42) (3799.73) (1099.99)
2893.92 2485.11 2589.43 2986.19
Frequency rank of final character
(3855.46) (3085.65) (2751.11) (4493.11)
118.72 171.36 116.45 163.14
Neighborhood size of initial character
(85.07) (102.87) (85.82) (101.02)
79.51 90.54 89.27 90.72
Neighborhood size of final character
(75.10) (107.38) {103.84) {104.89)
8.11 7.24 8.16 7.22
Stroke number of initial character
(3.04) (2.74) (2.69) (2.68)
8.44 8.25 7.99 7.97
Siroke number of final character
(2.96) (2.98) (3.08)

-~

(2.69)

s

Note. Standard deviati(ﬁs in parentheses

Procedure

Forward masked priming paradigm was used in the present study. The procedure

was the same as that of Experiment 1.

3.4.2 Results
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Table 3-7 RT (ms) and accuracy in Experiment 3

Transparent target Opaque target

Transparent prime Opaque prime Transparent prime Opagque prime

word nonword word nonword word nonword word nonword

RT 817(145) 789(134) 768(137) 739(133) 854(137) 822(132) 804(150) 759(119)
neighbor
Accuracy  .BB(.33)  .93(.26)  .91(.29)  .94(.24) .84(.36) .B6(.35) .81(.39) .85(.36)

RT BLOCI35) 785(126) 761(130) 760(126) 845(140) 832(145) 776(119) 773(128)
control
Accuracy  .92(.27)  .90(30)  93(.26)  92(27)  .86(.34)  .BB(.32)  .87(33) .86(.34)

Note. Standard deviations in parentheses

The data of one participant were deleted due to high error raic. Only correct data
were included for analysis. Reaction time that exceeded three standard deviations and

those shorter than 300ms or longer than 1500ms was deleted (about 5.9%).

In total, 4744 data points were used in RT analysis. The results show that the main
effect of prime lexicality was not significant (t=-.16, p>.05). The effect of orthographic
neighborhood was not significant (r=-.92, p>.05). The effect of prime transparency was
signtficant (=3.16, p<.05). Compared to opaque primes, transparcnt primes produced
longer responsc to target words. The effect of the stroke number of initial character was
significant (r=2.44, p<.05). The more number of strokes the initial character of the prime
words contained, the longer the responses to the target words were. The interaction
between prime lexicality and orthographic neighborhood was marginally significant

(=1.89, p=.06). However, simple effect analysis does not show significant differcnces
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- between high frequency neighbor and unrelated word control (F=1.74, p>.05), and
between nonword neighbor and unrelated nonword control (#=0.77, p>.05). No other

effect reached significance {(ps>.035).

For accuracy analysis, 5688 data points were used. A logit mixed clfect model
using the same predictors and covariates as in RT analysis were constructed. The results
show that compared to opaque target words, transparent words enhanced the possibility
for the parti-cipants to make correct responses (odds ratio=2.41, p<.05). No other effect

reached significance (ps>.05).

Because different response latencies were produced by different types of
prime and target, we also did analyscs for each kind of word pairs. In each part,
prime lexicality and orthographic neighbo’r(hood between prime and target were used
as within-subject and within-item factors. The }nean frequency rank, orthographic
neighborhood size and stroke number of the initial and final characters were used as

covariates.

Results of transparent prime - transparent target (1TT) part

For RT analysis, 1217 data points were used. The results (Figurc 3-6) show that
the main effect of prime lexicality was significant (+=2.19, p<.05). Compared to nonword
primes, word primes produced longer response to target words. No other effect reached

significance (ps>.05).
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Figure 3-6 RT result in Exp 3 (TT part)

For accuracy rate analysis, 1440 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. The results
(Figurc 3-7) show that the interaction between prime lexicality and orthographic
ncighborhood between primes and targets was significant (odds ratio=0.39, p<.05).
Simple effect analysis show that this interaction was caused by significant inhibition
produced by high frequency neighbor compared to unrelated word control (+=8.29,
p<.01), and a null effect produced by nonword nei‘ghbor compared to unrelated nonword
control (#=0.18, p>.05). No other effect reached significance (ps>.05). The pattern of

results is shown in Figure 3-7.
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Figure 3-7 Accuracy results in Exp 3 (TT part)

Resuits of opaque prime - transparent target (OT) part
For RT analysis, 1285 data points were used. The results (Figure 3-8) show that
the main effect of neighborhood between prime and target was significant (1=-2.16,
p<.05). More importantly, the interaction between prime lexicality and neighborhood was
significant (1=1.99, p<.05). Simple effect analysis shows that the diﬂ'eren;:e between high
frequency neighbor and unrelated word control was not significant (7=0.06, p>.05), and
facilitation produced by nonword neighbor compared to unrelated nonword control was

marginally significantly (/=3.07, p=.07). No other effect reached significance (ps>.05).
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Figure 3-8 RT result in Exp 3 (OT part)

For accuracy rate analysis, 1404 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. No other
effect reached significance (ps>.05)

Results of transparent prime-opaque target (T-O) part
For RT analysis, 1115 data points were used. The results show that no effect

reached significance (ps>.05).
’

For accuracy rate analysis, 1404 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. The results
show that the frequency of both the initial and final characters enhance the probability to
produce a correct response (odds ratio=1.01, p<.05; odds ra!i():l:{)l, p<.05). It also
shows that the ncighborhood size of the final character enhanced the probability to

produce a correct response (odds ratio=1.01, p<.05). No other effect reached significance
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(ps>.05).

Results of opaque prime-opaque target (OO) part

For. RT analysis, 1117 data points were used. The results (Figure 3-9) show that
the interaction between primc\lcxicalily and neighborhood between prime and target was
significant (/=2.00, p<.05). Simple effect analysis show the inhibition (20ms) produced
by high frequency neighbor compared to unrelated word control was not significant
(F=1.19, p>.05) and facilitation produced by nonword neighbor compared to unrelated
nonword control was also not significant (#=0.08, p>.05). But the significant interaction
effect did reveal different pattern produced by word neighbor and nonword neighbor

compared to their respective control. No other effect reached significance (ps>.05). .
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Figure 3-9 RT result in Exp 3 (OO part)

For accuracy rate analysis, 1404 data points were used. A logit mixed effect model

using the same predictors and covariates as in RT analysis were constructed. The results
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do not show any significant effcct (ps>.03).

3.4.3 Discussion of Experiment 3
The results of the combined analysis in Experiment 3 revealed a marginally
-

significant interaction between neighborhood and prime lexicality. Separated analyses of

RT for cach type of prime-target pair show significant interaction for opaque

LY

prime-transparent target and opaque prime-opaque target pairs. The common
characteristic of these two types of prime-target pairs was that they both had opaque
words as primes. Thus, the observed interaction indicates that high frequency opaque
neighbors were more likely than transparent neighbors to bring inhibition to lexical
decision responses to low frequency target words (transparent or opaque). In other words,
opaque compound words are more likely to occupy lexical representations that compete

with target words for lexical access.

This conclusion should be taken with cautions, because the accuracy analysis for
transparent primc-lranspart;nt target also revealed a significant interaction between prime
lexicality and neighborhood. Further analysis show that high frequency neighbors were
less likely to induce a correct response than control. It may suggest that high frequency
transparent words are likely to occupy word level representations that may compete with
other transparent words for lexical access. However, the results of RT analysis do not
show significant inhibition effect produced by a high [requency transparent neighbor a

low frequency opaque target word.
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3.5 Experiment 4

3.5.1 Method

In this experiment. the orthographic ncighbors shared the final character. The

linguistic characteristics of prime words were shown in table 3-8. All the other aspects

were the same as Experiment 3.

Table 3-8 Linguistic characteristics of the stimuli used Experiment 4

Linguistics characteristics

T-T part

Frequency rank o[-' initial character
Frequency .rank ol final character
Neighborhood size of initial character
Neighborhood size of final character
Stroke number of initial character

Stroke number of final charneler

2864.75
(3077.3%)
2338.79
{4790.68)
88.74
(110.13)
126.42
{87.96)
8.87
(3.65)
7.86
{2.7H)

O-T pan

“2-608.%
(3799.07)
206149
(4823.60)
109,24
{102.62)
9.5
(107.38)
484
(2.74)
7.78
(2.74)

T-O part

279478
{3534.03)
1732.78
(2172.25)
93.01
(113.88)
145.24
(109.53)
9.03
(5.95)
7.99

(2.78)

-0 part

2652 40
(3668.32)
2154 88
(3624.84)
107.26
(97.32)
147.47
(104.80)
8.43
(3.07)
§.22

(2.72)

Note. Standard deviations in parentheses

3.5.2 Results

60



Chapter 3: High frequency orthographic neighbor inhibition ¢ffect in Chinese

Table 3-9 RT {(ms) and accuracy in Experiment 4

Transparent tarpet

Opaque target

Transparent prime Opaque prime Transparent prime Opaque prime
word  nonword word nonword word nonword word nonword
-
RT 67784} 696 (75) -TOB(IO3) 7220121y 7270111y 730D 734(118)  7214{96)
neighbor
Accuracy  92(.27)  .90(.30)  .B6(.25) .8%(.32) BICIT R BS(36Y RBLN
RI 682(87)  70483)  699(103) TILH102Y TISM9Y  TI9(103)  T72N86)  TI9RL)
control
Accuracy  04(24)  091(29) 89032y BR(31)Y  85(36) 893 8T7(3HY BS(30)

Note. Standard deviations in parentheses

The data of one participant was deleted due 1o high error rate. Only correct data
were included lor analysis. Reaction time that exceeded three standard deviations and

those shorter than 300ms or longer than 1 500ms was deleted (about 3.3%%).

In total, 4840 data points were used in RT analysis. The results show that the
clleet of prime transparency was marginally significant (¢ 1.75, p=.07). Compared 1o
opague primes, transparent primes produced longer response to target words. No other

eftect reached significance (ps™>.05).

For accuracy rate analysis, 5688 data points were used. A logit mixed eftect model
using the same predictors and covariates as in R analysis were constructed. 'l'hc‘rcsulls
show that the etfect of the neighborhood size of the final character was signiticant (odds
ratio=1.01, p<.05). It suggests that neighborhood size of the final character enhanced the

61



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese

probability for participants to make a correct response.

Results of transparent prime-transparent target (TT) part

1284 data points were used in RT analysis. The results show that the effect of
prime lexicality was significant (/=-2.10, p<.05). It shows that lexical responses to target
words were much faster preceded by word primes than nonword primes. No other effect

reached significance (ps>.05).

For accuracy rate analysis, 1440 data points were used. A logit mixed effect model
using the same predictors and covariates as in RT analysis were constructed. The results
show that the effect of the stroke number of the final character was marginally significant
(odds ratio=0.89, p=.07). Stroke number of the final character reduced the probability for

participants to make a correct response.

‘Results of opaque prime-transparent target (OT) part

1223 data points were used in RT analysis. The results does not show any
significant efTect (ps>.05). For accuracy rate analysis, 1440 data points were used. A logit
mixed effect model using the same predictors and covariates as in RT analysis were
constructed. The results show that the effect of the stroke number 01'-lhc final character
was significant (odds ratio=0.92, p<.05). It suggests that increase in the stroke number of

the final character reduced the probability for participants to make a correct response.
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Results of transparent prime-opaque target (TO) part

1168 data points were used in RT analysis. The results does not show any
significant effect (ps>.05). For accuracy ratc analysis, 1404 data points were uscd. A logit
mixed effect model using the same predictors and covariates as in RT analysis were
constructed. The results show that the effect of the neighborhood size of the final
character was significant (odds ratio=1.01, p<.05). It suggests that the neighborhood sizc¢

of the final character enhanced the possibility for participants to make a correct response.

Results of opaque prime-opaque target (O0) part

1165 (iata points were used in RT analysis. The results does not show significant
effect (ps>.05). For accuracy rate analysis, 1404 data points were used. A logit mixed
effect model using the same predictors and covariates as in RT analysis were constructed.

The results also does not show any significant effect (ps>.05).

3.5.3 Discussion of experiment 4

The results of Experiment 4 show that high frequency orthographic neighbors
sharing the final character did not produce inhibition effect to lexical decision response to
low frequency target words. The null findings of Experiment 4 show the inferior status of

the final character in Chinese compound words. ™

3.6 General Discussion of Study 1 a

The results of Experiment ! show that high frequency orthographic neighbors
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produce inhibition to low frequency target words. Supposing that the inhibition is caused
by lexical competition (Grainger & Jacobs, 1996), it can be argued that Chinese
compound words have unitary lexical representations. The lexical representations are
likely to be orthographic because the contribution of phonological influence to the high
_frequency neighbor inhibition effect was found minimal in Experiment 2. The
contribution of semantic representations is .also unlikely because the orthographic
neighbors used in the present study were mostly semantically unrelated. There is no
rcason that their semantic representations would compete with each other for activation.
Another reason that semantic representations cannot explain the inhibition effect is that
semantic effects should be facilitative rather than inhibitory. Thus, the occurrence of
inhibition between orthographic neighbors is mainly caused by competition between

word-level orthographic representations of prime and target words.

Additional results of Study 1 (Experiments 3 and 4) suggest that word-level
orthographic representations of Chinese compound words are affected by semantic
transparency”. Opaque compound words are more likely to be represented as wholes than
transparent words. Furthermore, the results of Study | also show that the initial character

plays a more important role than the final character in compound words processing.

Orthographic representations of Chinese compound words

Besides the high frequency neighbor inhibition effect observed in the present

* It should be noted that the semantic transparency effect was revealed in separated analysis for each type
of prime-target pairs. The combined analysis of Experiment 3 did not reveal a significant interaction
between relatedness and semantic transparency of the primes.

64



Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese

study, the existence of word-level orthographic representations lor Chinese compound
words is further supported by the prime lexicality etfect observed in Expenment 1. it was
found that although inhibition occurred for word prime (HF)-word target (LF) pairs, prior
presentations of nonword orthographic neighbors facilitated target words recognition.
This indicates that lexical competition cannot occur if the primes do not occupy unitary
lexical entries. Instead, facilitation duec to prelexical similanity (i.c., form overlap)
bchvegn primes and targets was observed. The findings are consistent with studics of

alphabetic languages (e.g., Forster, Mohan, & licctor, 2003).

The present finding is conststent the Multilevel Interactive-activation Framework
(Taft et al., 1999), which acknowledges the cxistence of word-level orthographic
representations of compound words in the mental lexicon. Word-level orthographic
represcntation may provide a theoretical explanation for the up-down interaction between
word-level and character-level processing revealed by the WSIE in Chinese (c.g., Mok,
2009), and is probably a reason for automatic activation ol compound words in normal

Chincse reading (Inhoff & Wu, 2005).

Besides the Muitilevel Interactive-activation Framework, a more recent model of
lexical processing system that incorporates a “lemma’ level representation but not whole
word orthographic representation/form may also be able to explain the high frequency
orthographic ncighbor inhibition effect in Chinese (Tafl, Liu, & Zhu, 1999; Taft &

Nguyen-1loan, 2010). Lemma refers to ‘an abstract level of representation that is
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intermediate between the form and function levels’ (Taft & Minh, 2010). Both complex
words and component morphemes have lemma representations. l.emmas of words that
have morphological relationship but are semantically unrelated (c.g., corner-CORN)
compete with cach other. [However, such competition does not actually inhibit the
activation of the ‘loser’, but affect which lemma reach activation threshold first. Even if
inhibition occurs, the loser (lemma of the target) is protected from being fully inhibited
with short prime duration. Thus, small but significant facilitation is often observed with
pseudo-derived complex words and their stems (e.g., corner-CORN), which is much

smaller than that produced by truly derived word paris (hunter-1{UNT).

Such competition between lemmas may not be able to provide a complete
explanation of the present results. Firstly, it scems to predict a null effect for
orthographically related but semantically unrelated prime-target pairs because of
counteraction between character/morpheme-to-word lemma facilitation and word lemma
competition. Secondly, lemma competition cannot exclude the existence and the
influence of whole-word orthographic representation (at lcxical level) entirely, because
lemma of whole words is not totally unrelated to whole-word orthographic representation.
Instead, it is an abstract reflection of the connection of form and meaning. As a result, the
competition attributed to lemma level can hardly be determined as being caused by form
or by meaning. If there is lemma for whole words, both whole-word orthographic

representations and semantic representations should also exist in the network.
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It is worth noting that there were important differences in the word materials used
in previous studies that support the notion of lemma competition and the present study.
Studies in alphabetic languages usually used complex words as primes and their stems as
targets (e.g., corner-CORN); while the present study used two morphologically related

compound words as prime-target pairs (c.g., Z7#- 27 7).

The influence of word-level orthographic representation on phonological neighbor processing
The results of RT analysis in Experiment 2a reveals that orthographic nonword
neighbors that can be pronounced as real Chinesc words also produced inhibition to
lexical decision responses to target words. However, phonological/syllable ncighbors in
Spanish {c.g., words sharing the f{irst syllable) were found to produce facilitation instead
(Carreiras & Perea, 2002). In this study, responses to prime-target pairs (nonword-word)
sharing not only the first two letters but also the first syllable was compared to that of
prime-target patrs (nonword-word) sharing only the first two letiers but not the first
syllable. The results show that syllable-related primes brought larger tacilitation to lexical

decision to target words than letter-related primes.

One aspect that differs from Carreiras and Perea (2002) and the present study is
that the phonological ncighbors were nonwords in the former, but real phonological
words in the latter. Thus, it is not surprising to obscrve different priming cffect in the two
studies. [t is possible that the orthographic nonwords/phonological words (e.g., £§%) in

the present study can activate whole word orthographic representation of the base words
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(c.g., XIEL, means cost-effective in English) considering their orthographic overlap. The
activated orthographic representations of the base words compete with that of the low

frequency target words (e.g., II'¥, means calculate in English) and thus produce

inhibition effect,

The present finding is consistent with Zhou and Marslen-Wilson (2009) who
found that lexical decisions to psdudohomophones (e.g., /") that shared a component
character with the base words (e.g., /"%, means rigid in English) were more difficult to
be refused as real words. However, pscudohomophones (c.g.. #f 4 ) without
orthographic overlap with the base words were not slower than control words to make a
decision. [t was supposed to be caused by scmantic activation of the base words by
orthographic overlapped pseudohomophones that counteract with the visual input.
However, the difference between the two kinds of pseudohomophone is the degree of
orthographic overlap with the base word. Thus it is possible that psdudohomophones
sharing a component character with the base words firstly activate word-level

orthographic representations and then semantic representation of the base words.

Despite the important inﬂucncc.ol‘ orthography, it is possible that the influence of
phonology contributes to the null effect of nonword neighbors observed in Experiments 3
and 4. That is to say, phonological representations of their base words may be activated
by nonword neighbors and produce competition to target words. However, such

competition may counteract with facilitation produced by perceptual similarity between
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primes and targets, producing a null effect. Such interfcrence is reasonable if
phonological influence produces inhibition effect in primed lexical decision task.
However, phonological neighbors were found 1o produce facilitation (Carreiras & Perea,
2002). Hence, although phonological effect in the present study cannot be eliminated

entirely, its influence should be limited.

Semantic transparency effect

Word-level orthographic represcentations of Chincse compound words are found
to be affected by scmantic transparency in Study 1. The results show that lexical
competition occurs only with opaque prime words (regardless of the semantic
transparcncy of target words). In contrast, high frequency transparent orthographic
neighbors do not bring inhtbition to the low frequency target words (transparent or
opaque). Thesc results may imply that opaque compound words are more likely to be
represented and accessed in a holistic way, while transparent words arc stored and
processed in a dccomposed way. at least in the carly stage of lexical access considering

masked priming used in Study 1.

The importance of character position
The influence of character position is also investigated in Study 1. The main
findings of the present cxperiments do not reveal any significant effect brought by

orthographic neighbor pairs sharing a final character. This finding has important

49



Chapter 3: High frequency orthographic neighbor mhibition effect in Chinese

implications on the mental representation of Chinese compound words. It indicates the
initial and final characters may have different roles in the processing of the compound
words. The initial character should have processing priority over the final character. With
respect to the mental representation of compound words, 1t is possible that the connection
between compound words sharing an initial character ts much stronger than those sharing
a final character. Taft, Liv and Zhu (1999) considered that order information of the two
components in a compound word should be marked in the representational network. In

such a way, transposed nonwords (e.g., % 1) will not be recognized as real words (c.g.,

ity

Limitations and directions for further research

It should be noted that the orthographic neighbors used in the present study are
not exactly the same as that used in alphabetic language studies. Neighbors refer to pairs
of compound words sharing a component character. However, most of the orthographic
neighbors used in the alphabetic studies arc mono-morphemic words. This divergence is
inevitable because two-character compound words occupy the majority of modern
Chinese words. As a result, cautions should be made to draw a cross-language conclusion

on the effect of orthographic neighbors.

For further studies, the influence of orthographic neighborhood size on
neighborhood frequency cffect should be examined. Using English words as materials,

Nakayama et al., (2008) found that the high frequency neighbor inhibition effect was
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only true for primes that have small family size. For primes that have large family size.
both high and low frequency primes can produce inhibition to low and high targets.
Whether the orthographic neighborhood size of component characters affect the mental

representation o Chinese compound words or not needs further studics.

Conclusion

Study 1 provides evidence for the existence of word-level orthographic
representations and that they arc affected by semantic transparency. Opagque compound
words arc likely to be represented as wholes. Considering that the existence of
word-level/lexical representation is a prerequisite of lexical competition, the tindings are
hard to be incorporated into a distribute model (Plaut & Gonnerman. 2000) that denies
the existence ot discrete linguistic units, but are more consistent with localist models (¢.g..

Grainger & Jacobs, 1996, McClelland & Rumclhart, 1981},

71



Chapter 4. Trunsposed-character Similarity Effect in Chinese

Chapter 4

Study 2: Transposed-character Similarity Effect in Chinese

4.1 Introduction

This study is an attempt to use a new method, namely, the transposed-character
similarity effect in Chinese, to investigate the orthographic representations of Chinese
compound words. The transposed-character similarity effect in Chinese is adapted from

the transposed-letter similarity effect first reported in studies of English words.

Transposcd-letter (VL) similarity cficct refers to the facilitation brought by a
lranSposcd nonword (e.g., jugde) to the processing of the original word (¢.g., JUDGE)
compared to a substituted nonword (e.g.. jupre) (Acah & Perea, 2008: Chirstianson,
Johnson, & Rayner, 2005; Lupke;, Perea, & Dawis, 2008). This effect implics that the
component letters of a word are coded for their identity information regardless of position.
The reason is that if they are coded with specific position information, transposed and
substituted nonwords should produce similar effect to the original words. considering that
both of them have two letters different from the original words. Larger effect produced by
transposed primes suggests that transll:voscd words may activate orthographic
representations of the original words, regardless ol letter transposition (similar to
repetition priming). It suggests that the correspondence relationship between position and
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letter is not exactly one-to-one and that the activation of position information lags behind
letter activation. TL similarity effect is inconsistent with the traditional slot-coding

system in visual word recognition models such as the Interactive Activation Model

(McClelland & Rumelhart, 1981).

The most important theoretical implication of the T'L. similarity effect is that its
locus scems to .bc lexical. Firstly, in recent studies (c.g.. Lupker, Perca, & Davis, 2008),
primes are often shown in lower case letters and targets in upper case letters to exclude
the possibility that the transposed-letter similarity effect is due to visual overlap between
primes and targets. Secondly, the lexicality of target words 1s found to aflect the direction
of observed effects. On the one hand, when the targets were words (e.g.. JUDGE )., prior
presentation of transposed nonwords (e.g., jugde) produced facilitation to original words
processing. On the other hand, when the targets were nonwords (e.g.. MERSE). prior
presentation of transposed nonwords (e.g.. meres) did not produce facilitation to the
processing of the original nonwords ( Pear & Lupker, 2003a; Perea & Lupker, 2004;
Christianson, Johnson, & Rayner, 2005). Thirdly, transposed nonword primes were also
found to produce semantic priming effect to target words semantically related to the
original words (¢.g., jugde-COURT) (Perca & Lupker. 2003b). If repetition priming effect
cannot exclude the influence of pereeptual similarity, semantic priming can certainly do.
Thus, semantic? priming effect produced by TL nonwords clearly indicates that TL

N

nonwords activate the orthographic representations of their base words. Based on these

findings, it is quite certain that the locus of TL similarity ctfect is lexical rather than

.
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prelexical (but sces Kinoshita & Norris, 2009),

The size of the TL similarity eflect may be affected by the positions of transposed
letters in a word. Johnson, Perea and Rayner (2007) found that cye fixations on target
words were l‘nuch shorter with parafoveal previews of transposed nonwords than
substituted nonwords. Furthermore, transposition of internal letters produced similar
effect on target words processing as identical previews; while transposition of final letters

produced much longer eye fixations on target words.

Similarly, White, Johnson, Liversedge. and Rayner (2008) found that total reading
time decreased gradually from sentences containing nonwords produced by transposition
of initial letters, sentences containing nonwords produced by transposition of ﬁllili. letters,
and sentences containing nonwords produced by transposition of internal letters. These
findings suggest that nonwords produced by transposition of internal letters were more
likely than those produced by transposition of external letters to activate orthographic

representations of the original words.

The direction of TL similarity effect has been found to be affected by the
lexicality of transposed primes. In other words, if the transposed word is a word itself, the
priming eflect it produces is different from that produced by a transposed nonword.

Words are called transposable words in the present study if the transposed words are real

74



Chapter 4: Transposed-character Similarity Effect in Chinese

words themselves (c.g.. salt-SLAT in English; 5 I-- F 4% in Chinese). Those are not
real words after transposition are called untransposable words. Take Dunabeitia, Perca
and Carreiras (2009) as an example. They examined the TL similarity cffect in Spanish
with masked priming paradigm. They found facilitation for untransposable prime-target

pairs (e.g., cdero-CEDRQ, cedar in English) but a null effect for transposable

~

prime-target pairs (e.g., cerdo, pig in English-CEDRO, cedar in English). The null effect

3

"

was attributed to lexical level lateral inhibition between prime and target words that may
offset the facilitation produced by their orthographic similarity. Nonword primes did not

produce such lateral inhibition because they were not lexical units.

Lexical inhibition produced by a high frequency transposed word neighbor to the
base word was observed by Acha and Perea (2008) in an eye movement study. They
found that later eye movement indicators (i.e.. regression and total reading time) were
much longer for target words (e.g.. silver) with a high frequency transposed word
neighbor (c.g.. sfiver) than those without a high frequency ncighbor. The effect observed
on later stage indicators of eye movement illdica;ics that it occurred at lexical level rather
than prelexical/perceptual level. Similar results were also obtained by Johnson (2009).
These findings suggest that orthographic representation of a word’s high frequency TL
neighbor is automatically activated in the processing of visual word recognition.

Can this effect be adopted with Chinese two-character words?

“

'y I means immediately in English and 1 'Y means launched in English
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One underlying assumption of TL similarity effect is that words have holistic
orthographic representations that can be activated by their corresponding transposed
nonwords. Thus, if transposed two-character Chinese words produc; similar cflect to the
processing of real compound words, it can be inferred that two-character compound
words in Chinese have holistic orthographic representations in the mental lexicon. The
assumption underlying such inference is that il Chinese two-character words are
rcprcs::mcd as an organic whole in our mental lexicon, the sequential arrangement within
the whole may not affect the processing of whole words because perception and
processing ol holistic units may have superiority over that ofdpart units (c.g., Word
Superiority Effect, Reicher, 1969; Wheeler,1970; Mok, 2009). Navon (1977) revealed the
precedence of global over local features in visual perception. Participants in his study
were briefly shown letters composed of smaller letters (e.g.. an H composed of small H or
S) and were asked to make one of two lyp-cs of response: local or global. In local
response condition, participants were required to report the small letter regardless of lh;:
big letter. In global responsg condition, participants were required to report the big letter

] 3
regardless of the small letter. The results showed that response to smaller letter was much
longer under inconsistent condition (i.e.. the big letter and small letter were different,
-
such as a big H composed of some small S) than consistent condition (i.c., the big letter
and small letter were identical). It suggests that perception of local features is affected by

global features. However, the global response was not affected by local features. In other
words, response latencies were similar under inconsistent and consistent caondition. Such

findings suggest that global features have advantage in human’s perception and may not
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be influenced by local fcatures with short presentation duration. Hence, it seems
reasonable to assume that transposed nonwords can activate whole-word orthographic

representations if original words have global representation in the mental lexicon, despite

small changes in local features.

Transporting the TL. similarity effect to Chinese words should proceed with great
caution because Chinese compound words are composed of two characters only.
Transposed words produced by tra‘nsposition of the wnitial and final characters are quite
different from transposed English words created by transposition of two internal lctters.

The difference between them may be related to word types (compound words vs. single

words) of the target words.

In fact, the processing of transposcd English compound words has been

investigtted. Taft (1985) found that transposed compound words such as stooltoad are
more difficult to reject than controls such as !an‘mp for English speakers. There are two
:pos,sihle accounts. On the one hand, it may be that spreading activation of component
morphemes to compound word lcads to the obscrved eftect. This is Taft's (1985) account.
On the other hand, it is possible that the transposed nonwords activate orthographic
representation of the original compound words in a position-insensitive way. Thus, the

conflict between the activated orthographic representation and visual input of a nonword

required longer time to deal with.
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Processing of transposed Chinese compound words has also been investigated.
Using unmasked semantic priming, Peng, Ding, Wang, Tafl, and Zhu (1999) found that
both the original word (e.g., #7/, means fie in English) and a transposed compound
word (e.g., ¥, means‘!ead in English) can produce facilitation to a semantically
related word (e.g., 245, means business suit in English) with SOA 157ms. The result
suggests that spread activation from component morphemes to compound word occurs
and that activation of morpheme position information lags behind morpheme activation.
Due to morpheme level activation of the prime word that is insensitive to position
information, word-level representation of the original target word is supposed to get

activated and produce priming effect to a semantically related word.

In addition to semantic priming effect, repetition priming effect was also observed
between two transposable compound word pairs (e.g., #5- 478 with various SOA
durations (SOA 57, 157 and 314ms) (Ding & Peng, 2006). An unexpected finding in this
experiment was that for low frequency compound word targets, when the transposable
word pairs were not highly semantically related, null effect rather than facilitation was
observed. This effect was interpreted as word-level semantic competition canceling
morpheme-level facilitation. However, it is possible that word-level orthographic
representation is firstly activated before the activation of word-level semantic

L]

representation in visual word processing.

‘Studies on transposed compound words processing can be divided into two parts,
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based on whether the target compound words are transposable or not. For untransposable
compound words, facilitation produced by transposcd nonwords to original words
processing can be explained by both morpheme-to-word activation and pre-activation of
target words’ word-level orthographic representation by the transposed primes. For
transposable compound words, morpheme-to-word activation accouni can explain
facilitation effect in semantic and repetition priming; while activation of word-level
orthographic/semantic representation of prime words can explain the inhibition/null effect
to target word processing. However, previous sludic.; (Tafl, 1985; Peng et al., 1999; Ding
& Peng, 2006) did not make a distinction between the morphcme-to-word activation

account and activation of word-level orthographic representation account.

To differentiate the above two possibilitics — decomposed vs. holistic accounts,
Study 2 investigated both transposabic and untransposable Chinesc compound words
(Experiments 1 to 3). The predictions are as following: (1) If there are word-level
orthographic representations, transposable prime-target pairs (c.g. % .. means
immediately in English- 1114, means launched in English) would produce null effect or
cven inhibition because two activated orthographic representation would compete with
cach other for lexical access; while untransposable pairs (e.g., )% *-*4)%, means
careless in English) would produce facilitation because such transposed primes would
only activate the word-level orthographic representations of the target words. (2) On the
other hand, if Chinese compound words do not have holistic orthographic representations

in the mental lexicon, both transposable and untransposable prime-targe pairs should
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produce facilitation duc to spreading activation of morpheme-level information in the

prime words to target words processing.

To cxamine the influence of semantic transparency on word-level representation,
transparent and opaque compound words were used in Experiments 2 and 3, respectively.
Facilitation by transposed transparent words 1o the original words can be attributed o
both morpheme-to-word activation and activation of word-level orthographic
representation. However, facilitation by transposed opaque words to the original words
can only be attributed to word-level orthographic representation activation because
morpheme-level activation do not lead to whole word semantic activation for opaque

words.

In addition to the above threc experiments, binding words arc cxamined in
Experiment 4 to test the possibility that transposed words can activate word-level
representation of the original words. Binding words contain two characlers that can only
combine with each other. Taft and Zhu (1995) found that the naming latencies for initial
characters of binding words (e.g., Yt in #45]) were much shorter than that for final
characters of binding words (c.g., m‘JI‘ in #i#5)). This finding suggests that component
characters of binding words do not have independent morpheme level representations.
Binding words are much likely to occupy word level representations. Naming the final
character needs longer time because participants have to skip the sound of the initial

character in the activated word level pronunciations. This study suggests that binding
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words are represented as unitary wholes (or actually monomorphemic words) and thus
can only be processing in a holistic way. If transposed binding words can facilitate
original word processing, it is certain that the whole word representation is activated by

transposed prime words.

4.2 Experiment 1: Transposable Words

The cffect of prior presentation of a transposable word on later processing of the
original word was tested in Experiment 1. As mentionced carlier, transposable words refer
to those that are still rcal words after transposition of the initial and the final characters
(e.g., 'y k- Eth). If compound words occupy whole word orthographic representations,
the transposed words (e.g., 1:Z) would compete for lexical access with the target words
(i.e., their transposed form, e.g., I3 1) in a priming paradigm. Otherwisc, the transposed
words woﬁld facilitate the processing of the original words due to spreading activation

from component morphemes 1o compound word (Peng, et al., 1999).

4.2.1 Method

Participants

The participants were 40 undergraduate and postgraduate students of the Chincse
University of Hong Kong. All of them had normal or correct-to-normal vision. They were
native Chincse speakers. All the participants were right handed. They voluntarily took-

part in the study and were paid for their participation.
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Design
This was a 2 x 2 within subject design. The first factor was orthographic
relatcdness between prime and target words (related vs. unrelated). The second factor was

thc word order of the primes (normai vs. transposcd).

Muaterials

Twenty Chinese compound words were selected as target words. Fach targel word
(¢.g., 5 I, means ar once in English) was paired with an identical word (e.g., 1} |), a
transposed word (c.g., 1.'%, means starf in English), a control word (e.g., T, means
characteristics in English) or a control nonword (c.g., S Pk ) The linguistic
characteristics of the prime words such as the frequency rank, ncighborhood size, stroke

number of both the initial and final characters are shown in Table 4-1.
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Table 4- 1 Linguistic characteristics of the stimuli used in Experiment 1-4

Linguistic characteristics Expl Exp2 Exp3 Exp4
9836.83 7877.05 9954.38 15829.13
Frequency rank of normal words
(9887.60) {6451.03) (6502.62) (7486.11)
11911.30
Frequency rank of transposed words
(12589.58)
L 1559.80 2332.92 3352.78
Frequency rank of initial character
(2022.83) (2307.86) (7202.71)
1866.88 2662.00 3081.13
Frequency rank of final character
(2265.50) (3158.26) (4512.09)
. _ L 203.40 123.98 149.38
Neighborhood size of initial character
(164.38) (225.34) (107.70)
_ , . 229.75 67.88 132.98
Neighborhood size of {inal character
(325.25) (64.72) (151.93)
. 6.63 9.23 7.08 [1.45
Stroke number of initial character _
(3.29) {(3.29) (2.89) (3.73)
9.13 9.61 8.18 11.08
Stroke number of final character
(10.52) (3.06) (3.00) {3.40)

Note. Standard deviations in parentheses

In addition to 80 pairs of critical materials, the same number of nonword targets
was included as negative items of a lexical decision task. The design of nonword targets
was made o be identical with word targets. Each nonword targets were (c.g.. PEil)
paired with an identical nonword (e.g., B4 il:), a transposed nonword (c.g.. i1:FF), a
control word (e.g., $3"J, mecans writing in English) or a transposed form of the control
word (c.g., T3 P, means write a book in English). Another 20 pairs of materials (half

word targets and half nonword targets) were sclected for practice.

The critical materials were arranged in a Latin-Squarc design. All materials were

divided into four blocks. Each block included 20 word targets and 20 nonword targets in
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four different conditions. Each target word only appeared once in onc biock. In each

block, the matcrials were randomized to present. Each participant only did one block.

Procedure

The stimuli were presented by a computer on a 17-inch liquid crystal display. All
the characters were sct in 18 font of Song Fonr. The words presented at the center of the
screen were approximately 2.7cm> 1.3em in size. Participants sat about 60cm from the

screen. The program was compiled by the E-Prime 2.0 software.

A forward masked priming paradigm was employed. At the beginning of the
experiment, a red fixation signal in 46 Font (the same size as a word stimulus) was first
shown at the center of the screen for 500ms. Then a scrics of symbols (####) appeared as
mask and lasted for 500ms. After its disappearance, a prime word would be presented at
the same position for 57ms. Then the target word turned up and stayed on the screen until
the participant made a response on the keyboard. As soon as the participants made a
decision, an interface would appear on the screen. The participants needed to press the
“shift” button to begin the next trial. There was an interface for rest every 20 trials,
Betore the formal experiment, there was a practice phasc to cnsure that all the

participants understood the task.
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4.2.2 Results

Table 4-2 RT {ms) and accuracy in Experiment 1 6

Condition Normal words ‘Transposed words
RT Accuracy RT Accuracy
Related primed - 676 (220) .98;. 14} Ti7160) T‘JS(.ZZ}
Control primed 739 (195) 98(.16) 719 (190) 9717

Note. Standard deviations in parentheses

Only correct responses were uscd for RT analysis. Reaction time that exceeded
three standard deviations of cach subject was deleted. Those shorter than 300ms and
longer than 1500ms were also deleted. The criteria delete about 3.6% of the total data

points.

The RT data were analyzed with a Linear Mixed Eflect Model, with subject and
item as random intercepts. The p-values were estimated by the Monte Carlo Markov
chain (MCMC) method (Baayen, 2008) using 10,000 samples. The relatedness between
primc and target words, word order (normal vs. transposed) and interaction of these two
factors were used as predictors for log RT. In addition, the model also included other
factors that may affect the rcsults as covariates. They arc some linguistic characteristics

of the prime words: the frequency rank” of the prime words, the frequency of the initial

® ‘related normal words' refers to *identical prime’; ‘related transposed words’ refer to ‘transposed word
prime’; *control normal words’ refer to *word control prime’; *control transposed words’ refer to ‘nonword
control prime’,

*Refer to State Language Work Committee (2008).
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and final characters, orthographic neighborhood size of the initial and final characters and

stroke number of the initia_l and final characters.

~ .
-

‘

In total, 748 data points were used in RT analysis. It was found that the main cffect
of word ordcr'_was not significant (r=-.32, p>.05). The main effect of orthographic
relatedness was not significant (r=.76, p>.05). The interaction between relatedness and
word order was significant (1=-3.19, p<.01). Simple effect analysis shows that this
interaction was caused by facilitation produced by normal related words (f=4.41.
p<.05) and null cffect produced by transposed related words (F=1.12, p>.05). In
addition, none of the effect of covariates feached statistical significance (ps>.05).

The pattern of the results is shown in Figure 4-1.

?50 - - S p—— - . ———
740
730
720
710 1
700
690
680
670
660
650
640 -

I| O related
| ®unrelated
|
|

Response time (ms)

SHESS———

nomal words transposed words

Figure 4-1 RT results of Exp 1 (Transposable words)

For accuracy rate analysis, 800 data points were used. A logit mixed effect model

- 3
appropriate for nominal dependent variables was adopted. It used the same predictors and

covariates as in RT analysis. However, the results did not reveal any significant effect

"
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{(ps>.05).

4.2.3 Discussion

The observation of null effect by transposed words on the normal target words is
inconsistent with the lexical competition hypothesis (which predicted inhibition cllects)
and the hypothesis that there is spreading activation from morphemes to words (which
predicted facilitation effects). Yet it is explicable if it is supposed that the cffect of the

two canccels out each other.

Other rescarchers (Ding & Peng, 2006) have also found null cffect with
transposable prime-larget pairs (e.g., #Wilf, mecans tie in English - iy ¥. means lead in
English). On hindsight, the failure to observe inhibition cflect with transposable
prime-target pairs may be related to the word frequency of the primé and the target words.
Presumably, strong competition occurs when high frequency words, which have a high
baseline activation level, are paired with low frequency target words (Grainger & Jacobs,
1996). But, in this experiment and Ding and Peng (2006), the frequency of the prime and
the target words was not manipulated to be high-low. Perhaps the orthographic
representations of the prime words had not been activated sufliciently to inhibit l.exical
access of the target- words. Of course, one should be extremely cautious to make an
inference based on a null effect. What can be said is that the results of Experiment |

neither reject nor support the notion that Chinese compound words have word-level

orthographic representations in the mental lexicon. This unsolved question will be further
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explored in the following experiments.

L]

4.3 Experiment 2: Trausparent untransposable words

The processing of untransposable words may provide more credible evidence to
the activation of word-level orthographic representations of Chinese compound words.
The untransposable words are not rcal words after transposition (e.g., #F#{, means proud
in English, is a rcal word but turns into a nonword {f(#F aftcr transposition.) and thus do
not occupy representations in the mental lexicon. It the ransposed nonwords can activate
word-level representation of the original words. they should facilitate the processing of
the original words. The decomposed account of morphemc-to-word activation would also
predict facilitation between prime and target words. However, it may have difficulty (o
explain.lhe findings with opaque words. In other words, the decomposed account of

~
morpheme-to-word activation would predict facilitation between transparent transposed
nonwords and transparcnt target words, but not between opaque transposed nonwords and

opaque target words. That is because semantic rclatcdness betwecen component

morphemes and opaque words s quitc low.

As a result, investigation of the effect produced by transparent transposed
nonwords to transparent target words and that produced by opaque transposed nonwords
to opaque target words would not only examine the influence of semantic transparency on

whole word representation of Chinese compound words, but also helps to make a
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distinction between the decomposed and holistic representation accounts. To achigve this
goal, transparent and opaque compound words werc used in Expcriment 2 and

Experiment 3, respectively.

4.3.1 Method
Participants

The same participants in Experiment 1 participated in this cxperiment.

Design

The design of this experiment was similar to that of Experiment 1.

Materials

Twenty transparent words were selected as target words. Each word target (e.g.,
L3178 meﬁns proud in English) was paired with an identical word (c.g.. ¥i{H). a
transposed nonword (c.g., {4, a control w;er (e.g., £, means benefit in English)
or a control nonword (e.g., #if4). For nonword targets (e.g., #¢7), each onc was also
paired with an identical nonwbrd (e.g., A%41¥), a transposcd -nonword (e.g., WVIR). a
control word {c.g., Wi, means read aloud with expression in English) or a control
-nonword (c.g., Wil). The linguistic characteristics of the prime words such as the
frequency rank, neighborhood size, stroke number of both the initial and final characters

were in Table 4-1. The arrangement of materials was similar to that of Experiment 1.

Procedure
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The procedure was the same as in Experiment 1.

4.3.2 Results

Table 4- 3 RT (ms) and accuracy in Experiment 2

Condition Normal words Transposed nonwords
RT Accuracy RT Accuracy
- |<e|at;;;;nn_r;;i_ - 616 (168) 98(.14) - 115(179}*“ 97(,|6')_m
Control primed ‘ 676 (191) 96(.21) 706(196) OFA7y .

Note. Standard deviations in parentheses

Only correct responses were used for R analysis. Reaction time that exceeded
three standard deviations of cach subjects was deleted. Those shorter than 300ms and
tonger than 1500ms were also delcted. The criteria delete about 4.9% of the total data

points.

In total, 736 data points were used in RT analysis. The results (Figure 4-2) show
that the main effect of word order was not significant {=-.83, p>.05). The main effect of
rclatedness was significant (r=-3.33, p<.01). Morc importantly, the interaction between
word order and relatedness was signilicant (+=-3.84, p<.01). Simple effect analyges' show
that this intcraction was caused by facilitation produced by normal related words
(F=29.84, p<.01) and null effect produced by transposed related nonwords (F=2.16,

p>.05). In addition, none of the effect of covariate rcached statistical significance
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(ps>.05).
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Figure 4-2 RT results of Exp 2 (transparent untransposable words)

For accuracy rate analysis, 800 data points were used. A logit mixed effect modcl
appropriate for nominal dependent variables was adopted. It used the same predictors and
covariatés as in RT analysis. The results (Figure 4-3) show that the main effect of
relatedness was significant, odds ratio =5.03, p<.05. It suggests that compared to
unrelated primes, related primes enhanced the possibility for the participants to make a
correct responsc. In addition, the main effect of stroke number of the second character in
prime words was significant, odds ratio=0.81, p<.05. It suggests that increasc of the

stroke numbers of the final character decreased the possibility for the participants to

make a correct response.
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Figure 4-3 Accuracy results of Exp 2 (transparent untransposable words)

4.3.3 Discussion

The results of Experiment 2 reveal significant repetition masked priming effect
with identical prime and target words. However, the transposed nonword primes did :'101
produce significant effect to the processing of the original words. Such findings shed
light on the; following two aspects: First of all, it suggests that transposed nonwords in
this experiment did not activate the orthographic representation of original words.
Otherwise, facilitation would be observed. Secondly, it shows that the processing of
transparent words is sensitive to position information. As a result, the same
character/morpheme in different position (initial vs. final) was not coded as the same and
thus did not facilitate each other’s processing. To sum up, the results of Experiment 2 did
not support the decompose account .(i.c., morpheme-to-word activation) of C'hincse

compound word representation and suggest that transparent compound words may not

occupy word-level orthographic representations in the mental lexicon.
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4.4 Experiment 3: Opaque untransposable words

Cxperiment 3 examined the influence of transposed opaque nonwords on the
processing of the original words. Opaque words arc more likely than transparent words to
be represented as wholes in the mental lexicon. Thus, transposcd opaque nonwords may
be able to activate word-level orthographic representations of original words and thus

produce facilitation to the processing of the original words.

4.4.1 Mcthod

Participants

The samc participants in Experiment | participated in this experiment.
Design

The design of this experiment was similar to that of Lxperiment 1.
Muaterials

‘Twenty opaque words were sclected as target words. Each word (c.g.. 1%,
means careless in English) was paired with an identical word (e.g., /%), a transposed
nonword (e.g., 1£5), a control word (c.g., & j‘r'{f.‘,. means afier all in English) or a control
nonword (e.g., 5'F). For nonword targets, each one (e.g., ITliTF) was also paired with
an identical nonword (e.g., PFif), a transposed nonword (e.g., ELH), a control word
(e.g., /K, means spring water in English) or a control nonword (e.g., /K/®). The
linguistic characteristics of the prime words such as the frequency rank, neighborhood

size, stroke number of both the initial and final characters were in Table 2-1. The
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arrangement of materials was similar to that of Experiment 1.

Procedure

‘The procedurc was the same as in Experiment 1.

4.4.2 Results
Table 4- 4 RT (ms) and accuracy in Experiment 3
Condition Normal words Transposed nonwords
RT Accuracy RT Accuracy
C Related primed e (199) 98(.16) el eram
Control primed 704(190) 95(21) 759(214) 97(.18)

Note. Standard deviations in parenthescs

Only correct responses were used for RT analysis. Reaction time that excceded
three standard deviations of each subjects was deleted. Those shorter than 300ms and
longer than 1500ms were also deleted. The criteria delete about 3.2% of the total data

points.

In total, 749 data points were used in RT analysis. The results (Figurc 4-4) show
that the main effect of word order was not significant (/=-1.13, p>.05). The main effect of
relatedness was significant (r=-4.09, p<.01). The interaction bclw;en word order and
rclatedness was not significant (r=-1.65, p>.05). An insignificant interaction suggests that

the effect produced by identical words (52ms) and that produced by transposed nonwords
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(17ms) were similar. If the effect produced by lransposéd nonwords was insignificant, a
significant interaction should have appeared’. Thus, thé results suggest that both normal
and transposed related primes facilitate target word recognition. In addition, the main
cffect of the stroke number of the initial character in prime words was marginally
sigiliﬁéant (r=1.79, p=.07). It suggests that the stroke number of the initial character
delayed lexical responses to target words. No other effect of covariate reached

statistical significance (ps>.05).

780 - ; e e
760
740 -
720
700
680
660
640 1
620 | -
600
580 -

f a relat-eg
@ velated

Response time (ms)

nomal words transposed nonwords

Figure 4-4 RT results of Exp 3 (opaque untransposable words)

For accuracy rate analysis, 800 data points were used. A logit mixed effect model
appropriate for nominal dependent variables was adopted. It used the same predictors and
covariates as in RT analysis. The results show that the main effect of the neighborhood
size of the initial character in prime words was marginally significant, odds ratio=1.01,

p=.07. It suggests that the increase of the neighborhood size of the initial character

7 1t should be noted that there is no need to conduct simple effect analysis with an insignificant interaction.
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enhanced the possibility for the participants 1o make a correct response”. No other eflect

reached significance (ps>.03).

4.4.3 Discussion

The results of Experiment 3 show that both identical words and transposed
opaque nonwords produced facilitation 1o the processing of target word. although the
latter is weaker than the former (but not statistically ditferent). It suggests that the
transposed opaque nonwords could activate whole-word orthographic representation of
the original words and thus produced the observed facilitation effcct. This effect with
opaque compound words is unlikely to be causcd by morpheme-to-word activation,
considering the low scmantic rclationship between component morphemes and opaque

compound words.

4.5 Experiment 4: Binding untransposable words

Binding words are monomorphemic words and thus can only be processed as
wholes. Binding words provide a unique way to test whether whole-word orthographic
representation can be activated by their transposed forms. This experiment will also
reveal the importance of morpheme position information in whole-word orthographic

represcentation.

¥ Odds ratio refers to the possibility for an initial character with larger neighborhood size to induce a
correct response divided by the possibility for an initial character with smaller neighborhood size to induce
a correct response. it should be noted that although this odds ratic reaches statistic signiticance, the size of
the difference between large and small neighborhood was quite small.
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4.5.1 Method

Participamty

The same participants in Experiment | participated in this experiment.

Design

The design of this experiment was similar to that of Experiment 1.

Materials

Twenty binding words were sclected as target words. Each target word (c.g., 3
. means rose in English) was paired with an identical word (e.g.. $(#). a transposed
nonword (e.g., SLH), a control word (e.g.. #7¥. means forrential in English) and a
control nonword (c.g.. ¥U#%). The linguistic characteristics ol the prime words such as
the frequency rank, ncighborhood size, stroke number of both the initial and final
characters were in Table 2-1. The arrangement of matcrials was similar to that of

Experiment 1.

Proceclure

The procedure was the same as in Experiment 1.

97



Chapter 4: Transposcd-character Similarity Effect in Chinese

4.5.2 Results

Tuble 4- 5 RT {ms) and accuracy in Experiment 4

Condition Normal words Transposed nonwords
RT Accuracy RT Accuracy
- Related primed 672 (180) 98 (.14) 761 {209) 97 (16)
Control primed 700 (195) 96 (.21 798(231) O70.1H

Note. Standard deviations in parentheses

Only correct responses were used for RT analysis. Reaction time that cxceeded
three standard deviations of each subjects was deleted. Those shorter than 300ms and
tonger than 1500ms were also deleted. The criteria delete about 3.1% of the total data

points.

In total, 753 data points were uscd in RT analysis. The results (Figure 4-5) show
that the main effect of word order was significant (/=-2.19, p<.05). It suggests that normal
words produced faster response than transposed nonwords. The main effect of rclatedness
was significant (/=-6.40. p<.01). It shows that related primes produced (aster response
than unrelated primes. The interaction between word order and relatedness was not
significant (+=0.21, p>.05). It demonstrates that both normal and transposed related
primes facilitate target word recognition. No other effcct of covariate reached staustical

significance (ps>.05).
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Figure 4-5 RT results of Exp 4 (binding untransposable words)

For accuracy rate analysis, 800 data points were used. A logit mixed effect model
appropriate for nomi_nal dependent variables was adopted. It used the same predictors and
covariates as in RT analysis. The results show that the main effect of the stroke number of
the initial character in prime words was marginally significant, odds ratio=1.13, p=.07. It
reflects that the increase of the stroke number of the initial character enhanced the
possibility for the participants to make a correct response. No other effect reached

significance (ps>.05).

- 4.5.3 Discussion

The results ‘of Experiment 4 show that transposed binding nonwords produced
similar facilitation to the recognition of ihe original words as identical words. It suggests
that transposed nonwords can activate V\.ford-level orthographic representation of the

original words. Meanwhile, it suggests that morpheme position information was not
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critical in word-level orthographic representation access.

It should be noted that therc is a potential challenge to the whole-word
orthographic representation activation account. In the computer display of the stimuli.
when the semantic radicals of the two components in a binding word were identical (e.g..
B4R, the semantic radical of the prime nonword stayed on the screen and became the
semantic radical of the target word. Thus, the observed facilitation may be caused by

radical overlap between prime and target words.

4.6 General Discussion of Study 2

Study 2 examined orthographic representations of Chinese compound words
using transposed-character similarity eflect. Experiment 1 shows that prime-target pairs
of transposable compound words (¢.g.. ¥ 17. means rie in English - 44§ %i. means /ead in
English) did not produce significant effect. It is possible to be caused by the offset
between lexical competition (between prime and target words) and morpheme-to-word
activation (from morphemes in prime words to target words). However. it is hard to draw
conclusion about the status of orthographic representations of Chinese compound words
based on this null effect. The issue was (urther investigated with Experiments 2 to 4.
Experiment 2 shows that transparcnt transposed nonwords did not produce facilitation to
transparent target words. This finding excludes the possibility of morpheme-to-word

activation that would predict significant facilitation. Instead. the result may suggest that
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transparent words do not have word-level orthographic representations that can bhe
activated by transposed nonwords. Experiment 3 shows that opague transposed nonwords
produced significant facilitation to opaque target words. This etfect cannot be causcd by
morpheme-to-word activation because the’ scmantic relatedness between component
morphemes and opaque compound words is really low. Thus, it is most likely that the
opaque lransposed nonwords activale word-level orthographic representation activation
of opaque target words. The results of Experiments 2 and 3 show that opaque compound
words arc more likely than (transparent compound words to be represented as
orthographic wholes in the mental lexicon’. In addition, Experiment 4 examined the
influcnce of binding transposed nonwords to the processing of binding target words (c.g..
fi4k-1EA, means wander in English). It provides cvidence that it is possible to activate
whole-word orthographic representations of Chinese two-character words by transposed
nonwords. Thus, the facilitation produced by opaque transposcd nonwords to opaque
target words was very likely to be caused by activation of word-level orthographic
representations of the opaque target words.

The prcsent findings arc consistent with Ding and Peng (2006) who also observed
insignificant inhibition by transposable prime-target words. The null effect found in the
present study and Ding and Peng (2006) does nol necessarily contradict the interference

observed by Taft, Zhu and Peng (1999). Taft et al. used a lexical deciston task without

primes. They found that lexical decision response was slower for transposable words (c.g.,

* 1 did not conduct a combined analysis of Experiments 2 and 3 considering the different target itcms used
in the two ¢xperiments.
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i) than untransposable controls. They argued that transposable words suffer from
competition between activation of the lexical representations of the transposed and the
original words (e.g., %) in a lexical decision task. llowever, this explanation is
inconsistent with the finding that words with multiple meanings are often recognized
faster than single-meaning words in a lexical decision task (Jastrzembski &

Stanners. 1975).

The present rcsulllis consistent with Taft ¢t al. (1999), who found that lexical
decision responses to transposed nonwords (e.g., JGX) were much slower that to control
nonwords that cannot be transposed to be a word (e.g., #2H#). They argued that the
former, but not the latter, can activate the lexical representation of their base words. This
activation would induce a positive lexical decision response. causing a delay in the “no”
response. In the present study, significant facilitation by transposed nonwords to opaque
target words (e.g., JE9-%I%) was observed. Facilitation was observed because a
transposed nonword activates a word representation that is identical with the target word.
Hence, the inhibition observed by Taft et al. (1999) and the facilitation observed in the
present study are in fact quite consistent with each other and can be explained by a

similar cognitive mechanism.

However, it should be noted that transposed-character nonwotds used in the
present study are quite different from transposed-letter nonwords used in alphabetic

languages. Firstly, transposition of characters is a manipulation of morphemes that are
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much larger linguistic units than lctters. A significant ditference between morpheme and
letter lb that morphemes convey meanings but letters do not. Even after transposition,
morphemes may scnd semantic cues of the whole words. It may facilitate activation of
whole word representations and thus exaggerate the observed cffect. Secondly, the
positions of transposed characters and letters also differ. In studies with alphabetic
languages, two internal letters were often transposed to get a transposed nonword.
However, compound words used in the present study only have two component
characters and thus the transposition occurs with initial and final characters. Position ol
the transposed components may have an influence on the observed etfect (Johnson. Perea
& Rayner, 2007). Considering these two aspects, it should be cautious 10 integrate present

observed cliect into the transposed nonword literatures.

Underlying mechanism of the observed transposed-character similarity effect

-

Fl

[n sum, the findings of Stﬁdy 2 suggest that Chinese compound words, cspecially
the opaque oncs, arc likely to occupy whole word orthographic representations that can
be activated by their corresponding transposed nonwords. As to the two candidate
explanations for the findings of transposed compound word processing: decomposcd
morpheme-lo-word activation and holistic activation of whole word representations,
previous studies (Taft, 1985; Peng et al., 1999) assumed that it is sprcading activation
from morpheme-level to whole-word level that contributes to the observed effect;
however, the findings of the present study support the second explanation - holistic

activation of word-level orthographic representations much more.
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Is it possible to explain the observed transposed character similarity effect with a
decomposed account? A new lexical processing model (Taft et al., 1999; Taft &
Nguyen-iloan, 2010} argues for a decomposed account by accommodation of a “lemma’
level (see p.65). According to this model, the null cifect with transposable prime-target
pairs (e.g., 'y_L- 1!y, Experiment 1) may be explained by the counteraction of
morpheme-to-word lemma tacilitation and word lemma inhibition. Thus, our observed
results may be consistent with a decomposed representation account insicad of a holistic
representation account. However, as | have pointed out in Discussion of Study 1 (sce
p.65), involvement of a lemma representation cannot exclude the existence of
whole-word orthographic representation, considering that ‘lemma’ represents an abstract
connection of form and meaning. With such a view. whole-word orthographic
representation should be included into a lexical processing model. In addition,
considering the present task is a lexical decision one with visual input, it is more likely
that the lexical competition occurs on orthographic level instead of semantic level or
lemma level. Many studics with masked priming and lexical decision task did not found
significant semantic priming cffect (Bueno & Frenck-Mestre, 2008; Taft & Kougious,
2004). Overall, the observed effect with transposable word pairs may be hard to explain

with a lexical processing mechanism without word-level orthographic representation.

The role of morpheme position in compound words processing

The different findings observed with transparent and opaque compound words
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retlect that morpheme position information may take differcnt effects in these two kinds
of words. For transparent compound words, whole word meaning can be computed from
the meanings of the component morphemes. Morpheme position information may be
important during this process, considering that whole word mecanings ot transposable
transparcnt words, such as #4 (means fic in English) and &%l (means lead in
English), are totally different. Howcver, due to the low relatedness between component
morpheme meaning and whole word meaning in opaque compound words, meaning
extraction from the first and seccond morphemes is not quite uscful to reach whole word
meaning. As a result, position information in opaque words is not that important as in
transparent words. The findings of Expcriments 3 and 4 may- syggest that morpheme
position information is not quite important for words that arc represented as wholes.
h

Theoretically, on the one hand, the findings of transparent words are consisient
with the hypothesis of the Interactive Activation Model (McClelland & Rumelhart, 1981)
that component letters in words are decoded one by one, from left to right. On the other
hand, the findings for opaque compound words conform to the hypothesis of the Multiple
Read-out Modecl (Grainger & Jacobs, 1996) that asserts iwo simultancous active cognitive
mechanisms for visual word recognition--a global criterion and a specific criterion.
According to this model, rcaders may make their decisions based on the global activation
level of the visual input or much detailed check of the specific criterion. Researchers (e.g.,

De Moor, Verguts, & Brysbaert, 2005) have found that when the lexical decision task

emphasize on speed, participants may rely more on the global activation level to make
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decisions and many errors are often produced. Conversely, if the lexical decision task
emphasizes more on accuracy, parlicipants may rely more on the specific activation of the
visual input and few errors would be produced. Such findings suggest that the two
mechanisms for visual word recognition are quite flexible. In our experiments, the
transposed nonwords were presented on the screen very shortly (i.e., 57ms) and were
forwardly masked by a scrics of symbols (i.c., ####). Thus, the processing situation of
transposed nonwords in our experiments may be similar to tasks that emphasize on speed.
| As a result, considering the visual similarity between transposed words and the original
words, 1t is quite likely for the participants to access the orthographic representation of

the original words.

Further research directions

One factor that may affect compound words’ whole word representation is word
surface/token frequency, which refers to the total number of times a word appears in a
corpus (Diependaete, Grainger, & Sandra, in press). The facilitation effcct of complex
words’ surface frequency has been evidenced in studies both in alphabetic languageé (e.g.,
Niswander, Pollatsck, & Rayner, 2000) and in Chincse (c.g., Yan, Tian, Bai, & Rayner,
2006). Furthermore, the influence of semantic transparency may be moderated by word
surface/token frequency. Considering that opaque compound words, regardless of
frequency, are more likely to occupy word level entriels in the mental lexicon, the effect
of word surface frequency may be much stronger for transparent words. High frequency

transparent words may be more likely than low frequency transparency words to be
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represented as unitary units in the mental lexicon. It is possible that the reason why
Experiment 2 does not reveal facilitation produced by transposed nonwords (o transparent
target words is that the word frequency of such words are too low. Further studies should

take word {requency into consideration.

Another aspect that should be considered in future studies is whether the
activation of morpheme position information is atfected by the syntactic structure of
Chinese compound words. The rgost common kinds of Chinese compound words are
coordinates and subordinates. For coordinate words (e.g., J&fl). both the initial and final
morphemes are morphological head of the word. The two morphemes have equal
contributions to compound word meaning composition. [lowever, subordinate compound
words (e.g., 1) have only one morphological head which is ofien the final morpheme.
It is possible that morpheme position information matters much in subordinate than
coordinate words because it is important to localize the head morpheme in subordinate
words processing. Considering different roles of initial and final morphemes in
coordinate and subordinate words, coordinate transposed words may be more possible to
activate whole word lexical representation than the subordinate words. Ilowever, whether

the two kinds of compound words represented in difterent ways needs further studies.

In addition, the characteristics of the control words used in the present study may
have some influence on the results. For example, if a control word is quite transparent,

transposed nonwords may have some semantic cues at character level. The transposed
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nonword ‘i H)’, for instance, conveys the meaning of ‘benefit’ by its component
characters. Using such transposed nonwords as controls may potentially lead participants
to emphasize on a decomposed processing style. Converscly, participants may emphasizc
more on a holistic processing style with opaque transposed nonwords as control (e.g., /&
). Other characteristics of the control nonwords/words, such as the concreteness of
meaning and the number of meanings a character carrics, may also have some influence

on the priming effect. Further studics should take such factors into consideration.

Conclusions

The findings of the present study reveal psychological reality of word-level
orthographic represcentations for Chinese compound words. Different representations for
transparent and opaque words are also indicaied by the present study. Transparent words
may be represented in a system in which morpheme positions are marked, whereas

opaque words in one similar to that posited in the Multiple Read-out Model.
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Chapter 5

Study 3: Activation of morpheme meanings in Chinese

5.1 Introduction

Study 3 examines how Chinese compound words are accessed. The focus is to
investigate the role played by component morphemes in visual recognition of Chinese

compound words.

Whether morpheme activation is morpho-orthographic or morpho-semantic is still
hotly debated. Dual-route models {e.g., Schreuder & Baayen, 1995) assume that complex
words are formally decomposed into morphemic units in parallel with whole word access.
Supralexical model (Giraudo & Grainger, 2001) holds that morphological effect is
semantically based because only root morphemes that are consistent with whole word
meaning would get activation from the accessed whole word representations. To
disentangle morpho-orthographic and morpho-semantic accounts, it is important to test
whether the meaning of component morphemes can be activated in compound word

processing.

Recent studies examining morpheme meaning activation mainly rely on semantic
transparency effect in priming of derived words on their stems. If semantically

transparent complex word-stem pairs (e.g. teacher-TEACH) produce larger priming
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effects than opaque pairs (e.g., departnent-DEPART), it can be argued that morpheme
meanings are activated. Using such materials, no difference was found between
transparent and opaque pairs under masked priming with short prime duration (<60ms)
(c.g., Rastle, Davis, & New, 2004). It shows that in the early stage of compound word
processing, morphological decomposition is form-driven, regardless of semantics.
Conversely, significant difference was observed between transparent and opaque pairs
under cross-modal priming, long term priming (i.e., with several items inserting betwceen
prime and target), unmasked visual-visual priming, and masked priming with long prime
duration (e.g., Marslen-Wilson, Tyler, Waksler, & Older, 1994; Rueckl & Aicher, 2008).
It shows that the mecaning of component morpheme was activated in a later stage of
compound word processing. Such findings may suggest that morphological processing is

form-then-meaning activation.

Contrary to the prediction of the form-then-meaning hypothesis, morpho-semantic
activation was also observed under masked priming paradigm, with SOA shorter than
60ms (Feldman, O’Connor, & Del Prado Martin, 2009). Similar results were also
observed by Diependaele, Sandra and Grainger (2009) who proposed the Hybrid model
that includes both morpho-orthographic decomposition at a sublexical level and a
morpho-semantic activation at a supralexical level. However, other researchers disagree
about the reliabilily and interpretations of such effects (Rastle & Davis, 2008; Davis &
Rastle, 2010). Thus, whether morphological processing is form-then-meaning or

form-with-meaning has not been yet clearly determined by semantic transparency
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paradigm.

The critical dispute between the form-then-meaning and lorm-with-meaning
accounts i1s whether morpheme mcaning activation occurs simultaneously with form
activation. Considering that researchers consistently agrec morpho-orthogrpahic
processing occurs at the initial stage of morpheme processing, the unsolved probiem is
actually the timec-course of morpho-semantic activation. Thus, a direct way to
ditferentiatce the above two accounts is to examine the occurrence of morpheme meaning
activation in early stage of multimorphemic word processing without the contribution of

form activation.

It can be accomplished with comparison between the priming effect produced by
word pairs that overlap in morpheme meaning only and no othcr aspects {+Morph,
-Ortho, -Phono, -Seman} with that produced by unrelated pairs. Dissociation of
morpho-semantic overlap from other aspects is possible in Chinesc. Many pairs of
Chinese characters differ in visual forms and pronunciations but have almost identical
meanings. For example, both % / chi / and ¥ / shi / mean eat. They can form a
compound word pair #2350 (means surprised in English) and f¥%X (means appetite in
English) which, apart from a pair of semantically related initial morphemes, have no
overlap in form (orthography and phonology), or word semantics. Any priming effect
between such word pairs can be attributed unequivocally to morphemic semantic

activation.
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The present study is the first to use Chinese compound word pairs that overlap in
morpheme méaning only in a masked priming paradigm to investigale morpheme
meaning activation. In the three experiments reported below, a target word was preceded
by a prime that semantically overlapped with it in 6nc morpheme. in whole word, or
nothing at all. The three experiments only differed in the position of the semantically
rclated morphemes in prime-target pairs. 1f the meaning of component morphemes can be
activated, responscs to the target words in the morpheme meaning relaled condition
would be faster than thosc in the unrelated condition. The occurrence of morpheme
meaning activation would rule out the dual route models that argue for form-based
morphological processing (e.g., Morphological Race Model, Baayen, Dijkstra, &
Schreuder, 1997). Models that assume morpho-semantic activation reflects supralexical
clustering of a morphological family cannot provide a satisfactory explanation either,
considering that the morpheme meaning related word pairs do not overlap in form and
word meaning at all. To detect the relative specd of morpheme and word meaning
activation, both short and long SOAs (60 and 200 ms) are uscd in the experiments. If
morphological processing is form-with-mcaning, morpheme meaning activation should
not appear later than word meaning activation. Otherwise, if morphological processing is
form-then-mcaning, morpheme meaning activation may lag behind word meaning

activation.
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5.2 lixperiment 1

52,1 Method

Participants

The participants were 37 (19 females) undergraduate students at the Chinese
Universily of Hong Kong. They were native Chinese speakers. right handed, and had
normal or corrected-to-nornmal vision. They were paid for their participation. The same

group of participants took part in all the experiments.

Design and materials

This was a 3x2 within-subject design. The first factor was the semantic
relationship between prime and target words (morpheme meaning related. word meaning
related and unrelated). This vanable was manipulated within blocks. The second factor

was SOA (60ms and 200ms). This variable was manipulated between blocks.

Thirty-six target words werc selected from a larger pool of 50 words. Fifty
students at South China Normal University were paid to assess the degree of semantic
relatedness between each of these target words and a morpheme-related word, as well as
a semantically related word, with 1 representing unrelated and 9 highly related. The mean
rating for word pairs that overlapped in the first morpheme only (e.g., 21, means
surprise in English-8#X, means appetite in English) and word meaning only (e.g.. ¥/ 1

means appetife in English -fY ik, means appetite in English) was 2.2 and 7.5, respectively,
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135, =-32.25. p<.001.

Each of the 36 targe?words was paired with three dilterent prime words, matched
on word frequency (Institute of Language Teaching and Resecarch, 1986). Among the 108
prime-probe pairs, 36 pairs contained semantically related initial morphemes bqt were
semantically unrelated in word meaning (e.g.. W28, means surprised in English-1Y 8K,
means appetife in English). Another 36 pairs were related in word meaning but did not
contain semantically related morphemes (e.g., ¥/11. means appetite in English- fY K.
means appetite in English). The rest werce controls (e.g., & {#. means strive resolutely in
English- Y fX. means apperite in English). All the prime and target word pairs diftered in
both orthography and phonology. The average word frequency for the target words,
morpheme meaning related, word meaning related and control prime words were 38, 48.
44 and 44 per million, respectively. Other linguistic characteristics of prime words
including the mean frequency, orthographic neighborhood size and stroke number of the

initial and final morphemes were in Table 5-1.
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Table 5-1 Linguistic characteristics of the stimuli used in Experiment 1-3

Linguistics characlcristics‘ Expl Exp2 Exp3
Frequency rank of initial character 3478 (4592) 2546 (4326) 2866 (3814)
Frequency rank of final character 2050 (2720) 2744 (3461) 4155 (6629)

‘N‘cighborhoud size of initial character . 78.18 (182.63) 101.31(123.14) 86.04 (118.09)
Neighborhood size of final character 92.69 (86.20) 83.91(120.15) 89.06 (76.29)
Strﬁokc number of'initial character 10.97 (4.43) 0.94 (4.10) _ 11.01 (4.38)
Stroke number of final character T 11.05(4.21) 11.59 (4.46) 11.64 (4.24)

Note. Standard deviations in parentheses

The 108 prime-probe pairs were divided into three blocks. Each target word only

appeared once in each block, preceded by a different prime word each time. The
combination of target word and prime word type across blocks and participants followed
a Latin-square design. In addition, cach block contained the same number of nonword

target trials as fillers. Totally, each subject did 216 trials under each SOA condition.

Procedure

The stimuli were preseﬁted by a computer on a 15-inch LCD. All the characters

-

were set in 18 font of Song Font. The words presented at the center of the screen were

approximately 2.7cmx1.3cm in size. Participants sat about 60cm from the screen. The

program was compiled by E-Prime 2.0.
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A forward masked p'riming paradigm was employed. Each trial began with a red
fixation sign (font sizc 18) appearing at the cemer'of the screen for 500ms. Then a pattern
mask (####, font size 18) appeared on the screen for S00ms. Afier it disappeared, a prime
word appeared at the same position for either 60 or 200ms. Then a target word appecared
and remained until the participant made a'lexica! decision response on the keyboard. As

soon as a response was detected, the target word disappeared and the participants were

asked to press a key to start the next trial. The participants could choose to rest every 20

trials.

At the beginning of the experiment, the participants were given instructions
regarding the procedure, followed by a practice phase, which contained 10 word-word
and 10 word-nonword pairs. The practice phase was repeated until 90% accuracy was

reached.
The main experiment was divided into two equal parts differing only in SOA
conditions (60 or 200ms). The order of SOA conditions was counterbalanced across

participants. Each part consisted of three blocks of 72 trials. The trials within a block

were randomized.

5.2.2 Results and Di;:‘cussiun
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Table 5-2 RT (ms) and accuracy in Experiment 1

Morpheme-related Word-related Control

RT Accuracy RY Accuracy RT Accuracy
SOA60ms 678(166) 90030 669(155) 89(.31) 686(160) 88(.33)
SOA200ms 707(182) .88(.33) 701(176) 89(.32) 727(190) .88(.32)

Note. Standard deviations in parentheses

The mean number of practice phases for participants to reach 90% accuracy was
1.22. In reaction time (RT) analyses, only correct responses were included. RTs beyond
three standard deviations werc also excluded (about 3.5%). The data were analyzed with
a mixed effect model, with subject and item as random intercepts. The p-values were
estimated by the Monte Carlo Markov chain (MCMC) method (Baayen, 2008) using
10,000 samples. The semantic relationship between prime and target words, SOA and
interaction bf these two factors were used as predictors for log RT. The mean frequency,
orthographic neighborhood size and stroke number of the initial and final morphemes

were used as covariates.

In total, 6824 ciata points were used. The results of model 1 show that relative to
controls, response latencies of target words were signiﬁcéntly shorter following both
morpheme meaning related primes (+=-3.23, p<.01) and word meaning related primcs
(r=-4.42, p<.01). The short SOA (60ms) condition induced faster response to target words
than the long SOA (200ms) condition (¢=-6.99, p<.01). The effect of the final morpheme

frequency was significant (+=2.31, p<.05). The effect of the orthographic neighborhood
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size of the final morpheme was significant (r=-2.13, p<.05). All the other effects were not
significant (ps>.05). Further analysis shows that the priming ecffects produced by
morpheme and word meaning related primes were not significantly different (+=1.01,

p>.05). The pattern of the results is shown in Figure 5-1.
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Figure 5-1 RT results of Expl (initial morpheme related)

For accuracy rate analysis, 7992 data points were used. A logit mixed effect
models using the same predictors and covariates as in RT analysis were constructed. The
results show that increase the stroke number of the initial morpheme decreased the
possibility to induce a correct response (odd.s ratio=97, p<.05). No other effect was

significant (p>.05).

The results of Experiment 1 show that two words sharing a semantically related
morpheme produced facilitation effect in both short and long SOA conditions. It indicates
that the meaning of initial morpheme was activated quickly and facilitated compound

word processing. The occurrence of morpho-semantic activation as early as 60ms SOA
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was consistent with the parallel dual route model but not the prefix-stripping model or the

supralexical model.

5.3 Experiment 2

Experiment 2 investigated whether the meaning of the second morpheme can also
be activated in compound word recognition. The results would bear on whether the two

morphemes in Chinesc compound words are processed in the same way.

5.3.1 Method

A new set of 108 prime-probe word pairs were selected by the same method used
in experiment 1. Among them, 36 pairs shared the meaning of the second morpheme only
(e.g., WM financial-1®1Y reinforce), 36 pairs shared word meaning only (e.g., 13!
aggr&vate- 24t reinforce) and the rest were unrelated (c.g., i€ M opinion-30 ik
reinforce). Semantic relatedness was 2.1 for word pairs that contained a semantically
related second morpheme only, and 7.7 for word pairs that were related in word meaning
only (435 =-43.46, p<.001). The average word frequency rank for the target words,
lx;brpheme meaning related, word meaning related and control prime words were 54, 56,
52 and 59 per million, respectively. Another 108 word-nonword pairs were used as fillers.
The arrangement and procedure were similar to those in experiment }. The average
frequency rank, orthographic ncighborhood size and stroke number of the initial and final
morphemes of the prime words in this experiment were shown in Table 5-1.

5.3.2 Results and Discussion
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Table 5-3 RT (ms) and accuracy in Experiment 2

Morpheme-related Word-related Control

RT Accuracy RT Accuracy RT Accuracy
SOA60ms 680(167) .86(.35) 663(150) 86(.35) 680(151) 8437
SOA200ms 717(187) 87(.34) 700{183) 87(.34) T14(186}) 85(.36)

Noye. Standard deviations in parentheses

The mean number of practice phases for participants to reach 90% accuracy was
1.19. About 4.05% of the RT data was cxcluded based on the same criterion of

experiment 1. The analysis was similar to that of experiment 1.

In RT analysis, 6561 data points werc used. The results show that relative to
controls, response latencies of the target words were significantly shorter following word
meaning reiated iJrimes (r=-2.04, p<.01), but not significantly shorter following
morpheme meaning related primes (1=0.65, p>.05). The short SOA (60ms) condition
produced shorter response latencies to target words than the long SOA (200ms) condition
((r=-5.06, p<.01). The effect of the stroke number of the final morpheme was significant
((#=-2.16, p<.05). All the other cffects were not significant (ps>.05). The pattern of the

results is shown in Figure 5-2,
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Figure 5-2 RT results of Exp2 (final morpheme related)

For accuracy rate analysis, 7992 data points were used. The results of model 1
show that relative to controls, accuracy rates of the target words were significantly higher
tbllowir_lg both morpheme meaning related primes (odds ratio=1.36, p<.05) and word
meaning related primes (odd ratio=1.41, p<.05). Pairwise comparison analysis show that
the effects.; produced by morpheme and word meaning related primes did not differ
significantly (p>.05). The results also show that increase the stroke number of the initial
morpheme decreased the possibility to induce a correct response (odds ratio=.08, p<.05).

No other effects were significant (ps>.05). The pattern of the results is shown in Figure

5-3.
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Figure 5-3 Accuracy results of Exp2 (final morpheme rclated)

The results of Experiment 2 show that the facilitation })roduced by prime-target
word pairs sharing a semantically related final morpheme was detectable in response
accuracy but not in response speed. It indicates that the meaning activation of the final
morpheme was not quite reliable. The role played by the final morpheme in Chinese
compound words seems to be quite limited. This finding may suggest that Chinese
compound word recognition is serial and thus the initial morpheme gain much deeper

processing than the final morpheme.

5.4 Experiment 3

Experiment 3 further examined morpheme meaning activation with prime-target
word pairs sharing a semantically related morpheme at different positions (i.e., the first
morpheme of a prime word was semantically related to the second morpheme of a target
word, and vice versa). Priming effect would not be observed if the critical factor

determining such effect is position overlap.
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5.4.1 Method

A new set of 108 prime-probe word pairs was selected by the same method used
in the previous experiments. Semantic relatedness was 2.3 for word pairs that contained a
semantically related morpheme only, and 7.5 for word pairs that were related in word
meaning only (¢35 =-32.25, p<.001.). Among the 108 pairs of words, 36 pairs shared a
morpheme on different positions. The first morpheme in prime words was semantically
related to the second morpheme in the target words and vice versa (e.g., %8 sterilize- |-
3 govern). Thirty-six pairs were related‘in word meaning only (e.g., #8£¥ dominate- }:
S govern), and the rest were unre]ate_.d (e.g., KUK appreciate- .7 govern). The average
word frequency rank for the target words, morpheme meaning related, word meaning
related and control prime words were 69, 57, 64 and 58 per million, respectively. Another
108 word-nonword pairs were used as fillers. The arrangement and procedure were
similar to those in experixﬁent 1 and 2. The average frequency rank, orthographic
neighborhood size and stroke number of the initial and final morphemes of the prime

words in Experiment 3 were shown in Table 5-1.

5.4.2 Results and Discussion
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Table 5-4 RT (ms) and accuracy in Experiment 3

Morpheme-related Word-related Control

RT Accuracy RT Accuracy RT Accuracy
SOA60ms 669(158) .87(.34) 668(163) .84(.35) 681(147) .86(.35)
SOA200ms 702(180) .86(.35) 696(183) 87(.34) 714(171) 85(.34)

MNote. Standard deviations in parentheses

The mean number of practice phases for participants to reach 90% accuracy was

1.41. About 3.75% of the RT data was excluded. The analysis was similar to experiment

For RT analysis, 6605 data points were used. The results show that relative to
controls, response latencies of the target words were significantly shorter following both
morpheme meaning related primes (1=-2.10, p<.05) and word meaning related primes
(t=-3.70, p<.05). The short SOA {60ms) condition induced shorter response latencies to
target words than the long SOA (200ms) condition (+=-5.70, p<.01). All the other effects
were not significant (ps>.05). Further analysis shows that the effects produced by
morpheme and word meaning related primes were not significantly different (p>.05). The

pattern of results is shown in Figure 5-4.
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Figure 5-4 RT results of Exp 3 (cross morpheme related)

For accuracy rate analysis, 7992 data points were used. The results show that
relative to controls, accuracy rates of the target words were significantly higher following
word meaning related primes (odds ratio=1.23, p<.05), but not significantly higher
following morpheme meaning related primes (p>.05). No other effects were significant

(ps>.05). The pattern of results is shown in Figure 5-5.
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Figure 5-5 Accuracy results of Exp 3 (cross morpheme related)
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Combined analyses .

In the combined analyses, the data of the three experiments were agpregated to
examine the effect of morpheme and word meaning related primes, and whether or not
the tformer was affected by the position of the related morphecmes. The semantic
relationship between primes and targets, SOA, the related morphemc position. their
interactions and target word frequency (covariate) were used as predictors in the

following models. The mean frequency rank, orthographic neighborhood size and stroke

number of the initial and final morphemes were used as covariates.

For RT analysis, 19990 data points were used. The results show that relative to
controls, response latencies of the target words were significantly shorter following both
morpheme meaning related primes (/=-2.70, p<.05) and word meaning rclated primes
(£=-5.90, p<.05). Pairwise comparison analysis shows that the effects produced by
morpheme and word mcaning related primes did not differ significantly (p>.05). The
priming effect brought by either initial or final related morphemes did not differ from
crossed related morphemes (p>.05). However, the results revealed a significant
interaction between morpheme meaning related condition and related morpheme position
(#=2.15, p<.05). It shows that in the morpheme meaning related condition, initial related
morphemes brought faster response to the target words than final related morphemes. All

the other effects were not significant (ps>.05).
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For accuracy rate anélysis, 23976 data points were used. Similar analyses were
done as with RT data, The results show that relative to controls, accuracy rates of the
target words were significantly higher following word meaning related primes (odds
ratio=1.40, p<.05) and morpheme meaning related p{imes (odds ratio=1.36, p<.05). The
results also show that compared to initial morpheme rclated primes, final morpheme
related primes were less likely to induce correct responses (oddys ratio=0.76, p<.05). The
mean frequency of the initial morpheme was also significant (odds ratio=1.11, p<.05).

No other effect was significant (ps>.05).

5.5 General Discussion of Study 3

The three cxperiments show clearly that two-character Chinese compound words
can produce priming effects even though they do not overlap in orthography, phonology
or semantics, but are connected by two highly semantically 1;clatcd morphemes. At 60ms
SOA the semantic properties of the compound constituents in the primes arc accessed to a
sufficient degree to spread activation to the constituent morphemes contained in the
targets to facilitate lexical decisions to the latter. Our results are consistent with Feldman
et al. (2009)’s finding of early semantic transparency effects. Thus, guick morphemic
semantic activation may not be specific to Chinese compound words, but a universal

characteristic of complex word recognition.

Generalization across languages should be taken with cautions, however, because

there are important differences between the Chinese compound words used in the present
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study and those in studies 0% alphabetic languages. Firstly, the component morphemes in
Chinese compound words are spatially segmented. This may facilitate fast
morpho-semantic activation. Secondly, the prime and target words are both compounds,
instead of derived words and their stel{ls. Thirdly, fast morpheme meaning activation may
be related to the characteristics of the Chinese language. The relationship between

orthography and semantics is much closer in Chinese than in alphabetic languages.

Although the semantic transparency effect at very short SOAs has béen used to
argue for the form-with-meaning view and against the form-then-meaning view, it does
not necessarily put the locus of morpho-semantic processing at a prelexical level. The

k]

hybrid model (Diependaele, et al., 2009) could also provide an adequate account if it is

N |
assumed that, in parallel with a decomposed input to the morpho-6rthographic
representations, whole-word input to a corresponding lexical form representation enables
a fast activation of morpho-semantic representations at a supralexical level in the case of
transparent but not obaquc primes. To the extent that this activation of morpho-semantic
representations via whole-word lexical form representations is very fast, semantic
transparency cffects, no matter how carly they are detected, ca‘nnot distinguish whether
morphemic semantic activation fs pre- or supralexical. -

. ‘-

Such a hybrid model or any models that posit morpheme meaning activation at a

supralexical level only, may not be able to account for our findings “that there are

morpho-semantic priming effects between pairs of words that have no overlap in form or
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word semantics. Considering thal opaque prime-target word pairs arc not assumed to
have related representations at the supralexical level, there is no reason why word pairs
that sharc neither form nor meaning should. In that case, the morpheme meaning driven

priming effects cannot be explained in terms of supralexical morpho-semantic activation.

On the other hand, a dual-route model in which the prelexical decomposition
route parses a complex word into morphemic units that have both form and semantic
properties is consistent with our findings éf morpheme meaning driven priming etfects.
Although we cannot be certain t;1at morpheme meaning activates before word mcaning in
our experiments because significant priming effects attributable to morpheme and word
meaning related primes were both detected at 60 and 200ms SOAs, the fact that the
forrlner did not lag bcllind is still compatible with a prelexical account. Future

experiments should usc even shorter SOAs to ascertain that morpho-semantic

decomposition can occur prior to whole-word access in order to locate it as prelexical.

It is worth noting that concurrent occurrence of morpheme meaning activation
and whole word meaning activation may be consistent with the revised pretexical account
(Taft & Nguyen-Hoan, 2010). This new model includes both ‘lemma’ representations of

-component morphemes and complex words. Considering that ‘Lemma’ represents

abstract relationship between form and meaniag, it can explain component morpheme
- - - . * . ‘ . -

meaning activation by activation of component morpheme lemma. Similarly, whole-word

meaning activation may be expla‘i&gd by activation of complex words lemma.
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Finally. the inlluence of morpheme position was also examined in the experiments.
The final morpheme meaning activation was only detected by accuracy analysis but not
by RT analysis. The combined R analysis revealed that under morpheme meaning
rclated condition, a cross related morpheme in the primes produced much faster response
to the target words than a final related morpheme. The combined error analysis revealed
that compared to final morpheme related primes, initial morpheme meaning related
primes were more likely to help participants make a correct response. These results may
imply dominance of initial morphemes in Chinese compound word recognition because
the initial morpheme played important role both in the initial and crossed morpheme
related condition. In contrast, Juhasz, Starr, Inhoff and Placke (2003) found more salient
influence of the final (head) morpheme of English compounds. It seemis that the relative

importance of morpheme position may differ across languagcs.

To conclude, the present study provides cvidence to form-with-meaning
hypothesis of morphological processing because morpheme meaning activation is found
to occur carly in Chinese compound word recognition. These results can be explained by
a dual-routc model that assumes morpho-semantic activation in parallel with whole word

dCCCss.
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Chapter 6 General Discussion

6.1 Major Findings

L]

The present study found that Chinese two-character compound words are likely to
have word-level orthographic representations in the mental lexicon. The representation of
compound words is found to be affected by semantic transparency. Transparent words are
likely to be rcprcs.cnlcd in a decomposed way; while opaque words are likely to be
represented in a holistic way. During access of Chinese compound words, component
morpheme meanings are found to be activated. The findings suggest that Chinese
compound words may be represented as unitary units, but the meanings of component

morphemes are activated and involved in compound word processing.

6.1.1 Orthographic representation of Chinese compound words

The first research question of the present study is whether Chinese compound words
have word-level orthographic representations. The results of Studies 1 and 2 provided
empirical evidence to this question. In particular, Study 1 shows that high frequency
orthographic neighbors produce inhibition to low frequency target words. Considering that
the orthographic neighbors used in this study are lwo-chara‘cter compound words, the
observed effect suggests that compound words are represented as orthographic wholes in

-

the mental lexicon. It should be the lexical competition between two activated word-level
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orthographic representations that contributes to the observed inhibition effect. Otherwise,
two compound words sharing one character with each other would facilitate cach other’s
processing due to visual similarity. The results of Experiments 3 and 4 of Study 1 show that
high frequency orthographic neighbor inhibition cffect was more likely to be observed with
opaque prime words (regardless of the scmantic transparcncy of larget words). Such
findings suggest that high frequency opaque compound words are morce likely than

transparent words to be represented as orthographically unitary units,

Word-level orthographic representation was also examined in Study 2 by
transposed-character similarity effect. The result of Experiment 1 of Study 2 shows that
transposable compound words produced null effect on the processing ot the original words
(c.g.. I L-L18). It excludes the possibility of morpheme-to-word activation that would
predict facilitation with transposable word pairs and indicates a possibility for holistic
activation of word-level orthographic representations. The results of two follow up
experiments (i.e., Experiments 2 and 3) show that transposed opaque nonwords produccd
facilitation to the original compound words (e.g., J&44-158) but transposed transparent
nonwords did not (e.g., #UF-4F#4). Such findings may suggest that opaque compound
words are more likely to be represented as wholes than transparent words. That is because
only if compound words are represented as wholes, can transposcd nonwords activate

word-level representations of the original words and produce facilitation to their processing.

The findings of word-level orthographic representations are consistent with the
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Multi-Level Interactive Activation Model (Figure 6-1) (Taft, Liu, & Zhu, 1999). There are
several orthographic representation levels in this model: the stroke level, radical level,
component character (morpheme) level and compound word level, all of which arc
interactive to each other. Each level except the stroke level is connected to the semantic and
phonological representations of the same level. The frequency with which that connection is
used determines the connection strength. The most frequent link can be activated more
quickly and easily. Therefore, high-frequency words are more likely (or faster) than

low-frequency words to activate word-level orthographic represcentations.

‘modsrn’
MEANING / :-_--—-—--; Cgenaraiion™)
raawn®

COMPOUND
woRD | AR et
MORAPHEME

PHONOLOGICAL
1 UNITS
RADICAL

o [T

ORTHOGAAPHIC
UNITS

e ——

Figure 6-1 The multilevel interactive-activation framework (from Taft & Zhu, 1995)

However, the Multi-Level Interactive Activation Model seems to be unable to
explain all the evidence collected in the present study. Firstly, two compound words sharing
one character/morpheme (i.e., orthographic neighbors) should be positively connected in

the Multi-level Interactive Activation Model. However, the results of Study 1 suggest that
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orthographic neighbors in Chinese are possibly negatively connected with each other and
thus compete for lexical access. Secondly, morpheme position information should be
important in the connection from morpheme-level to whole word level representation in the
Multi-level Interactive Activation Model. Howcever, it is found to be not quite critical for the
access of whole word orthographic representation in the present study, because transposed
opaque nonwords are found to activate word-level orthographic representations of the

original words.

As a result, the findings of the present study may be explained by a new model. This
new model holds that both word-level and character-level orthographic representations exist
for Chinese compound words. It asserts that the existence of word-level orthographic
representations of Chinese compound words does not falsi{y the existence of character-level
orthographic representations, This view is consistent with the Multi-Level Interactive
Activation Model (Taft, Liu, & Zhu, 1999). However, the critical difference between the
new model proposed in the present study and the Multi-level Interactive Activation Model
is the relationship between word-level and character-level orthographic representations. In
Taft’s model, word-level representations of compound words are stored at a higher level
than character-level representations. It seems that word-level representation in this model is
actually activated by character-level representations. However, the whole word
orthographic representation proposed in the new model is stored at the same level with
character-level representations. Whole word representation is activated by the visual input

of the compound words as a whole. It is the total activation level of the whole words rather
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than independent activation of each component character that determines the activation of

whole word orthographic representations.

6.1.2 Lexical representation of Chinese compound words

The findings of the present study suggest that two-character Chinese compound
words are likely to be represented as orthographic wholes in the mental lexicon. Other
studies suggest that Chinese compound words arc likely to have whole-word phonological
and semantic representations in the mental lexicon (Law, Wong, & Chiu, 2005; Zhou, ct al.,

1999).

Law, Wong and Chiu (2005) provided cvidence for the existence of whole-word
phonological representation. They asked dyslexic children to read two-character Chinesc
compound words containing homographic characters whose pronunciation can only be
disambiguated in word context (c.g., 3 Z/gaaul jik6/ & #%%/hingl ji6/). Law et al.
(2005) found that dyslexic children can read the word as a whole correctly, despite that they
did not know the meaning of the compound words. Conversely, some dyslexic patients with
brain damage cannot make a correct pronunciation for characters that have more than one
pronunciation in different word context (Law & Or, 2001; Weekes, Chen, & Yin, 1997;
Weekes & Chen, 1999). For example, the character #ii should be pronounced as /ke2/ in 3
#i/faanlke2/ and /gaal/ in T i/ syut3gaal/. However, these dyslexic patients pronounced
Ftias /gaal/in i and /ke2/ in B Al This result shows that the dyslexic patients could not

r_
read on word context but just randomly selected one pronunciation of the character. They
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are surface dyslexic patients whose direct word-level representation system has been
impaired but the phonological reading route is still intact. The contrast between these two
kinds of dyslexia reveals the importance of word-level phonological representations in

Chincse compound word processing.

Word-level semantic representation also gets some empirical supports. With a
priming paradigm, Zhou ct al. (1999) found that only those compound words with the same
morpheme can facilitate each other constantly (e.g., ¥4}, luxury in English -*0f,
gorgeous in English). Word pairs that share orthography but no semantic relatedness (e.g.,
Y8, luxury in English -4, overseas Chinese in English) can bring facilitation with a
shorter SOA but that facilitation turns into an inhibitory effect with longer SOA. The
difference between the morpheme related prime-target pairs (e.g., fi-4£81) and the form
related prime-target pairs (e.g., £ V-#4F) lies in whole word semantic relatedness
between the prime and target words. Specifically, the morpheme related prime-target pairs
are semantically related to each other, but form related prime-target pairs are not. Thus, the
facilitation produced by the morpheme related prime-target pairs is mainly due to whole
word semantic relatedness. Based on this finding, the authors argued that there is

word-level semantic representation of Chinese compound words.

On the whole, a word’s representation in the mental lexicon includes three
interlocking components: orthographic, phonological and semantic representations (c.f.,

Perfetti, et al., 2005). Thus, evidences from these three aspects are all useful to determine
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the status of lexical representation. The present finding of word-level orthographic
representations, together with the findings of word-level phonological (Law et al., 2005)
and semantic (Zhou et al., 1999) representations, support the psychological reality of

holistic lexical representations of Chinese compound words.

6.1.3 Morphological processing of Chinese compound words

The dispute of recent studics on morphological processing is around
form-then-meaning and form-with-meaning accounts. Onc way to resolve this debate is to
examine whether component morpheme meanings are activated at an early stage of
compound word processing. Therefore, the second research question of the present study is
whether morpheme meanings are activated in Chinese compound word processing and its
time course. Study 3 aims to test morpheme meaning activation in Chinese compound
words processing by distinguishing the influence of form from meaning. To accomplish this
goal, prime-target pairs that contained a pair of semantically related morphemes but did not
relate to each other in orthography, phonology, and whole-word meaning. The priming
effect produced by such prime-target pairs can only be attributed to component morpheme
meaning activation in prime and target words. The results of Study 3 show that component
morpheme meaning activation was observable at the first 60ms of word processing. This
finding is more consistent with the form-with-meaning account than the form-then-meaning

account.

The finding of morpheme meaning activation in compound word processing 15
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consistent with a decomposed account of word access. It is not difficult to reconcile holistic
representation with decomposed access of Chinese compound words, considering the
findings of Study 3. The results show simultaneous appearance of word meaning activation
and component morpheme meaning activation. It is possible that component morpheme
meaning activation occurs at the same time with or even after whole word meaning access if
morpho-semantic processing is quite fast. However, the supralexical locus of morpheme
meaning activation has been ruled out in Study 3 (see p. 121). Thus, the findings of Study 3
are most compatible with a dual-route model that assumes parallel activation of morpheme
and whole word meaning activation. From this perspective, there may be two routes for
whole word access: morpheme access route and direct word access route. These two routes
may take place simultaneously in compound words processing 1o accelerate the speed of
word access. Furthermore, in view of the findings of Studies | and 2, the importance of the
two routes may differ for transparent and opaque words. The morpheme access route may
be heavily relied on during transparent words access; while direct word access route is

much more emphasized during opaque word access.

6.2 Contributions of the present research

The present study reveals that Chinese two-character compound words are
represented as holistic units in the mental lexicon. It suggests that our mental representation
system may conform more to the principle of processing efficiency than storage efficiency.
Representing compound words as holistic units in the mental lexicon inevitably requires

repeated representation of component characters contained in different words. Such
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representation needs more storage capacity than representing compound words as
component characters. However, such representation may accelerate word access speed by
direct match between visual input and the corresponding lexical representation in the

mental lexicon.

As to the morphological processing in compound word recognition, Study 3 reveals
the existence of early morpheme meaning activation by an innovative method. It also shows
the relative speed of morphological decomposition route and whole word access route by a
comparison between morpho-semantic effect and whole word semantic cffect. The results
are useful for distinguishing among different morphological processing models. The
occurrence of morpho-semantic activation within short prime duration is consistent with
early decomposition accounts and the connectionist account but not the late decomposition
accounts. The relative speed of morpheme and word meaning activation support the parailel
dual route mode) and the connectionist model rather than the supra-lexical model and the

hybrid model.

6.3 Limitations and directions for further research

Firstly, although the present study used several potential influential factors as
covariates in the statistical analyses, such factors (e.g., frequency, neighborhood size and
stroke number of imitial and final characters) may have interaction effect with the
independent variables. The implication and validity of the present study are limited without

investigation of such possible interactions. Further studies may try to test such interactions
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in order to clarily the picture of cognitive processing of Chinese compound words more

clearly.

Secondly, although both Study 1 and Study 2 made use of experimental paradigms
used in studies of alphabetic languages and obtained similar result patterns, it should be
cautious to generalize the findings to other languages. Specifically, the orthographic
neighbors in Study | and the transposed nonwords in Study 2 are quite different {rom those
used in alphabetic languages. Although the priming effects observed were significant, their
magnitude was much smaller than that observed with alphabetic languages. Differences

between matcerials may be the reason.

Thirdly, as pointed out in the General Discussion of Study 1, mental representation
of Chinese compound words may be malleable. Repeated processing of two-character
words in daily reading may help to shape word-level representations in the mental lexicon.
This hypothesis is consistent with the high plasticity of the human memory system.
However, to draw such a conclusion needs more developmental evidence. Further research
may investigalc the existence and developmental trend of word-level orthographic

representations for Chinese compound words with participants of different age groups.

Fourthly, the results of the present study are drawn from behavioral experiments
with brief presentations of compound words. It may be not considered a natural context for

compound word processing. A more natural way to examine the processing of compound
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words is in normal reading. Eye movement studies can accomplish this goal by monitoring
participants’ eye movement indicators when they are reading sentences or texts. Results
from eye movement studies would provide morc evidence to the existence of whole word

orthographic representations of Chinese compound words.

Last but not least, a recent discovery of visual word torm area (VWIA) by
neuropsychologists provides a neural basis for the orthographic representation. Researchers
using brain imaging techniques have localized a region in the fusiform gyrus that responds
specifically to visual words (McCandliss, Cohen, & Dehaene, 2003). McCandliss et al.
(2003) found that VWFA shows larger activation to words than to nonsense letter strings.
The hypothesis that VWFA corresponds to whole word rccognition is further supported by
studies of patients with brain damage. Researchers found that lesions in this brain area are
associated with létter-by-letter reading strategy (Gaillard, Naccache, & Pinel, 2006). Thus,
if two-character Chinesc compound words are represented as wholes, neural activation of
VWFA by real compound words should differ from that of two-character nonwords.

Whether this is the case or not needs further research.
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Appendix 1 Stimuli used in Exp 1a (Study 1)
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Appendix 2 Stimuli used in Exp 1b (Study 1)
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Appendix 4 Stimuli used in Exp 2b (Study 1)
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Appendix 5-1 Stimuli used in Exp 3 (TT) (Study 1)
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Appendix 5-2 Stimuli used in Exp 3 (OT) (Study 1)
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Appendix 5-3 Stimuli used in Exp 3 (TO) (Study 1)
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Appendix 6-3 Stimuli used in Exp 4 (TO) (Study 1)
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Appendix 7 Stimuli used in Exp 1 (Study 2)
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Appendix 8 Stimuli used in Exp 2 (Study 2)
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Appendix 9 Stimuli used in Exp 3 (Study 2)
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Appendix 10 Stimuli used in Exp 4 (Study 2)
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Appendix 13 Stimuli used in Exp 3 (Study 3)

Monpheme meaning
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