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Abstract
The current study investigated the contribution of phonology to bilingual language control in connected speech. Speech produc-
tion was elicited by asking Mandarin–English bilinguals to read aloud paragraphs either in Chinese or English, while six words
were switched to the other language in each paragraph. The switch words were either cognates or noncognates, and switching
difficulty was measured by production of cross-language intrusion errors on the switch words (e.g., mistakenly saying 巧克力

(qiao3-ke4-li4) instead of chocolate). All the bilinguals were Mandarin-dominant, but produced more intrusion errors when
target words were written in Chinese than when written in English (i.e., they exhibited robust reversed dominance effects). Most
critically, bilinguals produced significantly more intrusions on Chinese cognates, but also detected and self-corrected these same
errors more quickly than with noncognates. Phonological overlap boosts dual-language activation thus leading to greater com-
petition between languages, and increased response conflict, thereby increasing production of intrusions but also facilitating error
detection during speech monitoring.
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Introduction

Bilinguals have a remarkable ability to stick to the language
they intend to use and rarely produce words in a language they
did not intend to speak, although both languages are activated
even when they speak in just one language (e.g., Colomé,
2001; Costa, Caramazza, & Sebastian-Galles, 2000; Gollan,
Sandoval, & Salmon, 2011; Hermans, Bongaerts, De Bot, &
Schreuder, 1998; Hoshino & Kroll, 2008; Kroll, Bobb, Misra,
& Guo, 2008; Poulisse & Bongaerts, 1994). An increasing
number of studies that investigated how bilinguals control
simultaneous activation of their two languages suggest that
bilinguals rely on both domain-general executive control pro-
cesses (e.g., Abutalebi & Green, 2007; Kroll, et al., 2008) and
language-specific control mechanisms (e.g., Gollan, et al.,
2011; Prior & Gollan, 2013; Weissberger, Wierenga, Bondi,
& Gollan, 2012), including semantic (e.g., Schwartz & Kroll,

2006) and grammatical constraints (e.g., Declerck & Philipp,
2015; Gollan & Goldrick, 2016, 2018). The present study
investigated if phonological similarity between translation
equivalents influences bilinguals’ ability to maintain language
control in connected speech.

A common way previous studies investigated the role of
phonology in planning of bilingual speech production is to
compare cognates to noncognates. Cognates are translation
equivalents that overlap in phonology (e.g., lemon-limón),
whereas noncognates differ substantially or entirely in form
across languages (e.g., apple-manzana). Even when bilin-
guals intend to speak in just one language, cognates facilitate
speech production, for example speeding picture naming la-
tency (see Catalan-Spanish in Costa, et al., 2000; German-
English in Poarch & Van Hell, 2012). Such cognate facilita-
tion effects arise even in language pairs that do not overlap in
orthography (e.g., in English-Japanese bilinguals; Hoshino &
Kroll, 2008). Cognates may also facilitate visual word recog-
nition in single-language tasks (e.g., Caramazza & Brones,
1979; Dijkstra, Grainger, & van Heuven, 1999; Lemhöfer &
Dijkstra, 2004; Lemhöfer, Dijkstra, &Michel, 2004; Midgley,
Holcomb, & Grainger, 2011; Peeters, Dijkstra, & Grainger,
2013; Van Hell & Dijkstra, 2002), again even in languages
that do not overlap in orthography (Gollan, Forster, & Frost,
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1997). In both production and recognition, cognate facilitation
effects are commonly assumed to reflect dual-language acti-
vation – specifically, extra activation from the non-target lan-
guage. It is not entirely clear however, how cognates facilitate
responses, particularly in production, given the potential for
eliciting unintended language switches as a result of boosted
activation of the non-target language, and a lack of studies that
investigated the possibility of cognate effects on language
control errors – i.e., the selection of the right word but in the
wrong language, or intrusion errors.

Only a small number of studies examined how cognates
might influence intended language switching. When bilin-
guals were cued to switch languages while repeatedly naming
pictures with either cognate or noncognate names in separate
blocks, switch costs were smaller in cognate than in
noncognate blocks (Declerck, Koch, & Philipp, 2012; Li &
Gollan, 2018, Experiment 1). However, when cognates and
noncognates were inter-mixed in the same block, cognates
reduced switch costs only on the first presentation of each
picture, and these switch-facilitation effects were eliminated,
or even reversed, with repeated presentation (Li & Gollan,
2018, Experiments 2 and 3; see also Christoffels, Firk, &
Schiller, 2007; Verhoef, Roelofs, & Chwilla, 2009).
Cognates might facilitate language switches via increased
dual-language activation, which is largely suppressed on
non-switch trials, but robust on switch trials (as bilinguals just
produced words in the non-target language and it might take
time before that language can be inhibited). With repetition,
however, the elimination or reversal of cognate effects might
result from feedback from the phonological level to the lexical
level, leading to increased competition for selection between
languages (Li & Gollan, 2018). Thus, in single-word produc-
tion, cross-language phonological overlap does appear to in-
fluence language control, while the specific effect, whether
facilitation or interference, may vary with task demands and
context.

The above studies were conducted in out of context speech.
However, isolated words are seldom produced in daily life,
and it is important to determine if cognate effects might differ
when produced in the context of full sentences. For example,
cognate facilitation effects in visual word recognition might
be reduced when highly proficient Spanish-English bilinguals
read sentences with language-specific syntax (though the re-
sults were only suggestive), revealing potential syntactic con-
straints on dual-language activation and lexical access in turn
(Gullifer, 2011). Cognate effects may also be modulated by
word class, second language (L2) proficiency, and task de-
mands – facilitation effects were smaller with verb than with
noun cognates, were smaller in faster readers, and were re-
duced for readers with a higher L2 proficiency when reading
sentences in L2 (Bultena, Dijkstra, & Van Hell, 2014).
Cognate facilitation effects were also smaller in highly
constraining sentence context than in low constraining context

(Titone, Libben, Mercier, Whitford, & Pivneva, 2011;
Schwartz & Kroll, 2006). These results suggest that sentence
context (e.g., syntactic and/or semantic information) may
sometimes make it easier for bilinguals to reduce dual-
language activation perhaps via inhibition of the non-target
language (but see Van Assche, Drieghe, Duyck, Welvaert, &
Hartsuiker, 2011).

Only a small number of studies considered the influence of
cognate status on language switching in connected speech.
According to the triggering hypothesis (Clyne, 1967, 1980),
language switching occurs more often in the neighborhood of
(i.e., just before and after) cognates in spontaneous speech.
Corpus studies revealed robust triggering effects, including
in languages with few (e.g., < 5% in the Dutch-Moroccan
Arabic corpus, see Broersma & de Bot, 2006) and with many
(> 70% in the Dutch-English corpus, see Broersma, 2009)
cognate pairs. Cognates might increase dual-language activa-
tion even in connected speech, so that dual-language activa-
tion is boosted when planning adjacent words, increasing the
chances of a spontaneous language switch. Triggering effects
may be especially strong if the other language has already
been activated in conversations with frequent code-switching.
Several different types of targets appear to induce triggering
effects, including proper nouns, cognates that are content
words, cognates that are just function words, and even cog-
nates with just moderate form overlap (Broersma, 2009).
Furthermore, although the words immediately following a
cognate are most likely to be code-switched, targets farther
away or even preceding cognates might also be triggered to
switch under certain circumstances (e.g., with a high code-
switching density), as planning and ultimate ordering of words
in overtly produced speech do not necessarily happen in the
same order (Broersma & de Bot, 2006; Broersma, 2009).
Cognates also appear to increase dual-language activation at
the syntactic level, leading to structural priming effects. In one
such study, cognates primed Dutch-English bilinguals to
switch languages when describing a picture, in the same loca-
tion as in a sentence they previously repeated (which started in
Dutch and ended in English; Kootstra, Van Hell, & Dijkstra,
2012).

Studies of bilingual language comprehension suggest that
triggering effects might be conditional. When reading
sentences, recognition of switch words was facilitated after
cognate nouns, only when switching from the non-dominant
to the dominant language (Witteman, 2008). This asymmetry
implies that activation of the non-target language is larger
when cognates are presented in the non-dominant language
(Van Hell & Dijkstra, 2002). While these triggering effects
seemed to bemodulated by language dominance, no triggering
effects were found with verb cognates (Bultena, Dijkstra, &
Van Hell, 2015). Bultena et al. speculated that the absence of
triggering effects from verb cognates reflected the relatively
small degree of phonological overlap for verb versus noun
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cognates (a factor that was not controlled across part-of-
speech), and a conclusion that is not consistent with findings
in corpus studies (Broersma, 2009). Additional work is needed
to clarify how cognates influence connected speech, given that
evidence to date suggests this may vary across tasks (e.g.,
language production vs. comprehension), with syntactic cate-
gory or part of speech (e.g., nouns vs. verbs), and language
proficiency or dominance.

One way to investigate connected speech with precise ex-
perimental control over the targets of production is to ask
bilinguals to read aloud mixed-language passages (Kolers,
1966). Though bilinguals rarely switch languages by mistake
in natural settings, similar errors can be produced in the read
aloud task. For example, when reading a sentence like: The
curious thing is that very poca people spoke negatively about
her, Spanish-English bilinguals might produce, The curious
thing is that very few people spoke negatively about her in-
stead (i.e., mistakenly producing the English translation of the
word poca). Previous work using the read-aloud task revealed
language control to be constrained by language dominance;
when Spanish-English bilinguals read mixed-language para-
graphs, most of the cross-language intrusion errors they pro-
duced involved dominant language targets embedded in par-
agraphs written primarily in the nondominant language (i.e., a
reversed dominance effect; Gollan & Goldrick, 2016, 2018;
Gollan, Schotter, Gomez, Murillo, & Rayner, 2014; Gollan,
Stasenko, Li, & Salmon, 2017). Syntactic factors also influ-
ence language control; switches that violated grammatical
constraints on code-switched speech elicited more intrusions
(Gollan & Goldrick, 2016). Most notably, function words
elicited many more intrusions than content words (a result
also found in naturally occurring intrusion errors; Poulisse &
Bongaerts, 1994), and switches on function words were easier
when the switched to language continued after the switch
word instead of immediately switching back to the default
language (Gollan &Goldrick, 2018). Finally, default language
selection exerted a powerful influence on intrusion errors;
switches out of the default language elicited the majority of
errors while switches back rarely induced errors (Gollan &
Goldrick, 2018) even in bilinguals with Alzheimer’s disease
(see Fig. 1 in Gollan et al., 2017).

The present study investigated the role of cognate status on
bilingual language control using the read-aloud task.
Specifically, we compared (1) intrusion rates for cognate ver-
sus noncognate switch words in paragraph reading, and (2)
self-correction rates of these same errors across the two types
of switches. Mandarin-English bilinguals read mixed-
language paragraphs in which the default language was either
Chinese or English while a small number of switch words
were written in the other language, either cognates or
noncognates. In a post-hoc analysis, Gollan et al. (2014) found
that cognates that were also content words (e.g., moment and
its translation equivalent momento) elicited more intrusions

than noncognates in the read aloud task. However, cognate
status was not manipulated in that study, and thus cognates
and noncognates were not equated for location in sentence
context and other properties (e.g., frequency, word length, part
of speech). Moreover, the bilinguals tested in Gollan et al.
were Spanish-English bilinguals, and thus cognates were sim-
ilar in both spoken and written form (e.g., family-familia). As
a result, cognate effects might have been driven by difficulties
in reading rather than, or in addition to, arising in speech
production. The two languages in the present study have
completely distinct writing systems, thus eliminating any pos-
sible effects driven by orthographic similarity (see also
Hoshino & Kroll, 2008). If cognates effects were driven by
reading difficulties in Gollan et al., then no cognate effects
would be expected in the present study, because Mandarin
and English cognates are not similar in written form (e.g.,
chocolate-巧克力 (qiao3-ke4-li4)1). Alternatively, if cognates
elicit challenges with controlling language selection in speech
production, then Mandarin-English bilinguals (like Spanish-
English bilinguals in Gollan et al., 2014) should produce more
intrusions with cognate than with noncognate targets in the
read aloud task. A third possibility was that Mandarin-
English bilinguals might even produce fewer intrusions with
cognates as dual-language activation facilitates language
switching in some contexts (e.g., in the picture-naming tasks
in Declerck et al., 2012; Li & Gollan, 2018).

Additionally, we investigated how phonological overlap in-
fluences monitoring of speech by comparing self-correction
rates of cognate versus noncognate intrusions. One of the most
influential accounts of self-monitoring of speech is the
perceptual-loop theory, which assumes that the language com-
prehension system serves the internal inspection of utterances,
including both inner planned speech and externally produced
speech (Levelt, 1983, 1989; Hartsuiker & Kolk, 2001). The
inner loop detects errors by comparing comprehension of the
formulated word form planned in inner speech to what was
originally intended, while the outer loop detects errors by com-
paring comprehension of the produced utterance (in overtly
produced speech) to what originally intended.2 In either loop,
if the comparison between formulated (or actual) and intended
utterances occurs at the phonological level (as suggested by
Slevc & Ferreira, 2006), cognates should bemissed more often
because of phonological similarity, thus making it more diffi-
cult to detect planned or produced intrusions on cognates than
noncognates. Even if the comparison occurs at the lexical lev-
el, if phonological form feeds back up to the lexical level

1 The pronunciation of the Chinese word chocolate is presented in Pinyin here,
a Roman alphabetic system that transcribes the pronunciation of Chinese char-
acters. The numbers refer to the tone of each character.
2 A third conceptual loop involves a check that the preverbal message will
match what is expressed in words before any phonological codes are formu-
lated (Levelt, 1989). This loop would not be used in detection of speech errors.
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(Costa, Roelstraete, & Hartsuiker, 2006; Cutting & Ferreira,
1999; Dell, 1988; Rapp & Goldrick, 2000), the same outcome
would be expected; similarity in form between cognates and
noncognates would make it harder to detect differences be-
tween intended and planned or produced utterances. As such,
the perceptual loop hypothesis likely predicts a lower rate of
self-corrections for cognates than noncognates (or possibly no
cognate effect in a model without feedback; see Levelt,
Roelofs, & Meyer 1999).3

Another prominent account is the conflict-monitoring
hypothesis (Nozari, Dell, & Schwartz, 2011), in which
monitoring of inner speech and competition between re-
sponse options initiates a signal for error detection – so
that greater conflict initiates stronger monitoring. In
Declerck, Lemhöfer, and Grainger (2017), French-English
bilinguals were cued to switch languages when describing
groups of pictures (i.e., inter-sentential switches). Switches
elicited higher intrusion rates than non-switch trials (M =
0.8% vs. 0.2%), but bilinguals were also better at repairing
errors produced on switch than on non-switch trials (repair
rates M = 86.2% vs. 62.9%). This result supports the con-
flict monitoring account, as cross-language interference
was stronger on high-conflict (switch) than on low-
conflict (non-switch) trials, thus eliciting both higher error
rates and better monitoring. With this view, given that cog-
nates increase dual-language activation, cross-language
competition should be stronger in cognates leading to both
higher intrusion rates and higher self-correction rates.
Indeed, even when bilinguals correctly and more easily
produced cognates than noncognates, ERP measures re-
vealed greater response conflict for cognates than for
noncognates (i.e., a larger error-related negativity (ERN)-
like component; Acheson, Ganushchak, Christoffels, &
Hagoort, 2012), a finding that further supports the conflict
monitoring view. While the conflict-monitoring hypothesis
assumes monitoring of the internal speech channel, it does
not exclude the contribution of the comprehension system
to monitoring of either internal or the external speech.
However, the two accounts make different predictions
about how cognate status should affect self-correction (per-
ceptual loop predicting no cognate effect or fewer self-
corrections for cognates than noncognates, and conflict
monitoring predicting more self-corrections of cognate than
of noncognate intrusions), thus helping us pinpoint the
dominant mechanisms of speech monitoring.

Methods

Participants

Sixty-four unbalanced Mandarin-English bilingual under-
graduates at the University of California, San Diego partici-
pated for course credit. Table 1 shows self-reported participant
characteristics and Multilingual Naming Test scores in both
languages (MINT; Gollan et al. 2012). All participants were
Mandarin-dominant (i.e., they obtained higher picture-naming
scores in Mandarin than in English).

Materials and procedure

Sixteen mixed-language paragraphs were created. Paragraphs
were written mostly in one language with six words in the
other language. Each paragraph was modified for rotation
across four conditions: (a) English-default (i.e., English as
the default language) with cognate switches; (b); English-
default with noncognate switches (c) Chinese-default with
cognate switches; (d) Chinese-default with noncognate
switches. The two conditions of the same default language
(i.e., a vs. b, c vs. d) were exactly same except for the switch
words, so that any difference found between cognate and
noncognate switch words should reflect cognate status rather
than surrounding sentence context (e.g., semantic or syntactic
constraints).4 Each paragraph had six controlled language
switches out of the default language (i.e., switch-out words),
and another six the language switches back into the default
language immediately after the switch-out words (i.e., switch-
back words). The switch-out words were either cognates (con-
ditions a and c) or noncognates (conditions b and d), and
80.21% of the switch-back targets were noncognate function
words (with remaining targets noncognate content words). A
total of 48 cognate-noncognate pairs (e.g., chocolate and
marshmallow) were selected (see Appendix Table 3 for the
full list of the 48 pairs). The cognates and noncognates were
matched in frequency, number of syllables, and familiarity in
both Chinese and English (ps ≥ .15; see Table 2). Ten Chinese-
English bilinguals who did not participate in the paragraph
reading task rated the phonological similarity of cognate and
noncognate translations from 1 (not similar) to 7 (very simi-
lar). Cross-language similarity in form was significantly and
substantially greater for cognates than for noncognates (see

3 Yet another account, called ForwardModeling, posits that monitoring occurs
by comparison of the intended sounds with the somatosensory and/or propri-
oceptive feedback from the formulated sounds (Lackner, 1974; Hickok, 2012).
This account makes the same predictions as the perceptual-loop theory (i.e.,
fewer self-corrections on cognate than noncognate intrusions) because the
movement of tongue in cognate translations will be more similar than that of
noncognate translations, leading to larger confusability for cognates.

4 There were just three exceptions, all in English-default paragraphs, in which
minor changes were necessary to fit the syntax of the switch words, including:
(1)…practice the马拉松 (marathon) vs. practice赛跑 (running); (2)…so many
粉丝 (fans) vs. such a big 听众 (audience); and (3) …弹我的guitar (play my
guitar) vs. 拉我的violin (play my violin). Also, for English switch words in
Chinese paragraphs, the switch words were always in the singular form if both
singular and plural forms fit the Chinese context. In cases where only the plural
form fit the context (e.g.,两百(two hundred) pounds,一些 (some) hamburgers),
we used the plural form of the English targets.
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Table 2). An example paragraph in each condition is presented
in Appendix 2.

Paragraphs were selected and adapted from published
English-Chinese translations of short stories or news by a
native Mandarin-English bilingual (C.L.). Two other native
Mandarin-English bilinguals read through the paragraphs
and confirmed the intended manipulations (any disagree-
ments were discussed and settled and paragraphs modified
accordingly). Paragraphs were constructed by modifying
content as needed so that all the critical words (i.e., the
switch-out words) fit the story line. In addition, words that
are uncommon in either language were replaced. English-
default paragraphs (M = 128.12 words, SD = 16.17) were
longer on average than Chinese-default paragraphs (M =
109.69 words, SD = 12.06; t (62) = 5.17. p < .001). For
each default-language condition, ten native Mandarin-
English bilinguals who did not participate in the paragraph
reading task judged whether the switch words fit the mean-
ing of the sentences from 1 (do not fit) to 7 (fits very well).
Each critical sentence that contained a language switch
word was presented one at a time. Bilinguals read each
sentence three times, once with the cognate target, once
with the noncognate, and once with an unrelated word that
did not fit the context (these words were selected by a native
Mandarin-English bilingual (C.L.) from the same set of 16
paragraphs, and matched the targets in part of speech). All
the sentences were presented in a randomized order. These
ratings suggested that cognates and noncognates fit the sen-
tence context equally (see Table 2).

Stimuli were presented using the Preview software on an
iMac 7 computer with a 20-in. color monitor. On each trial a
paragraph appeared on the screen and participants were
instructed to read the paragraph aloud as accurately as possible
at a comfortable pace. Each bilingual read 16 mixed-language
paragraphs, four in each of the four conditions. Paragraphs
were presented in one of four different pseudorandom lists,
and each bilingual was presented with just one of these lists.
The four lists were constructed so that conditions were rotated
between subjects and paragraphs in a Latin-square design. In
each of the four lists, each paragraph was presented just once.
Across lists each paragraph appeared once in each of the four
conditions. As such, each list consisted of 16 paragraphs, with
four different paragraphs presented in each of the four condi-
tions. The four conditions were evenly distributed throughout
the list, and the position of each paragraph was different across
the four lists (e.g., paragraph 2 was in condition b and the first
trial in list 1, while it was in condition c and last in list 2, in
condition d and 12th in list 3, and in condition a and 6th in list
4). In addition, the first paragraph was in different conditions
across the four lists (i.e., condition b in list 1, condition d in list
2, condition c in list 3, and condition a in list 4). Each bilingual
only saw each cognate or noncognate once, either in the
English-default or the Chinese-default condition and thus
saw cognate and noncognate targets in just one language
(e.g., they would not see Chocolate in one paragraph and the
Chinese equivalent 巧克力 in another paragraph). For exam-
ple, paragraph 1 and paragraph 9 shared three cognate-
noncognate pairs, so a bilingual would read paragraph 1 in
condition a (i.e., English-default, cognate switches; e.g., see巧
克力) but paragraph 9 in condition b (i.e., Chinese-default,
noncognates switches; e.g., see marshmallow).

Each trial began with a fixation cross that appeared at the
location on the screen where the first word in the paragraph
would appear and remained on the screen until the participant
pressed the space bar, after which the fixation was replaced by
the paragraph, which remained on the screen until the partic-
ipant pressed the space bar again. A two-choice comprehen-
sion question followed (in English following English-default,
and Chinese following Chinese-default, paragraphs), in which
bilinguals were instructed to press one of two keys. For ex-
ample, participants were required to answer a question such
as: Why did the woman look at the author’s hand? after read-
ing the example paragraph shown in the Appendix 2, and to
choose from the following two options: (A) To do fortune
telling; (B) To check his talent. Afterwards, participants
pressed the space bar again and the question page was then
replaced by the fixation point for the following trial. Before
beginning, bilinguals completed two practice paragraphs sim-
ilar in length to the experimental materials: one English-de-
fault, and one Chinese-default. The two practice paragraphs
had six switches in them as well, three cognates and three
noncognates that were not presented in the critical lists.

Table 1 Means and standard deviations of participant characteristics

Characteristic M SD

Age 19.75 1.47

Age of acquisition of English 6.16 2.24

Age of acquisition of Mandarin 0.23 0.61

Self-rated spoken English proficiencya 4.94 0.81

Self-rated written English proficiencya 5.28 0.83

Self-rated spoken Mandarin proficiencya 6.95 0.28

Self-rated written Chinese proficiencya 6.97 0.18

Current percent of English use 55.20 20.00

Percent of English use during childhood 17.91 15.24

Primary caregiver spoken English proficiencya 2.16 1.28

Secondary caregiver spoken English proficiencya 2.22 1.37

Primary caregiver spoken Mandarin proficiencya 7 0

Secondary caregiver spoken Mandarin proficiencya 6.98 0.13

Years lived in Mandarin-speaking country 17.13 2.13

MINT score in Englishb 48.80 5.60

MINT score in Mandarinb 61.36 2.62

a Proficiency-level self-ratings were obtained using a scale from 1 (almost
none) to 7 (like a native speaker)
b The maximum possible MINT score is 68
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Participants were instructed to read the paragraphs in normal
speed, and were not instructed on what to do if they produced
error (i.e., self-corrections were entirely spontaneous).

Results

First, we examined error rates for comprehension questions that
followed the paragraphs. Fifty-four participants did not make any
errors, eight made just one, and the remaining two bilinguals
made just two errors. Thus, error rates in paragraph comprehen-
sion questions were very low. Two native Mandarin-English bi-
lingual research assistants transcribed speech errors that bilin-
guals produced when reading aloud, classifying them as either
intrusion or accent errors. On full intrusion errors, participants
produced the translation equivalent of the target word (e.g., say-
ing chocolate instead of巧克力 (qiao3-ke4-li4)). Partial intrusion
errors were coded when speakers began producing an error but
self-corrected before fully producing the error (e.g., saying cho-
克力 when seeing 巧克力). Speakers also produced accent er-
rors in which they produced the correct word but with the
accent of the nontarget language, and within language errors
(e.g., replacing here with there). However, we did not report
these errors in detail as within-language errors are not affect-
ed by language mixing (Gollan & Goldrick, 2016) and ac-
cent errors are subjective and would be difficult to code in
English given that most participants spoke English with a
Mandarin accent even in their spontaneous speech. Both
research assistants transcribed all participants’ data and

found a total of 163 intrusion errors; 136 of these were
produced on cognates, and 27 on noncognates at points that
switched languages (out of the default language). We fo-
cused our analyses exclusively on cognates and matched
noncognates at switch-out of default points. An additional
61 intrusions were produced immediately after switch words
(i.e., failures to switch back into the paragraph’s default lan-
guage), and another 31 on proper names targets (which may
be like cognates; Gollan, Montoya, & Bonanni, 2005).
Agreement between raters was high; classifications matched
across raters for 95.3% of words produced. For those the two
assistants did not reach an agreement at first,5 the cases were
settled through the discussion among the two research assis-
tants and a third Mandarin-English bilingual. Except for two
participants, each bilingual at least produced one intrusion
error on switch-out words. We analyzed the intrusion error
rates, self-corrections rates, and paragraph reading times
using mixed effects regressions (linear for reading times;
logistic for error rates; Dixon, 2008). All categorical predic-
tors (i.e., cognate status and language) were contrast coded.
Subject and word were entered as two random intercepts
with related random slopes. Significance was assessed via
model comparisons (Barr, Levy, Scheepers, & Tily, 2013).

5 Most of the disagreements (nine out of 12) were caused by difficulty deter-
mining in which language a cognate was produced, particularly for partial
intrusions in which the error word was not produced in full. Sometimes, re-
search assistants needed to listen together to productions of an entire paragraph
to come to an agreement based on the participants’ accent on words that were
not switched.

Table 2 The characteristics of the cognate and noncognate switch-out targets

Cognates Noncognates Cognates vs. noncognates

M SD M SD t-value p-value

Frequencya (English name) 30.70 73.44 31.91 53.48 < 1 0.85

Frequencyb (Chinese name) 39.90 118.64 40.96 153.92 < 1 0.91

Number of syllables (English Name) 1.92 0.57 2.08 0.94 < 1 0.29

Number of syllables (Chinese Name) 2.23 0.47 2.25 0.53 < 1 0.74

Familiarityc (English Name) 6.73 0.53 6.76 0.47 < 1 0.77

Familiarityc (Chinese Name) 6.72 0.34 6.78 0.37 1.47 0.15

Cross-language phonological similarityd 5.95 0.64 1.30 0.22 28.43 < .001

Appropriateness in the context (English as the default language)e 6.56 0.24 6.52 0.24 < 1 0.67

Appropriateness in the context (Chinese as the default language)e 6.74 0.08 6.68 0.18 < 1 0.40

a The frequency refers to the number per million based on SUBTLEX_US (Brysbaert & New, 2009)
b The frequency refers to the number per million based on SUBTLEX_CH (Cai & Brysbaert, 2010)
c The familiarity was rated by tenMandarin-English college students (six fromMainland China and four from Taiwan) from 1 (do not know this word) to
7 (very familiar)
d Phonological similarity was rated by ten Mandarin-English bilinguals on a scale from 1 (not similar) to 7 (very similar)
e For each critical sentence from paragraphs in each default language condition, ten Mandarin-English bilinguals rated whether the 48 cognates, 48
noncognates, and 48 unrelated words (that were selected from the same set of 16 paragraphs) fit the context from 1 (does not fit) to 7 (fits very well). In
both conditions, cognates and noncognates were rated as fitting significantly better than the unrelated words (Ms < 2, ps < .001); while cognates and
noncognates did not differ from each other (as shown in Table 2)
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Intrusion error rates

In previous studies (Gollan et al., 2014, 2017; Gollan &
Goldrick, 2016, 2018), analyses were focused on full intrusions
as they far outnumbered partial intrusions, whereas the present
study showed the opposite pattern (i.e., partial intrusions far
outnumbered full intrusions; see section on self-corrections).
Two factors may have contributed to this difference: first, the
present study was the first to examine if bilinguals reading
aloud languages that do not share script nevertheless still pro-
duce intrusion errors; second, all switches in the present study
were on content words, which rarely elicited intrusions in pre-
vious studies (Kolers, 1966; Gollan et al., 2014; Gollan &
Goldrick, 2016, 2018; the only exception was a study which
focused on bilinguals with Alzheimer's disease, Gollan et al.,
2017). Partial intrusions rates might have been relatively lower
in previous research as function words elicited the majority of
intrusion errors, and function words rarely elicited partial intru-
sion errors, probably because function words are short, leav-
ing relatively little time to halt production in mid-error to
make a repair. We assume these two types of intrusions
differ mainly in the extent to which the planned errors were
(or were not) successfully monitored and not in the process
of error generation. As such, we first report an analysis that
collapsed together all intrusions (collapsing full and partial
intrusions), and subsequently repeated the analyses sepa-
rately for each error type (full vs. partial).

Figure 1 (the labels all) shows the collapsed intrusion error
rates in each language (Chinese vs. English) by condition
(cognates vs. noncognates). See Appendix 3 (Table 4) for a
summary of the logistic regression model output. Overall,
bilinguals produced significantly more intrusion errors with
cognates than noncognates (M = 4.43% vs. 0.88%, 136 vs.
27 errors; β = 10.34, SE β = 13.60, χ2(1) =38.35, p < .001),
and more intrusions with Chinese than with English targets

(i.e., a reversed dominance effect, bilinguals more often pro-
duced translation equivalents of targets written in Chinese in
English by mistake, than the reverse M = 3.61% vs. 1.69%,
111 vs. 52 errors; β = 9.28, SE β = 13.60, χ2(1) =14.07, p <
.001). Additionally, there was a significant interaction be-
tween cognate status and language (β = -16.75, SE β =
27.19, χ2(1) = 5.10, p = .024); bilinguals produced more in-
trusions with cognate than noncognate targets in both Chinese
(M = 5.47% vs. 1.75%, 84 vs. 27 errors; β = 1.90, SE β = .55,
χ2(1) =14.70, p < .001) and English (M = 3.38% vs. 0%, 52
vs. 0 errors; β = 19.18, SE β = 53.28, χ2(1) =20.84, p < .001),
but the cognate effect was stronger in Chinese than in English
(M = 3.72% vs. 3.38%, 57 vs. 52 errors difference). Stated
differently, bilinguals produced more intrusions in Chinese
than in English with both cognates (M = 5.47% vs. 3.38%,
84 vs. 52 errors; β = .84, SE β = .42, χ2(1) =4.09, p = .043)
and noncognates (M = 1.75% vs. 0%, 27 vs. 0 errors; β =
17.59, SE β = 93.55, χ2(1) =5.23, p = .022), but the effect
of language was larger for cognates than noncognates (M
Difference = 2.09% vs. 1.75%, 32 vs. 27 errors difference).

We further considered the results of partial versus full intru-
sions separately, following previous work (Gollan et al., 2014;
Gollan & Goldrick, 2016, 2018). With full intrusions as the
measure (see Fig. 1, labels Full Intrusion; see also Appendix 3,
Table 5), bilinguals also overall produced more errors with
cognates than noncognates when collapsing the two languages
(M = 1.66% vs. 0.62%, 51 vs. 19 errors; β = 9.17, SE β =
18.93, χ2(1) = 6.73, p = .009); they also produced marginally
more errors with Chinese than English targets (M = 1.43% vs.
0.85%; 44 vs. 26 errors; β = 8.41, SE β = 18.92, χ2(1) = 2.97, p
= .085). However, with Chinese targets alone, full intrusion
rates were only numerically higher with cognates than
noncognates, (M = 1.63% vs. 1.24%, 25 vs. 19 errors; β =
.94, SE β = .98,χ2 (1) < 1), whereas with English targets alone,
bilinguals produced significantly more full intrusions with

Fig. 1 Mean proportion of intrusion errors by error type (i.e., collapsing full and partial intrusions, full intrusions only, and partial intrusions only) in each
target language. The error bars show the 95% confidence intervals
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cognates than noncognates (M = 1.69% vs. 0%; 26 vs. 0 errors;
β = 17.37, SE β = 59.8, χ2(1) = 4.91, p = .027). However, the
interaction between cognate status and language was not sig-
nificant (β = -16.50, SE β = 37.82, χ2(1) = 2.51, p = .113).

With partial intrusions as the measure (see Fig. 1, labels
Partial Intrusion; see also Appendix 3, Table 6), bilinguals
overall produced significantly more errors with cognates than
noncognates when collapsing the two languages (M = 2.77%
vs. 0.26%, 85 vs. 8 errors; β = 10.89, SE β = 16.04, χ2(1) =
38.75, p < .001), and produced marginally more errors with
Chinese than English targets (M = 2.18% vs. 0.85%; 67 vs. 26
errors; β = 8.53, SE β = 16.01, χ2(1) = 3.11, p = .078). These
cognate effects were significant with Chinese targets alone (M
= 3.84% vs. 0.52%, 59 vs. 8 errors; β = 3.25, SE β = 1.04, χ2

(1) = 23.09, p < .001), and with English targets alone (M =
1.69% vs. 0%, 26 vs. 0 errors; β = 18.93, SE β = 45.59, χ2(1)
= 17.77, p < .001), and there was no significant interaction
between cognate status and language (β = -15.07, SE β =
32.02, χ2(1) = 1.02, p = .313). Given that bilinguals did not
produce any intrusion errors (either partial or full intrusions)
with English noncognate targets, any comparisons involving
English noncognates must be considered with caution – the
lack of power in this condition could influence the reliability
of the results. Therefore, for the remaining analyses and dis-
cussion, we mainly focus on the comparison between Chinese
cognate and noncognate targets.

Self-correction rates

Only two previous studies on the read-aloud task in bilinguals
considered self-correction rates. Gollan and Goldrick (2016)
compared how many intrusions younger versus older bilin-
guals self-corrected in mid-error utterance (i.e., speakers

corrected an error while they were in the middle of producing
the error, [partial intrusions/(partial intrusions + full intru-
sions)]), and found higher self-correction rates in younger
bilinguals for both content (M = 41.0% vs. 31.2%) and func-
tion words (M = 5.4% vs. 1.4%), revealing a monitoring im-
pairment in older bilinguals. Gollan et al. (2017) found no
significant difference between Alzheimer’s patients and con-
trols in mid-error correction rates (M = 18.18% vs. 15.38%);
however, patients’ self-correction rates of fully produced in-
trusions (i.e., [self-corrected full intrusions/total full intru-
sions]; M = 11.11% vs. 40.91%), and their overall self-
correction rates (i.e., [(partial intrusions+ self-corrected full
intrusions)/(partial intrusions + full intrusions)]) were signifi-
cantly lower than controls (M = 22.72% vs. 46.15%).

Following these two studies, we examined self-correction
rates in all three ways (i.e., all correction rates, full-intrusion
correction rates, and mid-error correction rates; see Fig. 2, and
see also Appendix 3, Table 7). Collapsing all the corrections,
the correction rates tended to be higher with cognates than
with noncognates, but this difference was not significant (M
= 85.7% vs. 66.7%, i.e., 72 corrections out of 84 errors vs. 18
corrections out of 27 errors; β = 1.44, SE β = .88,χ2(1) = 2.68,
p = .102). Looking at full intrusions alone, there also was no
difference between cognates and noncognates in self-
correction rates (M = 52.0% vs. 52.6%, i.e., 13 corrections
out of 25 errors vs. 10 corrections out 19 errors; β = - .03,
SE β = .62, χ2(1) < 1). However, the analyses of mid-error
corrections revealed significantly higher correction rates on
cognates than noncognates (M = 70.2% vs. 29.6%, i.e., 59
corrections out of 84 errors vs. 8 corrections out of 27 errors;
β = 46.20, SE β = 8.36, χ2(1) = 33.70, p < .001). Because very
few full intrusion errors were produced in the present study,
below we focus our conclusions on the mid-error correction

Fig. 2 Three types of self-correction rates by condition in each target
language. For each self-correction type, all intrusion refers to the col-
lapsed self-correction rates (i.e., [(partial intrusions+ self-corrected full
intrusions)/(partial intrusions + full intrusions)]), full intrusion refers to
the self-correction rates for fully produced intrusion errors (i.e., [self-

corrected full intrusions/total full intrusions]), and mid-error refers to
partial intrusion rates out of all intrusions (i.e., [partial intrusions/(partial
intrusions + full intrusions)]). The error bars show the 95% confidence
intervals. Note that bilinguals produced no intrusions on English
noncognate switch-out targets, thus no self-corrections were possible
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rates (while acknowledging that a different pattern may be
found in a study that elicits more full intrusion errors).

Reading times

To consider if cognate effects on intrusion errors might have
reflected a tendency to read more quickly (i.e., possibly a
speed-accuracy trade-off), we examined paragraph reading times.
Cognate status of switch words and default language were con-
trast coded. Subject and paragraph were entered as two random
intercepts with related random slopes. We log-transformed the
reading times to improve normality (see also Appendix 3,
Table 8). Overall, bilinguals read English-default paragraphs
(which had six Chinese switch words) significantly slower than
Chinese-default paragraphs (which had six English switch
words) (M = 54.26 s vs. 45.92 s; β = .16, SE β = .009, χ2(1) =
112.81, p < .001). This could reflect the bilinguals’ Chinese-
dominance, but no doubt also reflected the fact that English-
default paragraphs were longer on average than Chinese-default
paragraphs. Of greater interest, reading times were not signifi-
cantly different with cognate versus noncognate switchwords (M
= 50.25 s vs. 49.94 s; β = .005, SE β = .005, χ2(1) = 1.25, p =
.263; note that in this comparison, paragraph length is equated),
but there was a marginally significant tendency for paragraphs
that elicited the most errors to also be read more slowly, i.e., an
interaction between cognate status and default language (β =
.015, SE β = .008, χ2(1) = 3.08, p = .079). Bilinguals read
English-default paragraphs with Chinese switch-out targets sig-
nificantlymore slowlywith cognate thanwith noncognate switch
words (M = 54.64 s vs. 53.88 s; β = .013, SE β = .005, χ2(1) =
5.04, p = .025). By contrast, bilinguals read Chinese-default par-
agraphs with English switch words, which seldom elicited intru-
sion errors, at about the same speed in the cognate versus
noncognate conditions (M = 45.85 s vs. 45.99 s; β = -.002, SE
β = .008, χ2 (1) < 1). Thus, the condition that produced the most
intrusion errors (English-default paragraphs) also produced a
cognate effect in the same direction in reading times, while at
the same time Chinese-default paragraphs exhibited no evidence
of significant effects of cognate status on reading times, suggest-
ing that there is no clear sign of a speed-accuracy trade-off.

Discussion

The present study investigated how cross-language overlap be-
tween translation equivalents at the phonological level influ-
ences bilingual language control in connected speech.
Mandarin-English bilinguals read paragraphs written primarily
in English or Chinese, in each of which six words were switch-
out words written in the other language. Replicating prior work
(Gollan et al., 2014, 2017; Gollan & Goldrick, 2016, 2018;
Kolers, 1966), bilinguals exhibited reversed dominance effects,
producing more intrusion errors when attempting to produce

dominant-language switch-out words in paragraphs written pri-
marily in the nondominant language. Of greatest interest, bilin-
guals produced significantly more intrusion errors with
Chinese cognates than noncognates, even though Chinese
and English cognates do not overlap in written form.
Bilinguals produced very few intrusions with English targets,
but the few English words that did induce intrusion errors were
all cognates. Additionally, though cognates induced more er-
rors, bilinguals were also better at rapidly detecting and self-
correcting intrusions in mid-error with cognates than with
noncognates. Paragraph reading times revealed some signifi-
cant effects in the same direction; bilinguals read English-
default paragraphs with Chinese cognate switch words signifi-
cantly more slowly than English-default paragraphs with
Chinese noncognate switch words (while no cognate effects
were found on reading times of Chinese-default paragraphs).

Cognates elicit intrusions in connected speech

Our finding of intrusion errors and significant cognate effects,
despite the salient difference in orthography between Chinese
and English translation equivalents, pinpoints cognate effects to
planning and production of speech much more than was possi-
ble in previous work with this paradigm with Spanish-English
bilinguals, in which cognates could just as easily have been
mis-read as mis-produced (Gollan et al., 2014). Indeed, the
production of any intrusion errors in the read-aloud task with
Chinese-English bilinguals might not be expected if such errors
arise exclusively in visual perception or comprehension of the
written words. These considerations are consistent with previ-
ous suggestions that intrusion errors in the read-aloud task pri-
marily reflect mechanisms of speech production (even though
reading aloud obviously also requires visual word recognition;
Gollan &Goldrick, 2016, 2018). Because cognate effects in the
present study could not possibly have involved reading errors,
we focus the remaining discussion on how cognates might in-
fluence the ability to control language switches in speech pro-
duction, including why cognates interfered with selection of the
intended targets when a switch was required and induced more
intrusion errors, and on the other hand, why cognates instead
facilitated self-correction rates.

The higher rate of intrusions with cognate targets in the
present study suggested that it is more difficult for bilinguals
to switch out of the default languagewhen producing cognates
(i.e., a cognate interference effect on code-switching). In con-
trast, in spontaneous conversation between bilinguals, code-
switches are more likely to occur in the vicinity of cognates,
i.e., evidence for the triggering hypothesis and a kind of cog-
nate facilitation effect on code-switching, as it is easier for
bilinguals to switch out of the default language just after or
even before producing cognates (Broersma & de Bot, 2006;
Broersma, 2009). A critical difference between these two
sources of data was that while we examined attempted
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switches on cognate words, triggering effects measure the
probability of switching spontaneously on noncognates in
the vicinity of cognates. When attempting to switch on cog-
nate targets themselves, activation of phonology may – in
some circumstances – including, apparently, planning of con-
nected speech during reading aloud, increase the extent to
which translation equivalents are active at the lexical level
(i.e., lexical competition), thus making it more (not less) dif-
ficult to switch out of the default language. By contrast, words
adjacent to cognates will be switched more often because
cognates will activate the non-default language at a global
whole-language level (but noncognates will not) – thereby
facilitating a switch. Thus, cognates can either facilitate or
interfere with processing, depending on the processing level,
task goals, or both, while the core mechanism underlying dif-
ferences between cognates and noncognates is always in-
creased dual-language activation.

It might also seem that cognate interference effects on in-
trusion errors is inconsistent with cognate facilitation effects
found in picture naming (Costa et al., 2000; Gollan & Acenas,
2004; Hoshino & Kroll, 2008; Poarch & Van Hell, 2012), and
with cognate switch-facilitation effects (i.e., cognates facilitate
cued language switching; Declerck et al., 2012; Li & Gollan,
2018, Experiment 2). Importantly, though, Li and Gollan
(2018) found that cognates facilitated switches on the first
presentation of each picture, after repetition these facilitation
effects switched to interference (i.e., cognates were named
progressively more slowly with repetition, especially on
switch trials without preparation time between cue and target;
see also Christoffels et al., 2007). To explain these findings, Li
and Gollan (2018) suggested that cognate-switch facilitation
effects might arise at the phonological level (Costa et al.,
2000), while interference effects might reflect selection diffi-
culties arising at the lexical level. In repeated picture naming,
selection difficulties might become more likely on switch trials
if repetition can strengthen or speed feedback from phonology
to the lexical level. Accordingly, the higher rate of intrusions
on cognates in the present study might reflect interference at
the lexical (not the phonological) level. In the read-aloud task
bilinguals can only produce intrusion errors when translation
equivalents are readily accessible; though cognates might fa-
cilitate access to both the targets and their possibly intruding
replacements, the greater competition for selection generated
by the latter might far outweigh any facilitatory effects.6

Consistent with this view, in monolinguals, production is
more difficult for targets in denser phonological neighbor-
hood effects (cognates can be considered phonological
neighbors). However, while inhibitory effects tend to
dominate in normal production, when lexical access is
disrupted, as in aphasia, facilitation emerges (e.g.,
Goldrick, Folk, & Rapp, 2010; Sadat, Martin, Costa, &
Alario, 2014), which resembles cognate effects on self-
corrections.

Cognates facilitate speech monitoring

Though cross-language overlap in phonology elicited more
speech errors, it also made monitoring of speech errors easier.
Self-correction rates tended to be higher with cognate than with
noncognate intrusions (M = 85.7% vs. 66.7%), an effect that
was significant in mid-error correction rates (M = 70.2% vs.
29.6%). In fact, most intrusions with cognate targets were self-
corrected before the word was fully produced, thus leading to a
low rate of full intrusions. Since this was the first study of
reading aloud of mixed-language paragraphs written in lan-
guages with distinct orthographies, it might seem as if the sa-
lient visual cues (the difference between Chinese and English)
caused the low rate of full intrusions. However, the difference
in orthography was just as salient for noncognates, which elic-
ited full intrusions frequently (70.4% out of all noncognate
intrusions with Chinese targets, while only 29.8% of all
Chinese cognate intrusions were full intrusions). Therefore,
differences in orthography cannot explain why bilinguals
seldom produced full intrusion errors with cognate switch
targets. Consistent with this conclusion, another recently
completed study with Chinese-English bilinguals reading
aloud mixed-language paragraphs, but with many switches
on function words targets, elicited many full intrusion er-
rors (about 90% of all intrusions; Schotter, Li, & Gollan,
submitted; function word switches are more intrusion prone
in the read aloud task but were not included in the present
study because no function words are Chinese-English cog-
nates; Gollan et al., 2014; Gollan & Goldrick, 2016, 2018).
Thus, the high rate of mid-error corrections in the present
study should likely be attributed to cognate status (not to
differences in orthography).

Mid-error corrections reflect an explicit monitoring be-
havior. Given their very rapid occurrence (usually right
after the first or second phoneme of the error word), re-
pairs of speech errors that are halted and corrected as they
were being produced were likely planned during monitor-
ing of an internal channel of planned speech (not an
external channel, see Nooteboom, 2005; internal vs.
overt monitoring stages may be distinguished by a delay
of about 500 ms; Nooteboom & Quené, 2017). As ex-
plained in the Introduction, the greater rate of self-
corrections for cognates than noncognates is the opposite

6 Cognates might become accessible at the lexical level in both languages more
rapidly in reading aloud than in picture naming for two reasons. First, written
words, even Chinese characters (though they do not have transparent
grapheme-to-phoneme correspondence), are named more quickly and automat-
ically than pictures (e.g., Biederman & Tsao, 1979; Potter, So, Von Eckardt, &
Feldman, 1984). Second, in reading aloud the eyes are often ahead of the mouth
which allows look ahead and planning of upcoming speech (Buswell, 1922;
Inhoff, Solomon, Radach, & Seymour, 2011) –which could provide more time
for translation equivalents to become active at the lexical level where competi-
tion for selection makes switching more difficult (Li & Gollan, 2018).
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of what the perceptual-loop theory predicts (Levelt, 1983,
1989; Hartsuiker & Kolk, 2001), but given the greater
potential for confusability between languages is predicted
by a conflict-monitoring account. On this view, increased
dual-language activation for cognates both elicited more
intrusion errors and signaled a need for greater monitor-
ing, and higher self-correction rates (Nozari et al., 2011;
Hanley, Cortis, Budd, & Nozari, 2016; Nozari & Novick,
2017).

A further implication is that monitoring must take place
at a processing level that is sensitive to word form, which
could be either at the phonological level or at the lexical
level (or both) in a model that assumes feedback. At the
lexical level, feedback would increase confusability as to
which target was intended, and at the phonological level
cross-language similarity in phonological forms would cre-
ate greater confusability as to whether the activated pho-
nemes do or do not match the phonemes intended for pro-
duction. Finally, though we argued that our results are more
consistent with conflict monitoring, the two accounts are
not entirely mutually exclusive (Hartsuiker, Bastiaanse,
Postma, & Wijnen, 2005). The perceptual-loop theory
may dominate the monitoring in the external channel of
speech, which could be more related to self-correction of
fully produced intrusions. Interestingly, full intrusions with
cognate and noncognate targets were self-corrected at sim-
ilar rates (M = 52.0% vs. 52.6%), a result the perceptual-
loop theory predicts – in a model without feedback (Levelt
et al., 1999).

The language dominance effect

Lastly, our results replicated previously reported reversed
dominance effects on intrusion errors, such that
Mandarin-dominant bilinguals produced more intrusions
with Chinese than with English target words. In previous
read-aloud studies with Spanish-English bilinguals
(Gollan et al., 2014, 2017; Gollan & Goldrick, 2016,
2018), English-dominant bilinguals also produced more
intrusions with English than with Spanish targets.
Reversed dominance effects in the read-aloud task are
consistent with the Inhibitory Control Model (Green,
1986, 1998; see also Christoffels, et al., 2007; Costa &
Santesteban, 2004; Costa, Santesteban, & Ivanova, 2006;
Declerck, Stephan, Koch, & Philipp, 2015; Fu, et al.,
2017; Gollan & Ferreira, 2009; Gollan, Kleinman, &
Wierenga, 2014; Kleinman & Gollan, 2016; Peeters &
Dijkstra, 2017; Verhoef, et al., 2009, 2010); bilinguals
inhibit the dominant language, particularly when reading
aloud paragraphs written primarily in the non-dominant
language, and must release this inhibition to produce
dominant-language switch words. The present results
build on these findings by demonstrating generalizability

to bilinguals immersed in either their dominant or their
nondominant language given that both Mandarin-
dominant bilinguals (in the present study) and English-
dominant bilinguals (in previous work) were immersed
in English (at UCSD). They also generalize to bilinguals
who acquired their nondominant language later (as in the
present study) or earlier (in previous work) than the dom-
inant language. Thus, the more-inhibited language ap-
pears to be determined most by language dominance rath-
er than by language immersion, or the order of language
acquisition. Language dominance appeared to modulate
cognate effects in the present study as well, i.e., cognate
interference effects were stronger with Chinese than
English targets, though we could not draw this conclusion
with certainty, as English noncognates elicited very few
intrusions.

Conclusion

The results of the present study provide further demon-
stration of how cognates can – depending on the task –
both facilitate and interfere with bilingual language con-
trol (see also Goldrick, Runnqvist, & Costa, 2014; Li &
Gollan, 2018), and localize production of intrusion errors
in the read-aloud task to speech production instead of
visual perception processes by involving two languages
that share very different writing systems. When reading
aloud full paragraphs, Chinese-English bilinguals had
more difficulty planning switches out of the default-
language with cognates – presumably because phonolog-
ical overlap between translation equivalents increases
dual-language activation at a stage of processing in which
translation equivalents compete for selection. At the same
time, the very same intrusion errors with cognate targets
were identified and rapidly corrected more easily than
noncognates – revealing a distinction between the effects
of dual-language activation on different task goals (i.e.,
planning a switch out of the default language versus iden-
tifying and correcting a failure to switch). Further work is
needed to reveal more precisely how phonological overlap
between target and error words might initially derail but
subsequently facilitate repair in monitoring the match be-
tween intended versus planned (or produced) speech in
bilinguals and monolinguals alike.
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Appendix 2

An example paragraph and its variants presented between
subjects across different conditions.

(a) English Word Order, cognate switches

I followed her into a house and saw a number of people
from astrology俱乐部who were practicing fortune telling. I
sat down in front of a table. The woman behind the table
made an unknown hand gesture over a cup of hot 咖啡 and
began to play 扑克 on a board. The board had many sec-
tions, each with a strange picture on it. In the pictures, there
were knights drinking 威士忌 on horses, red baseball bats
fighting with golden 吉他 and silver flutes, and crying
women looking at a map of 印度 in the garden. Then she
took my hand and looked at my palm, closed it, and closed
her eyes.

(b) English Word Order, noncognate switches

I followed her into a house and saw a number of people
from astrology 协会 who were practicing fortune telling. I
sat down in front of a table. The woman behind the table
made an unknown hand gesture over a cup of hot 茶 and
began to play with 骰子 on a board. The board had many
sections, each with a strange picture on it. In the pictures,
there were knights drinking 鸡尾酒 on horses, red baseball
bats fighting with golden 小提琴 and silver flutes, crying
women looking at a map of 中国 in the garden. Then she
took my hand and looked at my palm, closed it, and closed
her eyes.

(c) Chinese Word Order, cognate switches

跟着她进了一栋房子,看见了很多占星术club的人在练习占

卜。我在一张桌子前坐了下來,桌子后的女人在一杯热coffee上方

做了一个不知道是什么的手势,然后开始在一张板子上摆弄起pok-
er来。那块板子由很多部分组成 ,每一部分上面都有奇怪的

画。上面有在马上喝whisky的骑士,正在跟金色guitar和银色长

笛打架的红色球棒 ,以及在花园里面边看India地图边哭的女

人。接着她拿起我的手掌看了看,合上它,然后闭上了她的眼睛。

(d) Chinese Word Order, noncognate switches

跟着她进了一栋房子,看见了很多占星术association的人在

练习占卜。我在一张桌子前坐了下来,桌子后的女人在一杯热

tea上方做了一个不知道是什么的手势,然后开始在一张板子上摆

弄起dice来。那块板子由很多部分组成,每一部分上面都有奇怪

的画。上面有在马上喝cocktail的骑士,正在跟金色violin和银

色长笛打架的红色球棒,以及在花园里面边看China地图边哭的

女人。接着她拿起我的手掌看了看,合上它,然后闭上了她的眼

睛。

Table 3 Chinese-English target words used in the present study

Cognates Noncognates

汉堡 hamburger 饺子 dumpling
沙发 sofa 椅子 chair
巧克

力

chocolate 棉花

糖

marshmallow

派对 party 野餐 picnic
豆腐 tofu 豆子 beans
台风 typhoon 飓风 hurricane
磅 pound 公斤 kilogram
吉他 guitar 小提

琴

violin

伏特

加

vodka 龙舌

兰

tequila

威士

忌

whisky 鸡尾

酒

cocktail

高尔

夫

golf 橄榄

球

football

咖啡 coffee 茶 tea
保龄 bowling 网球 tennis
卡通 cartoon 动画 animation
布丁 pudding 蛋糕 cake
沙拉 salad 水果 fruit
三明

治

sandwich 面条 noodle

吐司 toast 面包 bread
培根 bacon 牛排 steak
比基

尼

bikini 游泳

衣

swimsuit

雪茄 cigar 香烟 cigarette
妈妈 mom 叔叔 uncle
蕾丝 lace 丝绸 silk
扑克 poker 骰子 dice
模特 model 演员 actress
夹克 jacket 大衣 coat
香槟 champagne 果汁 juice
芒果 mango 苹果 apple
咖喱 curry 烧烤 barbeque
印度 India 中国 China
爵士 jazz 古典 classic
麦克

风

microphone 耳机 earphone

雷达 radar 探测

器

detector

粉丝 fans 听众 audience
基因 gene 心脏 heart
沙龙 salon 研讨

会

seminar

幽默

的

humorous 好笑

的

funny

维他

命

vitamin 营养 nutrition

俱乐

部

club 协会 association

馬拉

松

marathon 赛跑 running

迷你 mini 小 small
嘻哈 hip-hop 电子 electronic
柠檬 lemon 葡萄 grape
乒乓

球

ping-pong 羽毛

球

badminton

拿铁 latte 牛奶 milk
芭蕾 ballet 歌剧 opera
坦克 tank 火箭 rocket
瑜伽 yoga 体操 gymnastics
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Table 4 Logistic regression models on intrusion rates with full and partial intrusions collapsed

Fixed effects Estimate Std.Error χ2 p

Intercept -9.37 6.80

Cognate status (noncognate/cognate) 10.34 13.60 38.35 < 0.001

Language (English/Chinese) 9.28 13.60 14.07 < 0.001

Cognate status*language -16.75 27.19 5.10 0.024

Post-hoc analyses:

Cognate status for Chinese 1.90 0.55 14.70 < 0.001

Cognate status for English 19.18 53.28 20.84 < 0.001

Random effects Variance

Word intercept 2.46

Subject intercept 0.29

Cognate Status|Subject slope 0.66

Language|Subject slope 0.32

Cognate status*Language|Subject slope 0.04

Table 5 Logistic regression models of intrusion rates with full intrusions only

Fixed effects Estimate Std.Error χ2 p

Intercept -11.52 9.49

Cognate Status (noncognate/cognate) 9.17 18.93 6.73 0.009

Language (English/Chinese) 8.41 18.92 2.97 0.085

Cognate Status*Language -16.50 37.82 2.51 0.113

Post-hoc analyses:

Cognate Status for Chinese 0.94 0.98 0.96 0.327

Cognate Status for English 17.37 59.80 4.91 0.027

Random effects Variance

Word Intercept 8.04

Subject Intercept 0.18

Cognate Status|Subject slope 0.95

Language|Subject slope 1.59

Cognate Status*Language|Subject slope 5.75

Appendix 3

Summary tables of the logistic and linear regression models in the present study.
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Table 7 Logistic regression models of self-correction rates

All corrections Fixed effects Estimate Std.Error χ2 p

Intercept 1.46 0.46

Cognate status (noncognate/cognate) 1.44 0.88 2.68 0.102

Random effects Variance

Word intercept < .0001

Subject intercept 0.45

Cognate Status|Subject slope 0.45

Full-intrusion corrections Fixed effects Estimate Std.Error χ2 p

Intercept 0.10 0.33

Cognate status (noncognate/cognate) -0.03 0.62 0.003 0.957

Random effects Variance

Word intercept < .0001

Subject intercept 0.06

Cognate status|Subject slope < .0001

Mid-error corrections Fixed effects Estimate Std.Error χ2 p

Intercept 11.83 3.26

Cognate status (noncognate/cognate) 46.20 8.36 33.70 < .001

Random effects Variance

Word intercept 1776.5

Subject intercept 890.7

Cognate status|Subject slope 3293.8

Table 6 Logistic regression models of intrusion rates with partial intrusions only

Fixed effects Estimate Std.Error χ2 p

Intercept -9.86 8.02

Cognate status (noncognate/cognate) 10.89 16.04 38.75 < 0.001

Language (english/chinese) 8.53 16.01 3.11 0.078

Cognate status*language -15.07 32.02 1.02 0.313

Post-hoc analyses:

Cognate Status for Chinese 3.25 1.04 23.09 < 0.001

Cognate Status for English 18.93 45.59 17.77 < 0.001

Random effects Variance

Word intercept 1.54

Subject intercept 0.44

Cognate status|Subject slope 1.78

Language|Subject slope 1.03

Cognate status*Language|Subject slope 2.04
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