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Chapter 1 General introduction

1.1 Background

Human communication relies on various representations
essential for effectively conveying thoughts. These representations are
thought to reside in our mental lexicon - a cognitive “dictionary” that
stores the forms of words we know along with their associated
meanings. The nature of word representations within the mental lexicon
has been the subject of much debate and research. This thesis focuses
particularly on the mechanisms of compounding due to the fact that - as
an essential method of word formation - compounding is a fundamental

mechanism in both language processing and physical contexts.

Compounds combine morphemes (word constituents), enabling
the creation of new words from existing words/morphemes by
following an internal structure. Compounding plays a significant role
in Mandarin Chinese word formation. For example, disyllabic
compounds make up approximately 73.6% of word types and 34.3% of
word tokens in the large corpus the Modern Chinese Frequency
Dictionary (MCFD) is based on (Language Teaching and Research
Institute of Beijing Language Institute, 1986), while monomorphemic
words represent 12.0% by type and 64.3% by token (Zhou & Marslen-
Wilson, 1995). Since compounding is the dominant morphological

process in Mandarin - where derivational and inflectional morphology
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are relatively rare-it reveals unique properties of morphological

processes in Mandarin, distinguishing it from Indo-European languages.

The central theme of the present thesis is the morphological
encoding of Mandarin disyllabic noun compounds in language
production. Key questions include: How are Mandarin disyllabic noun
compounds encoded and processed in language production? What are
the underlying behavioral and neural mechanisms involved in
producing these compounds? Do speakers first retrieve whole lexical
entries from their mental lexicon and then decompose them into their
constituent morphemes, or do they process them as complete units? At
which level does decomposition occur? These questions will be

explored throughout the thesis.
1.2 Language production

Language production is the process of transforming thoughts
into spoken words (Schiller, 2020). Speech production models vary in
their overall architecture and commonly involve assumptions about
how words are organized and represented in the mental lexicon. These
language production theories hold the view that language production is
a complex process that can be divided into several stages, including
conceptual preparation, lexical access, phonological processing, and
articulation (Caramazza, 1997; Dell, 1986; Levelt et al., 1999). For
instance, when we name an object, the conceptual representation of the
object becomes active, activating associated lexical representations.

After a lexical item has been selected, the corresponding phonological
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information needs to be retrieved, and the lexical item is phonologically
encoded. Finally, the abstract phonological information is phonetically
encoded to yield motor programs used for articulation through the

execution of the corresponding gestural scores.

Models of speech production often propose distinct sequential
lexical levels, i.e., the lemma and the word-form level (Dell, 1986; Dell
& O’Seaghdha, 1992; Garrett, 1980; Levelt, 1993; Levelt et al., 1999;
Roelofs, 1996a, 1996b; Roelofs & Meyer, 1998; Roelofs et al., 1996).
Lemmas capture a word’s syntactic properties, while word forms
convey segmental and metrical or supra-segmental details, including
constituent morphemes in polymorphemic words (Roelofs, 1996a,
1996b; Roelofs & Meyer, 1998). In the two-stage model proposed by
Levelt et al. (1999), producing compound words begins by activating
the relevant semantic concept (i.e., dish washer), which, through
spreading activation, co-activates semantically related concepts (e.g.,
washing machine, dryer, microwave, oven, etc.). This co-activation
leads to the simultaneous activation of multiple, semantically related
lexical entries at the lemma level, where they compete for selection
until a single target lemma is chosen (Abdel Rahman & Aristei, 2010;
Abdel Rahman & Melinger, 2009; Damian & Bowers, 2003).

Morphological structure influences speech production, although
for a long time, language production models did not assign a distinct
role to morphological processing (Schiller & Verdonschot, 2019).
Evidence supporting the role of morpheme comes from some speech

planning experiments and from speech errors. For instance, Roelofs
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(1996) compared the naming latencies of word sets including an
overlapping morpheme to a set of words with the same amount of
phonological overlap, found a significantly greater facilitation effect for
the former group compared to the latter when both were compared to a
set of words without phonological overlap. This led him to conclude
that morphemes serve as planning units in speech production. Besides,
evidence from speech errors, such as “a floor full of holes” becoming
“a hole full of floors” or “I carved a pumpkin” turning into “I pumped
a carven” (Fromkin, 1973) further supports the crucial role of

morphology in language production.

The question of how words and morphemes are structured and
represented during Mandarin compound production remains unclear. To
answer this question, the current thesis adopts these production models,
focusing on the lexical selection stage and the morphological encoding
processes of Mandarin compounds in the mental lexicon. In the
following sections, we review relevant models of the process of

compounds during language production.
1.3 The representations of compounds

Numerous studies emphasize the importance of morphology in
speech production (Caramazza, 1997; Dell, 1986; Levelt et al., 1999).
For instance, in Levelt et al.’s (1999) framework, morphology is
considered the initial stage of word-form encoding. To investigate
morphological encoding in compound production, two primary

hypotheses are often discussed: the decompositional view, which posits



Chapter 1 General introduction | 5

that compounds are represented at one or more levels based on their
constituent morphemes (Levelt et al., 1999), and the full-listing model,
which proposes that only whole-word forms are stored in the lexicon

(Butterworth, 1983; Caramazza, 1997; Dell, 1986).

A less common hybrid model combines elements of both
approaches, suggesting that transparent compounds (those with
meanings closely related to their constituents) are processed by
decomposing them, allowing for simultaneous access to whole-form
and constituent representations. In contrast, opaque compounds (i.e.,
meaning not related to their parts), especially high-frequency ones, are
processed through whole-form access (MacGregor & Shtyrov, 2013).
Levelt et al.’s (1999) model may also be seen as somewhat “hybrid,” as
it suggests that some compound words are “degenerate” in production,
meaning they are not decomposed at the form level. The current thesis
focuses on the two hypotheses of compound representation, with details

on these hypotheses presented in the following two sections.
1.3.1 The full-listing hypothesis

The full-listing hypothesis suggests that only whole-word forms
are represented in the lexicon (Butterworth, 1983; Caramazza, 1997,
Dell, 1986). There are studies showing support for this account by
manipulating the frequency of compound words and their morphemes.
For instance, Janssen et al. (2008) conducted a study where participants
named pictures by manipulating the frequency of the compound word

and its constituents using three conditions: H(h) (high compound and
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high morpheme frequency), L(h) (low compound and high morpheme
frequency), and L(l) (low compound and low morpheme frequency).

For instance, LL| = /shanlyang?2/ “goat” was a low-frequency word, but
its constituents (| /shanl/ “mountain” and 3£ /yang2/ “sheep” were

high-frequency morphemes. Their results showed that only the
frequency of the whole compound word influenced naming latencies,

supporting the full-listing hypothesis.

Further support for the full-listing model comes from Bi et al.
(2007), who investigated two aphasic patients with difficulties in lexical
access for oral and written production. Their study demonstrated that
the frequency of the compound word itself, not the frequency of the
constituent morphemes, affected production performance in both

patients.

Chen and Chen (2006) used the implicit priming task (Meyer,
1991) to investigate whether morphological encoding played a role in
producing disyllabic transparent compound words in Mandarin Chinese.
Participants named compound words in a response-association task.
Contrary to findings from the Dutch, their results showed that naming
latencies were not sensitive to morpheme frequency, which supported a
single-stage model of lexical access (Caramazza, 1997). These findings
lent support to models suggesting that compound words are stored as
unique lexical units, challenging theories that promote morphological

decomposition during word production.
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1.3.2 The decompositional hypothesis

Several studies provide evidence supporting the decomposition
model, which posits that compounds are accessed through their
constituent morphemes. Roelofs (1996), for instance, investigated
whether the form lexicon used in speech production included
morphologically decomposed entries by manipulating word frequency.
His findings suggested that morphemes, as components of compound
words, served as planning units in speech production, reinforcing the
decomposition hypothesis. Both high- and low- frequency morpheme
constituents showed a facilitatory effect - an effect that would not be
expected if compounds were stored holistically, as a full-listing model
would imply that constituent morpheme frequency should not impact

production.

Similarly, Bien and colleagues (2005) conducted four
experiments to examine the role of frequency in compound production
by independently varying the frequencies of each constituent and the
compound as a whole. Their results showed that compound production
was sensitive to the cumulative frequency of morphemes, further

supporting the decomposition model.

Chen and Chen (2015) investigated a word-onset-first planning
strategy in Mandarin Chinese monomorphemic and bimorphemic
compound words. Using the first character as a cue for the second, they
observed a significant preparation effect, indicating that the second

morpheme in a compound could be pre-planned in Mandarin. This
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finding aligned with the notion of morphological decomposition in

compound production.

Most studies have employed paradigms without inherent lag,
such as implicit priming or form preparation paradigms, which may
involve both semantic and phonological activation. In contrast, the
long-lag priming paradigm has proven to be a more robust method for
examining morphological representation, consistently producing
reliable results across various experimental techniques - behavioral,
electrophysiological, and hemodynamic - and across languages
(Schiller & Verdonschot, 2018). For example, Zwitserlood and
colleagues (2000) used this paradigm to investigate morphological
priming, where the prime was morphologically related to the target,
finding that morphological priming remained significant even after
multiple intervening trials. By contrast, semantic and phonological
priming effects diminished at longer lags, suggesting that
morphological priming operated at a distinct level from semantic or
phonological priming. This conclusion was further supported by
additional studies (Zwitserlood, 2000, 2002; Kaczer et al., 2015;
Koester & Schiller, 2008, 2011; Verdonschot et al., 2012; Lensink et al.,
2014).

The decompositional model for compounds proposes that
decomposition occurs at least at one level of lexical selection,
potentially at the lemma level or at the lexeme level, or both. Therefore,
another central focus in the following section of this thesis is the lemma

representation of Mandarin compounds.
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1.3.3 The lemma representation of compounds

According to prevailing theories of speech production, naming
an object (e.g., a bird) involves activating conceptual information,
retrieving the relevant lexical entry, and initiating phonological and
phonetic encoding prior to articulation (Caramazza, 1997; Dell, 1986;
Levelt et al., 1999). While substantial empirical evidence supports the
role of morpheme-based representations in speech production (Jacobs
& Dell, 2014; Janssen et al., 2008; Liittmann et al., 2011; Roelofs,
1996b), it remains unclear at which specific level these representations
operate - whether at the lemma level (Levelt et al., 1999), the lexical
node level (Dell, 1986), or the word-form level. The decompositional
model for Mandarin compounds suggests that decomposition occurs at
least at one level of lexical selection, indicating that decomposition may

occur at both the lemma and lexeme levels.

Therefore, the present thesis included two experiments to
explore this question: one employed distractor that was synonymous to
the first constituent of compound targets in a picture-word interference
task; the other examined the concreteness effect of the constituents of
compound targets in a picture-naming task. These two experiments
aimed to determine whether compounds were stored solely as holistic
units at the lemma level, supporting a single-lemma representation
account (Levelt et al., 1999), or if they were stored in a decomposed
format alongside a single lemma, supporting hybrid lemma

representation accounts (Sprenger et al., 2006; Kuiper et al., 2007).



10 | Morphological encoding of Mandarin Compounds

Below, we discussed two models regarding the lemma representation of

compounds.

Levelt and colleagues (1999) proposed that compound words
were stored holistically at the lemma level, allowing access to multiple
morphemes at the word-form level. After selecting a single lemma, the
constituent morphemes were retrieved at the word-form level, followed
by morpho-phonological and phonetic encoding before articulation.
Evidence from sequential processing suggested that a compound’s
morphemes were encoded one after another, with the first morpheme
being processed before the second (Roelofs, 1996b). Taken together,
two-stage models advocated for single, holistic compound lemmas with
decomposed (morpheme-based) form representations (Dell, 1986;

Levelt et al., 1999).

Alternatively, a model proposed by Sprenger et al. (2006)
suggested a hybrid approach, positing that idiom representations
existed alongside individual constituent representations at the lemma
level. They conceptualized idiomatic forms as “super lemmas” - distinct
units that encompassed information about the syntactic constraints
linked to the idiom, thus outlining the syntactic properties of the
individual lemmas involved. Given the parallels between idioms and
compounds in mapping onto a single conceptual representation while
consisting of multiple morphemes, this thesis proposed that compounds
might share a similar lemma-level representation as idioms, involving

a holistic lemma supported by constituent lemmas.
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1.4 Electroencephalographical evidence of

compounds production

This thesis combined behavioral measures, such as reaction
times and naming latencies, with electrophysiological measures using
electroencephalography. While most previous studies on compound
word production have primarily relied on behavioral data, the precise
neural correlates of morphological processing remain unclear. As a non-
invasive technique for measuring event-related brain potentials, EEG
could provide valuable insights by tracking brain activity that is time-
locked to specific events, such as stimulus presentation during a task
(Woodman, 2010). Unlike reaction times, ERPs offer high temporal
resolution, enabling real-time observation of cognitive processes before
an explicit response occurs (Kutas & Van Petten, 1994). For example,
ERPs have effectively explored morphological decomposition
processes during word comprehension in visual and auditory modalities

(Krott et al., 2006; Fiorentino & Poeppel, 2007; Koester et al., 2007).

ERPs include various components that are either negative or
positive in polarity, each associated with specific linguistic processing
responses. In the present thesis, we focused on the N400 components
and the N400 effect to investigate the morphological encoding of

Mandarin compounds in language production.

The N400 is a negative voltage peak that reaches its maximum

amplitude approximately 400 ms after a stimulus word appeared (Kutas
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& Hillyard, 1984). Although every word elicits an N400 component,
the difference in N400 amplitude between contextually appropriate and
inappropriate words is known as the N400 effect. Initially linked to
sensitivity about lexical semantics, the N400 is now understood to
reflect the ease of integrating words into context (Schiller &
Verdonschot, 2019). In the process of morphological encoding, ERPs
can serve as a valuable tool for investigating whether morphological
priming occurs at the word form level, offering detailed insights into
the temporal dynamics of this process. For instance, one ERPs study on
word reading found that the N400 component was sensitive to both
lexical status and morphological decomposition (McKinnon et al.,

2003).

The process of morphological decomposition affects the N400
component in ERP studies, because it is associated with the ease of
integrating words at the lexico-semantic level. In the present thesis, the
N400 is particularly responsive to priming and word frequency effects.
First, when a target item is primed, the brain is better prepared for the
upcoming stimulus, resulting in a smaller N400 amplitude. In the
context of language production, Koester and Schiller (2008) examined
the temporal aspects of morphological encoding using a picture naming
task with Dutch compound words and a long-lag priming paradigm.
Their findings highlighted a connection between the N400 component
and morphological encoding. Additionally, word frequency influences
N400 amplitude, with high-frequency words eliciting smaller N400

responses than low-frequency words (Kutas & Federmeier, 2009, 2011;
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Rugg, 1990; Van Petten & Kutas, 1990). High-frequency words, which
occur more often, are easier to integrate than low-frequency words,
requiring less cognitive effort for retrieval. The present thesis
investigates explicitly N400 effects of morphological priming and word
frequency to provide a detailed examination of the representation of

Mandarin compounds in language production.
1.5 The current study

As previously outlined, the central issue of this thesis concerned
the representation of Mandarin compounds, with two dominant
hypotheses under debate: the decompositional and full-listing
hypotheses. Given the lack of consensus in the existing literature
regarding the production of Mandarin compounds, this thesis aimed to
explore this question by conducting four studies employing behavioral
and electrophysiological approaches. Each study focused on different
aspects of Mandarin compound representation to comprehensively

investigate the issue.

Chapter 2 of this thesis examined the role of morphology in
speech planning in Mandarin Chinese through a long-lag priming
experiment. Thirty-two native Mandarin speakers were asked to name

target pictures (e.g., L] /shanl/ “mountain”). The study employed two
types of compound primes: morpheme-related (e.g., LL| 3¢ /shanlyang2/
“goat”) and morpheme-unrelated (e.g., ¥ 4 /feiljil/ “airplane™)

primes for monomorphemic targets. The target could overlap with the
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related prime in either the first constituent (e.g., target LI /shanl/
“mountain” with prime L] 3£ /shanlyang2/ “goat™) or the second
constituent (e.g., target €3 /baol/ “bag” with prime H € /miandbaol/

“bread”). Both behavioral and electrophysiological data were collected
using the long-lag priming paradigm. The results supported the
decompositional encoding of Mandarin compounds, although the
behavioral findings contradicted earlier results from Indo-European
languages. Behaviorally, naming latencies for target pictures were not
facilitated by morphologically related primes. However, ERP analyses
revealed that morpheme-related targets elicited a reduced N400
response compared to morpheme-unrelated targets, but only when the
overlap occurred in the first constituent, not the second. The
discrepancy between the behavioral and EEG findings led to additional
experimental designs and methods to explore this issue further in

subsequent chapters.

In Chapter 3, we attempted to replicate the study of Janssen et
al. (2008) and added the collection of EEG data. Whether compound
words are stored in our mental lexicon in a decomposed or full-listing
way prompted Janssen and colleagues (2008) to investigate the
representation of compounds using word and morpheme frequency
manipulations. As we deemed the approach to exploring the question of
Mandarin compound representation and production presented in the
study of Janssen and colleagues suitable for the current study, we opted
to replicate their experimental design but extend their study by

introducing a new set of stimuli based on the SUBTLEX-CH Mandarin
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speech production corpus (Cai & Brysbaert, 2010). Additionally, we
utilized EEG methodology to examine the temporal dynamics of
compound production in greater detail. Regarding the current issue,
ERPs can serve as a direct method to investigate the frequency effect
for constituents and the whole word because words with a higher
frequency tend to trigger N400s of reduced amplitude compared to
words with a lower frequency. In the current study, despite ERPs
analyses revealing no word frequency or morpheme frequency effects
across conditions, behavioral outcomes indicated that Mandarin
compounds are not sensitive to word frequency. Instead, the response
times highlighted a morpheme frequency effect in naming Mandarin
compounds, which contrasted with the findings of Janssen and
colleagues. These findings challenged the full-listing model and instead

supported the decompositional model.

Chapter 4 investigated the lexical representation of Mandarin
compounds through a picture-naming task using the picture-word
interference (PWI) paradigm. Thirty-nine native Mandarin speakers
named 45 pictures of disyllabic noun compounds, such as /A 3§
/gongljil/ “rooster” (lit. “male chicken”), with three types of distractors:
synonymous distractors of the first morpheme (e.g., % /xiong2/
“male”), distractor words semantically related to the compound (e.g.,
¥8 /e2/ “goose”), and unrelated distractors (e.g., Z /chel/ “car”). The

reactions times were recorded in this experiment. Results in the present
study showed that synonym distractors produced significantly faster

naming times than both semantically related and unrelated distractors,
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while semantically related distractors slowed responses compared to
unrelated ones. These findings support a decompositional
representation and a hybrid lemma representation of Mandarin

compounds in the mental lexicon.

In Chapter 5, we explored the concreteness effect of morpheme
constituents to examine how Mandarin compounds were represented in
the mental lexicon, specifically whether abstract and concrete
morphemes influenced the retrieval of Mandarin compounds during
production. Our study addressed this question using a picture naming
task with 41 participants. Two conditions were tested: the “aa”
condition, representing compounds with two abstract constituents, and
the “cc” condition, representing compounds with two concrete
constituents. Behavioral results revealed a concreteness effect in
Mandarin compounds, as naming latencies were significantly faster for
compounds with two concrete constituents (“‘cc” condition) than those
with two abstract constituents (“aa” condition). These findings
supported the decompositional model, highlighting constituents’ vital

role in producing Mandarin compounds.

Chapter 6 integrated the findings from each of the studies
presented in this thesis. In this chapter, we synthesized our research
results, discussed their theoretical implications, and proposed future
directions. The goal was to answer the central question posed at the
beginning of this thesis: How are Mandarin compounds represented and

encoded in the mental lexicon during language production?
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Chapter 2 Morphological encoding in
language production: Electrophysiological

evidence from Mandarin compound words

This article is published as: Wang, J., Schiller, N. O., & Verdonschot,
R. G. (2024). Morphological encoding in language production:
Electrophysiological evidence from Mandarin Chinese compound words.
PLoS ONE, 19(10), e0310816. https://doi.org/10.1371/journal.pone.0310816

Abstract:

This study investigates the role of morphology during speech
planning in Mandarin Chinese. In a long-lag priming experiment,
thirty-two Mandarin Chinese native speakers were asked to name target

pictures (e.g., LI /shanl/ “mountain”). The design involved pictures
referring to morpheme-related compound words (e.g., LW
/shanlyang2/ “goat”) sharing a morpheme with the first (e.g., Ll /shanl/
“mountain”) or the second position of the targets (e.g., ¥ /nao3/ “brain”
with prime B8 fixj /dian4nao3/ “computer”), as well as unrelated control

items. Behavioral and electrophysiological data were collected.

Interestingly, the behavioral results went against earlier findings in
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Indo-European languages, showing that the target picture naming was
not facilitated by morphologically related primes. This suggests no
morphological priming for individual constituents in producing
Mandarin Chinese disyllabic compound words. However, targets in the
morpheme-related word condition did elicit a reduced N400 compared
with targets in the morpheme-unrelated condition for the first position
overlap in the ERP analyses but not for the second, suggesting
automatic activation of the first individual constituent in noun

compound production. Implications of these findings are discussed.

Keywords: Overt language production, Morphology, Chinese
Compound words, Long-lag paradigm, ERP

2.1 Introduction

Human communication involves a multitude of distinct
representations to convey our thoughts effectively. These
representations are thought to reside within our mental lexicon. The
mental lexicon is often described as a cognitive dictionary and refers to
the part of our language system that hosts the lexical forms we know

and their corresponding meanings.

Language processing theories contain assumptions about the
organization and representation of words in the mental lexicon. For
example, language production theories typically describe a sequence of
cognitive processes encompassing various information types, such as

conceptual preparation, lexical access, phonological processing, and
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articulation (Caramazza, 1997; Dell, 1986; Levelt et al., 1999). The
intended object's conceptual representation becomes active when
engaged in speech production, for instance, when naming a picture.
This activation then extends to the lexical representations associated
with these concepts. Subsequently, phonological information is
retrieved, encompassing word form encoding, which is ultimately
utilized for articulation by triggering the relevant gestural sequences. In
speech production, morphological encoding concerns activating the
words’ constituents at the lexical-morphological level. Morphemes are
the minimal units that convey meaning, and many studies have
substantiated the involvement of morphology in speech production
(Caramazza, 1997; Dell, 1986; Levelt et al., 1999). For instance, in the
word production theory by Levelt and colleagues (Levelt et al., 1999),

morphology is the first stage of word-form encoding.

In Chinese, compounds are morphemes (constituents)
combinations with compounding, the most common method for
constructing new words. Unlike classical Chinese, which is primarily
monosyllabic, modern Chinese, specifically Mandarin, has increased
the abundance of compound words, where multiple characters
(morphemes) come together to form a word with a specific meaning
(Zhou & Marslen-Wilson, 1995; Zhou et al., 1999; Zhou & Marslen-
Wilson, 2014). The morphological processes of Mandarin Chinese are
characterized by the dominance of compounding and the effective lack
of derivational and inflectional morphology, which are abundantly

present in most Indo-European languages (Zhou & Marslen-Wilson,
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1995; Zhou et al., 1999; Zhou & Marslen-Wilson, 2014). For example,
disyllabic compounds comprise about 73.6% by type and 34.3% by
token in a large text corpus of Modern Chinese Frequency Dictionary
(MCFD) (Language Teaching and Research Institute of Beijing
Language Institute, 1986). Some constituents cannot meaningfully
stand alone in these compounds and could be considered bound

morphemes. For example, in &3¢ /luo4tuo2/ “camel,” the individual
morphemes (e.g., & and Z¢) are meaningless when presented in
isolation, although they can be part of other compounds (e.g., 3¢ &
/tuo2/bei4 “hunchback”). However, for a word like U] /shanlyang2/

“goat,” the individual constituents are free-standing morphemes (e.g.,

L] /shanl/ “mountain” and = /yang2/ “sheep”) and can be used in a
sentence (e.g., XML IR S /zhedged/ /shanl/ /hen3/ /gaol/ “this

mountain is very tall”). Note that some morphemes have become

“special cases,” such as F /zi3/, which, when free-standing, means

“child” but has also become a commonly used suffix to form (concrete)

nouns, such as 5 /yi3zi5/ “chair” or i§F /mao4zi5/ “hat.”

One other potentially important aspect to consider for (literate)
Chinese is that due to the make-up of the Chinese writing system,
literate Chinese may have some additional awareness of the meaning of
the individual constituents. As English readers need to convert sound
into meaning (e.g., sound — meaning), the opposite route most likely
takes place for Chinese (e.g., meaning — sound), and each morpheme

is typically one character (i.e., they are visually marked). This does not
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mean that English speakers do not realize the meaning of individual
constituents, especially for transparent compounds (e.g., they would
certainly be aware of “birdhouse” = bird + house). Still, a difference
between the languages becomes apparent at an infrequent English (old
loan) word such as “xylophone.” This would likely not be parsed in
“wood” + “sound” as many might not know that the sounds “xylo” and
“phone” (which originally stem from Greek) bear those specific

meanings. However, in Chinese, “xylophone” A ZE /mu4qin2/, despite

being infrequent as well, due to the logographic nature of the script,

would still clearly signify the free morpheme K /mu4/ “wood.” Less

obvious transparent compounds might still elicit their individual

constituents more strongly in Chinese; for example, “microwave” ({3
JR /weilbol/ “microwave,” which is “tiny” + “wave”) as the script

visually marks the individual constituents (e.g., J& /bol/ “wave”).

Therefore, the question arises of how Mandarin compound
words are stored in the mental lexicon as Mandarin Chinese’s
morphological makeup differs from that of Indo-European languages.
There are two alternative hypotheses. One is the full-form hypothesis
(or full-listing hypothesis), which assumes that only whole-word forms
are represented in the lexicon and that a word’s derivational history
plays no role in lexical access (Butterworth, 1983; Laudannaetal., 1992;
Janssen et al., 2008). The alternative view, the decompositional

hypothesis, assumes at least one level of lexical representation at which
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compounds are represented in terms of their constituent lexical

morphemes (Levelt et al., 1999).
2.1.1 Full-listing hypothesis

The issue of compound representation has previously been
studied by manipulating the frequency of compound words and their
morphemes. The word frequency effect is one of the most robust
findings in picture naming: producing an infrequent word (such as
“eclipse”) is substantially slower than producing a frequent word (such
as “table”) (Levelt et al., 1999). Janssen and colleagues (2008) asked
people to name pictures (referring to compound words). They
manipulated the frequency of the compound word and its constituents
using three conditions: HH, LH, and LL (where the first letter refers to
high (H) or low (L) whole word frequency and the second letter to high
(H) or low (L) constituent frequency). For example, 1113 /shanlyang2/
“goat” would be a low-frequency word, but its constituents 111 /shan1/
“mountain” and 3 /yang2/ ‘“sheep” are both high-frequency
morphemes. They found that only whole word frequency influenced
naming latencies, and hence, they proposed that their findings support
the full-listing hypothesis.

Additional support comes from Bi and colleagues (2007), who
investigated two aphasic patients with difficulty in lexical access for
oral and written production, respectively. They showed that the

frequencies of the compound words themselves, but not the frequency
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of the constituent morphemes, affected the production performance of

both patients.

In another study by Chen and Chen (2006), using the implicit
priming task (Mayer, 1991). Mandarin Chinese participants named
compound words in the context of a response-association task to
investigate whether morphological encoding is involved in producing
Chinese disyllabic transparent compound words. Their results revealed,
contrasting with findings in Dutch, that naming latencies were not
sensitive to the compound’s morpheme frequency. This supports the
assumption that word frequency is related to word forms and the
interpretation of a single-stage model of lexical access. These findings
align with the hypotheses proposing the existence of a single lexical
level during word production and positing that compounds possess
distinct lexical nodes within this level (Caramazza, 1997). They pose a
challenge to the viewpoint presented by theories assuming

morphological decomposition (Levelt et al., 1999).
2.1.2 Decompositional hypothesis

Some studies also present results in favor of the decomposition
model. In Roelofs’s paper (1996), the issue of whether the form lexicon
underlying speech production contains morphologically decomposed
entries was addressed by manipulating word frequency. Only
decomposed form entries would allow morphemes to be planning units

in speech production. The outcome supported the idea that component
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morphemes of Dutch compound words were planning units in speech
production and confirmed the decomposition assumption. Both high-
frequency and low-frequency morphemic constituents yielded a
facilitatory effect. Similarly, in a study by Bien and colleagues (2005),
four experiments were conducted to investigate the role of frequency
information in compound production by independently varying the
frequencies of the first and second constituents and the compound itself.
The results of these experiments revealed that compound word
production was sensitive to cumulative morpheme frequency, which

supports the decomposition hypothesis.

Furthermore, Chen & Chen (2015) investigated phonological
planning in Mandarin spoken production, focusing on Mandarin words

with two characters (e.g., HZIE /bo1li2/ “glass”). All their experiments

used the form preparation task with a slight twist. Instead of learning

and producing word pairs (e.g., seeing the word #i ¥ /shulzi5/ “comb”
then responding with 3k & /tou2fa3/ “hair”) which is typical in this

paradigm, participants had to respond with the second constituent of a

word (i.e., when encountering 3§ (/bol/) they had to respond with I

(/i2/). Their idea was that when the domain of phonological planning
is the entire word, the planning must always begin at the start of the
word. However, phonological planning might also be influenced by the
overlapping beginning of a non-initial morpheme when the domain is
the morpheme. Indeed, Chen & Chen observed significant preparation
effects when the targets (i.e., the second part of the disyllabic words)



Chapter 2 Morphological encoding in language production:
Electrophysiological evidence from Mandarin compound words | 25

shared the same atonal syllable in homogenous groups (e.g., I% 1%
/bolli2/ “glass” — F#] /mo4li4/ “jasmine” — £ & /pilli4/ “thunderbolt”
and 47 /xilli4/ “pattering”). In other words, the data of Chen & Chen

suggested that Mandarin speakers could plan directly from the second
morpheme. Although this task is, admittingly, influenced by the
experimental environment, it does support the decomposition
hypothesis, as the overlap in the second constituent provided the
facilitatory effect (something the full-listing hypothesis would have
trouble explaining). Therefore, there still seems to be an ongoing debate
on whether (Chinese) compound words are stored in our mental lexicon

in a decomposed or full-listing manner.
2.1.3 Long-lag paradigm

The studies investigating the representation of compounds
mostly use paradigms without inherent lag, such as the implicit priming
or form preparation paradigm, which may also involve activation from
semantic or phonological encoding. Conversely, the long-lag priming
paradigm is established and robust, especially focusing on the
morphological level of representation that has proven to yield
consistent and replicable results across experimental methods (i.e.,
behavioral, electrophysiological, and hemodynamic) and languages
(Schiller & Verdonschot, 2018). For instance, Zwitserlood and
colleagues (2000) used the long-lag paradigm to investigate the
morphological priming effect. They demonstrated that morphological
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priming, where the prime is morphologically related to the target,
remains effective despite many intervening trials. However, effects
related to semantic and phonological priming were no longer
observable at large lags. These findings imply that priming in those
instances does not occur at a phonological or semantic level but at a
distinct morphological level. This was subsequently corroborated by
further investigations (Zwitserlood et al., 2002; Kaczer et al., 2015;
Koester & Schiller, 2008; Koester & Schiller, 2011; Verdonschot et al.,
2012; Lensink et al., 2014).

2.1.4 Electrophysiological evidence

Most of the previous investigations on compound production
used behavioral measures (with some notable exceptions) as mentioned
above; it is therefore still unclear how the precise neuro correlates of
morphological processing are manifested. Unlike reaction times (RTS),
event-related potentials (ERPs) offer a higher temporal resolution that
enables more direct observation of cognitive processes, even before or
without an explicit response (Kutas & Van Petten, 1994). ERPs have
proven useful in testing or confirming decomposition processes of
compound comprehension in the visual and auditory modalities (Krott
et al., 2006; Fiorentino & Poeppel, 2007; Koester et al., 2007). An ERP
study investigated the effects of morphological decomposition in word
reading and concluded that the N400 was sensitive to lexical status and
morphological decomposition (McKinnon et al., 2003). Therefore,

ERPs can serve as a direct means to investigate whether morphological
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priming originates at the word form level, allowing for a detailed

exploration of the temporal dynamics of morphological priming.

The process of morphological decomposition significantly
impacts the N400 component within the context of event-related
potentials (ERPs), which is closely linked to the ease of integrating
words at the lexical-semantic level. This concept was initially proposed
and subsequently confirmed in the field of language comprehension.
Numerous studies have since then investigated this phenomenon
(Barber & Domingues, 2002; Dominguez et al., 2004; Morris et al.,
2007). A pronounced N400 component becomes apparent when
participants are presented with unexpected stimuli (Kutas & Federmeier,
2011). When a target item is primed, it subconsciously prepares
participants for upcoming content, leading to fewer surprises than an
unprimed target. Consequently, an anticipated reduction in the N400
peak's amplitude occurs. In language production, Koester and Schiller
(2008) examined the temporal aspects of morphological encoding in a
picture naming task with Dutch compound words as stimuli. Their
findings indicated a connection between the N400 component and
morphological encoding. Moreover, a comprehensive meta-analytic
review of the existing literature about twenty years ago proposed the
existence of a morphological encoding process approximately 330 ms
after the onset of a picture, assuming an average latency of 600 ms for
picture naming (Indefrey & Levelt, 2004). Note that the time window

of word form encoding could range between 217 and 530 ms (and likely
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even beyond that) due to uncertainties in their temporal estimates, as
Indefrey and Levelt (2004) pointed out.

2.1.5 The position effect

Chinese disyllabic compounds have two constituents, and each
constituent is either in the first or the second position. The question of
whether the position will influence the decomposition process has been
offered. There are two related claims. The first claim is based on the
serial planning assumption, which suggests that the noninitial
morphemes of a word cannot be planned before initial ones. This might
lead to the expectation of larger priming effects for initial constituents
(Roelofs, 1996; Roelofs & Baayen, 2002). Additionally, the fact that
modifier and head constituents (first and second constituents) are not
processed alike could also affect the priming effect for two different
positions. For intense, Bien et al. (2005), investigated how different
variables of the modifier and the head constituents affected the naming
latencies of Dutch compounds. The results showed that all relevant
modifier variables had facilitative effects, whereas facilitative and

inhibitory effects were found for the head constituents.

Another claim can be found in Zwitserlood and colleagues’
work (2000). Their study showed that the position of the target
morpheme does not influence morphological priming-both the first and
second constituent of compounds cause faster-naming latencies in
morphologically related targets. In addition, in Koester and Schiller’s

paper (2008), the authors proposed that position may play a role, but a
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position effect could not be straightened out from their experiment, as
they used two sets of stimuli with unbalanced overlap rates. Further
research is therefore warranted to clear up the existence of any potential
position effect. Hence, the present study controlled the first and second

positions to investigate this matter further.
2.1.6 The goal of the present study

Given the situation laid out in the previous paragraphs, the
present study designed a morpheme-related compound prime (e.g., Ll
% /shanlyang2/ “goat”) and a morpheme-unrelated compound prime
(e.g., &ML /fei2jil/ “airplane”) for a monomorphemic target. The target
could overlap with the related prime in either the first (e.g., target 1l

/shan1/ “mountain” with prime LI /shanlyang2/ “goat”) or second
(e.g., B /baol/ “bag” with prime [HE /miandbaol/ “bread”) position.

Both behavioral and electrophysiological data were collected using a
long-lag priming paradigm. Faster RTs were expected in the
morphologically related priming conditions (Dohmes et al., 2004). A
reduced N400 amplitude is expected for the morphologically related
priming conditions (McKinnon et al., 2003). The reduced N400
amplitude (here reflecting morphological encoding) is expected to
begin around 330 ms after picture onset, assuming an average naming
latency of 600 ms (Indefrey & Levelt, 2004). For the variables of
position, we expected that the priming effect for the first position should

be larger than the second position, given the serial planning assumption
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and the modifier facilitation effect in naming latencies (Bien et al., 2005;
Roelofs, 1996; Roelofs & Baayen, 2002) contrasting with Zwitserlood
and colleague’s work (2000). The N400 voltage is reduced for the first
position in the same time window as less cognitive effort is exerted for

retrieving the first constituents.
2.2 Methodology

2.2.1 Participants

We recruited thirty-six right-handed native Chinese participants
(twenty-one females) from Leiden University (the Netherlands), who
all graduated at least with a bachelor’s degree in China. All participants
received monetary compensation for their participation. The mean age
of participants was 26.6 + 3.2 years. This study was approved by the
Faculties of Humanities and Archaeology ethics committee at Leiden
University (acceptance number: 2022/09). Recruitment took place
between September 2022 and November 2022.

Thirty-four participants were from regions where Mandarin is
spoken, including provinces of north-eastern China, north-western
China, and south-western China. Two participants were native

Mandarin/Cantonese bilinguals.

At the time of testing, none of the participants reported color
blindness, learning disorders, hearing or visual impairments, or

psychological or neurological impairments. Participants read the
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information sheet and signed an informed consent form before

participating.

2.2.2 Materials

Forty target pictures (all monosyllabic Chinese words) were
chosen, and each was paired with one morpheme-related disyllabic
Chinese compound word (picture) and one morpheme-unrelated
disyllabic Chinese compound word (picture) as primes. Therefore, 120
black-and-white line drawings corresponding to target pictures,
morpheme-related, and morpheme-unrelated prime pictures were

presented as stimuli. All compounds in the stimuli list were nouns.

Seven or eight pictures, including fillers, targets, and primes,
were put between target pictures and prime pictures for each pair (one
target picture was paired with either one morpheme-related prime

picture or one morpheme-unrelated prime picture) as intervening trials.

Table 2.1: Example of a target picture with four prime types.

Prime type Example (Prime) (E.Iz(:rggtl)e
Morpheme-related/first | % /shanlyang2/

position goat L /shanl/
Morpheme-unrelated/first mountain

position

“k#1, Hfeiljil/ airplane

Morpheme-related/second K Z  [fenglchel/

position windmill .
/chel/ vehicle

Morpheme-unrelated/second 3 £  /yu3mao2/ %

position feather
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We included 124 Chinese disyllabic filler pictures and 28
monosyllabic filler pictures to allow for the precise creation of the
intervening trials. Four conditions were created in the present

experiment (see Table 2.1).

Each target picture was presented twice: once with a morpheme-
related prime picture pair and another time with a morpheme-unrelated
prime picture pair; therefore, 464 trials were administered during the
experiment. The word frequency for the four conditions was controlled
based on the Zipf values from the SUBTLEX-CH corpus (Cai &
Brysbaert, 2010) (F (3,76) = 1.392, p > 0.05) as well as the number of
strokes (F (3,76) < 1, p > 0.05) (see Table 2.2).

Table 2.2: Mean and SD of the number of strokes and word frequency
(Zipf values) for prime types.

Word Frequency
(Zipf)
Mean SD Mean SD

Strokes

Prime type

Morpheme-related/first position 1655 4.174  2.242 0.771

Morpheme-related/second 1640 4358 2181 0.785

position
Morpheme-unrelated/first 1860 5519 2476 0.652
position
Morpheme-unrelated/second 1510 4.866  2.346 0.427
position

Before the experiment, we tested whether stimuli have similar
visual complexity (F (3,76) <1, p > 0.05). Prime and target pairs were
phonologically and orthographically unrelated. Appendix 2.A presents

an overview of all prime-target combinations used in the experiment.
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2.2.3 Design

A two-factorial within-subject design was adopted in this
experiment, with Morpheme Relatedness (Related/Unrelated) and
Position (First/Second) as the two main factors. Four conditions were

created.

Two sets of main stimulus lists were prepared, and within each
set were two sub-lists. Each sub-list had 232 different trials, which
contained 20 primes in the related condition and 20 primes in the
unrelated condition, along with 40 targets and 152 fillers. The first sub-
list includes one-half of the related and unrelated primes, while the
second contains the other half. Both sub-lists share the same 40 targets
and 152 fillers. Each participant saw all the target and filler pictures
twice and all prime pictures once, resulting in 464 (232*2) trials per
person in the present study. Furthermore, intervening trials contained
no phonologically or semantically related items to the target pictures.

Each sub-list was divided into four sub-block groups; hence,
there were 58 trials in each sub-block. In total, eight of these sub-blocks
were created for the present experiment. There were breaks among sub-
blocks. Half of the participants were given the first stimulus list set
during the experiment, while the other half received the second set. This
approach was taken to balance the experiment and eliminate potential

biases.
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Due to Chinese people tending to use disyllabic words to name
monosyllabic words, we used red and green frames to indicate how
many words should be named in our experiment. Red-framed pictures
are for monosyllabic targets and fillers, and green-framed pictures are
for disyllabic primes and fillers. Because all primes (in both
morphological-related and morphological-unrelated conditions) were
two-character words, all prime pictures would be in green frames.
Therefore, the potential effect that might be caused by different cues
was counterbalanced across two prime conditions. The same goes for
the target, where all target pictures were in red frames. Therefore, for
two different positions, the color effect was counterbalanced as well.

2.2.4 Procedure

The experiment was designed and controlled using E-prime 3.0
(Psychology Software Tools) and was conducted in a soundproof booth.,
The procedure was similar to Koester and Schiller’s (2008), adapted
from Dohmes et al. (2004). First, participants were given 10-15 minutes
to familiarize themselves with the target and prime picture names by
studying a booklet. Subsequently, the experimenter assessed whether
participants correctly remembered the picture names by conducting a
practice session through E-prime. In this session, participants were
asked to name all the target and prime pictures as soon as possible, and
the experimenter would correct them if they named those pictures

erroneously.



Chapter 2 Morphological encoding in language production:
Electrophysiological evidence from Mandarin compound words | 35
In the experiment session, each trial began with a fixation cross
displayed for 250 ms, followed by a blank screen for another 250 ms.
Then, the stimulus appeared in the center of the screen for 2,000 ms.
Therefore, each trial lasted 2,500 ms, which was applied to all pictures,
including primes, targets, and fillers. Because participants were given
color cues while naming the pictures, the stimulus presentation time
was longer compared to several earlier studies (Koeater & Schiller,
2008; Verdonschot et al., 2012).

Subsequently, the experimenter recorded the validity of each
trial by noting target language errors, word errors, and voice-key errors.
No feedback was provided during the experiment. Throughout all three
sessions, target pictures and monosyllabic filler pictures were displayed
in a red frame, while prime pictures and disyllabic filler pictures were
shown in a green frame. We used a long-lag paradigm for the actual
experiment session. Figure 2.1 illustrates how stimuli were presented in

this long-lag paradigm.

Prime Target
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Figure 2.1: Example sequence of a prime-target combination in
morpheme-related condition.

Additionally, we presented two sub-lists to each participant
during data collection. To counterbalance the order effect, we alternated
the sub-list presentation order: Participant 1 saw sub-list 1 first and then
sub-list 2, Participant 2 saw sub-list 2 first and then sub-list 1, and so
on. Moreover, we had two versions of the main stimuli. Half of the
participants used the first version, and the other half used the second

version to minimize order and repetition effects.
2.2.5 Electrophysiological recording and data processing

EEG data were collected using BrainVision Recorder software
(Version 1.23.0001) by Brain Products GmbH, with an EasyCap
electrode cap configured according to the standard 10/20 montage (see
Appendix 2.B). The recordings utilized 32 electrodes (BioSemi
ActiveTwo) positioned on the scalp according to the standards of the
American Electroencephalographic Society (1991). Additionally, the
vertical electrooculogram (VEOG) was recorded using two external
electrodes placed above and below the participant’s left eye. In contrast,
the horizontal electrooculogram (HEOG) was recorded with electrodes
positioned at the outer canthus of each eye. Two flat electrodes were
attached to the mastoids. CMS and DRL electrodes served as ground
references. The EEG signals were subsequently re-referenced offline to
the mean of the two mastoids. Data were sampled at 512 Hz, and an
offline band-pass filter ranging from 0.01 to 30 Hz was applied,
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following established procedures from previous studies (Koester &
Schiller, 2008; Lensink et al., 2014).

2.3 Data analysis

2.3.1 Behavioral and EEG data exclusion

The two bilingual participants' naming latencies and EEG data
were excluded because their native languages were Cantonese and
Mandarin. The naming latencies of the other two participants were
excluded because of their low accuracy rate. The EEG data for the four
other participants were lost due to EEG recording failures and
insufficient signal quality. Therefore, thirty-two participants remained
for naming latencies analysis, and twenty-eight remained for EEG data
analysis in the present paper. For the remaining data, 8.32% of data
trials were excluded from further RT analysis, including error trials and
trials with reaction times, which deviated more than 2.5 SDs from the
mean per participant per condition. For EEG data, 23.15% of data trials
were eliminated from the ERP data analysis, including error trials

(7.99%) and epochs removed during artifact rejection (15.16%).
2.3.2 Behavioral data analysis

Behavioral data were analyzed using RStudio Version 4.2.2.
Initially, we calculated descriptive statistics for naming latencies for

each condition (see Table 2.3). Subsequently, a single-trial modeling
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approach was implemented using the Ime4 package (Bates & Maechler,
2020). Specifically, we employed a generalized linear mixed-effects
model (GLMM) with the glmer () function, utilizing a gamma
distribution to appropriately model the positively skewed reaction time
(RT) data.

Table 2.3: Mean naming latencies (only correct trials included) for each
condition.

Naming latency (ms)

Condition
Mean SD
Morpheme-related/first position 779 213
Morpheme-related/second position 809 212
Morpheme-unrelated/first position 776 202
Morpheme-unrelated/second position 798 203

Random effects were chosen in such a way as to avoid over-
parameterization and to balance Type-I error and power (Matuschek et
al., 2017). We followed a modeling approach where we maintained the
simplest possible model structure in light of our main manipulations
(Bates & Maechler, 2020; Matuschek et al., 2017; Winter, 2019). Our
model included relatedness and position as fixed factors, prime
semantic category, target semantic category, prime animacy, and target
animacy as co-variates. As participants saw the targets twice, we also
included the sequence of targets as a co-variate. Subject and item were
the two random effects in the model.
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We performed model fit checks by plotting the model residuals
against predicted values. We used the avova () function to perform
model comparisons and likelihood ratio tests based on Akaike’s
Information Criterion, AIC (Akaike, 1974), BIC (Neath & Cavanaugh,
2012), and the log-likelihood to establish the best-fitting model for our
data. When applicable, we performed Tukey corrected post-hoc
contrasts to estimate effect sizes using the emmeans () function (Lenth
etal., 2019).

For naming latencies, the model of the best fit was RT ~
relatedness + position + sequence + (1|subject) + (1|item) (see Table
2.C.1in Appendix 2.C). The Subject and Item’s random slope could not
make the model converge, so they were not included in the current
mode. When doing the data analysis, we first introduced the interaction
of the relatedness and position in our behavioral data analysis. However,
the interaction between relatedness and position did not significantly
improve the model after the ANOVA test (with p > 0.05) compared to
the model without interaction, so we decided to exclude it from the
behavioral model. Contrary to findings in other studies, participants
were not significantly faster in naming morpheme-related items
compared to morphologically unrelated items with g = 0.012, SE =
0.010, t = 1.159, p = 0.247 (Figure 2.2). Position yielded no significant
effect either (# = - 0.051, SE = 0.045, t = - 1.140, p = 0.254). The final
model included the factor sequence, showing a significant effect (5 = -
0.059, SE = 0.010, t = 5.69, p < 0.001). The model did not include the

target animacy, prime animacy, target categories, and prime category
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co-variates due to non-convergence or singular fit or because they did

not fit the model significantly.

2000

Naming Latencies(ms)

1000

500

Morpheme_related/First_postion Morpheme_related/Second_postion ~ Morpheme_unrelated/First_postion  Morpheme_unrelated/Second_postion
Condition

Figure 2.2: Mean naming latencies by condition for the picture naming
task (n = 32).

2.3.3 EEG data analysis

EEG data were pre-processed using Brain Vision Analyzer 2.1
(Brain Products GmbH). We followed the EEG data preprocessing
procedure laid out by Von Grebmer zu Wolfsthurn and colleagues
(2012a; 2012b). The process included visual inspection of the signal,
re-referencing, and linear derivation for the HEOG and VEOG
electrodes, followed by a band-pass filter with a low-pass cutoff at 0.01
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Hz and a high-pass cutoff at 30 Hz. Ocular correction and artifact
rejection were then performed. Offline re-referencing was conducted to
the average of the left and right mastoid electrodes. Subsequently,
epochs of corrected trials were generated around stimulus onsets, and
baseline correction for each segment was performed using the average
EEG activity from the 200ms preceding stimulus onset (Zu Wolfsthurn
Sarah von Grebmer et al., 2021a).

After pre-processing and exporting our data, we conducted a
cluster-based analysis to tentatively explore regions of interest and
potential time windows associated with significant modulations of the
EEG signal. We used a permutation test computed with the permutes
package (Voeten 2019), which included the voltage amplitudes for all
data electrodes across the time window from Oms to 800ms across
conditions. This analysis was performed before considering the mean
naming latencies of four conditions to minimize the influence of
artifacts during data analysis (Von Grebmer zu Wolfsthurn et al., 2021a;
2012b). As shown in Figure 2.3, the output of this test indicated
potentially significant modulations of the EEG signal within the time
window between 415ms and 575ms. This time window has been

previously associated with the N400 component.
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Figure 2.3: Permutation tests across all electrodes. The time window is
between 0 and 1,200ms post-stimulus onset. Larger F-values are
depicted in darker colors, indicating an increased likelihood of a
statistically significant effect of our manipulations on voltage
amplitudes.

Next, we divided electrodes into six areas of interest, i.e.,
anterior-left, anterior-right, central-left, central-right, posterior-left, and
posterior-right regions (Verdonschot e al., 2012). Based on the output
from the permutation test and previous literature associating central and
posterior regions to the N400, we defined our ROIs as the following
electrodes: P3, P7, CP5, O1, C4, FC2, FC6, and Fz (see Figure 2.B.1

in Appendix 2.B).

Finally, we employed a single-trial linear mixed models (LMM)
approach (Fromer et al., 2018) to enhance the traditional average-type
analysis. The traditional method has been criticized for its limitations,
including equally weighted observations by condition, participant, and
independent factor levels (Von Grebmer zu Wolfsthurn et al., 20213;
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2012b). These assumptions are often compromised due to design
factors and during the EEG data pre-processing stages (Von Grebmer
zu Wolfsthurn et al., 2021a; 2012b). An alternative method is single-
trial linear LMM, which has been endorsed by many researchers since
its first application to EEG data in 2011 (Amsel, 2011). This model
includes fixed effects and estimates the random variance between
subjects and items, known as random effects. It can be applied to
datasets with variable effect sizes and unbalanced designs (Baayen et
al., 2008; Frober et al., 2017).

For the single-trial LMM approach, we incorporated all
available voltage values for each epoch within the designated time
window of 415ms to 575ms, without averaging across segments from
the same condition, to preserve by-subject and by-item variance. Fixed
effects included relatedness and position, while ROI and sequence were
co-variates. Participants and Items were included as random effects in
this single-trial analysis. The model-fitting procedure resembled the
behavioral analyses. Figure 2.4 displays the mean voltage amplitudes
for the entire epoch of 800ms for each condition and for two factors
(Relatedness and Position) in the central posterior regions within the

selected N400 time window.
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Figure 2.4: Voltage amplitudes by Condition, Relatedness, and Position
over time. For channels C4, FC2, FC6, Fz, P3, P7, CP5, and O1 for the
picture naming task (n = 28), the time window of the interest is from
415ms - 575ms and is highlighted in grey. Negativity is plotted up.

The model with the best fit was amplitude ~ relatedness *
position + ROI + sequence + (1 | participant) + (1 | item) (see Table
2.D.1in Appendix 2.D). The Participant and Item’s random slope could
not make the model converge, so they were not included in the current
mode. This model yielded a main effect for relatedness with by-subject

and by-item random intercept. The difference in amplitude between
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targets in the morphologically related and unrelated conditions was
significant (f = - 2.22, SE = 0.698, t = - 3.185, p = 0.00285).

Condition
E Morpheme_related/First_postion

Morpheme_related/Second_postion
Morpheme_unrelated/First_postion
Morpheme_unrelated/Second_postion

Figure 2.5: Voltage amplitudes by condition over time for each
individual electrode. ROIs were included in the analysis of the long-lag
picture naming task (n = 28). The time window of interest from 415 ms
to 575ms is highlighted in grey. Negativity is plotted up.
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The difference in amplitude between the first and second
position conditions was also significant (5 = - 1.497, SE = 0.093, t = -
16.107, p < 0.001). There was an interaction between relatedness and
position (f =-2.09, SE =0.1356, t = - 15.419, p < 0.001). The sequence
effect was significant with g = 0.414, SE = 0.455, t = 9.106, and p <
0.001. Grand-average ERPs for the four conditions are shown in Figure
2.5 for visualization of the individual channels included in this analysis.

2.4 Discussion

This study investigated morphological encoding in Chinese
disyllabic compound words and their storage in our mental lexicon. In
a long-lag priming experiment, which included a substantial delay
between primes and targets, thirty-six native Mandarin Chinese
speakers were asked to name pictures on a screen. Behavioral data and
electrophysiological data were collected and then analyzed. The
behavioral results were surprising and went against earlier findings in
Indo-European languages, showing that the target picture naming was
not facilitated by morphologically related primes in both first and
second positions. Note that the first-position condition did elicit shorter
RTs than the second-position condition. This suggests that
morphological priming for individual constituents in producing
Mandarin Chinese disyllabic compound words at the behavioral level

does not occur.

The results reported here have implications for the two models
of lexical representation discussed in the Introduction. According to
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Levelt and colleagues’ (1999) model, compounds are stored in their
decomposed form at the lexeme level. Consequently, the targets should
be able to retrieve their lexeme representations faster if they had already
encountered them in primed pictures (in contrast to unrelated pictures).
Contrastingly, according to the single-stage model of lexical
representation (1997), compounds are stored in their full listing format
at the lexical level. In other words, the whole word form is retrieved
when naming the pictures instead of the individual constituents. Thus,
when naming individual constituents, participants would have to
retrieve these again, which predicts that the naming latencies should be
the same when naming morpheme-related prime pictures in contrast to
unrelated condition prime pictures. In line with this prediction, the
results from the present experiment revealed that the naming latencies
between morpheme-related and morpheme-unrelated conditions make
no significant difference. Additionally, our results seem to support the
results shown by others (Janssen et al.,2008; Bi et al., 2007; Chen &
Chen 2006).

However, in the ERP analyses, morpheme-related prime stimuli
did elicit a reduced N400 at the central posterior regions when
compared to morpheme-unrelated prime stimuli in the 415 ms - 575 ms
time window, which is in line with previous results (Koester & Schiller,
2008; Dohmes et al., 2004) at both the temporal and spatial levels. The
reduced negativity can be interpreted as an N400 effect, as the N400 is
sensitive to morphological processing (Koester & Schiller, 2008;

McKinnon et al., 2003). This result suggests that the morphological
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priming effect occurs at the morphological encoding level and supports
a decomposed model. Previous research (Koester & Schiller, 2008;
McKinnon et al., 2003) suggested that the outcomes stemmed from a
genuine morphological process. Similarly, we claim that the current
effects cannot be explained by a semantic or phonological relation
between primes and targets. This is because semantic and phonological
effects usually do not last beyond the temporal gap between prime and
target in a long-lag paradigm (Zwitserlood et al., 2000; Feldman, 2000).

Furthermore, the timing of our ERP priming effects aligns well
with the timeline for morphological encoding, as opposed to other
cognitive phases like conceptual preparation or lemma retrieval
(Indefrey & Levelt, 2004). Indefrey and Levelt proposed that
morphological encoding, the primary phase in word form encoding,
starts around 330ms post-picture presentation. The initiation of the
N400 effect in our study closely mirrors this predicted onset (Indefrey
& Levelt, 2004). These projections are based on a response latency of
600ms. Adjusting the onset of morphological encoding to correspond
with a response latency of 750ms-800ms in the present study, our
observed average reaction time should yield a rough estimate of 413ms-
440ms for the initiation of morphological encoding. Interestingly, this
estimation is almost identical to the onset of the N400 effects in the
present study. Consequently, the N40O0 effects support the hypothesis
that our morphological priming effect occurs and originates at the word-

form level.
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One question remains, however: how can we account for the
divergence between the ERP findings and the absence of RT effects in
the present study? In previous work (Janssen et al., 2008; Chen & Chen
2006), a potential explanation was proposed, namely that the absence
of a morpheme priming effect in Mandarin Chinese might be due to
cross-linguistic  differences. The involvement of morphological
representations may not be significant in languages characterized by
straightforward morphology, such as Mandarin Chinese. Conversely,
these representations will likely be more prominent in languages
featuring intricate morphology, like Dutch. Another possible
explanation might relate to the long-lag paradigm, which may have
lacked the power to pick up on any fine-grained modulation in the
Chinese morphological encoding process. Potential future research
could focus on investigating the implicit RT results. However, EEG
data are sensitive enough to capture these differences because ERPs
offer a higher temporal resolution that enables more direct observation
of cognitive processes, even before or without an explicit response
(Kutas & Petten, 1994). EEG can provide more information on the
current research questions regardless of the implicit outcome of naming

latencies.

In addition, we did not control for transparency in the present
study. On the one hand, opaque words are not common in Mandarin; on
the other hand, many opaque words are mono-morphemic compounds

~

(like b % /shalfal/ “sofa”) in Mandarin. However, according to
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Koester and Schiller (2008), Zwitserlood et al. (2000; 2002), and
Verdonschot et al. (2012), the opaque and transparent words elicited no
significant difference in morphological priming. We believe more
research could be done regarding this aspect of Mandarin. The results
in the present study suggest that morphological priming for constituents
is present in the morphological encoding process of Chinese disyllabic
compound words, even though the naming latencies between
morphologically related and unrelated conditions yielded no difference.
However, the morphological involvement is not as strong as in Dutch.
Chinese disyllabic compounds are stored with two separate constituents
instead of the whole word representation. This suggestion aligns with a
decomposed storage model (Levelt et al., 1999; Bien et al., 2005;
Roelofs, 1996) rather than a single-stage model (Caramazza, 1997;
Janssen, 2008; Chen & Chen 2006). Then, given the presence of
morphological encoding, the morphological priming effect originates in

the word form level according to the temporal course of the N400 effect.

The repeated picture presentation across two blocks lead to
reduced picture naming latencies in this experiment, according to the
statistical results in both naming latencies and ERP analyses. This effect
is consistent and comparable to previous findings (Zwitserlood et al.,
2000; 2002). Importantly, the block effect did not interact with
manipulating the variable of primary interest, i.e., Prime type.
Therefore, it is suggested that the general facilitation across blocks is

independent of linguistics processes. This repetition effect may, for
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example, reflect the more efficient visual processing or recognition of

the pictures.

Regarding the position effect, the present results from RTs
showed that the naming latencies for the first position were shorter than
the second, which aligns with our expectations, even though this
difference is not significant. In the ERP results, the significant effect of
position and interaction between relatedness and position showed that
the first and second constituents were processed differently. A larger
reduced N400 was found for the first than the second position. These
findings support the claim that both positions have priming effects, but
the priming effect is larger for the first position. The significant
difference between the first and the second constituents supported the
serial planning assumption and the modifier constituent facilitation
effect. However, the challenge of understanding how the head
constituent influences compound production, as observed in (Bien et al.,
2005), remains unsolved. This influence could be either facilitatory or
inhibitory in nature. Further research is necessary to shed light on this

issue.

In addition, there were both free and bound morphemes in the
stimuli of the present study. Bound and free morphemes could cause
differences in the processing of Chinese compounds. There might be a
possibility that compounds with different morpheme-type
combinations are processed differently, which is worth exploring. This

could also be why our behavioral data did not have an effect and only
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the first position morphological priming effect was found in the ERP
analysis. We did a post-hoc analysis regarding two types of morphemes,
but no significant statistics results were found (p > 0.05). This might be
because we had balanced the items for two morpheme types. More
research can be done on this aspect in the future. To conclude, in the
present long-lag priming experiment, picture naming was behaviorally
not facilitated by the production of morphologically related compound
words. However, morphological priming for individual constituents
was present from an N400 effect in the central posterior region in the
ERP analysis, especially concerning the priming of the first constituent.
The N400 effect presented in the process appears to originate at a word
form level corresponding to the temporal estimate of morphological
encoding, and two individual constituents are both activated and

processed during morphological encoding.
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2.B EEG electrode montage
Figure 2.B.1: EEG montage. 10/20 system - 32 channel montage from

BioSemi, including CMS and DRL but excluding external channels

(www.biosemi.com/headcap.htm).
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2.C Model parameters: response times

Table 2.C.1: Specification of best fit model for RTs (ms) for n = 32.

Formula: RT ~ Relatedness + Position + Sequence + (1 | Subject) + (1 |
Item)

Fixed effects Estimate 95%CI t-value p-value
(Intercept) 1.32 [1.075, 1.605] 25.92 :S;,‘OOI
Relatedness:

Morpheme unrelated 0.012 [-0.203, 0.224] 1.16 0.247
Position: - Second 051 [.028,0235]  -1.14 0254
position

Sequence -0.059 [-0.138,0.2988]  5.69 :S;,‘OOI
Random effects

o’ 0.050

t00Item 0.005

t00Subject 0.006

ICC 0.098

NSubject 32

Nltem 40

Observations 2560

Marginal R? 0.025

Conditional R? 0.200
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2.D Model parameters: N400

Table 2.D.1: Specification of model of best fit for Voltage Amplitudes
(microvolts) for n = 28.

Formula: Amplitude ~ Relatedness * Position + ROl + Sequence + (1 |
Participant) + (1 | Item)

Fixed effects Estimate 95%CI t-value p-value
(Intercept) 6.05 [3.696, 8.179] 5.143 <0.001%**
Relatedness: -2.224 [-3.570,-0.805] -3.185  0.000285
morpheme

unrelated

Position: second -1.497 [-1.689, -1.309] -16.107 < 0.001***
position

ROIL: left posterior  -1.209 [-1.307,-1.109]  -23.150 <0.001***
Sequence 0.414 [0.325, 0.501] 9.106 <0.001 ***
Relatedness 2.092 [1.840, 2.360] 15419 <0.001 ***
Morpheme

unrelated *Position

Second

Random effects

6> 311.798

700Item 4.809

t00Subject 31.862

ICC 0.014

NSubject 28

NItem 40

Observations 610080

Marginal R? 0.003

Conditional R? 0.108
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Chapter 3 Word and morpheme
frequency effects in naming Mandarin
Chinese compounds: More than a

replication

This article is published as: Wang, J., Schiller, N. O., & Verdonschot,
R. G. (2024). Word and morpheme frequency effects in naming Mandarin
Chinese compounds: More than a replication. Brain and Language, 259,

105496. https://doi.org/10.1016/j.bandl.2024.105496.

Abstract:

The question whether compound words are stored in our mental
lexicon in a decomposed or full-listing way prompted Janssen and
colleagues (2008) to investigate the representation of compounds using
word and morpheme frequencies manipulations. Our study replicated
their study using a new set of stimuli from a spoken corpus and
incorporating EEG data for a more detailed investigation. In the current
study, despite ERP analyses revealing no word frequency or morpheme
frequency effects across conditions, behavioral outcomes indicated that

Mandarin compounds are not sensitive to word frequency. Instead, the
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response times highlighted a morpheme frequency effect in naming
Mandarin compounds, which contrasted with the findings of Janssen
and colleagues. These findings challenge the full-listing model and

instead support the decompositional model.

Keywords: Language production; Word frequency; Morpheme
frequency, Compound representation; Picture naming, Mandarin

Chinese

3.1 Introduction

Theories of language production (Caramazza, 1997; Dell, 1986;
Levelt et al., 1999) have specific assumptions about how words are
organized and represented in the mental lexicon and suggest that word
production occurs in several stages: conceptual preparation, lexical
access, phonological encoding, and articulation. During speech
production, such as when naming a picture, the conceptual
representation of the intended object becomes active. This activation
then extends to the lexical representations associated with this concept.
Subsequently, phonological information is retrieved, which involves
the encoding of word forms and is ultimately used for articulation by

initiating the relevant speech gestures.

Many speech production models include a role for morphology
(Koester & Schiller, 2008, 2011; Levelt et al., 1999; Roelofs, 1996;
Zwitserlood et al., 2000, 2002). For example, in Levelt and colleagues’
word production theory (Levelt et al., 1999), which largely draws on
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results from the Dutch language, morphological encoding is the initial
stage of word-form encoding. This stage involves the construction of
words and defining their internal structures at the word form level. This
has raised the question of how morphologically complex words,
including derived words (e.g., “happiness”), inflected words (e.g.,
“running”), and compound words (e.g., “birdhouse”), are represented
in our mental lexicon and how they are comprehended and produced.
The present study aimed to investigate the representation of Mandarin
compound production by reviewing the previous literature on complex

words in both language production and comprehension.

3.1.1 The representation of morphologically complex

words

3.1.1.1 Production of complex words

For language production of complex words typically a
distinction is made between decomposition and full-listing models
(Caramazza, 1997; Janssen et al., 2008; Janssen et al., 2014) with
hybrid models (i.e., some complex words have full-listing storage, but
other complex words are decomposed or follow a rule-based system)
being somewhat scarcer. Levelt et al.’s model (1999; p 25) states that
compound words (e.g., “birdhouse”) have a single lemma which then
in turn activates two lexemes (<BIRD> + <HOUSE>). Note that Levelt
et al.’s model (1999; p 27) may be considered “hybrid” in the sense that

it suggests that certain compound words are “degenerate” in production,
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meaning they are not decomposed at the form level. For example, the
Dutch word aardappel “potato” appears semantically composed of
aard “earth” and appel “apple,” but it is produced as a single unit: aar-
dap-pel (not aard-ap-pel). In contrast, a non-degenerate opaque
compound like oogappel which is oog “eye” + appel “apple,” meaning
“apple of my eye” (a term of endearment for children), is decomposed
at the form level, as evidenced by its pronunciation as oog-ap-pel, rather
than 0o-gap-pel. Inflected words (e.g., “escorted”) in Levelt et al.’s
model (1999) have a marking at the lemma level indicating tense (e.g.,
escort + PAST will activate the morphemes <ESCORT>+<ED>). Note
that other theories, such as the words and rules theory by Pinker and
Ullman (2002), similarly state that regular verb forms can be generated
by a rule (i.e., a unification operation applied to a specific morpheme),
just as how phrases and sentences are formed. When an irregular verb
form happens to be stored (e.g., “drank™), it prevents a rule from
applying (e.g., blocking *drinked), but anywhere else (by default) the
rule applies. In Levelt et al.’s model (1999), the case is somewhat more
difficult for complex derivational morphology especially when words
would change syntactic class (e.g., the adjective “weak” + NESS
forming the noun “weakness”) for which Levelt et al. (1999) propose
that these most likely are lemmas in their own right (i.e. “weakly” and

“weakness” are separate lemmas).

3.1.1.2 Comprehension of complex words

Regarding language comprehension, which is more amply

investigated, a similar division between decomposition can be made
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(Longtin & Meunier, 2005; Rastle & Davis, 2008; Koester et al., 2004,
2009), full-listing (e.g., Butterworth 1983; Norris & McQueen, 2008)
and hybrid models (Caramazza et al., 1988; Frauenfelder & Schreuder,
1991). For example, inflectional and derivational processes have
received ample attention in the comprehension literature (Bozic &
Marslen-Wilson, 2010; Marslen-Wilson et al., 1994; Penke et al., 1997;
Rodriguez-Fornells et al., 2001; Smolka et al., 2015). For inflectional
processes, the “morphological violation paradigm” in which a verb
takes an incorrect form (e.g., the past participle *getanz-en meaning
“danced” in German, which should be getanz-t) has shown that
differential EEG patterns occur for regular vs. irregular verbs
supporting a hybrid model in which regular/irregular verbs are
processed differently (Penke et al., 1997). Koester and colleagues (2009)
investigated the time course of semantic integration in auditory
compound word processing and found that the lexical-semantic
integration of compound constituents occurs incrementally, supporting

the decompositional hypothesis.

Others, for instance, Winther Balling and Baayen (2008), have
suggested that there are two key moments during the auditory
recognition of a complex word where its recognition likelihood changes
significantly. First, when unrelated words are ruled out at the (typical)
“uniqueness point” in which only one option remains in the competition
for word recognition. For instance, for a simple word such as “candle,”
the uniqueness point might occur at the sound /d/ because up to /keend/

“cand,” it could be confused with words like “candy,” but once the /1/
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is added, the word becomes clearly distinguishable as “candle.”
However, for complex words such as derivations, there might be a
continuation after the base word is recognized. For example, the word
“hope” might receive its first uniqueness point at “p” where it is
distinguished from words such as “hole” or “home.” However, when
acting as a part of a complex word, it could receive another uniqueness
point, for example, at the “f” for “hopeful” where it is distinguished

from other morphological stem-related words such as “hopeless.”

Others working on visual word recognition have posited that
there might be an early level of representation where (seemingly)
complex words are broken down based on their morpho-orthographic
features (Rastle et al., 2004). For example, a semantically transparent
morphological relationship of a prime with the target (e.g., cleaner-
CLEAN) would give rise to facilitation. However, Rastle et al. (2004)
also found that when encountering a word like “corn,” a prime such as
“corner” would facilitate lexical decision times as well, even though the
two words were not morphologically related, but see Baayen et al.
(2011) for different views. This suggested a form of morphological
decomposition that functioned differently from the semantic-based
decomposition involved in the early stages of visual (complex) word

recognition.
3.1.2 The representation of compound words

Returning to the issue of the processing of compound words in

language production, as stated earlier, the most prominent theoretical
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models are either decompositional, full-listing, or hybrid. The
decompositional model holds the view that compounds are represented
in terms of their constituents unless they are degenerate (Levelt et al.,
1999), while the full-listing hypothesis suggests that the whole-word
forms are only fully listed in our mental lexicon (Butterworth, 1983;
Caramazza, 1997; Dell, 1986). Dual-route models combine elements of
both approaches, proposing that transparent compounds are processed
by breaking them down into their components while also allowing for
parallel access to the whole-form representation. However, for opaque
compounds, particularly those with high frequency, the whole-form
access is assumed to be the dominant mechanism (MacGregor &
Shtyrov, 2013). The present study focused on the decompositional and
full listing hypotheses and hence summarized the relevant literature of

these two models in the following sections.

3.1.2.1 The decompositional model

The presence of morphologically decomposed entries in the
form of lexicon underlying speech production was addressed by
manipulating word frequency by Roelofs (1996). He demonstrated the
effect of constituent frequency on lexical access during speech
production planning by using Dutch compounds. Implicit priming
experiments were conducted, including homogeneous blocks where the
stimuli shared a common form and heterogeneous conditions where
they did not, to investigate whether the speech production system could

plan non-initial constituents of a word before the initial ones. These
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experiments revealed the task’s sensitivity to morphological planning.
A more pronounced facilitatory effect was observed when the initial
syllable, constituting a morpheme, was shared (e.g., nasmaak “after-
taste”-nagalm “reverberation”-najaar ‘“autumn”), compared to
producing disyllabic simple words in which the same overlapping part
“na” constituted a syllable but not a morpheme (e.g., nagel “nail”-natie
“nation”-nader “further”). These results supported the idea that
component morphemes of compound words served as planning units in

speech production, confirming the decomposition assumption.

Likewise, in a study conducted by Bien and colleagues (2005),
four experiments employing a position-response association task were
carried out to explore the influence of frequency information on Dutch
compound word production. They independently manipulated the
frequencies of the first and second constituents and the frequency of the
compound itself. Compound production latencies demonstrated notable
variability based on factorial contrasts in the frequencies of both
constituent morphemes rather than being influenced by a factorial
contrast in compound frequency, providing further reinforcement for

decompositional models of speech production.

Other evidence came from the studies (Kaczer et al., 2015;
Koester & Schiller, 2008, 2011; Lensink et al., 2014; Verdonschot et
al., 2012; Zwitserlood et al., 2000, 2002; Wang et al., 2024) that
employed the long-lag priming paradigm to investigate morphological
processing, showing that morphological priming remained effective
even with many intervening trials. These studies above suggested that
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priming in those instances occurred at a distinct morphological level
rather than at a phonological or semantic level. This finding was
corroborated by further investigations. For example, in a study by
Koester and Schiller (2008), they found that mere form overlap, as in
prime-target pairs like jasmijn “jasmine”- jas “coat,” did not facilitate
picture naming, indicating that morphological priming represents a
distinct form of priming separate from form-identity priming. While
these mentioned findings align with decompositional hypotheses in
compound production, it is essential to note that there are other studies

that favor a full-listing model.
3.1.2.2 The full-listing model

The evidence of the full-listing model comes from Janssen and
colleagues (2008). In their study, they tried to answer the question of
the representation of compound words in our mental lexicon by
manipulating the compound and constituent frequencies of Mandarin
compound words. Native Mandarin speakers were asked to name
objects in a picture naming task. There were three conditions: H(h),
L(h), and L(I). High (H) or low (L) compound word frequency was
denoted by the first upper-case letter, while high (h) or low (I)
constituent morpheme frequency was indicated by the second lower-
case letter in parenthesis. Their analysis revealed that only the
compound frequency influenced naming latencies in Mandarin
compound production, providing support for full-listing hypothesis.

Another study by the same lab (Janssen et al., 2014) showed that this
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pattern (effect of compound but not constituent frequency) extended to
naming pictures using English (i.e., “oillamp” is a low-frequency
compound, but its constituents are highly frequent; “bobsled” is a low-
frequency compound with low-frequency constituents). However,
when a lexical decision task (LDT) was used (Experiment 2),
constituent frequency effects arose. Janssen et al. stated that when a
semantic input representation drove word retrieval, constituent effects
were absent, but when the signal in the LDT (i.e., a visually or auditorily
presented word) contained the constituents, they would be accessed

separately, and in that case constituent frequency had an effect.

Additional support for the full-listing hypothesis comes from a
study by Bi and colleagues (2007), which investigated two Chinese
aphasic patients with lexical access difficulties in oral and written
production in naming disyllabic compound pictures. Their findings
indicated that the frequency of the compound word, rather than the
constituent, affected the production performance of both patients in

Mandarin compound production.

In another investigation by Chen and Chen (2006), Mandarin
Chinese speakers participated in an implicit priming task (Meyer, 1991),
naming compound words in a response-association task. Their goal was
to explore whether morphological encoding played a role in producing
Chinese disyllabic transparent compound words. Their results showed
that naming latencies were not sensitive to the compound’s constituent

frequency.
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The studies above provided inconsistent results and the debate

on how compound words are organized and produced remains unclear.
Additionally, there may be some methodological issues with earlier
studies. For instance, Janssen and colleagues’ study (2008) based their
stimuli on the information found in the Modern Chinese Frequency
Dictionary (MCFD) (Language Teaching and Research Institute of
Beijing Language Institute, 1986). However, the MCFD was published
forty years ago and primarily based on written texts rather than speech
production, which could potentially influence the evaluation of
stimuli’s frequency. For example, 7K it /shui3chi4/ “basin” was
deemed a high-frequency compound word in the MCFD, but it was not
in the SUBTLEX-CH corpus (Cai & Brysbaert, 2010), which was based

on speech (e.g., movie subtitles).
3.1.3 The current study

As we deemed the approach to exploring the question of
Mandarin compounds representation and production presented in the
study of Janssen and colleagues suitable for the purpose of the current
study, we opted to replicate their design framework and extend their
study by introducing a new set of stimuli based on the SUBTLEX-CH
Mandarin speech production corpus (Cai & Brysbaert, 2010).
Additionally, we utilized EEG methodology to examine the temporal
dynamics of compound production in greater detail. Event-related
potentials (ERPs) offer a higher temporal resolution in contrast to

reaction times, allowing for more direct observation of cognitive
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processes, even before an explicit response is made (Kutas &
Federmeier, 2011; Kutas & Van Petten, 1994). Regarding the current
issue, ERPs can serve as a direct method to investigate the frequency
effect for constituents and the whole word due to words with a higher
frequency tend to trigger N400s of reduced amplitude compared to
words with a lower frequency when all other factors remain consistent
(Kutas & Federmeier, 2009, 2011; Rugg, 1990; Van Petten & Kutas,
1990).

The prediction of the present study is to have similar reaction
times when comparing H(h) to L(h) condition and shorter naming
latencies for L(h) condition than for L(l) condition. Moreover, a
reduced N400 amplitude was predicted in L(h) and L(I) conditions; no
reduced N400 amplitude was predicted in H(h) and L(h) conditions.

3.2 Methodology

3.2.1 Participants

Thirty-two native Mandarin Chinese speakers, aged 20 to 32
years (mean age: 26.42, SD: +2.71), including six males, were recruited
from Leiden University. All participants were from Mandarin-speaking
provinces in China and spoke Mandarin as their mother tongue.
Participants who had been living in the Netherlands for less than two
years were included, while those who had been residing in the
Netherlands for longer were excluded due to potentially higher

proficiency in English and Dutch. All participants had normal or
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corrected-to-normal vision and received monetary compensation for
their participation. At the time of testing, none reported color blindness,
learning disorders, hearing or visual impairments, or psychological or
neurological conditions. Participants read an information sheet and
provided informed consent by signing a consent form before the study

began.
3.2.2 Materials

In the process of material design for the present replication, our
approach followed the methodology outlined by Janssen and colleagues
(2008). The design closely mirrored the structure proposed by
Jescheniak and Levelt (1994). We curated three sets of images: (a) L(1)
pictures featuring names comprised of low-frequency compound words
and composed of low-frequency constituents; (b) L(h) pictures,
including names formed by low-frequency compound words but
consisting of high-frequency constituents; and (c) H(h) pictures,
characterized by names with high-frequency compound words and
composed of high-frequency constituents. Three conditions of three
different frequency distributions were created for the present
experiment. Although most of the compound’s constituents were noun-
noun pairs, there were occasional instances where a verb formed a
constituent (e.g., 17 /sao4zhou3/, meaning “broom,” where ¥ means
“to sweep”). However, these cases were rare and not expected to

influence the results.
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The average cumulative frequency of each constituent was
calculated in the present study. For example, the Chinese compound
word 1117 /shanlyang2/ “goat” was composed of two constituents 11|
/shanl/ “mountain” and = /yang2/ “sheep.” The compound word
frequency referred to the occurrence of LI = /shanlyang2/ “goat.”
Cumulative morpheme frequency was the combined frequency of all
homophonic constituents, disregarding their written form. This
involved summing the frequencies of all homophones for each
constituent and then averaging them to obtain the mean cumulative
frequency in this study. For instance, when calculating the cumulative
frequency of 3 /yang2/ “sheep” within 111 3 /shanlyang2/, all its
homophones like FH /yang2/ “sun” and ¥ /yang2/ “foreign,” etc., were
considered. The resulting morpheme frequency was derived from
averaging the cumulative frequencies of both constituents, namely (1]
/shan2/ “mountain” and = /yang2/ “sheep.” Based on the rationale
outlined by Janssen and colleagues (2008), the adoption of cumulative
frequency was justified by the fact that homophonic morphemes are
condensed into a single lexeme node within Levelt’s model (1999)
under examination in this study. The decision to utilize average
cumulative frequency stemmed from its strong correlation with
individual constituent frequencies. This approach offered a reliable
estimation of the impact of constituent frequency on compound

production.
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We calculated the word and morpheme frequencies in the
present study based on the SUBTLEX-CH corpus (Cai & Brysbaert,
2010). We selected 28 disyllabic noun compounds for each condition in
the stimuli set and incorporated 36 filler pictures, which were also
disyllabic noun compounds. Twenty-eight black-and-white line pictures
labeled as L(h) were carefully chosen, and each was paired with an L(I)
picture, ensuring a match on average whole-word frequency (¢ (54) = -
1.22, p =0.23). Additionally, each L(h) picture was paired with an H(h)
picture, ensuring a match in average morpheme frequency (7 (54) < 1).
The visual complexity of all target pictures was controlled (z (54) < 1)
in the present study. There was a significant difference in the average
morpheme frequencies between the L(h) and L(l) pictures (¢ (54) = -
2.02, p =0.04). The word frequencies of L(h) pictures were found to be
lower than the whole-word frequency of H(h) pictures with ¢ (54) = -
10.43, p <.0001, and the word frequencies of L(l) pictures were found
to be lower than the whole-word frequency of H(h) pictures as well,
with ¢ (54) = - 9.30, p < .0001. See Table 3.1 below for the detailed

information.

Table 3.1: Mean frequency distribution of the picture names in the
experiment.

Mean Mean
Mean Mean

. left right
compo  constitu . .
. constitu  constitu
Cond English und ent
g Example . ent ent
ition translation freque  frequen
frequen frequen
ncy cy

: . cy cy
(Ziph) — (Ziph)  Zin (Ziph)
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B 1F telephone
H(h) (diandhu (electricityts 3.62 252 239  2.65

a4) peech)
[
bench
L(h) g?ang2y (long+chair) 2.12 2.54 2.56 2.51
it il candle
+ . . . .
L) (ladzhu2) gwax candle 1.93 2.43 2.43 2.42

The fillers were used both as warm-up stimuli at the beginning
of each block and as fillers throughout the experiment. We did not
control the frequencies of fillers because we did not analyze the reaction
time to filler pictures. The complete list of stimuli is listed in Appendix

3.4.
3.2.3 Design

A 3 by 3 factorial within-subject design was adopted in this
experiment, with frequency distribution and repetition level as fixed
factors. A picture-naming task was employed and a pseudo-randomized
design per participant was implemented. Pictures with the same
category and the same phonological onset would not be subsequently
presented to avoid priming effects of the same category and

phonological overlap.

Participants were presented with 120 pictures, comprising 84
experimental pictures and 36 fillers. The proper experiment consisted

of three blocks and each picture appeared once per block. We



Chapter 3 Word and morpheme frequency effects in naming
Mandarin Chinese compounds: More than a replication | 75
introduced repetition level as an experimental factor (three repetitions),
and each participant encountered each picture three times during the
experiment. Consequently, there were 360 trials in total for each

participant in the entire real experimental session.

3.2.4 Procedure

The experiment was designed and controlled using E-prime 3.0
(Psychology Software Tools) and was conducted in a soundproof booth.
Participants were seated in front of a computer in a dimly lit room. A
microphone connected to a Chronos response device containing a voice

key was used to record naming latencies.

The experiment comprised three phases. The initial
familiarization phase involved familiarizing participants with the
pictures for the subsequent experiment. Each trial began with a 500 ms
presentation of a fixation cross. Subsequently, the picture appeared for
2,000 ms, followed by the display of its name underneath it after 1,000
ms. Upon seeing its name, participants were instructed to name the

picture verbally, and a new trial commenced after a delay of 1,000 ms.

The following practical part involved participants practicing the
experimental task for all pictures, while the third part constituted the
actual experiment. The trial structure for the second and third parts was
identical. Participants were first presented with a 700 ms fixation cross,

followed by the picture display for 1,500 ms or until the participant
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made a vocal response. Subsequently, there was a blank of 2,000 ms

before the start of the subsequent trial (see Figure 3.1).

700ms

1500ms

2000ms

Figure 3.1: A trial sequence for the picture-naming task.

The experimental session consisted of three repetitions with 120
trials in each repetition. There was a break within each repetition.
Therefore, the entire experimental session was partitioned into six
blocks. The experimenter documented the validity of each trial by
noting target language errors, word errors, and voice-key errors.

Participants did not receive feedback during the experiment.
3.2.5 Electrophysiological recording and data processing

EEG data were collected using Brain Vision Recorder software
(Version 1.23.0001) by Brain Products GmbH. An EasyCap electrode
cap was employed following the standard 10/20 montage (see Figure
3.B.1 in Appendix 3.B). We recorded EEG data from 32 electrodes
(BioSemi Active Two) placed on the scalp according to the American

Electroencephalographic Society standards (1991). The vertical
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electrooculogram (VEOG) was recorded from two external facial
electrodes placed above and below the participant’s left eye, and the
horizontal electrooculogram (HEOG) was recorded from two
electrodes at the outer canthus of each eye. Additionally, two flat
electrodes were positioned at the mastoids. CMS and DRL electrodes
served as ground reference. The EEG signal was later re-referenced
offline using the mean of the two mastoids. Data were sampled at a rate
of 512 Hz from DC to 102.4Hz (analogue anti-aliasing filter frequency
at 1/5th of the sampling rate). The voltage amplitudes were measured
approximately every 1.96 ms. A band-pass filter of 0.01-30 Hz was
applied offline, following procedures outlined in previous studies

(Koester & Schiller, 2008; Lensink et al., 2014).

3.3 Data analysis and results

3.3.1 Behavioral and EEG data exclusion

The data from three participants were excluded from the
analysis due to their high error rates in naming pictures and the high
rate of artifacts in their EEG data. Error trials (3.06%) and outlier trials
(2.75%) with reaction times that deviated more than 2.5 SDs from the
mean per participant per condition were eliminated. Eleven items
(12.74%) were removed because participants consistently made
mistakes in naming these pictures during the experiment. In total, 27.65%
of data trials were excluded from further RT analysis. For EEG data, the

data for three participants and eleven items were removed. Error trials



78 | Morphological encoding of Mandarin Compounds

and outliers were also eliminated from the ERP data analysis based on
behavioral data. Artifact rejection (22.65%) was administered during

the processing stage.
3.3.2 Behavioral data analysis

Behavioral data were analyzed using RStudio Version 4.2.2. We
first calculated descriptive statistics for naming latencies for each
condition (see Table 3.2). Then, we used a single-trial modeling
approach applying the /me4 package. We employed a generalized linear
mixed effect model (GLMM) using the g/lmer() function with a gamma
distribution to model positively skewed RT data.

Table 3.2: Mean naming latencies (only correct trials included) for each
condition and each repetition level (n = 29).

Naming latencies (ms) per repetition

Condition

First Second Third Mean SD
H(h) 660 647 656 655 129
L(h) 667 635 648 650 129
L) 686 654 659 666 135

To prevent over-parameterization and strike a balance between
Type-I error and power, we employed a strategy for selecting random
effects that prioritized simplicity in our model structure given the
primary manipulation (Von Grebmer zu Wolfsthurn et al., 2021a,
2021b). In our data analysis, we followed the approach advocated by
Matuschek and colleagues (Matuschek et al., 2017), which emphasizes
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that model selection should be guided by the underlying data. This
approach involves incremental model building, with selection taking
place at each step. Model comparisons and likelihood ratio tests were
performed using the anova() function based on Akaike’s Information
Criterion (4A/C) (Akaike, 1974), Bayesian Information Criterion (BIC)
(Neath & Cavanaugh, 2012), and log-likelihood for model comparisons
on each step to see whether the newly added factor had improved the
model significantly. Where applicable, Tukey-corrected post-hoc
contrasts were executed using the emmeans() function. In the model,
the fixed effects included Condition and Repetition. Subject and Item
were introduced as random effects in this single-trial analysis.
Additionally, we incorporated an interaction effect between Condition

and Repetition.

For naming latencies, the model with the best fit was RT ~
Condition + Repetition + (I + Repetition | Subject) + (1 + Condition |
Subject) + (1 | Item) (see Table 3.C.1 in Appendix 3.C). The results
showed that the naming latencies of H(h) and L(h) conditions were not
significantly different with f = 4.85, SE = 4.96, z = 0.98, p = 0.59; the
conditions of H(h) and L(]) yielded a significant difference in naming
latencies with f =-12.38, SE=4.33,z=-2,86, p=0.01; L(h) and L(1)
conditions elicited significantly different RTs with g = - 17.23, SE =
5.88,z=-2.93, p =0.01. No interaction effect between Condition and
Repetition was observed (F = 1.53, p = 0.19), and therefore the

interaction was removed from this model.
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3.3.3 EEG data analysis

EEG data were preprocessed using Brain Vision Analyzer 2.1
(Brain Products GmbH), following the guidelines on its website
(https://www.brainproducts.com/downloads/analyzer). The
preprocessing pipeline involved several steps: initial visual inspection
of the signal, re-referencing, and linear derivation for HEOG and
VEOG electrodes. The offline recordings were re-referenced to the
average of the left and right mastoid electrodes, followed by filtering
with a low-pass filter set at 0.01 Hz and a high-pass filter set at 30 Hz.
Subsequently, ocular correction and artifact rejection procedures were
applied. Signal segmentations were explicitly applied to correct trials,
creating epochs centered around stimulus onsets to investigate voltage
amplitudes for the targeted event-related potential (ERP) component.
Segments flagged as problematic during artifact rejection were omitted
from further analysis. Baseline correction was implemented for each
segment by utilizing the average EEG activity in the 200 ms preceding
stimulus onset (Von Grebmer zu Wolfsthurn et al., 2021a, 2021b).

After preprocessing, the data were exported into RStudio for
statistical analyses. We first selected the Regions of Interest (ROIs) and
defined the time windows for analysis (Von Grebmer zu Wolfsthurn et
al., 2021a, 2021b). To tentatively explore the locus of the effect of
frequency, we conducted a permutation test using the permutes package
(Voeten, 2019). This test analyzed voltage amplitudes from all

electrodes within a time window between 0 and 1,200 ms across three
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conditions and three repetition levels. Larger F-values, indicated by
darker colors, suggest a higher likelihood of a statistically significant
effect of the manipulations on voltage amplitudes. As shown in Figure
3.2, the test results highlighted potential modulations in frontal-central

areas between 300 and 500 ms post-stimulus onset.
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Figure 3.2: Permutation tests for three conditions and three repetition
levels across all data electrodes between 0 and 1,200 ms post-stimulus
onset. Larger F-values are shown in darker colors and give an increased
likelihood of a statistically relevant effect of our manipulations on
voltage amplitudes (n = 29).

As for the selection of electrodes in the ROIs, the permutation
test highlighted ten relevant electrodes: F3, F4, Fz, FC1, FC2, Cz, C4,
C3, P7, and PO3. However, not all the highlighted electrodes were
relevant to the N400 component, as signal noise could also have
contributed to the observed highlights. Based on previous literature
(Brown & Hagoort, 1993; Lau et al., 2008; Soski¢ et al., 2022), nine
typical N400 electrodes, including F3, Fz, F4, C3, Cz, C4, P3, Pz, and

P4 were commonly reported as ROIs. We chose the electrodes that
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overlapped the previous literature and the highlighted channels
identified in our permutation test. We defined our ROIs as the following
frontal and central electrodes: Cz, C4, C3, Fz, F3, and F4. Figure 3.3
illustrates the mean voltage amplitudes for the epoch of 1,200 ms for
three conditions at three repetition levels. The mean amplitudes for each

channel in the selected ROIs are shown in Figure 3.4.

Figure 3.3: Voltage amplitudes for three conditions across three
repetition levels over time for channels Fz, F3, F4, Cz, C3, and C4 in
the picture-naming task (n = 29). The time window of interest is from
300 to 500 ms. Negativity is plotted up.
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Figure 3.4: Voltage amplitudes Eor three conditions across three
repetition levels over time for each channel of Fz, F3, F4, Cz, C3, and
C4 in the picture-naming task (n = 29). The time window of interest is
from 300 to 500 ms. Negativity is plotted up.

To surpass the limitations of conventional average-type analysis,
we adopted a single-trial Linear Mixed Models (LMM) approach
(Fromer et al., 2018; Spinnato et al., 2015; Von Grebmer zu Wolfsthurn
et al., 2021a, 2021b). The traditional average-type analysis assumes
equal weight for observations across conditions and participants. It
assumes independence of factor levels, which often become
problematic due to the intricacies of experimental designs. During EEG
data preprocessing stages (Von Grebmer zu Wolfsthurn et al., 2021a,
2021b), the LMM approach addresses these limitations by adding
random effects and is suitable for datasets with varying effect sizes and
unbalanced designs (Baayen et al., 2008; Frober et al., 2017). In the
single-trial Linear Mixed Model (LMM) approach, we included all
individual voltage values for each epoch within the selected time

window of interest (300-500 ms). Rather than averaging the voltage
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values across segments from the same condition, we preserved the
distinct voltage values to maintain by-subject and by-item variance. The
model fitting procedure followed the same steps as in the behavioral
data analysis. In this model, the fixed effects included Condition and
Repetition, with Region as a covariate to investigate differences among
various brain regions. Based on previous studies (Lensink et al., 2014;
Von Grebmer zu Wolfsthurn et al., 2021a, 2021b), we divided the brain
into seven regions: left-anterior, right-anterior, left-medial, right-medial,
left-posterior, right-posterior, and midline. Subject and Item were
included as random effects in this single-trial analysis. We incorporated
an interaction effect between Condition and Repetition. Model
comparisons were conducted using the anova() function, and factors
that did not significantly improve the model fit were excluded during

the final model selection procedure.

The model with the best fit was Amplitude ~ Condition +
Repetition + Region+ (1 | Subject) + (1 | Item) (see Table 3.D.1 in
Appendix 3.D). The differences in amplitude between the H(h) and the
L(h) conditions were not significant (f = 0.30, SE=0.26,t=1.13, p =
0.26). The differences in amplitude between the conditions L(h) and L(1)
were not significant (f =0.16, SE = 0.25,t=0.67, p = 0.51). The effect
of Region was significant in the right medial region (5 =0.61, SE =0.02,
t=38.22, p <0.001), right anterior region (f =- 0.18, SE=0.02, t = -
11.24, p <0.001), left medial region (f = 0.81, SE = 0.02, t = 50.81, p
< 0.001) and mid-line channels (f = - 0.05, SE = 0.01, ¢t =-3.51,p <

0.001). These effects showed that there were significant differences
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among different brain regions, indicating different processes related to
word frequency. Different repetitions yielded significant differences
between the first and second repetition levels (f =-0.12, SE=0.01, ¢t =
- 11.06, p < 0.001) and between the first and third repetition levels (5 =
-0.35,SE=0.01,¢=-31.07, p<0.001). No interaction effect between
Condition and Repetition was observed because after the model
comparison of the ANOVA test, no significant improvement was found.

Therefore, the interaction was not to be retained in this model.

Furthermore, based on the average amplitude of the selected
channels, an N2 component was observed in Figure 3.3. To further
investigate this, we conducted an exploratory analysis to test for the
presence of an N2 effect within a time window between 200ms and
300ms. The results were f = - 0.07, SE = 0.33, t = - 0.24, p = 0.81 for
H(h) and L(h) conditions and = 0.04, SE =0.31, t=1.20, p = 0.23 for
L(h) and L(l) conditions. Although no significant differences were
found within the initially selected time window of 300-500 ms, we
conducted an exploratory analysis using a narrower time window of
400-500 ms to assess the N400 effect. In this analysis, no significant
differences were found between the H(h) and L(h) conditions with f =
0.53, SE = 0.35, t = 1.51, p = 0.14 or between the L(h) and L(1)
conditions with = 0.14, SE=0.33,t=0.43, p = 0.67.
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3.4 Discussion

The ongoing discussion about the representation of compound
words in our mental lexicon has prompted numerous studies to examine
their representation. Some studies (Bien et al., 2005; Koester & Schiller,
2008, 2011; Levelt et al., 1999; Verdonschot et al., 2012) advocate the
decomposed representation of compounds, while others (Chen & Chen,
2006; Janssen et al., 2008) support the full-listing approach. To further
explore this topic, we replicated the design framework established by
Janssen and colleagues (2008), using a new set of stimuli and
integrating EEG into the design in order to investigate the research
question whether the production of Mandarin compound words is

influenced by morpheme or compound frequency in the present study.

Interestingly, the reaction times across conditions in our study
did not align with the earlier findings of Janssen and colleagues (2008).
Specifically, in our study, the L(h) condition, where word frequency
was low but morpheme frequency was high, exhibited similar reaction
times to the H(h) condition, where both word and morpheme
frequencies were high, in picture naming tasks. In contrast, the L(h)
condition was notably faster than the L(I) condition, where both word
and morpheme frequencies were low. Due to the reported morpheme
frequency effect, our current results aligned with other studies (Bien et
al., 2005; Chen & Chen, 2015; Koester & Schiller, 2008; Roelofs, 1996)
and lent support to decompositional model (Levelt et al., 1999).
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The differences between two sets of stimuli may help explain

the discrepancies observed between the two studies. Different corpora
used could lead to different frequency distributions. Janssen and
colleagues’ study (2008) based their stimuli on the information found
in the Modern Chinese Frequency Dictionary (Language Teaching and
Research Institute of Beijing Language Institute, 1986). Our present
study was based on SUBTLEX-CH corpus (Cai & Brysbaert, 2010)
from movie subtitles. The differences between written and spoken
corpora could potentially influence the evaluation of stimuli’s

frequency distributions.

The ERP results in the present study did not align with the
behavioral data observed in our study. The current ERP findings
revealed no significant differences in word frequency between the H(h)
and L(h) conditions, nor were there morpheme frequency effects
between the L(h) and L(I) conditions. While the early N2 component
was noted for the L(h) and L(I) conditions and showed consistent
tendency in the frontal and central regions, statistical analysis did not
reveal significant differences. The time course of N2 component
observed in this study was consistent with previous research (Strijkers
et al., 2010), which identified an early component with approximately
180 ms after picture presentation and provided electrophysiological
evidence for an early influence of frequency on speech production.
Additionally, while regional effects were observed in our study, the

main effect of frequency was not significant, so we did not explore this
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aspect further. Future research could aim to refine these areas to gain a

deeper understanding of the underlying mechanisms.

Additional factors might have accounted for the current results.
For instance, this study did not control for semantic transparency, which
could impact the mechanism of compound word composition.
Transparent compound words are easily understood because their
meaning can be inferred from the meanings of their constituents. In
contrast, opaque compound words do not allow for such straightforward
inference, making it necessary to store their meanings as whole units in
the lexicon (Schiller, 2020; Schiller & Verdonschot, 2019). Though
some studies (MacGregor & Shtyrov, 2013; Tsang et al., 2022) have
reported the effects of semantic transparency, other studies also showed
that opaque and transparent compound words often do not differ
significantly regarding morphological priming (Koester & Schiller,
2008; Verdonschot et al., 2012; Zwitserlood et al., 2000, 2002). For
example, Koester and Schiller’s paper (2008) found that the production
of morphologically related and complex words facilitated subsequent
picture naming and resulted in a reduced N400 compared to unrelated
prime words, with no significant difference observed between
transparent and opaque relations. Future research could account for the
semantic transparency of stimuli to better understand its influence on

morphological processing.

In addition, although we recruited native Mandarin speakers and
controlled the duration of their stay in other countries to mitigate the

effects of their multilingual background, this factor could still
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potentially influence the results. Furthermore, we did not account for
the age of acquisition during the stimulus design. Despite a post-hoc
analysis showing no significant difference (¢ < 1) in the effect of age of
acquisition among three conditions in the present study, these speaker-

related variables should be considered in future research.

3.5 Conclusion

In summary, the present study revealed that the picture naming
latencies of Mandarin compound words at the behavioral level were
influenced by the frequency of constituent morphemes rather than the
frequency of the whole word. The behavioral data supported the
predictions of a two-stage model of lexical access (Levelt et al., 1999)
over a single-stage model (Caramazza, 1997). However, the ERP results
did not show frequency effects at either the whole-word or morpheme-
constituent levels. This discrepancy between the behavioral and ERP
findings underscored the need for further research to explore and
understand these deviations. The present results emphasized the
importance of additional studies on morphological representations in
Mandarin Chinese, which could contribute to our understanding of
linguistic processes, even though they may differ from those observed

in languages with more complex morphology, such as Dutch.
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Appendix

3.A Experimental stimuli

Chinese English Pinyin E(I)Ir%sltiist}lllen t for Condition
iRV telephone dianhua electricity + speech  HH
324 police jingcha police + check HH
EA4 doctor yishéng medical + scholar ~ HH
i R*  photo zhaopian photo + slice HH
i clothing yifu clothes + clothes HH
AL* school xuéxiao learn + school HH
AR eye yanjing eye + eye HH
EFi*  hospital yIyuan medical + yard HH
Kl airplane feiji fly + machine HH
FHAY, television dianshi electricity +vision HH
JIAE DN prison jianyu supervise + prison ~ HH
LY gift liwu gift + object HH
kK hair toufa head + hair HH
ZIJm*  teacher laosht old + master HH
FH key yaoshi key + key HH
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FHl cell phone shoujt hand + machine HH
We ety chéngshi city + city HH
FEL A computer dianndo electricity + brain ~ HH
E*  bar jitiba wine + bar HH
RE car giché gasoline + car HH
NGy beer pijitt beer + wine HH
HhER earth digia earth + ball HH
JE 5 bomb zhadan bomb + bullet HH
=R music yinyué sound + music HH
iy cake dangao egg + cake HH
’RBA*  band yuédui music + team HH
= judge figuan law + officer HH
Hi*  church jidotang teach + hall HH
KA bench changyi long + chair LH
pias seahorse haima sea + horse LH
KIHE well shuijing water + well LH
LS slingshot dangdng bullet + bow LH

FH flashlight shoudian hand + electricity LH
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e windmill fengche wind + car LH
P branches shuzht tree + branch LH
H 7 calendar rili day + history LH
B wallet gianbao money + bag LH
L tram dianche electricity + car LH
i bag shiibao book + bag LH
o vest beixin back + heart LH
il banner qizhi flag + banner LH
et pin biézheén pin + needle LH
JE A antlers lujido deer + horn LH
i ant mayi ant + ant LH
K3, great wall changchéng long + wall LH
L2ty i wheelchair lanyi wheel + chair LH
IKHR water cup shuibgi water + cup LH
W test tube shiguin test + tube LH
1 pirate haidao sea + robber LH
B trophy jidngbgi prize + cup LH
Fm towel maojin hair + towel LH
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7 Sk arrow jiantou arrow + head LH
bR hippo hémi river + horse LH
K Hit rocket hudjian fire + arrow LH
[TTE= mask mianju face + tool LH
F5 handcuffs shoukao hand + shackle LH
A buttons nitikou button + buckle LL
ik plug chatou insert + head LL
R tape measure  juinchi roll + ruler LL
L shirt chénshan  lining + shirt LL
SR E}(l):f (1; ing caiban vegetable +board LL
JB 15 shoulder jianbang shoulder + arm LL
B storehouse cangku warehouse + storage LL
% wing chibing wing + arm LL
i Z pea wandou pea + bean LL
JE W shield dunpai shield + card LL
HEMr arch bridge gonggiao arch + bridge LL
R blackboard heiban black + board LL

Ji#E*  capsule jiaonang glue + bag LL
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L peacock kongque hole + sparrow LL
)2 dinosaur konglong fear + dragon LL
i 4t dragonfly qingting dragonfly LL
dragonfly
W% cheese niilao milk + cheese LL
HEH firecracker bianpao whip + cannon LL
7rf&*  bamboo slips  zhtjidn bamboo + slips LL
[ lute pipa lute + lute LL
TR funnel 1ouddu leak + cane LL
R tombstone mubéi grave + monument  LL
Gik] grape putdo grape + grape LL
AL crutch gudizhang  turn + cane LL
A broom saozhou sweep + broom LL
i3] sculpture didosu carve + sculpture LL
B iron yunddu iron + cane LL
N radish luébo radish + radish LL

*: deleted items



Chapter 3 Word and morpheme frequency effects in naming
Mandarin Chinese compounds: More than a replication | 97

3.B EEG electrode montage

Figure 3.B.1: 10/20 32-channel montage from BioSemi including CMS
and DRL but excluding external channels.
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3.C Model parameters: response times

Table 3.C.1: Specification of best-fit model for response times (RTs) for
picture naming task (n = 29). Note that estimates are reported in
milliseconds.

Formula: RT ~ Condition + Repetition + (1 + Repetition | Subject) + (1 +
Condition | Subject) + (1 | Item)

Term Estimate [95%CI] t-value  p-value
(Intercept) 679.03 [665.55, 685.64] 144.1 <0.0071***
Condition: LH -4.85 [-13.27,2.93] -0.98 0.328
Condition: LL 12.38 [2.77,18.08] 2.86 0.004%*
Repetition: 2 -28.34 [-30.02,-18.32] -7.38 <0.001***
Repetition: 3 -17.96 [-21.96,-10.29] -3.36 <0.001***
Random effects

o? 0.03

100Item 144.63

t00Subject

[Repetition] >62.46

t00Subject

[Condition] 509.57

t11Subject

[Repetition2] 33171

t11Subject

[Repetition3] 810.72

t11Subject

[ConditionLH] 2103

t11Subject

[ConditionLL]  +41-29

ICC 0.84

NSubject 29

Nltem 73

Observations 6033
Marginal R? 0.16
Conditional R? 1.00
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Note: 6*: Residual variance, representing the unexplained variability in
the model. too: Variance of random intercepts, indicating how much
baseline levels vary across groups (e.g., subjects or items). Ti1: Variance
of random slopes, reflecting how much the effect of a predictor varies
across groups. R?: Proportion of variance explained by the model,

indicating overall model fit.
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3.D Model parameters: N400 component

Table 3.D.1: Specification of the model of best fit for Voltage
Amplitudes (microvolts) (n = 29).

Formula : Amplitude ~ Condition + Repetition + Region + (1 | Subject) +
(1 | Item)

Fixed effects Estimate  95%CI t-value p-value
(Intercept) 0.45 [-1.23,0.32] -1.15 0.26
Condition: HH 0.30 [-0.22, 0.81] 1.13 0.26
Condition: LL 0.16 [-0.32, 0.65] 0.67 0.51
Repetition: 2 -0.12 [-0.15, -0.10] -11.06  <0.001%***
Repetition: 3 -0.36 [-0.37,-0.33] -31.07  <0.001%*%**
Region: anterior -0.18 [-0.21, -0.15] -11.24  <0.001%***
right

Region: central left  0.81 [0.77, 0.84] 50.81 <0.001***
Region: central right 0.61 [0.58, 0.64] 38.22 <0.001***
Region: midline -0.05 [-0.08, -0,02] -3.51 <0.0071 ***
Random effects

02 71.09

t00Item 0.80

ICC 0.03

NSubject 29

NItem 73

Observations 3389256

Marginal R? 0.002

Conditional R? 0.06

Note: 6°: Residual variance, representing the unexplained variability in
the model. too: Variance of random intercepts, indicating how much
baseline levels vary across groups (e.g., subjects or items). Ti1: Variance
of random slopes, reflecting how much the effect of a predictor varies
across groups. R?: Proportion of variance explained by the model,

indicating overall model fit.
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Chapter 4 The effect of synonym
distractors on naming Mandarin compound

words

4.1 Introduction

Compound words (e.g., “birdhouse” or “sunflower”) are
omnipresent in most languages, such as English and Chinese, and are
effortlessly spoken and comprehended. The meaning of a compound is
shaped by the significance of its constituents. These meaning relations
can range from highly transparent, as exemplified by Mandarin A%
/gongljil/ “rooster” (lit. “male chicken”) or English “birdhouse” (a
house for birds), to relatively opaque, as observed in Mandarin 5 (»
/beidxinl/ “vest” (lit. “back heart”) or English “butterfly” (Badecker,
2001; Libben et al., 2003; Zwitserlood, 2014). However, the interaction
between compounds and their constituents during the compound
production process remains debatable, particularly regarding how much
their morphological structure influences processing within the lexical

system.

According to prevailing speech-production theories, the process
of production, for instance, the act of naming an object (e.g., a bird),
entails the activation of conceptual information, retrieval of the

corresponding lexical entry, and the initiation of phonological and
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phonetic encoding preceding articulation (Caramazza, 1997; Dell, 1986;
Levelt etal., 1999). In this production process, morphemes, the smallest
units carrying meaning (Lieber, 2021), play a crucial role at the word-
form level. While there is substantial empirical evidence supporting the
idea of morpheme-based representations playing a role in speech
production (Jacobs & Dell, 2014; Liittmann et al., 2011; Roelofs, 1996a;
Koster & Schiller, 2008; 2011; Wang et al., 2024), they do not
conclusively pinpoint to the specific level at which these
representations come into play, whether at the lexical-syntactic level
(referred to as the lemma) or the word-form level or both. For example,
according to two-stage models of speech production (Levelt et al.,
1999), compounds are represented at least at one level of lexical
representation in terms of their constituent lexical morphemes. The
present study focuses on the representation of Mandarin compounds at
the lemma level by first introducing two dominant representation

models.
4.1.1 Two-stage model

The two-stage model (see Figure 4.1) proposes distinct
sequential lexical levels: a lemma and a word-form level (Dell, 1986;
Dell & O’Seaghdha, 1992; Garrett, 1980; Levelt, 1993; Levelt et al.,
1999; Roelofs, 1996a, 1996b; Roelofs & Meyer, 1998; Roelofs et al.,
1996). Lemmas represent a word’s syntactic properties, while word
forms specify segmental and metrical information and constituent

morphemes in polymorphemic words (Roelofs, 1996a, 1996b; Roelofs
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& Meyer, 1998). In two-stage models, the production of compound
words unfolds as follows. Naming an object (e.g., A ¥ /gongljil/
“rooster”) initiates with the activation of the relevant semantic concept,
co-activating semantically related concepts (e.g., f¥ /yalzi/ “duck,”
BEXY /mu3ji/ “hen,” X% %K /jildand/ “egg,” and 4%3% /nong2chang3/
“farm”) through spreading activation. This results in the activation of
multiple semantically related lexical entries at the lemma level,
competing for lexical selection until one target lemma is chosen (Abdel
Rahman and Aristei, 2010; Abdel Rahman & Melinger, 2009; Damian
& Bowers, 2003; see Biirki et al., 2020 for a meta-analysis). Levelt and
colleagues (1999) propose that compound words are stored holistically
at the lemma level. This compound lemma accesses multiple
morphemes at the word-form level. After selecting a single lemma, the
constituent morphemes are retrieved at the word-form level. Morpho-
phonological and phonetic encoding follows before articulation occurs
(Indefrey, 2011; Indefrey & Levelt, 2004). Sequential processing
evidence suggests that a compound’s morphemes are processed
sequentially, with the first morpheme being encoded before the second,
and so on (Roelofs, 1996b). Two-stage models posit single, holistic
compound lemmas but decomposed (morpheme-based) form

representations (Dell, 1986; Levelt et al., 1999).
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Eg c-’v

x

Conceptual level

([ 2%
(gongljil|rooster) Lemma level

N 38 Word form level

(gongl|male) (ji1| chicken)

Figure 4.1: The two-stage model (holistic lemma model).

Given that a compound also possesses linguistic properties,
such as grammatical class and lexical gender, which may not be directly
linked to its individual constituents, one plausible approach is
conceptualizing the compound structure as an autonomous lemma node.
Mondini and colleagues (Mondini et al., 2004) investigated the mental
representation of Verb-Noun (VN) nominal compounds utilizing
neuropsychological methods. Their study assessed the lexical retrieval
of compound nouns in 30 aphasic patients through a visual
confrontation naming task. The targeted names include VN compounds,
Noun-Noun (NN) compounds, and long morphologically simple nouns
(LSN). To evaluate participants' ability to produce simple nouns and
verbs, another visual confrontation naming task involving objects and
actions is conducted. The study’s findings confirm that individuals with
a disproportionate verb deficit also struggle to name VN compounds.

The data support the notion of (de)compositional processing of
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compound words. Another subgroup of patients demonstrates a specific
impairment in naming compound nouns compared to similarly lengthy
simple nouns, regardless of their VN or NN morphological structure.
This suggests a specific disorder related to retrieving two distinct
lexemes with a single lexical entry. The independent lemma node can
activate constituent representations stored separately at the lexeme level.
In this way, the compound is considered to have a distinct
representation that can engage and draw upon individual constituent
elements when needed. Overall, the literature supports the two-stage
model of language production, though the precise locus of

decomposition varies across different studies.
4.1.2 Hybrid lemma account

On the other hand, according to the super lemma model
(Sprenger et al., 2006; Kuiper et al., 2007; see Figure 4.2), multi-word
lexical items, such as idiomatic forms and phrases, are conceptualized
as "super lemmas” at the lemma level. A superlemma is a separate
representation of multi-word lexical items at the lexical-syntactic
processing level. It encodes the syntactic properties of the idiom while
being linked to its individual components, the simple lemmas. Given
the similarities between compounds and idioms, i.e., they both map
onto a single conceptual representation and consist of multiple
morphemes; it is proposed in the present study that Mandarin

compounds might share a similar hybrid representation at the lemma
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level as idioms, involving a holistic lemma complemented by

constituent-specific lemmas.

In this hybrid representation approach, the selection and
processing of an idiomatic expression is very similar to that of a single
word. For example, because producing the multi-lexical item “hit the
road” requires the selection of its super lemma “hit the road,” producing
the Mandarin compound ‘A ¥ (“rooster”) needs the selection of its
super lemma A %% in a holistic form as well. The probability of
selecting the target superlemma from the mental lexicon depends on the
ratio of the superlemma’s activation level to the total activation of all
lemmas (both superlemmas and simple lemmas), a concept known as
Luce’s ratio (1959; 1986). Once the superlemma is selected, the
syntactic constraints associated with that item become accessible to the
production system, influencing or restricting the syntactic properties of
the simple lemmas involved. Additionally, selecting the target
superlemma determines the simple lemmas to be chosen in subsequent
processing steps. Superlemma selection is a prerequisite for activation
spreading to the dependent simple lemmas, and the selection of these
lemmas also follows the principles of Luce’s ratio. The target lemma
competes with all other active superlemmas and simple lemmas

throughout the process (Sprenger et al, 2006).



Chapter 4 The effect of synonym distractors on naming
Mandarin compound words | 107

Conceptual level

< _"‘\\ \ (gongli'\llrooster))
3 ; A\ e
‘\\ (xiong|male) /;‘ // o \
— // \ Lemma level
N 3

{ (gongl|male) / \ (ji1|chicken) )

/‘i}.

L]
(gongl|male) (ji1|chicken) Word form level

Figure 4.2: The super lemma model (hybrid lemma account).

In summary, it is unclear how exactly compound words are
encoded in Mandarin, particularly regarding the representation of the
constituent morphemes at different lexical levels - whether at the word-
form level, lemma level, or both. Due to the limited and inconsistent
evidence available, the precise nature of Mandarin compound
representation is still unclear. The present study aimed to further
explore this issue by examining the effect of synonym distractors on
compound naming latencies, providing new insights into the

representation of Mandarin compounds.
4.1.3 Effects of synonym distractors on lexical processing

The connection between a word and a synonym is one of the
intrinsic relations connected based on meaning because words are

organized and stored based on their meaning relations (Collins & Loftus,
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1975; Collins & Quillian, 1969). Languages often contain multiple
words with the same meaning due to historical and etymological factors.
Clark (1987) argued that “any difference in form in a language marks a
difference in meaning,” implying that “there are no true synonyms” (p.
3). Social and linguistic processes further distinguish synonyms by
associating them with specific contexts or subtly different referents.
Although the synonyms used in the present study may not be
interchangeable in all contexts, they were acceptable alternative (nearly
synonymous) names for the objects as stated in a study by Dylman and

Barry (2018).

Several studies have investigated the effects of synonyms,
providing evidence for the activation of target word synonyms during
the language production process. For instance, research by Peterson and
Savoy (Peterson & Savoy, 1998) demonstrated that words tend to
activate their synonyms. Notably, during processing, the word “couch”
activated its synonym “sofa,” indicating that such activation extends
even to phonological encoding. This finding challenges the earlier
notion proposed by Levelt et al. (1999) that phonological activation of
synonyms was not feasible. Additionally, Levelt et al. (1999)
acknowledged that simultaneously selecting multiple lexical
representations can occur under time pressure. Roelofs (2008) argued
that the language production model is indeed “weakly cascading,”
providing further insights into the activation of synonyms in lexical

processing.
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Furthermore, Dylman and Barry (2018) explored a synonymous
distractor facilitation effect in language production. They presented five
experiments using the picture-word task to investigate lexical selection
by comparing the effects of translation distractors in bilinguals and
synonym distractors in monolinguals. In their study, the effects of
synonyms in monolinguals seem to “mirror” the effects observed for
translations in bilinguals, suggesting shared mechanisms in lexical
selection for both monolinguals and bilinguals. They proposed that for
all speakers, multiple candidate words were activated by the semantic
representation required to convey an intended idea in speech or to name
an object in a laboratory setting. The selection of a specific word
depended on the activation levels of lexical representations from
various sources-most notably, from a language control system that
responds to language choice, task demands, and, more broadly, the
speaker’s assessment of what was appropriate for the communicative
context. Their study provided valuable insights for the present study,
suggesting a facilitation effect of synonym distractors and providing

implications for the lexical selection.

In the present study, the rationale behind selecting synonyms as
distractors was driven by the aim to replicate the substantial overlap in
semantic features expected to exist among morphologically related
words. Therefore, the effects of synonym distractors could “simulate”
the morphologically related words. For instance, by using synonymous
word pairs (e.g., & /gongl/ and # /xiong2/ both mean “male”), the

present study sought to capture and mirror the considerable similarity
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in meaning that typically characterizes words with a common
morphological root. This choice allows us to investigate and isolate the
effects of constituent relatedness on semantic processing and feature
overlap (Marslen-Wilson et al., 1994). Utilizing synonyms in the
present study is to examine their impact on constituents, assuming they
are stored in a decomposed form at the lemma level. For instance, the

influence of # /xiong2 / “male” on 3 /jil/ “chicken” should be
minimal if not decomposed in the lexical retrial of A% /gongljil/

“rooster.”
4.1.4 The characteristics of Mandarin

Regarding the characteristics of Mandarin, it could make
Mandarin worth exploring and provide different insights regarding its
representation in the mental lexicon because Mandarin is classified as
a logographic system, with characters as the fundamental writing units,
and is composed of numerous strokes organized into a square shape
(Tan et al., 2001). Chinese speakers may have heightened awareness of
lexical items due to the presence of Chinese characters, which often
provide immediate visual cues to their meanings. The configuration of
a Chinese character often imparts contextual clues about its meaning.
Additionally, Chinese characters commonly integrate semantic radicals,
constituent elements that offer insights into the character's general
meaning, further enriching the context and aiding comprehension. For

instance, the character # /chong2/, meaning “insect,” serves as a visual

indicator in characters like 8 /yi3/ for “ant,” i /e2/ for “moth,” and
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5] i /hu2die2/ for “butterfly.” Even without knowing the specific

character, recognizing B suggests an association with insects, except

T /hong2/ meaning “rainbow.” This underscores the significance of the

logographic writing system.

In addition, unlike alphabetic languages, Chinese characters do
not correspond directly to phonemes but instead map onto meaningful
morphemes in the spoken language. The pronunciation of Chinese
characters is established at the syllable/morpheme level. It necessitates
learning through repetitive rote memorization of the connection
between the visual form of characters and their corresponding sounds.
Occasionally, this learning process is facilitated by including sub-
character units, usually authentic characters in their own right. This
implies that the regular or quasi-regular grapheme-phoneme
conversions commonly found in alphabetic language are not feasible in

Chinese (Plaut, 1996; Tan & Perfetti, 1998).

In summary, the semantic and phonological features in
Mandarin may enhance speakers’ lexical awareness through the visual
cues provided by characters and radicals, emphasizing a high awareness
of individual constituents. This suggests a potential difference in the
lemma representation of constituents in Mandarin compound
production compared to Indo-European languages. The synonym
distractor condition in the present study offers insights for further

exploration of this topic.
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4.1.5 The present study

The present study aims to provide further evidence regarding
the representation of compounds at the lemma level. Using the picture-
word interference (PWI) paradigm, native Mandarin speakers overtly
named pictures of disyllabic compounds. This paradigm traces back to
the original Stroop color-naming paradigm (Glaser & Glaser, 1989; La
Heij et al., 1998). The experimental setup involved the simultaneous
presentation of distractor words alongside target pictures, with
participants instructed to name the pictures while disregarding the
distractors rapidly. By comparing naming latencies in the presence of
experimentally manipulated distractor words, researchers can observe
facilitation or interference depending on the relation between targets

and distractors (Glaser & Diingelhoff, 1984).

In the present study, three conditions were introduced to
investigate the representation of Mandarin compound words at the
lemma level (e.g., &~ ¥ /gongljil/ “rooster”). The first condition
includes distractors synonymous with the initial morpheme, i.e., having
the same meaning but being phonologically and orthographically
dissimilar to the compound’s initial morpheme (i.e., f /xiong2/
“male”). This was done to explore whether the first constituent could
be individually affected by its synonym. The second condition includes
distractors (e.g., %% /e2/ “goose”) semantically related to the entire
compound. This condition was used to assess semantic processing and

access to the holistic lemma of the whole compound. The last condition
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includes unrelated distractors, which served as baseline condition (e.g.,
% /chel/ “car”). We expected that the naming latencies for the synonym
distractor condition would be faster than for the semantically related
distractor condition and the unrelated control condition due to the
synonym facilitation effect (Dylman and Barry, 2018); the semantically
related distractor condition is expected to be the slowest due to a

semantic interference effect (Rosinski, 1977; Lupker, 1979).
4.2 Methodology

4.2.1 Participants

Thirty-nine right-handed native Chinese college students were
recruited from Beijing Normal University and China University of
Petroleum (Beijing) with normal or corrected-to-normal vision. Three
participants were excluded due to technical problems. The final sample
included 36 adult speakers (13 males, mean age 20.55 £+ 1.60 years,
range 18-24 years).

At the time of testing, none of the participants reported color
blindness, learning disorders, auditory or visual impairments, or
psychological or neurological impairments. Participants read the
information sheet and signed an informed consent form before
participating. They received monetary compensation for their

participation.
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4.2.2 Materials

Forty-five transparent Chinese disyllabic compound words
represented by 45 colored pictures were selected. A group of native
Mandarin speakers evaluated the semantic transparency of the stimuli.
The images are sourced from the MultiPic corpus (Dufabeitia et al.,
2018), a colored picture corpus. Additionally, an illustrator created extra
images that were not available in this corpus. For instance, the stimulus
T #E /shou3dul/ “capital city” was presented alongside a map of China,

with the location of Beijing highlighted by a red star.

The Picture-Word Interference (PWI) paradigm was used in the
present study with three conditions. In the first condition, the distractor
words were monosyllabic synonyms with the same meaning as the first
constituent but phonologically and orthographically different from it.
The distractor words in the second condition were semantically related
to the whole compound. The third condition's distractors were unrelated
to the whole compound or the two separate constituents. The distractors
in the last two conditions were monosyllabic and disyllabic, with
monosyllabic dominance. Therefore, a total of 135 trials were created
for each participant. The word frequency (F < 1) of both targets and
distractors was controlled (see Table 4.1). Appendix 4.4 presents an

overview of all items used in the experiment.

The effect of visual complexity in the PWI paradigm was
consistent across the different distractor conditions, as the same picture

was used in all three conditions in the present study. This allowed us to
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compare these conditions directly. The number of strokes for three
distractor conditions was not controlled. Due to the fact that we
included monosyllabic and disyllabic distractors for the semantically
related and unrelated conditions, and we only included monosyllabic
distractors for the synonym condition, the number of strokes was

different for the three conditions.

Table 4.1: Illustration of the experimental conditions.

Word Frequency

Condition Target Distractors (Zipf)
Mean SD
Synonymous fﬁ;‘g’fg” 2.92 0.94
: XY /gong2ji2/
f:ﬁ::gtlcauy “rooster” % /e2/ “goose”  3.00 0.61
Unrelated % /chel/ “car”  2.97 0.66

4.2.3 Design and Procedure

A one-factorial (three conditions) within-subject design was
adopted in this experiment. Two sets of pseudo-randomization stimuli
lists were prepared. Participants were instructed to name the pictures
during the experiments. The experiment was designed and controlled
using E-prime 3.0 (Psychology Software Tools) and was conducted in
a soundproof booth. There were three sessions in this experiment,
including the familiarization phase, the practice phase, and the

experiment phase.
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Participants were first instructed to familiarize themselves with
the pictures and their names by learning the names of the target pictures.
Subsequently, the experimenter assessed whether participants correctly
remembered the picture names in the practice session. In this session,
participants were asked to name all the target pictures as fast as possible,
and the experimenter would correct any errors. In the experiment phase
proper, participants were asked to name the pictures they had practiced
while ignoring the distractor words on these pictures. Since we had two
versions of the stimuli, half of the participants used the first version,
and the other half used the second version to minimize any effect of

order and repetition.

300ms

200ms

’% 2000ms

500ms

Figure 4.3: Trial sequence for the picture-naming task.

There were short breaks during the experiment. Every trial
started with the display of a fixation cross lasting 300ms, succeeded by

a 200ms interval with a blank screen. Subsequently, the stimulus
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appeared at the center of the screen for a duration of 2,000ms, followed
by an additional blank screen lasting 500ms (see Figure 4.3). At the
same time, the experimenter recorded the validity of each trial by noting
target picture errors and voice-key errors. No feedback was provided

during the experiment.
4.3 Data analysis

A proportion (6.65%) of data trials were excluded from the RT
analysis due to naming errors and trials with RTs that deviated more
than 3 SD from the mean per participant per condition. Behavioral data
were analyzed using R Studio Version 4.2.2. We first calculated each
condition's descriptive statistics for naming latencies (see Table 4.2).
Then, we employed a generalized linear mixed effect model (GLMM)
using the g/mer() function with a gamma distribution to model skewed

RT data.

Random effects were chosen in such a way as to avoid over-
parameterization and to balance Type-I error and power (Matuschek et
al., 2017). We followed a modeling approach where we maintained the
simplest possible model structure considering our central manipulations
(Bates & Maechler, 2020; Matuschek et al., 2017; Von Grebmer zu
Wolfsthurn et al., 2021). Our model included Conditions as fixed
factors and Trials as co-variates. In the present PWI paradigm,

participants saw and named the targeted picture three times, which
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yielded a Repetition effect. Therefore, the trial order was included in

the model.

Table 4.2: Mean naming latencies (in ms) separated by distractor
condition.

Naming Latency (ms) Accuracy (%)

Distractor

Mean SD Mean SD
Synonymous 829 182 95.74 4.46
Semantically 866 187 94.32 551
related
Unrelated 847 180 95.56 4.95

We performed model fit checks by plotting the model residuals
against predicted values. We used the avova() function to perform
model comparisons and likelihood ratio tests based on Akaike's
Information Criterion, AIC (Akaike, 1974), BIC (Neath & Cavanaugh,
2012), and the log-likelihood in order to establish the best-fitting model
for our data. In the PWI paradigm, the repetition problem should be
considered, i.e., Trial was added to the model building. The factor of
Trial was scaled before being added to the model. The package of
emmeans was used to contrast three conditions, using the fukey method

as adjustment.

For naming latencies, the model of best fit was RT ~ Condition
+ Trial + (1 | Subject) + (1 | Item) (see Table 4.B.1 in Appendix 4.B).
The results showed that participants were significantly faster in naming
target pictures when the distractors shared the meaning with the first

constituent than unrelated distractors with f = - 16.6, SE =4.42, z = -
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3.75, p < 0.001 (see Figure 4.4). The naming latencies of the second
condition where distractors were semantically related to the whole
compound words were significantly longer than distractors were
unrelated with f=21.1, SE=5.9, z=3.58, p = 0.001. The factor Trial
was included in the final model, showing no significant effect (f=2.911,

SE=2.18,z=1.34, p=0.181).

Con

Same_meaning 4 Semantically related * Unrelated

Figure 4.4: Mean naming latencies by condition for the picture naming

task (n = 36).

4.4 Discussion

The current study used the PWI paradigm to address the
representation of Mandarin compounds at the lemma level in the mental
lexicon. Native Mandarin speakers were asked to name pictures and

ignore distractors; behavioral data were collected and analyzed. The
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findings revealed that naming latencies for synonym distractors were
significantly faster than for unrelated distractors, aligning with the
facilitation effects of synonyms in a previous study (Dylman & Barry,
2018). Semantically related distractors led to significantly longer
latencies compared to the control group, which was aligned with the
inhibition effects in previous studies (Levelt et al., 1999; Lupker, 1979;
Roelofs, 1992; Starreveld & La Heij, 1995, 1996), showing that

semantically related distractors are inhibitory in the present study.

As for the semantically related distractor condition, we failed to
control the semantically-related distractor condition. In our original
research design, we should have selected semantic-categorically related
distractors, but in the experiment conduction, two types of semantically
related distractors were involved in the present study: categorically
related distractors and associatively related distractors. Both two types
of semantically related distractors elicited interference effects in the
present study even though the inhibitory effect was usually only found
for semantic categorically related distractors. The interference effect
caused by the categorically related distractors aligned with the
inhibition effects in previous studies (Levelt et al., 1999; Lupker, 1979;
Roelofs, 1992; Starreveld & La Heij, 1995, 1996).

As for the inhibitory effect caused by semantic associative
distractors, earlier findings on associatively related items are more
mixed, typically showing either no effect or facilitation (Costa et al.,
2005; Kuipers & La Heij, 2008; Mahon et al., 2007; but see Sailor &
Brooks, 2014; Hantsch et al.,, 2005). The inhibitory effect of



Chapter 4 The effect of synonym distractors on naming

Mandarin compound words | 121

associatively related distractors in the current experiment contrasted
with previous studies. However, our findings aligned with those of
Lupker (1979), who investigated the effects of categorical and
associative relationships in picture-word interference. Lupker assessed
whether these relationships produced additive effects by comparing
distractors that were solely categorically related with those that were
both categorically and associatively related. His study found that both

types of distractors caused the same level of interference.

In addition, the current results also have implications for lexical
competition theories (Levelt et al., 1999). The picture-word interference
tasks are often explained through lexical competition theories, where
response selection is slowed due to competition between activated
related words (e.g., Levelt et al., 1999). When a distractor activates a
related non-target word, it becomes a competitor, slowing the selection
of the target name. Furthermore, Finkbeiner, Gollan, and Caramazza
(2006) highlighted that “the closer two lexical representations are in
meaning, the more difficult it will be to select the correct one” (p. 153).
This “hard problem” of lexical selection affected synonyms retrieval in
a language. Jescheniak and Schriefers (1998) found that distractors
related to near-synonym names slowed target naming times, showing
the influence of closely related meanings which supported the above-
mentioned “hard problem”. In our study, however, synonym distractors
appeared to be co-activated without evidence of interference,
challenging theories of lexical selection that rely on competition. The

selection-by-competition model would predict interference from
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closely related synonyms of constituents, which was not observed in the

present study.

As for the representation of compounds, according to Levelt and
colleagues’ (1999) model, compounds are initially stored as a single
lemma at the lemma level and subsequently decomposed at the ensuing
lexeme level, where they then undergo phonological encoding. The
observed facilitation effect from constituent synonyms in this study
supported a separate lemma account for each constituent in Mandarin
compound production. This effect indicated that the activation occurred
at the conceptual level for each constituent, followed by lemma
selection, alongside the lemma of the synonyms of these constituents.
The lemmas of these synonym distractors facilitated the retrieval of
compounds because they shared a semantic relationship with the first
constituent of the compounds. These findings carry implications for the
super-lemma account (Sprenger et al., 2006; Kuiper et al., 2007) of
lexical representation for multi-lexical items outlined in the

Introduction.

The current findings suggested that the lemma representation of
Mandarin compounds differs from that of Dutch or German compounds,
as anticipated by the two-stage model. As outlined in the Introduction,
these observed differences in Mandarin compounds may result from
cross-linguistic distinctions. A key difference lies in Mandarin’s
logographic writing system, where characters-the basic writing units-
are composed of multiple strokes arranged within a square form (Tan et

al., 2001). Mandarin speakers may develop heightened lexical
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awareness due to the presence of characters and radicals, visual
elements that instantly evoke word meanings, potentially enhancing
lexical awareness compared to speakers of languages lacking such
visual cues. Additionally, Mandarin characters are pronounced at the
syllable or morpheme level, requiring rote memorization to associate
visual forms with sounds. Learning is often supported by sub-character
units, which are independent characters themselves. Unlike alphabetic
languages, Mandarin characters correspond not to phonemes but to
meaningful morphemes in spoken language, making the regular
grapheme-phoneme conversions seen in alphabetic languages irrelevant

in Mandarin (Plaut, 1996; Tan & Perfetti, 1998).

In addition, manipulating synonyms of constituents to address
the current research question is uncommon. Limited research has
focused on synonym distractors, particularly within the context of
compound components, due to the potentially dense semantic overlap
between synonyms and compounds. In this study, synonyms serve as
distractors that share the same meaning as the first constituent but differ
in phonology and orthography. This setup mirrors the substantial
semantic overlap typical of morphologically related words. The
activation and retrieval of the first constituent’s meaning in the mental
lexicon contribute to the facilitation effect observed with synonyms. In
Mandarin compounds, which are incredibly transparent, the synonym
of a constituent often encompasses the semantic features of the entire
compound, which provides a challenge to explore how to control for

potential confounds when designing experiments on the language
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production process. There is significant potential for further
investigation of synonyms, especially in languages like Mandarin,

where many synonyms exist.

It is essential to highlight that the present study examined
transparent words, leaving aside the investigation of opaque
compounds. Two characters are combined when forming transparent
disyllabic compounds in Mandarin, each playing a clear and
immediately understandable role in conveying the compound’s overall
meaning. This process highlights a greater emphasis on meaning over
sound than single words, as characters are chosen and combined based
on their semantic contributions to the intended word. The unique
features mentioned indicate potential variations in the cognitive
mechanisms of Mandarin logographic processing. For instance,
consider the compound word “xylophone,” composed of the Greek
words “xylo” (meaning wood) and “phone” (related to sound). However,
this etymological origin may go unnoticed by those who do not speak
Greek. In contrast, in Mandarin, the word for xylophone, A %
/mu4qin2/, clearly indicates its association with wood, thanks to the
character /K /mu4/. This immediate connection between characters and
meanings in Chinese facilitates a more direct and intuitive
understanding, enhancing lexical awareness compared to languages
without such visual representations. In addition to the above characters
of Mandarin transparent compounds, the distinction between opacity
and transparency seems to have less impact in European languages

because both opaque and transparent primes exhibit priming effects in
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compound production, as observed in the works of Koester & Schiller
(2008) and Zwitserlood et al. (2000, 2002) (but also Zwitserlood, 2014).
Nevertheless, this choice raises the possibility that the obtained results
may differ from those seen in semantically transparent compounds,
suggesting that future research endeavors could also consider

investigating opaque compound words.

Furthermore, specific modifiers within the compounds
examined in this study are abstract. It is worth noting that the present
study did not implement control over the concreteness of these
modifiers, emphasizing the need for future research to delve into the
potential impact of concreteness on the mental lexicon’s representation
and processing. Additionally, the study specifically concentrated on the
modifiers of compounds, manipulating only the first constituent. This
opens avenues for further exploration into the distinctions between

modifiers and heads within compounds.

Regarding the types of free and bound morphemes, we did not
control for this factor, and a post-hoc analysis was conducted for
synonym distractors on the two morpheme types, revealing a significant
difference with p = 0.017. It is important to note that the stimuli for free
synonym distractors and bound synonym distractors were not balanced
in the present experiment, with free synonyms outnumbered by bound
synonym distractors. This finding suggests implications for future
studies further to investigate the potential differences between free and

bound morphemes. Besides, there are orthographically radical overlaps
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between synonym distractors and target names in the present
experiment, for example, H /ri4/ “sun” and fH &5 /yang2tai2/ “balcony.”
A previous study (Wang et al., 2021) indicated no orthographic effect
at the conceptual level of speech planning in Mandarin Chinese, and we
also conducted a post-hoc analysis concerning orthographic radical
overlap for synonym distractors, which revealed no significant
difference (¢ < 1) for this potentially confounding factor. Another
implication for future studies is related to the logographic writing
system of Mandarin, where characters are the basic units of writing,

which could cause potentially different results for illiterate speakers.

4.5 Conclusion

This study focused on the representation of Mandarin
compounds in language production at the lemma level. The results
indicated that synonyms as distractors yielded a facilitation effect,
while semantically related distractors resulted in significantly longer
latency. These findings imply that the separate lemmas of constituents
are represented in our mental lexicon alongside the holistic single
lemma of the compounds, supporting the concept of a hybrid lemma
representation of Mandarin compounds and further supporting the

decompositional model.
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Target Distractors
Stimuli Constituents Synonym Semantical- 5 jated
meaning related
I S ”
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4.B Model parameters: reaction times

Table 4.B.1: Specification of best-fit model for response times (RTs) for
picture naming task (n = 36). Note that estimates are reported in
milliseconds.

Formula: RT ~ Condition + Trial + (1 | Subject) + (1 | I[tem)

Term Estimate [95% CI] t p-value
(Intercept) 852.757  [833.606,871.908] 87.273 <0.001 ***
Condition:

semantically 37.739 [29.576, 45.902] 9.061 < 0.00] ***
related

Condition: 18.806  [9.790, 27.822] 4.088  0.001 ***
control

Trial 2911 [-1.352, 7.174] 1338 0.181
Random effects

% 0.033

100Item 995

100Subject 1548

ICC 1.00

NSubject 36

Nltem 45

Observations 4537
Marginal R? 0.088
Conditional R? 1.000
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Chapter S Concreteness effect of

constituents in Mandarin compounds

5.1 Introduction

According to the language production model proposed by
Levelt et al. (1999), producing a word involves conceptual preparation,
lexical access, phonological encoding, and articulation. Conceptual
representations become activated when we engage in speech production,
which then spreads to lexical representations linked to that concept.
Before words can be articulated, phonological information is retrieved,
involving word form encoding. Although this theory was initially
developed based on single-word production, it has since been extended
to account for the production of phrases and morphologically complex

words, including compound words.

Two prominent models address the lexical representation of
compound words during production: full-listing models (Butterworth,
1983; Caramazza, 1997; Dell, 1986) and decompositional models
(Levelt et al., 1999), with hybrid models somewhat scarcer. According
to full-listing models, compound words are stored holistically in the
mental lexicon. In contrast, decompositional models suggest that
compounds are represented and processed through their constituents.
Both models are supported by empirical studies. For instance, to

investigate the representation of compound words, Janssen et al. (2008)
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found that overall word frequency, rather than constituent frequency,
influenced naming latencies in Mandarin compound words, supporting
the full-listing hypothesis in language production. This was further
supported by Bi et al. (2007), who showed that compound word
frequency, not constituent morpheme frequency, affected the
production performance of Chinese patients with aphasia. Additionally,
Chen and Chen (2006) found that in Mandarin, naming latencies were
not sensitive to constituent frequency, which aligned with the idea of a

single lexical level between semantics and phonology.

In contrast, other studies support the decompositional model of
compound word production. For instance, Roelofs (1996) and Bien et
al. (2005) demonstrated that morpheme frequency and the
morphological structure of compounds played a significant role in
speech production planning, indicating that compound words are
decomposed into their morphemes during production. Further evidence
for decompositional model comes from studies using long-lag priming
paradigms (Kaczer et al., 2015; Koester & Schiller, 2008, 2011;
Lensink et al., 2014; Verdonschot et al., 2012; Wang et al., 2024), which
showed that morphological priming persisted over many trials,
suggesting that morphological processing occurred at a distinct level

from phonological or semantic processing.

The research summarized above explores the representation and
production of compound words in the mental lexicon of various
languages. However, there are no consistent findings regarding this

question. Examining the concreteness and abstractness of constituents
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to further explore their roles in compound production could offer
valuable insights. The concept of abstractness refers to ideas that are
neither purely physically nor spatially constrained, making them
generally more variable in their content across individuals and more
challenging to associate with a single image than concrete concepts

(Del Maschio et al., 2021).

Compared to abstract words, concrete words are easier to
comprehend, faster to read aloud and to evaluate for meaningfulness,
and easier to remember (Belmore et al., 1982; Gerhand & Barry, 2000;
Lee & Federmeier, 2008; Paivio, 1991; Schwanenflugel, 1991,
Schwanenflugel et al., 1988). For instance, a concrete word like “table”
is processed more quickly and accurately than an abstract word like
“honesty” at the behavioral level. This preferential processing of
concrete over abstract words is known as the concreteness effect
(Holcomb et al., 1999; Kounios & Holcomb, 1994; West & Holcomb,
2000). Extending from single word to compounds processing, the
concrete/abstract constituents could influence the retrieval of the
compound words. For instance, consider the concrete compound words
“church bell” and “apple core.” In “church bell,” both two constituents
“church” and “bell” are concrete, whereas in “apple core,” the
constituent “core” is relatively abstract. Therefore, the present study
aimed to use the concreteness effect of constituents to investigate their

influence on the retrieval of compound in Mandarin production.
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There are studies working on concreteness effect in language
production. For instance, research conducted by Hanley et al. (2013)
used different paradigms to investigate the concreteness effect during
language production. He designed two experiments to examine the
impact of concreteness on word retrieval within sentence contexts. In
Experiment 1, participants were asked to generate words from
dictionary definitions. Results showed that abstract words were more
challenging to retrieve, leading to more omissions and alternate
responses than concrete words. Participants also experienced more tip-
of-the-tongue (TOT) states when retrieving abstract words, indicating
more phonological retrieval difficulties. In Experiment 2, participants
generated words to complete sentences describing specific events. The
number of abstract words recalled was significantly higher than that of
concrete words in this task. The above literature showed that
concreteness effects existed during language production and could
serve as a robust method to investigate the research question in the

present study.

Additionally, the neural mechanisms underlying the differences
between concreteness and abstractness have been explored through the
performance of patients with neural system damage, who often perform
better on concrete than abstract words. For instance, in a study by
Catricala et al. (2014), patients with Alzheimer’s disease (AD) and the
semantic variant of primary progressive aphasia (sv-PPA) completed
tasks with controlled abstract and concrete stimuli. Results indicated

that sv-PPA patients performed better with abstract than concrete
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concepts, showing category-specific effects: emotion concepts were
preserved in AD, whereas social relations were selectively impaired in
sv-PPA. Occasionally, AD patients displayed a living-non-living
dissociation. These findings suggested that semantic memory disorders
led to distinct patterns in abstract and concrete domains, highlighting

differences in the brain regions affected by each condition.

Though much research has demonstrated that concrete
expressions were processed more efficiently than abstract expressions
across various languages and cognitive tasks, most of these studies have
been conducted in language comprehension. Work has seldomly been
done in language production. One primary reason could be that it is hard
in production tasks, for instance, picture naming, to present and name
pictures of abstract concepts. Hanley et al. (2013), for instance,
addressed this limitation using indirect methods, embedding concrete

and abstract words within sentence contexts.

Given the above, the present study aimed to investigate the
concreteness effect of constituents in Mandarin compound words
during the production process by using two sets of concrete compounds
as targets in a picture-naming task. At the same time, the concreteness
of their constituents was manipulated to explore whether constituent
concreteness affects Mandarin compound production while controlling
for the overall concreteness of the compounds. Two conditions were
created: the “aa” condition, where both constituents of the concrete

(13 2"

compound were abstract, and the ‘“cc” condition, where both
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constituents were concrete. It was predicted that naming latencies
would be shorter for the “cc” condition compared to the “aa” condition
due to the concreteness effect of the constituents at the behavioral level

mentioned in the present study.
5.2 Methodology

5.2.1 Participants

Forty native right-handed Mandarin speakers, including six
males, were recruited from Leiden University. The mean age was 24.05,
with an SD of + 2.31. All participants were from Mandarin-speaking
provinces in China and spoke Mandarin as their mother tongue.
Participants who had been living in the Netherlands for less than two
years were included, while those who had been residing in the
Netherlands for longer than two years were excluded from recruitment
due to potentially higher proficiency in English and Dutch. All
participants had normal or corrected-to-normal vision and received

monetary compensation for their participation.

This study was approved by the Faculties of Humanities and
Archaeology ethics committee at Leiden University (acceptance
number: 2022/09). At the time of testing, none of the participants
reported color blindness, learning disorders, hearing or visual
impairments, or psychological or neurological conditions. Participants
read an information sheet and provided informed consent by signing a

consent form before the study began.
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5.2.2 Materials

In this study, we examined two conditions: the abstract (aa)
condition, where the compound words were concrete, but their two
constituents were abstract, and the concrete (cc) condition, where both
the compound words and their constituents were concrete. Hence, only
concreteness of the constituents varied between conditions. For

example, in the cc condition, ;i & (/he2ma3/ “hippo”) is a concrete
compound word with two concrete constituents: ;g (/he2/ “river”) and
4 (/ma3/ “horse™); in the aa condition, 5KBA (/yueddui4/ “band”) is a
concrete compound word with two abstract constituents: K (/yued/
“music”) and BA (/dui4/ “team”). It is important to note that all target
stimuli in both conditions were concrete disyllabic noun compounds.

Forty-two Mandarin disyllabic compound nouns were selected as

stimuli, with twenty-one words assigned to each condition.

We first calculated the concreteness and word frequencies of our
stimuli using two corpora to assess the concreteness and word
frequency of the entire compound words to ensure no significant
differences in concreteness or word frequency between the two

conditions.

For this, we utilized the MELD-SCH corpus, which provides
concreteness and abstractness ratings for 9,877 two-character Mandarin

Chinese words (Xu & Li, 2020), and SUBTLEX-CH corpus (Cai &
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Brysbaert, 2010), which provides word frequencies. We controlled for
the concreteness of the compounds (7 (40) < 1) based on MELD-SCH,
as well as the compound frequency (¢ (40) < 1) using the SUBTLEX-
CH corpus (see Table 5.1).

Table 5.1: The concreteness of the compound words.

Compound word

Corpus Condition Frequency Concreteness
aa 2.46 1.47
MELD-SCH cc 2.36 1.42
p-value 0.45 0.18

To control for the concreteness and word frequency of the
constituents, we conducted a cross-corpus comparison using two
corpora. One was the Hong Kong Chinese Character Psycholinguistic
Norms corpus (Su et al., 2023), which provides ratings for 4,376
individual Chinese characters on various factors, including word
frequency, age of acquisition, familiarity, imageability, and

concreteness.

This corpus allowed for more comprehensive control of the
variables related to the constituent characters. The other corpus we used
was from Liu et al. (2007), which provides word naming and
psycholinguistic norms in Chinese, including information on familiarity,
imageability, frequency, age of acquisition, and concreteness. By
utilizing both corpora, we ensured a thorough control of the

concreteness and word frequency of the constituents in our study.
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We then ensured that each constituent’s concreteness was
carefully controlled, confirming that the mean concreteness levels of
constituents and the concreteness levels of each constituent differed
significantly between the conditions. Furthermore, we controlled for
each constituent’s frequency to ensure no significant differences across
conditions (see Table 5.2). In addition, we controlled for other sub-
lexical variables of the constituents, including stroke count (¢ (40) < 1)
and imageability (¢ (40) < 1), ensuring that these factors did not
significantly differ across the two conditions in the present study.
Furthermore, the concreteness of the selected compounds and their
constituents were rated by a group of 20 participants online, and their
ratings (¢ (40) < 1) confirmed the validity of these chosen stimuli. See

Appendix 5.4 for detailed stimuli list.

Table 5.2: The concreteness of the constituents.

Ist 2nd Mean
Cor Condi
pus tion Frequ Concret Frequ Concret Frequ Concret
ency eness ency eness ency eness
S;‘ aa 2.39 4.04 2.36 4.27 2.38 4.16
e
al. cc 2.42 6.35 2.08 6.01 2.25 6.18
(202

3) p 0.85 <0.001 0.12 <0.001 0.31 <0.001
Liu
et
al. cc 3.92 6.58 3.61 6.43 3.76 6.50

(200
7y P 030  <0.001 0.0 <0.001 067 <0.001

aa 3.76 4.75 3.86 5.33 3.81 5.03
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Furthermore, we employed 42 colored pictures, with 21 pictures
assigned to each condition in the present study. Thirty-four of these
pictures were selected from the Multipic corpus (Dunabeitia et al.,
2018), while eight were created by an illustrator in a similar style. The
name agreement (¢ (40) < 1) and picture complexity (z (40) < 1) of these
selected pictures were evaluated by another 20 participants online,
following the method outlined by Snodgrass and Vanderwart (1980). In
addition, we included ten filler pictures, which were used as warm-up
trials at the beginning of each block, and as filler pictures during the
experiment, with their frequencies and concreteness spanning a wide
range. Participants were presented with 52 pictures, including 42

experimental and 10 filler pictures.
5.2.3 Design

The experiment in the present study employed a one-factorial
within-subject design, with Concreteness as the fixed factor and Subject
and Item as random factors. Participants engaged in a picture-naming
task, where a pseudorandomized design was applied. Two versions of
the pseudorandomized stimuli list were created during the experiment,
with the first half using the first version and the other half using the
second version. Pictures from the same category or those with the same
phonological onset were not shown consecutively in the

pseudorandomized design to avoid priming effects.
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5.2.4 Procedure

The experiment was presented using E-prime 3.0 (Psychology
Software Tools) and was conducted in a soundproof booth. Participants
were seated in front of a computer in a dimly lit room. They used a
microphone connected to a Chronos response device containing a voice

key. The experiment consisted of three phases.

First, participants were given 10-15 minutes to familiarize
themselves with the target pictures and their names by studying a
booklet at their own pace. Subsequently, the experimenter assessed
whether participants correctly remembered the picture names by
conducting a practice session through another booklet without the
picture names. In this session, participants were asked to name all the
target pictures as soon as possible, and the experimenter would correct

them if they misnamed any pictures.

In the experiment session, each trial began with a fixation cross
displayed for 250 ms, followed by a blank screen for another 250 ms.
Then, the target picture appeared in the center of the screen for 2,000
ms. Therefore, each trial lasted 2,500 ms, which was applied to all target
and filler pictures. See Figure 5.1 for a detailed demonstration of the

experiment trial in the present study.
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250 ms

250 ms

. 2000 ms

Figure 5.1: A trial sequence for the picture-naming task.
5.3 Data analysis and results

5.3.1 Behavioral data exclusion

Error trials (1.49%) and outlier trials (3.10%) with reaction
times that deviated more than 2.5 SDs from the mean per participant

per condition were eliminated for further RT analysis.
5.3.2 Behavioral data analysis

Behavioral data were analyzed using RStudio Version 4.2.2. We
first calculated descriptive statistics for naming latencies for each
condition (see Table 5.3 and Figure 5.2). Then, we employed a
generalized linear mixed effect model (GLMM) using the glmer ()
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function from the /me4 package with inverse Gaussian errors to model

positively skewed RT data.

Table 5.3: Mean naming latencies (only correct trials included) for each
condition and each repetition level (n = 40)

Naming latencies (ms)

Concreteness
Mean SD
aa 811.90 152.22
cc 770.63 123.91
1500 A
1250 A
Con
— i
£ 1000 B aa
B cc
750 -
500 A i ;
aa cC
condition

Figure 5.2: Mean naming latencies for each condition (n = 40).

To avoid over-parameterization and achieve a balance between

Type-I error and statistical power, we employed a backward elimination
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strategy for the random effects structures of the model (Bates, 2015;
Matuschek et al., 2017). Model comparisons and likelihood ratio tests
were conducted at each step using the anova() function, evaluating
Akaike’s Information Criterion (AIC) (Akaike, 1974), Bayesian
Information Criterion (BIC) (Neath & Cavanaugh, 2012), and log-
likelihood to determine whether the addition of a new factor

significantly improved the model.

In this analysis, Concreteness was included as a fixed effect,
while Subject and Item were introduced as random effects in the study.
For naming latencies, the model of the best fit was RT ~ Concreteness
+ (1 + Concreteness | Subject) + (1 | Item). The results showed that the
naming latencies of the aa and cc conditions significantly differed with

p=-41.85(95% CI[-57,-26.7]), SE="7.73,t=-5.42, and p < 0.001.

5.4 Discussion and conclusion

The ongoing debate regarding the representation of compound
words in our mental lexicon has led to numerous studies exploring this
issue. The present study aimed to address this question by examining
the concreteness effect of word constituents in compounds. Two
conditions were established: “cc” condition representing concrete

compound words with two concrete constituents and “aa” condition

representing concrete compound words with two abstract constituents.

The behavioral results in the present study showed significantly

faster reaction times for the cc condition than the aa condition,
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suggesting concreteness effects of the constituents in Mandarin
compound production. The results reported in the present study have
implications for the two models of lexical representation discussed in
the Introduction. According to the full-listing model of lexical
representations, compounds are stored in their full-listing format at the
lexical level. In other words, the whole word is retrieved when naming
the pictures instead of the individual constituents, which predicts no

constituent effects.

Contrastingly, the decompositional model predicts constituent
effects due to the fact that each constituent is retrieved during
compound production. Therefore, the present results support the

decompositional hypothesis regarding Mandarin compound production.

The present findings offer insights into models of lemma
representation (Levelt et al., 1999; Marelli et al., 2012; Sprenger et al.,
2006) of compound words. According to Levelt’s model (1999),
compounds are initially represented as a single lemma, which is later
decomposed at the lexeme level for phonological encoding. However,
the concreteness effect observed in this study suggests that distinct
lemma entries may exist for individual constituents during the
production of Mandarin compound words. The fact that the
concreteness of the constituents influences the production of
compounds in the present study supports the hybrid lemma account

proposed by Marelli et al. (2012) and Sprenger et al. (20006).
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The concreteness effect observed at the lemma level in the
present study went against previous studies in Indo-European languages
supporting a two-staged model (Mondini et al., 2004) with only a single
lemma for word production. This difference could stem from cross-
linguistic distinctions. First, Chinese writing is classified as a
logographic system, where characters, the fundamental writing units,
are composed of numerous strokes organized into a square shape (Tan
et al, 2001). Chinese speakers may exhibit heightened lexical

awareness attributed to the presence of Chinese characters and radicals.

These visual components serve as immediate reminders of the
meanings of words, potentially contributing to a more pronounced
awareness of lexical items in Chinese than in languages lacking such
visual cues. In addition, the pronunciation of Chinese characters is
established at the syllable/morpheme level, requiring repetitive rote
memorization to connect visual forms with corresponding sounds.
Learning is often aided by sub-character units, authentic characters in
their own right. Unlike alphabetic languages, Chinese characters do not
directly correspond to phonemes but map onto meaningful morphemes
in spoken language. This aspect implies that the regular or quasi-regular
grapheme-phoneme conversions commonly found in alphabetic
languages are not feasible in Mandarin Chinese (Plaut, 1996; Tan &

Perfetti, 1998).

An alternative explanation for the concreteness effect in
language production is that abstract words have weaker semantic-

lexical association than concrete words (Hanley et al., 2004; 2013).
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Hanley and colleagues (2004) used Foygel and Dell’s (2000) speech
production model to simulate imageability differences by varying
semantic-lexical connection strengths. They posited that high-
imageability words have stronger semantic-lexical association, while
low-imageability words have weaker ones. In this model, lower
association results in weaker activation of lexical units, causing more

alternates and omissions for low-imageability words.

In a definition task by Hanley et al. (2013), participants rated
the most common alternatives to abstract target words as more
compatible with definitions than those for concrete words, supporting
this semantic-lexical weights hypothesis. On the other hand, Newton
and Barry (1997) argued that abstract words are harder to retrieve in
word production tasks because they face stronger competition from
semantically similar words. They proposed that retrieval issues for
abstract words arise after activating the target word’s semantic
representation. Since abstract words typically share many semantic
features with other words, phonological representations of competing
words are more likely to reach the activation threshold, increasing

semantic errors.

Although concrete words also activate competing items, their
distinctive semantic features make them more likely to reach the
activation threshold over competitors in tasks like word definition,
reducing the likelihood of errors. Besides, Hoffman and colleagues

(2011) found that abstract words are more ambiguous and have more
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senses than concrete words, as demonstrated through latent semantic
analysis. The imageability effect observed in their study suggested that
abstract words may be more difficult to process because they depend
more on context for meaning, which is often lacking in experimental

settings (Schwanenflugel, Harnishfeger, & Stowe, 1988).

These assumptions extend beyond the single-word level to the
level of morphemes (constituents) in compound production. In the
present study, the facilitation of concrete constituents showed support
for the claim that it is easier for concrete concepts which have more
distinctive semantic features and higher imageability to reach the
activation threshold. Together with these studies above, the present
study highlights the importance of concreteness in language production,
suggesting that future research could explore how concreteness

influences language production more broadly.

In addition, it is essential to highlight that the present study did
not control for the semantic transparency. The distinction between
opacity and transparency seems to have less impact in Indo-European
languages based on previous literature (e.g., Koester & Schiller, 2008;
but also see Zwitserlood, 2014). Both opaque and transparent primes
exhibit priming effects in compound production, as observed in the
works of Koester and Schiller (2008). Nevertheless, there is a
possibility that the obtained results may differ when applying to
transparent or opaque words, suggesting that future research endeavors
could also consider investigating opaque compound words in their

research design.
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Furthermore, although we selected noun compounds as stimuli,

we did not control for the word category (e.g., noun, verb) of their
constituents. Hanley et al. (2013) highlighted the effects of word
category on lexical retrieval in their two experiments. Therefore, future
research could investigate this aspect further to provide more detailed

evidence addressing the role of word class in compound representation.

In conclusion, the present study’s results demonstrated that the
concreteness of constituents probably played a role at the lemma level
in Mandarin compound production and further supported the
decompositional account instead of the full-listing account of Mandarin

compounds.



150 | Morphological encoding of Mandarin Compounds

Appendix

5.A Experimental stimuli

Stimuli  Pinyin English Condition  English of each
constituent

'EEa xinfeng envelope aa fE(letter) + Ff
(seal)

NE gongzht princess aa 7y (public) + &
(master)

INJE qiafan prisoner aa (prisoner) +
JB (criminal)

T guoéwang king aa (country) + £
(king)

+ shibing soldier aa =4 (warrior) + f¢
(soldier)

T ciihéng rainbow aa ¥ (color) + 4L
(rainbow)

R ¥E jiezhi ring aa 7 (warn) + 48
(finger)

i E chouti drawer aa o(pull) + Jat
(drawer)

HHE pintl puzzle aa Pt (piece
together) + &

e jidotang church aa # (teach) + %
(hall)

HHh rili calendar aa H (day) +
(calendar)

2k zhénzhu pearl aa ¥ (precious) +
2 (pearl)

B huangguan  crown aa i
(emperor/royal)

=Ry suanpan abacus aa . (calculate) +
#L (plate/tray)

e chénshan shirt aa #F (lining) + %2

(shirt)
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[ xizhuang suit aa P4 (west) + %%
(clothes)

oS heka greeting card aa B4 (congratulate)
+ K (card)

s 2= youchai postman aa tE (mail) + 7%
(messenger)

FHE yangtai balcony aa FH (sun) + &
(platform)

) yInxidng audio aa & (sound) + M
(loud)

At lingdai tie aa A (collar) + 7
(belt)

UKEE bingxiang  refrigerator cc VK (ice) + #H
(box)

B fénmu grave ce B (grave) + %
(tomb)

KR tian'é swan cc K (sky/heaven)
+ 18 (goose)

Fit shduzhing  palm cc F (hand) + %
(palm)

e shuye leaves cc W (tree) + T
(leaf)

Beth 16utt stairs ce ¥ (building) +
5 (ladder)

7K 5 shuigud fruit cc /K (water) + H
(fruit)

4 héma hippo cc ] (river) + 5
(horse)

piEAlE) hi'ou seagull cc (sea) + DY
(gull)

K hudjian rocket ce K (fire) + Hi
(arrow)

T3 déngta lighthouse cc 1T (lamp) + ¥
(tower)

Ly nitnai milk cc £ (cow) + Wy

(milk)
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AR 45 yinjing glasses cc AR (eye) + %
(lens)

iz huaping vase cc 1t (flower) + Jifi
(bottle)

i yaowan pill ce #j (medicine) +
H. (pill)

EHE dangao cake cc F o(egg) + *E
(cake)

< yusédn umbrella cc M (rain) + <
(umbrella)

1l xuéshan snow mountain  cc % (snow) + Il
(mountain)

R ZE fengche windmill cc K (wind) + %
(vehicle)

194 nidolong birdcage ce 5 (bird) + %
(cage)

YA longxia lobster cc J¢ (dragon) + HF

(shrimp)
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Chapter 6 General discussion

This thesis examined the morphological encoding and the
representation of Mandarin disyllabic noun compounds in the mental
lexicon during language production. Four experiments were conducted
using different experimental designs and manipulating different factors
at both behavioral and electrophysiological levels. Two primary models
were tested: the decompositional model and the full-listing model. In
this chapter, I first summarize the main research questions and key
findings from each experiment, discussing their relevance and
contributions to the existing literature. Then I integrate these findings
from each experiment to provide a broader perspective in terms of their
theoretical and methodological implications and then propose
directions for future research. Additionally, I address unresolved
questions and conclude by discussing the potential limitations of this

thesis.
6.1. Discussion of chapter findings

Chapter 1 provides a general introduction to the topic and
research questions investigated in my thesis and discusses the

theoretical models employed in the following empirical chapters.

In Chapter 2, a long-lag priming experiment examined the
morphological encoding of Mandarin disyllabic compound words. The

study recruited thirty-six native Mandarin speakers who were asked to
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name pictures displayed on a screen, with both behavioral and
electrophysiological data being collected and analyzed. The primary
aim was to investigate whether morphological priming would occur in
this context, as observed in Indo-European languages. Surprisingly, the
behavioral results revealed no facilitation in picture naming when the
targets were preceded by morphologically related primes, which
contrasted with previous research on Indo-European languages.
Specifically, there was no significant difference in reaction times (RTs)
for target naming between morphologically related and unrelated
primes in the first or second constituent positions. However, the first-
position primes did elicit shorter RTs than the second-position primes,
suggesting a potential but weak position effect. These results
challenged the idea that morphological priming for individual
constituents occurred at the behavioral level during the production of
Mandarin  disyllabic ~ compound  words. = However, the
electrophysiological data provided further insight, with event-related
potential (ERP) analysis revealing a reduced N400 response for
morpheme-related primes compared to unrelated primes. This N400
reduction suggested that morphological priming occurred at the
encoding level, supporting the decompositional model (Levelt et al.,
1999), and aligned with similar findings in prior studies (e.g., Koester
& Schiller, 2008). The morphological priming effect in Mandarin may
have occurred because disyllabic compounds in Mandarin are stored in
the mental lexicon in terms of separate constituent representations

rather than as whole-word forms.
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An additional finding of this study was the effect of picture
repetition across experimental blocks, which led to faster picture
naming latencies. This repetition effect was observed in both behavioral
and ERP data and was consistent with previous research (Zwistserlood
et al., 2000, 2002). However, the repetition effect was independent of
the linguistic processes of interest, as it did not interact with the prime
type. Regarding the position effect, the RTs showed that naming
latencies were shorter for first-position constituents than for second-
position constituents, although this difference was not statistically
significant. However, the ERP data found a significant interaction
between prime relatedness and position, with a larger N400 reduction
for first-position constituents than for second-position constituents.
This supported the idea that the first constituent of a compound word
was processed differently from the second and that priming effects were
stronger for the first position. These findings are consistent with the
serial planning hypothesis, which means the words are processed and
planned in a sequential order. However, the exact role of the head
constituent in compound production needs to be further explored in

future research.

In conclusion, the results of this long-lag priming experiment
suggested that morphologically related primes did not facilitate the
picture naming of target morphemes at the behavioral level compared
with the morphologically unrelated conditions in Mandarin disyllabic
compounds. However, the ERP data indicated that morphological

priming occurred for the first position morphological overlaps during
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the morphological encoding process, as evidenced by the N400 effect.
This supported a decompositional model of lexical representation,
where the two constituents of a compound word are stored and
represented separately. Although these findings provide insights into
the processing of Mandarin compound words, further research is
needed to address unresolved questions, such as the influence of
morpheme type, such as bound/free morpheme and the role of the head

constituent in compound word production.

Chapter 3 examined how compound words were represented in
the mental lexicon, focusing on morpheme and compound frequency
effects in Mandarin compound production. Previous research has
produced conflicting views on whether compound words are
represented in a decomposed form (Bien et al., 2005; Koester & Schiller,
2008, 2011; Levelt et al., 1999) or stored as whole units (Chen & Chen,
2006; Janssen et al., 2008). To address this issue, the present study
followed the design framework of Janssen et al. (2008), incorporating
EEG to explore whether the production of Mandarin compound words
was influenced by morpheme or compound frequency. The results of
the present study showed that the reaction times (RTs) in picture naming
tasks did not align with the earlier findings of Janssen and colleagues.
Specifically, in this study, the L(h) condition (low word frequency but
high morpheme frequency) exhibited similar RTs to the H(h) condition
(high word and high morpheme frequency). In contrast, the L(h)
condition was faster than the L(I) condition (low word and low

morpheme frequency). The observed morpheme frequency effect
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aligned with previous studies (Bien et al., 2005; Chen & Chen, 2015;
Koester & Schiller, 2008; Roelofs, 1996), lending support to the
decompositional model proposed by Levelt et al. (1999), where
morphemes play a critical role in word production. Discrepancies
between the present study and Janssen et al.’s findings might stem from
different corpora: Janssen and colleagues used the Modern Chinese
Frequency Dictionary (1986), which is based on written materials; the
present study relied on SUBTLEX-CH (Cai & Brysbaert, 2010), which
is based on spoken language data derived from movie subtitles.
Differences between written and spoken corpora may have influenced
the frequency distributions of the stimuli, contributing to the different

outcomes.

However, EEG data did not align with behavioral results. While
RTs indicated a morpheme frequency effect, ERP data showed no
significant differences between the three frequency conditions,
suggesting that both the morpheme frequency effect and word
frequency effect were not observed at the electrophysiological level.
Additionally, the N2 component, typically linked to frequency effects
in the early phases of speech production planning (Strijkers et al., 2010),
appeared around 180 ms for L(h) and L(l) conditions, though statistical
analyses showed no significant frequency differences. This mismatch
between behavioral and ERP findings highlights the complexity of
morphological processing in Mandarin and the need for further research

to clarify these differences.
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In conclusion, the behavioral findings suggested that Mandarin
compound production was affected by individual morpheme frequency
instead of whole-word frequency. This supported a decompositional
model where compounds were retrieved based on their morphemes
rather than as single units. However, the lack of frequency effects for
EEG data indicated a complex relationship between behavioral and
electrophysiological findings. Future research should delve into these
frequency effects, considering language-specific factors such as
semantic transparency and speaker variables, such as multilingual
background, to deepen our understanding of morphological
representation in Mandarin compounds and potential cross-linguistic

differences in morphological processing.

Chapter 4 investigated the representation of Mandarin
compound words at the lemma level in the mental lexicon. Using the
picture-word interference (PWI) paradigm, native Mandarin speakers
were asked to name pictures while ignoring visually presented
distractor words. Behavioral data were analyzed across three conditions
including (1) synonym distractors, (2) semantically related distractors,
and (3) unrelated distractors as control condition. The findings of this
chapter showed that naming latencies for synonym distractors were
significantly faster than for the control condition, indicating facilitation
effects consistent with previous studies (Dylman & Barry, 2018). In
contrast, semantically related distractors resulted in slower latencies

compared to controls, aligning with the inhibition effects documented
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in prior research (Levelt et al., 1999; Lupker, 1979; Roelofs, 1992;
Starreveld & La Heij, 1995, 1996).

According to Levelt et al.’s (1999) model of lexical access,
compounds are initially stored as single lemmas at the lemma level,
with decomposition occurring at the lexeme level during phonological
encoding. However, our study found a facilitation effect from
constituent synonyms, supporting the idea of separate lemmas for each
constituent in Mandarin compound production. This suggests that
activation begins at the conceptual level for each constituent, followed
by lemma selection that includes constituent synonyms. These findings
have implications for the superlemma account of lexical representation

for multi-lexical items (Sprenger et al., 2006; Kuiper et al., 2007).

Moreover, our study showed that synonym distractors were co-
activated without interference, challenging competition-based theories.
Picture-word interference tasks are often explained through lexical
competition theories, which suggest that response selection is slowed
down by competition among related words (e.g., Levelt et al., 1999). In
this model, a distractor that activates a non-target word acts as a
competitor, delaying the selection of the target word. Additionally,
Finkbeiner, Gollan, and Caramazza (2006) suggested that “the closer
two lexical representations are in meaning, the more difficult it will be
to select the correct one,” highlighting a “hard problem” of lexical
selection that complicates synonym retrieval within a language.
However, our findings contradict this assumption, challenging the

competition-based account (Levelt et al., 1999).
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In conclusion, this study provides evidence supporting a hybrid
lemma account (Sprenger et al., 2006) for Mandarin compound word
representation. The facilitation effect from synonyms indicates that
both whole compounds and their constituents are represented as
lemmas in the mental lexicon. Our findings suggest that the lemma
representation of Mandarin compounds differs from that of Dutch or
German compounds, likely influenced by the unique characteristics of
the Mandarin language and its writing system. Further research is
needed to explore the impact of semantic transparency, concreteness,

and the distinction between free and bound morphemes.

In Chapter 5, we investigated the representation of compound
words in the mental lexicon, with a particular focus on the role of
concreteness in word constituents. We established two experimental
conditions: the “cc” condition, consisting of compound words with two
concrete constituents, and the “aa” condition, featuring compounds
with two abstract constituents. Behavioral results indicated
significantly faster reaction times for the “cc” condition than the “aa”
condition, highlighting a concreteness effect in compound word

production.

These findings have important implications for two models of
lexical representation: the full-listing and decompositional models. The
full-listing model posits that compound words are stored as whole units
in the mental lexicon, predicting no influence from individual
constituents. In contrast, the decompositional model suggests that

compounds are retrieved via their constituents, expecting constituent-
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based effects. The observed concreteness effect of constituents aligns
with the decompositional model, suggesting that each constituent is
accessed during compound word production. Our results also support
theories of the hybrid lemma account, as proposed by Sprenger et al.
(2006). According to Levelt et al. (1999), compounds are stored as
single lemmas at the lemma level but are decomposed into individual
constituents at the lexeme level for phonological encoding. However,
the observed concreteness effect of constituents implies that the lemma
entries for individual constituents contribute to compound word
production, supporting the hybrid lemma account over the single lemma

account.

Additionally, these findings underscore the concreteness effect
in language production. One possible explanation for this effect is that
abstract words have weaker semantic-lexical associations than concrete
words (Hanley et al., 2004; 2013), a phenomenon that may extend to
the morpheme (constituent) level. This aligns with Newton and Barry’s
(1997) assertion that abstract words are harder to retrieve due to
stronger competition from semantic neighbors. Through latent semantic
analysis, Hoffman and colleagues (2011) also demonstrated that
abstract words possess greater ambiguity and more senses than concrete
words. It is important to note that this study did not consider the impact
of semantic transparency. While transparency differences have shown
minimal effects in some Indo-European languages (e.g., Koester &
Schiller, 2008; but see Zwitserlood, 2014), future research should

incorporate opaque compounds to explore these effects further.
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In summary, this study provides evidence in favor of the
decompositional model and a hybrid lemma representation for
Mandarin compound words in production. Additionally, these results
emphasize the significance of concreteness in language production,
suggesting that future research should further explore how concreteness

influences language production across different linguistic contexts.
6.2 Theoretical implications

The findings from four experiments in the present thesis
contribute to understanding how Mandarin compound words are
processed and represented in our mental lexicon. Our thesis offers
theoretical implications for both the decompositional and full-listing
model of lexical representation, which are introduced in the following
section. Language production theories posit that the production of
compound words unfolds as follows: naming an object begins with
activating the relevant semantic concept, which simultaneously
activates semantically related concepts through spreading activation.
This leads to the activation of multiple semantically related lexical
entries at the lemma level, which compete for lexical selection until one
target lemma is chosen (Dell, 1986; Dell & O’Seaghdha, 1992; Garrett,
1980; Levelt, 1993; Levelt et al., 1999; Roelofs et al., 1996). Regarding
the process of compound production, Levelt et al. (1999) suggest that
compound words are stored in the lexicon based on their morphemes,
e.g., the decompositional model. In contrast, Caramazza’s (1997) full-

listing model argues that compound words are stored holistically,
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requiring participants to retrieve the entire word form when naming a

compound target.

In this thesis, the N400 effect found in Chapter 2 and the
morpheme frequency effects observed in Chapter 3 support the
decompositional model. In Chapter 2, an N400 effect was observed for
the morphologically related prime condition compared to the unrelated
prime condition. Given that the N400 component is sensitive to
morphological processing, this finding strengthens the argument that
the observed priming effects reflect morphological encoding in
language production. In Chapter 3, morpheme frequency and
compound frequency were manipulated, revealing that Mandarin
compounds were influenced by morpheme frequency rather than
compound frequency. This sensitivity to morpheme frequency
highlights the role of constituents in the production of Mandarin
compounds. Furthermore, Chapter 4 explored holistic and hybrid
lemma representations to investigate holistic versus analytic processing
in Mandarin compound word production. The facilitation effect
observed for synonym distractors emphasized the role of constituents,
supporting the decompositional model. Finally, Chapter 5 examined the
concreteness effect, showing that concrete constituents were processed
more quickly than abstract constituents during language production.
This concreteness effect again demonstrated the influence of individual

constituents, reinforcing support for the decompositional model.

Another theoretical implication 1is about the lemma

representation of Mandarin compounds in production. The
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decompositional model proposed by Levelt et al. (1999) suggests that
decomposition during the processing of compounds can occur at any
level of lexical selection, allowing for a hybrid lemma representation.
There are two main models regarding lemma representation: the two-
stage model (Levelt et al., 1999), which posits that only a single lemma
is represented, and the hybrid lemma account proposed by Sprenger et
al. (2006), which holds the view that the lemma of constituents is
represented alongside with the single lemma of compounds. Levelt and
colleagues (1999) proposed that compound words are stored holistically
at the lemma level, accessing multiple morphemes at the word-form
level. After selecting a single lemma, the constituent morphemes are
retrieved for phonological encoding before final articulation (Indefrey,
2011; Indefrey & Levelt, 2004). According to this model, compounds
are initially stored as single lemmas and decomposed into constituent
morphemes at the lexeme level. However, the hybrid lemma model
(Sprenger et al., 2006) introduces the possibility of decompositional
compound representations, positing that individual constituents coexist

with holistic lemmas.

This hybrid lemma account was supported by the results from
Chapters 4 and 5, where the synonym distractor effect and concreteness
effect demonstrated that semantic features, such as synonymy and
concreteness, significantly influenced lexical access and retrieval
during language production. These findings indicated that the
individual constituents of compound words were stored and retrieved

separately at the lemma level in Mandarin compound production.
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Specifically, Chapter 4 explored the impact of synonyms on language
production, revealing facilitation effects from synonym distractors in
compound word naming. This finding suggested that the semantic
meaning of the first compound constituent was activated, highlighting
the potential role of synonymy of constituents in lexical processing,
especially in Mandarin. Chapter 5 revealed a concreteness effect in the
constituents of Mandarin compounds. This concreteness effect
supported hybrid lemma representation models (Marelli et al., 2012;
Sprenger et al., 2006). According to Levelt et al. (1999), compounds are
represented as single lemmas that later decompose for phonological
encoding. However, the observed concreteness effect suggested
separate lemma entries for individual constituents, aligning with the

hybrid lemma model.

Besides, traditional lexical competition theories (Levelt et al.,
1999) posit related words slow target selection due to competition.
However, the results from Chapter 4 found no interference from
synonymous distractors, challenging the selection-by-competition
model. Moreover, the question of concrete and abstract processes has
also insights into lexical selection theories. Abstract words might have
weaker semantic-lexical association than concrete words (Hanley et al.,
2004; 2013), facing greater competition and ambiguity (Hoffman et al.,
2011), complicating retrieval. These findings highlighted concreteness
as a critical factor in lexical selection during language production and

suggested avenues for further research into its broader effects.
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In addition, the findings in the present thesis also provided
implications for the cross-linguistic differences between Mandarin and
Indo-European languages. Research has suggested that Mandarin’s
limited morphological priming effect could stem from its relatively
simple morphological system, which may reduce reliance on
morphological representations during word production compared to
morphologically complex languages like Dutch (Janssen et al., 2008;
Chen & Chen, 2006). Additionally, using characters and radicals, the
Chinese writing system may heighten lexical awareness among
speakers through visual cues. As a logographic language, Chinese relies
on characters of multiple strokes in square shapes (Tan et al., 2001),
which serve as cues to word meanings. Besides, unlike alphabetic
languages, where grapheme-phoneme connections are more direct,
Chinese characters are based on syllables or morphemes, requiring
memorization to link visual forms with pronunciation. This distinct
structure, in which characters represent meaningful morphemes rather
than individual phonemes, may influence how compound words are

mentally represented and retrieved (Plaut, 1996; Tan & Perfetti, 1998).

In summary, the findings of this thesis provide valuable
theoretical insights into language production theories, especially
regarding decompositional versus full-listing models and the single
lemma versus hybrid lemma accounts. Additionally, the results
illuminate the roles of synonymy and concreteness effects in lexical
selection during the production of Mandarin compounds. Potential

cross-linguistic factors are also discussed in this section to highlight
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differences between Mandarin and Indo-European languages, offering

a broader perspective on language processing across linguistic systems.
6.3 Methodological implications

This thesis has significant implications for the long-lag priming
paradigm. The long-lag priming approach is well-established and robust,
particularly in exploring the morphological representation in the mental
lexicon, yielding consistent and replicable results across various
experimental methods (e.g., behavioral, electrophysiological, and
hemodynamic) and languages (Schiller & Verdonschot, 2018). Previous
studies have shown that morphological priming, where the prime is
morphologically related to the target, remains effective even with many
intervening trials. In contrast, effects related to semantic and
phonological priming tend to diminish at longer lags. These findings
suggest that priming occurs at a distinct morphological level rather than

at the phonological or semantic levels.

In this thesis, we used a long-lag paradigm in Chapter 2 to
examine the morphological priming effect. Our results indicate that the
long-lag paradigm is not sensitive enough at the behavioral level to
capture morphological priming in a language with less morphological
richness, such as Mandarin, compared to Dutch or German. While the
morphological priming effect is robust in the long-lag paradigm for
Dutch and German, it does not hold for Mandarin, highlighting the
limitations of this paradigm in languages with simpler morphological

structures. Combining the long-lag paradigm with EEG could be a
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useful supplementary approach for investigating languages with less
morphological richness. In Chapter 2, the behavioral results did not
show a significant priming effect, but the ERP data successfully
captured these subtle effects with its higher temporal resolution, as
indicated. The morphological N400 effect observed can be attributed to
morphological relatedness between the primes and targets, as
semantic/phonological effects are typically short-lived and do not

persist across the long-lag paradigm.

In addition, we utilized a single-trial approach for the EEG data
analysis in Chapters 2 and 3 and employed linear mixed model (LMM)
analysis to examine voltage amplitudes within predefined regions of
interest (ROIs) and time windows. This method is particularly
advantageous for handling unbalanced datasets, such as those with
varying numbers of observations across participants or experimental
conditions. LMM also accounts for participant-specific and item-
specific effects, eliminating the need to compute grand averages for
each condition (Fromer et al., 2008). This approach offers significant
advantages over traditional ANOVA-type analyses, which are still
commonly used in recent EEG studies. Furthermore, the challenge of
pictorially representing abstract and concrete concepts has limited the
examination of concreteness effects in language production. Previous
studies have attempted to address this limitation using word definitions
within sentence contexts (Hanley et al., 2013). In Chapter 5, we tackled
this challenge by using a picture-naming task with two sets of concrete

images to explore the concreteness effect of constituents, partially
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circumventing the difficulty of representing abstract words/morphemes.
Consequently, the research design in Chapter 5 offers insights for future

investigations into abstract imagery in language production.

6.4 Limitations and directions for future research

This thesis has some limitations as well. First, we did not control
for semantic transparency across the four experiments. Semantic
transparent compounds may be processed differently than opaque
compounds, where meanings are less obvious. Prior studies show
mixed findings on the role of semantic transparency in morphological
processing. For instance, while some research (MacGregor & Shtyrov,
2013; Tsang et al., 2022) suggested transparency effects, other
researchers (Koester & Schiller, 2008; Zwitserlood et al., 2000, 2002)
reported no significant difference between transparent and opaque
compounds in morphological priming. Koester and Schiller (2008)
observed reduced N400 effects for both types of morphologically
related primes without significant distinctions, indicating a need for
further investigation into the processing of opaque compounds in

Mandarin.

Second, the material’s free and bound morphemes may also
have influenced the results. Bound morphemes, which cannot stand
alone, might be processed differently from free morphemes, potentially
affecting compound word encoding and retrieval. The differences
between bound and free morphemes could influence the morphological

encoding in Mandarin compound production. While a post-hoc analysis
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in Chapters 2 and 4 found no significant effects, this remains an area

worth exploring.

Additionally, while we selected noun compounds as stimuli, we
did not control for the word category (e.g., noun, verb) of their
constituents in the current thesis due to stimulus selection challenges.
Hanley et al. (2013) highlighted the influence of word category on
lexical retrieval in their experiments. Therefore, future research could
investigate this aspect more comprehensively to provide more apparent
evidence regarding the role of word class in compound representation.
Additional variables, such as participants’ multilingual backgrounds
and the age of acquisition (AoA) of compound words, may also have
influenced our findings. Furthermore, Mandarin’s unique logographic
writing system, in which characters serve as basic units, might produce
different results for individuals with varying literacy levels, especially
regarding compound word representation. Future research could
explore these aspects further. Although these are complex issues to
address, even modest progress in these areas would advance our
scientific understanding, particularly in Mandarin compound word

production.

In conclusion, this thesis investigated the central question of
Mandarin compound representation through four experiments, each
targeting different aspects and effects. While some results showed
variability, the overall findings were consistent, with all four
experiments supporting the decompositional hypothesis of compound

word representation in Mandarin.
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Summary

This dissertation focuses on the central research question of how
Mandarin compound words are represented during language production.
Specifically, it examines whether compound words are stored in the
mental lexicon in a decomposed or holistic manner. If decomposition
occurs during production, at what level does it take place? Are the
storage mechanisms at the lemma and lexeme levels-two stages in
lexical selection-distinct? According to the theoretical model proposed
by Levelt et al. (1999), decomposition of compound words can occur at
either the lemma or lexeme levels during lexical selection. To explore
the representation of Mandarin compound words during lexical
selection, this dissertation investigates two primary hypotheses: the
morphological decomposition hypothesis and the full-listing hypothesis.
The former posits that compound words are represented in the mental
lexicon through their constituent morphemes, which play a role in
lexical retrieval. In contrast, the latter asserts that compound words are
stored as whole units, negating the involvement of morphemes in
lexical retrieval. The aim of this research is to uncover how Mandarin
Chinese compound words are represented at the two levels of lexical
selection during speech production. This dissertation comprises Six

chapters:

In Chapter 1, we introduce the research background and
theoretical framework. Grounded in Levelt et al.’s (1999) language

production theory. This chapter provides an overview of Levelt’s
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language production model, summarizes relevant literature, and
outlines the key research questions, experimental methods, and main
findings presented in subsequent chapters.

Chapter 2 describes the first experiment we conducted, which
employed a long-lag priming paradigm to investigate the morphological
encoding of Mandarin Chinese disyllabic compound words. Thirty-six
native Mandarin speakers participated in a picture-naming task, and
both behavioral and electrophysiological data were collected.
Unexpectedly, the behavioral data revealed no facilitation effect in
response times (RTs) when morphologically related primes preceded
target words in the picture-naming task. RTs for morphologically
related and unrelated primes showed no significant differences at either
the first- or second-character position, indicating no position effects.
However, event-related potentials (ERPs) revealed a reduction in N400
amplitude for morphologically related primes compared to unrelated
primes, suggesting a priming effect at the morphological encoding level
and supporting the decomposition model. Thus, although the behavioral
results showed no morphological priming effect, the ERP results
revealed an N400 effect, supporting the involvement of morphological
priming in the production of Mandarin compound words. The
discrepancy between behavioral and electrophysiological data may
stem from the use of the long-lag priming paradigm. While this
paradigm is designed to isolate morphological effects by eliminating
phonological and semantic influences, the interval between prime and

target words might reduce behavioral sensitivity to subtle differences
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across conditions. In contrast, EEG is sufficiently sensitive to detect
fine-grained differences in brain responses. Additionally, although
position effects were absent, naming times for first-position targets
were shorter than for second-position targets, possibly aligning with the

serial assumption and modifier-header hypothesis.

Chapter 3 continues the investigation of compound word
representation in the mental lexicon, focusing on morpheme frequency
effects and compound word frequency effects. This experiment aimed
to further test whether compound words are stored in a decomposed
form (as proposed by Levelt et al., 1999) or as holistic units (as
proposed by Janssen et al., 2008). Using a newly constructed stimuli
list to replicate Janssen et al.’s design, while incorporating EEG data,
the study examined how morpheme and compound word frequencies
affect the production of Mandarin compound words. The results
showed that behavioral data from the picture-naming task did not
replicate Janssen et al.’s findings. Reaction times for low-frequency
compounds with high-frequency morphemes (L(h)) were comparable
to those for high-frequency compounds with high-frequency
morphemes (H(h)), indicating a lack of compound frequency effects.
However, L(h) responses were faster than those for low-frequency
compounds with low-frequency morphemes (L(l)), supporting
morpheme frequency effects and the decomposition model, which
posits that morphemes play a critical role in word production.
Differences between this study and Janssen et al.’s results may stem

from the different corpora used: Janssen utilized the Modern Chinese



198 | Morphological encoding of Mandarin Compounds

Frequency Dictionary (1986), which is skewed toward written language,
whereas this study used the SUBTLEX-CH corpus (Cai & Brysbaert,
2010), which reflects spoken language. These corpus differences may
have influenced frequency distributions, word list selection, and
experimental outcomes. Interestingly, EEG data did not align with the
behavioral results. Although reaction times supported morpheme
frequency effects, no frequency effects were observed in ERPs. This
inconsistency underscores the complexity of Mandarin morphological
processing, necessitating further research to resolve these disparities.
Further investigation could consider frequency effects, language factors
(e.g., semantic transparency), and participant-related variables to
deepen our understanding of morphological representation in Mandarin

and cross-linguistic differences in morphological processing.

Chapter 4 explores the lemma-level representation of
Mandarin compound words in the mental lexicon. Using a picture-word
interference (PWI1) paradigm, native Mandarin speakers were asked to
name pictures while ignoring distractor words. Behavioral data were
analyzed across three conditions: synonym distractors, semantically
related distractors, and control distractors. The results revealed
significantly faster naming times for synonym distractors compared to
controls, consistent with previous findings of synonym facilitation
effects (Dylman & Barry, 2018). In contrast, semantically related
distractors delayed naming times compared to controls, aligning with
previously documented semantic interference effects (Levelt et al.,
1999; Lupker, 1979; Roelofs, 1992; Starreveld & La Heij, 1995, 1996).
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These findings suggest that semantically related distractors hinder
lexical retrieval, while synonym distractors facilitate it. The results
support the hybrid lemma account and challenge lexical competition
theories, which typically explain PWI tasks by positing competition
among semantically related word representations during lexical
selection (Levelt et al., 1999). According to these theories, distractors
activated by semantically related words compete with the target,
delaying its selection. However, the observed facilitation effect from
synonym distractors challenges this competition-based explanation.
Overall, the findings suggest a hybrid lemma storage model and provide
behavioral evidence for the decomposition model, while questioning

the lexical competition hypothesis.

Chapter 5 examines the representation of Mandarin compound
words in the mental lexicon, with a focus on the role of morpheme
concreteness in compound word production. The experiment included
two conditions: concrete condition (cc), in which both morphemes were
concrete, and abstract condition (aa), in which both morphemes were
abstract. Behavioral results showed significantly faster naming times
for the concrete condition, providing evidence that morpheme
concreteness affects lexical retrieval in compound word production.
This finding has implications for both the full-listing and
decompositional models. The observed concreteness effect supports the
decompositional model, indicating that each morpheme contributes to
lexical retrieval and influences whole-word processing. The findings

also align with studies suggesting that abstract words have weaker
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semantic-lexical connections (Hanley et al., 2004; 2013). Additionally,
abstract words tend to have more meanings and higher ambiguity
(Hoffman et al., 2011), which may explain their slower retrieval.
Besides, these results further support the hybrid lemma account,
suggesting that compound words are stored as single units at the lemma
level and decomposed into morphemes at the lexeme level for

phonological encoding.

In Chapter 6, we synthesize the findings from the above four
experiments, summarizing their conclusions and theoretical
implications. It discusses the limitations encountered and suggests
directions for future research. Overall, the results support the
decompositional model and the hybrid lemma account of Mandarin
compound word representation, indicating that Mandarin compound
words are stored in a decomposed form during production, with
decomposition occurring at both the lemma and lexeme levels. The
dissertation also examines potential cross-linguistic differences in
compound word representation, highlighting how Mandarin’s unique
writing system and phonological structure might contribute to these
differences. This research advances our understanding of the processing

and representation of Mandarin compound words in the mental lexicon.
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Samenvatting

Deze dissertatie richt zich op de centrale onderzoeksvraag hoe
samengestelde woorden in het Mandarijn worden gerepresenteerd
tijdens taalproductie. Meer specifiek onderzoekt het of samengestelde
woorden in het mentale lexicon op een gedecomposeerde of holistische
manier worden opgeslagen. Indien decompositie plaatsvindt tijdens de
productie, op welk niveau vindt dit dan plaats? Zijn de
opslagmechanismen op het lemma - en lexemeniveau - twee fasen in
lexicale selectie-verschillend? Volgens het theoretische model van
Levelt et al. (1999) kan decompositie van samengestelde woorden

plaatsvinden op het lemma- of lexemeniveau tijdens lexicale selectie.

Om de representatie van Mandarijnse samengestelde woorden
tijdens lexicale selectie te onderzoeken, richt deze dissertatie zich op
twee primaire hypothesen: de hypothese van morfologische
decompositie en de hypothese van volledige opslag. De eerste stelt dat
samengestelde woorden in het mentale lexicon worden gerepresenteerd
door hun samenstellende morfemen, die een rol spelen bij lexicale
toegang. De tweede daarentegen beweert dat samengestelde woorden
als geheel worden opgeslagen, waarbij morfemen geen rol spelen in

lexicale toegang.

Het doel van dit onderzoek is te achterhalen hoe Mandarijnse

samengestelde woorden worden gerepresenteerd op de twee niveaus
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van lexicale selectie tijdens spraakproductie. Deze dissertatie bestaat uit

zes hoofdstukken:

Hoofdstuk  1: Dit  hoofdstuk introduceert  de
onderzoeksachtergrond en het theoretische kader, gebaseerd op de
taalproductietheorie van Levelt et al. (1999). Het geeft een overzicht
van het taalproductiemodel van Levelt, vat relevante literatuur samen,
en schetst de kernvragen, experimentele methoden en belangrijkste

bevindingen die in de volgende hoofdstukken worden gepresenteerd.

Hoofdstuk 2: Hier wordt het eerste experiment beschreven,
waarin een long-lag primingparadigma werd gebruikt om de
morfologische codering van Mandarijnse disyllabische samengestelde
woorden te onderzoeken. Zesendertig moedertaalsprekers van het
Mandarijn namen deel aan een benoemingstaak met afbeeldingen,
waarbij zowel gedrags- als elektrofysiologische gegevens werden
verzameld. Gedragsdata toonden onverwacht geen facilitatie-effect in
reactietijden (RT’s) wanneer morfologisch gerelateerde primes
voorafgingen aan doelwoorden. De RT’s tussen morfologisch
gerelateerde en niet-gerelateerde primes verschilden niet significant,
zonder positie-effecten. ERPs lieten echter een reductie in N400-
amplitude zien bij morfologisch gerelateerde primes, wat een
primingeffect op het niveau van morfologische codering suggereert en
de decompositiemodel ondersteunt. De discrepantie tussen gedrags- en
elektrofysiologische data kan te wijten zijn aan de lange interval tussen
prime en doelwoord, wat gedragsgevoeligheid kan verminderen, terwijl

EEG subtiele verschillen kan detecteren.
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Hoofdstuk 3: Dit hoofdstuk gaat verder met de studie van de
representatie van samengestelde woorden in het mentale lexicon, met
de nadruk op morfeemfrequentie- en woordfrequentie-effecten. De
resultaten lieten zien dat de reactietijden geen effecten van
samenstellingsfrequentie  toonden, maar dat lage-frequentie
samengestelde woorden met hoge-frequentie morfemen (L(h)) sneller
werden benoemd dan lage-frequentie samengestelde woorden met lage-
frequentie morfemen (L(l)). Deze bevindingen ondersteunen de
decompositiemodel, wat suggereert dat morfemen een kritieke rol
spelen in woordproductie. ERP-data waren echter niet consistent met
de gedragsresultaten, wat de complexiteit van Mandarijnse

morfologische verwerking benadrukt.

Hoofdstuk 4: Hier wordt onderzocht hoe Mandarijnse
samengestelde woorden op lemma-niveau worden gerepresenteerd in
het mentale lexicon, met behulp van een picture-word interference
(PWI)-paradigma. Synoniemen veroorzaakten snellere
benoemingstijden, terwijl  semantisch  gerelateerde  afleiders
vertragingen veroorzaakten. Deze resultaten ondersteunen een hybride
lemma-opslagmodel en betwisten hypothesen gebaseerd op lexicale

competitie.

Hoofdstuk 5: Dit hoofdstuk onderzoekt de rol van
morfeemconcreetheid bij de productie van samengestelde woorden.
Concreetheid bleek significant snellere reactietijden te veroorzaken,
wat de decompositiemodel ondersteunt. De resultaten suggereren dat

Mandarijnse samengestelde woorden als enkele eenheden op lemma-
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niveau worden opgeslagen en op lexemeniveau worden

gedecomposeerd.

Hoofdstuk 6: Hier worden de bevindingen uit de vorige
experimenten samengevat, evenals hun theoretische implicaties. Het
bespreekt beperkingen en suggereert richtingen voor toekomstig
onderzoek. Over het algemeen ondersteunen de resultaten de
decompositiemodel en het hybride lemma-account van de representatie
van Mandarijnse samengestelde woorden, met decompositie op zowel
lemma- als lexemeniveau. Deze dissertatie draagt bij aan ons begrip van
de verwerking en representatie van Mandarijnse samengestelde

woorden in het mentale lexicon.
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