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Abstract

For both monolinguals and bilinguals, language comprehension is not merely
a bottom-up passive process of waiting for words, but also involves actively
generating top-down predictions about what is likely to occur. For example, if a
speaker says [t is raining outside, so you should take an ..., the listener may predict
that the next word is likely umbrella. For bilinguals, this prediction process is made
more complicated because they can conduct language processing in two languages.
That is, they can activate both their first language (L1) and second language (L2) in
parallel during comprehension and production. However, it remains unclear whether
this cross-language activation, especially during bilingual production, occurs in one-
language contexts (where only the target language is used). In addition, while
substantial evidence shows that L1 speakers can predict many aspects of upcoming
words and that L2 speakers do so less effectively, the cognitive mechanisms
underlying prediction—such as whether it requires cognitive resources or whether
bilinguals co-activate L1 during L2 prediction—remain poorly understood.
Therefore, this thesis investigated the mechanisms of language processing in
monolinguals and bilinguals, focusing on prediction and production. It first examined
whether prediction is constrained by cognitive resources by having L1 Mandarin
Chinese speakers listen to Mandarin Chinese sentences with varying speech rates and
levels of contextual predictability (highly predictive, moderately predictive, or
unpredictive of a final word). We measured how quickly participants judged whether
a given letter was contained in that final word (Experiment 1), named a picture
corresponding to that final word (Experiment 2), and named that final word

(Experiment 3). We found that participants responded more slowly at a faster speech



rate, with greater effects in more than less predictable sentence contexts. These
results suggested that a faster speech rate slows down prediction speed due to
increased cognitive load, and that the detrimental effect of cognitive load is greater in
more predictable contexts, where the prediction mechanism can be engaged to a
larger extent. Overall, these results support the idea that prediction is cognitively
demanding. Experiments 4 and 5 used a picture-word interference paradigm to
investigate whether bilinguals activate their L1 during L2 production within a pure
L2 context. We asked highly proficient Mandarin Chinese-English bilinguals
(Experiment 4) and English native speakers who spoke no Mandarin (Experiment 5)
to name pictures (e.g., hat, “mao zi” in Mandarin) in English while ignoring English
auditory distractors that were phonologically related to the Mandarin translations of
the picture names (mouth, phono-translation distractors). We found that both groups
showed inhibition for semantically related distractors and facilitation for
phonologically related distractors. Most importantly, Mandarin-English bilinguals
were quicker to name pictures when just preceded by phono-translation distractors
compared to unrelated distractors, but English native speakers were not. These
findings suggest that information associated with words from the non-target language
is activated even when that language is irrelevant to the task, but do not compete for
selection. Experiments 6 and 7 directly tested whether bilinguals pre-activate L1
translations of predictable words during L2 comprehension and whether this depends
on language contexts, using the visual-world paradigm. Specifically, Mandarin-
English bilinguals listened to L2 English sentences containing a highly predictable
word (e.g., You should take an umbrella with you, because there will be heavy rain at

three o'clock this afternoon) while viewing a display containing a critical object and
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three distractors. We found that participants predictively fixated more on a
competitor object whose Mandarin Chinese name was a homophone (e.g., feather
[Mandarin: yu3]) of the Mandarin Chinese translation of the predictable word (e.g.,
rain [Mandarin: yu3]) than an unrelated object (e.g., comb [Mandarin: shul]) when
both languages were used (Experiment 7) but not when just English was used
(Experiment 6). Our findings suggest that bilinguals predict across languages when

both languages are contextually relevant but not otherwise.
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Lay Summary

During language comprehension, both monolinguals and bilinguals actively
predict what a speaker is going to say rather than passively waiting for the speech to
unfold. For example, if a speaker says It is raining outside, so you should take an ...,
the listener may predict that the next word is likely umbrella. For bilinguals, this
prediction process is more complex, as they can activate both their first language
(L1) and second language (L2) during comprehension and production, though it is
less clear whether this parallel activation persists when only one language is needed.
Currently, the cognitive mechanisms underlying prediction—such as whether
prediction is cognitively demanding or whether bilinguals activate L1 during L2
prediction—remain poorly understood. In this thesis, I first examined whether
prediction is constrained by cognitive resources by having L1 Mandarin speakers
listen to Mandarin sentences. I manipulated the speech rate and the predictability of
the final word, and measured how quickly participants judged whether a given letter
was contained in that final word, named a picture corresponding to that final word,
and named that final word. Then I investigated whether bilinguals activate L1 during
L2 production when only L2 was used. Mandarin-English bilinguals named pictures
in English while ignoring English auditory distractors phonologically related to the
Mandarin translations of the picture names. Finally, I examined whether bilinguals
activate L1 translations of predictable words during L2 comprehension when both L1
and L2 were used and when only L2 was used by asking Mandarin-English
bilinguals listen to English sentences containing a highly predictable word while
viewing a display containing a critical object whose Mandarin Chinese name has the

same pronunciation as the Mandarin translation of the predictable word.
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1. Introduction
1.1. Overview

For both monolinguals and bilinguals, language comprehension is not merely
a bottom-up passive process of waiting for words, but also involves actively
generating top-down predictions about what is likely to occur. For example, when
hearing “It is raining heavily outside, so we should take an ...”, they may predict that
the speaker is going to say “umbrella”. For bilinguals, this prediction process is made
more complicated because they can conduct language processing in two languages.
There is good evidence that bilinguals at least sometimes process both their first
language (L1) and second language (L2) in parallel during comprehension and
production. However, it remains unclear whether this cross-language activation,
especially during bilingual production, occurs in one-language contexts (where only
the target language is used). In addition, while substantial evidence shows that L1
speakers can predict many aspects of upcoming words and that L2 speakers do so
less effectively, the cognitive mechanisms underlying prediction—such as whether it
requires cognitive resources or whether bilinguals co-activate L1 during L2
prediction—remain poorly understood. Therefore, this thesis investigates the
mechanisms of language processing in monolinguals and bilinguals, focusing on
prediction during comprehension and production.

In Chapter 2, I will examine whether predictive processing is constrained by
cognitive resources. Specifically, I will investigate whether a fast speech rate (a
natural factor likely to influence the cognitive resources available for prediction
while also allowing for entrainment) affects listeners’ prediction speed. Additionally,

I will explore whether this effect varies across contexts differing in contextual



predictability. Importantly, I will distinguish between the effects of speech rate on
prediction itself and its impact on bottom-up comprehension processes.

In Chapter 3, I will examine to what extent bilinguals activate information
associated with the language that they are not currently using. Specifically, I will
investigate whether highly proficient Chinese-English bilinguals activate their L1
Chinese when producing words in their L2 English in a one-language context where
only L2 is used, using a picture-world interference paradigm. In addition, I will
explore whether any effects suggesting online cross-language activation could have
alternative explanations, such as a learning-based account.

In Chapter 4, I ask whether bilinguals predict in both languages, or restrict
predictions to the one they are currently hearing? Also, do such predictions depend
on whether or not they have recently encountered both languages? Specifically, I will
investigate whether highly proficient Mandarin Chinese-English bilinguals pre-
activate Chinese representations of predictable words during English comprehension
in a one-language context where only English is used, and in a two-language context
where both languages are contextually relevant.

The current chapter first provides an overview of findings showing prediction
at different levels (semantic, syntactic, form) in L1 speakers (Section 1.2). It then
reviews studies comparing predictive processing between L1 and L2 speakers,
showing that L2 speakers predict more slowly and less effectively compared to L1
speakers (Section 1.3). Next, it reviews predominant prediction accounts (Section
1.4), based on which I point out possible reasons for the L1 and L2 prediction
differences: (1) Prediction is cognitively demanding, and L2 speakers have fewer

cognitive resources available for prediction than L1 speakers (Section 1.5), and (2)



L2 prediction is hindered by interference from L1 co-activation (Section 1.6).
Specifically, Section 1.5 focuses on existing studies investigating whether prediction
requires cognitive resources (Section 1.5.1) and the potential differences in cognitive
resources available for prediction between L1 and L2 speakers (Section 1.5.2). In
Section 1.6, I first review evidence that suggests parallel activation of L1 and L2
during bilingual comprehension (Section 1.6.1) and production (Section 1.6.2). After
this, Section 1.7 reviews research suggesting L1 activation during L2 prediction at
semantic level (Section 1.7.1), syntactic level (Section 1.7.2), and form level (Section
1.7.3).

1.2. Prediction at different levels in L1 speakers

For a long time, language comprehension has been regarded as a process
where people incrementally integrate new information accessed from the word
recognition with the established representation in a strictly bottom-up way
(Gernsbacher, 1991; Kintsch & van Dijk, 1978).

A few decades later, however, more psycholinguists realize that language
comprehension is not merely a bottom-up passive process of waiting for words, but
also involves actively generating top-down predictions about what is likely to occur
based on the preceding context (Dell & Chang, 2014; Huettig, 2015; Kuperberg &
Jaeger, 2016; Pickering & Gambi, 2018). Prediction refers to the pre-activation of
linguistic information related to the upcoming utterance before comprehenders
encounter it in a bottom-up way. For example, people will generally guess the next
word is “glasses” when presented with contexts such as “Her vision is terrible and

she has to wear...” (Brothers & Kuperberg, 2021).



Such predictions have several clear benefits in facilitating people’s
comprehension. One such benefit is that it can help resolve ambiguity of linguistic
input (e.g., flour vs. flower; bin and bean may be indistinguishable in noisy context),
thereby reducing the processing burden, especially in adverse conditions. Another
significant benefit is their contribution to short turn gaps in conversation. For
example, the average gap between conversational turns is around 200 ms (Stivers et
al., 2009), which is much shorter than the minimum 600 ms needed to name an
isolated picture (Indefrey & Levelt, 2004). This suggests that listeners begin
preparing their responses by predicting the speaker’s upcoming utterance before the
speaker finishes their turn, enabling smoother turn-taking in dialogue.

The ease at which to pre-activate representations of an upcoming word is
affected by its predictability based on the context. The most common way of
evaluating a word’s predictability is to calculate its cloze probability, which is often
operationalized as the proportion of people who fill a gap in a sentence with that
specific word using a cloze task (Taylor, 1953). The more predictable a word is, the
less processing difficulty it causes. For example, words predictable from the context
are often read faster (Ehrlich & Rayner, 1981; Lowder et al., 2018; Rayner et al.,
2004; Shain et al., 2024; Smith & Levy, 2013) and are more likely to be skipped
(Rayner et al., 2011). In addition, Goldman-Eisler (1958) observed that speakers
were more likely to pause when producing low probability words in a sentence
completion task. Similarly, Staub et al. (2015) found that the response latency was
shorter for higher probability words when participants produce a spoken continuation
to a visually presented sentence fragment (see also Nebes & Boiler, 1983). Wlotko

and Federmeier (2012) found that a word’s cloze probability is inversely correlated



with the associated N400 amplitudes, an index of integration difficulty during
comprehension. Taken together, these studies suggest that the more predictable a
word is, the greater it will be facilitated during processing.

When comprehenders make predictions about upcoming words, at which
levels do these predictions occur? A substantial body of research demonstrates that
L1 comprehenders can predict upcoming words at different linguistic levels:
semantic, syntactic, and form. In the following sections, I review evidence
supporting L1 prediction at these levels.

1.2.1. Semantic prediction

Evidence for semantic prediction in L1 speakers comes from studies using a
variety of methods: the visual world paradigm, ERPs, and fMRI. For example,
Altmann and Kamide (1999) recorded eye movements of L1 English speakers as
they listened to English sentences (e.g., The boy will eat the...) while viewing a scene
containing a target object (e.g., a cake) and three distractors (e.g., a balloon, a toy
car, and a toy train). Participants looked at the edible object cake more than the
distractors after hearing the verb eat but before the target word onset, suggesting that
they predicted the semantic aspect (i.e., edible objects) of the upcoming word based
on the verb eat. But note that the anticipatory looks toward the cake suggested that
listeners predicted semantic features of the upcoming word that fit the context, rather
than the specific concept of CAKE itself.

In an ERP study of Grisoni et al. (2017), L1 English speakers listened to
high-constraint sentences ending with predictable hand-related (e.g., I take the pen
and I ...write) or face-related (e.g., I take some grapes and I . . . eat) verbs, as well

as low-constraint contexts (e.g., I do not take the pen and I ...... write) where the



final verb was unpredictable. High-constraint contexts elicited readiness potential in
sensorimotor cortex areas associated with the meaning of the predictable verbs 100
ms before the target verb onset: dorsolateral hand motor areas for hand-related words
(e.g., write) and ventral motor cortex areas for face-related words (e.g., eat). In
contrast, low-constraint contexts did not elicit such activity. This suggests that
participants pre-activated semantic features of upcoming words following high-
constraint contexts.

In another ERP study, Huang et al. (2023) had L1 Mandarin Chinese speakers
read Chinese classifier-noun phrases in which a classifier precedes a noun and
predicts its animacy features. EEG amplitude analysis revealed distinct neural
patterns for animate versus inanimate nouns. More critically, before the target word
onset, neural activity patterns following classifiers predicting animate nouns showed
greater similarity compared to those predicting inanimate nouns. This suggests that
participants pre-activated the semantic features of animate nouns, as animate nouns
share more common features than inanimate ones.

In an fMRI study, Shao et al. (2022) had L1 Mandarin Chinese speakers
listen to high-constraint Chinese contexts predicting either a tool-related noun (e.g.,
hammer) or a building-related noun (e.g., florist’s shop) and weak-constraint
contexts where the final word was unpredictable. In high-constraint contexts,
enhanced activation was observed in the left anterior supramarginal gyrus for
building-related nouns and their preceding verbs, while the left parahippocampal
place area showed enhanced activation for tool-related nouns and their preceding
verbs. This differential activation indicates that participants pre-activated semantic

features of upcoming words belonging to different categories. Across all these



studies, the effects associated with predictable words emerged before participants
encountered them in a bottom-up way, providing clear evidence of semantic pre-
activation for predictable words.
1.2.2. Syntactic prediction

Evidence for syntactic prediction in L1 comprehension comes from studies
using the visual world paradigm and ERPs. For example, in an ERP study, Wicha et
al. (2004) asked L1 Spanish speakers to read high-constraint Spanish contexts (e.g.,
Caperucita Roja cargaba la comida para su abuela en... “Little Red Riding Hood
carried the food for her grandmother in...”) that continued with a gender-marked
article (una/un) and a noun that was either highly expected (e.g., canasta, “basket”)
or unexpected (e.g., corona, “crown”). An enhanced positivity was observed at 500-
700 ms after the onset of articles that did not match the gender of the following
nouns, suggesting that comprehenders pre-activated the syntactic gender of the
upcoming words.

Van Berkum et al. (2005) had L1 Dutch speakers listen to Dutch stories (e.g.,
De inbreker had geen enkele moeite de geheime familiekluis te vinden. Deze bevond
zich natuurlijk achter een... “The burglar had no trouble locating the secret family
safe. Of course, it was situated behind a . . .””) ending with a predictable
(schilderijeuer, painting) noun. The noun was preceded by a gender-marked adjective
that either matched (e.g., grootueuser, big) or mismatched (e.g., grotecommon, big) the
gender of the predictable noun. ERPs showed that mismatched adjectives elicited a
positivity 50-250 ms after the adjective compared to matched adjectives, suggesting
that participants pre-activated the syntactic information of the predictable word.

However, this effect was not replicated in Nieuwland et al. (2020).



In a visual world paradigm study, Arai and Keller (2013) had L1 English
speakers listen to English sentences containing transitive verbs (e.g., Surprisingly,
the nun punished the artist), intransitive verbs followed by a preposition (e.g.,
Surprisingly, the nun disagreed with the artist), or intransitive verbs followed by a
conjunction “and” (e.g., Surprisingly, the nun disagreed and the artist threw the
kettle), while viewing a display containing three objects (e.g., a nun, an artist, and a
kettle). Participants showed more predictive looks toward the target object (artist)
after hearing transitive verbs (e.g., punish) compared to intransitive verbs with a
preposition (e.g., disagree), and more predictive looks after intransitive verbs with a
preposition than those with a conjunction (e.g., disagreed and) before the target
object was mentioned. These findings suggest that participants predicted the
syntactic structure of the upcoming input using verb-specific information.

1.2.3. Form prediction

Compared to semantic and syntactic prediction in L1 comprehension, there is
also robust evidence for form prediction. In an ERP study, DeLong et al. (2005) had
L1 English speakers read highly predictable sentences (e.g., The day was breezy so
the boy went outside to fly...) that ended with either a predictable noun phrase (e.g., a
kite) or an unpredictable one (e.g., a plane). Larger N400 amplitudes were observed
not only for the unexpected noun “airplane” compared to the expected “kite”, but
also for the article “an” preceding “airplane”” compared to “a” preceding “kite ”.
These findings suggest that participants pre-activated the form of predictable words,
although this effect was not replicated in (Nieuwland et al., 2018).

Similarly, Ito et al. (2020) had L1 Italian speakers read high-constraint Italian

sentences ending with either an expected noun preceded by a phonologically-



matched article (e.g., un-Masculine incidente-Masculine; ‘accident’) or with an
unexpected noun of a different gender, requiring an article that was phonologically
mismatched with the expected noun but matched with the unexpected noun (e.g.,
uno-Masculine scontro-Masculine; ‘collision’). Phonologically mismatched articles
elicited greater negativity at left posterior channels between 250—-800 ms compared
to expected articles, suggesting that participants pre-activated the phonological
information of the predictable words.

In a magnetoencephalography (MEQG) study, Dikker et al. (2010) presented
L1 English participants with contexts predicting either a noun category (e.g., the
tasteless ) or a verb participle category (e.g., the tastelessly ), followed by a
noun whose orthography was either typical (e.g., soda) or atypical (e.g., infant) of the
noun category’s visual form properties. Typical nouns elicited enhanced activity in
the visual cortex between 100 and 130 ms after noun onset when presented in a verb-
biasing context compared to a noun-biasing context, but no difference was observed
for atypical nouns between these contexts. These findings suggest that participants
predicted the syntactic category of the upcoming word based on context and,
importantly, they pre-activated the typical visual form associated with the noun
category.

More evidence for form prediction comes from studies using the visual world
paradigm. Kukona (2020) had L1 English speakers listen to highly constraining
English sentences (e.g., In order to have a closer look, the dentist asked the man to

open his . . .) while viewing a visual display containing a target object (e.g., mouth),

! Although the effect in this study was found after the target word, it still occurred due to pre-
activation of the target word rather than the integration, because this effect occurred after 100-130 ms
following the target word but the visual word recognition process typically takes 130-150 ms
(Carreiras et al., 2014; Sereno & Rayner, 2003), which excluded the integration possibility.



an object whose English name was phonologically similar to the target word (e.g.,
mouse), and two unrelated distractors (e.g., socks and bone). Participants fixated
more on the phonological competitor than on the unrelated objects before hearing the
target word, suggesting that L1 speakers pre-activate the phonological representation
of predictable words. Similar findings have been reported in other studies using the
same paradigm (Ito et al., 2018; Ito & Husband, 2017; Ito & Sakai, 2021; Li et al.,
2022; Shen et al., 2021; Zhao et al., 2024; but see Ito & Husband, 2017; Ito & Sakai,
2021).
1.3. Prediction differences between L1 and L2 speakers

We can see from the above studies that L1 speakers can predict various
aspects of upcoming words, but what about L2 speakers? Do they predict to the same
extent as L1 speakers? Overall, there is good evidence that L2 speakers can predict,
but do so more slowly and less effectively than L1 speakers.
1.3.1. Difference in time course

A substantial body of evidence shows that L2 speakers generate predictions
more slowly than their L1 counterparts (Chun & Kaan, 2019; Dijkgraaf et al., 2017,
2019; Ito et al., 2018; H. Kim & Griiter, 2021a; Koch et al., 2021; Lew-Williams &
Fernald, 2010; Momenian et al., 2024). For example, Dijkgraaf et al. (2017) had
Dutch-English bilinguals and L1 English speakers listen to either constraining (e.g.,
Mary reads a letter) or neutral (e.g., Mary steals a letter) English sentences while
viewing a display containing four objects (e.g., car, letter, school bag, and
wheelchair). Although both groups fixated more on a target object (e.g., letter) in
constraining sentences before the target word onset, the predictive looks occurred

later for L2 speakers. Chun and Kaan (2019) had Chinese-English bilinguals and L1
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English speakers listen to English sentences containing a semantically biased or
neutral verb (e.g., I know the friend of the dancer that will open / get the present)
while viewing a visual display in which only one object can serve as a proper theme.
Both L1 and L2 speakers showed predictive looks towards the target object in the
semantically biased condition compared to the neutral condition, but L2 speakers’
anticipatory looks began 180 ms later than those of L1 speakers.

1.3.2. Difference in prediction levels

In addition to predicting more slowly, L2 speakers also make fewer
predictions than L1 speakers, with syntactic (Hopp, 2015; Lew-Williams & Fernald,
2010; Mitsugi & Macwhinney, 2016; Molinaro et al., 2017) and form-level (Amos et
al., 2022; Ito, et al., 2018; Martin et al., 2013) predictions often evident only in L1
speakers, not in L2 speakers.

In a visual world study, Lew-Williams and Fernald (2010) had L1 Spanish
speakers and English-Spanish bilinguals listen to Spanish sentences containing an
article-noun phrase (e.g., Encuentra la pelota “find the ball”’) while viewing a display
containing two pictures whose names had either the same or different grammatical
genders. L1 speakers quickly shifted their gaze to the target object after hearing
gender-marked articles (e.g., la) when the pictures’ names had different genders,
while L2 learners did not show such predictive eye movements. This suggests that
L2 speakers were less effective in using gender information from articles to predict
the upcoming nouns.

In another VWP study, Hopp (2015) had L1 German speakers and English-
German bilinguals listen to German sentences where case marking on determiners

indicated whether the first noun was a subject (e.g., Der Wolf tétet gleich den Hirsch
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“TheNOM wolf kills soon theACC deer”) or an object (e.g., Den Hasen frisst gleich
der Fuchs “TheACC hare eats soon theNOM fox”), allowing participants to predict
the role of the second noun. Participants viewed a display containing objects
corresponding to the first noun (e.g., the wolf), a potential agent (e.g., the hunter), a
potential patient (e.g., the deer), and a distractor (e.g., the mountain). In sentences
with a Subject-Verb-Object (SVO) order, L1 speakers fixated more on the patient
than the agent after the verb but before the target word, while in Object-Verb-Subject
(OVS) sentences, they fixated more on the agent. L2 learners, however, showed
anticipatory looks toward the patient regardless of sentence type, suggesting that they
failed to use morphosyntactic cues, such as case marking, for syntactic prediction.

Mitsugi and Macwhinney (2016) had L1 Japanese speakers and intermediate
L2 learners listen to Japanese sentences with different word orders: canonical,
scrambled, and accusative. In the canonical and scrambled orders, a sequence of
nominative noun and dative noun indicates that an accusative noun is likely to
follow, while in the accusative condition, a sequence of nominative noun and
accusative noun indicates that a sentence-final verb is expected. Participants viewed
a display containing an agent, a recipient, a theme, and a distractor. L1 Japanese
speakers showed predictive looks toward the theme object in both canonical and
scrambled conditions, but not in the accusative condition, while L2 learners did not
show such predictive eye movements, suggesting that L2 learners were not able to
use case-marking information to predict the upcoming syntactic structure as L1
speakers.

The clearest difference between L1 and L2 prediction appears to relate to

form, as no study has found form prediction in L2 comprehension. For example, in
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an ERP study, Martin et al. (2013) had L1 English speakers and Spanish-English
bilinguals read highly constraint English sentences (e.g., He was very tired so he sat
on ...) with a predictable or unpredictable final noun, which were preceded by an
article either congruent (e.g., a chair) or incongruent with the predictable noun (e.g.,
an armchair) (as in DeLong et al., 2005). L1 English speakers, but not L2 speakers,
showed an increased N400 amplitude effect for articles incongruent with the
predictable nouns, suggesting that unlike L1 speakers, L2 speakers did not pre-
activate the phonological representation of predictable words. However, since the
mean cloze probability of the expected nouns differed between L1 and L2 speakers,
it remains unclear whether L2 speakers predict less than L1 speakers under
comparable cloze probability conditions (see also Amos et al., 2022; Ito et al., 2018).

Together, the studies reviewed thus far demonstrate that L1 speakers can
predict various aspects of upcoming words, whereas L2 speakers do so more slowly
and to a less extent. What may account for these differences? To address this, we
must first understand the mechanisms underlying prediction during comprehension.
While L1 comprehenders can predict various aspects of upcoming words, this does
not necessarily mean that predictions are always cost-free and ubiquitous. So, how
do people predict upcoming words during comprehension? The following section
reviews some dominant accounts of prediction during comprehension.
1.4. Prediction mechanism

Some researchers argue that prediction is integral to language
comprehension, considering it a spontaneous computational process where
comprehenders incrementally update their probabilistic beliefs about upcoming

words at multiple levels of representation upon encountering new input (Dell &
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Chang, 2014; Federmeier, 2007; Fitz & Chang, 2019; Kuperberg & Jaeger, 2016;
Levy, 2008; Lupyan & Clark, 2015), while others consider it an optional process
impeded by resources limitations (Chang et al., 2006; Dell & Chang, 2014;
Federmeier, 2007; Huettig & Mani, 2016; Pickering & Gambi, 2018; Pickering &
Garrod, 2013). Currently, this debate remains unresolved. Since resolving this debate
is beyond the scope of this thesis, I will focus on the optional-based account, which
is more directly relevant to my research.

One such optional-based account argues that people make predictions using
their production system (e.g., Pickering & Gambi, 2018). To predict what a speaker
is going to say, comprehenders first listen to the speakers’ linguistic input and
covertly imitate it, transforming comprehension representations into production
representations. Based on these linguistic representations and nonlinguistic context
(e.g., shared visual context and background knowledge), comprehenders derive the
speaker’s intention underlying the utterance. Then they run it through their
production mechanisms and predict by reproducing the representations of the
upcoming word in the order of semantics, syntax, and form, mirroring the actual
word production process, except without overt articulation. The production-based
accounts propose that making predictions through such a system is cognitively
demanding, meaning that under time and resources constraints, comprehenders may
predict only at lower levels (e.g., semantics and syntactics) but not at the level of
form.

Prediction-by-production accounts have gained much empirical support. For
example, in an ERP study, Martin et al. (2018) manipulated participants’ production

system availability by having them either produce a syllable, perform tongue tapping,
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or listen to a syllable while comprehending sentences containing expected or
unexpected noun phrases. Unexpected articles before predictable nouns elicited
larger N400 amplitudes compared to expected articles, but this effect was reduced
when the production system was occupied, suggesting that prediction relies on the
production system. Similarly, Lelonkiewicz et al. (2021) found that participants
processed predictable words faster than unpredictable ones in high-constraint
contexts, and importantly, this facilitation effect was stronger when participants read
contexts aloud than silently, suggesting that involving the production system
enhances prediction.

Rommers et al. (2020) presented participants with sentences word-by-word,
and then had them read the sentence-final word either aloud or silently. Memory
improvements from producing words were smaller for predictable words compared
to unpredictable words, suggesting that prediction involves covert production
processes per se. Neuroimaging studies also support the prediction-by-production
accounts. In an ERP study, Gastaldon et al. (2020) found similar patterns of alpha
and beta desynchronization in participants who listened to high-constraint contexts
followed by either naming a picture (production) corresponding to a predictable word
or simply listening to the predictable word (prediction). Together, these findings
suggest that comprehenders engage their production systems to generate predictions.
1.5. The role of cognitive resources in predictive processing

In the previous section, I reviewed evidence supporting accounts that propose
that comprehenders use their production systems to generate predictions, with
prediction being an optional process in comprehension due to its cognitive resource

demands. If prediction is indeed constrained by cognitive resources, a likely

15



explanation for why L2 speakers predict less effectively than L1 speakers is their
relatively limited cognitive resources available for prediction. In Section 1.5.1, I
review existing studies investigating whether prediction is limited by cognitive
resources and in Section 1.5.2, I review research suggesting potential differences in
the cognitive resources available for prediction between L1 and L2 speakers.
1.5.1. Existing research on prediction and cognitive resources

A wealth of studies has examined whether prediction relies on cognitive
resources by investigating the correlation between individuals’ working memory
(WM) capacity and their predictive processing. Much evidence suggests that higher
WM capacity is linked to stronger prediction effects (Huettig & Janse, 2016; Huettig
& Mani, 2016; Li & Qu, 2024; Otten & Van Berkum, 2009). For instance, Otten and
Van Berkum (2009) found that while Dutch speakers with both high- and low-WM
capacities showed an early negative deflection (200-600 ms) to unexpected gender-
marked determiners followed by a predictable word in high-constraint sentences,
low-WM readers also showed a late negativity (900-1500 ms). This suggests that
WM capacity influences how comprehenders process information inconsistent with
their predictions. Li and Qu (2024) had L1 Chinese speakers listen to high-constraint

Chinese sentences containing a predictable word (e.g., {5 J, ZHHE i FIA T
FEH T 156 HEA [H15E “After school, T packed my pencil case and notebooks into

my schoolbag and prepared to go home™) while viewing a scene. Participants with
higher WM capacity made earlier predictive looks toward a semantic competitor
(e.g., rubber) than those with lower WM capacity, suggesting that greater WM

capacity facilitates prediction.
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There is also evidence suggesting that populations with fewer domain-general
executive resources, such as children (Gambi et al., 2018; Mani & Huettig, 2012),
older adults (Dave et al., 2018; Federmeier et al., 2010, 2010; Federmeier & Kutas,
2019; Wlotko & Federmeier, 2012) and L2 speakers (Lew-Williams & Fernald,
2010; Martin et al., 2013; Mitsugi & Macwhinney, 2016), have weaker predictive
abilities compared to young adults.

Other studies have investigated the influence of cognitive resources on
prediction by manipulating comprehenders’ cognitive load. For example, Ito et al.
(2018) had L1 and L2 English speakers listen to high-constraint sentences (e.g., The
lady will fold/find the scarf) where the verb could predict one of four objects (e.g.,
scarf, high heels, violin, and piano) shown in a display. Both groups showed
predictive looks toward the target object before hearing the target word. However,
when participants were engaged in a concurrent word-remembering task, this
predictive effect was delayed by 800 ms, suggesting that increased cognitive load
impairs prediction (see also Schuckart et al., 2024).

Although these studies suggest that greater cognitive load impairs predictive
processing, they all used a dual-task paradigm, where speech comprehension is
performed concurrently with a secondary task. A limitation of this approach is that
the observed effects may arise from attention shifts between the primary task and
secondary tasks (Mattys et al., 2014; Mitterer & Mattys, 2017). In other words,
impaired predictive processing could be due to divided attention (processing both
prediction during comprehension and the secondary task) rather than a depletion of
cognitive resources (a reduction in the mental capacity available to support

prediction during comprehension).
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One factor that can be naturally used to investigate the cognitive load effect
on prediction is a fast speech rate. Some studies suggest that fast speech rates
interfere with prediction. Wlotko and Federmeier (2015) had participants read two-
sentence passages (e.g., They wanted to make the hotel look more like a tropical
resort. So along the driveway they planted rows of ...), where the final word was
predictable (e.g., palms), categorically related (e.g., pines), or unrelated (e.g., tulips).
At a 500 ms SOA, categorically related words elicited reduced N400 amplitudes
compared to unrelated words, but the effect diminished at a 250 ms SOA, suggesting
that a faster presentation rate may disrupt prediction. However, this effect occurred
after the final word was encountered, possibly reflecting ease of integration rather
than prediction (see Pickering & Gambi, 2018).

In two experiments, Ito et al. (2016) had participants read high-constraint
sentences (e.g., Living alone is too expensive, so the students will share a ...)
followed by a predictable, semantically related, form-related, or unrelated word at
500 ms or 700 ms SOAs. At 700 ms SOA, reduced N400 effects were observed for
both semantically related and form related words, whereas at 500 ms SOA, this effect
was only found for semantically-related words. These findings suggest that
comprehenders may predict less at a faster presentation rate. However, they may also
suggest a faster presentation rate makes the integration of form-related words more
difficult, rather than reducing prediction itself.

In a visual-world study, Huettig and Guerra (2019) had Dutch speakers
preview a scene with a target object (e.g., a bicycle) and three distractors for a short
or long time before listening to Dutch sentences spoken at a slow or normal rate

(e.g., Kijk naar de afgebeelde fiets “Look at the displayed bicycle”). The gender of
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the determiner matched only the target object but not distractors, thus allowing
prediction. Participants showed predictive looks to the target object at both speech
rates after a long preview but only at the slow rate after a short preview, suggesting
that a faster rate may impair prediction. However, since the target picture had a
different gender from the other three pictures, participants might have figured out
that it would be the target before hearing the determiner.

However, some studies suggest that fast speech rates may not impair
prediction. Fernandez et al. (2020) had participants listen to short stories (e.g., One
day a wolf and a deer were sleeping near a cave. The wolf became crazed and the
wolf attacked the deer. A hawk watched as the deer escaped) followed by a “wh-
movement” comprehension probe (Point to who the wolf was attacking near the
cave) while viewing four objects (e.g, a wolf, a deer, a hawk, and a cave) mentioned
in the story. They manipulated the speech rate (3.5, 4.5, 5.5, 6.0 syllables per second)
of the stories and found that both young and older adults showed more anticipatory
eye movements to the target object after encountering the verb at 4.5 than 3.5
syllables/second (Experiment 1). This finding suggests that as speech rate increases,
speakers seem to become more able to use top-down syntactic information to predict
upcoming information and form such “filler-gap” dependencies.

In another study, Kukona (2023) had participants listen to high-constraint
sentences (e.g., What the man will ride, which is shown on this page, is the bike)
while viewing a visual array (e.g., a bike and a kite), and asked them to use a mouse
to select the referenced object. Participants moved their mouse cursor to the

predictable object (the bike) before hearing it not only at a natural speech rate (~3
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syllables/second) but also at faster rates (~6 and ~9 syllables/second). This suggests
that comprehenders’ prediction does not seem to be impaired at a faster pace.

Overall, existing findings on whether prediction requires cognitive resources
are mixed, particularly in studies using speech rate to manipulate cognitive load.
While some studies suggest that higher cognitive load impairs compreheners’
prediction, others do not provide evidence that it affects prediction.
1.5.2. Greater cognitive load in L2 comprehension and production

In contrast to the mixed findings on whether prediction demands cognitive
resources, research has consistently shown that L2 speakers experience greater
cognitive load than L1 speakers during both comprehension and production.

Language comprehension involves complex processes such as word
recognition, meaning retrieval, syntactic parsing, and inference-making, all requiring
cognitive resources (Caplan & Waters, 1999; In’nami et al., 2022; Just & Carpenter,
1992; Perfetti & Stafura, 2014). For L1 speakers, processes such as lexical access
and syntactic parsing are largely automatic and resource-efficient. However, for L2
speakers, comprehension is more resource-intensive due to limited grammatical and
lexical knowledge, leading to processing challenges (Morishima, 2013). For
example, L2 learners often struggle with lexical access due to weaker lexical
representations (Li & Clariana, 2019), have less efficient semantic searches (Ardila,
2003), encounter real-time syntactic processing difficulties (Roberts, 2007), and face
challenges in constructing discourse-level representations (Horiba, 1996; Walter,
2004).

These difficulties are also evident in ERP studies. For instance, L2 learners

typically show P600 responses to word category and case violations but lack the
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early left-lateralized anterior negativity (LAN) seen in L1 speakers (Clahsen &
Felser, 2006; Hahne, 2001; Isel et al., 2000; Mueller et al., 2005). Since the P600 is
often linked to controlled processes and the LAN to automatic ones (Friederici,
2002), these findings suggest reduced automaticity in semantic and syntactic
processing of L2 speakers.

Similarly, language production also requires cognitive resources (Karimi et
al., 2019), and higher WM capacity is associated with better language production
performance (Abu-Rabia, 2003; Bergsleithner, 2010; Kim et al., 2021). Compared to
L1 speakers, L2 speakers have weaker word-concept associations (Jiang, 2000),
require more attentional resources to monitor speech (Kormos, 2000), and exhibit
slower retrieval and less effective use of gender information (Griiter et al., 2012). An
fMRI study by Liu et al. (2010) showed that during picture naming, L2 speakers
activated the left inferior frontal gyrus and brain areas related to articulo-motor
processing more than L1 speakers, suggesting greater cognitive demands in lexical
retrieval and articulatory processing in L2 speakers.

The reduced efficiency in both comprehension and production for L2
speakers means these processes require more cognitive resources than they do for L1
speakers, limiting cognitive resources available for prediction and impairing it. For
example, L2 speakers may be slower in extracting sentence meaning necessary for
prediction or less effective in pre-activating lexical representations of predictable
words through their production systems (Ito & Pickering, 2021). Thus, differences in
prediction between L1 and L2 speakers may stem from the disparity in cognitive
resources available for prediction, assuming prediction is indeed a cognitively

demanding.
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1.5.3. Conclusion

In sum, the evidence on whether prediction is constrained by cognitive
resources remains inconclusive. While some indirect findings suggest that
populations with greater WM capacity predict more effectively, consistent evidence
is lacking on whether increased cognitive load during comprehension directly
impairs prediction, especially under natural load manipulations such as faster speech
rates. To explore whether L2 speakers predict less than L1 speakers due to less
available cognitive resources, it is important to first establish whether prediction is
impaired under greater cognitive load. Therefore, Experiments 1-3 in this thesis
(Chapter 2) investigated how speech rate affects listeners’ prediction speed across
contexts of different predictability.

The following sections discuss another likely explanation for reduced
prediction in L2 speakers: L1 co-activation during L2 prediction. In Section 1.6, I
review evidence suggesting parallel activation of both languages during
comprehension and production. In Section 1.7, I review evidence suggesting that L1
co-activation affects L2 prediction.

1.6. Parallel activation of L1 and L2 during bilingual comprehension and
production

Compared to monolinguals, bilinguals manage two mental lexicons, and are
constantly faced with the challenge of selecting words from the appropriate
language. Extensive evidence suggests that words from both languages are activated
in parallel during comprehension and production—a phenomenon known as non-
selective lexical access. However, a substantial body of research has also shown that

this non-selective access can be influenced by language context—whether
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participants have recently encountered only the target language word (one-language
context) or both languages (two-language context).

The co-activation of L1 during L2 comprehension likely influences L2
predictive processing in two ways. First, L2 speakers may co-activate the L1
counterparts of L2 contextual segments (e.g., critical verbs or syntactically marked
articles) that serve as predictive cues for upcoming words. Second, since prediction
likely engages the production system (Pickering & Gambi, 2018), L2 speakers may
pre-activate lexical representations of predictable words in both L1 and L2, similar to
bilingual lexical activation in actual production. Next, I review studies on lexical
access in bilingual comprehension (Section 1.6.1) and production (Section 1.6.2).
1.6.1. Parallel activation in bilingual comprehension and language context

Evidence for parallel activation of L1 and L2 during comprehension mainly
comes from studies on cognates, interlingual homograph / homophone, phoneme
monitoring, interlingual orthographic neighbours, and translation equivalents.
1.6.1.1. Cognates

Cognates—words that share both form and meaning across languages—are
processed faster than non-cognates in tasks such as L2 lexical decision (Dijkstra et
al., 1998; Lemhofer & Dijkstra, 2004; Schroter & Schroeder, 2015; Van Hell &
Dijkstra, 2002) and progressive demasking (Dijkstra et al., 1999; Lemhdéfer et al.,
2008). The standard explanation for the cognate facilitation is that the target-
language word activates its cognate in the non-target language, and this combined
activation facilitates comprehension.

However, there are alternative explanations for cognate facilitation. For

instance, cognates often contain higher-frequency syllables than non-cognates,
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because the shared syllables are activated whenever the cognate is used in either
language (Costa et al., 2000; Gollan & Acenas, 2004). Thus, the cognate facilitation
effect may not necessarily reflect non-specific lexical selection. Another explanation
for the cognate effect is that bilinguals tend to learn cognates more effectively than
non-cognates, hence making cognates more accessible (Costa et al., 2017; Mitchell et
al., 2024; Sanahuja & Erdocia, 2024).

Critically, the cognate facilitation effect appears to be influenced by language
context. For example, Titone et al. (2011) found that English-French bilinguals
showed cognate facilitation in low- but not high-constraint L1 contexts. However,
when L2 filler sentences were included (two-language context), cognate facilitation
was observed for both low- and high-constraint sentences, suggesting that a two-
language context increases cross-language activation. However, Dijkstra et al. (2015)
found no effect of language context on cognate facilitation, reporting facilitation in a
L2 lexical decision task, regardless of whether cognates were preceded by Dutch
(two-language context) or English sentences (one-language context).
1.6.1.2. Interlingual homographs

Interlingual homographs—words that share form but not meaning across
languages—are processed more slowly than non-homographs in lexical decision
tasks (Dijkstra et al., 1998; Dijkstra et al., 2000; Lameira et al., 2023). For example,
Dijkstra et al. (2000) observed slower responses to interlingual homographs when
Dutch-English bilinguals were asked to press one button for English words and
another for Dutch words, or when they responded to words in only one of the two
languages. This suggests that readings of homographs in both languages are activated

(see also Dijkstra et al., 1999).
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Like cognate facilitation, interlingual homograph interference is affected by
language context. For instance, in Dijkstra et al.'s (1998) English lexical decision
task, there was no response time difference between interlingual homographs and
English control words when only English words or nonwords that were
orthographically legal in English were used (one-language context). However, when
Dutch filler items were added (two-language context), response times for
homographs were longer than for English control words, suggesting increased non-
target language activation in a two-language context. Similarly, in a L2 lexical
decision task, Dijkstra et al. (2000) observed response time difference between
homographs and controls only after L1 words were introduced in the second half of
the experiment. Likewise, in an English lexical decision task, Studnitz and Green
(2002) found that proficient German-English bilinguals responded more slowly to
interlingual homographs than to control words, but with greater interference when
German words were included in the stimuli. In addition, when no German words
were included, interference was smaller when participants were informed about the
presence of interlingual homographs at the start of the experiment than when
informed before the second phase.

Relatedly, Elston-Giittler et al. (2005) presented German-English bilinguals
with English sentences (e.g., The woman gave her friend an expensive gift/item)
ending with either an interlingual homograph (gift, meaning “poison” in German) or
a control word (e.g., item), followed by target words corresponding to the L1
homograph meaning (e.g., poison) in an English lexical decision task. Participants
who had viewed a German movie before the experiment responded faster and

showed N200 and N400 modulations for homograph-related words compared to
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control words in the first block—an effect not observed for those who watched an
English movie (see also Elston-Giittler & Gunter, 2009). These findings suggest that
cross-language activation is influenced by language context.

But not all studies have found a language context effect on interlingual
homograph interference. For example, De Bruijn et al. (2001) had Dutch-English
bilinguals respond “yes” if all words in a triplet were valid in either English or
Dutch, and “no” if any were non-words in either language. In critical trials, the first
item was either an English word (e.g., HOUSE) or a Dutch word (e.g., ZAAK),
followed by an interlingual homograph (e.g., ANGEL) and a third item related to the
English homograph meaning (e.g., HEAVEN). Semantic priming effects occurred
regardless of the language of the first item, suggesting that the English meaning of
interlingual homographs was activated independently of language context.
1.6.1.3. Phoneme monitoring

Further evidence of cross-language activation comes from phoneme
monitoring tasks. Colomé (2001) had Catalan-Spanish bilinguals judge whether a
given phoneme was in the Catalan name of a picture. Participants were slower to
reject a phoneme (e.g., /m/) present in the Spanish translation (“mesa”) than one
(e.g., /f/) absent from both the Catalan (“taula”) and Spanish names (“mesa’). This
led the authors to conclude that both languages were activated: if both the Catalan
name “taula” and the Spanish name “mesa” are activated, /m/ is also activated,
causing slower rejection than /f/. Conversely, if only the Catalan name were
activated, no difference in rejection times would be expected.

However, the phoneme monitoring effect is also influenced by language

context. Hermans et al. (2011) had Dutch-English bilinguals judge if a phoneme was
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in the English name of a picture. Participants were slower to reject phonemes from
Dutch names than ones absent from both Dutch and English names when filler
pictures with cognate names were included (two-language context), but this effect
disappeared with non-cognate fillers (one-language context). This again suggests that
language context affects cross-language activation.
1.6.1.4. Orthographic neighbourhood density

In progressive demasking and lexical decision tasks, Van Heuven et al.
(1998) found that Dutch-English bilinguals responded slower to English words with
more Dutch orthographic neighbours, but faster with more English neighbours. In
contrast, L1 English speakers responded faster to words with more English
neighbours but were unaffected by Dutch neighbours. This suggests that bilinguals
activate words from both languages in parallel during L2 comprehension. This
orthographic neighbourhood effect was replicated by Dirix et al. (2017) who showed
that response times in L2 lexical decision tasks increased with more interlingual
orthographic neighbours in L1(see also Midgley et al., 2008).
1.6.1.5. Cohort members

Evidence supporting non-selective lexical access also comes from studies
involving lexical cohort members. In an eye-tracking study, Marian and Spivey
(1999) had Russian-English bilinguals listen to instructions in either Russian or
English (e.g., Poloji marku nije krestika, “Put the stamp below the cross’’) while
viewing a display containing a target object (e.g., stamp), a cross-language
competitor whose name in the alternate language was phonologically overlapped
with the name of the target object (e.g., marker), and two filler objects. Bilingual

participants fixated more on the cross-language competitor than on filler objects,
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suggesting that the non-target language is co-activated. However, this study was
conducted in a two-language context: participants were aware the experiment was
about bilingualism and were tested by bilingual experimenters, and completed both
Russian and English experimental sessions.

Using a similar paradigm, Marian & Spivey (2003) later tested Russian-
English bilinguals in a strictly one-language context (i.e., only one language was
used throughout the experiment; the experimenter was monolingual). Although
participants still showed cross-language activation effects, the magnitude was
smaller, suggesting that the language context modulates the extent of cross-language
activation.
1.6.1.6. Unconscious Translation

A final key source of evidence for parallel activation of L1 and L2 comes
from studies on the unconscious translation of L2 words into L1 during L2
comprehension. In an ERP experiment, Thierry and Wu (2007) had Chinese-English
bilinguals judge the semantic relatedness of English word pairs, and found smaller
N400 amplitudes for English word pairs (e.g., train — ham) whose Chinese
translations (e.g., huo che — huo tui) shared a character compared to those whose
Chinese translations did not. They interpreted these results in terms of unconscious
activation of Chinese translations during English comprehension (see also Wu &
Thierry, 2010; Zhang et al., 2011). In auditory word recognition, Wang et al. (2017)
showed that Chinese-English bilinguals listening to English words (e.g., rain, “yu3”
in Chinese) fixated more on a competitor object whose Chinese name was a
homophone of the Chinese translation of the target word (e.g., feather, “yu3” in

Chinese) than an unrelated object, suggesting cross-language activation. However,
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Costa et al. (2017) argued that these findings might reflect remnants of L2 learning
rather than online cross-language activation.

The unconscious translation effect was also influenced by language context.
Cheng and Howard (2008) presented Mandarin -Taiwanese bilinguals with pairs of
Mandarin sentences that either both included code-switched Taiwanese words (two-
language context) or were entirely in Mandarin (one-language context) and had them
judge if two sentences were semantically synonymous in Mandarin. Participants
showed a switch cost (i.e., slower to respond) for language-switching pairs when
they believed that only Mandarin would be used in the experiment, but such switch
cost disappeared when they expected that both Mandarin and Taiwanese would be
involved in the experiment.

In an eye-tracking study, Olson (2017) had Spanish-English bilinguals read a
target word in English following a context that was entirely in English, entirely in
Spanish, or consisted of some English words followed by some Spanish words.
Relative to the English-only context, participants had more difficulty with a context
entirely in Spanish but did not have difficulty with the mixed language context,
suggesting that the non-target language is activated to a larger extent in a two-
language context than in a one-language context (see also Declerck & Grainger,
2017; Kheder & Kaan, 2019). In another eye-tracking study, Hoversten and Traxler
(2020) had Spanish-English bilinguals read low-constraint English sentences (e.g.,
We saw that his _had a horrible scar) containing a critical word in English (hand),
Spanish (mano), or a pseudoword (erva). Eye movements revealed that overtly
presented Spanish words (two-language context) caused early reading disruptions

compared to English words, though less than pseudowords, suggesting that code-
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switched words were less accessible but not fully treated as pseudowords. However,
when code-switched words were presented covertly using the gaze-contingent
boundary paradigm (one-language context), they were processed like pseudowords
(see also Hoversten & Martin, 2023), thus in a one-language context Spanish had the
same status as nonwords — it was not activated.

In sum, there is much evidence to suggest that the bottom-up lexical access in
language comprehension is non-selective but influenced by language context, as
proposed by Bilingual Interactive Activation plus model (BIA +) (Dijkstra &
Heuven, 2002) and localist-connectionist model (Multilink) (Dijkstra et al., 2019).
These models distinguish between a bottom-up, language non-selective word
identification system and a task/decision system, and assume that while the word
identification system operates in a bottom-up, non-selective way, the decision
system—guided by the non-linguistic factors such as instructions and task
demands—modulates its output before a response is made.

1.6.2. Parallel activation in bilingual production and language context

Evidence for parallel activation of L1 and L2 during production comes from
studies on speech errors, cognates, the picture-word-interference effect, and switch
costs.
1.6.2.1. Speech errors

In a corpus analysis, Poulisse and Bongaerts (1994) analysed spontaneous 1.2
speech by Dutch-English bilinguals and found frequent L1 intrusion errors, where L1
equivalents or parts of them were morphologically or phonologically bended with L2

words (e.g., zit for the intended English word sif). Similar intrusion errors have also
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been reported in bilinguals with Alzheimer’s disease (Gollan et al., 2017). These
findings suggest that parallel activation of two languages occurs very occasionally.
1.6.2.2. Cognates

As in comprehension, bilinguals produce cognates faster than non-cognates
(Costa et al., 2000; Hoshino & Kroll, 2008; for review, see Costa et al., 2005). For
instance, Costa et al. (2000) showed that Catalan-Spanish bilinguals named pictures
with cognate names faster than non-cognates, with stronger facilitation effect in L2
than in L1, suggesting phonological activation in the non-target language.

But as in language comprehension, cognate facilitation in production is also
influenced by language context. Li and Gollan (2021) had Spanish-English bilinguals
name pictures in isolation, or pictures embedded in low-constraint Spanish and
English sentences, replacing a target word. Participants named the pictures in either
Spanish or English based on a cue. The switch costs were smaller for cognates than
for non-cognates, suggesting that non-target language is co-activated. Importantly,
switch costs were larger in sentence contexts compared to isolated picture naming.
These results suggest that language context modulates cross-language activation.
1.6.2.3. Picture-word-interference paradigm

The picture-word-interference (PWI) paradigm provides further evidence for
parallel activation of L1 and L2 during production. Hermans et al. (1998) had Dutch-
English bilinguals name pictures (e.g., a mountain) in English while displaying
distractors (e.g., bench) phonologically related to the Dutch translations of the
picture names (phono-translation distractor). An interference effect was observed for
phono-translation distractors compared to unrelated distractors when the distractors

were in Dutch (two-language context), but no such effect was found when the
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distractors were in English (one-language context). This suggests that the non-target
language is activated in a two-language context but not in a one-language context.
Several more recent studies have used this paradigm to investigate bilingual lexical
selection process. Some observed interference effects but they were also conducted
in two-language contexts (Boukadi et al., 2015; Costa et al., 2003; Klaus et al.,
2018). Other studies reported facilitation (Costa et al., 2008; Deravi, 2009; Goh &
Chen, 2017; Hoshino et al., 2021), and still others found no significant effects
(Boukadi et al., 2015; Goh & Chen, 2017; Hoshino et al., 2021; Klaus et al., 2018).
In sum, the findings are mixed and sometimes contradictory, as discussed in more
detail in Chapter 3.
1.6.2.4. Switch costs

Other evidence for cross-language activation in bilingual language production
comes from studies showing switch costs. For example, Meuter and Allport (1999)
had bilinguals name numerals in L1 or L2 based on a colour cue. Participants
responded slower on switch trials (where the response language differed from the
previous trial) compared to non-switch trials (where the response language was the
same as the previous trial), and the switch costs were larger when switching from L2
to L1 than vice versa. This has been interpreted as evidence that both languages are
activated during production and bilinguals use an inhibitory mechanism to suppress
the activation and competition of the non-target language. Larger switch costs when
switching to L1 are thought to result from the stronger inhibition required to supress
the more dominant and highly activated L1 (Green, 1998). However, there are

alternative explanations for these effects (Finkbeiner et al., 2006; Philipp et al.,
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2007), with some proposing that language switch costs may arise from task-
switching rather than language switching (Philipp et al., 2007).

Language switch costs have also been observed in fMRI and ERP studies. For
example, ERP studies have shown that the N2 component, associated with inhibitory
control and occurring around 200 ms after stimulus onset, exhibits larger amplitudes
for switch trials compared to non-switch trials (Jackson et al., 2001; Verhoef et al.,
2010; Zheng et al., 2020). Additionally, the N400 component, which reflects lexical
and semantic integration, shows greater amplitudes in switch trials, suggesting
increased processing costs to lift inhibition of the previously used language (Pellikka
et al., 2015). Furthermore, time-frequency analysis by Liu et al. (2017) revealed that
bilinguals with low L2 proficiency but high inhibitory control showed larger theta
rhythms (4-7 Hz), linked to inhibitory control, when switching to L1 compared to L2
in picture naming tasks.

Language switch costs in production are also influenced by language context.
In an fMRI study, Abutalebi et al. (2008) had German-French bilinguals name
pictures in a blocked paradigm, either entirely in L1 or L2 (one-language context) or
randomly switching between L1 and L2 (two-language context). Naming pictures in
L1 during the two-language context elicited greater activation in the left caudate and
anterior cingulate cortex—areas associated with inhibition, compared to naming in
L1 during the one-language context (see also Guo et al., 2011). This suggests that the
non-target language is more strongly activated in a two-language context than in a
one-language context.

In another cued picture naming study, Olson (2016) had bilinguals name

pictures in a one-language context (95% of tokens in L1, 5% in L2 or 95% of tokens
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in L2, 5% in L1) and a two-language context (50% of tokens in L1, 50% in L2).
Asymmetrical switch costs were observed in the one-language context but
disappeared in the two-language context. This suggests that inhibition applied to the
non-target language is more balanced in the two-language context, which implies
that the non-target language is less strongly inhibited compared to the one-language
context. Together, these findings suggest that the degree of activation of the non-
target language varies based on the language context.
1.6.3. Conclusion

The evidence reviewed in this section suggests that both L1 and L2 are
activated in parallel during language comprehension and production when bilingual
encounter words from both languages, supporting the notion of language non-
selective lexical access. However, the degree of cross-language activation in
bilingual language comprehension and production is likely context-sensitive.
Grosjean (1998, 2001, 2008) argues that bilinguals’ two languages are always
somewhat activated, with specific activation levels depending on the language
context. In a two-language context where both languages are required (bilingual
mode), both languages are activated, while in a one-language context where only one
language is needed (monolingual mode), primarily the target language is activated.
Currently, it remains unclear whether this cross-language activation occurs in a one-
language context. Therefore, Experiments 4-5 in this thesis (Chapter 3) investigates
this issue in further detail, before further exploring cross-language activation in top-
down prediction in Experiment 6-7 (Chapter 4). The following sections review

evidence suggesting that bilinguals co-activate their L1 during L2 prediction.
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1.7. Evidence on L1 co-activation during L2 prediction

The parallel activation of L1 and L2 during comprehension and production
supports the possibility of L1 co-activation during L2 prediction, potentially
explaining differences between L1 and L2 predictive processing. Indeed, much
evidence suggests that bilinguals co-activate their L1 during L2 prediction. When the
activated L1 counterparts completely overlap with their L2 equivalents, this co-
activation can facilitate L2 prediction. Conversely, when L1 and L2 counterparts
differ in semantic, syntactic, or form-related features, co-activation may interfere
with L2 prediction. Section 1.7.1, Section 1.7.2, and Section 1.7.3 review evidence of
L1 activation affecting L2 prediction at the semantic, syntactic, and form levels,
respectively.
1.7.1. L1 activation affecting L2 semantic prediction

Two studies suggest that L1 semantic activation interferes with L2 prediction.
Using the visual-world paradigm, van Bergen and Flecken (2017) investigated
whether German-Dutch and English / French-Dutch bilinguals could use L2 Dutch
placement verbs to predict upcoming words. German and Dutch placement verbs
specify its position (i.e., they distinguish “put into a standing position” from “put into
a lying position”), while French and English verbs do not (i.e., they just have “put”).
Participants listened to Dutch sentences (e.g., de jongen zette kort geleden een bal op
de tafel “the boy put.stand recently a ball on the table”) with placement verbs while
viewing scenes with objects in various positions. L1 German speakers made
predictive eye movements toward objects whose position was compatible with the

verb, while L1 English and French speakers did not. This may suggest that L1
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English and French speakers co-activated their L1 verbs, leading them to predict
objects without considering their position.

Similarly, Ito et al. (2024a) had heritage speakers of Vietnamese in Germany
listen to Vietnamese sentences (e.g., Mai mdc mét chiéc do “Mai wears a shirt”),
where the constraints of Vietnamese verbs differ from their German equivalents
(e.g., German tragen allows clothing and accessories as its objects, while Vietnamese
mdc only allows clothing) while viewing a scene. After hearing the verb mdc but
before the target noun, L2 speakers were distracted by objects (e.g., earrings)
compatible with German verb constraints but not Vietnamese ones. This likely
occurred because Vietnamese heritage speakers co-activated L1 German verbs
(tragen), which interfered with L2 semantic prediction.

However, L1 activation can facilitate L2 semantic prediction when the
activated L1 translation have complete semantic overlap with their L2 counterparts.
In a VWP study, Ito et al. (2024b) had low- and high-proficient L1 Spanish learners
of English listen to English sentences (e.g., The girl will adopt a dog) containing
either cognate or non-cognate verbs that predicted target objects while viewing a
scene with a target object and three distractors. Lower-proficient L1 Spanish group
showed greater and faster predictive fixations towards target objects when the verbs
were cognates than non-cognates. This finding suggests L1 activation of cognate
verbs facilitated L2 prediction.

1.7.2. L1 activation affecting L2 syntactic prediction

Some studies suggest that L1 activation can interfere with L2 prediction when

activated L1 syntactic features differ from those of L2, or are realized differently. In

an ERP study, Aleman Bafion and Martin (2021) had Swedish-English and Spanish-
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English bilinguals read English stories featuring two characters (e.g., Julia's niece
and Albert's sister) that biased participants to expect his sister (referring to Albert's
sister) rather than her niece (referring to Julia's niece) as the upcoming possessive
construction. In both Swedish and English, possessive pronouns indicate the natural
gender of the possessor noun, while in Spanish, a possessive pronoun marks the
syntactic gender of the possessed noun. The Swedish-English bilinguals showed
increased N400 amplitudes for unexpected possessives pronoun (e.g., ser) that
mismatched the expected possessor noun’s natural gender, compared to expected
possessives (e.g., his), but the Spanish-English group did not show such an effect?.
This suggests that Spanish-English bilinguals pre-activated the L1 Spanish
equivalent su hermana (his/her sister), which interfered with L2 syntactic predictive
processing.

In a visual-world experiment, Dussias et al. (2013) had L1 Spanish speakers,
English-Spanish, and Italian-Spanish bilinguals listen to Spanish sentences
containing gender-marked articles, which could serve as predictive cues for an object
in a two-picture visual scene. Like Spanish, Italian has grammatical gender, whereas
English does not. Italian-Spanish bilinguals quickly made nativelike predictive eye
movements toward the target object upon hearing gender-marked articles. Highly
proficient English-Spanish bilinguals also showed predive processing after hearing

articles, while less proficient English-Spanish bilinguals did not. This may be

? Instead, the Spanish-English group showed a P600 effect for unexpected
possessives relative to expected possessives, suggesting integrating difficulty for the

unexpected possessives.
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because less proficient English-Spanish bilinguals co-activated non-gendered English
articles, which, being gender-neutral, interfered with using Spanish articles to predict
noun gender.

Similar effects were found by Hopp and Lemmerth (2018). Both Russian and
German mark gender on adjectives through suffixes, but differ in noun gender
marking: Russian directly marks gender on noun suffixes and lacks articles, while
German uses prenominal articles. Two groups of advanced and high-intermediate
Russian-German bilinguals listened to L2 German sentences in which gender-marked
articles (e.g., der/die/das) or adjectives (e.g., kleiner/s) allow participants to predict
upcoming nouns while viewing a scene. Advanced learners of German showed
predictive gender processing for both adjectives (syntactically congruent) and articles
(syntactically incongruent), similar to L1 speakers, while high-intermediate learners
showed gender prediction for adjectives, but only did so for articles when noun
genders in Russian and German were congruent. This suggests that high-intermediate
learners co-activate L1 lexical gender, with incongruent genders interfering with L2
syntactic prediction, modulated by L2 proficiency.

But some studies suggest that the influence of L1 activation on L2 prediction
is not modulated by lexical gender congruency. Both Norwegian and Greek have
grammatical gender and mark nouns’ gender on prenominal indefinite articles, while
Russian has a gender system but lacks articles, and Turkish has neither gender nor
articles. Using the visual-world paradigm, Johannessen et al. (2024) had L2 learners
of Norwegian from Greek, Russian, and Turkish L1 backgrounds listen to Norwegian
sentences containing gender-marked indefinite articles that are predictive of the

following nouns, while viewing a scene with a target and a competitor. Low
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proficient L2 learners in all groups did not show predictive gender processing. But
High proficiency L2 learners with L1 Greek and Russian backgrounds showed more
predictive looks toward the target object than the competitor before the target word
onset, whereas high proficiency Turkish learners did not show this predictive fixation
bias. Moreover, no lexical congruence effect was found. This lack of predictive
processing in L1 Turkish speakers likely stems from L1 activation, where non-
gendered L1 representations interfere with establishing syntactic gender agreement in
L2, hindering predictive processing of L2 articles.

There is also evidence suggesting activation of L1 syntactic structure during
L2 prediction. English and German allow ditransitive verbs in both prepositional-
object (PO) structures in which the verb is followed by the theme and then the
recipient, and in double-object (DO) structures in which the order is reversed. In
contrast, Turkish follows a fixed theme-recipient order, similar to the English PO
structure. Safak and Hopp (2023) had German and Turkish learners of English listen
to English sentences containing verbs biased toward either PO or DO structures
while viewing a scene. L1 German speakers quickly made more predictive looks to
the theme after hearing verbs biased toward PO structures compared to those biased
toward DO structures. Turkish learners, however, showed no such differential
predictive looks, suggesting that Turkish learners activated L1 verb structure
information (i.e., the fixed theme-recipient order), which interfered with their L2
syntactic prediction.
1.7.3. L1 activation affecting L2 form prediction

To date, three studies have investigated whether L1 form is activated during

L2 prediction, but none have found evidence to support this. In an ERP study,
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FitzPatrick and Indefrey (2010) had Dutch-English bilinguals listen to high-
constraining English sentences ending with semantically incongruent words,
predictable words, or words phonologically related to the Dutch translations of
predictable words (e.g., My Christmas present came in a bright-orange doughnut”;
doughnut had initial overlap with doos, meaning “box’’). There was no difference in
the N400 peak or onset latency between phonologically related words and
incongruent words (though they did differ from predictable words), thus providing
no evidence that the L1 phonological representations of the predictable words were
activated during L2 prediction.

In a visual world paradigm study, Ito et al. (2018) had Japanese-English
bilinguals listen to sentences containing a highly predictable word (e.g., The tourists
expected rain when the sun went behind the cloud) while viewing a display of four
objects. They found no difference in fixations between an object whose Japanese
name was phonologically related to the Japanese translation of the predictable word
(bear; kuma) and an unrelated object (globe; tikyuugi), nor between an English
phonological competitor (clown) and an unrelated object before the target word
onset. Thus, there was no evidence that L2 speakers pre-activated phonological
representations of either predictable words or their L1 translations. Using the same
design, Amos et al. (2022) found similar results for French-English translators or
interpreters who listened to English sentences and translated them into French.

Although these studies did not find evidence of L1 phonological pre-
activation, we cannot be certain that L1 phonological representations of predictable
words are not activated during L2 comprehension. Even in L1 comprehension,

phonological prediction effects are small (see Ito, 2024). In Ito et al. (2018), Japanese
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competitors and Japanese translations of predictable words shared only 2.6 out of 4.9
phonemes (53%), which may be insufficient to trigger activation of phonologically
related words, and the study had low power (96 observations per condition in Ito et
al., 2018), as did Amos et al. (2022) (192 per condition).

1.7.4. Summary

To summarize, much evidence suggests that L1 speakers predict upcoming
words across semantic, syntactic, and phonological levels, while L2 speakers predict
more slowly and primarily at the semantic level, with limited prediction at syntactic,
and no prediction, at the form level. I pointed out two possible explanations for L1
and L2 prediction differences. This thesis aims to investigate the mechanisms of
language processing in monolinguals and bilinguals by focusing on these two
explanations. Specifically, L2 speakers may predict less than L1 speakers because:
(1) prediction is constrained by cognitive resources, and L2 speakers generally have
fewer resources available due to reduced automaticity in comprehension (2) L1 co-
activation during L2 comprehension interferes with L2 prediction.

Before examining the first explanation, however, it is necessary to determine
whether prediction is indeed cognitively demanding. To address this, Experiments 1-
3 (Chapter 2) examined whether greater perceptual load impairs prediction by
investigating the effect of fast speech rates on listeners’ prediction speed.
Participants listened to sentence contexts presented at fast or slow speech rates that
either were or were not highly predictive of a final word. Prediction speed was
assessed by measuring how quickly participants judged whether a given letter was
contained in that final word (Experiment 1), named a picture corresponding to that

final word (Experiment 2), and named that final word (Experiment 3).
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Before exploring whether L2 prediction is affected by L1 activation, it is
important to first determine whether cross-language activation occurs in one-
language contexts—typical scenarios in which L2 prediction takes place. Thus,
Experiments 4-5 (Chapter 3) addressed this question using a picture-word-
interference paradigm. Highly proficient L2 speakers and L1 English speakers were
asked to name pictures in L2 while ignoring L2 auditory distractors, allowing us to
determine whether L2 speakers activated L1 representations during L2 production,
even when L1 was irrelevant.

Finally, Experiments 6-7 (Chapter 4) directly investigated whether L2
speakers pre-activate L1 translations of predictable words during L2 comprehension
using a visual-world paradigm. Experiment 6 used a two-language context, while
Experiment 7 used a one-language context, offering insight into the role of language

context in cross-language prediction.
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2. How Does Speech Rate Affect Prediction?

Chapter 2 of this thesis is based on a manuscript that was submitted to a peer-

reviewed journal:

Yin, H., Sturt, P., & Pickering, M. J. (under review). How does speech rate affect
prediction? Quarterly Journal of Experimental Psychology. Authorship details: Yin
designed the study, ran the participants, analyzed the data, and wrote the original
manuscript. Sturt and Pickering acted as supervisors, gave feedback on each of these
steps, and contributed to the revision of the manuscript. The first experiment in this
study originated from Yin’s master thesis. As it was closely related to the other two

experiments, it was included in this thesis for the sake of completeness.

Note: The reference list is not included in this chapter but is brought together with

other references in this thesis.
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2.1. Introduction

During language comprehension, people often make predictions based on the
preceding context to facilitate their processing. That is, they pre-activate linguistic
representations associated with predictable words and use those representations to
aid comprehension (Altmann & Kamide, 1999; Federmeier, 2007; Wicha et al.,
2003). Although it is generally accepted that prediction is cognitively demanding and
that an increased cognitive load reduces predictive processing, the impact of fast
speech rate (a natural factor likely to influence the cognitive resources available for
prediction while also allowing for entrainment), is less straightforward and not fully
clear. Our study addressed this by examining how speech rate influences listeners’
prediction speed in three experiments using Mandarin Chinese.

Comprehenders predict upcoming words at various levels of representation
(for reviews, see Huettig, 2015; Kuperberg & Jaeger, 2016; Pickering & Gambi,
2018). For example, Altmann and Kamide (1999) found that comprehenders looked
at an edible object (cake) more than inedible objects (ball, toy train, toy car) after
hearing the boy will eat the..., indicating that they predicted reference to an edible
object. In an event-related potential (ERP) study, Wicha et al. (2004) had native
Spanish speakers read high constraint Spanish sentences (e.g., Caperucita Roja
cargaba la comida para su abuela en... “Little Red Riding Hood carried the food for
her grandmother in...”) that continued with a gender-marked article (una/un) and a
noun that was either expected (e.g., canasta, “basket’) or unexpected (e.g., corona,
“crown”). The unexpected articles elicited an enhanced positivity 500-700 ms after
an article onset, suggesting that comprehenders pre-activated the syntactic gender of

the predictable word. Ito et al. (2018) had native English speakers listen to sentences
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containing a highly predicable word (e.g., The tourists expected rain when the sun
went behind the cloud...) while viewing a visual scene. They were more likely to
look at a picture of a clown (whose name is phonologically related to cloud) than a
globe (whose name is phonologically unrelated), before they heard cloud, indicating
that they predicted the sound of the predictable word.’

A word’s predictability, which is often operationalized as the proportion of
people who fill a gap in a sentence with that specific word (Taylor, 1953), is a
critical factor that affects predictive processing in several ways. For example, many
studies (Ehrlich & Rayner, 1981; Lowder et al., 2018; Smith & Levy, 2013) have
shown that lexical predictability influences reading times: When a word can be
predicted from the preceding context, readers tend to spend less time on it than when
it cannot. Staub et al. (2015) had participants produce a spoken continuation to a
sentence fragment and found that the response latency was shorter for higher
probability words, indicating that higher probability words are faster to predict.

Despite studies showing that comprehenders can predict upcoming words at
various levels, prediction is generally regarded as a cognitively demanding process,
and as such, it is impeded by resources limitations (Chang et al., 2006; Dell &
Chang, 2014; Federmeier, 2007; Huettig & Mani, 2016; Pickering & Gambi, 2018;
Pickering & Garrod, 2013). According to one account (Pickering & Gambi, 2018),
comprehenders predict using their production mechanisms. After they have

comprehended what they encounter, they covertly imitate the speaker and derive the

3 Evidence for prediction of sound in studies using event-related potentials is

controversial (compare DeLong et al., 2005 with Nieuwland et al., 2018).
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speaker’s intention based on the linguistic context and their background knowledge.
They can then run this derived intention through their production system so that the
linguistic representations of the upcoming word can be activated in the same order as
in actual production (e.g., Levelt et al., 1999): from meaning, to syntax, and to
sound, but without articulation. The extent to which an upcoming word is predicted
depends on time and resources, just as in actual production. Therefore, any factor
that reduces the cognitive resources available for prediction should impair prediction.
One such factor is likely to be a fast speech rate, which can strain the cognitive
resources needed for effective predictive processing but can influence
comprehension in two ways.

2.1.1. Effects of speech rate on bottom-up processing during comprehension
Research shows that fast speech can tax cognitive resources and reduce
people’s bottom-up comprehension ability (Miiller et al., 2019; Winn & Teece, 2021;

Yang, 2019). Zhang (2017) told native English speakers that they would listen to
English sentences (e.g., The kite is on the left of the ball, the stone is on the right of
the ball, where is the kite in relation to the stone?) given at five different speech
rates, and that they would be rewarded if they answered the sentence-final question
correctly. Participants’ cognitive effort, indicated by their peak pupil dilation, was
larger as the speech rate and reward increased, which was also accompanied by
longer response time and decreased accuracy. In a combined EEG and eye-tracking
study, Miiller et al. (2019) had participants match a picture to an auditory sentence at
two speech rates while recording their pupil sizes and tracking their neural responses.
They observed that at a faster rate participants processed speech faster, as indicated

by the earlier occurrence of the P2crosscorr, a marker of processing difficulty. But
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there were larger peak-pupil dilations for fast speech compared to slow speech,
suggesting that fast speech rate increased comprehenders’ listening effort. Yang
(2019) had professional and trainee simultaneous interpreters interpret texts spoken
at three rates and found that both professional and trainee interpreters showed an
increased count of fixations and saccades, a larger pupil diameter, and poorer
interpreting quality when the speech rate of the source text became faster. Winn and
Teece (2020) had listeners with cochlear implants first listen to predictable (e.g.,
Let’s decide by tossing a coin) or unpredictable (e.g., He wants to talk about the risk)
sentences at two rates and then repeat the whole sentence with their pupil size being
recorded throughout the whole process. After the sentences offset, participants
showed greater recovery towards the baseline pupil size for slower-rate sentences,
indicating less cognitive effort for slower-rate speech. But speech rate did not show a
statistically significant effect on participants’ sentence intelligibility score.

In addition to more cognitive resources required by increasing speech rate,
listeners entrain to ongoing speech rate and form predictions about the timing of
upcoming input. Entrainment was shown by Jungers and Hupp (2009), who had
participants listen to a fast or slow prime sentence describing a picture and then
describe a new picture. They produced picture descriptions more quickly after
hearing a prime sentence presented more quickly than after hearing it presented more
slowly. Schultz et al. (2016) found that participants’ speech rates converged with
their partners over the course of dialogues. Corps et al. (2020) presented participants
with questions in which the context (e.g., Do you have a...) was fast or slow relative
to the final word (e.g., dog?). The response latency was shorter following the fast

than the slow context, suggesting that listeners entrained to the speech rate and then
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used the speech rate information to time the initiation of a response, and a fast speech
rate allowed them to initiate their responses earlier.
2.1.2. Effects of speech rate on prediction

At this point, we have evidence that increasing speech rate leads to greater
cognitive effort for bottom-up comprehension processes and that a faster speech rate
leads to entrainment and prediction of timing, thereby enabling listeners to initiate
earlier responses, but it is unclear what to expect about the effects of speech rate on
prediction.

Some studies provide evidence that fast speech rate interferes with
prediction. Wlotko and Federmeier (2015) had participants read two-sentence
passages (e.g., They wanted to make the hotel look more like a tropical resort. So
along the driveway they planted rows of ...) in which a final word was predictable
(palms), categorically related to the predictable word (pines), or unrelated (tulips).
Each word was presented at 500 ms or 250 ms SOAs, in two blocks. Categorically
related words elicited reduced N400 amplitudes compared to unrelated words at 500
ms SOA. This finding provides some evidence for prediction (and replicates
Federmeier & Kutas, 1999), but the effect occurred after the final word was
encountered and may therefore be due to ease of integration rather than prediction
(see Pickering & Gambi, 2018). At 250 ms, this effect of semantic similarity
diminished; if the effect is due to prediction, then speeded written language

interfered with it.*

*An analysis by block order suggested that semantic similarity effect did not occur

at 250 ms when this block came first, but did occur when it came after the 500 ms
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In two experiments, Ito et al. (2016) had participants read high-cloze sentence
contexts (e.g., Living alone is too expensive, so the students will share a ...), followed
by a predictable word (flat), a word semantically related to the predictable word
(wall), a word phonologically related to the predictable word (flag), or an unrelated
word (bell), at a rate of 500 ms or 700 ms SOA. They found an N400 reduction for
semantically related words at both SOAs, but an N400 reduction for form-related
words only at 700 ms and only in very high-cloze sentences. In addition, they found
a post-N400 enhanced positivity for form-related words in comparatively lower cloze
sentences at the 700 ms but not the 500 ms SOA, suggesting that listeners could
detect the form conflict between form-related words and predictable words in such
contexts only at a slower presentation rate. These results suggested that
comprehenders predicted less when the presentation rate was fast compared to slow.

In a visual-world study, Huettig and Guerra (2019) had Dutch speakers view
a target object (e.g., a bicycle) and three unrelated distractors for a short or a long
time and then listen to Dutch sentences presented at a slow or normal rate (e.g., Look
at the displayed bicycle). The determiner was compatible in gender with the target
object but none of the distractors, thus allowing prediction. Participants looked
predictively at the target object in both speech-rate conditions when they had a long
preview (Experiment 1), but only at the slow rate condition when they had a short
preview (Experiment 2). Thus, the slower rate appeared to enhance prediction. But

the target picture had a different gender from the other three pictures, and so

block.
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participants might have worked out that it would be the target before hearing the
determiner.

Using an question-answer sequence from spontaneous conversational
corpora, Hoogland et al. (2023) found that a faster speech rate in questions was
associated with longer response latencies before answers, which contradicts Corps et
al. (2020) who found that participants responded more quickly after speeded
questions. The mixed results suggest that the effect of speech rate on prediction may
be complex.

Similar to Corps et al. (2020), other studies provide some evidence that fast
speech rate does not impair prediction. Kukona (2023) had participants view visual
arrays containing two objects (e.g., a bike and a kite) while listening a predictive
sentence (e.g., What the man will ride, which is shown on this page, is the bike) and
used a mouse to click on the object referred to in the sentences. They moved their
mouse cursor to the predictable object (the bike) before hearing it. Importantly, this
prediction effect was found not only at a natural speech rate (~3 syllables/second),
but also at rates twice (~6) or three times (~9) as fast as the natural rate, with
predictions occurring even earlier at faster rates. This suggests that comprehenders’
prediction does not seem to be impaired at a rapid pace.

Fernandez et al. (2020) had participants listen to short stories (e.g., One day a
wolf and a deer were sleeping near a cave. The wolf became crazed and the wolf
attacked the deer. A hawk watched as the deer escaped) followed by a “wh-
movement” comprehension probe (Point to who the wolf was attacking near the
cave) while viewing four objects (wolf, deer, hawk, cave) mentioned in the story.

They manipulated the speech rate (3.5, 4.5, 5.5, 6.0 syllables per second) of the
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stories and found that both young and older adults showed more anticipatory eye
movements to the target picture after encountering the verb at 4.5 than 3.5
syllables/second (Experiment 1). This finding, again, suggests that as speech rate
increases, speakers seemed to become more able to use top-down syntactic
information to predict upcoming information and form such “filler-gap”
dependencies. However, the two groups showed decreased anticipatory looks to the
target picture at the fastest speech rate (6.0 syllables/second).
2.1.3. The present study

As we can see, the current evidence regarding the effect of speech rate on
comprehenders’ prediction is mixed, with some studies relating to the prediction of
timing rather than content (e.g., Dilley & Pitt, 2010) and others potentially measuring
integration rather than prediction (e.g., Wlotko & Federmeier, 2015). Another
limitation of previous research is the failure to distinguish between the effects of
speech rate on prediction and its impact on bottom-up comprehension processes. It is
plausible that a faster speech rate affects other aspects of comprehension without
altering prediction, and the observed effects on prediction might actually stem from
changes in other aspects of comprehension process. To accurately assess the impact
of speech rate on prediction, it is essential to separate its effects on prediction and on
other aspects of comprehension. Therefore, our study conducted a thorough
examination of how speech rate influences prediction speed across three
experiments, explicitly designing one experiment to separate the impact of speech
rate on prediction from that on other aspects of comprehension. The first experiment
used a letter judgment task, focusing on how speech rate affects prediction within

highly predictable contexts. The second used a picture naming task, aiming to

51



determine if the effects of speech rate on predictable sentences were attributable to
prediction process rather than to other aspects of comprehension, by isolating the
impact of speech rate on bottom-up processes in comprehension from that on
prediction. The third experiment involved a word naming task, investigating how the
speech rate effects might vary with the level of contextual predictability.

In all experiments, our primary dependent measure was response latency —
the time to make the judgment or initiate naming. Since prediction is assumed to be
cognitively demanding, we hypothesized that speeded speech should slow down
comprehenders’ prediction speed.

As well as prediction speed, our second and third experiments also
manipulated contextual predictability — whether the sentence context made the target
word more or less predictable. We expected less-predictable contexts should slow
down comprehenders’ prediction speed than more-predictable contexts. We also
expected an interaction between speech rate and contextual predictability.
Specifically, we expected that a faster speech rate should increase response latency to
a greater extent for more predictable than less predictable sentence contexts. This
expectation is based on the assumption that prediction is cognitively demanding, so
the more a comprehender predicts, the greater the effect of speech rate should be, so
its effect should be greater for more predictable than less predictable contexts.

Following evidence of speech rate entrainment in production (Corps et al.,
2020; Jungers & Hupp, 2009) and perception (Dilley & Pitt, 2009), we expected
shorter response durations in the fast-rate than the slow-rate conditions, and shorter
response latencies in the fast-rate than the slow-rate condition for unpredictable

sentences (in Experiment 2 and 3). In addition, we anticipated shorter response
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latencies in more predictable contexts than less predictable ones. Such effects would
demonstrate the efficacy of our manipulations.

In an ERP study, Brothers et al. (2017) found that top-down goals influence
lexical prediction mechanism during comprehension (see also Huettig & Guerra,
2019, Experiment 3). They observed larger lexical prediction effects, as indicated by
the N400 and by post-N400 positivity, when participants were instructed to actively
predict the predictable word during reading than when they were told only to read
sentences for comprehension. Based on these findings, in all three experiments we
instructed participants to actively predict the final word of each sentence while they
were listening in order to enhance lexical prediction.

2.2. Experiment 1

In Experiment 1, we had participants listen to high-cloze sentences truncated
before the final word, presented at a fast or slow speech rate, and participants were
told to actively predict what they thought the final word would be. They then were
asked to judge, after the offset of the recording, whether a given letter was contained
in the Pinyin of the predictable word (and then typed the word they had predicted).
On half of the trials, the letter was included in the word (positive trials); on the other
half, it was not (negative trials). Pinyin is a phonetic system that represents Chinese
characters using the Latin alphabet based on their pronunciation. (It uses 25 of the 26
letters of the Latin alphabet and some are pronounced the same as English). As it is
an integral part of learning the pronunciation of characters, Pinyin is generally
familiar to Mandarin Chinese speakers such as our participants.

We expected that participants would predict the high-cloze final word

regardless of speech rate. The key dependent measure was the time participants took
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to make a response, because we hypothesized that the response latency would reflect
the time needed to pre-activate the predictable word. To make a judgment about
whether a letter is contained in a predictable word, we assumed that comprehenders
would first have to pre-activate this word. Since prediction takes resources and a
faster speech rate will tax the comprehension system and leave fewer cognitive
resources for prediction, we expected comprehenders to take more time to pre-
activate a word at a fast than slow speech rate. Thus, they should take longer to
respond in the fast than the slow condition (again, on both positive and negative
trials).
Data availability

The code and data associated with this paper are available from

https://osf.io/wtbfe/.

2.2.1. Method
2.2.1.1. Participants

One hundred and twenty Chinese undergraduates (54 males and 66 females)
aged 18-28 (M = 20.82 years, SD = 1.97) who were recruited online took part in the
experiment. All were native Mandarin Chinese speakers and gave informed consent.
Each participant was paid ¥15 (about US$2) for participation. The experiment was
conducted online via Testable and was approved by the Ethics Committee of the
Department of Psychology, University of Edinburgh.
2.2.1.2. Design

We used a 2 (Speech Rate: fast vs. slow) x 2 (Trial Type: positive vs.
negative) within-participants design. On positive trials, the letter to be judged

occupied the final position of the Pinyin of the predictable word. The reason why we
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asked participants to judge the last letter was that it would maximize the effect of
speech rate on prediction speed because we reasoned that comprehenders would be
likely to pre-activate all the letters before making a judgment. On negative trials, the
letter to be judged did not occur in the Pinyin of the predictable word. Speech rate
was blocked, and was counterbalanced between participants (i.e., half the
participants encountered fast speech first, and half encountered slow speech first).
2.2.1.3. Materials

We constructed 120 items (from a candidate set of 140 items) in Mandarin
Chinese that consisted of a highly constraining sentence context and the highly
predictable word at the end of the sentence. A separate group of 37 undergraduates
were recruited via online social platforms to perform a cloze probability test. All
were Mandarin Chinese native speakers and were paid ¥ 12 (about US$ 1.80) for
their participation. They were presented with 140 sentences truncated before the final
word and were asked to complete the sentence with the first noun that came to mind.
The cloze probability of a word was defined as the percentage of participants who
used the word to complete the sentence. We excluded items if the predictable word
had a cloze probability of less than 70%. Selected items had a mean cloze value of
90.00 % (range 75.68—100%); see Table 1 for example stimuli, and Appendix for the
complete set. We converted the sentence fragments to speech using Voice Maker (a
commercial online text to speech converter). The fast version was 50% faster than
Voice Maker’s normal rate and the slow version was 50% slower than it. The mean
speech rates were 6.37 and 2.46 syllables per second in the fast and slow version,

respectively. The same fast and slow rates were consistently used across all three of
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our experiments. Both the fast and the slow version were comprehensible, as judged

by two native Mandarin Chinese speakers.

Table 1

Example sentence contexts from Experiment 1

Sentence Context Target Word
YRFSEZRTER, TERFSECEX—F_ *

Ai Mili Jin Nian Na Dao Le Jia Zhao, Da Suan Ming Nian Gei Zi Ji Mai Yi

Tai che
(Emily got her license this year, so next year she is going to buy herself a ) (car)
BRRSZAFER, HMNENREFHF—E_ &
Xia Tian Tian Qi Bian Hua Fei Chang Kuai, Wo Men Chu Men Zui Hao

Dai YiBa san
(The weather changes very quickly in summer, so when we go out we’d

better take an ) (umbrella)

The four conditions in this experiment were: (1) Positive trial, Fast speech
rate; (2) Positive trial, Slow speech rate; (3) Negative trial, Fast speech rate; (4)
Negative trial, Slow speech rate. The positive and negative trials used the same
letters for judgment. On the positive trials, the proportions of individual letters were
a (18.33%), n (6.67%), e (13.33%), i (12.50%), g (15.83%), u (15.00%), o (18.33%);
on negative trials, the proportions were a (8.46%), n (22.31%), e (8.46%), i
(17.69%), g (11.54%), u (14.62%), o (15.38%). The 120 items were first divided into
four counterbalanced lists, such that each list contained 30 items from each condition

and one version of each item. Each list was divided into two further lists, one in
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which the fast-rate speech block came first, and one in which the slow-rate speech

block came first. The order of the sentences within each block was randomized for

each participant.

2.2.1.4. Procedure

Participants were randomly assigned to one of the eight lists. They sat in front

of a computer screen and the stimuli were presented in two blocks of 60 sentences,

with a five-minute break between the blocks. An overview of the experimental

paradigm is shown in Figure 1.

Figure 1

An example of a trial in Experiment 1

D)

Predict the final word while

XKFSEFF T E | listening to the speech
B, HEBELECX

The question appears on the
screen immediately after the
offset of the recording

Does the pinyin of the
final character contain
letter “e"?

Click on the buttons
YES or NO?

Type the character Type the word
you predicted____

Participants were informed that they would hear sentences that were missing

the final word and were instructed to actively predict the final word of each sentence
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while they were listening. Immediately after the offset of the penultimate word, they
were asked to judge whether a letter was contained in the Pinyin of the predictable
word. The participants responded by clicking a “YES” or “NO” button on the screen,
and the time to respond was recorded. The question remained on the screen until
participants pressed a button. After the button press, they were instructed to type the
word they had predicted. They then clicked on “Next” to begin the next trial. No
feedback was given during the experiment. The experiment began with two practice
trials that were used for familiarizing the participants with the procedure, and it took
approximately 30 minutes.
2.2.2. Data analysis

Trials in which participants did not type a word that was consistent with the
word from the cloze norm test, or where response latencies were greater than 3000
ms (18.43%) were excluded before analyzing the effects of speech rate and trial type
on letter judgement accuracy. Further, trials in which participants did not make a
correct judgement (3.45%) and trials in which response latencies deviating more than
2 standard deviations from a participant’s conditional mean (2.78%) were excluded
before analyzing the effects of speech rate and trial type on response latency.

We used the Ime4 package (version 1.1.26; Bates et al., 2015) in the
statistical software R (version 4.0.5; R Core Team, 2021) to analyze the effects of
speech rate and trial type (positive or negative) on letter judgment accuracy and
response latency. The effects of speech rate and trial type on judgment accuracy were
analyzed in a generalized linear mixed effects model, using a binomial link function,
and the effects of speech rate and trial type on response latency were analyzed in a

linear mixed effects model. The effects of speech rate and trial type in both models

58



used sum contrast coding (Speech Rate: slow was set to -1, fast to 1; Trial Type:
negative was set to -1, Positive to 1). In both models, as fixed effects, we entered
speech rate and trial type (with interaction term) into the model. As random effects,
we specified the maximal random effects structure in both models, for both
participants and items, and if the maximal model did not converge, complexity was
removed in the order of removing random correlations, interactions of random
effects, and random slopes corresponding to main effects until models converged as
suggested in Barr et al. (2013) (Final model on response latency: Imer(RT ~
SpeechRate * TrialType + (SpeechRate +TrialType | ID) + (SpeechRate | item),
control = ImerControl (optimizer = "bobyqa")); Final model on Judgement Accuracy:
glmer(JudgementAccuracy~SpeechRate * TrialType + (SpeechRate + TrialType |
ID) + (SpeechRate | item), family = "binomial", control = glmerControl ("bobyga"))).
Significance was calculated using the ImerTest package (Kuznetsova et al., 2017).
2.2.3. Results

We analyzed the effects of speech rate and trial type on comprehenders’
response latency and letter judgement accuracy.
2.2.3.1. Response latency

Table 2 lists the means and standard deviations of response latency and
judgement accuracy aggregated over participants in Experiment 1. There was an
effect of speech rate (B =30.04, SE =10.81, t = 2.78, p = .006): Participants took
longer to make a response when the speech rate was fast than slow. There was also
an effect of trial type on response latency (B =-15.70, SE = 6.33, t =-2.48, p = .015),

with a tendency for shorter responses in the positive than the negative conditions.
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There was no interaction between speech rate and trial type (B =1.097, SE =3.84, ¢t =

0.28, p =.776).

Table 2
Means (and standard deviations) aggregated over participants for response latency

and judgement accuracy in Experiment 1

Condition Response latency Judgement accuracy
(In milliseconds) (%)
Mean (SD) Mean (SD)
Fast-Positive 1783 (323) 89.8 (13.9)
Fast-Negative 1818 (325) 94.1(11.2)
Slow-Positive 1720 (310) 90.9 (12.7)
Slow-Negative 1759 (316) 94.8 (11.5)

2.2.3.2. Judgment accuracy

There was an effect of speech rate on response accuracy (B =-0.17, SE =
0.06, z=-3.07, p = .002): Participants were more accurate when the speech rate was
slow than fast. There was also an effect of trial type (B =-0.47, SE = 0.05, z =-9.52,
p <.001): Participants were more accurate in the positive than the negative
conditions (i.e., participants were more likely to respond YES than NO). There was
no interaction between speech rate and trial type (B =0.01, SE=0.04,z=0.33, p =
0.74), suggesting that fast speech rate reduced comprehenders’ prediction accuracy

regardless of trial type.
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2.2.4. Discussion

The results of Experiment 1 showed that participants responded slower and
less accurately at a faster speech rate, we interpreted this as evidence that faster
speech rate slowed down comprehenders’ prediction speed. (The judgment-accuracy
data indicated that there was no speed-accuracy trade-off in the response-time data.)

However, the longer response latency at a faster rate in Experiment 1 may not
necessarily result from slowed prediction speed. An alternative explanation is that
the rapid speech rate impairs other aspects of comprehension, such as bottom-up
processing in language comprehension, including word recognition, rather than
prediction itself. To rule out this possibility, we needed an experiment that could
disentangle the effects of speech rate on prediction from its effects on other aspects
of comprehension.

To address this, we designed Experiment 2 in which we had participants
listen to fast- or slow-rate sentence fragments that either had a predictable ending
(high-cloze) or did not (low-cloze) and then asked them to name a sentence-final
picture corresponding to the final word. In the low-cloze condition, the unpredictable
sentence contexts prevented listeners from relying on the prediction system to
anticipate the final word, engaging primarily bottom-up comprehension processes.
Additionally, the experimental design directed participants’ focus towards the picture
naming task, further minimizing the role of top-down predictive process during
listening. This setup ensures that in the low-cloze condition, the influence of
prediction was minimal, providing a baseline to contrast with the high-cloze

condition, in which prediction mechanism was heavily engaged. By comparing the
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two conditions, we could isolate the impact of speech rate on prediction from its
broader effects on comprehension.
2.3. Experiment 2

As in Experiment 1, we had participants listen to sentences truncated before
the final word, presented at a fast or slow speech rate. But this time the sentences
either had a predictable ending (high-cloze) or did not (low-cloze). Participants were
still instructed to actively predict what they thought the final word would be during
listening and then name a sentence-final picture that matched the predictable word
(i.e., in the high-cloze condition). We assumed that the mechanism of picture naming
would be facilitated if participants predicted the predictable words (in the high-cloze
condition), and therefore that the amount of facilitation to response latency would
depend on the extent and speed of participants’ prediction.

In the low-cloze condition, in which the final word was unpredictable and
thus relied primarily on bottom-up comprehension processes, any difference in
response latency between fast and slow speech rates would reflect the effect of
speech rate on bottom-up comprehension. A longer response latency at a fast rate,
compared to a slow rate, would suggest that the speeded speech rate slows down
bottom-up comprehension processes. Conversely, if response latency remains
unaffected or even decreases at a faster rate (potentially due to speech rate
entrainment, as indicated by shorter response durations at faster rates), it would
indicate that bottom-up comprehension is not additionally taxed by increased rate.

In the high-cloze condition, where sentences were predictable, both bottom-
up comprehension and prediction processes were involved, with response latency

reflecting the net effect of speech rate on the two processes. If analysis of the low-
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cloze condition reveals that a fast speech rate does not impair bottom-up
comprehension and primarily induces speech rate entrainment (evidenced by earlier
response latency and shorter response duration), then longer response latency but
shorter response duration (evidence for entrainment) at a faster rate in the high-cloze
condition would indicate that the increased cognitive demands of prediction by the
faster rate outweighs advantages of faster latency due to speech rate entrainment.
This would provide clear evidence that the longer latency observed for predictable
sentences at a faster rate in Experiment 1 was due to prediction rather than other
aspects of comprehension, supporting the view that prediction is a cognitively
demanding process and that increased speech rates hinder comprehenders’ prediction
speed.

Alternatively, if no significant latency difference is observed between fast
and slow rates in the high-cloze condition, but response duration is shorter at a faster
speech (indicating speech rate entrainment), it would suggest that any advantages of
faster latency due to speech rate entrainment are offset by the increased cognitive
demands of prediction by the faster rate. This would also support the view that
prediction is cognitively demanding. We also expected shorter response latencies in
the high- than the low-cloze conditions, and shorter response durations in the fast-
than the slow-rate conditions.

2.3.1. Method
2.3.1.1. Participants

One hundred and twenty undergraduates from Chinese universities (43 males
and 77 females) aged 18-24 (M = 19.78 years, SD = 1.52), who were recruited

online, took part in the experiment. All were native Mandarin Chinese speakers and
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gave informed consent. Each participant was paid ¥15 (about US$2). The experiment
was conducted online via Testable and was approved by the Ethics Committee of the
Department of Psychology, University of Edinburgh.
2.3.1.2. Design

We used a 2 (Speech Rate: fast vs. slow) x 2 (Cloze Probability: high cloze
vs. low cloze) within-subjects and within-item design.
2.3.1.3. Materials

The experimental stimuli consisted of 96 pairs of high- and low-constraint
sentence fragments matched with a target picture. To create the stimuli, we first
constructed 120 sentence fragment pairs in written Chinese, with each pair consisting
of a sentence fragment that we judged to be high constraint and sentence fragment
that we judged to be low constraint (see Table 3). Forty additional participants from
the same participant pool were paid ¥ 10 (about US $1.50) to fill in the missing final
(target) word for these fragments. The pairs were divided into two lists of 120
sentences containing one version of each pair (60 high-constraint and 60 low-
constraint fragments). Twenty participants were asked to complete each list with the
first word that came to mind. The cloze probability of a word was defined as the
percentage of participants who used the exact word to complete the sentence. We
selected 96 sentence fragment pairs for the main experiment and paired them with a
target word (which was the most frequent completion in the high-constraint
condition). This word had a mean cloze value of 94.80% (range 81.25-100%) in the
high-constraint condition, and a mean cloze value of 4.38% (range 0—24%) in the
low-constraint condition; see Table 3 for example stimuli and Appendix for the

compete set.
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Table 3

Example sentence fragments used Experiment 2

Close Sentence Context Target
Probabili Word
ty
High BRZET ih—Mkds, EESEHRE—RNNELE_ tha
Cloze Nan Peng You Song Le Ta Yi Mei Jie Zhi, Shang Mian Xiang Qian Zhe
Yi Ke Shan Shan Fa Guang De _ Zuan
(The boyfriend gave her a ring studded with a sparkling ) Shi
diamon
d
Low INGTEEANRERANERD, fE 7T ERRERERN_ A
Cloze

Xiao Tou Chen Zhu Ren Bu Zai Jia Ru Shi Dao Qie, Tou Zou Le Fang

Zai Bao Xian Xiang Li De Zuan

(Thieves, taking advantage of the owner’s absence, broke into the safe Shi

and stole the ) diamon
d

These sentence fragments were generated the same as in Experiment 1 at

both a fast speech rate and a slow speech rate, thus both the fast and the slow version

were comprehensible. In addition, there were six practice trials and eighteen fillers

similar to the experimental sentences (e.g., “There is no bridge over the river, so you

will have to take a boat”) followed by a comprehension question (e.g., “To go across
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the river, do we have to take a boat?””), with half fillers requiring a “Yes” answer, and
half a “No” answer. The fillers were to ensure that participants paid close attention to
the recording.

Each pair of sentences was matched with a picture whose target name
corresponded to the predictable word in the high-cloze fragment. The pictures were
taken from Zhou and Chen (2017), who investigated naming latencies and norms in
Mandarin Chinese for 435 images. We used this study because they included color
and texture information, which can facilitate object processing and improve name
agreement (Rossion & Pourtois, 2004), and the data were collected quite recently (in
2017). For all pictures that we selected, name agreement was at least 0.87, and two
further Chinese native speakers both agreed they were easy to identify.
2.3.1.4. Procedure

An overview of the experimental paradigm is shown in Figure 2. The
experiment was conducted online and participants were asked to do it in a quiet room

on a computer.

Figure 2

An example of a trial in Experiment 2

Fixation
BAAE T Bk,
_____ A — BN R IR _
( Target Picture
l i)
(
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=
o
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Participants were first instructed to listen to each sentence fragment. After the
offset of each recording, a picture corresponding to the target word appeared on the
screen and they were asked to name the picture as quickly as possible. Each picture
remained on the screen until the voice key detected a response. No feedback was
given during the experiment. Stimuli were presented in two blocks of 60 trials each,
with each block beginning with three practice trials, and a five-minute break between
the blocks. Speech rate was blocked and the block order of speech rate (fast vs. slow
first) was counterbalanced between participants. The order of the sentences within
each block was randomized for each participant and the whole experiment took
approximately 30 minutes.

2.3.2. Data Analysis

Two participants were removed from further analyses for trials because more
than 60% of the responses were wrong (0.80% of the data). Trials on which
participants did not name the pictures correctly (4.08%) or response latencies were
longer than 2000 ms (1.68%) were eliminated. Further, trials in which response
latencies deviating more than 2 standard deviations from a participant’s condition
mean were excluded before further analysis (6.49%). Response durations for each
trial were manually calculated using Audacity, an open-source audio software.

We used the Ime4 package (version 1.1.26; Bates et al., 2015) in the
statistical software R (version 4.0.5; R Core Team, 2021) to analyze the effects of
speech rate and cloze probability (high or low) on response latency and response
duration. The effects of speech rate and cloze probability on response latency and

voice response duration were analyzed in two linear mixed effects models. The
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effects of speech rate and cloze probability in both models used sum contrast coding
(Speech Rate: fast was set to -1, slow to 1; Cloze Probability: low was set to -1, high
to 1). As response duration had right-skewed distributions, we applied log
transformations to these variables in our models. In both models, as fixed effects, we
entered speech rate and cloze probability (with interaction term) into the model. As
random effects, we specified the maximal random effects structure in both models,
and if the maximal model did not converge, the model was progressively simplified
in the order of removing random correlations, interactions of random effects, and
random slopes corresponding to main effects, until the models converged (final
model on response latency: Imer (RT ~ SpeechRate * Cloze + (SpeechRate + Cloze |
ID) + (SpeechRate + Cloze | item), control = ImerControl (optimizer = "bobyqa"));
final model on response duration: Imer (log (duration) ~ SpeechRate * Cloze +
(SpeechRate + Cloze | ID)+(SpeechRate + Cloze | item), control = ImerControl
(optimizer = "bobyqga")). Significance was calculated using the ImerTest package
(Kuznetsova et al., 2017). The analysis of response latency and response duration
was adjusted for the family-wise error rate (FWER) using the Holm-Bonferroni
method a significance threshold set at at p < 0.05.
2.3.3. Results
2.3.3.1. Response Latency

Table 4 lists the means and standard deviations of response latency and
response durations aggregated over participants in Experiment 2. For latency, there
was an effect of cloze probability (B =-105.76, SE=6. 12, t=-17.29, p <.001):
Participants responded faster in the high- than the low-cloze condition. There was no

effect of speech rate (B = 6.28, SE = 6.10, t = 1.03, p = 0.408). However, there was
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an interaction between speech rate and cloze probability (B =-11.36, SE=2.45,t=-
4.65, p <.001). Additional analyses indicated that participants responded faster when
the speech rate was fast than slow in the low-cloze condition (B =35.3, SE=13.2,¢
=2.67, p=.012) but that there was no difference between fast and slow speech rate

in the high-cloze condition (B =-10.2, SE=13.2, t =-0.78, p = .500).

Table 4

Means (and standard deviations) for response latency and response duration in

Experiment 2
Condition Response latency Response duration
(in milliseconds) (in milliseconds)

Mean (SD) Mean (SD)
High Cloze-Fast Speech 886 (215) 587 (149)
Low Cloze-Fast Speech 1073 (191) 602 (140)
High Cloze-Slow Speech 875 (227) 667 (166)
Low Cloze-Slow Speech 1108 (189) 679 (150)

2.3.3.2. Duration of responses

To determine whether there was speech rate entrainment, we further analyzed
the effect of speech rate and cloze probability on response durations. There was an
effect of speech rate (B =0.06, SE =0.01, t=7.77, p <.001): The response duration
was shorter when the speech rate was fast than slow. There was also an effect of

cloze probability (B =-0.01, SE =0.00, t =-4.16, p <.001): The response duration
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was shorter when sentences were predictable than unpredictable. But there was no
interaction between speech rate and cloze probability (B = 0.00, SE = 0.00, ¢ = 0.36,
p=.716).

2.3.4. Discussion

Experiment 2 did not reveal an overall effect of speech rate on participants’
response latency. However, we observed an interaction between speech rate and
cloze probability. Specifically, participants responded faster to unpredictable
sentences in the low-cloze condition when presented at a fast rate than at a slow
speech rate. But there was no difference in response latency to predictable sentences
in the high-cloze condition, whether they were presented at a fast or a slow speech
rate. As expected, we also found that participants’ response duration was shorter
when the speech rate was fast than slow and when sentences were predictable than
unpredictable.

In the low-cloze condition, in which sentences were unpredictable and
engaged primarily bottom-up comprehension processes, the reduced response latency
at a faster speech rate indicates that the increased rate did not impair the bottom-up
comprehension. Instead, the primary effect of the fast speech rate was speech rate
entrainment, as evidenced by the shorter response duration at this quicker rate. This
finding provides a baseline for understanding the effect of faster speech rates on
bottom-up comprehension alone, which then allows for comparison with conditions
involving both bottom-up comprehension and prediction processes.

In the high-cloze condition, in which both bottom-up comprehension and
prediction systems were engaged, the latency reflects the combined impact of speech

rate on these processes. We believed that the lack of a significant effect of speech
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rate on latency in this condition could be due to two counteracting effects: a faster
rate facilitated shorter response latencies through speech rate entrainment, while the
increased cognitive demands of prediction at the faster rate caused longer latencies.
The absence of a significant latency difference suggests that these opposing
influences balanced each other, consistent with the view that prediction is a
cognitively demanding process. Notably, the descriptive pattern in the high-cloze
condition, showing a slight increase in latency (11ms longer) at a faster rate,
suggesting that the increased cognitive load from a faster speech rate was of a
broadly similar magnitude as the benefits of reduced latency through entrainment.

The design of Experiment 2 may have led participants to focus on the picture
naming itself (as a bottom-up task), neglecting the active top-down prediction
process, even in highly-predictable contexts. This could have reduced the
engagement of the prediction mechanism in predictable sentences, making it harder
to observe the effect of speech rate on prediction speed. Instead, the effect of speech
rate might be easier to observe when the experimental task itself fully engages
participants with the prediction process. Thus, we conducted Experiment 3, in which
we presented participants with sentence fragments and asked them to produce a final
word as quickly as possible — a task that allows for the full engagement of the
prediction mechanism and provides a more direct test of speech rate effect on
prediction speed.
2.4. Experiment 3

We again had participants listen to a sentence fragment that was presented at
a fast or slow rate. To further investigate how contextual predictability modulates the

effect of speech rate on prediction speed, the sentences had either a highly
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predictable (high-cloze) or a less predictable (medium-cloze) ending, and
participants were told to produce what they thought the final word would be while
listening. We used medium- rather than low-cloze sentences because our design
required participants to produce a particular word on a large fraction of trials -
something that would happen in medium-cloze sentences but not in low-cloze
sentences. Our main claims relate to trials on which participants did produce this
word. We expected that the response latency for the predictable word should be
longer in the fast- than the slow-rate condition, and this effect should be greater in
the high- than the medium-cloze condition. We also expected shorter response
durations in the fast- than the slow-rate condition.
2.4.1. Method
2.4.1.1. Participants

One hundred and twenty Chinese undergraduates (55 males and 65 females,
aged 18-24, M = 20.17 years, SD = 1.4) recruited from the same pool as in
Experiment 2 took part in the experiment. All were native Chinese speakers and gave

informed consent. Each participant was paid ¥ 15 ( $ 2.26) for participating in the

experiment. Like Experiment 1 and Experiment 2, Experiment 3 was also conducted
online via Testable and was approved by the Ethics Committee of the Department of
Psychology, University of Edinburgh.
2.4.1.2. Materials

In Experiment 3, we added some medium cloze (35%-65%) sentence contexts
to the materials used Experiment 2. We first constructed 120 medium-cloze sentence
fragments whose highest-frequency continuations correspond to the target words of

the 120 high-cloze sentence fragments used in the first experiment. Then we
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recruited a group of 20 undergraduates from different Chinese universities to perform
the cloze probability test. All these undergraduates were Chinese native speakers and
each of them was paid ¥ 10 (about US$ 1.5) for the cloze probability task. They were
presented with the 120 sentence fragments and were asked to complete the sentence
with the first word that came to their mind. The cloze probability of a word was
defined as the percentage of participants who used the word to complete the

sentence. We excluded items if this word was not the target word, or if it had a cloze
probability of greater than 65% or lower than 35% (and note that the target word was
always the highest-frequency word).

In total, 84 sentence fragment pairs were used in the second experiment, with
each pair consisting of a high-cloze sentence fragment (i.e., 84 of the sentence
fragments used in Experiment 2) and a medium-cloze sentence fragment. The words
in the high constraint sentence fragments had a mean cloze value of 91% (range 81—
100%), and the words in the medium constraint sentence fragments had a mean cloze
value of 51% (range 35-65%); see Table 5 for example stimuli and Appendix for the
compete set. These sentence fragments were recorded via Voicemaker at two speech
rates the same way as in Experiment 1 and Experiment 2, and thus both the fast and

the slow version were comprehensible.

Table 5

Example sentence fragments used in Experiment 3

Cloze Sentence Context Target Word
Probability

High Cloze HRRAAMARR D, BATH Tl —it

+
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Xia Tian Tian Qi Bian Hua Fei Chang Kuai, Wo Men
Chu Men Zui Hao Dai Yi Ba_ San

(Summer weather changes quickly, so we’d better take umbrella

an )
Medium Cloze  FipHFEKE, AR THHE S &
Wu Lun Chun Xia Qiu Dong, Wo Mei Ci Chu Men Dou
Hui Sui Shen Xie Dai San
(Whenever I go out, I will always carry an ) umbrella

2.4.1.3. Design

We used a 2 (Speech Rate: fast vs. slow) x 2 (Cloze Probability: High Cloze
vs. Medium Cloze) within-subjects and within-item design.
2.4.1.4. Procedure

Stimuli were presented in two blocks of 46 trials each. The first four trials in
each block were practice trials. Participants were instructed to listen to sentence
fragments and were told to actively predict the final word of the sentences while
listening. After the offset of the recording, they were asked to speak the final word
aloud as soon as possible, and the time to initiate a response was recorded. After they
finished speaking the final word, the next trial began automatically. The experiment
took about 30 minutes. An overview of the experimental paradigm is shown in

Figure 3.

Figure 3

An example of a trial in Experiment 3
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wo men chu” | . word while listening
Mmen 2ut hao dail to the recording

y: Speak the
N “San” target word
aloud

q:])) Kia tiantian i | Predict the final

2.4.2. Data analysis

Three participants were excluded from analyses because their recordings had
loud audio noise (2.50%). Then we listened to each voice response and manually
classified these responses into three categories: target responses, non-target
responses, and errors. Target responses were responses in which participants
produced the target word. Non-target responses were responses in which participants
produced a different word. Errors were responses which were missing or
unrecognizable. We excluded error trials (4.57%), trials in which response latencies
were longer than 2000 ms (9.66%), and trials in which response latencies were more
than 2 SD away from a participant’s conditional mean (2.40%). The response
duration in each trial was calculated using seewave package (Sueur et al. 2008) in R.
Trials in which response durations were more than 2 SD away from a participant’s
conditional mean (4.54%) were excluded from the analysis of response duration.

We used the Ime4 package (version 1.1.26; Bates et al., 2015) in the
statistical software R (version 4.0.5; R Core Team, 2021) to analyze the effects of
speech rate and cloze probability on response latency and response duration in two
linear mixed-effects models. Both effects in both models used sum contrast coding
(Speech Rate: fast was set to -1, slow to 1; Cloze Probability: medium was set to -1,
high to 1). As the distributions of response latency and response duration were right-

skewed, we applied a log transformation to the dependent variable in our models. In
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our model, as fixed effects, we entered speech rate and cloze probability (with
interaction term) into the model. As random effects, we specified the maximal
random effects structure in both models, and if the maximal model did not converge,
complexity was removed in the order of removing random correlations, interactions
of random effects, and random slopes corresponding to main effects until models
converged (Final model on dominant response proportion: glmer(Dominant~
SpeechRate * Cloze + (SpeechRate + Cloze | ID) + (Cloze | item) family =
"binomial", control = glmerControl(optimizer = "bobyqa")); Final model on response
latency:lmer(log(RT)~ SpeechRate * Cloze + (SpeechRate * Cloze |
ID)+(SpeechRate + Cloze | item), control = ImerControl(optimizer = "bobyqa"));
Final model on response duration: Imer(log(duration)~ SpeechRate * Cloze +
(SpeechRate + Cloze | ID) + (SpeechRate | item), control = ImerControl(optimizer =
"bobyqga")). Significance was calculated using the ImerTest package (Kuznetsova et
al., 2017). The analyses of response latency and duration was based on different
datasets, hence no adjustment for the family-wise error rate (FWER) was made.
2.4.3. Results

We analyzed the effects of speech rate and cloze probability on three
dependent variables: proportion of target responses, response latency, and response
duration.
2.4.3.1. Proportion of target responses

Table 6 lists the means and standard deviations of target response proportions
aggregated over participants across different conditions. There was no effect of
speech rate on the proportion of target responses (B =-0.07, SE =0.04,z=-1. 69, p

=.091), but there was a main effect of cloze probability (B =1.62, SE=0.13,z=
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12.80, p <.001), with a higher proportion in the high-cloze condition than the
medium-cloze condition. There was no interaction between speech rate and cloze
probability (B = 0.03, SE = 0.04, z = .65, p = .518). Note that the mean values are

similar to the mean values in the pre-test.

Table 6
Means (and standard deviations) aggregated over participants for target response

proportion in Experiment 3

Condition Proportion of Target Response (%)
Mean SD
High Cloze - Fast Speech 86.9 15.7
Medium Cloze - Fast Speech 47.8 19.6
High Cloze - Slow Speech 88.1 16.6
Medium Cloze - Slow Speech 46.8 19.4

2.4.3.2. Response latency
We conducted two separate analyses of responses latencies. The primary
analysis considered trials on which participants produced the target word, because

such responses were the same across conditions’. Table 7 lists the means and

> However, we also considered trials in which participants produced non-target
responses. Since there were so few non-target responses in the high-cloze condition,

we analyzed the non-target responses in only the medium-cloze condition. The mean
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standard deviations of response latencies as well as response durations aggregated
over participants for trials in which participants produced the target word. There was
an effect of speech rate on response latency (B =-0.07, SE =0.02, t=-4.38, p
<.001), with longer latencies in the fast- than the slow-rate condition. There was also
an effect of cloze probability (B =-0.12, SE=0.02, t=-5.97, p <.001), with longer
latencies in the medium- than the high-cloze condition. In addition, there was an
interaction between speech rate and cloze probability (B =-0.02, SE =0.01, t =-3.77,
p <.001), indicating that fast speech rate had a larger effect in high-cloze contexts

(94 ms) than medium-cloze contexts (81 ms).

Table 7
Means (and standard deviations) aggregated over participants for response latency

and response duration when participants spoke a target word in Experiment 3

Condition Response latency Response duration
(in milliseconds) (in milliseconds)
Mean (SD) Mean (SD)
High Cloze-Fast Speech 716 (207) 403 (147)
Medium Cloze- Fast Speech 900 (210) 400 (145)
High Cloze-Slow Speech 622 (232) 453 (151)

response latencies in the fast and slow conditions were 1587 and 1528 ms,
respectively. For these non-target responses, we did not find an effect of speech rate

(B=-0.02, SE =0.02, t = -0.86, p = .39).
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Medium Cloze-Slow Speech 819 (282) 444 (139)

2.4.3.3. Response duration

We conducted an analysis of response duration for trials in which participants
produced the target word. There was an effect of speech rate (B = 0.06, SE =0.01, ¢ =
4.88, p <.001), with longer durations in the slow- than the fast-rate condition. But
there was no effect of cloze probability (B =0.01, SE=0.01, t=1.45, p =.149) and
no interaction (B =0.01, SE=0.00, = 1.31, p =.191) between speech rate and cloze
probability.

It is possible that participants took longer to initiate a response at the faster
speech rate because they needed longer to plan the shorter-duration words that
tended to occur in this condition (though we do not know of any evidence for this
claim). To investigate this possibility, we included response duration as a covariate
in the model on the effects of speech rate and cloze probability on response latency
(Final model: Imer (log(RT) ~ speechrate * cloze + duration + (speechrate * cloze +
duration| ID) + (1 | item), control = ImerControl (optimizer = "bobyqa")). However,
we did not find an effect of response duration on response latency (B = 0.00, SE =
0.00, £ =1.33, p =.184), and there was still an effect of speech rate on response
latency (B =-0.08, SE =-0.02, t =-5.22, p <.001) when response duration was
included. Thus, the longer initiation time in the fast-rate condition did not appear to
be due to the longer preparation time when articulation was fast.

2.4.4. Discussion
As in Experiment 1, response latencies were longer in the fast- than the slow-

rate condition, and more importantly, the effect of speech rate was greater in the
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high- than the medium-cloze condition. We also found that participants were more
likely to produce a target response in the high- than medium-cloze condition (and the
results were similar to the pre-test), but speech rate had no effect on the proportion of
target responses. Participants responded earlier in the higher than the medium cloze
condition, suggesting that highly predictable words are more quickly pre-activated
than less predictable words. Response durations were also shorter in the fast- than the
slow-rate condition, consistent with the results of Experiment 2.

The analysis of the target responses showed that participants exhibited a
longer response latency to name a predictable word when they heard its context
being presented at a fast than a slow speech rate. Thus, the results are compatible
with Experiment 1 and 2, which also revealed that a fast rate lengthened time-to
respond. Participants also responded earlier in the higher than the medium cloze
condition, suggesting that highly predictable words are more quickly pre-activated
than less predictable words. More importantly, there was an interaction between
speech rate and cloze probability, with the faster speech rate increasing response
latency to a greater extent for more predictable than for less predictable sentence
contexts.

2.5. General Discussion

We investigated how comprehenders’ prediction speed is affected by speech
rate and contextual predictability using three different experimental paradigms: a
letter-judgment task to first determine the effect of a fast speech rate on prediction
(Experiment 1), a picture naming task to distinguish whether the observed fast
speech rate effect in highly predictable contexts were due to prediction or other

aspects of comprehension (Experiment 2), and a word naming task to investigate
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how the effect of a fast speech rate on prediction was modulated by contexts of
different predictability (Experiment 3).

We found that a fast speech rate led to longer response latency as compared
to a slow speech rate in Experiment 1 and Experiment 3. Experiment 2 did not
replicate this effect of speech rate in predictable contexts, but it did show that speech
rate had an effect in unpredictable contexts—a faster rate led to a shorter response
latency. This indicates that this fast rate does not impair bottom-up comprehension
but instead primarily induces speech rate entrainment, thereby suggesting that the
slowed response latency at a faster speech rate observed in Experiment 1 was due to
impaired prediction rather than issues with bottom-up processing. Together, our
results suggest that a fast speech rate reduced listeners’ prediction speed, and most
importantly, we found that this effect was greater for more than less predictable
contexts in Experiment 3.

Despite the different experimental paradigms across our three experiments,
they provide a compatible set of findings. In Experiment 1, participants were
presented with sentence fragments which all had a highly predictable word. After
hearing the sentences, they were asked to judge whether a given letter was contained
in the Pinyin of the predictable word (and then typed the word they had predicted so
that we can be sure that they have indeed predicted the target word). This task
required participants to pre-activate the word, and the response latency was taken as
an indicator of prediction speed. But the slowed latency at a faster speech rate for
those highly predictable sentences may not necessarily be due to impaired prediction.

Instead, it may be due to impaired bottom-up comprehension processing.
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In Experiment 2, participants were presented with sentence fragments
containing either a predictable or unpredictable ending and were then asked to name
a picture corresponding to the predictable word as quickly as possible. This
experiment allowed us to separate the effect of speech rate on prediction and bottom-
up comprehension. The unpredictable sentences prevented the prediction process
from facilitating the picture naming task. In addition, the experimental setup ensured
that participants could name the pictures regardless of whether they had actively
predicted the target word, minimizing the influence of the prediction system in the
low cloze condition.

Experiment 2 showed an interaction between speech rate and cloze
probability. Specifically, in unpredictable contexts where comprehenders could not
regularly predict the word corresponding to the target picture, a faster speech rate led
to shorter response latencies, suggesting that the primary effect of the fast speech rate
on bottom-up comprehension was speech rate entrainment (as indicated by shorter
response durations after a faster speech rate). Conversely, in predictable contexts,
where participants could easily predict the word and therefore both the bottom-up
comprehension and prediction systems were engaged, no significant differences in
latency were observed between fast and slow speech rates. This lack of difference
suggests that the shorter response latency due to speech rate entrainment may have
been offset by the longer latency caused by higher cognitive costs from the
prediction system at the fast speech rate. This finding confirmed that the slowed
response latency at a faster speech rate for highly predictable sentences in

Experiment 1 was due to impaired prediction rather than other aspects of
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comprehension, suggesting that prediction is very cognitively demanding, and that
increased speech rate, like other types of cognitive load, impairs prediction.

In Experiment 3, participants were presented with sentence fragments
containing either highly predictable (high-cloze) or less predictable (medium-cloze)
endings and were instructed to speak the final word aloud as quickly as possible.
This task is actually an online cloze task, and just like the letter judgment task in
Experiment 1, it unequivocally ensured that participants engaged their prediction
system and provided a direct test of the effect of speech rate on prediction speed in
contexts of different predictability. As in Experiment 1, a fast speech rate led to
longer response latency than a slow speech rate, and more importantly, there was an
interaction between speech rate and contextual predictability: the speech rate effect
was greater following more predictable contexts (high cloze) than less predictable
contexts (medium cloze). Also, Experiment 3 showed that more predictable contexts
led to shorter response latencies compared to less predictable contexts. This suggests
that a more predictable context make it easier and therefore faster to predict an
expected word than a less predictable context.

The finding that the effect of speech rate on response latency was larger after
a highly predictable context (a faster rate slowed down response latency more) than a
less predictable context is consistent with the findings of Schuckart et al. (2024) who
used a secondary task to manipulate cognitive load and found that the cognitive load
effect was larger in more predictable contexts. This finding is compatible with our
assumption that prediction takes cognitive resources and listeners’ prediction
mechanism is engaged more in highly predictable contexts than less predictable

contexts. That is, since the possibility of making accurate predictions is greater in a
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highly predictable context than a less predictable context, the prediction mechanism
is likely to be engaged more in a highly predictable context than a less predictable
context. Consequently, any effect of speech rate on predictive processing is expected
to be greater in highly predictable contexts than less predictable contexts. Since
prediction requires resources, then the effects of speech rate should be further
enhanced in high-cloze contexts because fast speech rate reduces resources available
for prediction.

We also found that participants’ word-response durations were shorter when
they heard its context being presented at a fast speech rate relative to a slow speech
rate in Experiments 2 and 3.This finding aligns with previous research (Cohen Priva
etal., 2017; Dilley & Pitt, 2010; Jungers & Hupp, 2009; Schultz et al., 2016),
suggesting that listeners entrain to the speech rates of speakers. Entrainment to a
faster speech rate causes listeners to initiate earlier response latencies, contrasting
with the longer latencies due to increased cognitive load from prediction. These two
opposing effects might sometimes cancel each other out, explaining the lack of
significant latency differences between fast and slow speech rates for highly
predictable contexts in Experiment 2.

We assume that these two effects cancel each other out in highly predictable
sentences in Experiment 2 but not in Experiment 1 and 3, due to differences in the
experimental paradigms. In both Experiment 1 and 3, participants had to engage their
prediction systems to complete the tasks. In Experiment 2, however, participants
could complete the tasks without making predictions, making it possible for them to
listen passively without fully engaging their prediction systems. This reduced

engagement in Experiment 2 may mean that the cognitive costs of making
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predictions at a faster speech rate were similar to the facilitation benefits from speech
rate entrainment, resulting in a non-significant net effect. Consequently, longer
response latencies from increased cognitive load may have been balanced by shorter
response latencies due to entrainment. In Experiment 1 and 3, the prediction
mechanism was more engaged, leading to higher cognitive load from making
predictions at a faster speech rate. This increased cognitive load may have exceeded
the facilitation benefits from fast speech rate entrainment, resulting in longer
response latencies overall. Thus, according to this idea, in Experiments 1 and 3, a
faster speech rate led to slower response latencies, while in Experiment 2, no
significant latency difference was found between fast and slow speech rates.

Taken together, our results from the three experiments support the idea that
prediction is cognitively demanding (Chang et al., 2006; Dell & Chang, 2014;
Federmeier, 2007; Huettig & Mani, 2016; Pickering & Gambi, 2018; Pickering &
Garrod, 2013), and that greater engagement of the prediction mechanism in highly
predictable contexts requires more cognitive resources. We interpret this finding in
terms of Pickering and Gambi’s (2018) production-based prediction account.
According to their account, comprehenders first covertly imitate speakers to derive
their intention underlying the utterance, and then run this intention through their
production system to produce the representations of the predictable word in the order
of meaning, syntax, and form. Predicting using such a mechanism takes time and
resources and therefore is optional. Depending on the available time and resources,
comprehenders vary in the extent of predictions made through this mechanism.
When there are not sufficient time or resources, comprehenders will not complete all

stages of prediction. A fast speech rate, taxes comprehension and hence reduces
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resources that can be allocated to the prediction mechanism, and the more a
comprehender predicts, the greater the effect of speech rate should be. Therefore, our
finding that fast speech rate reduced comprehenders’ prediction speed, and the effect
was greater for more predictable than less predictable contexts provides support for
this production-based prediction account (Pickering & Gambi, 2018), which posits
that prediction is a cognitively demanding process independent of comprehension.
This interpretation also aligns with previous studies showing that the availability of
cognitive resources can affect comprehenders’ predictions (Federmeier et al., 2010;
Huettig & Janse, 2016; Ito et al., 2018).

Although speeded speech appeared to slow down comprehenders’ prediction
speed, it is important to note that our findings are not informative about the sub-
processes through which the prediction process was slowed down by the fast speech
rate. For instance, it is conceivable that the increased speech rate might impede the
pre-activation of the semantic aspects of a predictable word, while leaving the pre-
activation of the word’s syntactic or form aspects unaffected. Conversely, it could
potentially influence all stages of the prediction process. To gain more clarity, future
research could investigate whether the impact of speech rate encompasses all these
processes or selectively targets individual sub-processes.

2.6. Conclusion

We reported three experiments that investigated how comprehenders’
prediction speed was affected by fast speech rate. We found that participants slowed
down their responses latency at a faster speech rate, and the fast speech rate slowed
down participants’ latency to a larger extent for more predictable than less

predictable contexts. These findings suggest that a faster speech rate slows down
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comprehenders’ prediction speed, supporting the idea that prediction takes up

resources.
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3. Study 2 Experiments 4-5: The Role of Semantics and Phonology in

Bilingual Picture Naming: Evidence from the Phono-Translation Effect

Chapter 3 of this thesis is based on a manuscript that was submitted to a peer-

reviewed journal:

Yin, H., & Pickering, M. J. (under review). The role of semantics and phonology in
bilingual picture naming: evidence from the phono-translation effect. Journal of
Experimental Psychology: Learning, Memory, and Cognition. Authorship details:
Yin designed the study, ran the participants, analyzed the data, and wrote the original
manuscript. Pickering acted as supervisor, gave feedback on each of these steps, and

contributed to the revision of the manuscript.

Note: The reference list is not included in this chapter but is brought together with

other references in this thesis.
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3.1. Introduction

If you speak two (or more) languages, then you have to make sure that you
produce words in the intended (or target) language. Understanding how bilinguals
manage to do this is a central concern of the field of bilingual language production.
In particular, researchers have asked whether lexical representations in the non-target
language are activated and considered for selection. In this paper, we address this
question by investigating whether information associated with Chinese-English
bilinguals’ first language, Chinese, is activated in a purely English experimental
setting. We conducted two picture-word interference experiments in which
participants named pictures in English while ignoring English auditory distractors
that were phonologically related to the Chinese translations of the picture names
(phono-translation distractors).

Much evidence suggests that both the target and non-target languages are
activated when bilinguals intend to produce words in only one language, though
some of this evidence comes from studies conducted in a two-language context
(Colomé, 2001; Colomé & Miozzo, 2010; Costa et al., 2000; Guo & Peng, 2006;
Hoshino & Kroll, 2008; Koranda et al., 2022; Rodriguez-Fornells et al., 2005). For
instance, bilinguals tend to name pictures with cognate names—words that share
both meaning and similar form across languages—more quickly than those with non-
cognate names (Costa et al., 2000; Hoshino & Kroll, 2008; Koranda et al., 2022).
The standard explanation for such cognate facilitation is that the word in the target
language activates its cognate in the non-target language in a one-language context,
and their combined activation facilitates production. An alternative explanation is

that cognates are learned better than other words (by cross-language activation
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during early learning), and so cognate facilitation can occur without activation of the
non-target language (Costa et al., 2017). For the purposes of the introduction, we
assume on-line activation, though return to a learning-based account in the General
Discussion.

While researchers generally agree on the activation of words from both
languages, they disagree on whether words from the non-target language compete for
selection. Language-specific accounts (Costa et al., 1999; Costa & Caramazza, 1999;
Roelofs, 1998) propose that lemmas (syntactic representation of lexical words) and
lexemes (phonological representation of lexical words) from both languages are
activated, but only those from the target language are considered for selection during
speech production. Conversely, language-nonspecific accounts (Abutalebi & Green,
2007; Colomé, 2001; Green, 1986, 1998; Hermans et al., 1998) propose that lemmas
and lexemes from both languages compete for selection, even in contexts where the
non-target language is entirely irrelevant.

A widely used method to investigate whether lexical selection is language
specific or non-specific is picture-word interference (PWI). In typical PWI
experiments, participants name a target picture while ignoring a distractor word that
is semantically or phonologically related to the target name. Participants using their
native language (L1 speakers) take longer to name a picture (e.g., apple) when it is
paired with a semantically related word (e.g., pear) than an unrelated word (e.g.,
shoes) (Glaser & Diingelhoff, 1984; Hantsch et al., 2005; La Heij, 1988; Lupker,
1979). This semantic interference effect is standardly explained by competition at the
lemma level, and typically occurs when the distractor word precedes (e.g., SOA -150

ms) or is presented simultaneously (SOA 0 ms) with the target picture (Caramazza &
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Costa, 2000; Damian & Bowers, 2003; for review, see Biirki et al., 2020); note that
some studies did not find this effect with auditory distractors at SOA 0 ms (e.g.,
Damian & Martin, 1999; Schriefers et al., 1990).

In contrast, participants are quicker at naming a picture that is paired with a
phonologically related distractor than an unrelated distractor. This phonological
facilitation effect occurs when distractors are presented simultaneously with (SOA 0
ms) or shortly after (e.g., SOA +150 ms) the target pictures (Abel et al., 2009;
Damian & Bowers, 2009; De Zubicaray & McMahon, 2009; Lupker, 1979; Meyer &
Schriefers, 1991; Pisoni et al., 2017; Schriefers et al., 1990; Starreveld & La Heij,
1996). It also occurs when distractors precede (e.g., SOA -150 ms) the pictures
(Abel et al., 2009; Damian & Martin, 1999; Jescheniak & Schriefers, 2001; Meyer &
Schriefers, 1991; Starreveld, 2000; Ventura et al., 2007; Wilshire et al., 2016; H.
Zhao et al., 2012), though it is important to note that not all studies have found such
early facilitation (e.g., Schriefers et al., 1990; Zhang et al., 2009).

Many researchers argue that early and late phonological facilitation have
different explanations. The late effect is believed to occur at the lexeme level: The
phonologically related distractor activates phonological segments shared with the
target word, thereby facilitating retrieval of its lexeme (Hansen et al., 2017; Meyer &
Schriefers, 1991; Schriefers et al., 1990; Starreveld, 2000). In contrast, the early
effect is attributed to activation at the lemma level (Jescheniak & Schriefers, 2001;
Roelofs et al., 1996; Starreveld, 2000): The phonologically related distractor
facilitates the selection of the target lemma via feedback from the activated shared
phonological segments.

Semantic interference and phonological facilitation are also observed in L2
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speakers, with the time course of these effects largely mirroring those in L1 speakers.
For example, semantic interference in L2 speakers is commonly found at early
SOAs, such as SOA -150 ms (Hermans, 2000; Hermans et al., 1998) and SOA 0 ms
(Hermans et al., 1998; Hoshino & Thierry, 2011). Similarly, phonological facilitation
in L2 speakers is often observed at both early SOAs (e.g., SOA -150 ms) (Hermans,
2000; Hermans et al., 1998) and late SOAs (e.g., SOA 0 ms and +150 ms) (Boukadi
et al., 2015; Hermans, 2000; Hermans et al., 1998; Hoshino & Thierry, 2011).
3.1.1. Cross-language identity effect

Alongside the patterns of semantic and phonological activation, two key PWI
effects—the cross-language identity effect and, more importantly for this study, the
phono-translation effect—play a crucial role in assessing whether bilingual lexical
selection is language specific or nonspecific. The cross-language identity effect
refers to facilitation when a picture is paired with a distractor word that is the
translation of the picture name. Costa et al. (1999) had Catalan-Spanish bilinguals
name pictures (e.g., a table as faula) in Catalan while ignoring their written Spanish
translations (e.g., mesa). If lexical selection is language-nonspecific, naming would
be inhibited, because the lexical node of the Spanish translation (here, mesa) receives
activation from both the picture fable and the distractor word mesa, making mesa a
stronger competitor than an unrelated Spanish distractor, which only receives
activation from the distractor itself. But if lexical selection is language-specific,
naming would be facilitated, because the target word (here, taula) receives additional
activation from the Spanish distractor mesa (through the shared semantic
representation), and this additional activation facilitates the selection of the target

lemma taula (as mesa itself is not considered), compared to an unrelated distractor.
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In support of the language-specific account, Costa et al. (1999) observed such
facilitation, as did subsequent studies (Dylman & Barry, 2018; Roelofs et al., 2016;
Tomoschuk et al., 2021).

3.1.2. Phono-translation effect

While the cross-language identity effect supports the language-specific
account, the data relating to the phono-translation effect is far less clear. The phono-
translation effect occurs when bilinguals name pictures in the target language while
being presented with a distractor word (either in the non-target or target language)
that is phonologically related to the picture’s name in the non-target language — that
is, the translation of the picture’s name in the target language.

In the first report, Hermans et al. (1998, Experiment 1) had Dutch-English
bilinguals name pictures in English (e.g., a mountain as mountain; the Dutch name is
berg) while hearing an English distractor (bench). They assumed that lexical
selection is language non-specific and predicted interference. The logic behind this
prediction was as follows: the phono-translation distractor (bench) would activate not
only the lexeme of the picture’s translation (berg) because of their shared
phonological segments, but also the translation’s lemma via feedback from shared
phonological segments. Therefore, both the lemma and lexeme of the Dutch
translation (berg) are more activated than when the picture is paired with an
unrelated distractor. The lemma activation should slow down the target English
lemma selection, assuming language non-selectivity. Alternatively, the naming
response may also be slowed down because the additionally activated Dutch lexeme
makes it harder to retrieve the target word lexeme.

To determine whether any phono-translation interference effect occurs at the
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lemma or lexeme level, Hermans et al. (1998) also paired pictures with semantically
and phonologically related distractors. They hypothesized that if the effect occurs at
the same SOAs as semantic interference (which is assumed to occur at the lemma
level), this would suggest that this (interference) effect also occurs at the lemma
level, and hence indicate that the lemma of the picture’s translation in the non-target
language is activated and competes for selection. In contrast, if the (interference)
effect from the phono-translation distractor occurs at SOAs where phonological
facilitation but not semantic interference is observed, it would imply that the phono-
translation (interference) effect is localized at the lexeme level, and indicate that the
lexeme of the picture’s translation is activated, but it would not, in and of itself
indicate whether word selection is language specific or non-specific.

However, Hermans et al. (1998) made no predictions regarding the language-
specific accounts, which suggest that target picture naming should be facilitated. The
reasoning is as follows: The phono-translation distractor activates the picture’s
translation, which in turn additionally activates the target word through its semantic
representation. This additional activation should facilitate the selection of the target
word relative to contexts with an unrelated distractor, when only words from the
target language are considered for selection.

Hermans et al. (1998, Experiment 1) found phono-translation interference
only at 0 ms SOA (significant only in the by-participant analysis), and also found
semantic interference and phonological facilitation at this SOA (in comparison to an
unrelated distractor). The authors attributed the weak phono-translation effect to the
limited phonological overlap between English distractors and Dutch picture names,

and therefore conducted Experiment 2 using Dutch distractors. In Experiment 2, they
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found phono-translation interference at -150 ms and 0 ms SOAs, semantic
interference at -150 ms SOA, but no phonological facilitation at either of the two
SOAs. This led the authors to conclude that only lemmas, but not lexemes, of words
in the non-target language were activated. The direction of the phono-translation
effect—interference rather than facilitation also led the authors to believe that lexical
selection is language non-specific.

Several more recent studies have used this paradigm to investigate bilingual

lexical selection process. As Table 8 indicates, some experiments found interference
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Table 8

Studies Using Picture-Word Interference to Investigate the Effects of a Distractor Word Phonologically Related to the Picture Name in

the Non-Target Language

Study Experiment No. Language pair L2 proficiency Language Observations Semantic (ms) Phonological (ms) Phono-translation (ms)
context per condition
-300 -150 0 +150 -300 -150 0 +150 -300 -150 0 +150
Experiment 1 Dutch— Five years of One-Language 384 44 (*) 19 (* by 31 (%) -10 (ns) -19 (* by -24 (* by =31 (%) -64 (*) 14 (ns) 5 (ns) 28 (*by 5 (ns)
Hermans et.al. (audio distractors in English English education subject, subject, subject, subject,
(1998) L2, response in L2) ns by ns by ns by ns by
. item) item) item)
item)
Experiment 2 Dutch— Five years of Two-Language 384 17 (ns) 37 (%) 19 (ns) 13 (ns) 8 (ns) 5 (ns) 10 (ns) =35 (%) 30 (%) 38 (%) 35(%) 7 (ns)
(audio distractors in English English education
L1, response in L2)
Costa et.al. (2003) Experiment 1 Spanish- Highly-proficient Two-Language 384 NA 28 (*) 29 (*) 15 (*) NA -28 (%) =34 (**) =31 (**) NA 24 () 21() 17()
(audio distractors in Catalan
L1, response in L2)
Experiment 2 Spanish- Highly-proficient Two-Language 384 NA 25 (%) -7 (ns) 14 () NA -1 (ns) -40 (**) -20 (*by NA 4 (ns) 10 (ns) 20 (*)
(audio distractors in Catalan subject,
L1, response in L2) ns by
item)
Costa et al. (2008) Experiment 2 Catalan- Highly-proficient Two-Language 384 NA NA NA NA NA NA NA NA NA NA -15() NA
(visual distractors in Spanish
L1, response in L2)
Deravi (2009) Experiment 1 Persian- Highly proficient Two-Language 168 -23 (ns) -27 (ns) -5 (ns) -33 (%) 1 (ns) -40 (*) -45 (%) -88 (*) -1 (ns) -21 (ns) -28 (ns) -44 (*)
(visual distractors in French and balanced
L1, response in L2)
Experiment 2 Persian- Highly proficient Two-Language 184 -15(%) 13 (ns) -4 (ns) 11 (ns) =22 (%) 16 (ns) -15 (ns) 14 (ns) 36 (*) 31 (% -15 (ns) 27 (ns)
(audio distractors in French and balanced
L1, response in L2)
Experiment 3 Persian- Highly proficient Two-Language 161 =59 (%) =28 (*) -18 (%) 36 (*) -60 (*) -17 (%) =25 (%) =36 (%) =24 (%) -42 (%) 19 (ns) 14 (*)
(audio distractors in French and balanced
L2, response in L1)
Hoshino & Thierry Experiment 1 Spanish- Proficient One-Language 988 NA NA 35 (**) NA NA NA 27 (%) NA NA NA 22 (%) NA
(2011) (visual distractors in English

L1, response in L2)

® The significance levels for the effects reported by Herman et al. (1998) and Deravi (2009) were not specified, so we assumed a significance level of p
<.01 (*) if the authors indicated significance without explicitly stating the level.
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Boukadi et al. Experiment 1 Arabic- Moderately- One-Language 161 NA NA -17 (ns) NA NA NA =20 (**) NA NA NA 2 (ns) NA
7 (audio distractors in French proficient
(2015) 1.2, response in L2)
Experiment 2 Arabic- Moderately- Two-Language 528 NA NA 19 (%) NA NA NA 18(**) NA NA NA 24 (**¥) NA
(audio distractors in French proficient
L1, response in L2)
Experiment 1 English- Highly-proficient Two-Language 528 NA NA NA NA NA NA NA NA NA NA 0.1 (ns) NA
(audio distractors in Chinese
Goh & Chen (2017) L2, response in L1)
Experiment 1 English- Low-proficient Two-Language 348 NA NA NA NA NA NA NA NA NA NA 1.8 (ns) NA
(audio distractors in Chinese
L2, response in L1)
Experiment 1 English- Highly proficient Two-Language 348 NA NA NA NA NA NA NA NA NA NA 53 (**) NA
(audio distractors in Chinese
L1, response in L2)
Experiment 1 English- Low proficient Two-Language 348 NA NA NA NA NA NA NA NA NA NA -38 (%) NA
(audio distractors in Chinese
L1, response in L2)
Klaus et al. (2018) Experiment 1 Dutch-English Acquired English in Two-Language 348 NA NA NA NA NA NA NA NA NA 22 (*H¥) 25 (ns) NA
(audio distractors in high school (10.1
L2, response in L1) years of experience)
Experiment 2 Dutch-English 8.9 years of Two-Language 672 NA NA NA NA NA NA NA NA NA 17 (ns) 15 (ns) NA
(audio distractors in experience
L2, response in L1)
Experiment 3 Dutch-English 9.9 years of Two-Language 672 NA NA NA NA NA NA NA NA NA 39() NA NA
(audio distractors in experience
L2, response in L1)
Hoshino et al. Experiment 1 Spanish- Living in the L2 Two-Language 672 NA NA 37 (**) NA NA NA =27 (%) NA NA NA -48 (***)  NA
(2021) (audio distractors in English environment
L1, response in L2)
Experiment 2 Japanese- Living in the L2 Two-Language 768 NA NA 5 (ns) NA NA NA -8 (ns) NA NA NA -7 (ns) NA
(audio distractors in English environment

L1, response in L2)

Note. The symbols (ns), (.), (*), (**), (***) following values indicate the statistical significance levels of the effects. Specifically, (ns) indicates no statistical significance by F1 or

F2 or linear mixed effects models; (.) indicates marginal significance (.05 <p <.1) by F1 or F2 or linear mixed effects models; (*) indicates significance at p <.05 by F1 and F2, or

linear mixed effects models; (**) indicates significance at p <.01 by F1 and F2, or linear mixed effects models; (***) indicates significance at p <.001 level by F1 and F2, or linear

mixed effects models; NA indicates that some SOAs were not used in certain experiments and therefore no effects were applicable for those specific SOAs

7 Although Boukadi et al.’s (2015) study used three SOAs (-150 ms, 0 ms, +150 ms), they did not report the effects at -150 and +150 ms SOA.
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from a phono-translation distractor (Boukadi et al., 2015; Costa et al., 2003;
Hermans et al., 1998; Hoshino & Thierry, 2011; Klaus et al., 2018), but other
experiments found facilitation (Costa et al., 2008; Deravi, 2009; Goh & Chen, 2017;
Hoshino et al., 2021), and still others found no significant effect (Boukadi et al.,
2015; Goh & Chen, 2017; Hoshino et al., 2021; Klaus et al., 2018). Interestingly,
researchers have focused on explaining the interference effect — there has been little
interest in explaining facilitation.

Most researchers have followed Herman’s (1998) language non-specific
selection explanation, which posits that words from both languages compete for
selection. Therefore, for L1 Dutch-L2 English bilinguals, naming a picture (e.g., of a
mountain) in English would be slowed down by a Dutch distractor (e.g., berm,
meaning verge). This slowing occurs because berm phonologically overlaps with the
picture’s Dutch name (berg), thereby additionally activating this translation.
However, this interpretation cannot explain the cross-language identity effect
discussed above — that is, the facilitation effect observed with cross-language identity
distractors (i.e., translations), as has been noted by some researchers (Costa et al.,
2008; Dylman & Barry, 2018). For example, if naming a picture of a mountain in
English is slowed down by the Dutch distractor berm due to its phonological overlap
with berg, then naming should be inhibited further by the distractor berg itself. But
this is not the case, as discussed above: The cross-language identity effect is
facilitatory, not inhibitory (Costa et al., 1999).

This paradox challenges Herman et al.’s (1998) interpretation and raises
questions about the reliability of these two effects. To explore this further, Costa et

al. (2008) investigated the cross-language identity effect and the phono-translation
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effect using a Stroop task in which Spanish-Catalan bilinguals read L1 Spanish
words and named the colour of the ink in their L2 Catalan. In critical conditions, the
Spanish distractor words were the Spanish translations of the colour names or
phonologically related to the Spanish translation of the colour names. They found
cross-language identity facilitation, but no phono-translation interference effect — in
fact, there was statistically marginal facilitation. However, because this paradigm is
very different from the PWI paradigm, we cannot be sure what is causing the lack of
phono-translation interference effect.

It is of course possible that the extent to which a non-target language is
activated and engages in selection may depend on whether it is contextually relevant
or not. We can contrast a one-language context when the session is entirely in one
language (i.e., the stimuli are in one language, participants respond in that language,
and any instructions or pre-tests for participants are in that language) with a two-
language context, where both languages are involved (i.e., the stimuli, instructions,
or pre-tests are in one language, but participants respond in a different language).

Cross-language activation may be very different in one- and two-language
contexts. In a one-language context, only the target language is used in the
experimental session (or real-world situation). In a two-language context, both
languages are used. Grosjean (1998, 2001, 2008) argued that bilinguals’ language
activation levels and processing mechanisms depend on the context. In a two-
language context®, they activate both languages, but in a one-language context, they
do not.

Thus, bilingual processing can be very different in a one- and a two-language

8 Grosjean (1998, 2001, 2008) used the term “bilingual context” for a “two-language context” and
“monolingual context” for a “one-language context”.
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context. In other words, lexical selection can be language non-specific in a two-
language context but language-specific in a one-language context. Therefore, using a
one-language context is crucial for the strongest test of language selective versus
non-selective accounts, ensuring that stimuli, instructions, or any procedural
elements do not inadvertently activate the non-target language. Currently, most
phono-translation experiments (14 out of 17) were conducted in a two-language
context (see Table 8). The findings from them, as argued above, may not reflect the
bilingual language processing process in a one-language context.

In sum, we cannot be certain about the existence of the phono-translation
effect or whether it is facilitatory or inhibitory. Given its importance to theories of
language production in bilinguals, further research is clearly needed. A major
concern is that previous studies appear to have been considerably underpowered (see
Table 1): They all fall well short of the recommended minimum of 1600 observations
per condition in reaction time experiments with repeated measures (Brysbaert &
Stevens, 2018). Clearly, inadequate power would go some way to explaining the
highly inconsistent pattern of results in these studies.

3.1.3. The present study

We therefore conducted a large-scale phono-translation experiment
(Experiment 4) within a one-language context involving highly proficient Chinese-
English bilinguals, and included a control experiment (Experiment 5). The primary
goal of the study was to investigate whether there is cross-language activation and
competition in bilingual language production in a one-language context that
minimizes non-target language activation. If cross-language activation and

competition are observed, it would strongly suggest that activation and selection are
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inherently non-specific. Conversely, if no cross-language activation or competition is
found, it would suggest that activation and selection can be contextually selective. A
secondary goal of our study was to compare patterns of facilitation and interference
in L1 and L2 speakers, given the paucity of direct comparisons between bilinguals
and monolinguals.

In Experiment 4, we asked 120 Chinese-English bilinguals to name pictures
in English while ignoring English distractors which were semantically related (e.g.,
gloves), phonologically related (e.g., ham), or unrelated (e.g., bell, baseline
condition) to the English name of the picture (e.g., hat), or (in the critical phono-
translation condition) phonologically related to the Chinese name of the picture (e.g.,
mouse, related to mao zi), at three SOAs (-150 ms, 0 ms, +150 ms).

Both the language specific and non-specific accounts predict early
interference from the semantically related distractor relative to the unrelated
distractor and phonological facilitation relative to the unrelated distractor. But they
differ with respect to the phono-translation condition. According to the language-
specific account, a phono-translation distractor word activates the lemma and lexeme
of the target’s Chinese translation, which activates the semantic representation (that
is shared between the target and the Chinese translation), and this semantic
representation in turn activates the lemma and lexeme of the target word. Since only
words from the target language are considered for selection, the additional activation
of the target word should facilitate naming. But for this to take place, this activation
must occur before the speaker has selected the target lemma, and so the account
predicts facilitation is most likely when the distractor is presented early — that is, just

before the target picture.
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According to the language-nonspecific account, a phono-translation distractor
word activates the lemma and lexeme of the target’s Chinese translation, and this
extra activation makes the translation word highly activated because it receives
activation from both the picture and the phono-translation distractor. Since words
from both languages compete for selection, the highly activated Chinese translation
word will interfere with the selection of the target English word (compared to
unrelated distractors). As in Hermans et al. (1998), if this interference effect is
observed at the same SOAs as semantic interference, we would infer it occurs at the
lemma level. In contrast, if the interference effect is observed at SOAs where only
phonological facilitation but not semantic interference is present, we would infer it
occurs at the lexeme level.

Any effects in Experiment 4 might conceivably be due to irrelevant
characteristics of the stimuli in the phono-translation condition relative to the other
conditions (e.g., relations between the target picture name and the distractor word).
We therefore conducted Experiment 5, in which we repeated Experiment 4 but with
L1 English speakers who did not know Chinese (and who were monolingual).
Clearly, such participants should show no phono-translation effect, as this effect
depends on activation of the Chinese translation of the target name. However, we
expected early semantic interference and broad phonological facilitation in
Experiment 5, just as in Experiment 4, assuming that L2 participants produce
language in a roughly similar manner to L1 participants (except, of course, for cross-
language activation).

As previous studies showed highly inconsistent effects (see Table 1), we

decided not to conduct a power analysis based on those studies. Instead, we followed
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the guidelines of Brysbaert and Stevens (2018), who advised assuming a typical
small effect size (d = .1) in reaction time experiments and collecting a minimum of
1,600 observations per condition in a repeated measures design (which is
considerably greater than any experiment in Table 1). In our study, we exceeded the
recommended minimum by including 40 participants and 44 items per condition,
resulting in 1,760 observations per condition.
3.2. Experiment 4

L1 Chinese speakers were asked to name pictures in L2 English, while
ignoring distractor words also presented in English.
3.2.1. Method

In this and the subsequent experiments, we provide full details on participant
selection, manipulations, measures, and data exclusions. All relevant materials, data,

and analysis scripts are accessible at_https://osf.io/2aew8/. The experiments’ designs

and the analyses were not preregistered.
3.2.1.1. Participants

One hundred and twenty Chinese students (17 males, 101 females, and 2
others) aged 18-31 (M = 22.92 years, SD = 2.40) at the University of Edinburgh took
part in this experiment. All of them met the following criteria: (1) Mandarin Chinese
was their first language and English was their second language, (2) they had studied
English for at least 10 years, and (3) they had lived in the UK for at least 6 months
and were currently studying in the UK. Each participant was paid £6. We excluded
an additional 21 participants who missed out more than 15% of the trials.
Participants’ language history and English proficiency are given in Table 9. The

study was approved by the Ethics Committee of the Department of Psychology,
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University of Edinburgh.

Table 9
The Language History and Proficiency of the Chinese-English Participants in

Experiment 4

Measure Mean
English self-rating (5-point scale) 3.43 (0.62)
English proficiency test (LexTALE score) 63.50 (9.79)
Daily English usage (hours) 4.86 (3.38)
Age of English acquisition (years) 7.27 (2.77)
Length of immersion (months) 16.21 (19.56)

Note. Standard deviations are in parentheses.

3.2.1.2. Design

In this experiment, we manipulated SOA and type of distractor. SOA was a
between-participant factor with three levels: -150 ms, 0 ms, and +150 ms. Type of
distractor was a within-participant factor with four levels: phonologically related,
semantically related, phono-translation, and unrelated.
3.2.1.3. Stimuli

The target picture stimuli consisted of 88 colored pictures (44 experimental
pictures and 44 filler pictures) taken from Zhou and Chen (2017), who investigated
naming norms and latencies for 435 images in Mandarin Chinese. We chose pictures
from this study because they incorporated texture and color details, which can

facilitate objects recognition and improve their name agreement (Rossion & Pourtois,
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2004). For all selected pictures, name agreement was at least 0.87, and two further
L1 Chinese speakers agreed they were easy to identify. In addition, ten pictures
selected from the same pool were used as practice items. None of the pictures had

names that were cognates with their Chinese counterparts (e.g., #5%/pilsa4/ and

pizza, both meaning pizza).

Each experimental picture (e.g., a hat) was presented 4 times and each time
with a different distractor word: a phonologically related word (e.g., ham), a
semantically related word (e.g., gloves), a word phonologically related to the Chinese
translation of the target name (e.g., mouse), and an unrelated word (e.g., bell). The
distractors across the four conditions were matched on a range of lexical properties
including lemma frequency (4.59, 4.33, 4.29, and 4.41, in terms of the Zipf scale® of
word frequencies), number of letters (4.95, 5.39, 5.20, and 4.91), number of
phonemes (3.91, 4.57, 4.52, and 4.07), and number of syllables (1.39, 1.61, 1.55, and
1.52). We used the Zipf frequency measure because its interpretation does not depend
on the size of the corpus and it provides a better prediction of word processing times
than measures from corpora such as BNC and CELEX (van Heuven et al., 2014).
The phoneme and syllable counts were derived from the IPA transcription.

In the semantically-related condition, distractors were from the same
semantic category as the picture names and were not phonologically or
orthographically related to the picture names or their translations. In addition, we

ensured that the semantically related distractor words were not associatively related

% The Zipf scale, a measure of word frequencies on a logarithmic scale, was obtained from the
SUBTLEX-UK (van Heuven et al., 2014) which collected British English word frequencies based on
television subtitles. This scale ranges from 1 to 7. Words with Zipf values of 3 or lower are considered
low-frequency, while those with Zipf values of 4 and higher are considered as high-frequency words.
A Zipf value of 4 corresponds to words that occur 10 times per million words.
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to the picture names. Twenty-four L1 English speakers, recruited from the online
participant pool platform Prolific, rated how related the meanings of 44 semantically
related distractor words and their accompanying picture names (plus 44 unrelated
fillers) were on a 1-7 scale (1 = “unrelated” to 7 = “very related”). The mean
relatedness rating in the semantically related condition was 5.76. In the
phonologically related condition, distractors and targets shared at least the first two
phonemes.

To disguise the relationship between the experimental pictures and the
distractors, we included 44 filler trials. These filler trials corresponded to 44 new
pictures, each paired with an English distractor that was (semantically or
phonologically) unrelated to the picture. Each filler picture was presented only once.

The pronunciations of the English distractor words were generated using

Voicemaker (an online text to speech converter, https://voicemaker.in/) into MP3

format with the synthesized voice “Neural US_MadisonAI3Voice” (Jadhav, 2020).
These converted stimuli were judged as comprehensible and natural by two further
Chinese-English bilinguals from the same population as the experimental
participants.

Stimuli were presented to participants in five blocks of 44 trials each. Item
order was fixed, with a minimum of 20 trials before any repeated presentation of the
same picture and no more than two trials from the same experimental condition in a
row. A total of ten orders were created, and the same set of ten orders was used
across all three SOAs. For each SOA, participants were randomly assigned to one of
the ten orders, with each order being allocated to four participants. To familiarize

participants with the task, each order began with five additional practice trials in
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which filler pictures were paired with unrelated distractor words. In total, there were
220 experimental trials, including 176 critical trials and 44 filler trials.
3.2.1.4. Procedure

Participants were tested individually in a laboratory at The University of
Edinburgh. They were first exposed to all the pictures alongside their English printed
names, and were told to use only these printed names to name the pictures during the
experiment. After participants indicated that they had remembered all the names of
the pictures, they were presented with all the pictures again, but this time without the
printed names, and were instructed to name each picture. An experimenter told them
whether they used the correct name. Pictures that were named incorrectly were re-
presented until all of them were named correctly.

During the experiment, participants were instructed to sit in front of a
computer screen at a distance of about 60 cm and to remain this distance throughout
the experiment. Each trial began with a centered fixation cross for 500 ms, followed
by a blank screen for 500 ms, and a centered picture for 2000 ms. The onset of the
auditory distractor preceded the presentation of the picture by 150 ms (SOA -150
ms), coincided with the picture onset (SOA 0 ms), or followed the onset of the
picture by 150 ms (SOA +150 ms). The experiment was run by the experimental
software Testable (Rezlescu et al., 2020) and took about 15 minutes.

After the experiment, participants were given the LexTALE test (a “Yes” or
“No” vocabulary test; Lemhdfer & Broersma, 2012) as a measure of their English
proficiency; it took about 3.5 minutes. Finally, they completed a L2 history
questionnaire that asked about age of acquisition, self-assessed L2 proficiency, daily

L2 usage, and duration of immersion in an L2-speaking country (see Appendix B).
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3.2.2. Data analysis

Naming latencies were measured from picture onset to vocal response. If a
participant did not respond within 2000 ms, the experiment moved to the next trial.
In addition, there was a pause of 1000 ms at the end of each trial. Each trial lasted 4
seconds. Before analyzing data, we first transcribed the responses. For experimental
trials, we removed responses that did not use the expected picture name, responses
that contained speech disfluencies (such as stuttering and utterance repairs),
responses that participants did not make within 2000 ms (8.05% of the data), and
correct responses that were less than 200 ms (0.07%) or were more than 2 standard
deviations from the participant’s mean by condition (4.73%).

We used linear and generalized linear mixed-effects models in the Ime4
package (version 1.1.26; Bates et al., 2015) of R (v. 4.2.2; R Core Team, 2021) to
analyze the naming latencies and accuracy respectively. We analyzed the main effects
of distractor type and SOA on naming latency and accuracy. We also analyzed the
effect of distractor type on naming latency and accuracy for each of the three SOAs
(-150 ms vs. 0 ms vs. 150 ms). For both naming latency and accuracy, by-participant
and by-item random effects were included in our models, and we specified the
maximal random effects structure in all models from the beginning. If the maximal
models did not converge, the models were progressively simplified in the order of
removing random correlations, interactions of random effects, and random slopes
corresponding to main effects, until the models converged. Significance was
calculated using the ImerTest package (Kuznetsova et al., 2017), and we used the

bobyqa optimizer.
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3.2.3. Results

In the following analyses we considered only responses to the experimental

trials. Table 10 provides an overview of the mean naming latency!® and accuracy for

each distractor type at each SOA separately.

Table 10

Experiment 4: Mean Naming Latencies (NL, in ms), Standard Deviations (SD, in

ms), and Mean Accuracy (A4, in %) for Each Distractor Type and Picture-Word

Stimulus Onset Asynchrony (SOA) for Bilingual Speakers

Distractor SOA
type
-150 +150 Mean
NL A NL A NL A NL A
(SD) (SD) (SD) (SD)
Phonological 1000 92.8 950 94.2 856 92.7 935 93.2
(123) (161) (132) (151)
Semantic 1035 90.8 983 91.4 882 91.2 967 91.1
(109) (151) (149) (150)
Phono- 1001 92.4 967 91.6 869 89.4 946 91.1
translation (98.8) (130) (124) (130)

19 In this experiment, we also conducted an analysis to explore correlations between participants’
naming latencies and their English proficiency, age of English acquisition, and duration of immersion
in an English environment in the different distractor type conditions and SOAs. No significant
correlations were found between these factors and participants’ naming latencies across all

experimental conditions and SOAs (all ps > .05).
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Unrelated 1016 92.7 971 923 871 92.0 953 923

(108) (156) (139) (148)
Mean 1013 922 968 924 870 913 950  92.0
(108) (147) (135) (209)

3.2.3.1. Naming accuracy for bilingual speakers

The analysis of accuracy revealed that the main effect of SOA was not
significant (¥°(2) = 1.81, p = .404). There was a main effect of distractor type (y°(3) =
24.38, p < .001), but no interaction between the two factors (°(6) = 10.12, p = .120).
Further analysis showed that, compared to unrelated distractors, semantically related
distractors led to lower naming accuracy (B =-0.19, SE = 0.08, z = -2.28, p = .023),
and phonologically related distractors led to higher naming accuracy (B = 0.23, SE =
0.09, z=2.45, p = .014). Phono-translation distractors had no impact on naming
accuracy (B=-0.14, SE=0.10,z=-1.41, p=.159).
3.2.3.2. Naming latencies for bilingual speakers

The latency analysis showed a main effect of SOA (F(2, 119.85)=12.27, p
<.001) and a main effect of distractor type (F(3, 140.99) = 24.73, p <.001), but there
was no interaction between SOA and distractor type (£(6, 162.93) = 1.35, p = .240).
Subsequent analysis revealed that compared to the 0 ms SOA, naming latency was
shorter at +150 ms SOA (B =-98.05, SE =29.23, t =-3.36, p = .001). There was no
difference in naming latency between 0 and -150 ms SOA (B =44.29, SE =29.30, ¢t =
1.51, p=.133).

Importantly, further analyses showed that irrespective of SOA, semantically

related distractors led to longer naming latencies than unrelated distractors (B =
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12.83, SE=3.28,t=3.91, p <.001), and phonologically related distractors led to
shorter naming latencies than unrelated distractors (B =-18.39, SE = 3.85, t = -4.78,
p <.001). Most interestingly, phono-translation distractors led to shorter naming
latencies than unrelated distractors (B =-7.77, SE = 3.50, t =-2.22, p <.05).

We then conducted separate analyses at each SOA. At -150 ms SOA,
compared with unrelated distractors, semantically related distractors led to longer
naming latencies (B = 18.21, SE = 5.31, = 3.43, p <.001). Phonologically related
distractors led to shorter naming latencies (B =-17.14, SE=5.28,t=-3.25,p
=.001). Phono-translation distractors also led to shorter naming latencies (B = -
15.55, SE=5.29,t=-2.94, p =.003).

At 0 ms SOA, compared with unrelated distractors, semantically related
distractors led to longer naming latencies (B = 11.21, SE =5.58, t=2.01, p = .044).
Phonologically related distractors led to shorter naming latencies (B =-21.98, SE =
5.54,t=-3.97, p <.001). There was no difference in naming latency between phono-
translation distractors and unrelated distractors (B = -4.27, SE =5.59,t=-0.77, p
=.444).

At +150 ms SOA, there was no difference in naming latency between
semantically related distractors and unrelated distractors (B = 9.66, SE = 5.60, t =
1.73, p = .09). Phonologically related distractors led to shorter naming latencies than
unrelated distractors (B =-15.64, SE = 5.63, t =-2.78, p = .008). There was no
difference in naming latency between phono-translation distractors and unrelated
distractors (B =-3.15, SE =5.58,t=-0.57, p = .57).

3.2.4. Discussion

In Experiment 4, Chinese-English bilinguals showed overall semantic
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interference, phonological facilitation, and phono-translation facilitation irrespective
of SOA. Further analysis revealed that semantically related distractor words led to
interference at -150 ms and 0 ms SOA, phonologically related distractor words led to
facilitation at -150 ms, 0 ms, and +150 ms SOA, and phono-translation distractors
led to facilitation at -150 ms SOA.

The phono-translation facilitation effect at SOA -150 ms accords with Costa
et al. (2008), Deravi (2009), Goh and Chen (2017), and Hoshino et al. (2021) but not
Boukadi et al. (2015), Costa et al. (2003), Hermans et al. (1998), Hoshino and
Thierry (2011), and Klaus et al. (2018); see table 1. This facilitation suggests that
while the picture’s Chinese name was activated, it did not engage in lexical selection
of the target name, which would have otherwise resulted in a phono-translation
interference effect. The presence of the phono-translation facilitation and semantic
interference at the same SOA further confirms that the phono-translation facilitation
effect comes from the lexical selection process but not the lexeme retrieval process,
and hence suggests that the picture’s Chinese translation is activated at the lemma
level but is not phonologically encoded.

We now turn to Experiment 5, which used the same experimental materials
and procedures as Experiment 4, but involved participants who were L1 English
speakers with no knowledge of Chinese. We conducted the experiment for three
reasons. Most importantly, we have concluded that the phono-translation facilitation
effect arises from the non-competitive activation of words in the non-target language.
But it is possible that it is due to irrelevant characteristics of the distractors that differ
from the characteristics of the distractors in the other conditions. In addition, we

wished to investigate whether there is early phonological facilitation in monolinguals
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(considering the inconsistent previous findings such as those reported by Meyer and
Schriefers (1991) and Schriefers et al. (1990). Finally, a comparison of the two
experiments would allow us to determine whether Chinese-English bilinguals
process within-language distractors similarly to L1 monolingual English speakers.
3.3. Experiment 5

In this experiment, L1 English speakers with no knowledge of Chinese took
part in the same tasks as in Experiment 4, except that they did not complete the
LexTALE English language proficiency test or the English learning questionnaire.
3.3.1.1. Participants

One hundred and twenty L1 English speakers (42 males, 78 females) aged
17-39 (M = 21.67 years, SD = 3.77) at the University of Edinburgh took part in this
experiment. All of them were from English-speaking countries (the UK, the USA,
Australia, Canada, or Ireland) and had no knowledge of Chinese. Each participant
was paid £6. We excluded an additional 26 participants who missed out more than
15% of the trials.
3.3.2. Results

Criteria for data exclusion and statistical analysis were the same as
Experiment 4. Table 11 displays the mean naming latencies and naming accuracy for

each condition among L1 English speakers.

Table 9
Experiment 5: Mean Naming Latencies (NL, in ms), Standard Deviations (SD, in
ms), and Mean Accuracy (A, in %) for Each Distractor Type and Picture-Word

Stimulus Onset Asynchrony (SOA) for L1 English Speakers
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Distractor SOA
type
-150 +150 Mean

NL A NL A NL A NL A
(SD) (SD) (SD) (SD)

Phonological 897 87.3 927 914 779 88.0 868 88.9
(137) (176) (164) (171)

Semantic 936 86.9 954 89.8 799 87.4 896 88.0
(131) (173) (177) (175)

Phono- 900 86.9 947 90.8 791 86.0 879 87.9

translation (123) (158) (168) (163)

Unrelated 904 87.2 946 88.2 790 87.6 880 87.7
(122) (164) (169) (165)

Mean 909 87.1 943 90.1 790 87.3 881 88.3
(126) (166) (168) (222)

3.3.2.1. Naming accuracy

The analysis of naming accuracy revealed a main effect of SOA (°(2) = 8.82,

p =.012), but the main effect of distractor type (y°(3) = 3.85, p = .278) was not

significant, and there was no interaction between these two factors (y°(6) = 3.81, p

=.702). Further analysis showed that compared to 0 ms SOA, the naming accuracy at

both -150 ms (B =-0.37, SE = .14,z =-2.55, p=.011) and +150 ms (B =-0.36, SE

=.14,z=2.55,p=.011) was lower.
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3.3.2.2. Naming latency

The analysis of latencies revealed a main effect of SOA (£(2, 117.01) =10.82,
p <.001) and distractor type (F(3, 48.60) = 8.23, p <.001), and there was an
interaction between these two factors (F(6, 126.47) = 3.06, p = .008). Further
analysis showed that compared to 0 ms SOA, there was no difference in the naming
latency between 0 ms and -150 ms SOAs (B =-34.26, SE=32.91,¢t=-1.04,p
=.301), but the naming latency at +150 ms was shorter (B =-152.71, SE =37.44, t =
4.08, p <.001). Irrespective of SOA, we found that compared with unrelated
distractors, semantically related distractors led to longer naming latencies (B = 14.63,
SE=17.01,t=2.09, p =.042), and phonologically related distractors led to shorter
naming latencies (B =-14.82, SE = 6.64, t =-2.23, p = .030). But there was no effect
of phono-translation distractors compared to unrelated distractors (B =-0.23, SE =
7.32,t=-0.03, p = .975).

At -150 ms SOA, we found that compared with unrelated distractors,
semantically related distractors resulted in longer naming latencies (B =31.61, SE =
10.35, £ =3.06, p = .004). However, there was no difference in naming latency
between phonologically related distractors and unrelated distractors (B =-7.96, SE =
9.32, t=-0.85, p = .398) or between phono-translation distractors and unrelated
distractors (B =-3.55, SE =9.62,t=-0.37, p = .714).

At 0 ms SOA, we found that compared with unrelated distractors, there was
no difference in naming latency between semantically related distractors and
unrelated distractors (B = 7.41, SE =9.10, t = 0.81, p = .420). Phonologically related
distractors led to shorter naming latencies (B = -20.07, SE=8.94, t=-2.24,p

=.030), but there was no difference between phono-translation distractors and
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unrelated distractors (B = 1.89, SE =9.66, t = 0.20, p = .846).

At +150 ms SOA, we found that compared with unrelated distractors, there
was no difference in naming latency between semantically related distractors and
unrelated distractors (B =7.31, SE=6.22,t=1.18, p = .246). Phonologically related
distractors led to shorter naming latencies (B =-12.89, SE=4.79, t =-2.69, p
=.007), but there was no difference in naming latency between phono-translation
distractors and unrelated distractors (B = 1.67, SE =4.98, t = 0.34, p = .738).

3.3.3. Discussion

For L1 English speakers, we observed overall effects of semantic interference
and phonological facilitation irrespective of SOA. Specifically, we observed
semantic interference at -150 ms SOA and phonological facilitation at 0 and +150 ms
SOA. Most important, there was no effect of phono-translation distractors at any
SOA.
3.3.3.1. Comparison of Experiment 4 and 5

To determine whether there were significant differences in the time course
and magnitude of semantic interference, phonological facilitation, and phono-
translation facilitation between bilinguals in Experiment 4 and L1 English speakers
with no knowledge of Chinese in Experiment 5, we conducted additional analyses on
the naming latencies across experiments. Since the phono-translation facilitation
effect occurred only at SOA -150 ms in Experiment 4, we limited the comparison
between Experiment 4 and 5 to the SOA -150 ms condition for this effect. For
semantic interference and phonological facilitation, we compared naming latencies
across all SOAs in both experiments.

For the semantic interference effect, there was no interaction with the
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experimental group (Experiment 4 and 5) (F(1, 17621.2) =0.47, p = .494), and the
three-way interaction among semantic interference, SOA, and experimental group
was also not significant (F#(2, 17620.6) = 1.68, p = .187). Similarly, for the
phonological facilitation, there was no interaction with the experimental group (F(1,
17835.0 )=1.57, p=.210), and the three-way interaction among phonological
facilitation, SOA, and experimental group was not significant (#(1, 17831.9) = 0.25,
p =.777). Most importantly, there was an interaction between the phono-translation
effect and the experimental group, although it was marginally significant (B =-3.41,
SE=1.86,1t=-1.83, p=.067).

The comparison of Experiment 4 and Experiment 5 suggested that there was
no difference in how Chinese-English bilinguals and L1 English speakers processed
semantic and phonological distractors. However, there was suggestive evidence for a
difference in how they processed phono-translation distractors.

3.4. General Discussion

We conducted two large-scale picture-word interference experiments by
asking Chinese-English bilingual speakers (Experiment 4) and L1 English speakers
(Experiment 5) to name pictures in English while ignoring auditorily presented
English distractor words which were semantically related, phonologically related, or
unrelated to the English picture name, or phonologically related to the Chinese
translation of the English picture name.

As expected, we observed semantic interference effect at early SOAs in both
experiments: at -150 ms and 0 ms SOA in Experiment 4, and at -150 ms SOA in
Experiment 5. We also found phonological facilitation in both experiments: across all

3 SOAs in Experiment 4, and at 0 and +150 ms SOA in Experiment 5. But there was
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a notable difference between the two experiments with phono-translation distractors:
There was an early facilitation effect for phono-translation distractors at -150 ms
SOA for bilinguals in Experiment 4, but no effect for L1 English speakers in
Experiment 5. These results indicated that the facilitation effect found in Experiment
4 was indeed due to cross-language interaction in bilingual language production
among bilinguals.

Next, we will discuss the implications of our results for the activation of
information related to the non-target language in a one-language experimental
setting. We will begin by examining the language-specific and non-specific selection
accounts, which posit on-line activation of the non-target language, hereafter referred
to as the on-line activation account. Then we will propose an alternative explanation
for the phono-translation facilitation effect in our study, in which the effect is the
result of learning rather than on-line cross-language activation.

3.4.1. On-line activation account

The similarity in semantic interference and phonological facilitation effects in
Experiments 4 and 5 suggests that processing within a single language is similar
across L1 and L2 speakers. But the unique phono-translation facilitation effect in
Experiment 4 but not Experiment 5 suggests that L2 speakers also activate their L1.
Specifically, the Chinese-English bilinguals activated representations associated with
Chinese when naming pictures in English — and, importantly, when there was no use
of Chinese in the experimental context at all.

The facilitation rather than interference of the phono-translation effect aligns
with the logic of the cross-language identity effect. That is, the phono-translation

distractor word activates the target word’s translation, which in turn sends extra
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activation to the target word via the semantic representation relative to an unrelated
word. Although the translation word also gets extra activation from the distractor
word and is therefore highly activated, it is not considered for selection and therefore
does not interfere with the word selection process. In contrast, the extra activation to
the target word from the distractor word facilitates picture naming compared to an
unrelated distractor word. On this account, the phono-translation facilitation effect in
our study suggests that in a one-language context, the non-target language is
activated but does not compete for lexical selection.

Our results are therefore consistent with the predictions of the language-
specific selection accounts (Costa et al., 1999; Costa & Caramazza, 1999; Roelofs,
1998) which posit that bilinguals activate both languages but consider only target
language words for selection, as opposed to language non-specific selection accounts
(Abutalebi & Green, 2007; Colomé, 2001; Green, 1986, 1998) that suggest words
from both languages compete for selection.

As noted above, previous studies have found facilitation, interference, and no
effects for phono-translation distractors relative to unrelated distractors. Given that
our study is the first well-powered study conducted in a one-language context, the
facilitation effect has strong theoretical implications for bilingual lexical access in a
purely L2 context. As expected, we observed phono-translation facilitation only
when distractor words were presented just before the pictures but not when
distractors were presented simultaneously with or just after the pictures. Our
explanation for this is that it takes time for the phono-translation distractor to send
additional activation to the target word: The phono-translator distractor first activates

the picture’s translation which then activates the target word through its semantic
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representation.

Consequently, when distractors were presented simultaneously with or after
the pictures, the naming process had already progressed beyond the target word
selection stage by the time it received additional activation from the phono-
translation distractor. In other words, this additional activation was too late to
facilitate naming. Summarizing, the phono-translation facilitation effect observed in
our study indicates that a purely English context is already sufficient for highly
proficient Chinese-English bilinguals to create a selective environment in which they
disregard the non-target language and freely select words from the target language,
despite the activation of the non-target language.

3.4.2. The learning account

Up to now we have discussed the implications of our results for the online
activation account. Clearly, the observed facilitation effect in our study in a one-
language context is in line with the language specific selection account that argues
that when bilinguals are speaking in the target language, words from the non-target
language are still activated but are not considered for selection. However, the phono-
translation facilitation effect observed in our study is also compatible with a learning-
based account that does not assume online cross-language activation in a one-
language context (Costa et al., 2017).

Costa et al. (2017) proposed an alternative explanation for the findings
reported in Thierry and Wu (2007), who had Chinese-English bilingual speakers
judge the semantic relatedness of English word pairs (e.g., train — ham). The Chinese
translations of half of the word pairs were phonologically related (here, huo che —

huo tui), and the other half were not. They recorded event-related potentials and
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found that the N400 amplitude was smaller when their translations were related than
unrelated. They argued that when bilinguals processed words in their L2 English,
they co-activated translation equivalents in L1 Chinese — that is, they “unconsciously
translated” L2 words into their L1.

Costa et al.’s (2017) alternative explanation was based on learning and did
not assume online co-activation. On this account, bilingual speakers carry over the
lexical structure from their L1 to their L2 during learning. When Chinese learners of
English encounter the word train, they initially activate its translation equivalent Auo
che and activation spreads to the form-related word huo tui, which in turn activates
its translation ham. As a result, train and ham, which are unrelated in the
monolingual English lexicon, end up being linked together in the L2 English lexicon
via Hebbian learning (“units that fire together wire together””) — a link that leads to
the reduction in N400 amplitude. Thus, Costa et al. (2017) argued that Thierry and
Wu’s (2007) findings may reflect traces of the L1 lexical structure in the L2 lexical
structure, rather than on-line “unconscious translation”.

More generally, Costa et al. (2017) claimed that the L2 lexicon may simply
be different from the L1 lexicon. Words such as #rain and hAam may have no
association in the L1 English lexicon. But they are linked in the L2 English lexicon
of a Chinese-English bilingual. Thus, the pattern of online cross-language activation
that would lead to “unconscious translation” may not occur in a one-language
context. Instead, it may reflect the activation of information originating from L1 that
has been incorporated into L2. As we noted in the introduction, the learning account
can be extended beyond “unconscious translation”: Costa et al. pointed out that

cognate facilitation can also be explained by learning rather than on-line activation.
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Let us now consider whether the phono-translation effect can also be
explained by learning rather than on-line activation. We first consider the scenario
where the English word mouse is learned before hat (Scenario 1). We posit that when
Chinese speakers learn the English word mouse, they coactivate the Chinese word
mao zi (meaning hat in English) because of their phonological similarity, and
therefore forms a link between the representations of mouse and mao zi. Later, when
they learn the English word hat, they activate its Chinese translation mao zi via their
semantic relationship (i.e., of equivalence), which, in turn, spreads activation to the
English word mouse via their phonological relationship. Thus, the English words Aat
and mouse are co-activated during learning, and this coactivation increases the
connection between them via Hebbian learning. Therefore, during the learning
process, hat and mouse develop an association in the L2 lexicon of Chinese-English
bilinguals.

Now consider the scenario in which Chinese speakers learn the English word
mouse after hat (Scenario 2). When they learn mouse, they activate not only its
Chinese translation /ao shu via their semantic relationship, but also the Chinese word
mao zi via their phonological relationship. In turn, mao zi spreads some activation to
its English translation hat. As a result, the English words mouse and hat are
coactivated, and therefore a connection is developed between them via Hebbian
learning, and so the English words /at and mouse again become associated. Thus, the
association occurs regardless of which word is learned first. This association causes
the word mouse to prime the naming of a hat in English, as our Experiment 4
revealed, without (on-line) activation of the L1. But English monolinguals with no

knowledge of Chinese have no association between hat and mouse, and so there is no
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priming.

To assess the plausibility of this explanation for our experimental data, we
developed a simplified computational model, based on the model developed by Costa
et al. (2017). Our model contained six words: three L1 (Chinese) words (mao zi, lao
shu, ling dang) and their corresponding L2 (English) translations (hat, mouse, bell),
with each word’s activity being simulated by a neuron pool. The three Chinese words
were unrelated to each other in both meaning and form, and their English translations
were also unrelated to each other. Crucially, however, the English word mouse is
phonologically related to the Chinese word mao zi. The model was trained in the two
scenarios: Scenario 1, where mouse is learned before hat, and Scenario 2, where
mouse is learned after hat.

In Scenario 1, the connection between mao zi and mouse was initialized as
Cph to reflect their phonological similarity, and all other connections were initialized
at zero. During training, for each presentation of a L2 word, the target node received
an input of V' and the corresponding translation node received an input of Vi, while
all other nodes received a background input of V.. To introduce variability in
activation levels, each input was modified by adding random noise, ranging from 0 to
Av. The model used Hebbian learning rules outlined by Costa et al. (2017) and
Oppenheim et al. (2018): During each trial, the initial activation of each node on the
presentation of an L2 English word was its noisy net input—the sum of external
input and the random noise. Thereafter, the initial activation of each node was
calculated as the sum of the activations from all the other nodes at the previous
timestep, multiplied by their connection weight to that node. This activation process

continued until the network stabilized. Once stabilized, connection weights into each
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node were modified if the node's activation exceeded a specified threshold (&y).
Additionally, changes in weight (the learning speed) were scaled according to a
sigmoidal function of the activation of the sending node, and over time the rate of
connection weight change between nodes decelerated. All parameter values used in

our model are detailed in Table 12.

Table 10

Values of All Parameters Used in Our Model

Trial number 30,000
Q 6,000
Vi 40 a.u.
Vi 15 a.u.
Vs 14 a.u.
Vi 4 a.u.
Av 2 au.
Cph 0.15
oL 0.001
O 20

B 6 a.u.

As in Oppenheim et al. (2018),we trained the model over 30,000 trials. For
each trial, a L2 word was randomly selected as the target, and therefore each L2
word was presented about 10,000 times. In Scenario 1, after training, we expected
that the activity of the target’s translation mao zi should be relatively high when the
target word hat was presented, and the activity of the word mouse should be
relatively high too. But the activity of the other words (lao shu, ling dang, bell)
should be relatively low.

In Scenario 2, where hat is learned before mouse, all connections were

initialized to zero. For the presentation of the L2 word mouse, the target node mouse,
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the corresponding translation node /ao shu, and the phonologically similar L1 word
mao zi received inputs of Vy, Vi, and Vs respectively while all other nodes
received a background input of Vy;. For the presentation of the other two L2 words
(hat and bell), the target node received an input of ¥y, and the corresponding
translation node received an input of V2, while all other nodes received a
background input of Vyz. We used the same learning rules from Scenario 1 and again
trained the model 30,000 times. After training, we expected that the activity of lao
shu (the translation of the target word mouse) would be high when mouse was
presented. Additionally, the activity of mao zi, being phonologically similar to
mouse, was expected to be high, and the activity for its English translation hat was
expected to have an intermediate value. But the activity of words unrelated in both
meaning and form to the target word and its translation (bell, ling dang) should be
relatively low.
3.4.2.1. Simulation

As in Costa et al. (2017), we simulated our study in three different situations:
“before learning” (panel B), “after learning with L1 co-activation” (panel C), and
“after learning with only L2 activation” (panel D). The post-learning model with L1
co-activation corresponds to bilinguals in a two-language context where both
languages are activated. The crucial test for our alternative learning-based hypothesis
occurs in the final state, where the influence of L1 is entirely removed,
corresponding to a situation where only L2 is active. To achieve this, we set all
connections between L1 and L2 words to 0, as in Oppenheim et al. (2018). This
setup allows us to isolate and examine the effects of learned associations within the

L2 lexicon, without any influence from L1.
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During the simulations, the target L2 word (4at in Scenario 1 and mouse in
Scenario 2) was activated 8,000 times (as in Oppenheim et al., 2018), and the rules
for input activation was the same as applied during the training, but without further
updates to connection weights. Figure 4 shows the developmental trajectory of
connections and word activations in Scenario 1 where mouse is learned before hat,
and Figure 5 shows the learning process in Scenario 2 where mouse is learned after
hat.

Simulation results for Scenario 1

In Scenario 1, Figure 4A shows the evolution of connection strength to hat
from the other five words during the learning period. Initially, significant growth was
observed mainly in the connection between translation pairs (hat and mao zi).
Figures 4B and 4C show the activation distribution of mouse and bell before and
after learning, respectively. Since there was already an established link between the
representations of mouse and mao zi, learning hat could immediately activate mouse
more than bell (hat — mao zi—mouse), even during the learning phase (Fig. 4B). By
the end of learning, the connection strength became greater between hat and mouse
than between hat and bell (Fig. 4A), and the L2 word hat activated the unrelated
word mouse significantly more than the L2 word bell (Fig. 4C). This indicates that
learning hat led to an association between the unrelated L2 words hat and mouse.
Figure 4D shows the mean activation distribution of mouse (6.44) and bell (5.05)
after all between-language connections were severed following presentation of the
word hat. Here, a strong association between hat and mouse persisted even in an L2-
only context (Cohen’s d = 0.70). This suggests that the phono-translation facilitation

effect in our study does not have to be explained in terms of the on-line activation of
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the L1. Instead, it can be explained in terms of the learned L2 association.

Figure 4

Simulation Results for Scenario 1 in Three Different Situations
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Simulation results for Scenario 2

In Scenario 2, Figure 5A shows the change in connection strength to the word
mouse from the other five words during the learning period. Figures 5B and 5C show
the activation distribution for the L2 words hat and bell before and after learning the
word mouse, respectively. Initially, the most significant increase in connection
strength was observed between the translation word pairs (mouse and lao shu), with
the activation of mouse not yet linked to that of hat (Fig. 5B). However, by the end of
the learning process, the connection strength between mouse and hat surpassed the
connection strength between mouse and bell (Fig. SA). This indicates that learning
mouse led it to activating the unrelated word hat more than bell when prompted by
mouse (Fig. 5C). These results suggest that learning the L2 word mouse led to an

association between the otherwise unrelated L2 words hat and mouse.
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Figure 5

Simulation Results for Scenario 2 in
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Figures 5D presents the mean activation of the L2 words Ahat (6.09) and bell
(4.97) after severing both L1 to L2 and L2 to L1 connections. Notably, even with
solely L2 words activated, a strong association between the activations of hat and
mouse persisted on the presentation of mouse (Cohen’s d = 0.56). This observation,
consistent across both Scenario 1 and Scenario 2, reveals an association between hat
and mouse regardless of the order in which they were learned. Importantly, this
association is not attributable to simultaneous L1 activation, proving the feasibility of
a learning-based account of our experimental findings.

In summary, we constructed a simplified model that simulated a learning
process in which both languages are activated, followed by a post-learning process
where activation is restricted to only one language. As noted above, regardless of the
learning order of mouse and hat, activating mouse leads to increased activation of the
seemingly unrelated Aat relative to bell after learning and removing all L1

representations. Based on these model results, we conclude that the phono-translation
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facilitation effect in our study does not require the assumption of on-line activation
of the non-target language; instead, it can be explained by assuming the initial
activation of information that originates in the non-target language but has been
transferred into the target language.
3.5. Conclusion

We conducted two large-scale picture-word interference experiments with
phono-translation distractors among Chinese-English bilinguals and L1 English
speakers with no knowledge of Chinese in a one-language context. We found that
picture naming in bilinguals was facilitated when they were presented with a phono-
translation distractor in comparison to an unrelated distractor. No such effect
occurred for monolingual participants. This finding is compatible with an
explanation in which lexical candidates in the non-target language are activated, but
they do not engage in the target word lexical selection process. In other words, when
highly proficient bilinguals are in a one-language context, lexical selection is
language-specific, considering only words from the language currently in use.
However, we have shown that our findings are also consistent with a learning-based
explanation in which both languages are initially co-activated but where L1 is not co-
activated when learning is complete. But whether the on-line or learning-based
account is correct, our experiments demonstrate found that bilinguals use information

associated with L1 in a purely L2 context.
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4. Study 3 Experiments 6-7: Predicting Words Across Languages Depends on

Language Context: Evidence from Visual World Eye-Tracking

Chapter 4 of this thesis is based on a manuscript that was submitted to a peer-

reviewed journal:

Yin, H., & Pickering, M. J. (under review). Predicting words across languages
depends on language context: evidence from visual world eye-tracking. Journal of
Memory and Language. Authorship details: Yin designed the study, ran the
participants, analyzed the data, and wrote the original manuscript. Pickering acted as
supervisor, gave feedback on each of these steps, and contributed to the revision of

the manuscript.

Note: The reference list is not included in this chapter but is brought together with

other references in this thesis.
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4.1. Introduction

Language comprehension is not merely a bottom-up passive process of
waiting for words, but also involves actively generating top-down predictions about
what is likely to occur (Huettig, 2015; Kuperberg & Jaeger, 2016; Pickering &
Gambi, 2018). For bilinguals, this prediction process is made more complicated
because they can conduct bottom-up and top-down processing in two languages.
Researchers have extensively studied whether bilingual word recognition makes
reference to both languages or not (e.g., Dijkstra et al., 1998; Thierry & Wu, 2007),
but little is known about whether prediction does so or not. We therefore asked
whether bilinguals predict words in just the target language that is currently in use
(selective prediction) or whether they predict in both the target and the non-target
languages (non-selective prediction). Moreover, we asked whether selectivity
depends on whether they have recently encountered both languages (in a two-
language context) or just the target language (in a one-language context). To address
these questions, we examined whether highly proficient bilingual speakers pre-
activate the phonological representations of predictable words in their native
language (L1) while comprehending in their second language (L2). We conducted
two experiments in which mandarin Chinese-English bilinguals (i.e., L1 Chinese)
listened to English sentences while looking at pictures and we monitored their eye
movements to determine what they were predicting.

This introduction has three parts: First, it reviews research on bilingual
lexical access in bottom-up word recognition, suggesting that bilinguals often
activate words from both languages, though this activation might vary with language

context. This review supports the possibility of L1 co-activation during L2
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prediction. Second, it examines predictive processing in L1 and L2 and presents
evidence of L1 co-activation affecting the extent to which L2 prediction occurs
during L2 comprehension. Finally, it introduces the current study, which investigates
whether bilinguals predict words across languages in different language contexts.
4.1.1. Bilingual lexical access in bottom-up word recognition

Decades of research has argued that words from both languages can be
activated in parallel in word recognition. Much evidence comes from studies on
cognates and interlingual homographs/homophones. Cognates, which are words that
have both the same meaning and same or similar form across languages (e.g., taxi in
English and Spanish), are processed faster than non-cognate controls in tasks such as
lexical decision (Dijkstra et al., 1998; Duyck et al., 2007; Van Hell & Dijkstra, 2002)
and progressive demasking (Dijkstra et al., 1999; Lemhofer et al., 2008). This
facilitation is often attributed to the co-activation of the target word’s cognate in the
non-target language, with converging activation speeding comprehension. But note
that cognates could be learned better than non-cognates (through early cross-
language activation) (Winther et al., 2023), or their syllables may have higher
frequencies than those of non-cognates (Gollan & Acenas, 2004), so facilitation
might not be due to online cross-language activation at the time of the experiment.

Some studies showed that cognate facilitation is influenced by language
context, though the findings remain somewhat inconsistent. In a high-constraint
sentence, the target word is highly predictable based on the context (e.g., as assessed
by a Cloze test), whereas in a low-constraint sentence, neither the target word nor
any other word is predictable. Titone et al. (2011) found that English-French

bilinguals showed cognate facilitation for low- but not high-constraint L1 English
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sentences. But when the experiment included L2 French sentences, facilitation
appeared for both low- and high-constraint L1 sentences, suggesting that a two-
language context enhances cross-language activation. In an L2 English lexical
decision task, Dijkstra et al. (2015) found that Dutch-English bilinguals showed
cognate facilitation regardless of whether the cognates were preceded by Dutch or
English sentence contexts. In contrast, Vanlangendonck et al. (2020) reported that in
an L2 lexical decision task, cognate facilitation turned into inhibition when L1 items
were included in the stimulus list.

Interlingual homographs (words with the same orthography but different
meanings across languages) provide additional evidence for cross-language
activation. Bilinguals take longer to respond to interlingual homographs than non-
homographs in L2 lexical decision tasks (Dijkstra et al., 1998, 1999; Dijkstra et al.,
2000; Schulpen et al., 2003). This delay is often interpreted as evidence for the co-
activation of both the form and meaning of homographs in the non-target language.

Like cognate facilitation, the interlingual homograph interference effect is
influenced by language context. For example, in Dijkstra et al.'s (1998) English
lexical decision task, there was no response time difference between interlingual
homographs and control words when only English words or nonwords that were
orthographically legal in English were used (one-language context). But when Dutch
filler words were added (two-language context), response times for homographs were
longer than for English control words (see also Dijkstra, Bruijn, et al., 2000; Poort &
Rodd, 2017). Similarly, Elston-Giittler et al. (2005) presented German-English
bilinguals with English sentences (e.g., The woman gave her friend an expensive...)

ending with either an interlingual homograph (gift, meaning “poison” in German) or

133



a control word (item),followed by target words corresponding to the homograph’s L1
meaning (poison). Participants who watched a German movie before the experiment
showed faster lexical decisions and N200/N400 modulations for homograph-related

targets in the first block—an effect absent for those who watched an English movie,

suggesting that cross-language activation is influenced by language context (see also
Elston-Giittler & Gunter, 2009).

Thierry and Wu (2007) had Chinese-English bilinguals judge the semantic
relatedness of English word pairs (e.g., train — ham) whose Chinese translations
(e.g., huo che — huo tui) shared a character, and found reduced N400 amplitudes for
these pairs in comparison to English pairs whose Chinese translations did not share a
character. They interpreted these results in terms of unconscious activation of
Chinese translations during English comprehension (see also Wu & Thierry, 2010;
Zhang et al., 2011). In auditory word recognition, Wang et al. (2017) showed that
Chinese-English bilinguals listening to English words (e.g., rain, “yu3” in Chinese)
fixated more on a competitor object (e.g., a feather, “yu3” in Chinese) whose
Chinese name was a homophone of the Chinese translation of the target word than an
unrelated object, suggesting cross-language activation. However, Costa et al. (2017)
argued that these findings might reflect remnants of L2 learning rather than online
cross-language activation.

4.1.2. Cross-language activation and language context

Further evidence for the impact of language context on cross-language
activation comes from findings on language switch costs in language comprehension.
Cheng and Howard (2008) presented Chinese-Taiwanese bilinguals with pairs of

Chinese sentences that either both included Taiwanese words (two-language context)
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or were entirely in Chinese (one-language context) and had them judge if two
sentences were semantically synonymous in Chinese. Participants showed a switch
cost (i.e., slower to respond) for language-switching pairs only when they believed
that only Chinese would be used in the experiment, but such switch cost disappeared
when they expected that both Chinese and Taiwanese would be involved in the
experiment (Olson, 2017).

In an eye-tracking study, Olson (2017) had Spanish-English bilinguals read a
target word in English following a context that was entirely in English, entirely in
Spanish, or consisted of some English words followed by some Spanish words.
Relative to the English-only context, participants had more difficulty with a context
entirely in Spanish but did not have difficulty with the mixed language context,
suggesting that the non-target language is activated to a larger extent in a two-
language context than in a one-language context (see also Declerck & Grainger,
2017; Kheder & Kaan, 2019). Hoversten and Traxler (2020) had Spanish-English
bilinguals read low-constraint English sentences (e.g., We saw that his _had a
horrible scar) containing a critical word in English (hand), Spanish (mano), or a
pseudoword (erva). Eye movements revealed that overtly presented Spanish words
(two-language context) caused early reading disruptions compared to English words,
though less than pseudowords, suggesting that code-switched words were less
accessible but not fully treated as pseudowords. However, when code-switched
words were presented covertly using the gaze-contingent boundary paradigm (one-
language context), they were processed like pseudowords (see also Hoversten &
Martin, 2023), thus in a one-language context Spanish had the same status as

nonwords — it was not activated.
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In summary, much evidence suggests that comprehenders activate both
languages when they encounter words — that is, non-selective lexical access.
However, most of this evidence comes from experiments conducted in two-language
contexts, and findings of cross-language activation in one-language contexts can
alternatively be explained by the learning account. Thus, it remains unclear whether
parallel activation depends on language context or not.

4.1.3. Within-language prediction in bilinguals

We first note that L1 comprehenders can predict many aspects of upcoming
words (see Pickering & Gambi, 2018), such as meaning (Altmann & Kamide, 1999;
Dijkgraaf et al., 2019; Grisoni et al., 2017), syntax (Van Berkum et al., 2005; Wicha
et al., 2004), and form (Ito et al., 2018; Kukona, 2020; Li et al., 2022; Martin et al.,
2013; Xu et al., 2022). For example, Altmann and Kamide (1999) found that after
hearing the boy will eat the..., participants were more likely to look at an edible
object (a cake) than inedible objects (a ball, a toy train, and a toy car) before the
word cake was spoken, suggesting that participants pre-activated a component of the
meaning of the upcoming word (here, that it is edible). With regard to form, Li et al.
(2022) had L1 Mandarin Chinese speakers listen to Chinese sentences containing a
highly predictable word (e.g., % /, A IR THH 7156 M5 17 5¢
“After school, I put my pencil case and notebooks into my schoolbag and get ready
to go home”) while viewing a scene containing a critical object whose Chinese name
(e.g., shulzi5, meaning comb) shares the same pronunciation and tone (homophone)
with the predictable word (shulbaol, meaning schoolbag). Participants fixated more
on the Chinese homophone competitor than an unrelated object before the target

word onset, demonstrating pre-activation of the phonological information of the
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predictable word (see also Ito et al., 2018; Li et al., 2022; Shen et al., 2021; Xu et al.,
2024; Zhao et al., 2024).

The results for L2 comprehenders are much less clear. Some studies have
found prediction in L2 comprehenders (Chun & Kaan, 2019; Dijkgraaf et al., 2017,
Lew-Williams & Fernald, 2010; Momenian et al., 2024), while others have not
(Hopp, 2015), or have reported reduced prediction effects compared to L1
comprehenders (Ito et al., 2018; Martin et al., 2013; Mitsugi & Macwhinney, 2016).
Overall, there is good evidence that L2 comprehenders can predict, but do so less
than L1 comprehenders (for a review, see Schlenter, 2023).

The clearest difference between L1 and L2 prediction appears to relate to
form, as no study has found form prediction in L2 comprehension. For example, in
an ERP study, Martin et al. (2013) had Spanish-English bilinguals and L1 English
speakers read English sentences with a predictable or unpredictable final noun,
which was preceded by an article either congruent or incongruent with the noun (as
in DeLong et al., 2005). L1 speakers, but not L2 speakers, showed an increased N400
amplitude effect for articles incongruent with the predictable nouns, suggesting that
L2 speakers did not pre-activate the phonological representation of predictable
words. Similarly, Ito et al. (2017b) had Spanish-English bilinguals read highly
constraining L2 English sentences that continued with a predictable word, a
phonologically related word, a semantically related word, or an unrelated word. Both
phonologically and semantically related words elicited increased N400 effects
similar to those for non-predictable words but greater than for predictable words,
suggesting that L2 speakers did not pre-activate the semantic or form representations

of the predictable words (see also Ito et al., 2018).
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4.1.4. Suggestive evidence for L1 co-activation in L2 prediction

One possible reason for the difference between L1 and L2 predictive
processing is that L1 co-activation affects L2 prediction (Hopp & Lemmerth, 2018;
Kaan, 2014; Schlenter, 2023). Indeed, some studies are compatible with interference,
and as far as we are aware, all experiments concerning prediction have been
conducted in a one-language context. Using the visual-world paradigm, van Bergen
and Flecken (2017) examined L2 prediction in L2 Dutch speakers with different L1s,
which vary in whether placement verbs specify the position of the patient. German
and Dutch placement verbs specify its position (i.e., they distinguish “put into a
standing position” from “put into a lying position”), while French and English verbs
do not (i.e., they just have “put”). When listening to Dutch sentences with placement
verbs, L1 German speakers made predictive eye movements toward objects whose
position was compatible with the verb, but L1 English and French speakers did not.
This may suggest that L1 English and French speakers co-activated their L1 verbs,
leading them to predict objects without considering their position. However, it could
also be that the L1 English and French learners had not fully learned the correct
meaning of Dutch placement verbs, unlike the L1 German learners, rather than solely
being affected by L1 activation.

Similarly, Ito et al. (2024) had heritage speakers of Vietnamese in Germany
listen to Vietnamese sentences (e.g., Mai mdc mot chiéc do “Mai wears a shirt”) for
which verb constraints differ between German and Vietnamese (here, German tragen
allows clothing and accessories as its objects, while Vietnamese mdc only allows
clothing). Participants fixated more on objects compatible with German verb

constraints (e.g., earrings) rather than Vietnamese ones (e.g., shirt). Again this
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suggests that participants could have activated L1 verb information, or they could
have failed to learn Vietnamese verbs well.

Other studies have shown that L1 activation interferes with L2 syntactic
prediction. Russian and German both have genders, but Russian marks gender on
nouns and adjectives as suffixes and lacks articles, whereas German marks gender on
adjectives and determiners. Using the visual-world paradigm, Hopp and Lemmerth
(2018) presented advanced and high-intermediate Russian-German bilinguals with
German sentences ending with gender-marked adjective-noun or article-noun
phrases. Advanced learners showed predictive gender processing for both adjectives
and articles, while high-intermediate learners showed gender prediction for
adjectives, but only did so for articles when noun genders in Russian and German
were congruent. This suggests that high-intermediate learners co-activate L1 lexical
gender, with incongruent genders interfering with L2 syntactic prediction, modulated
by L2 proficiency (see also Dussias et al., 2013). But of course, this could also be
because high-intermediate learners had not fully learned German articles.

In an ERP study, Aleman Bafion and Martin (2021) had Swedish-English and
Spanish-English bilinguals read English stories featuring two characters (e.g., Julia's
niece and Albert's sister) that biased participants to expect Ais sister (referring to
Albert's sister) rather than her niece (referring to Julia's niece) as the upcoming
possessive construction. In both Swedish and English, the possessive pronoun
indicates the possessor noun’s natural gender, but in Spanish, it agrees with the
possessed noun. Swedish learners of English elicited increased N400 amplitudes for
unexpected prenominal possessives compared with expected ones, whereas Spanish

learners did not. This suggests that Spanish-English bilinguals activated L1
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information of possessive pronouns, interfering with L2 syntactic prediction (or that
they had not fully learned L2 usage).

Note that L1 activation does not necessarily interfere with L2 prediction. Ito
et al. (2024) had Spanish-English bilinguals listen to English sentences containing
either cognate or non-cognate verbs that predicted target objects while viewing a
scene. Participants showed faster and greater predictive fixations towards target
objects when the verb was a cognate than a non-cognate. This suggests that L1
activation of cognate verbs facilitated L2 prediction, though the effects can also be
explained in terms of learning (see Bilingual lexical access in bottom-up word
recognition).

There is, however, no evidence that L1 form representations of predictable
words are activated during L2 prediction. In an ERP study, FitzPatrick and Indefrey
(2010) had Dutch-English bilinguals listen to high-constraining English sentences
ending with semantically incongruent words, predictable words, or words
phonologically related to the Dutch translations of predictable words (e.g., My
Christmas present came in a bright-orange doughnut”; doughnut had initial overlap
with doos, meaning “box”). There was no difference in the N400 peak or onset
latency between phonologically related words and incongruent words (though
incongruent words did differ from predictable words), suggesting that the L1
phonological representations of the predictable words were not activated during L2
prediction.

In addition, Ito et al. (2018) had Japanese-English bilinguals listen to
sentences containing a highly predictable word (e.g., The tourists expected rain when

the sun went behind the cloud) while viewing a display of four objects. They found
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no difference in predictive fixations between an object whose Japanese name was
phonologically related to the Japanese translation of the predictable word (bear;
kuma) and an unrelated object (globe; tikyuugi), nor between an English
phonological competitor (c/lown) and an unrelated object. Thus, there was no
evidence that L2 speakers pre-activated phonological representations of either
predictable words or their L1 translations. Using the same design, Amos et al. (2022)
found similar results for French-English translators or interpreters who listened to
English sentences and translated them into French.

Although these studies did not find evidence of L1 phonological pre-
activation, we cannot be certain that L1 phonological representations of predictable
words are not activated during L2 comprehension. Even in L1 comprehension,
phonological prediction effects are small (see Ito, 2024). In Ito et al. (2018), Japanese
competitors and Japanese translations of predictable words shared only 2.6 out of 4.9
phonemes (53%), which may be insufficient to trigger activation of phonologically
related words, and the study had low power (96 observations per condition in Ito et
al., 2018), as did Amos et al. (2022) (192 per condition).

4.1.5. The present study

Our study investigated whether bilinguals comprehending sentences in their
L2 make predictions in their L1. To do so, we conducted two visual-world eye-
tracking experiments. We examined whether Chinese-English bilinguals listening to
English predict in both Chinese and English or whether they restrict predictions to
English. Also, we explored whether such predictions occur when they heard only
English (one-language context, Experiment 6) or both Chinese and English (two-

language context, Experiment 7).
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Our experiments were related to Ito et al. (2018), but there were two
important differences. First, to enhance the likelihood of detecting L1 phonological
activation, we used (intralingual) homophones in Chinese as L1 phonological
competitors. Chinese has an abundance of homophones—words with identical
pronunciations but different meanings and spellings. Compared to the L1
phonological competitors used by Ito et al. (2018), our use of homophones greatly
increased the phonological overlap with the Chinese translations of predictable
words. We assumed that this would maximize the likelihood of detecting cross-
language L1 phonological activation, provided that L1 Chinese translations of
predictable words are indeed activated during L2 English comprehension.

The second difference from Ito et al. (2018) was an increased sample size.
Since Ito et al. (2018) and Amos et al. (2022) did not detect cross-language L1
phonological activation, we based our sample size on studies that used Chinese
homophones and have detected phonological prediction in L1 comprehension (Li et
al., 2022; Xu et al., 2024). Xu et al. (2024) had 288 observations per condition and Li
et al. (2022) had 450. We therefore decided to have 360 observations per condition.
The third difference from Ito et al. (2018) was that we included only three
conditions, excluding the English phonologically related condition. We made this
decision because previous studies consistently showed no form prediction among L2
speakers and our primary aim was to investigate whether L2 speakers pre-activate L1
form representations of predictable words during L2 comprehension.

Our participants heard English sentences containing a highly predictable
word (e.g., rain in You should take an umbrella with you, because there will be heavy

rain at three o'clock this afternoon) while viewing a display which contained three
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distractors and a critical object (see Figure 1). The critical object corresponded to the
target word (e.g., rain [Chinese: yu3]), a Chinese homophone competitor whose
Chinese name was a homophone (e.g., feather [Chinese: yu3]) of the Chinese
translation of the predictable word, or a word (e.g., comb [Chinese: shul]) that was
unrelated to the predictable word.

We assume that participants predict components of the meaning of highly
predictable words in L2 sentences, and therefore hypothesize that they will fixate the
target objects more than unrelated objects before the target word onset. The critical
question is whether they pre-activate L1 representations of predictable words in L2
sentences. If they do, they should fixate more on Chinese homophone objects than on
unrelated objects before the target word onset. Experiment 6 investigated these issues
using a one-language context (where filler sentences were in English), and
Experiment 7 did so using a two-language context (where filler sentences were in
Chinese).

4.2. Experiment 6

In Experiment 6, the whole experimental session was conducted in English.
The only use of Chinese was in a familiarization session (see below).

Data availability

The code and data associated with this paper are available from

https://osf.io/4w6hy/.

4.2.1. Method
4.2.1.1. Participants
Thirty Chinese students at the University of Edinburgh (5 males and 25

females), aged between 21 and 28 years (M = 23.37, SD = 1.61) participated in this
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experiment. All participants were native Mandarin Chinese speakers with English as

their L2. They had all lived in the UK for at least 5 months and were currently

studying in the UK at the time of the experiment. Each participant received a

payment of £9 for their participation. After the main experiment, participants were

asked to indicate their scores on International English Language Testing System, the

age at which they began learning English, the daily duration of their English use, and

their immersion length in an English-speaking country. Additionally, they were

asked to self-rate their English proficiency in reading, writing, speaking, and

listening separately on a scale from 1 (not good at all) to 7 (very good); see Table 11.

Table 11

The Language History and Proficiency of the Chinese-English Participants in

Experiment 6 and 7

Measure One-language One-language
context context
(Experiment 6) (Experiment 7)
Mean (SD) Mean (SD)
English self-rating reading (7-point 5.45 (1.09) 5.93(0.74)
scale)
English self-rating listening (7-point 5.26 (1.24) 5.53 (1.00)
scale)
English self-rating speaking (7-point 4.71 (1.22) 4.77 (1.25)

scale)
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English self-rating writing (7-point 4.68 (0.98) 5.07 (0.94)

scale)

English proficiency test (IELTS score) 7.03 (0.44) 7.19 (0.42)
Daily English usage (hours) 6.50 (4.67) 5.17 (4.35)
Age of English acquisition (years) 7.71 (2.67) 6.95 (2.66)
Length of immersion (months) 13.87 (13.11) 10.57 (11.02)

4.2.1.2. Stimuli

We created 36 pairs of English sentences (see Appendix) involving a highly
predictable target noun (underlined), for example You should take an umbrella with
you because there will be heavy rain at three o'clock this afternoon and Many birds,
like parrots and peacocks, have beautiful and colorful feathers that make them very
exotic and eye-catching. The Chinese translation of the predictable word from one
member of the pair (here, rain, with translation yu3) was homophonous with the
Chinese translation of the predictable word from the other member of the pair (here,
feathers, also with translation yu3). The experimental sentences had a mean length of
23.9 words (SD = 3.1, range = 17-31 words), and the predictable word appeared at
different positions in each sentence (range = 10th-25th word, M = 16.6, SD = 3.0) but
never sentence-finally.

Target-word predictability was assessed using a cloze-probability test.
Fourteen further Chinese-English bilinguals who were studying in the UK were
presented with sentence fragments which were truncated immediately before the
target word, and were asked to complete each sentence with the first word that came

to mind. The cloze probability of a word was defined as the percentage of
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participants who used the exact word to complete the sentence. The mean cloze
probability of the target word was 88.08 % (SD = 12.54, range = 61.54 %—-100 %).
There were an additional 36 English filler sentences (e.g., When my brother and I
were playing in the street, we lost 200 pounds, and we don’t want our mum to know
that) with a similar length to the experimental sentences (M = 24.0, SD = 3.5, range =
20-34 words) but were not designed to have a highly predictable word.

The sentences were generated using Murf Al voice generator, a text to speech
software which can produce human-like and natural-sounding voice. These sentences
were generated with the synthesized voice which was set as “English-UK-Edward
(M), middle-aged, general tone, pitch (0%), speed (-50%)”

(https://murf.ai/studio/project/2/P017026364560496CY ?workspaceld=WORKSPAC

EID017026364543209BE&) at 48 kHz with a format of 32-bit float and a bit rate of

1,536 kbps, and was downloaded in high-quality WAV format. This configuration
was chosen because it produced audio that closely resembled a native British English
speaker, including natural speaking speed, as confirmed by three further Chinese-
English bilinguals from the University of Edinburgh.

Each of the sentences was paired with a scene containing four objects: a
critical object and three distractors. In the target condition, the critical object
corresponded to the target word (e.g., rain [Chinese: yu3]). In the Chinese
homophone condition, the Chinese name of the critical object was a homophone of
the Chinese translation of the target word (e.g., feather [Chinese: yu3]). English and
Chinese names of the Chinese homophone objects were both unrelated to any of the
English names of the target and unrelated objects. In the unrelated condition, the

name of the critical object was neither phonologically nor semantically related to the
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predictable word (e.g., comb [Chinese: shulzi0]). The unrelated condition served as a
baseline. English and Chinese names of each critical object had no phonemes in

common. An example item with four conditions is shown in Fig.6.

Figure 6
Example Visual Scene in the Three Conditions for the Experimental Sentence “‘You
should take an umbrella with you, because there will be heavy rain at three o'clock

this afternoon”

Condition

Target Chinese homophone Unrelated

Note. The object depicted at the top right corner is the critical object for this item.
The visual stimuli were also paired with the filler sentence ‘“When my brother and I
were playing in the street, we lost 200 pounds, and we don’t want our mum to know

that”.

For the two versions of sentence contexts in each homophone pair, the target

object in the target condition for one sentence context was used as the Chinese

homophone object for the other sentence context in the Chinese homophone
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condition, and vice versa. In the unrelated condition, these two sentence contexts
were paired with two different unrelated objects, which were also used as a target or
homophone object in other trials. This design ensured counterbalancing, and
allowing each critical object to alternate between roles across conditions for a more
controlled comparison.

A further 28 Chinese-English bilinguals from the University of Edinburgh
participated in a name agreement test for the critical objects: Of these, 14 provided
the first Chinese name that came to their mind for each picture, and the other 14
provided the English name. In the English naming pre-test, the instructions were in
English throughout the test. In the Chinese naming pre-test, the instructions were in
Chinese throughout the test. The Chinese and English naming agreement for the
retained critical objects was 86.71% (SD = 15.90, range = 50%—-100%) and 88.89%
(8D = 14.48, range = 50%—-100%) respectively.

All the visual stimuli were shown twice, once in an experimental trial and
once in a filler trial. The matched visual stimuli for an experimental and filler
recording contained the same four objects, but the quadrant in which each of the four
objects appeared was varied. Each experimental list comprised 72 sentences: 36
experimental sentences and 36 filler sentences. Each list was divided into two half
lists, each containing 36 visual arrays paired with 18 experimental and 18 filler
sentences. Visual arrays that were paired with experimental items in one half-list
were paired with fillers in the other half-list, and vice versa. Experimental pictures
were counterbalanced across the full lists, resulting in three different sets of items
and a total of 12 experimental lists (six lists for each version of sentence context in a

homophone pair). The order of the sentences within each block was randomized for

148



each participant and the whole experiment took approximately 35 minutes, with
participants having four breaks during the session.

Critical objects appeared in each quadrant equally frequently. Filler sentences
mentioned one of the three distractor objects in the visual display 2/3 of the time.
Thus, in total 50% of sentences mentioned an object in the visual display.
4.2.1.3. Procedure

Participants were tested in a laboratory at the University of Edinburgh, and
the whole session had three parts: the picture-familiarization task, the eye-tracking
experiment, and the language-background questionnaire.

In the picture-familiarization task, participants were shown 180 objects (72
critical objects and 108 distractor objects) one by one on a screen, each accompanied
by its English and Chinese names displayed horizontally below. The name order was
counterbalanced: For half the pictures, English names appeared on the left and
Chinese names on the right, and vice versa for the other half. Participants were told
to memorize both the Chinese and English names for each object. Once they
indicated that they had remembered all the names, the pictures were shown again
without the names, and participants were asked to name each object in both Chinese
and English using the previously given names. To balance positional effects,
participants first articulated the Chinese names for pictures with English names on
the left, followed by the English names, and vice versa for pictures with Chinese
names on the left. The mean picture naming accuracy on the first presentation was
92.41%. The high accuracy suggests that the pictures were familiar to our
participants and were relatively easy to associate with the intended names. If they did

not respond correctly with both the English and Chinese names for a picture, that
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picture was presented again in another picture-familiarization session (until all
pictures were named correctly).

The experimenter used solely English for all communication, including
greetings and instructions, and participants were also told to respond only in English.
In addition, all instructions displayed on the screen and filler sentences were also in
English. Thus, the experiment provided an entirely one-language context, except for
the familiarization session.

In the eye-tracking experiment, participants were seated in front of a
computer screen, at a distance of about 60 cm. Participants’ right eye movements
were recorded using an SR Research EyeLink® 1000 mount eye-tracker with a
sample rate of 500 Hz. Participants were instructed to listen carefully to each
sentence and judge whether it mentioned any of the objects on the screen after the
sentences ended. Before the experiment, participants put their chin on a chin rest, and
the eye-tracker was calibrated using a nine-point calibration grid. The experiment
began with two practice trials, followed by a break in which participants could ask
questions. The pictures were displayed on a screen with a resolution of 1024 x768
pixels. Each trial started with a drift correction, followed by a 500 ms blank screen.
On experimental trials, the visual scene was presented 1000 ms before the onset of
predictable words in experimental trials. In filler trials, the scene appeared 1000 ms
before the onset of a word referring to a distractor object or at an arbitrary mid-
sentence position if the sentence did not mention any of the objects. The picture
remained on the screen for 750 ms after sentence offset, at which point it was
replaced with the question “Did the sentence mention any of the pictures?”.

Participants indicated their answers by pressing the left button for “No” and the right
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button for “Yes”, using a button box, and the next trial began immediately after the
response. No feedback was given during the experiment. The session took about 40
minutes.

4.2.2. Data analysis

One item was excluded from the eye-tracking analyses in Experiment 6,
because the target object for this item attracted significantly more looks than the
unrelated objects within 1000 ms after the picture onset when the pictures were
presented with a neutral sentence that was unrelated to the target objects in filler
trials (see the analysis for filler trials in the section below). This left 35 items for the
analyses. We began by analyzing the fixation on the critical objects for the filler
sentences (without having analyzed the experimental sentences) and one item
showed many more looks to the target object than the unrelated object. Indeed, the
analysis of all the filler items showed that participants looked at the target object
more than the unrelated object. When we removed the item, the analysis now showed
no difference in fixations toward the target objects and the unrelated objects.

In both Experiment 6 and 7, we first analyzed the eye-tracking data using
generalized linear mixed-effects models (Baayen et al., 2008) with the Ime4 package
(Bates et al., 2015) in R (R Core Team, 2020). The fixations on critical objects
(target, Chinese homophone, and unrelated objects) were coded binomially
(fixated = 1, not fixated = 0) in each 50 ms bin from 1000 ms before to 1000 ms after
the target word onset. If fixations fell in the area of 300 x 300 pixels around a
picture, they were regarded as falling on it. Blinks and fixations outside the interest
areas were coded as 0 and were included in the data. The model used binomially

coded fixation as the dependent variable, predicted by condition. The condition
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variable was dummy-coded, with the unrelated condition set as the reference level.
Thus, we could test effects of each critical condition relative to the unrelated
(baseline) condition (target vs. unrelated, Chinese homophone vs. unrelated). The
model included random intercepts by participants and by items (Baayen et al., 2008).
Random slopes were not included because the models with them did not converge for
several of the time bins. As in Ito et al. (2018), we determined whether a critical
condition significantly differed from the baseline condition by assessing if there was
a period with at least three consecutive bins showing significant differences.

But this approach has two limitations. First, fixations in adjacent time bins
are highly correlated, because the eye-tracker records a fixation at every millisecond,
but fixations usually last for a few hundreds of milliseconds (Ito & Knoeferle, 2023;
Rayner, 1998). Second, the binned analysis was conducted in many time bins and
therefore involved multiple comparisons, and so it increases the chance of Type 1
error (Hochberg, 1987). To address these issues, we additionally conducted a cluster-
based permutation analysis for the time period from -1000 ms before until 1000 ms
after target word onset, which controls for autocorrelation of eye-movement across
neighboring time bins and overcomes the multiple comparisons issue.

4.2.3. Results
4.2.3.1. Comprehension question accuracy

The mean accuracy for the comprehension questions in the experimental

trials was 98.19% (SD = 13.33%). Incorrectly answered trials were excluded from

the eye-tracking analyses.
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4.2.3.2. Eye-tracking data

Fig. 7 shows the mean fixation proportions on the target objects, the Chinese
homophone objects, and unrelated objects in the time window from -1000 ms before

to 1000 ms after target word onset. Time was synchronized to target word onset.

Figure 7

Mean Fixation Proportions on Critical Objects
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Two-Language Context
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Note. Eye-tracking results for the one-language context in Experiment 6 (top) and

two-language context in Experiment 7 (bottom). Time-course graphs show the mean

fixation proportions on target, Chinese homophone, and unrelated objects. Time 0 ms

shows target word onset. The dashed vertical line (y = 512 ms) indicates the mean

target word offset. Transparent thick lines are error bars representing standard errors.

The binned generalized mixed-effects models showed that bilinguals were

more likely to fixate on target objects than on unrelated objects from -650 ms before

they heard the target word until (at least) 1000 ms after the target word onset.

However, from -1000 ms before to at least 1000 ms after the target word onset, there

was no fixation bias toward Chinese homophone objects compared to unrelated

objects. In fact, participants fixated more on unrelated objects than on homophone

objects during two time bins: -100 ms to -50 ms and -50 ms to 0 ms.

The cluster-based permutation analysis showed that target objects attracted

more fixations than unrelated objects in the time window from -750 ms before to
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1000 ms'! after the target word onset (cluster-mass = 6787, p < 0.001). Chinese
homophone objects received more fixations than unrelated objects from -900 ms to -
800 ms before the target word onset (cluster-mass =22.9, p < 0.001), which, based
on the visual plot (see Fig. 2) and the fact that it occurred very soon after picture
presentation and before the target-object effect began, was interpreted as fixation
noise.

We also analyzed the filler trials in order to examine whether there was any
visual bias towards critical objects irrespective of the predictive contexts. As
reported above, one item was removed. Both the generalized mixed-effects model
analysis and the cluster-based permutation analysis showed no significant fixation
bias toward target objects or Chinese homophone objects than unrelated objects.
4.2.4. Discussion

Experiment 6 investigated whether bilinguals pre-activate L1 phonological
representations of predictable words during L2 comprehension when only L2 was
needed throughout the experiment except for the familiarization session. Chinese-
English participants fixated on target objects more than unrelated objects before
hearing target words, but they did not fixate on Chinese homophone objects more
than unrelated objects either before or after the target word onset. These findings
suggest that participants predicted the target words or their meanings but did not pre-
activate L1 representations of predictable words in a one-language context when only

L2 was used.

"' Note that the cluster-based results do not reveal the onset, offset, or duration of
these effects (Matuschek et al., 2017). Rather they indicate a significant effect

somewhere within these time windows (Ito & Knoeferle, 2023).
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4.3. Experiment 7

In Experiment 7, we tested whether Chinese-English bilinguals pre-activate
Chinese phonological representations of predictable words during English
comprehension in a two-language context where both Chinese and English were
used.
4.3.1. Method
4.3.1.1. Participants

Thirty further participants from the same population as Experiment 6 (3
males and 29 females) aged 21-28 (M = 23.37 years, SD = 1.47) took part in this
experiment. After the main experiment, participants were also asked to indicate their
language history and English proficiency; see Table 1.
4.3.1.2. Stimuli and procedure

To ensure a two-language context, the experimenter greeted participants and
talked to them only in Chinese throughout the whole experiment; the instructions for
the experiment were in Chinese; we translated 2/3 of the filler sentences from
Experiment 6 into Chinese, with half of them containing a “YES” answer and the
other half containing a “NO” answer. The remaining 1/3 filler sentences from
Experiment 6 were still in English, with all of them containing a “YES” answer.
Overall, filler sentences mentioned one of the three distractor objects in the visual
display 2/3 of the time, so together with the experimental sentences (which
mentioned one of the four objects 1/3 of the time), 50% of sentences mentioned an
object in the visual scene. The experimental materials and other procedures remained
the same as Experiment 6. The mean picture naming accuracy on the first

presentation was 94.32%.
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4.3.2. Results
4.3.2.1. Comprehension question accuracy and eye-tracking data

The mean accuracy for the comprehension questions in the experimental
trials was 97.93% (SD = 14.22%). The bottom part of Fig. 2 shows bilinguals’
proportions of fixations on target objects, Chinese homophone objects, and unrelated
objects in a two-language context. The eye-tracking data were analyzed using the
same procedures as in Experiment 6. Two items were excluded from the eye-tracking
analyses in Experiment 7, because the target objects and Chinese homophone objects
in these items attracted significantly more looks than the unrelated objects within
1000 ms after the picture onset when the pictures were presented with a neutral
sentence that was unrelated to the target and Chinese homophone objects in filler
trials (see the analysis for filler trials in the section below). This left 34 items for the
analyses. We analyzed fixations on the critical objects for the filler sentences using
the same procedure as in Experiment 6. After we removed two items, the analysis
showed no difference in fixations toward the target objects, homophone objects, and
the unrelated objects.

The binned generalized mixed-effects model showed that participants fixated
target objects more than unrelated objects from -600 ms before they heard the target
word until at least 1000 ms after the target word onset. Critically, participants also
fixated more on Chinese homophone objects than on unrelated objects from -250 ms
before to -100 ms (three consecutive time bins) before the target word onset and
from 150 ms to 300 ms (three consecutive time bins) after the target word onset.

The cluster-based permutation analysis showed that target objects attracted

more fixations than unrelated objects in the time window from -750 ms before to
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1000 ms after the target word onset (cluster-mass = 6577, p < 0.001). Importantly,
Chinese homophone objects received more fixations than unrelated objects in the
time window from -300 ms to -50 ms before the target word (cluster-mass = 61.3, p
<0.001), and also in the time window from 150 ms to 450 ms after the target word
onset (cluster-mass = 51.5, p <0.001).

Two items were excluded from the analysis in Experiment 7 after an initial
analysis of the filler items. In the remaining 34 items, both the generalized mixed-
effects model analysis and the cluster-based permutation analysis revealed no
significant fixation differences between conditions within the time window from -
1000 ms before to 1000 ms after the target word onset.

4.3.3. Discussion

Experiment 7 investigated whether bilinguals pre-activate L1 phonological
representations of predictable words during L2 comprehension when both their L1
and L2 were used. We found that Chinese-English participants fixated more on target
objects than unrelated objects before hearing the target words. Critically, they were
more likely to fixate on Chinese homophone objects than unrelated objects, both
before and after the target word onset. These findings suggest that in a two-language
context, participants not only pre-activated the highly predictable target words (or
their meaning), but also pre-activated the L1 translations of predictable words during
L2 comprehension.
4.3.3.1. Comparison of Experiment 6 and 7

Experiment 6 and Experiment 7 tested whether bilingual speakers pre-
activated L1 representations of predictable words during L2 comprehension in a one-

language and two-language contexts, respectively. Participants showed a cross-
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language L1 prediction effect in Experiment 7 but not in Experiment 6, suggesting an
effect of language context on cross-language prediction. To verify the role of
language context, we combined data from both experiments and conducted a cluster-
based permutation analysis from 1000 ms before to 1000 ms after the target word
onset, with the effect of language context sum-coded and the condition dummy-
coded, using the unrelated condition as the reference level.

The analysis showed that participants fixated more on the target objects than
the unrelated objects in the time window from -750 ms before to at least 950 ms after
the target word onset, in both Experiment 6 and 7. They also fixated more on the
Chinese homophone object than the unrelated object in the time windows from -950
to -850 ms, -400 to -200 ms, and from 150 to 300 ms. Critically, participants fixated
more on the Chinese homophone objects than the unrelated objects in the time
window from -200 ms to -50 ms before the target word onset in Experiment 7 than
Experiment 6. The combined analysis suggests that bilinguals in a two-language
context pre-activated L1 translation of predictable words to a larger extent than those
in a one-language context.

4.4. General Discussion

We investigated whether L1 phonological representation of predictable words
are pre-activated during L2 comprehension in a one-language context (Experiment 6)
where only L2 English was used except for the familiarization session and a two-
language context (Experiment 7) where both English and Chinese were used. In both
experiments, participants fixated more on target objects than on unrelated objects
before the target word onset. In the two-language context, participants also fixated

more on objects whose Chinese names were homophones of the Chinese translations
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of predictable words than unrelated objects, both before and after the target word
onset. However, this effect was not observed in a one language context.
4.4.1. Evidence for cross-language prediction during L2 comprehension

In the two-language context, participants made predictive fixations toward
Chinese homophone objects before the target word onset. This suggests that bilingual
speakers preactivated L1 translation equivalents of predictable words during L2

comprehension.

Our findings differ from Amos et al. (2022) and Ito et al. (2018), who
reported that L2 speakers did not make predictive eye movements toward L1
phonological competitors before the target word onset. One explanation is that we
used homophones with complete phonological overlap with L1 picture names,
making it easier to detect the cross-language prediction effect. In contrast, Ito et al.
(2018) used competitors with only partial overlap with L1 picture names, which may
have been too weak to activate L1 phonological competitors or influence eye
movements. Another difference lies in the picture familiarization task. We presented
participants with both L1 Chinese and L2 English names for each picture, potentially
boosting L1 phonology activation, whereas Ito et al. (2018) presented participants
only with the L2 English names. However, this alone cannot explain the difference,
as cross-language L1 prediction was observed only in Experiment 7, where
additional L1 elements (i.e., the instructions, greetings, chatting, and two-thirds of
the fillers) were included. Thus, the language context and the use of homophones as

L1 phonological competitors are likely the key factors behind the differing results.

However, the reasons for the different results between our study and Amos et

al. (2022) are somewhere different. As in our study, Amos et al. (2022) presented
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bilingual participants with both L1 and L2 picture names in the picture
familiarization task. More importantly, participants were also placed in a two-
language context by constantly interpreting or translating from L2 to L1. Yet, they
found no evidence for the pre-activation of L1 translation equivalents of predictable
words. This discrepancy may be due to the cognitive load experienced by
participants in their study. The interpreting task might have taxed participants so
much that no resources were left for L1 form prediction, considering that cognitive
resources are crucial for prediction (Pickering & Gambi, 2018). Alternatively, the
overlap between the L1 French phonological competitors and L1 French translations
of predictable words in their study may have been too small to affect participants’
eye movements, even if there is pre-activation of L1 translations of predictable

words.

Our finding that L2 speakers pre-activate L1 phonological representation of
predictable word fits with the possibility that the absence of L2 form prediction may
result from L1 interference. But our finding that L1 co-activation occurred only in a
two-language context but not in a one-language context could not explain the lack of
L2 form prediction in studies conducted in a one-language context (e.g., Ito et al.,
2018). Thus, the lack of L2 form prediction could also be because pre-activating .2
form representations is too cognitively demanding for L2 speakers, as prediction is
resource-intensive, and reduced automaticity in L2 comprehension and production

may leave fewer cognitive resources available for prediction (Ito & Pickering, 2021).

4.4.2. Cross-language pre-activation and language context
Our findings suggest that bilinguals can make predictions across languages

during L2 comprehension, but only in a two-language context. How does this cross-
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language L1 prediction occur, and why is it influenced by language context? A
possible explanation comes from production-based prediction accounts (e.g.,
Pickering & Gambi, 2018; Pickering & Garrod, 2013; see also Dell & Chang, 2014).
These accounts propose that comprehenders use their production system to predict by
deriving the speaker’s intention and then pre-activating representations of the
predictable word in the order of meaning, syntax, and phonology—similar to
production processes but without articulation. In a one-language context,
comprehenders may pre-activate representations only in the target language. But in a
two-language context, they may pre-activate representations in both languages. This
context sensitivity may explain why cross-language L1 pre-activation occurred in a

two-language context but not in a one-language context.

In a two-language context, where L1 filler sentences were included,
participants encountered L1 and L2 sentences apparently randomly, creating
uncertainty about the language of upcoming words. This led to non-selective
predictions, with participants activating L1 representations of predictable words
while using their production system for prediction. In contrast, in a one-language
context where only L2 sentences were included, participants were quite certain that
they would only hear L2 sentences, leading them to expect that the upcoming
predictable word would be in L2. This language-specific certainty led to selective
predictions, with the prediction system activating only L2 representations, thus

avoiding co-activation of L1 representations.

Note that although we found evidence that bilinguals pre-activate L1
representations of predictable words during L2 comprehension, it remains unclear

whether they directly pre-activated L1 lexical representations of predictable words,
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or they first pre-activated L2 lexical representations, which then activated their L1

translation equivalents.

4.5. Conclusion

We reported two visual-world eye-tracking experiments that investigated
whether highly proficient L2 speakers pre-activate L1 translation equivalents of
predictable words during L2 comprehension. We found that bilingual speakers pre-
activated L1 phonological representations of predictable words during L2
comprehension, but such cross-language lexical predictions only occurred in a two-
language context where both L1 and L2 were relevant for the task, but not in a one-
language context where only L2 was needed for the task. These findings suggest that

whether lexical predictions are language-selective depends on language context.
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5. General Discussion

Numerous studies have shown that that L1 speakers predict upcoming words
at many different linguistic levels, whereas L2 speakers predict more slowly and less
effectively than L1 speakers. However, it remains unclear whether these differences
arise from fewer cognitive resources available for predictions for L2 speakers or
from L1 co-activation. To answer this question, this thesis examined (i) whether
prediction requires cognitive resources, (ii) whether there is cross-language
activation during language production in a one-language context (on the assumption
that prediction makes use of the production system), (iii) whether comprehenders
predict across languages.

This chapter first provides an overview of the findings from the three studies
presented in Chapters 2, 3, and 4 (Section 5.1) before interpreting these findings in
relation to theories of prediction mechanism and bilingual language comprehension
and production in more detail (Section 5.2).

5.1. Summary of empirical findings
5.1.1. The effect of speech rate on prediction speed

In the first set of Experiments (Study 1; Experiments 1-3), we manipulated
both speech rate (i.e., whether the speech was presented at a fast or slow rate) and the
contextual predictability (i.e., whether the contexts were highly predictive,
moderately predictive, or unpredictive of the final word). Specifically, we used a
letter-judgment task to first determine the impact of fast speech rates on prediction in
highly predictable contexts (Experiment 1), a picture naming task to determine
whether the observed fast speech rate effect was due to impaired prediction or

changes in other aspects of comprehension process (Experiment 2), and a word
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naming task to investigate how speech rate effects on prediction vary across contexts
of different predictabilities (Experiment 3). We found that listeners’ response latency
was longer in both the letter-judgment task (Experiment 1) and the word naming task
(Experiment 3) at a faster speech rate. Moreover, the effect of fast speech rates was
greater for more than less predictable contexts in Experiment 3. In Experiment 2, we
confirmed that this longer response latency at a faster speech rate was due to
impaired prediction rather than changes in other aspects of the comprehension
process.

Consistent with previous research on the cognitive load effect on prediction
(Ito et al., 2018; Schuckart et al., 2024), these experiments demonstrate that
prediction is a cognitively demanding process. Increased cognitive load impairs
comprehenders’ prediction, with greater impairment in more predictable contexts
than less predictable ones, as the former engage prediction mechanisms to a larger
extent. In addition, we found that participants’ word response durations were shorter
when contexts were presented at a fast speech rate than a slow rate in Experiments 2
and 3. This finding is consistent with previous research (Cohen Priva et al., 2017;
Dilley & Pitt, 2010; Jungers & Hupp, 2009; Schultz et al., 2016), suggesting that
listeners entrain to the speakers’ speech rates.
5.1.2. L1 activation in L2 production in a one-language context

Experiment 4 and 5 (Study 2) examined cross-language activation and
competition in bilingual language production within a one-language context using a
picture-word-interference paradigm. In Experiment 4, highly proficient Chinese-
English bilinguals, and in Experiment 5, L1 English speakers named pictures in

English while ignoring English auditory distractors presented either before, at, or
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after picture onset. The distractors were either phonologically related, semantically
related, or unrelated to the English name of the picture, or phonologically related to
the Chinese name of the picture (phono-translation distractors). We found that both
bilinguals and L1 English speakers named pictures more slowly with semantic
distractors and more quickly with phonological distractors. Crucially, bilinguals
showed facilitated picture naming when presented with a phono-translation distractor
compared to an unrelated distractor, whereas no such effect was observed for L1
participants.

These findings suggest that the Chinese-English bilinguals activated
representations associated with Chinese when naming pictures in English — and,
importantly, when there was no use of Chinese in the experimental context at all. In
addition, the facilitated picture naming is consistent with research (e.g., Costa et al.,
1999) demonstrating that lexical candidates in the non-target language are activated
but they do not engage in the target word lexical selection process.

5.1.3. L1 activation during L2 prediction

Experiments 6-7 (Study 3) looked at whether bilinguals predict in both
languages, or restrict predictions to the one they are currently hearing. To do so, we
had Chinese-English bilingual speakers hear L2 English sentences containing a
highly predictable word (e.g., You should take an umbrella with you, because there
will be heavy rain at three o'clock this afternoon) while viewing a display with three
distractors and a critical object corresponding either to the target word (e.g., rain
[Chinese: yu3]), a competitor whose Chinese name was a homophone of the Chinese
translation of the predictable word (e.g., feather [Chinese: yu3]), or an unrelated

object.
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We found that participants fixated more on the target objects than on
unrelated objects before the target word onset regardless of the language context.
More importantly, they fixated more on Chinese homophone objects than on
unrelated objects before the target word onset in a two-language context (Experiment
7, where both L1 and L2 were used) but not in a one-language context (Experiment
6, where only L2 was used). These findings suggest that bilinguals pre-activate L1
translations of predictable words during L2 comprehension when both languages are
contextually relevant but not otherwise.

5.2. General implications and future directions
5.2.1. Implications for models of prediction mechanism

In Study 1 (Experiment 1-3), we investigated whether comprehenders’
prediction is constrained by cognitive resources by presenting L1 speakers with
speech manipulated at varying rates and contextual predictability. We found that
participants responded more slowly at a faster speech rate across three experiments,
with greater effects in more than less predictable sentence contexts. Crucially, we
demonstrated these effects were attributed specifically to the prediction process
rather than other aspects of comprehension.

These findings challenge a family of prediction models that claim prediction
is automatic and resource free (e.g., Kuperberg & Jaeger, 2016; Levy, 2008). Instead,
they support the idea that prediction is cognitively demanding (Chang et al., 2006;
Dell & Chang, 2014; Federmeier, 2007; Huettig & Mani, 2016; Pickering & Gambi,
2018; Pickering & Garrod, 2013), and that greater engagement of the prediction
mechanism in more predictable contexts requires more cognitive resources compared

to less predictable contexts. Specifically, our results support Pickering and Gambi’s
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(2018) production-based prediction account, which posits that comprehenders first
covertly imitate speakers to derive their intention underlying the utterance, and then
run this intention through their production system to produce the representations of
the predictable word in the order of meaning, syntax, and form. This process is
resource-intensive and optional, meaning that when cognitive resources are taxed,
such as under faster speech rates, fewer resources can be allocated to prediction,
resulting in slower predictive processing.

While our findings showed that speeded speech slows down comprehenders’
prediction speed, they are not informative about which sub-processes of prediction
are affected. For instance, it is conceivable that increased speech rates might
specifically hinder the pre-activation of the semantic aspects of a predictable word,
while leaving the pre-activation of the word’s syntactic or form aspects unaffected.
Alternatively, fast speech rates might potentially influence all stages of the prediction
process. To gain more clarity, future research could investigate whether speech rate
affects all sub-processes of prediction uniformly or selectively disrupts certain
aspects, providing a more detailed understanding of how prediction operates under
cognitive load.

5.2.2. Implications for models of bilingual language production

In Study 2 (Experiment 4-5), we investigated whether bilinguals’ L1 is
activated and competes for selection when producing words in L2 by having
bilingual participants name pictures in L2 while ignoring L2 distractors that were
phonologically related to the L1 translations of the picture names. We found naming

facilitation for phono-translation distractors compared to unrelated distractors,
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suggesting that lexical candidates in the non-target language are activated but do not
engage in the lexical selection process for the target word.

Our findings suggest that bilingual lexical selection is at least language-
specific in some circumstances (i.e., in a one-language context). This challenges
bilingual production models (Abutalebi & Green, 2007; Colomé, 2001; Green, 1986,
1998) that assume that words from both languages are always activated and compete
for selection. In other words, for highly proficient bilinguals, a purely L2 context
appears sufficient to create a selective environment for Chinese-English bilinguals to
ignore the non-target language and freely select words from the target language,
despite the online activation of the non-target language.

However, the observed phono-translation facilitation in a one-language L2
context is also compatible with a learning-based account that does not require online
L1 activation (Costa et al., 2017). According to this view, the facilitation effect may
arise from residual L1 traces in the L2 lexicon due to learning processes, rather than
on-line cross-language activation during production. Future research should further
investigate whether phono-translation facilitation reflects language-specific selection
or is better explained by the influence of L1 on L2 through learning. Disentangling
these accounts will provide valuable insights into the mechanisms underlying
bilingual lexical access and production.

5.2.3. Implications for models of bilingual prediction

In Study 3 (Experiment 6 and 7), we investigated whether L2 speakers pre-
activate L1 translations of predictable words during L2 comprehension in both one-
language (Experiment 6) and two-language contexts (Experiment 7). We found that

bilinguals pre-activated L1 phonological representations of predictable words in the
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two-language context (where both L1 and L2 were used), but not in the one-language
context (where only L2 was needed for the task). These findings suggest that lexical
access in bilingual prediction is language non-selective when both languages are

contextually relevant but not otherwise.

While these findings demonstrate that bilinguals pre-activate L1
representations of predictable words during L2 comprehension, the precise
mechanism of cross-language prediction remains unclear. One possibility is that
bilinguals directly pre-activate L1 lexical representations of predictable words.
Alternatively, they may first pre-activate L2 lexical representations, which then
activate their L1 translation equivalents. Future research should further investigate
how exactly bilinguals predict across languages. Moreover, since this is the first
study to provide evidence of cross-language pre-activation during L2
comprehension, additional research is needed to confirm its reliability. Further
studies should employ other established paradigms, such as switch costs, that have
been used to investigate cross-language activation, to further explore cross-language

prediction.

5.2.4. Implications for the differences between LI and L2 prediction

In Study 1 (Experiments 1-3), we found evidence that prediction is
constrained by cognitive resources, with greater cognitive load impairing prediction.
In Study 3 (Experiments 6-7), we found that L2 speakers pre-activate L1 translations
of predictable words during L2 comprehension. Together, these findings suggest that
the reduced effectiveness of L2 prediction compared to L1 prediction stems from two
factors: increased cognitive load during L2 prediction and interference from L1 co-

activation. Specifically, the heightened cognitive demands of L2 comprehension—
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stemming from reduced automaticity and greater processing effort—combined with
interference from activated L1 representations that differ in syntax or phonology,
likely contribute to the slower and diminished prediction in L2. This dual influence
of cognitive resource limitations and cross-language L1 activation highlights the

complexity of predictive processing in L2.

Future research should explore how these two factors interact with each
other. For instance, studies can investigate whether there is still cross-language
prediction under conditions of reduced cognitive resources. Such research would
offer insights into whether cross-language L1 pre-activation occurs automatically

without effort or also requires cognitive resources.

5.3. Conclusion

Numerous studies have shown that L2 speakers predict less effectively than
L1 speakers during comprehension. This thesis investigated the mechanisms of
language processing in monolinguals and bilinguals, focusing on two possible
reasons for the difference between L1 and L2 speakers. We found that in L1
comprehension, a faster speech rate slows down prediction speed, with greater
effects in more than less predictable sentence contexts. This suggests that prediction
is a cognitively demanding process, and less available cognitive resources can impair
prediction, even for L1 speakers. We also found that bilinguals speakers co-activate
words from their non-target L1 when producing words in their L2, even when L1 is
irrelevant to the task. However, these L1 words do not compete for lexical selection,
suggesting that lexical selection can be language-specific. In L2 comprehension, we
found that bilingual speakers pre-activated L1 representations of predictable words.

Importantly, this cross-language prediction occurred only in a two-language context
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where both L1 and L2 were relevant, but not in a one-language context where only
L2 was used. These findings suggest that lexical access in bilingual prediction is
language non-specific when both languages are contextually relevant but not
otherwise. Taken together, these findings suggest that the less effective prediction
observed in L2 speakers compared to L1 speakers is likely due to the combined
influence of two factors: (1) L2 speakers have fewer available cognitive resources,
likely due to the higher processing demands of L2 comprehension and production,
and (2) co-activation of the non-target L1 introduces interference during L2

prediction.
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7. Appendix A: Experimental materials used in Experiments 1-7

7.1. Experimental materials used in Study 1

7.1.1. Stimuli for Experiment 1

All 120 sentences from the experiment are listed below with the predictable

character and its Pinyin and English translations. The mean cloze value of the target

word is shown at the end of each sentence. Below each sentence are the letter

judgement questions used in positive trials and negative trials respectively.

A RIEEY, REFEHARET Lhu) . (81%)
Today is Mother's Day. I am going to the flower shop to buy my mom flowers
ERRNGTHIETREDATE "'
GHRANNFOHEREERETE g2

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "g"?
SRR R, FiOEPE)LZxE (B yun) o (95%)
The sky is particularly blue today, with a few white clouds

BN FNHEPEEERFE "2

BN FHHETEEEEFTE "2"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "a"?

ERMT EEEE OO, AZREH: K tan) . (92%)

Be civilized on the street and don't spit

BN FHHETEEESFE " ?
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BRIMUNFHHETTEEEEFE "e"?
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "e"?

BRAT, L IHERE EEEAE 7R (] jie) - (89%)

Summer is here, and girls like to wear beautiful skirts and go shopping in the street
BRI FNHETTECEEFE "e"?

BN FNFHEREEERFE "0"?

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "o"?

Wz ta I E A )N, BOVBIAMRZ Ol ci) . (86% )
Be especially careful when eating fish because there are many thorns
BRI FNHETESEEFE "2

BN FHHETTEEESFE "a"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?
RONIRARE IR, PrEARIR D HZ (B tang) - ( 83%)
Because I have diabetes, I rarely eat sugar.

BN FNHETESESEETE "g"?

BN FNHEREEEEFE "2

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "1"?
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10.

ARBARETIZAALN R, MR AR B (8 gian) - (95%)
It's not that I don't want to buy this dress, but because I don't have (money)
ERTNNFHHEFRBEATE "2
EFRRNNFHOHEFETEEFE 0"

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "0"?

W HE LIRS BARE W, T BATRAE e L) (5 ai) . (84%)
Jack's love letter to Anna is very sincere, and the lines are full of love

BRI FNHEREEEEFTE "2

GRRRNNTHHEREERETE "'

Does the pinyin of your predicted word contain the letter "i"?
Does the pinyin of your predicted word contain the letter "e"?

REZIZRZ B8, MRAZRELLE O bing) - (89% )

You have to eat more and exercise more, otherwise you will easily get sick

CHRRUNFHHEPREEETE e

/

EHRRNNFOHE P ETEEFE W'

Does the pinyin of your predicted word contain the letter "g"?
Does the pinyin of your predicted word contain the letter "u"?

X FEAAM, BN A EAL (E chuan) «  (89% )

To go to the other side of the river, you have to take a boat because there is no

bridge on this river.

EHRMNNFOHE PEEREFE "2
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11.

12.

13.

GRRRNF SR REEETE i
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "i"?

ZIHRANREENFE, MAKAZ (KWrow) o (92%)

Li Ming is a vegetarian, he never eats (meat)
BRI FNHETECEAFE "u"?
BRI FNHETESEEEFE "2"?
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?
NEFTRBERRERE T — &7, bl —fFEm & X%k (% za0) .

(92% )

Xiao Wang was sweating after playing basketball, so the first thing he did was to

take a bath

BRTNNFIHEPEEEEFTE "0"?
BRTNNFIHETEEESTE "u"?

Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "u"?

VORFISEZR TER, FTHEPFELEH K —E(F che)s  (92%)

Emily got her driver's license this year and next year plans to buy herself a car

EHRNOFOHE P LEAEFE "o

/

BRFNGFOHEPEEEETE g

Does the pinyin of your predicted word contain the letter "e"?
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14.

15.

16.

Does the pinyin of your predicted word contain the letter "g"?

HRRAAMARE R, FATTH T — (= san)o  (97% )

The weather changes very quickly in summer, so when we go out we'd better bring

an umbrella

ERRNGFHHETEEEETE "'

ERTNNTOHEFRBEATE "o

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "0"?

HRATKT, KRFIZ7EWE kB T B E(H yue).  (95%)

Today is the Mid-Autumn Festival. After eating, everyone sits in the yard to see

the moon

/

ERANGTOHETREEETE "o
EHRTNOTOHEPEEEETE g

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "g"?

TR N AR M AR I, RO A B R AR (I ye)o (92% )

Lili goes to bed very late every night because she likes to stay up late
BRI FNHETTEEEEFE "e"?

BN FHHETESEEFTH "2

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "i"?
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17.

18.

19.

20.

Paehe e 1, WEERBEBL MK (Z yao).  (95% )

My grandma is sick, and I'm going to the hospital to buy her medicine
BRI FNHERIEEEAFE "0"?

BRI FNHETECEAFTE "g"?

Does the pinyin of your predicted word contain the letter "o"?

Does the pinyin of your predicted word contain the letter "g"?

GO E EWIHESEH, ST TEHCE xie).  (92%)

Mom just finished mopping the floor in the morning, so when entering the door

please change your shoes.

EHRNOFOHEPLEAETE "o

ERTNOFOHEREEEEFE "0
Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "o0"?

PARTEE BORAKIE, N2 BB R LSS (15 xin).  (89% )

A long time ago, the communication technology was underdeveloped, and the

communication between people mainly depended on writing letters
BRI FNHERIEEEAFE "2
BRRBNNFHHETEEEEFE "u"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "u"?

AT, ZImEHEES A LR ke). (89% )

The bell rang, and the teacher walked into the classroom to teach (lesson)
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21.

22.

23.

CHRNNFOHEPREAETE e
RPN FOHEFRECETE "'
Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "a"?

HERZIRORRL T, IR RV, A8 (7K shui)e  (92% )

The meal I ate in the morning was too salty. Now I am very thirsty and want to

drink (water)

EHRRNOFOHE P LEAETE 0"

GRRANN NS SRR ERATE 22
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?

MR T, ERHLAERAT LWL EFG shu) . (92% )

Arbor Day is here, and the school organizes us to plant trees.

CHRRUNFHHEPREEETE '

/

BIRRNN TR ERREEETE 02
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "o0"?

INTRANMEFNZ T, RS R E R G5 wan).  (92% )

Xiaohong is a sensible child, always rushing to help her mother wash dishes.

CHRRNOFTOHEFEEAETE "2
EHRFNOTOHEPEEEETE "'

Does the pinyin of your predicted word contain the letter "n"?

214



24.

25.

26.

Does the pinyin of your predicted word contain the letter "1"?

WAEM ZZTFHRENFEEH WIS, HITITEREMACL zhuang).  (89%)

Girls nowadays pay special attention to their own image, and before going out

they have to put on makeup.

ERRNOFHHETEEEETE "0
EFRRUN NN EPETEEFE i
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "i"?

FEMWEPHITH T, MeWedE T, 58t 70 ze). (84% )

The windows at home were broken and the door lock was picked, so there must

be a thief

EHRFNOTFOHEPEEEETE "

EHRRUNSHHETREEETE 0"

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "o0"?

M SEAE R T, R ZEE I E fed).  (92% )
He is too fat and really needs to lose weight
EHRRNNFOHEPEERETE i
EHRRNNFOHE PEEREFE a2

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?
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27. N T HBIEEE, WERGTEIRBUGH LRI bu).  (92%)

In order to exercise, every day on the playground after dinner I go for a run.
BRRTNNFHHETEEESTE "u"?

BRIV NFHHET2EESTE " ?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "n"?

28. FILRARIAT, HIRFRE T — I R(W yu).  (92% )

The weather has been too hot recently. I really look forward to a heavy rain

EHRNOFOHE P EEAETE "y

BTG FOHETREELTE "'

Does the pinyin of your predicted word contain the letter "y"?

Does the pinyin of your predicted word contain the letter "n"?

29. HFPRER] T, RIAGFERGE B jia).  (95% )

The Spring Festival is coming soon, and I am looking forward to the winter

vacation

ERRNNTOHEFRELETE 0"

EHRBNNFOHE PEEDEFE "o ?
Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "e"?

30. XA KESRE RRIFES, 1EXEF NN KO guang). (100% )

This big diamond ring looks so beautiful, and under the light it is sparkling

ERRNN TSP REERETE g2

216



31.

32.

33.

EHRMNNTOHE PEERETE "e"?
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "e"?

WIEZ AT K AL Bl £, AR R zui). (76% )

Don’t drink the boiled water you just received, otherwise it will burn your mouth
TRV NFHHETEEESFTE "1"?

BN FHHETREESFE "g"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?

ENIZ 7 IERARECEE — 4, ARBEIRDICO xin)e (92% )

Wang just took the exam and ranked last in the class. He is very sad now
BRI FNHETEEEETE " ?

BRIV FNHETEEEESFE "o"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "0"?

TR JGIRIEN, BRABZMILHAI(H yu). (92% )

Grandpa has a lot of leisure time after retirement. He goes to the river to going

fishing

BRI FNHETESEETH
BN HNFRHETEEESFE "a"?
Does the pinyin of your predicted word contain the letter "y"?

Does the pinyin of your predicted word contain the letter "a"?
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34.

35. &

36.

37.

SRRIFEE—F, BIMSBRATRITCH shu). (86% )

Today is the first day of school, the teacher will send us a new book
BRI FNHETECEAFE "u"?

BRI FNHETECEAFE "g"?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "g"?

TP BNIX AR /N T, FAERE(H jiao). (95% )

The pair of shoes my father bought for me are too small, and they wear out their

feet.

BRI FNHEREEEAFE "0"?

EHRMNNTOHE PEEEETE "2

Does the pinyin of your predicted word contain the letter "o0"?

Does the pinyin of your predicted word contain the letter "n"?

PACIXAPERYITF, ERE S ERE L] dao). (95% )

I want to cut this watermelon, please go to the kitchen and get me a (knife)
BRI FNHEREEEAFE "0"?
BRRBNNFHHEFEEERFHE ""?

Does the pinyin of your predicted word contain the letter "o0"?

Does the pinyin of your predicted word contain the letter "i"?

BATEATA A, ARG 2 REAZIF (T deng). (89% )

We must save electricity, and when there is sufficient light during the day, please
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38.

39.

40. ==

do not turn on (lights)

/

BRRANNFHHEIEEERFE "g"?

ERRNNTHHEFRERETE W'
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?

PATEG SR PRy, AR B BT ORI A 38 (BA dui). (92% )

We must talk about civility and order, and when eating in the cafeteria don't

intervene queuing

BRI FNHEREEEEFE "2

BTG ZOHETREELTE "'

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "n"?

AN FA, B2 2R W IR A AN ZE 3 A (T jiu)e (92% )

He just had an operation, and the doctor told him not to smoke or drink wine
BN FHHETEEESTFE "u"?

RPN FOHETRECETE "

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?

A B AL 841, FIHEHFEL WS hun). (92% )

Lanlan and her boyfriend have been in love for 8 years and next year plan to get

married

EFRRNFHHETEEBETE "2
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41. 4

42.

43.

/u\ﬁﬁ}'ﬁ/)nu EIJ%EIJ?}IF EF' \@/E\i "e" ?
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "e"?

S G KRR EXN LIS, T AAEHE gu). (92% )

After marriage, the husband and wife should be loyal to each other and never cheat

on each other.

/

BN FNHETESEEFE "2

/

BRI FNHEREEEAFE "0"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "o"?

b RN 5B B A P B R e, MOCRASIB(ZE jia). (86% )

She has a very good relationship with her boyfriend and they never quarrel
BRI FHHETESEEFE "2"?

BN FHHETEEESFE "e"?

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "e"?

RS BB EGEHNE, WiEE LG HI(R hen) » (89%)

There 1s no love without reason in this world, and likewise there is no hatred

BRRBNNFHHEIEEEEFE "?

BRI FNHERIEEEAFE "0"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o"?

220



44.

45.

46.

47.

PR, TG AEMNME R IR 2 BOS (E tang) » (92% )

I like to drink sweet food. Please put more sugar in my coffee
BRI FNHETECEAFTE "g"?
BRI FNHETECEAFE "u"?
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?

FHIH KB, BUE UGG A AL [ 3 AH (T shou) « (95%)

As soon as I got off the plane, I saw my aunt waving hands.

EHRNOFOHEPLEAETE W2

BRFNGFORERLEAETE "2

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "i"?
HegRIEFK B LR T, THEAS)LMEREE( T q) . (92%)

I have been bored at home for several days, and I plan to go out later to get some
air

BRI FNHEREEEEFE "2

CHRNNFHOHEPREEFE "2
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?

NIERAEA —RIBFBRT], BATTHE KW ARIE R ge) . (89% )

Xiaoli is born with a good voice. We all like to listen to him sing songs
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48.

49.

50.

CHRNNFOHEPREAETE e
RTINSO HE T EEEETE "
Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "i"?

XA LG BRI G, A —REE AR KK (R i)« (92%)

This girl has a particularly good figure and has a pair of enviable long legs

CHRRNNFHOHE R REAETE "7

BRRANNFHHETEEERFE "0"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "o0"?

N T RFF AR, B RERBIIRCE ya) o« (92%)

In order to maintain oral health, it is best to brush your teeth
BRI FHHETESEEFE ""?
BRI FNHEREEEAFE "0"?
Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "0"?

R IAEBATZ AT, 2N, BT shou) . (89%)

During the epidemic, we should go out less, ventilate more, and wash hands

EHFRNOFOHE DREAETE W2

/

BRTNNZOHEREEEETE "g"?

Does the pinyin of your predicted word contain the letter "u"?
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51.

52.

53.

Does the pinyin of your predicted word contain the letter "g"?

U R — PR B, RAE LR (S ma) . (89%)

Standing on the endless prairie, I want to ride a horse
BN FHHETESEEEFTE "2"?

BRI FNHETECEAFTE "u"?

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "u"?

fARESINELSE T, OV AR AE T HE (1) shang) . (92%)

He can't take part in the competition because he hurt his waist
BN NFNHETEEESTFE "g"?
BRNNFIHEPEEEETE "0"?
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "0"?
RN BEA 2L, AMUSTBHIEZBEEE wa) . (89%)
This little girl is versatile. She can not only sing but also dance
BRI FHNHETEEEETE "u"?

BRI FNHETEEEEFE "2"?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?

o

54. XA EEEE RS R WBES Y, WARFISL SHSLE(%E zhang) - (92%)

ojn
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55.

56.

57. hi—

As soon as this respected scientist entered the venue, the audience immediately

stood up and applauded

BN FHHETESESEETE "g"?

RN NFHHETEEESTE ""?

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "1"?

i/ MR %, PREMRET IAEE T8(1T men) . (92%)

There have been a lot of thieves recently, so when you leave don't forget to lock

the door

BRI FNHERIEEEEFTE "2

GRRRNNTHHEREEEETE "0"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "0"?

BRI ERLE T, (HREE T T —IE0E ba) » (89%)

Although the wound on my face healed, there was a (scar)

BN FNHETEEEEFE "2"?

BRRANNFHHETEEERFE "g"?
Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "g"?

A AT AR E R, Sl IR 535 (4 che) - (95%)

During the May 1st period, there is a large flow of people, and it is easy to be

blocked on the expressway
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58.

59.

60.

BTG ZOHETREELFE "o
GRRNNZHHES T EREEFE a2
Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "a"?

fbie—4 P ANz R, SRR AR ERE(L shan) . (92%)

He is an outdoor sports enthusiast, and every weekend he has to climb (mountain)
BN FHHETEEESFE " ?

BN FNHETESEEFE "2

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "i"?

AR E, BNARAEARF AL ETE O qi) « (95%)

Every Monday morning, our school organizes students to go to the square to raise

the national flag

/

CHRENNFHOHE P REAETE "7

/

ERTNNTHHEFRBEATE "'
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?

XA BB L ICARE, POy RN 1R 2 I8IA 5547 1 (I hua) - (95%)

I'm going to the art museum this week, because there are many Leonardo da

Vinci's painting

/

CHRTNNEOHEPREAETE "7

/

BRFNGFOHEPEEEETE "
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61.

62.

63.

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "n"?

TR RS %, R BRI (R hua) . (92%)

Shirley is an introverted girl who doesn't like talking
BN FHHETESEEEFTE "2"?

BRI FNHETESEEFE "2

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "i"?

O Et B 1, B IE B IR, SR ESCK tow) o (84%)

I'm about to hand in the paper, and I still have two questions to answer, so I'm in

such a hurry and scratching my head

EHRNOFOHEPLEAETE W2

CHRUNFOHEPREAETE "2
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?

RN R AN 2 B TTAESE, RS2 BA FRZ(R fan) o (89%)

Zhao Liying is a complete workaholic, and she always does not have time for food
BTN NFHHETEEESFE " ?

BN FHHETESEEFTH "2

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "i"?

64. JEIKUKZNBELZN, Ko ke (B shui) » (81%)
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65.

66.

67.

Fan Bingbing is a bad artist because she was once suspected of stealing taxes
BRNNFIHEPEEESFE ""?

BTN NFIHETEEESFE ""?

Does the pinyin of your predicted word contain the letter "1"?

Does the pinyin of your predicted word contain the letter "a"?

HUE AR 22 W] B AT ZLARAE £ 5 AR (52 huo) - (92%)

Many celebrities and Internet celebrities now make live broadcasts on Tiktok to

sell goods.

EHRNOFOHE P LEAETE "o

GRRANN NS SRR ERATE 22
Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "g"?

R BT AR T, BOARERI KA feng) «  (84%)

Go to the roof of the building quickly to collect your clothes, because there will

be wind.

EHRRNOFOHE P EEAETE "¢

EHRRNNFOHE PEERETE W'
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?

MR EE R SEAE RN 15 PO — /NSt EREH (I lian) « (81%)

His tolerance is too small, and he would fall out with me over a trivial matter.

EHRMNNFOHE PEEREFE "2
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68.

69.

70.

EHRMNNTOHE PEERETE 0"
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o"?

AR ARAFLIN BE R ELIE A, BE BT (K kuan) - (76%)

If you park randomly without following the rules, you will be fined
BRI FNHETEEEAFE " ?

BN FNHEREEEAFE "0"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o"?

FARLMRAAENN, ) TIRZEGF shi) o (92%)

Li Bai was a very talented man and in his life wrote many poems
BRI FNHETESEEFE "2
BRRMNNFHHETEEESFE "g"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?

HFIRKT, EMNHEIRZ EEAEE T HoR(E mi) . (86%)

Spring is coming, and there are many bees in the flowers working hard to collect

honey

BRI FNHETESEETH
BTN NFHHETEEESFE " ?
Does the pinyin of your predicted word contain the letter "1"?

Does the pinyin of your predicted word contain the letter "n"?
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71, ZEERAFENAKMREEZHIR G T, WIEAEZARER (YT jia) -« (86%)

72.

73.

My wife thinks this dress is too expensive, and she is negotiating with the boss

about the price

ERRNGFHHETERELTE "2

ERTNNFHHEFRBEATE "2

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "n"?

BRI LRI LA, ANEGE (2 xian) . (95%)

When waiting for the bus, be sure to keep a safe distance and do not cross the

yellow (line)

BN FNFHEREE

/

BEFE "7

CHRRUNFHHERREEETE '
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "u"?

R M EE R, RRACEERABEEER () fen) - (92%)

He is a math genius and on every math test he gets full marks

ERRNNTOHEFRELETE w2

EHRRNNFOHE PR TEEFE "'

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "a"?

74, WERFAH, W27 W —5CE cai) «  (89%)
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75.

76.

77.

It was my birthday yesterday, and my mother cooked a table of dishes
BRMNNFIHEPEEESFE "1"?

BRIV NFHHETEEESTE "g"?

Does the pinyin of your predicted word contain the letter "1"?

Does the pinyin of your predicted word contain the letter "g"?
EEOLH 3000 HNEG T HERE, SRXAMTAHMGZ zhen) .

(95%)

Thirty million people in the United States have been infected with the new

coronavirus, and today 2,000 more people have been diagnosed

EHRNOFOHE P LEAETE 12

/

BRRANNFHHETEEESFE "0"?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "0"?

FHESINT FREDHSWEETIH, FHIRE T 5L jiang) - (92%)

My younger brother participated in the running event of the school sports meeting

and won the first prize
BRNNFHHETEEESTE "g"?
BRRANNFHHETEEERFE "u"?

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?
R AE 5 bR R IR I R A, B BN — SR IEMTRIBICED yin) .

(89%)
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78.

79.

80.

You need to prepare a lot of materials for the final exam. The dean said you can

go to his office to make copies

RN FIHEPEEEEFE " ?

BTN NFHIHETEEESFE ""?

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "a"?

25 BT RAT,  BRAEFR 2 S0 I BEATVH (BE du) - (89%)

Before operating on a patient, the doctor will disinfect the wound

EHRNOFOHEPLEAETE W2

GRRANN NS SRR ERATE 22
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "g"?

R, BREKBERARZMITESIEI (2 hui) - (86%)

After school, the principal called all the teachers to the conference room for a

(meeting)

EHRFNOTFOHEPEEEETE "

CHRUNFHOHERREETE "o
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "o0"?

KEEBUIXIG LR EE RA AT, — 8 H ZG mu) . (84%)

Everyone said that the result of this game was unfair and that there must be some

evil behind it
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81.

82.

83.

RN TSR REESTE "u"?
BARMNNFHNHEFEGERFE "e"?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "e"?

A AR T RS 4, BTLA LT 4505 fang) .« (89%)

Brother made a lot of money from stock trading this year, so he bought another

house

BN FHHETREESFE "g"?

BRI FNHETEEEEFE "e"?

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "e"?
RRFGAEOCRAS, HRRMAERZHERN (T z1) . (95%)

Your essay is of good literary quality, but there are many mistaken words.
BRI FNHEREEEEFE "2
BRRANNFHHETEEERFH "a"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?

BFEHEE TR, SRR E LR BE R IR zhuang) -« (81%)

The brother took away the sister's doll. The sister cried and went to her mother to

complain

/

BRI FNHETEEEAFE "g"?

/

BRRBNNFHHETEEERFE "e"?
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&4.

85.

86.

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "e"?

BT A FARIC, EHOEEIRATR AN ban) - (92%)

0

The company is very busy recently, and every day the boss forces us to work

overtime

/

ERFNOFOREPEEEFE M2
EIRRNNFHHEFSEEETE v

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "u"?

Ko AR R B, REF = E T AR ZE cuo) « (92%)

This document is very important. You should check it again and again to make

sure there are no mistakes

EHRRNOFOHE P LEAETE "o ?

GRS ETEETE e

Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "e"?

R FEARE Z B K e, R REE Rl wen) » (84%)

You have to wear more clothes when you go to school today, because the weather

is going to drop (temperature)
ERRNNTOHEFRELETE w2

CHRMUNSHHEPREEETE 0"
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87.

88.

9.

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o"?

NEVSER AL, FrELER R E (A yuan) . (89%)

The company's performance this year is not good, so the boss decided to lay off
employees

ERRNGFHHETEEEETE "'

GRRRNNTHHEREERETE "'

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "e"?

FHNME, AATIHERE AL T 7 — AR (K biao) » (89%)

For men, they all like to wear a watch on their wrist

CHRRUNFHHEPREEETE "o

7
I

GRS T EERETE g2

Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "g"?
KHERMHC R 30 % VieRA RN A, HHEILWUREZMCEE qin) .

(95%)

My cousin is 30 years old and has no boyfriend yet. Tomorrow my uncle asked

her to go on a blind date
GRS HEFETEEFE "2

ERRNNTOHEFREETE 0"

Does the pinyin of your predicted word contain the letter "n"?
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Does the pinyin of your predicted word contain the letter "a"?

90. H BT ZIK 2k, AR MW (H zhi). (92%)

Due to inflation, the renminbi is constantly depreciating
BRI FNHETESEEFE "2

BRI FNHETECEAFE "u"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "u"?

91. XNLZTORILFEAVN, BIAEIMAER qi) «  (89%)

This girl is very petty and gets angry easily.

BRI FNHEREEEEFE "2
BRIPNNFHHETESSEEFE "2"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?
92. A2 — K — N NRBZXAPAA BT, B BRI AR S G E(K jia) o

(89%)

It was the first time he came to this strange city alone, and at night he especially

missed his parents and wanted to go home
BRNNFHHETESESEEFE "2"?
ERTNNFHHETREQETE "0"?

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "o"?

93. A AFHLE NILE ¥, B LUSAEM A AT (A niv) »  (86%)
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94.

95.

96.

He has no skills but wants to save face, so he always brags (niu) in front of his

friends.

/

ERRNOFHHEPEEEETE "'
EHRRNNTOHEPEEEETE "2

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "e"?

WARREA R 5 T HBER R, TP E R fu) . (89%)

If you don’t have the money to buy a house in full, it doesn’t matter. You can pay

a down payment

BN FHHETEEESFE "u"?
BRMNNFIHETEEESTE "g"?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "g"?

AN LN SEHF AR, WREA LG ku) » (78%)

This little girl was spoiled and spoiled by her parents since she was a child, and

she has never experienced hardships.

BRI FNHERIEEEAFE "u"?
BRRBNNFHHETEEEAFE "0"?

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "0"?

RAUFHERFRTIR, BB 7 —2(% meng) . (95%)

This good news came so suddenly, it felt like a dream
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97.

98.

99.

ERTNFOHEREEOEFE g
BRI FOHE FRECLLTE "2
Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?

Pigilr OEIRAY, EET LR EER (IR mian) . (95%)

I have been in a bad mood recently and have been unable to sleep for several days

In a row

EHRNOFOHE P LEAETE 12

GRRANNFNH SRR ERATE 22
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "g"?
ik 7T A EEEWETREN, TUELRERNY TR ma) .

(86%)

She married a divorced man with children, so she became a mother at a young age.
BRI FHHETESEEFE ""?

BN NFHHEPEEESFE "1"?

Does the pinyin of your predicted word contain the letter "a"?

Does the pinyin of your predicted word contain the letter "i"?

SRR R R, — A NOEETIE T — R (Wi wan) . (81%)

My younger brother was too naughty when eating and accidentally broke a bowl

GNP E 2 EEETE M2
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EHRMNNTOHE PEERETE 0"
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o"?

100.3RA 1M FAE BB s g R B, RO AR jing) . (86%)

We must be down-to-earth and diligent in doing things, because there is no
shortcut

BRMNNFIHETEEESTE "g"?

BN FHHETEEESFE "a"?

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "a"?

101 )L FRIBEK R T, FREH A 22 C X0 (G xie) «  (92%)

My son’s feet have grown up. I want to take him to buy a new pair of shoes
BN FHHETEEESFE "e"?
BRTNNFHEPEEESTE "u"?

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "u"?

102 /NS T — AN A, AT B R B A [l Z9(2 hui) « - (92%)

Xiaogang has a new girlfriend. They are going to the park for a date

BN FNHEREEEEFE "2

/

ERRRIN TR HEPREEETE "o

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "e"?

238



103384058 —Hm =k, WA Z HLES NG (S kao) - (95%)

Yuan Hua is a senior high school student and will take the high school entrance

exam in more than two months.

ERRNGFHHETEEEETE Yo"

BRI FNHETEEEAFE "u"?
Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "u"?

1045 1 BEARHT i s AL 3 S, [ S GEAR BT R RITEE (7 miao) = (97%)

In order to reduce the risk of the spread of the new coronavirus, the state advocates

that we should vaccinate (miao) as soon as possible
EFRENNTOHESRBEETE "0
EFRRNNTOHESRBEETE "o

Does the pinyin of your predicted word contain the letter "o"?

Does the pinyin of your predicted word contain the letter "e"?

105 3R FHG RIET &, FRIAEE S0 ERAE zhao) «  (95%)

Apple mobile phones have very high pixels and I like to use them to take photos
BN FHHETESEEEFTE "0"?

BRI FNHERIEEEAFE "2

Does the pinyin of your predicted word contain the letter "0"?

Does the pinyin of your predicted word contain the letter "n"?

106. W] 2 REAZ XA, MR TG Zh# 2 R (B yan) - (95%)
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Wu Yue doesn't like makeup, she always wears plain (Yan yan) every time she

attends an event

/

ERMNNFOHEPEEEETE "2
ERRUNSHHETREEETE "'

Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "u"?

107. 70058 8 4 SO VAR, HERKEEMEEFERGE fu) . (76%)

Shen Teng was once thin and young, but in the end he couldn’t escape the fate of

becoming fat.

EHRNOFOHE P LEAETE W2

TRV NFIHETEEESFE "2"?
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?
108. 4 [ 47/ B AL T AR IE S EL 3R 2 17, 7 B AE 4 [V Bl N AT (L xuan) o

(95%)

Before starting the official competition, The Voice of China needs to carry out the

first-round of competitions across the country
BN FHHETESEEEFTE "2
ERTNNFHHETREQETE "0"?
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "o0"?

10948 Z 22 b 2 Je A AR, MREsE 7 BHEIOK ye) o (92%)
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Many students did not find a job after graduation, but chose to start their own

business

BN FRHETESEEEFTE "e"?

BTN NFHIHETEEESFE ""?

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "a"?

110 F AR EXCEY), FKEILTR TIRZHA () gou) . (95%)

Lingling likes pets very much. There are many cats and gou in the house
BRI FNHEREEEAFE "u"?

GRRRNNTOREPREEETE i

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "i"?

TLIAE BB AT M SE G+ 38, i RARA I T T2 L SRkl ye) o (92% )

The competition in the Internet industry is fierce now, if you don’t work hard, you

will lose your job

BRI FNHETEEEEFE "e"?

BRRBNNFHHETEEERFE "0"?

Does the pinyin of your predicted word contain the letter "e"?

Does the pinyin of your predicted word contain the letter "0"?

12 A LA 2 E Rz, IZBRARABE(E shi) . (89%)

My son likes to eat everything, and he is never picky about food

BRRBPNNFHHETEEERFHE ""?
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EHRMNNTOHE PEEEETE "2
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "a"?

13 A2 BT TN, FATEREE 2 THIING xin) « (86%)

As a worker in the workplace, what we desire most is a promotion and a salary

increase

/

ERRNGFHHETRELEFE "

7
ag

CHRENNFOHERREAETE e ?
Does the pinyin of your predicted word contain the letter "n"?

Does the pinyin of your predicted word contain the letter "e"?

V14 L PSR A A FU B E i, 8 40 IEAE R Be At (R jiw) « - (86%)

A gas explosion accident occurred in a coal mine in Shanxi, and in the hospital

eight injured people were rescued

CHRRUNFHHEPREEETE "'

7
I

ERRNOZOHETEEERTE a2

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "a"?

115X N N3 T ANRIGSE, o T —% ANMES ) /M= san) » (89%)

This woman meddled in other people’s marriages and became a mistress.
BRI FNHERIEEEAFE " ?
BRI FHHETESEETE "2

Does the pinyin of your predicted word contain the letter "n"?
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Does the pinyin of your predicted word contain the letter "1"?

16 MBI AR FET - U8, FFARMAETL pei) » (84%)

His current wife is a second marriage, not his first wife.
BN FHHETESEETE "2

BRI FNHETECEAFE "g"?

Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?
117 A 55 36 R BOR BRI, 1R 22 A8 B4R 36 1) 20 A4 10k % 2 B4 (%% rong) -

(89%)

Nowadays, medical and aesthetic technology is more and more developed, and

many girls who want to look beautiful choose to have plastic surgery
BRTNNFIHETEEEETE "g"?
BRRINHNFHHETEEESFE "u"?

Does the pinyin of your predicted word contain the letter "g"?

Does the pinyin of your predicted word contain the letter "u"?

VI8 B PERIG L | HURBHXE IR, BN T — A5 tai). (81%)

Zhang Zetian married Liu Qiangdong, the president of Jingdong, and became a

rich married woman.

/

GRRRNN NS SRR EETE "2

CHRNNFHHEDREAETE g
Does the pinyin of your predicted word contain the letter "i"?

Does the pinyin of your predicted word contain the letter "g"?
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9 AFRIEA IR, ERIARE R A A1 2 (B qin) « (95%)

Every day after school, Wang Gang goes to the playground to play football with

his classmates

/

ERTNHEOHETREELFE "'

BRI FNHETEEEAFE "0"?
Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "o0"?

120 42 FEGHT VAL e, SR ETAER 65 5 4 5IB(K xiu) »  (89%)

According to the new law, men need to work until they are 65 years old before

they can retire

EHRNOFOHE P LEAETE W2

RPN FOHETREBETE e

Does the pinyin of your predicted word contain the letter "u"?

Does the pinyin of your predicted word contain the letter "e"?
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7.1.2. Stimuli for Experiment 2

All 96 pairs of sentence contexts from Experiment 1 are listed below with the
first one in each pair being more predictable and the second one being less
predictable (cloze value indicated in brackets). The picture number corresponding to

the target word in each pair is shown at the end of each sentence.

L /NERAT 1120, IS 2 ARBEK T4 (84 % jiu hu che) . (96.88%)
Xiao Ming dialed 120, and not long after, arrived an ambulance.
B RAFTERAE THAHE, XEE TIRZHEEP 2 jiuhu che) -« (2.94%)
I don't know what happened here today, because there are many ambulances.

2. fEHEEAAR, mAMEREKRAZH (54 suan pan). (88.24%)

To perform mathematical function, businessmen in ancient China usually use

abacus.
W RIX B ROR AT, /R AT LS A (4% suan pan) «  (0%)
If these arithmetic problems are difficult to solve, you can use an abacus.
3. fE FHANY, PRI K 1000 222K feiji). (93.75%)
At Shanghai Pudong Airport, on average every day there are more than 1,000

airplanes.
KR FIHFRK T, ORI EE R ML fei ji) » (2.94%)
These terrorists are very daring; they attempted to hijack an airplane.
4. /NEEIREIIGLLEN ), B RRAR A GE T EICER ping guo ) o (91.12%)
The little girl's face was rosy, looking like a ripe apple.
WER IR ah ah i %, 41 7 —HFCER ping guo) - (9.09%)

Yesterday, my mom and I visited my aunt's house and brought a box of apples.
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5. BRI EER — 2P BB R, BRI CHEIK yu mao giu .
(88.24%)
Chen Yufei is a badminton player and every day she practices playing badminton.
R NFRIR T — L a3 R L3R A K CHEER yu mao qiu).  (0.00%)
To make athletes, this company has developed a batch of badminton.
6. KIEIM, EANFAEROME TIFZ RPN ER (KB qiqiu). (90.91%)
At the marriage proposal scene, this young man carefully arranged many colorful

balloons.
JCHJRBYIE], KA EARIAE, A —DZFFAL (UK qi giv). (4.55%)
During the New Year's holiday, the streets were lively, and an old man was

selling balloons.
7. ANEELRT, FEREAZ, ORGSR T —R (FE xiang jiao) .
(91.18%)
Grandma is elderly and can't bite into apples, so I peeled her a banana.
WEEE B, sk 7V 2 ik 52 2 ) (& #5 xiang jiao) »  (0%)
I went to the hospital to visit my grandmother and bought her many bananas.
8. ANk —kE, MEIEKAEIEZIHZST (K lan giu ). (100%)
Like Yao Ming, his favorite sport is playing basketball.
SRIEEIE, BEAHHFE T —A (FEEK lan qiu). (4.55%)
Today, at the mall, Dad bought my little brother a basketball.
9. KM EhE KN TR — A NAE, TR — 5K B AN (JK chuang) .
(100.00%)

This bedroom is too small for more than one person, so there's only a single bed.
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WA e eI R R, B BN X b R e 55 100 7 — 5K (JRK chuang) .
(13.64%)
When I went downstairs to take out the trash, next to the garbage pile I saw a
bed.

10. SRR IS B A AR T, MR 2EfEH (BEIZ4E wang yuan jing).
(90.63%)

If you want to see distant things more clearly, you need to use binoculars.

flL i BRH 5 R, AR 25 TR (B8 wang yuan jing) o
(0.00%)

He silently gazed at the sky, occasionally raising the binoculars.

1. ERAZERRHELE T, mXEemeSEmE sk (Fk gutow. (93.75%)
Please stop looking for trouble when there's none, it is like you're picking bones
out of an egg.

Z N AT ORI, W BRI EARE LR Gk gutow) o (0.00%)
The elderly person was surprised to find that in the temple on the mountain there
were a few bones.

12, BTt 17— P ER B TR, AR 2L — 28 (528 shu jia).

(90.24%)
The library has received a new batch of books, but there's no place to put them, so
they need to buy some bookshelves.
Wt IR, BT DLE BRI N 0, AN (35530 1) (F5 28 shu jia)
(0%)

The recently cleaned floor is very slippery, so you need to be careful while walking
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13.

14.

15.

16.

not to bump into the bookshelves.
INLRANMER T, TZ7E RS 0E T e (i wan). (90.63%)
Xiao Hong is a sensible child; after every meal, she always eagerly helps her mom

wash the dishes.
WAIGRRAE R T HE DT, A/NODITHE T 25 21 OB wan). (0.00%)

When my sister and [ were running and playing in the living room, we accidentally

broke the dishes.

XA NAEHHIE SO, AR R PIE(T] dao) - (97.56%)
This person is very loyal and always stands by his friends.

GG Gy R AT, KZE EASTRVFA (U] dao) « (6.25%)

The train security officer told us that knives are not allowed on the train.

FERALEIF, AT RIEEETFLZEIWA (I hu die). (100%)

In spring, flowers bloom abundantly, and above the flowers there are many flying

butterflies.

M PARR RS, BERSHASAESR, il (B hu died. (0.00%)
Her hands are very skillful and can embroider various patterns, like butterflies.
SRZEWE A, REEEES WL T —NEH (EEE dan gao) .
(100.00%)

Today is my mom's birthday, so I went to the cake shop to buy her a birthday

cake.

URIREE IR MIZ ZR /N i, R 2> DUAES &7 18 B ) (EFE dan gao).

(4.55%)
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17.

18.

19.

20.

21.

Every time my sister passes by this small shop, she leans against the window to

look at the cakes.

EAFES K2 20T, WAKETHE (Hril). (93.75%)

I don't know what day it is today because I forgot to check the calendar.

WP o EARC TR 2, Hodh—2 (H G ri 1. (0.00%)

There are many items on my office desk, and one of them is a calendar.

WA VP2 REXRN Y, SCHZEIN D EZFFN (GF5E Tuo tuo).
(94.12%)

Xinjiang has many animals I like, especially the camels.

RAVNE TSGR, RO E BIAZ AL — R (34 5E luo tuo)
(0.00%)

The little baby giggled because he saw a big camel.

NN FAZ L R e B SIS AR Gl Ta zhu) . (90.63%)

People often compare teachers to candles.

TR IR KK TR B 50082 — 3¢ (i Ta zhu) o (9.09%)

After investigation, the police found that the culprit of the fire turned out to be a

candle.
AR, AR R Z IR E R ILE] i mao). (96.88%)
He is very afraid of the teacher. Every time he sees the teacher, he is like a mouse

seeing a cat.
4 )Ll 2 M IEAE A L BUNITACE — R i mao). (4.55%)
The kindergarten teacher is seriously teaching the children to draw a cat.

fi AN S AT 4 5 D, T — RS T S Bk () L xiao chou ) .
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(80.49%)

He is not a hero of the world, but a ridiculous jumping beam clown.
NTEEZF NG, EEILHSTFREITH T — (I xiao chou) « (25%)
To amuse the whole family, dad disguised himself as a clown.
22. WHRE FRKERARLK, FREIEKAZBR T shuzi) o (93.75%)
I didn’t comb my hair after getting up this morning because I couldn’t find comb.
IR Rt TR T IR B 1], S T (BT shu zi) o (0.00%)
My naughty sister sneaked into my room and took my comb.
23. N T HERTTIA, ReRRAENE EUAT BINHiE FF 2L 2 (% zhi nan zhen).
(81.25%)

In order to identify the direction at sea, the ship needs to use compass.
KHEEL MR, PrUMBIR EWIRFEE T LK) (4874 zhi nan zhen).
(6.25%)
My dad is a sailor so he likes to fiddle with the compass.

24 ABAE BRI A w] B3, BANANWET EHBE — 6 (BN dian nao) .

(93.75%)

He works in an Internet company, and on each table there is a computer.
G fib L ZA, AT AR BT W AR RSB (HLJIN dian nao). (4.55%)
His mother asked him to go to dinner, but he continued to play computer.

25. BHIR, RAEE LT AKRMERHE TR (FK yumi). (85.29%)
On Sunday, my father and I went to the cornfield to help grandma break corn.
REDFIL, BRWWEE TETHZ (EKyumi) o (4.55%)

I went to my grandma’s house to play and under her roof I saw a lot of corn.
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26. TP~ EAH —BEL T TR 2 NARRJEER) (WK sha fad. (90.63%)
To make guests more comfortable, in his office there is a soft sofa.
TAHIREKEWEF D, TTHREHGRE —E (WK shafa). (11.76%)

My family is moving into a new house next month and plans to buy a new set
sofa.

27 MBS R, ZEEKTAE, W& S HBEMRIZI (4 niw). (95.45%)
He works diligently and honestly, just like a willing and dedicated cow.

o AR AR AR, (HRRbr ER RN —2, W EAZ (4 niw.
(3.13%)

Although she looks very mature, she is actually only one year younger than me.
Her zodiac sign is Ox.

28. LT AEFET BRI FaR, —200 Bt Zd ELIAIE) (& chuang lian).
(93.75%)

Girls should pay attention to protecting privacy at home, and at night should close

the curtains.

WGy —AHEE, WG S —BATR T —> (A chuang
lian) (2.94%)

My grandma is a seamstress and she turned a piece of cloth I bought her into a

curtain.

29. B AGE T i — Mol e, LR RE — BN N &K OER (854 zuan shi).

(94.12%)

Her boyfriend gave her a ring with a sparkling diamond.

IMITEEANANERNE RS, ik T BAEREAEERR) (347 zuan shid. (0%)

251



The thief broke into the house while the owner was not at home and stole the

diamond.
30. FEPACAERT IR D a0 AR, HuER EfStiasE 2 (& kong long). (100.00%)
During the Jurassic period 200 million years ago, the rulers of the earth were

dinosaurs.
ERR AR, XM EATRE —H (2 kong long). (0.00%)
To my surprise, the protagonist of this movie turned out to be a dinosaur.
31 AR B R 2 JEREANBR BE N T — 4 4MRE (BRZE yi sheng) o (94.12%)
After graduating from medical school, he entered the hospital and became a

surgeon doctor.
fERRESIAY), HWEAERERLE—H% (B4 yisheng). (0%)
He looked unattractive, no one expected that he was actually a doctor.
32. I ARH B XM, ZFKEITR TARZHA () gouw). (93.75%)
Lingling likes pets very much, and in her house she has many cats and dogs.
EAEE RO EEE R, S 7 BEEE O gow. (8.82%)
Because the driver was driving too fast, he knocked down his neighbor's dog.
33. Wi YRR AN P AL 2 H, — IS SERE (1] men). (100.00%)
My mother told me that before entering someone else’s room, I must remember to
knock door.
HHFFR—DARE, MIHEIEAERZ 7 ITE] men) .« (0%)
My grandfather is a carpenter, and he is now helping customers build doors.
34. T LKA 1 A A BEHI B2 2E4E (H¢ erduo)s (100%)

It was so noisy in the dormitory that he could only plug (his ears) with earplugs.
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35.

36.

37.

38.

TR AP, Ei3 EPUED 7 — R (B2t er duod. (0.00%)

Grandpa is a veteran of the Anti-Japanese War and during the war there was a

blast injury of his ears.
W TR ERIE R, BIFHGISER CKA daxiang). (91.18%)
The disparity in power between the two sides is too great, just like an ant and an

elephant.
PR B pRR LI, #HEELE (KR daxiang). (4.55%)

Every time my brother and I go to the zoo, we have to go see elephant.
NYLERFHE 1, BOREIT R, BHEE —ADFBITH Gl 7 qie ziD) .
(90.63%)

Xiao Kai failed in the exam, listless, and limp like a beaten eggplant eggplant.
SRANIAMREZN, FAREH LT —/BEER Gili T gie zid. (0%)
There are many people in the vegetable market today. It turns out that there is a

new batch of fresh eggplant.
SEE5ER, EEMOIFRMON (55 xin feng). (88.24%)
After grandpa finished writing the letter, he carefully folded it and put it into the

envelope.

FE4N LI B TN FHARHNE (53 xin feng). (0%)

In kindergarten, the teacher teaches children how to use paper to make envelope.
it A5 — KRG B JGA — XUKVEER K (HRFE yan jing). (100%)

She has an oval face and a pair of watery big eyes.

FABAZEN, XRTR M s —X (BRAE yan jing). (13.64%)

I have to admit, this is the most beautiful pair of eyes.
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39. fLEIFRERIRHRZ BT AR, ZEAEHA —& TEUSEr CHE yu mao).
(93.75%)
The reason why the peacock is beautiful when it opens its tail is because it has

colorful feathers.
XFANKY, —EAEMESOEENFEN, EEEACH CHE yu
mao). (11.76%)
For celebrities, they must not do anything that violates morality and cherish their
own feathers.
40. FARIRZ JFIRIG N, BRER WL (M yw. (97.06%)
Grandpa has a lot of leisure time after retirement. He goes to the river to catch fish.
o s BELAR Y R A R, ORI I AE R ZLE (F1 yu) o (3.13%)
The smell came from the kitchen. It turned out to be my mother cooking braised
fish.
41, EADEBIRNKREL, TR HIEE T (Z:3k quan tou). (96.88%)
The boss bullied people so much that the workers clenched their fists in anger.
PRI 2L, TR 7 EIERITIER (K quan tou)  (5.88%)
I quickly moved aside and finally dodged the fist.
42, XAMEGEARE B IR, e WA KA H 2RI jiao) « (100%)
This approach is very stupid. It is completely shooting oneself in the foot.
ARG EEFT B T, ECT B SR jiao) - (0%)
Today he fell while riding a motorcycle and scratched his foot.
43, HER BRI B BT KIS (KU chang jing lu). (100%)

The tallest and longest-necked animal on earth is giraffe.
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44.

45.

46.

47.

48.

F R £L L Bl A4 AR 513 T LR (K3 chang jing luw). (2.94%)

This year from Africa, Nanjing Hongshan Zoo introduced several giraffes.
AR 22 2 A AR i PRI AR, B RARE (IR yan jing)o (94.12%)

Many students nowadays are highly myopic and have to wear glasses.

TR ROy R A, S T H 2K (RS yan jing). (0%)

I was in such a hurry when I went out that I forgot to bring my own glasses.
TATNEIAE BRI EBRNY (HUER di giuw) . (100.00%)

The planet we humans live on now is called Earth.

BAEAR B O LB (HEKR di qiuw). (0.00%)

We need to be try to be kind to the Earth.

SRTHT, MEFHEEEL, FREARE (F£ shoutao). (100.00%)

It snowed today and his hands were red from the cold because he didn’t wear

gloves.

TR AT @I, Frol RaFasE kL # - (5% shou tao). (0.00%)
I really couldn't resist my mother, so I had to bite the bullet and put on gloves.
PATERRITE, HwEEEA RS (%] pu tao). (95.45%)

We all know that the raw material of wine is grapes.

AERRE—HE, BRI RAACR AR Z (Fi%] pu tao). (0.00%)

Like my brother, the fruit we both hate the most is grapes.

XA PNRFRRE, BIRHTTZ A H 2 ZA Z KT shou) « (94.12%)

This young couple is very loving, and every time they go outside, the husband will

hold his wife’s hand.

s 7%, — S AKRHETELEEN (T shou) o (13.64%)
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49.

50.

51.

52.

She smiled awkwardly and without saying anything, she just stared at her

mother's hand.

E B R EOR R 2, ML A E (H L erjid. (100%)

Keep quiet in the library and if you want to listen to songs, please wear headphones.
FRAEH MR, BiE 7B &S5RI (Bl erjid. (0.00%)

On my boyfriend’s birthday, I gave him an expensive pair of headphones.
RO RS, TR A, HEXEEY (B ma. (100%)
You have already made a big mistake. You must not make the same mistake again

and again. Please step back from the cliff horse.

RAREE - UORBIKF R, DUHTACRBE I IX A Z 8 (5 ma). (12.50%)
This is my first time coming to the prairie. I have never seen so many horses.
HATR B ERRE 79T HLNIH A2 2 R AE BESR B AT AR B a2 (R dai
shu). (100.00%)

The animal that has strong jumping ability and stays in the mother’s breast pocket

when it is born is kangaroo.

fEERAAIRZ NN BE . BhRBE RSB AEN, thln (A8 dai shu)

(18.75%)
In nature, there are many animals with agile limbs and strong jumping abilities,

such as kangaroos.
INSERIF T HBA LK, BONE T4 (B yao shid. (100%)
Xiao Liang got home but couldn’t get in because he forgot to bring key.

THEFEAEZTIRER, BERSFIARTELI (BHL yao shid. (2.94%)

Girls’ bags are really versatile, they can hold all kinds of things such as keys.
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53. JRAHMAVEE CRERE A5 1773, WEET1S 7 (B)5 chu fang). (97.06%)
My sister said that she can both go to the hall and go to the kitchen.
W37, BUBUM B 3 5 A1 R (BB chu fang) . (0%)
As soon as [ walked in, my uncle enthusiastically showed me their kitchen.
54. S RAMARIRARK, JEFIE SR AR (X% feng zheng). (100%)
The wind outside is very strong today, which is very suitable for flying kite.
RIRAS RAE AT B 2] T —PNENER) (RE feng zheng) . (2.94%)
My sister picked up an unwanted kite in the park.
55. FJE BRI OR — RO R R IR 2 £ IEAEDUSMERER) (Pl shi zi).
(81%)
Over the grassland, came over a group of roaring lions.
WEAFFEKEAR, AU 17— R mAR (Ii¥ shi z.
(0.00%)
The neighbor’s grandfather is good at paper-cutting, and soon he cut a lifelike lion.
56. N T PR EREREE, AR B —5k (ML ditw). (100%)
In order to prevent getting lost on the mountain, you must bring a map.
WEe— 4 TR, MAETATEFRENS GBE ditw. (0%)
Dad is an engineer, so in his work he often needs to use map.
57. B 2= ReiH 2 iR 1 /K SR XOR R B JEFF (P8 xi gua) o (96.88%)
The fruit that best relieves summer heat and quenches thirst is the big, round

seedless watermelon.
AT RIRISK, BOEA S 1R B (PR xi gua). (2.94%)

As soon as my younger brother came home from school, he couldn't wait to eat the
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watermelon.
58. fEuih B REELL, TR RAENAEYIY (A meiren yu). (88%)

According to legend, the creature whose upper body is a beautiful woman and

whose lower body is a fish tail is called mermaid.

AN, BRI AR R AR O LA — 2% (BN mei ren yu)
(3.13%)

When I was a child, my biggest dream was to become a mermaid.

59. W BV — 22 A, KRR PR, B—1 (BT jing ziD. (100%)
There is no wind on the lake, and the water is very calm, like a mirror.
KBNS KA 1, FTHE 757 B (BT jing ziDo (2.94%)
The kitten at home was too naughty and broke the mirror on the table.

60. XNNHIEMERN BRI E, HEK Y T (FIi he shang). (97.06%)

In his later years, this male star saw through the world of mortals and became a

monk.
A RN G HEAE B R SR IRE 2] 1 P44 CRTRG he shang) » (0.00%)
Today when I was shopping with my mother, I actually saw two monks.

61. fEPEHFiC T, feRil E—3GMNT 2 A H KA ZR /N T hou zi).
(100%)

In Journey to the West, on Huaguo Mountain there are more than 40,000 naughty

and cute little monkeys.
XA B LR EVER A AR TS, R — R A O hou zi)

(4.55%)
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This boy always likes to rummage through other people's things, like an
annoying monkey.
62. I ERMFFRMARN T HED, MEHN 7 ikMRIE (ZK lao shu).
(97.01%)
In the past, cats were kept in rural areas not for pets, but for cats to catch mouse.
BATIELERZ KR, RN Bk 22— H (G2 I 1ao shu) . (0.00%)
We were eating hot pot, suddenly in the pot there came a mouse.
63. FATERAT AU — A2 I B A AT CRUAR shu biao). (100%)
We usually operate computers through keyboard and mouse.
fARFT I A, A EAWIAR] (RS shu biao). (14.71%)
He wanted to open the computer to work, but he couldn't find the mouse.
64. AIELSE R B, RO — A AER R (T bizid. (95.45%)
He has a highly sensitive sense of smell because he has a very sensitive nose.
Fy b, FE O ZE D) R d TR (R bizi) o (0.00%)
In the ring, a boxer in blue shorts punches his opponent in the nose.
65. {EERBeLlm, AERZFEHREHELEM (F1 hushi. (93.75%)
In the hospital, there are many doctors and nurses.
BT, BOKKERERAN 4 (4 hushi). (5.88%)
This girl said when she grew up she wanted to be a nurse.
66. AIMANG FHMNEREHE, MERANTFH (B mao bi).
(91.18%)

We modern people use pens or pencils to write, while ancient people used

brushes.
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SR EFMERKIL, 55055 B2 TIRE (L% maobi) .
(4.55%)
Tonight I accidentally discovered that my grandfather has a lot of brushes.
67. RF#E, WATEFKEESYZK (B xiong mao). (100%)
As we all know, the national treasure animal of our country is the giant panda.
PARIXAKMRBE T, BRI (REH xiong mao) .
(13.64%)
I have never been to a zoo or seen a panda.
68. AAIPIAN AL, TBRARE, KRG BFTLLYE % (#T ku zi) .
(97.06%)

The two of them have similar interests and are inseparable. Their relationship

is so good that they can wear a pair of pants.
EA AN ESNEZE R, 3T KBTI T kuzi) . (0.00%)

Last month, my sister came back from a business trip abroad and gave me an

expensive pair of pants.
69. “WRIET. ALMKT. WA A M TORA E RSN (FEE hua
sheng).  (90.63%)

The riddle "A hemp house with a red tent and a fat white man living inside"

describes peanut.
W REAMNRAEYI R, T TR 2 AT LA RVE M AR AED, tetn (FEAE
hua sheng).,  (14.71%)

Henan is a major agricultural province and has grown many crops that can be used

for oil extraction, such as peanuts.
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70. EMLER R X AETE B R Z HE-FF 1. REFATEZH (2R qi o).
(94.12%)
In the Antarctic region of the earth, there are many chubby, cute and cute
penguins).
b 7 B R AR IR SR SE N, BB R (DS qie) .
(16.00%)
She was wrapped up in thick clothes and looked like a penguin.
7. ERXES L, WA TRRALD 7 YA (N gang qin) .
(100.00%)
At this concert, I finally saw Lang Lang playing piano.
B ) s 1] LR )R — S 3% KR (955 gang qin) « (4.00%)
In the empty room there is only a dusty piano.
72. AEERIZIZEERE, fF2#AT, BEAUR K Of zhw). (97.06%)
He eats and sleeps every day and does nothing. He is just like a pig.
ERIR B, MEREE CRIBEL IR T —% OF zhuw). (9.09%)
What surprised me was that in his villa he actually raised a pig.
73, hEEAZEANE, BOMBEIR BT A (BEk zhen touw) . (96.88%)
He must not live alone because on his bed there are two pillows.
A B AE WU 1) s 18] B, BRI Dt () R B3 (B2k zhen tou Do
(11.76%)
I don't like sleeping in grandma's room because on her bed there is no pillow.
74. FIHEAW A MT, TEEPILIT 110 SKRBH(EE jing cha) . (88.00%)

There are two thieves in the mall. Please call 110 for help from police.
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75.

76.

77.

78.

A5 R AN BRI Z T T, LRI VR (B % jing cha) o (4.55%)

My mother told me that if [ am bullied by a bad boy, I should tell the police.
JIEWERT, N7 EEZIFE T IE, BEK T AR (R nan gua).
(95.45%)

Halloween is here. In order to carve a pumpkin lantern, I bought a big, round
pumpkin.

FEBEEGR T, ANPGRS 232 mE B LA (B9 nan gua). (0%)
There are no vegetables at home. My grandma and I are going to the vegetable

garden to pick some pumpkins.
R iR, FATEARE K2 A )\ KF L2 —H) (B85 jin zi ta).
(88.24%)

When traveling to Egypt, what we most want to see is one of the eight wonders of

the world: the Pyramids.

AN ARV WE EHE T —DIDHE, FERKME P BT jin zi ta).
(6.25%)

The little boy made a pile of sand on the beach that looked like a pyramid.

Lt BARBEASIR TS, (H2PR A REFS ), &M 7 (T tuzi). (92.00%)

Although the tortoise ran very slowly, because of his persistence he finally

defeated the rabbit.

LB RAGRIR R A TE T, KIMAEFEREA —R(RT tuzi) . (12.20%)

I went to the forest park to play with my sister today and in the grass found a rabbit.

T U A e WA B9, AT DT EATEGE (VKA bing xiang) .

(97.06%)

262



Parents say you don’t have to throw away the food if you can’t finish it. You can
put it in the refrigerator.

RAFELFERRE, ZHECK LREEEE T —G (UKHE bing xiang) .
(0.00%)

During the Chinese New Year last year, I used my salary to buy my parents a
refrigerator.

79. BRI RN R, = HEFEXLLET J] jian dao)” . (100%)
There is an ancient poem "I don't know who will cut out the thin leaves, like the
spring breeze in February scissors".
fih S RITH K B T RAFL AR, KIE T —H#EIJ] jian dao) -

(24.00%)
When he opened the toolbox at home today to find something, he found that he
had lost a pair of scissors.
80. AN ZIEMLE—FE, NINERE KT BT qunzid. (90.63%)
Like other girls who love beauty, in summer Xiaoli likes to wear skirts.
L RAHE— S, WAL T —M BB+ qunzid. (0.00%)
I went shopping with my sister today and she bought me a skirt.
81. WEZJj—— L LIE, Wi HHE —REENITH UHF wo niud.

(90.91%)

I will work hard to climb up step by step, like a snail.
—Ip KW JE ARG, i BRI CIRZ R (R woniwd . (9.38%)
The environment became wet after a heavy rain, and on the road there are many

snails.
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82. /NI R R H F MR, BPRR S (M she). (100%)
When I was a child, I read a story from Aesop’s fables called The Farmer and the
Snake.
AE A NERFKH, POVIXEAIRZ (IE she) - (4.00%)
I dare not walk this road alone because there are many snakes.
83. NERIMBERMFEHMLATHEE (A xueren). (94.12%)
Our favorite thing on snowy days is to build snowmen.
TR, AN T B 5 25 (F N xueren) o (0%)
At twelve o'clock at midnight, the little girl got up quietly to watch Snowman.
84. RUISTIUAN C & —#F, FKHIPIADH B EXKE EFR zu qiw). (96.88%)
Like Beckham and Cristiano Ronaldo, my two younger brothers also like to play
football.
MR —DAGHWINE, LHREE A (23K zuqgiv) . (0%)
Short of stature, she wore an ill-fitting jacket emblazoned with a football.
85. N T2, IR ST — AN ER ELSEAR — AR (HERLX di giu yiDs
(97.06%)
In order to learn geography, my mother bought me a globe.
EANNBEZRGHFR T, JERA IR 7 — AN NIERAC di giu yi) o
(13.64%)
This little boy is so awesome, as he used a table tennis ball to make a small globe.
86. TR MAFFR I 5 = L S5 B EAREI ) CHIEEE you piao). (100%)

Since he was young, my dad has been collecting stamps.
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PR BT A, HAHM 55 1R BB AL A 1 (SR you piao) .
(0.00%)
What surprised me was that my sister’s room was covered with stamps.
87. WM FE 5, HLEBLRAHRNA T —1 (BK maoyi). (84.85%)
My girlfriend was afraid that my upper body would get cold, so she bought wool

and knitted me a sweater.
KA RERFIR, BiiEE 2 M (BK maoyi). (0%)
The weather forecast says it will be cooler today, so my mother asked me to wear

an extra sweater.
88. XN NLTIHZBAMET, S TIUHE (B weiba). (88.24%)

The cunning businessman finally couldn’t hold himself back anymore and

revealed his fox tail.
bl an B T — b AR, BRI ERER (RE weiba). (0.00%)
Grandma bought me a little white rabbit and I especially like its tail.

89. KK AZEMET LA —G B —HE & (F 1§ dianhua) » (92.00%)
On the desk in the principal’s office, there is only one computer and a telephone.
R WA B R Y Ja AR B AT # (B 1k dian hua) o (11.76%)
The facilities of this rural school are very backward, and in the whole school there

is only one (telephone).
90. S RIATEAEE S EaTE, Bl HEEw —4 (IKZ zhang peng). (91.12%)
Today we are going to sleep in the wild, so we need to bring a tent.
XA R B XK, B DAE A FSREIPE (KSZ zhang peng)

(0.00%)
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This kind of fabric is wear-resistant and waterproof, so it is suitable for making

tents.
Ol W RIREAE MM E=NWERE, =3 CGRET wen du ji).
(95.45%)
If you want to accurately measure the indoor temperature, you need a thermometer.
N T TRAL SR A SR R A B 6, SEIR N R BB GIREETH wen du
ji) o (2.94%)

In order to strictly record the conditions under which chemical experiments

occur, experimenters need to use thermometers.

92. EEEMIGE, FHAMKEREIT (B0 ling dai). (94.12%)
On important occasions, men should wear a suit and tie.

ILFEAE T2 7T, (HEERAS RENA ling dai) » (3.13%)
My son is twenty years old, but he still can’t tie a tie.

93. F EMIEHMERE AR S, BOAREARI A K CFRl ya shua). (100.00%)
I didn’t brush my teeth in the morning because I couldn’t find my toothbrush.
EERRHEEEWE R, #HawEERIEZ PRl yashua) « (9.09%)
Every time my father comes back from a business trip and stays in a hotel, he

will bring back a lot of toothbrushes.

04, NEAEIX Rk EBEE, PUOYIX BELR SR —%1 (K% huo chedo (93.75%)
Don’t play on this railway line because there will be a train.
PREEARERR — 07 PRI A TE AT T EE A E I8 (‘K7 huo che) o (11.76%)
Can you hurry up? If we go any slower, we won't be able to catch this train.

95. MAEMTBERMATET I T, BAXKEA (BERPL xiyiji). (94.18%)
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Nowadays, people no longer need to wash clothes by hand because they have a

washing machine.
Py B ARG A, R GBIHR@GEARL xi yi ji) - (0.00%)
There are very few electrical appliances in grandma's house, only a worn-out

washing machine.
96. N TR, T AATHE XA T b — P (F3K shou biao) .
(96.88%)
In order to show their temperament, on their wrist men like to wear a watch.

RBALARNE N, KEIARZEERAME) (T3 shou biao). (0.00%)

This girl is a rich second generation, and her family owns many international

brands watches.
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7.1.3. Stimuli for Experiment 3

All 84 pairs of sentence contexts from Experiment 3 are listed below with the first
one in each pair being more predictable and the second one being less predictable.
The mean cloze value of the target word in each pair is shown at the end of each

sentence.

1. SRERERY, RERWIELERNRE (6 huad. (81%)
Today is Mother's Day. I am going to the flower shop to buy my mom flowers.
XIFEFE RESE, RHAFZERN (Ehua) o (50%)
The background of this painting is so beautiful, because in the painting there are

many beautiful flowers.
2. HSRIRZBRNE, LEREIZE (2 yun). (95%)
The sky is particularly blue today, with a few white clouds.
Ntakesk, BERRTZHHEIRZM (= yun). (61.9%)
Xiaoliang raised his head towards the sky and saw a lot of clouds.
3. ERMT EEERCSCW, AZEEHH G tan). (92%)
Be civilized on the street and don't spit.
Pt iy, IEEFE B MR AAER OF tan). (38.1%)
When I entered the ward, I happened to see a patient spitting.
4. BRET, LA ERT EIEZHE 7228 (4 jie). (89%)
Summer is here, and girls like to wear beautiful skirts and go shopping in the

street.
WImEER TR, #aTFEEXAEE (H jie). (65%)

Every day after get off work, my mother drives by this busy street.
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Wz 8 (RN LR /N0, POV BLETT IR 2 ORI ¢ (86%)

Be especially careful when eating fish because there are many thorns.
LB A R, XA LRI AL R OR ¢, (42.86%)
After a doctor's examination, it was discovered that the baby's eye had a thorn.
RONBA BRI, BT ASRIRDIZ (BE tang) - (83%)

Because I have diabetes, I rarely eat sugar.
AFABNZT—HF, BB BB ERIZ(FE tang) «  (55%)

Like any other kid my brother likes sugar.

o ARPAIIXAF A, MR N ORREA (B gian). (95%)

It's not that I don't want to buy this dress, but because I don't have money.

fE DA (] e B, RARE T RTJLR ZR T (Bk gian) o (38.10%)
In the bathroom drawer, I found the lost money.

. INTEE G R AR, AT IR R 1) (5 ai). (84%)
Jack's love letter to Anna is very sincere, and the lines are full of love.

TwH &, BPNMEBHERZN (FaD) . (61.90%)

Whether male or female, everyone desires to have a lot of love.

- IREZWERZIEE, ARSRESE O bing). (89%)

You have to eat more and exercise more, otherwise you will easily get sick.
NS REGZIME IR T Ak B, BUOMAA (O bing) - (38.1%)
Xiao Ming asked the teacher for leave today and did not come to class because he

was sick.
RN REE G, MMMSRAY (A row). (92% )

Li Ming is a vegetarian, he never eats meat.
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R AERIRE S ZRZ R (W row) . (40%)
At every meal, this student eats a lot of meat.
1L AN EFTEEER BRI T — 57T, BBl —fFHgue £t (# zao). (92%)
Xiao Wang was sweating after playing basketball, so the first thing he did was to

take a bath.
e EE ARSI R RIS, i ST iR L0t (3§ zao)
(52.38%)

As soon as my husband came home from outside at night, his wife started urging

him to take a bath.
12, 3OKFIAEZER 7, FTRFFELS H O K — (% che). (92%)
Emily got her driver's license this year and next year plans to buy herself a car.

FERISFIE TR I e 7 AR, T BT S (% che) - (60%)

Wang Gang is very lucky this year and made a lot of money, so he plans to buy a

car.
13. B RRAARARF R, BATH TR — (<= san). (97%)

The weather changes very quickly in summer, so when we go out we'd better

bring an umbrella.
TRHFEKL, AR ZBE S #5514 (= san) . (47.62%)

Regardless of spring, summer, autumn and winter, when I go outside I always

carry an umbrella.
14. SRR, KEMZ5eE AR T B E(H yue)o (95%)
Today is the Mid-Autumn Festival. After eating, everyone sits in the yard to see

the moon.
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15.

16.

17.

18.

19.

/NI 5 B XK — 1 LR NI — i T () yue) « (45%)

One of my favorite things as a kid was watching the moon.

Hgetedm 1, WEEERS MK (Z yao). (95%)

My grandma is sick, and I'm going to the hospital to buy her medicine.

A RBN TAEKRIC S 14895955 (2 yao) - (52.38%)

Because I was too busy at work today, I forgot to buy medicine for grandma.
G e SEh, IR HCEE xie). (92%)

Mom just finished mopping the floor in the morning, so when entering the door

please change your shoes.
RN IR, WRFTXIKEH Y, AT LHCE xie) » (52.38%)

My mother promised me that if I get a perfect score in this test, she will buy me

new shoes.
PLRTEE AN KL, MIZHBERFEEES (S xin). (89%)

A long time ago, the communication technology was underdeveloped, and the

communication between people mainly depended on writing letters.
WK 5 R T )L FHERG M B 72 21 EII(fS xin) »  (47.62%)
Mom woke up and found the letter her son left on the table.

RF T, ZIMERE ARG R LR ke). (89%)
The bell rang, and the teacher walked into the classroom to teach lesson.
WHRAHER, FOARPHR EFATEEL B ke) . (50%)
I don't have to get up early tomorrow because I don't need to go to class.

H Bz ROR R T, IR R4 78, A5 (/K shui). (92%)
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The meal I ate in the morning was too salty. Now I am very thirsty and want to

drink water.
MR IR PRI BN fige At JL-F-A T4 # ez, R T — 2 (7K shui)

At dinner he hardly ate anything but drank some water. (35%)

20. AR T, AL AERATE L ERD (B shu) o (92%)
Arbor Day is here, and the school organizes us to plant trees.

WE BN AF T RIEESS LR TRZ (W shu) . (55%)
Beside the street at the entrance of the park I saw a lot of trees.

21 /NRANMEF T, WZ5ERUE R E T B (B wan). (92% )
Xiaohong is a sensible child, always rushing to help her mother wash dishes.
B RBE 22 T )5 7 b 3THE T — A (i wan) -« (52.38%)

The family cat jumped on the living room table and broke a bowl.

22 ZHEME P AT T, TBtgdE 1, HEE 7 (W zei). (84%)

The windows at home were broken and the door lock was picked, so there must
be a thief.

PHCE BB AIR R, IEAFR B HERE T — W zei) . (47.62%)

When I came home from school, I happened to see a thief.
23 ARSEAERIE 1, FH G ZEE S IE fei). (92%)

He is too fat and really needs to lose weight.

TABIZZEHA T, BNERE fei) o (52.38%)

I don’t want to eat this piece of meat because it’s too fat.
24. N TR, RIS E BB ECE bu). (92%)

In order to exercise, every day on the playground after dinner I go for a run.
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WA GBI R 1, g R B L A DTS G bu) .
(60%)
I don’t know where she went, she just said she was going for a walk.
25 I RARINT, FIRRE T K (W yw). (92%)
The weather has been too hot recently. I really look forward to a heavy rain.
BOLRAKR T, RATIRWEKESE R yu) . (55%)

The weather has been too cold recently. The weather forecast says there will be

heavy rain.
26. FRER] T, TG FRGE K AFE(R jia). (95%)

The Spring Festival is coming soon, and I am looking forward to the winter

vacation.

AN R IHERAN 2 B 3E, RUONAREAR (M jia) »  (55%)

Xiaogang doesn’t have to go to work for the next two weeks because he has to

take a vacation.
27. ENIZE THERBIEEE — 4, AIIERG (0 xin). (92%)

Wang just took the exam and ranked last in the class. He is very sad now.

TwIHE AR, MMEAMERZECD xin) «  (52.38%)

No matter how I treat him, he doesn’t believe that I am sincere.
28. TR JFIRTEIN, BERESEWILE(f yu). (92%)

Grandpa has a lot of leisure time after retirement. He goes to the river to going

fishing.
ORI, b2 RS2 L yu) »  (57.14%)

In summer, his favorite thing is to catch fish.
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29. SR FHE R, BINZLETATKH(F shu). (86%)
Today is the first day of school, the teacher will send us a new book.
XFFA5ar kUl AhrIrE—Z 42 E (1 shu) « (50%)
For Grandpa, his only hobby is reading books.
30. W EAHKHIIXWEER /AN T, R jiao). (95% )
The pair of shoes my father bought for me are too small, and they wear out their
feet.
il — M H#ARE TRER, FOBETEERZE 053] 7 (1 jiao) .
(52.38%)
He couldn't get out of bed and walk for the last month because in a basketball
game he hurt his feet.
31, WAL ATURYIT, 3 LB A ERE O] dao). (95%)
I want to cut this watermelon, please go to the kitchen and get me a knife.
AREANBNAER, — i M F RESEE K] dao) - (47.62%)
A passer-by took advantage of the drunk man's inattention and snatched the
knife.
32. TATEATL L, ARIGERTE 2 RIIHEAZEIT (LT deng). (89%)
We must save electricity, and when there is sufficient light during the day, please
do not turn on (lights)
MR IR SRR TR i S B O s ] ) A B2 A5 O (KT deng) «  (60%)
When I finally leave the room he reminded me again to turn off the lights.

33, FAVED ST PR, AR BT A ZE3E (PA dui). (92%)
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We must talk about civility and order, and when eating in the cafeteria don't

intervene queuing.
NG A B =R [F) 2 1A s EHEA dui) o (61.9%)

From the window of the classroom, Xiao Liang saw on the playground the third

grade students queuing.
34. AN TR, B AW A Al A EE S (G jiu). (92%)
He just had an operation, and the doctor told him not to smoke or drink wine.
B BRI FFER, ABAVE T —HOE jiu) . (60%)
When my uncle came to my house to pay New Year's greetings, he gave us a

case of wine.
35. == B K TR 8 4E 1, FTHEBILELS(US hun). (92%)
Lanlan and her boyfriend have been in love for 8 years and next year plan to get

married.
XA T FZ AN L £ TEAE T B2 W] AL BRIR B s, A AT AN 0T 2 5
25 hun) - 57.14%
The boy and the girl are discussing how to deal with this short-term relationship,

and they don't know whether they should get married.
36. 4518 f5 R R B IR, T AIAZE G gui). (92%)

After marriage, the husband and wife should be loyal to each other and never

cheat on each other.
e ERZ IR, gy H CZE TR A S HE gui) - (47.62%)
When having dinner at night, he told his wife that he would not cheat.

37. XAMER ERE LGN E, R LELHITICR hen) «  (89% )

275



38.

39.

40.

41.

There 1s no love without reason in this world, and likewise there is no hatred.

EA BN —F G LEAES I P NEXAR 7R 1 (IR hen) o (38.1%)
This man’s words made everyone present hate.

BT AL, WE B G AE A AL [ 3R (T shou) o (95% )

As soon as I got off the plane, I saw my aunt waving hands.

AR KR, ROy — XA (T shou) «  (65%)

I envy my sister because she has a pair of slender hands.

N T ORFE D e, SRR IRCE ya) o (92%)

In order to maintain oral health, it is best to brush your teeth.

EERE, EAEEEH - NMNETERRANCE ya) . (61.9%)

In the hospital, the doctor is using a small mirror to look at the patient's teeth.

SHE SRR REE B, RAEER(Y ma) . (89%)
Standing on the endless prairie, I want to ride a horse.

XA B KA 1 S BT HAEE (D ma) o (61.9%)
This tall and strong Mongolian man is holding a horse.
fAREZSINEE 1, RIS 7 E () shang) «  (92%)

He can't take part in the competition because he hurt his waist.

IEABESIR, RAME S AL TR 23T (1i shang) .

(38.10%)

What makes people angry is that this pregnant woman was injured by her

husband.

42.

XA R AR KW 2, AR S L5 (% zhang) «  (92%)
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As soon as this respected scientist entered the venue, the audience immediately

stood up and applauded.
TS RILT IR BK BRE AR, FA AL (% zhang) -
(42.86%)

No matter what the performance level of our son is today, we will applaud.
43. HAl /MR 2, AREIRHET AAAER 78117 men) o (92%)
There have been a lot of thieves recently, so when you leave don't forget to lock

the door.

bttt &1, MIRMRESFAMT LR K(0T men) o (47.62%)

He slowly raised his body and signaled the nurse next to him to close the door
with his eye.
44. BRI Bty 1, (HRAET 7 —IEJE ba) . (89%)
Although the wound on my face healed, there was a scar.
AN RARF A0 015 2 R I I B IRIRIOE ba) o (50%)
If you look closely, on her face there are deep scars.
45 Mk — A e s R IFE, AR FAREZELIE( shan) . (92%)
He is an outdoor sports enthusiast, and every weekend he has to climb mountain.
PATVEBATER D], ZHFRIEA — B shan) . (57.14%)
None of us noticed that there is actually a mountain.
46. XA EMIIE LKA, BV HEmREE 7R 2 0HIA 55T M(E hua) .
(95%)

I'm going to the art museum this week, because there are many Leonardo da

Vinci's painting.
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47. %

48,

T 2 W BRI, XA PR S B 1R 2 44 () hua). (60%)
After two weeks of investigation, the police found that in the corrupt official's

home there were many famous paintings.

FFEERS A R B 0 f%, AN EUONTR] 223 (15 hua) « (92%)
Shirley is an introverted girl who doesn't like talking.
BARMR T RIXA LA, RAnE b P %A 1R 2 (1 hua) - (52.38%)
I don’t know this girl very well, I only know that she doesn’t talk.

O PSR T, LA WIEERMER, SR ESCK tou) - (84%)

I'm about to hand in the paper, and I still have two questions to answer, so I'm in

such a hurry and scratching my head.
NG RIC L B ARAS /N — BRI R R A7 SKAEATS 1 (Ck tou) o (45%)

Xiaoliang was accidentally hit by a falling stone while hiking today and injured

his head.

49, XAV A2 ) TAESE, Ak e WA _Erz (TR fan) »  (89%)

Zhao Liying is a complete workaholic, and she always does not have time for

food.

EREURRUARSS 2 L E AR 4 L RIEAR fan) « (50%)

Wang Liang told me that he would go to the company later to deliver his

girlfriend food.

50. JUUKIKRANBILEN, B AU S35 G far (Bl shui) - (81%)

Fan Bingbing is a bad artist because she was once suspected of stealing taxes.
TAEEEEEE—HITIEIR, — & ZE 5 (B shui) o (55%)

After working, my parents repeatedly told me that I must pay tax.
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51. UAERAR 22 W 2 A ZLERAE RS _EARELHR1 (5T huo) » (92%)
Many celebrities and Internet celebrities now make live broadcasts on Tiktok to

sell goods.
R BENR XA MK B O ZE et 1, FRATT 6 K 25 [ (5% hwo) = (61.90%)
Because of the epidemic, this community will be blocked tomorrow, so we have

to stock up goods.
52 PR ERETIHEAR R 1, BN REFR (A feng) o (84%)

Go to the roof of the building quickly to collect your clothes, because there will

be wind.
TR B XA HX R, BIREH A KO feng) - (50%)
I particularly hate the weather in this area because there is often wind.
53 MR ESEAER/DN T, PO — /N R BRI (I lian) - (81%)
His tolerance is too small, and he would fall out with me over a trivial matter.

FHEHATE T, N EIREMEEAI(K lian) . (60%)

Under the dim light, with tearful eyes Xiaoqin looked at his face.

54, I FARA LRI B (EELI= 4, 2Bk $1GK kuan) «  (76%)
If you park randomly without following the rules, you will be fined.
RIRISC S — B8, B 2R BT AR BRAIIT (K kuan) - (57.14%)
I just received an email and saw that the shipper urged us to pay.

55. AR MRAAEIN, MK —4EE TIRZ E G shi) » (92%)
Li Bai was a very talented man and in his life wrote many poems.
AT Z BN B 2R AN, RV E IEAE# it (FF shi) . (50%)

This cute little boy is my nephew and my sister is teaching him to recite poetry.
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56. FRK T, AP HIRL ST HRE mi) . (86%)

Spring is coming, and there are many bees in the flowers working hard to collect

honey.
Wr B, Mm% AS T, R T (E mi) . (40%)
Hearing this, he was so happy that he felt like he had eaten honey.

57 MR BEERA BREAHREEEDI( fen) - (92%)
He is a math genius and on every math test he gets full marks.
/NS RAEBEBE ML AL 22, BT ARSI T (93 fen) « (52.38%)
Xiao Ming parked randomly near the hospital today, so the traffic police

deducted his points.
58. WE RIS A H L WU 2s B 1o 1 — SR (5K cai) « (89%)
It was my birthday yesterday, and my mother cooked a table of dishes.
BARAEFRIZ NS, WA AT R A HE R G cai) = (50%)
When | was eating at home during the summer vacation, my mother kept adding
vegetables.
59. RECAH 3000 5 NEG T HIERE, SRXAWT AWEIHHGS zhen) .
(95%)
Thirty million people in the United States have been infected with the new
coronavirus, and today 2,000 more people have been diagnosed.
IEERG IR B AR PR T BTl A, R dP IR B2 e SL(i2 zhen) .
(61.9%)
The doctor who was eating put down his chopsticks and left because the nurse

told him that the hospital had an emergency.
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60. JNERAE T 3th bR tHmg e ng Mo 5, SR N SRR M BI(ED yin) o
(89%)
Our feet made a creaking sound on the snow, leaving a series of clear footprints.
IIARE A FHEAERRZ BORL, Be kil il LA 70 2 E R (B yin) .
(47.62%)
You need to prepare a lot of materials for the final exam. The dean said you can

go to his office to make copies.
61. 45 BFMFARAT, A O THGEE du) » (89%)
Before operating on a patient, the doctor will disinfect the wound.

PABZFEAE NSRBI RCE, ORI BN N (5 du) « (52.38%)

I dare not eat food provided by strangers because I am worried that it will be

poisoned.

62. AFRF IV BN TR Z B, PTLIOCK T — (5 fang) o (89%)

Brother made a lot of money from stock trading this year, so he bought another

house.
T FEREE, REBHIEEE N L T (5 fang) . (47.62%)

During the Chinese New Year last year, with the support of my parents I bought

a house.
63. MR NESCOCRAES, HR2RHARZEN(F z) . (95% )
Your essay is of good literary quality, but there are many mistaken words.

brEdR, oM R R YA A AR AN (F z1) « (65%)

After class, my younger brother came to me and said he didn’t know the word.

64. FEFIOIE T KGRI ATIERE, Rk D45 AR5 (IR zhuang) . (81%)
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The brother took away the sister's doll. The sister cried and went to her mother to

complain.
HEAERIAE T KT, FEMR LA — I CIR zhuang) . (40%)

My brother has made great contributions in the army, and the country gave him

an award.

65.

BITAFRN, EPOEERNTRKIMEE ban) .« (92%)

The company is very busy recently, and every day the boss forces us to work

overtime.

66.

67.

K dEmIE T, RIS KRR BAME L E(PE ban) . (52.38%)

Zhang Liang pretended to be sick and asked for leave because he was too tired

today and didn’t want to go to work.
SR EFAAREZ FF R, PR TEFER wen) - (84%)
You have to wear more clothes when you go to school today, because the

weather is going to drop temperature.

KA L LKA X ZEFE (IR wen) » (38.10%)

The weather forecast says that the temperature in this area will drop by.

TR MH R 30 & TeEAENK, BHEILMYIREMCE qn) .
(95%)

My cousin is 30 years old and has no boyfriend yet. Tomorrow my uncle asked

her to go on a blind date.
SREELEHT, BT RES ZWCE qin) o (50%)

Today is an important day, he wakes up at five o'clock in the morning and

prepares to greet his relatives.
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68.

69.

T IE AR 2, NREAWIBIZ ((H zhi) . (92%)

Due to inflation, the renminbi is constantly depreciating.

I

WAE 50 TR T =ASER, AURBUEATR SN, BT AR S R AN (fH

!

zhi) . (47.62%)

She bought three apples for 50 yuan, but found that they were sour and small, so

she felt that the apples were not worth the prize.
B3 — R — D NORBIX AP I, B BRI E A R(K jia) -
(89%)

It was the first time he came to this strange city alone, and at night he especially

missed his parents and wanted to go home.

M b2 )L — D NAEERS, ddEad 5 i T A BB AR (K jia) «

(42.86%)

The daughter was alone at school at night, and she sadly told her best friend that

she was homesick.

70. A& A A HAEE NIEELH -, FrLUSAEI A BTR (A niw) - (86%)

He has no skills but wants to save face, so he always brags (niu) in front of his

friends.

71.

b ARH R SR B G Rk (F niw) - (60%)

He is very stubborn and stubborn, like a cow.

RXAMFH B RAFRRIR, BB T — 5 meng) - (95%)
This good news came so suddenly, it felt like a dream.

ANHE AR RIEPOERL, e EMEM(E meng) . (45%)
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I don’t know if he has too many worries recently, but he always dreams.
72. W IE O IGIR AL, EEH LR E#R (R mian) . (95%)

I have been in a bad mood recently and have been unable to sleep for several

days in a row.
Ml 2 ol A At s B RS SRR AN I 2 RO A 25 (BR mian) »  (42.86%)
He didn’t tell others that he seemed to be in a bad mood recently because he had

insomnia.
73RS T AR Z T RE N, TUELRER S V)RS ma) .
(86%)
She married a divorced man with children, so she became a mother at a young
age.
BIFERXNTAS AR, Z8H TR 7 — A0 ma).
(60%)
Seeing the fifty-year-old woman behind him, the man called out "Mom" in
surprise.
74 ZER-Am=1EA, AN ZAES NG (S kao) . (95%)
Yuan Hua is a senior high school student and will take the high school entrance

exam in more than two months.
Z MU B NI FT 2R FE A, 4 BE R U3l #2151 (35 kao) -
(52.38%)

The teacher said that we need to lay a solid foundation from elementary school
and junior high school in order to better prepare for the college entrance

examination.
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75. N T FEAROH e R AL 4R AR, I SRR AT ER PRATZ (T miao) - (97%)

In order to reduce the risk of the spread of the new coronavirus, the state

advocates that we should vaccinate (miao) as soon as possible.
FER I ZY, X ASRHIA B B 3 AT 55 WS W 7T (B miao) .
(52.38%)
At the moment, the main task of this scientific research team is to study vaccines
76. B RBAE XA, R F ISR R (B yan) . (95%)
Wu Yue doesn't like makeup, she always wears plain (Yan yan) every time she

attends an event.
MR SR AT TAT LA XA B R R (B yan) « (61.9%)
From this photo, we can see that the female star has no makeup.
77 ARZ AN Z R RAA IR TR, ks 7 B ECL ye) . (92%)
Many students did not find a job after graduation, but chose to start their own

business.
HUEH Y EER T, REMERRAVUIREZ B ArEQL ye) -
(50%)

Deadlines are approaching and the department is urging us to submit our own

assignments.

78. R ARH BN, F IR TARZ MM gou) «  (95%)
Lingling likes pets very much. There are many cats and gou in the house
AU A G, NI A B R A ) gou) - (52.38%)

Like her mother, Lili's favorite pet is also a dog.
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79.

TEN—2 B BT TN, AT w2t 2 THEIN G xin) < (86%)

As a worker in the workplace, what we desire most is a promotion and a salary

increase.

80.

81.

82.

R EARRIZIRRRE VRN, U7 g A B (Hr xin) «  (40%)
At the morning meeting, the boss of the company suddenly told Wang Gang that

the company decided to cut his salary.
W U AR A BT RN E T, 8 24053 IEAE ER Be AR (R jiw) = (86%)

A gas explosion accident occurred in a coal mine in Shanxi, and in the hospital

eight injured people were rescued.
W0 EVE R BB, 4 % FEIEAEBEBEBEATI0 (R jiu) - (40%)

When the reporter heard the news and rushed to the hospital, two gangsters were

being rescued in the hospital.

BERZE T A48, A RAR AR (A pei) - (84%)

His current wife is a second marriage, not his first wife.

BAA AT — N IEAE B 2 0] 3 X Le 2R AT 70 (BC ped) »  (52.38%)

The captain and a group of people are discussing how to distribute the money.
DUAE B R RO BR B AL, IR 2 AR LR L L L HEE rong) .
(89%)

Nowadays, medical and aesthetic technology is more and more developed, and

many girls who want to look beautiful choose to have plastic surgery.
AR 227 #5225, AT — A 25t & 835 (% rong) - (45%)

Girls nowadays are very fond of beauty, and 45% of them will go for beauty

treatments whenever they have time.
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83. TR A, TNIERE L¥A A=A 2 (BK qiu) » (95%)

Every day after school, Wang Gang goes to the playground to play football with

his classmates.

JLUFIRIZIZ R, W TIRASEAMEM A (3K qiv) - (47.62%)

My son came home and showed off that the opponent couldn’t catch his ball.
84. L MUHT A E, BHFREIIER 65 % A HEIR(IK xiu) «  (89%)

According to the new law, men need to work until they are 65 years old before

they can retire.
KR AR NFAAT B, B E ST HEFEIRK xiu) - (60%)

Liu Wei called the school personnel office and said that next year he planned to

retire.

7.2. Experimental materials used in Study 2 (Experiments 4 and 5)

Item Target name Phono Semantic Phonological  Unrelated
Chinese distractor distractor distractor
1 airplane face rocket area room
2 balloon chicken kite ballistic coffee
3 basketball land tennis bathroom police
4 bone g00se muscle boat ladder
5 bowl wonder dish ball rain
6 butterfly hoodie mosquito button thigh
7 cake dance bread cave wind
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

camel
candle
pumpkin
apple
bull
dog
door
ear
elephant
pyramid
earth
grape
hand
headphone
horse
watermelon
monkey
mouse
nose
nurse
trousers
penguin
ambulance

rat

lottery
laugh
Nancy
pink
news
girl
men
air
dark
jeans
deer
pudding
show
airport
mother
sea
hotel
sugar
bee
hook
cook
cheese

joke

loudspeaker

horse
lighter
carrot
banana
cow
cat
window
eyes
dinosaur
tower
moon
orange
arm
speaker

sheep

strawberry

tiger

keyboard

mouth
dentist
shoes
dolphin
bus

squirrel

camp
cancer
pump
application
bulb
dot
dormant
year
element
picture
urge
grade
Hannah
heaven
hormone
walker
monk
mouth
note
nerve
trout
pencil
amber

raft

gift
planet
niece
cloud
diary
car
father
bill
mirror
wrist
glue
theatre
school
court
company
bank
fetus
teacher
cgg
eyelash
beef
sword
zebra

shampoo
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32

33

34

35

36

37

38

39

40

41

42

43

44

rabbit
fridge
kangaroo
snail
snake
stamp
jumper
tail

tie

toothbrush

watch
hat

piano

tooth
beans
dice
water
shirt
yoga
mouse
waiter
link

yard

shoulder

mouth

gang

cat
oven
fox
turtle
lizard
postcard
coat
wing
scarf
razor
clock
gloves

drum

rap
fringe
canvas
sale
snack
stand
jump
tailor
tide
tool
wallet
ham

picnic

cheek
chair
dust
book
video
tire
ocean
magnet
wood
pear

onion

bell

Syrup
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7.3. Experimental materials used in Study 3 (Experiments 6 and 7)

All 36 pairs of sentence contexts are listed below. In each pair, the underlined

word in the first sentence is homophonous with the underlined word in the second

sentence. The objects paired with each sentence in the target condition, Chinese

homophone condition, and unrelated condition are provided in brackets.

1.

My brother loves reading. He always goes to the library to borrow many books
and finishes reading them in one day. (book, comb, paddle)

My sister has long hair, and every morning she brushes it with a comb to make
it smooth and manageable. (comb, book, chess)

Take an umbrella with you, because there will be heavy rain at about 3 o’clock
in the afternoon. (rain, feathers, comb)

Many birds like parrots and peacocks, have beautiful and colourful feathers that

make them very exotic and eye-catching. (feathers, rain, bottle)

. My parents are very proud of me because during the speech competition I won a

prize, and we are going out to celebrate it. (prize, paddle, feather)

In the boat competition, everyone was trying hard to move the boat forward with
their paddles to finish the race in first place. (paddle, prize, sheep)

My younger sister injured her feet and could not walk, so I had to carry her on
my back and walked all the way home. (back, shells, ant)

When we went to the beach, my sister walked along the shore and found lots of
beautiful shells which she showed to my mum and me. (shells, back, monkey)
She was scared to death when she looked at the ground, because there was a

very big and long snake lying not far from her. (snake, tongue, jewellery)
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10.

My younger brother is very naughty, and he tries to lick my ice-cream with his
tongue when I am not around him. (tongue, snake, pig)

Even though I grew up on a farm, I still don’t know how to ride a horse, and that
is not common for kids like me. (horse, ant, dumplings)

The boy likes to observe insects and now he is staring at the ground and
watching a group of tiny ants, and he could watch them for hours. (ants, horse,
prize)

Be careful about your bananas and hats when you climb this mountain, because
there are many naughty monkeys, and they may take them from you. (monkey,
throat, drum)

I had a cold yesterday and now I have a high fever and a sore throat, so I will get

some rest today. (throat, monkey, horse)

In the spring, the flowers in the park attract lots of flying bees and butterflies, I
love watching them going around. (butterflies, lake, tongue)

In Hyde Park in London, there are many white ducks in the lake, and many
tourists go there to feed them. (lake, butterflies, medicine)

I went to the library to print something, but it has run out of both ink and papers,
so [ will have to go somewhere else. (paper, nail, lake)

Psychologists say that when people get nervous, they tend to bite their nails, and
this is a quite common habit. (nail, paper, dragon)

Pork has high nutritional value and this meat comes from pigs, and I eat pork
every day. (pig, jewellery, muscle)

If you want to buy necklaces or earrings, you should go to a store that sells

jewellery, and you will have lots of options there. (jewellery, pig, oil)
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11.

12.

13.

14.

15.

16.

Girls usually carry their belongings such as cell phone and lipstick in their bags,
because their clothes don’t often have pockets. (bag, bud, cage )

Spring is coming, and the flowers have not blossomed yet, but we can already
see some buds growing on the branches of trees. (bud, bag, wine)

The war between the two armies was bloody and in the front line there were

many injured soldiers, but nobody knows when the war will end. (soldier, ice,

chip)

It snowed last night and the street is very slippery this morning because there is
ice on it, and you should be careful. (ice, soldier, clothes)

The flowers attract many bees, and these bees are working hard to produce
honey, which is an important ingredient for food. (honey, maple, flag)

From the national flag of Canada, we can know that its national symbol is the
red maple leaf, which is used to represent Canadian identity. (maple, honey,
paper)

The birds that represent the world peace are white pigeons, so we should love
and protect them. (pigeon, arm, eyebrow)

To catch the boy falling from the roof, his father quickly opened his arms and
luckily, he managed to do it. (arm, pigeon, back)

He does not like this pair of shoes because they are too small for his big feet, so
he will buy another pair next week. (feet, dumplings, onion)

On the Spring Festival eve, the tradition for Chinese people is eating dumplings
while watching fireworks with their loved ones. (dumplings, feet, sand)

I like to eat very spicy food, so I always buy lots of red chilli and put them in the

food during cooking. (chilli, candle, stamp)
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17.

18.

19.

20.

21.

There was no electricity and the room was completely dark, so we had to light a
candle so that we could see everything clearly. (candle, chilli, rose)

In ancient Chinese dynasties, the legend says that when an emperor is born, in
the sky you will see a big dragon that symbolizes the new emperor. (dragon,
cage, apple)

You don’t need to be scared when you see a tiger in the zoo, because the tiger is
locked in a cage, and it will not be able to hurt you. (cage, dragon, butterfly)
The transportation in the countryside is very complex, because there are many
crossing roads, and the driver does not know where to go. (road, deer, nail)

On the night of Christmas Eve, Santa Claus delivers presents in a sleigh pulled
by deer, visiting every well-behaved child in the world. (deer, road, solider)

It was Valentine ’s Day yesterday, so my dad bought my mum a bouquet of red
roses to make her feel happy and loved. (rose, eyebrow, throat)

She has beautiful eyes, and above the eyes there is a pair of thick and dense
eyebrows that many girls are jealous of. (eyebrow, rose, chicken)

After she finishes drinking the water, she throws away the empty bottle, and
then keeps walking on the street. (bottle, apple, tattoo)

In the fairy tale, the Evil Queen was jealous of Snow White’s beauty and gave
her a poisoned red apple, but luckily, she was saved by the prince. (apple, bottle,
forehead)

In the desert, strong winds make it hard to open your eyes because there is lots
of yellow sand, and you can’t see very far ahead. (sand, shark, goose)

You should never swim in the sea here, because there are big and dangerous

sharks in this sea that have killed many people. (shark, sand, road)
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22.

23.

24.

25.

26.

27.

I have a bad cold because of this horrible weather, so I need to take some
medicine to recover as quickly as possible. (medicine, key, candle)

I was standing in front of my door, but I couldn’t get inside, because I forgot my
keys, so I had to call my flatmate. (key, medicine, book)

My favourite meat is lamb, and we know lamb is the meat of sheep, and
compared to other meat, lamb tastes better. (sheep, onion, arm)

The purple vegetable that is often used in salad and makes us cry when we cut it
up is called onion, and it is used in many other dishes. (onion, sheep, pigeon)

I fell off the stairs and the X rays shows that I had broken a bone in my leg and I
need to do a surgery. (bone, drum, bud)

My brother joined a musical band recently and now he is beating a drum, and it
makes so much noise in the house. (drum, bone, rain)

I like to eat eggs, because eggs have lots of nutrition and they are produced by a
female chicken which is also called a hen by us. (chicken, muscle, ice)

My brother goes to the gym every day, and now on his arms there are very big
and strong muscles, so his efforts finally paid off. (muscle, chicken, honey))

In the summer, I always wake up at night, because I get bitten by tiny and
annoying mosquitos and I can hear them buzzing around. (mosquito, tattoo,
maple)

This guy looks really dangerous because his whole body is covered with lots of

colourful and scary tattoos, so you better not mess with him. (tattoo, mosquito,

bone)
After my grandpa retired, his only hobby is sitting in front of a table with my

father and play chess and he quite enjoys this life. (chess, flag, deer)
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28.

29.

30.

31.

32.

Every morning in Tiananmen Square, the Chinese army raises the national flag,
and lots of tourists come to watch this event. (flag, chess, mosquito)

If you want to deep-fry something such as chicken or chips, you need to put a
lot of oil into the pan so that the food can be covered. (oil, stamp, doctor)

My grandpa received a letter from his friend, and on the envelope, there was a
colourful stamp which he added to his collection. (stamp, oil, feet)

I told my mum I may have a fever, so to check my body temperature, she put
her hand on my forehead, and she said I had a fever. (forehead, goose, shell)
There is a lake in the city park, and in the lake, there are many beautiful white
swans, and I like to watch them in the mornings. (goose, forehead, glass)

It is cold outside, so my mom said that I should wear more warm clothes,
because she doesn’t want me to catch a cold. (clothes, doctor, shark)

His daughter is seriously ill, so he needs to take her to see the doctor before he
goes to work in the office. (doctor, clothes, snake)

Last night when I went out to a bar with my friends, I ordered red wine and my
friends ordered pints of beer. (wine, chives, man)

The green vegetable that looks like spring onion but is very thin and not
common in the UK is called chives, and I like to eat it a lot. (chives, wine,
pumpkin)

Chinese civilization emerged in two important parts, and one is the Yellow
River, and the other is the Yangtze River. (river, box, pineapple)

The young man is proposing to his girlfriend, so he opens a small box and takes

out a big diamond ring. (box, river, chilli)
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33. Halloween is coming and we want to carve lanterns, so we need to buy a few
pumpkins from the supermarket this week. (pumpkin, men, box)
In this room, there are 100 people in total and specifically, there are 40 women
and 60 men, but more people might come later. (men, pumpkin, bag)

34. The material of mirrors and windows is the same, and they are both made of
glass that is widely used in different industries. (glass, pineapple, chives)
When it comes to what should be put on a pizza, Italian people always say that
you should never put pineapple on it, and it’s always a debated topic.
(pineapple, glass, heart)

35. This three-month old baby cannot chew any food because in his mouth he hasn’t
grown teeth yet, but in a few months he will. (teeth, sprout, key)
Beans can be used to make Toufu and other food. If you put beans into water for
a few days, you will get bean sprouts, and it is my favourite vegetable. (sprout,
teeth, river)

36. To save the girl’s life, the man is pressing down her chest to restore the beating
of her heart, and she came back to life eventually. (heart, chip, sprout)
When we insert our bank card into a machine, we should insert the end that

contains the chips, otherwise it will not function properly. (heart, chip, teeth)
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