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Lexical recognition processes in
L2-dominant bilingualism
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Psycholinguistics, Nijmegen, Netherlands

To comprehend speech, listeners must resolve competition between potential
candidate words. In second-language (L2) listening such competition may be
inflated by spurious activation; the onsets of “reggae” and “legacy” may both
activate “leg” for Japanese listeners, or the rhymes of “adapt” and “adept” may
activate “apt” for Dutch listeners, while only one in each pair triggers competition
for L1 listeners. Using eyetracking with L2-dominant bilingual emigrants, we
directly compared within-language L1 and L2 lexical activation and competition
in the same individuals. For these listeners, activation patterns did not differ
across languages. Unexpectedly, however, we observed onset competition in
both languages but rhyme competition in the L2 only (although the same stimuli
elicited rhyme competition for control listeners in both languages). This suggests
that L1 rhyme competition may disappear after long-time immersion in an
L2 environment.
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1 Introduction

Spoken language typically does not provide clear boundaries between words. This
means that, to understand what is being said, listeners must segment the continuous stream
of speech into the separate words it contains. This segmentation process does not launch
only once some criterion of sufficiency has been attained; it starts as soon as the first speech
sounds become available. As the speech signal unfolds, and more information about what
is being said becomes available, words that fully or partially correspond to the speech input
are activated and compete for recognition, to be then either ruled out as viable candidates,
or recognised once they have “won” the lexical competition (for a review, see Eisner and
McQueen, 2018).

Unsurprisingly, words that overlap at the beginning (so-called onset competitors, such
as button and butter) become simultaneously active if their overlap portion is heard, and
effectively compete with one another for that portion of the input. This onset competition
is predicted by all models of spoken-word recognition (e.g., Cohort: Marslen-Wilson
and Welsh, 1978; TRACE: McClelland and Flman, 1986; Shortlist: Norris, 1994; Shortlist
B: Norris and McQueen, 2008) and has been repeatedly attested in experiments (e.g.,
Allopenna et al., 1998; McQueen and Viebahn, 2007). However, the ends of words also
affect lexical activation (e.g., Taft and Hambly, 1986; Slowiaczek et al., 1987; Goodman
and Huttenlocher, 1988; Connine et al., 1993), and words that only overlap with the
end of a spoken word (known as rhyme competitors, e.g., bumper and jumper) have
been shown to compete for recognition as well, whereby this competition occurs later
and is generally less strong than that of onset competitors (e.g., Allopenna et al., 1998;
McQueen and Viebahn, 2007) but may increase somewhat in strength under conditions
of potential noise interference (McQueen and Huettig, 2012; Brouwer and Bradlow, 2016).
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Second language (L2) listeners face many difficulties during
spoken-word recognition that native (L1) listeners do not have to
contend with. This makes L2 listening harder than L1 listening
(e.g., Clopper and Bradlow, 2009; Garcia Lecumberri et al., 2010;
Bregman and Creel, 2014), and at least some of these difficulties
concern the processes of lexical activation and competition.
Bilinguals’ misperception of L2 phonemes, for instance, may
cause activation of additional (incorrect) lexical candidates. Thus
difficulty distinguishing between English /l/ and /r/ means that
for many Japanese listeners, hearing the English fragment rock-
temporarily activates locker as well as rocket (Cutler et al., 2006).
Likewise, Dutch L2 listeners of English - many of whom struggle
with the distinction between English phonemes /@/ and /e¢/ -
experience activation of deficit as well as daffodil upon hearing daf-,
or pencil as well as panda upon hearing pan- (Weber and Cutler,
2004; Broersma, 2012).

This prolonged activation can eventually be resolved, and
spurious lexical candidates deactivated, once further phonemes
are recognised (pand- no longer matches the onset of pencil,
leading to deactivation of pencil). However, false competitors
can also be exceptionally hard to get rid of, because stored
lexical representations are constructed not only from speech
experience; they also reflect reading experience (i.e., orthography)
and information from teachers, and thus include knowledge of
distinctions that actually are not perceived in the speech signal
(e.g., Escudero et al., 2008). When Dutch listeners hear the English
word daffodil, they tend to misperceive the first vowel /a/ as /e/.
This leads to the activation of the false competitor deaf. Since the
listeners’ lexical representation of daffodil contains a vowel which is
marked as not the same as the vowel of deaf, the word daffodil does
not get activated. Because deaf is what the listener hearing daffodil
first perceives, deaf remains active even after all segments of daffodil
have been heard, because daffodil, due to that marking, simply does
not compete with it (Broersma and Cutler, 2011).

Such phonetic confusion also affects minimal pairs, so that
rice and lice may sound like homophones to Japanese listeners,
and cattle and kettle may become homophones for Dutch listeners
(Cutler and Otake, 2004; Broersma, 2012; Diaz et al., 2012). In
these cases, with deactivation of the spurious lexical candidates not
possible, L2 listeners are left to cope with more lexical competitors
than L1 listeners would experience given the same spoken input. As
if this were not enough, additional competition may also arise when
misperception of L2 phonemes causes L2 listeners to misinterpret
nonsense words as real words (Broersma and Cutler, 2011).

On top of this, co-activation of lexical items from the LI also
increases the number of activated and competing lexical candidates
in L2 listening. Dutch L2 listeners (but not English L1 listeners)
experienced significant competition from Dutch deksel (“lid”) when
hearing English desk (Weber and Cutler, 2004). Similarly, upon
hearing the English word marker, Russian students at an American
university experienced competition not only from English marbles,
but also from Russian marka (“stamp”; Marian and Spivey, 2003).

Bilinguals thus have to contend with a larger set of lexical
competitors in the L2, from both their L2 and their L1. For
some bilinguals—in particular those with high L2 proficiency living
in an environment where the L2 is the language of daily use—
the reverse is also the case: lexical candidates from the L2 are
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co-activated during L1 listening, leading to a larger competitor set
in L1 listening as well (e.g., Spivey and Marian, 1999; Blumenfeld
and Marian, 2007, 2013; Lagrou et al., 2011). As an increase in the
number of competitors slows word recognition (Luce et al., 1990;
Norris et al., 1995), the larger competitor sets might be expected
to slow bilingual listeners down. As yet, however, very little is
known about how L1 and L2 lexical processing compare in one
and the same listener, although what evidence there is suggests
that the neurophysiological patterns of an individual’s processing
of L1 vs. L2 run a similar course even when the two languages are
phonologically quite different (Xue et al., 2020).

In the study reported here, we address the issues of within-
language lexical activation and competition in L1 and L2
listening in bilingual listeners. We use a language pair with high
phonological similarity (Dutch, English) and ask whether these
lexical processes occur in the same way for each language, or
whether under conditions of phonological similarity one or the
other language may have an advantage. In particular, we further
ask whether the patterns of activation and competition for onset
vs. thyme competitors differ across L1 and L2.

Our participant population consists of Dutch-English bilingual
emigrants living in Australia, an L2 immersion environment. This
is atypical for studies of bilingual speech perception where L2 is
usually the language spoken less often and with lesser proficiency.
For this population, L2 is the more frequently used language and
in most situations the dominant language, so that we are able to ask
further whether listeners who are effectively L2-dominant still show
the typical lexical competition processes in their L1. In equivalent
experiments in the bilingual emigrants’ L1 and L2, we compare
the lexical activation and competition processes in each language
by using the visual world paradigm (Tanenhaus et al, 1995;
Allopenna et al., 1998; McQueen and Viebahn, 2007; for a review,
see Huettig et al., 2011). This method has proven very successful
in capturing the time course of spoken word recognition and
has been widely used to investigate lexical competition processes,
including in L2 listeners (e.g., Ju and Luce, 2004; Weber and Cutler,
2004; Blumenfeld and Marian, 2007; Chambers and Cooke, 2009;
Canseco-Gonzalez et al., 2010; Lagrou et al., 2013).

2 Experiment |
2.1 Participants

Twenty members of the Dutch emigrant community in Sydney,
Australia (aged 27-73 years, M = 51.6, SD = 15.2; 12 females, 8
males), were paid to take part in two experimental sessions. They
were recruited on social media and via advertisements at Dutch
venues in Sydney (e.g., consulate-general of the Netherlands, Dutch
supermarket). Data from three further emigrants were excluded
due to eyetracker calibration difficulties in both sessions (2), or
failure to complete the experiment (1). All included participants
were born and raised in the Netherlands, were native speakers
of Dutch and had migrated to Australia as adults (mean age at
migration = 29.1 years, SD = 8.4, range: 18-52). Their mean length
of residence in Australia was 22.3 years (SD = 16.2). Although
nowadays all children in the Netherlands are taught English in

frontiersin.org


https://doi.org/10.3389/flang.2024.1275435
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

Bruggeman and Cutler

school from around age 10, this has not always been the case.
Hence, several participants in the present study started learning
English from a later age, and one did not know any English at
all before emigrating. On average, participants received 6.2 years
(range: 0-10 years) of formal English instruction, starting at a mean
age of 11.4 years (range: 10-16 years). Participants’ proficiency in
L1 and L2 was assessed with the Dutch and English versions of the
LexTALE (Lemhofer and Broersma, 2012). This brief vocabulary-
based test showed that the participants were highly proficient in
their L2, English, with a mean score of 94.4% (SD = 5.2, range:
84-100). Despite migration to a predominantly English-speaking
country, participants had also maintained high proficiency in
their native Dutch, as evidenced by a mean LexTALE score of
92.4% (SD = 5.5, range: 80-100). We also asked participants—
as part of a background questionnaire they completed before
the experiment—to indicate to what extent they used Dutch and
English in a range of situations. This showed that all participants
used the L2, English, more frequently than the LI, Dutch.
The full list of situations and a tally of participants’ answers
can be found in Appendix A in the Supplementary material.
All participants had normal or corrected-to-normal vision. Each
participant provided written informed consent before the start of
the experiment.

2.2 Design and materials

Two versions of the experiment were created. In the L1 version,
all materials were in Dutch; in the L2 version, they were in
English. A female native speaker of Dutch (for the L1 version)
or Australian English (for the L2 version) recorded three sets of
40 sentences (one set each for the Onset and Rhyme conditions,
plus a filler set; see Appendices B, C in the Supplementary
material) in a sound-attenuated booth, using Adobe Audition and
a sampling rate of 44.1kHz. Each sentence contained a critical
word (e.g., penalty) that occurred in mid-sentence and was not
easily predictable from the preceding context (e.g., She was not sure
whether the penalty for the other team was totally fair). Sentences
were read aloud with neutral intonation, and the speaker was
unaware of the presence or identity of the critical words. To
achieve equivalent loudness across the stimuli, the amplitude of
each sentence was root-mean-square (RMS) standardised in Praat
(Boersma and Weenink, 2013). Each sentence was paired with a
visual display containing four black-and-white line drawings (see
Supplementary Figures D.1 and D.2 for an example display in each
language). Three of the four drawings were distractors that were
phonologically and semantically unrelated to the critical word. The
fourth drawing either matched to the critical word itself (filler
trials), or to a competitor that overlapped with the critical word in
its onset (Onset condition; e.g., pencil as competitor for penalty)
or in its rhyme (Rhyme condition; e.g., bikini as competitor for
zucchini). A list of critical words and their competitors is shown
in Appendix E in the Supplementary material. Thus, while the filler
condition contained a “target” drawing depicting the critical word,
the competitor conditions did not (making for a so-called “target
absent” design; Huettig and Altmann, 2005; McQueen and Huettig,
2012). In all conditions in both language versions, competitor and
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distractor pictures were counterbalanced across the four positions
on the screen.

The critical words in the Onset condition comprised on average
2.5 syllables in the L1 version of the experiment, and 2.1 syllables in
the L2 version. The mean number of syllables for critical words in
the Rhyme condition was 1.25 in the L1, and 1.5 in the L2 version.
The mean overlap of onset competitors with the critical word in the
spoken sentence was 3.8 phonemes for the L1, and 3.5 phonemes
for the L2 version. Mean word frequency of these competitors based
on the CELEX lexical database (Baayen et al., 1995) was 10.3 and
16.7 per million words, in the L1 and L2 materials respectively.
Rhyme competitors had a mean overlap of 3.2 phonemes in the
L1, and 3.5 phonemes in the L2 materials, and a mean CELEX
word frequency of 51.8 and 20.2 per million words, respectively.
As definite articles and adjectives are marked for gender in Dutch,
we forestalled gender-based biases by ensuring that all referents in
each display of the L1 version were grammatically compatible with
articles and adjectives preceding the critical word in the spoken
sentence. In the L2 version, to prevent listeners from making
predictions based on the form of indefinite articles (a/an), which in
English depends on the onset of the word that follows them, visual
displays for sentences in which the critical word was preceded
by an indefinite article only contained pictures for which the
referent matched the used article. Further, since cross-language co-
activation of lexical candidates may affect the proportion of looks
that referent pictures attract from bilingual listeners, care was taken
during stimulus selection to control for potential co-activation in
Dutch and English: The distractors in each visual display were
always phonologically unrelated to the competitor or target they
occurred with, not only in the language of the experiment version,
but also in the other language. For example, the competitor picture
pencil (see Supplementary Figure D.2) was matched with distractor
images of stove, hammock, and gloves. The Dutch referents for these
pictures are fornuis, hangmat, and handschoenen, all of which are
phonologically unlike the competitor potlood. In addition, as cross-
language co-activation particularly affects cognates (Blumenfeld
and Marian, 2007), competitors that were cognates in Dutch and
English were always combined with three distractors that were
cognates in both languages as well. This was the case for 17 Onset
condition trials and 13 Rhyme condition trials in the L1 version of
the experiment, and for 18 Onset and 14 Rhyme trials in the L2
version of the experiment.

2.3 Procedure

All participants completed both the L1 and the L2 experiment
session, approximately three weeks apart (M = 18.3 days, SD =
4.7, range 12-29 days), with session order counterbalanced across
participants. During the L1 session, all stimulus materials, tasks
and instructions were presented in the participants’ L1, Dutch;
during the L2 session these were in their L2, English. All sessions
were conducted by the same experimenter (the first author),
who is a native speaker of Dutch and is fluent in English. The
language that was spoken during each session depended on the
participant’s preference; for most participants, this was Dutch. The
same experimental procedures were followed for both sessions.
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Participants were tested individually in a sound-attenuated
booth. Their eye movements were recorded using an SR Research
Eyelink 1000 Tower Mount system, which held their head in a fixed
position by means of a chin and forehead rest, and was placed at a
viewing distance of 65 cm from a computer screen. Eye movements
were sampled at a frequency of 1,000 Hz (monocular). Auditory
stimuli were presented over Beyerdynamic DT770-pro headphones
at a loud but comfortable level, kept constant for all participants.
Written instructions were presented on the screen. They were
subsequently repeated orally by the experimenter and clarified if
needed. Participants were given no explicit task, other than to listen
to the sentences and to keep their eyes on the screen. Before the start
of the experiment, the eyetracker was calibrated and validated using
a 9-point calibration grid. After every five trials, an automatic drift
check was carried out and, if required, calibration was repeated. At
the start of each trial, a fixation cross was displayed in the centre
of the screen. Participants were instructed to look at this cross until
it disappeared. Once the fixation cross had disappeared, the visual
display was shown for 1, after which the sentence started playing
while the display remained on the screen.

As the experiment reported here formed part one of a larger
eyetracking study with several listening conditions, participants
were presented with only 60 of the 120 available sentence-display
pairs within each session (20 Onset, 20 Rhyme and 20 filler
trials). Sentences were counterbalanced across participants such
that half of all participants were presented with one set of 60 pairs,
whereas the other half was presented with the remaining pairs. Each
sentence-display pair was presented just once to each participant,
and a different randomisation of the stimulus list was used for each
participant. Following the eyetracking task, participants completed
the LexTALE proficiency test (Lemhofer and Broersma, 2012) in the
language of the session.

2.4 Results and discussion

Data for one participant in the L1 session, and from two other
participants in the L2 session were excluded from analysis due
to calibration difficulties. The analyses reported here thus include
data from 19 listeners in the L1 session, and 18 listeners in the L2
session.’ All pre-processing and all analyses reported below were
carried out in R (R Core Team, 2019), with the exception of the
curve fitting (see below), which was done using Matlab (R2019b;
The MathWorks, Inc.). To ensure integrity of the data, trials with a
track loss percentage >30% were excluded from analysis. This was
the case for 18 (of a total of 1,140) trials for the L1 experiment
and 16 (of 1,080) trials for the L2 experiment. Mean fixation
proportions to competitors and distractors (Onset and Rhyme
condition) and to target and distractors (Filler trials) are shown
for both experiment versions in Figure 1, plotted from the onset
of the critical word. Distractor proportions were averaged over
three distractors.

1 This comprises 20 unique participants in total: seventeen listeners who
contributed data to both language sessions, two listeners whose data was
included for the L1 session only, and one other listener whose data was

included for the L2 session only.
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2.4.1 Time-course analysis of lexical activation

To compare the emigrants’ looking patterns during L1 and L2
listening, non-linear curves were fitted to the competitor fixation
proportions in both competitor conditions and languages, and the
parameters defining these curves were analysed statistically (cf.
Farris-Trimble and McMurray, 2013). This analysis method works
particularly well with data of the type collected in this study, as
competitor fixation proportions typically follow an asymmetric
double-Gaussian curve (i.e., fixation proportions rise from one
asymptote to a peak and then fall to a second asymptote). This
method also enables us to draw statistical conclusions about when
effects occur, in contrast to other methods, such as cluster-based
permutation tests which do not allow any inferences about effect
latency (Sassenhagen and Draschkow, 2019). As each participant
was presented with only 20 trials per competitor condition in each
language, individual participants’ data were relatively noisy. To
improve curve fitting accuracy, a jackknifing procedure (Miller
et al., 1998; Ulrich and Miller, 2001) was therefore applied to
the data prior to curve fitting (cf., Apfelbaum et al, 2011; Holt
et al., 2021). Jackknifing involves averaging a data set across all
participants except one, and repeating this, excluding a different
participant each time, until each participant has been excluded
once. Thus, the first subsample for each competitor condition in
each language comprised the averaged fixation proportions of all
participants except participant 1, the second subsample comprised
the averaged proportions of all participants except participant 2, etc.

Since the time-course of competitor fixations typically follows
a Gaussian-like shape, after jackknifing, six-parameter asymmetric
Gaussian curves were fit to the competitor fixation proportion
subsamples in Matlab (R2019b; The MathWorks, Inc.) using the
curvefitter package (McMurray, 2017). Curve fits were good (mean
R = 0.96; range: 0.79-1). Of the parameters defining asymmetric
Gaussian curves, peak latency (the time point at which competitor
fixations reach their peak), and peak height (the fixation proportion
at the peak) best represent the strength and the time course of
lexical competition. The values for these parameters were based on
curve fitting to jackknifed data, so we first retrieved estimates of the
actual peak latency and peak height for each individual participant
(see Table 1 for mean estimates) using the method described by
Smulders (2010). We subsequently fitted linear regression models
to these estimates using the packages Ime4 (Bates et al., 2015) and
ImerTest (Kuznetsova et al., 2017) in R (R Core Team, 2019).%2 Each
model included the deviation-coded fixed categorical predictors
Language (L1 coded as —0.5, L2 as 0.5) and Competitor condition
(Onset coded as —0.5, Rhyme as 0.5). Random intercepts and slopes
for participants were added to each model as well. The results of
the model fitted to peak latency as well as that fitted to peak height
showed a significant effect of Competitor condition (see Tables 2,
3), indicating that fixations to onset competitors peaked earlier and
higher than those to rhyme competitors. There were no significant
effects of or interactions with Language, indicating no significant
difference between L1 and L2 listening.

2 Linear regression models fitted to the remaining curve parameters (i.e.,
onset and offset amplitude, and onset and offset slope) did not show any

significant effects or interactions.
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TABLE 1 Mean retrieved estimates for peak latency and peak height by Competitor condition and Language for participants in Experiment .

Onset condition

Rhyme condition

Language Peak latency Peak height Peak latency Peak height
(ms) (fixation proportion) (ms) (fixation proportion)
L1 665 0.39 1,134 0.30
L2 713 0.42 921 0.33
TABLE 2 Results of the model fitted to peak latency in Experiment I.
B 3 t P
Intercept 858.83 39.39 21.804 <0.001
Language —82.34 78.78 —1.045 0.300
Condition 337.88 78.78 4.289 <0.001
Language * condition —261.06 157.56 —1.657 0.102
TABLE 3 Results of the model fitted to peak height in Experiment .
B SE t P
Intercept 0.359 0.015 23.234 <0.001
Language 0.029 0.029 1.006 0.319
Condition —0.090 0.029 —3.091 <0.001
Language * condition 0.016 0.058 0.277 0.783

2.4.2 Lexical competition

While time-course analyses provide important insights into the
emigrants’ lexical activation processes (i.e., the start of word form
processing), they do not directly address lexical competition (i.e., the
relative activation of competitor word forms compared to distractor
word forms) as such. In the paradigm used here, an activated lexical
candidate is considered as competing for recognition only if its
referent picture attracts more looks than chance. Since each visual
display contained four images, a competitor fixation proportion
higher than 0.25 indicates that over a quarter of all looks to a picture
were directed to the competitor picture and that the referent for
the competitor picture therefore competed for recognition. Thus, to
determine whether competition took place in the Onset and Rhyme
conditions of the L1 and L2 experiments, we compared competitor
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fixation proportions in each of these conditions and languages to
chance using cluster-based permutation analyses (CPA), a non-
parametric statistical technique that can control for the auto-
correlation that occurs in eyetracking data (Maris and Oostenveld,
2007). Although CPA does not afford any statistical conclusions
about the duration of an effect, nor about its onset or offset
(Sassenhagen and Draschkow, 2019), it works well for establishing
the presence of an effect somewhere in an analysis window.

First, the appropriate analysis window was selected. Since it
takes around 200 ms to initiate an eye movement (Matin et al,
1993; Luna et al.,, 2008), looks earlier than 200 ms after critical
word onset cannot reflect processing of that word. Looking at the
emigrants’ looking patterns during the filler trials—which were
the only trials with visual displays containing an image of the
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critical word itself instead of that of a competitor word—it becomes
clear that target and distractor fixation proportions do not start to
diverge until around 400 ms after critical word onset (see Figure 1).
This indicates that this is the earliest moment at which lexical
activation takes place, so that no lexical competition is expected
before this point in time. We therefore selected a one-second
analysis window starting at 400 ms. We then binned the fixation
data in this window in 10-ms time bins. For each time bin, we
computed the test statistic, a one-sample two-tailed ¢-test against
chance (i.e., 0.25). Since adjacent time bins are not independent of
one another but are assumed to be linked to the same underlying
cognitive process, we then created clusters of adjacent time bins
with a significant test statistic, and computed the mass statistic for
each cluster (here: the sum of all individual ¢-values in the cluster).
Subsequently, we completed the same procedure for 1,000 mock
data sets in which the fixation proportion for the competitor and for
chance level were shuffled randomly for each time bin, thus creating
a distribution of the cluster mass statistic under the null hypothesis
(i.e., the distribution of cluster mass statistics one would expect to
find if competitor fixation proportions did not differ from chance
level). Finally, we compared the mass statistic for each cluster in our
original data set to the null hypothesis distribution to determine
their statistical significance.

The CPA showed that onset competitors were fixated
significantly more than chance, in the L1 (significant cluster from
450 to 1,030 ms; cluster summed ¢-value: 215.93; p <0.001) as
well as in the L2 (significant cluster from 470 to 1,380 ms; cluster
summed t-value: 378.56; p < 0.001). In the Rhyme condition,
competitors were fixated at an above-chance level in the L2
(significant cluster from 760 to 1,030 ms; cluster summed ¢-value:
80.54; p < 0.001), but, somewhat surprisingly, no significant rhyme
competition was found in the L1 (all p > 0.9). This suggests that the
bilingual emigrants experienced onset competition in both of their
languages, but rhyme competition only in the L2.

While the presence of onset competition in both languages
is in line with previous findings (e.g., L1: Allopenna et al., 1998;
McQueen and Huettig, 2012; Brouwer and Bradlow, 2016; L2:
Mercier et al., 2014; Sarrett et al, 2021), the lack of rhyme
competition in the L1 is surprising, as it contrasts with the
rhyme-competitor effects that have repeatedly been reported for
L1 listeners (including by all the above-cited L1 studies). Before
interpreting this finding, however, we must examine two factors
that may, at first glance, be assumed to have played a role in
these contrastive findings. The first of these relates to the age
of our participants. The majority of previous evidence of rhyme
competition stems from studies with undergraduate students,
whereas the emigrants who participated in Experiment I were older
(the youngest was 27, the oldest 73). However, onset and rhyme
competition are known to pattern similarly in older and younger
listeners (Ben-David et al., 2011), and the group of emigrants did
experience rhyme competition in the L2, making it unlikely that
the lack of rhyme competition found in the L1 was influenced
by the age of some of our emigrant participants. The second
factor concerns the stimulus materials, which may have prevented
rhyme competition from occurring in the L1. To ensure that the
experimental stimuli used in this study had the desired validity, we
conducted two control experiments. The first of these, Experiment
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I1, replicated the L1 version of Experiment I with a control group of
native Dutch-speaking participants living in the Netherlands who
were all 60 years or older. Although rhyme competition was not
absent in the emigrants’ L2, Experiment III nonetheless replicated
the L2 version of Experiment I with native English-speaking
participants in Australia, who were undergraduate students.

3 Experiment I

3.1 Participants

Twenty-two older adults, aged 62-85 years (M = 69.8, SD =
6.5; 11 females, 11 males), were recruited from the participant pool
of the MPI for Psycholinguistics in Nijmegen, the Netherlands,
and paid for their participation in this study. Results from
seven additional participants were excluded due to calibration
difficulties. All participants were native speakers of Dutch and
had normal or corrected-to-normal vision. Written informed
consent was obtained from each participant prior to the start of
the experiment.

3.2 Materials and procedure

The stimulus materials were those from the LI version
of Experiment I. The procedure of the eyetracking task
in the LI
with the exception that participants were seated in front

was the same as session of Experiment I,
of a computer screen at a viewing distance of 95cm,
and auditory stimuli Sennheiser

HD201 headphones.

were presented over

3.3 Results and discussion

As before, trials with a track loss percentage >30% were
excluded from analysis. This was the case for 51 out of 1,320
trials. Mean fixation proportions to competitors and distractors
(Onset and Rhyme condition) and to target and distractors (Filler
trials) are shown in Figure 2, plotted from the onset of the
critical word.

As in Experiment I, competitor fixation proportions in the one-
second time window starting at 400 ms after critical word onset
were compared to chance level (i.e., 0.25) using CPA. This showed
that onset competitors were fixated significantly more than chance
level (significant cluster from 400 to 1,140 ms; cluster summed -
value: 426.11; p < 0.001), as were rhyme competitors (significant
cluster from 880 to 1,250 ms; cluster summed ¢-value: 137.20;
p < 0.001). This finding indicates that, as expected, the native
listeners of Dutch tested here experienced both onset and rhyme
competition. This result thereby validates the stimuli and procedure
of Experiment I. Since these listeners were all aged 60 and over, this
replication furthermore confirms that the age of the emigrants who
participated in Experiment I should not have precluded them from
experiencing rhyme competition.
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4 Experiment Ill
4.1 Participants

17-35
4.2; 20 females, 5 males), from

Twenty-five  undergraduate  students,
21.4, SD
Sydney University participated
credit. All participants
English  with

vision. One further participants data were excluded from

aged

years (M = =

for

of
corrected-to-normal

Western in return

course were native speakers

Australian normal or

analysis due to calibration difficulties. Each participant

provided written informed consent before the start of

the experiment.

4.2 Materials and procedure

The stimulus materials and procedure were those from the L2
version of Experiment I.

4.3 Results and discussion

Again, trials with a track loss percentage >30% were
excluded from analysis (64 out of a total of 1,500 trials).
Figure 3 shows the mean fixation proportions to competitors
and distractors
and distractors

critical word.

(Onset and Rhyme condition) and to target
(Filler trials), plotted from the onset of the

As in both previous experiments, we conducted a CPA
to compare competitor fixations in the time window from
400 to 1,400 ms to chance level (i.e., 0.25). This showed that
both onset and rhyme competitors were fixated significantly
above chance (Onset: significant cluster from 400 to 1,400 ms;
cluster summed t-value: 406.05; p < 0.001; Rhyme: significant
cluster from 930 to 1,270 ms; cluster summed t-value: 97.76; p
< 0.001). This replication thus shows that native listeners of
English experience both onset and rhyme competition. Again,
the stimuli and procedure of Experiment I (here, L2 version)
are validated.
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5 General discussion

The processes by which spoken words are recognised can be
reshaped by individual listeners” speech comprehension experience.
In particular, the population of potential competitor words
from among which a recognised word is chosen may be
structured differently and become as a result either more or
less comprehensive. While it is unsurprising that words with the
same onset compete with one another for recognition, the further
competition observed from word candidates with later overlap is
less obviously useful in listening. Existing findings suggest that
rhyme competition is modulable in that listeners may experience
it more strongly when there is the possibility that there will be
noise interruption to the speech signals (McQueen and Huettig,
2012; Brouwer and Bradlow, 2016). Our present results have further
shown that rhyme competition can be shunned entirely.

The principal experiment in the present study compared the
processes of within-language lexical activation and competition
during L1 and L2 listening in a rare population of bilingual
emigrants living in an L2 immersion environment. These processes
proved to be largely the same in both languages, with no
significant differences between languages in the time course of
lexical activation, nor in the presence of onset competition. This
is in line with the findings of Xue et al. (2020), who observed
great similarity in the electrophysiological patterns produced as
34 young Mandarin-English Ll-immersed bilinguals processed
their two languages. As the L1 and L2 of the emigrants who
participated in the present study (i.e., Dutch and English) are
typologically much more similar than the languages spoken by Xue
et al.’s bilinguals, our results suggests that phonological similarity
vs. difference between a bilingual’s languages is not a relevant
factor in determining similarity or otherwise in how spoken words
are processed. It would nevertheless be interesting to see further
within-participant comparisons of L1 and L2 lexical activation
and competition processes, in languages of varying typological
similarity and by bilinguals of various kinds.

As expected, onset competition occurred in both of the
emigrants’ languages. Such competition is typically observed both
in L1 listeners (e.g., Allopenna et al., 1998; Ben-David et al., 2011;
McQueen and Huettig, 2012; Brouwer and Bradlow, 2016) and
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in L2 listeners (e.g., Mercier et al., 2014; Sarrett et al., 2021),
and corresponds to the predictions of all models of spoken-
word recognition (e.g., Cohort: Marslen-Wilson and Welsh, 1978;
TRACE: McClelland and Elman, 1986; Shortlist: Norris, 1994;
Shortlist B: Norris and McQueen, 2008). This finding suggests
that the bilingual listeners were processing speech efficiently in
both languages. That conclusion is fully supported by their looking
patterns in the filler trials. In these trials—which indeed contained
a target image on the screen—the bilinguals quickly recognised
the spoken target word and looked at its referent picture. The
present study thus revealed robust and efficient word recognition:
the bilingual emigrants generally listen to speech and activate the
necessary competitor population in each of their languages in the
same way as the populations tested in all preceding studies in
each language.

In the present study, rhyme competition was observed in
the bilinguals’ L2. The presence of this competition confirms the
findings of the only other study to date that has examined rhyme
competition in L2 listeners, which reported native-like rhyme
competition effects for Korean L2 listeners of English (Shin et al.,
2015). L2 listeners come in many flavours, of course, and the way
they process language is always shaped by the type and amount of
experience they have with each of their languages. The Korean-born
listeners of English in the study by Shin and colleagues had been
living in an English-speaking environment since on average 9.4
years of age, well within current assessments of the critical period
for native language attainment (Hartshorne et al, 2018), so the
findings of Shin et al. (2015) study may have been unsurprising.
The participants in the present experiment, in contrast, were at
least 18 years old (i.e., beyond the suggested threshold) when they
took up residence in Australia. The finding that they nonetheless
experienced L2 rhyme competition extends our existing knowledge
about L2 rhyme competition to a new flavour of L2 listeners.

A perhaps somewhat surprising outcome of our study is the lack
of rhyme competition in the bilinguals’ L1. This contrasts with the
rhyme competition that is typically attested in L1 listening (e.g.,
Allopenna et al., 1998; McQueen and Viebahn, 2007; McQueen
and Huettig, 2012; Brouwer and Bradlow, 2016). What could
be the reason for this finding? Rhyme competition effects are
usually much weaker than onset competition, so could the modest
number of emigrants tested in Experiment I have prevented us
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from detecting rhyme competition? While we cannot rule it out
definitively, this explanation seems unlikely since previous studies
using the visual world paradigm have found rhyme competition
with sample sizes of only 16 (McQueen and Viebahn, 2007) or
even 12 (Allopenna et al., 1998) listeners. Our findings cannot
be ascribed to the stimulus materials or experimental procedure
either, as these did evoke rhyme competition in the same emigrants
in the L2 version of Experiment I, as well as in both control
groups of native listeners tested in Experiments II and III. Given
that it should be presumed that the bilingual emigrants had
previously experienced competition from rhyme competitors prior
to migration, at least in the L1, we must therefore conclude
that the absence of rhyme competition found here is either a
general characteristic of L1 listening by fluent adult users of a late-
acquired L2 (for whom no prior study of L1 rhyme competition
has been, to our knowledge, undertaken), or it might be specific
to our Experiment I participants. In the former case, it is clearly
relevant that exactly such adult bilinguals show L2 effects on
lexical processing in speech in the L1; for instance, Dutch-English
bilinguals were slower recognising interlingual homophones (such
as [li:f] which can be the Dutch word lief or the English word
leaf) even in an experiment where English played no role at all
(Lagrou et al,, 2011), and similar unwanted onset competition from
L2 in L1 listening has been demonstrated in both Spanish-English
and German-English bilinguals (e.g., Blumenfeld and Marian, 2007,
2013). A multiplicity of onset (or whole-word) competitors uses
up resources and may result in the non-availability of rhyme
competitors ensuing by way of a trade-off.

On the other hand, the latter case—that the absence of rhyme
competition may be true only for our particular participant
population—could be due to the principal difference they showed
from listeners in most previous studies: that they had left the L1
environment. After moving to Australia, these emigrants were no
longer immersed in their L1 and instead used their L2, English,
in most of their daily life. Recall that, when asked to specify
their language use in a range of situations, our participants all
indicated that they used their L2 more frequently than their L1
(see Appendix A in the Supplementary material). Most of what
is known about L2 spoken-word recognition stems from research
with less proficient L2 listeners in various stages of L2 learning. The
emigrants in the current study, however, can be assumed to have
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reached the end stage of learning: they are highly proficient users
of the L2 for whom the L2 has become the dominant language.
It is not inconceivable that this has influenced the processing of
their L1. In fact, findings from a previous study we conducted
with a group of Dutch emigrants that included most participants
of the present study support this idea. In that study, we investigated
these emigrants™ ability to adapt to novel talkers in the L1 as well
as the L2, using a lexically-guided perceptual learning paradigm
(Bruggeman and Cutler, 2020). In this paradigm, participants are
first exposed to an unusual sound in a lexical context that strongly
favours a certain phonemic interpretation (e.g., an unusual [f] at
the end of behal-). A subsequent phoneme categorisation task with
speech from the same talker then reveals whether participants
have adjusted the boundaries of their phoneme category for that
talker’s [f] to also include the unusual sound they were exposed to,
indicating perceptual adaption to individual talkers. The group of
Dutch emigrants tested by Bruggeman and Cutler (2020) showed
robust adaptation in the L2, English, but no such adaptation in
the L1, Dutch. The proposed explanation for this finding was that
the emigrant participants no longer had as much need for the
ability to accommodate for a speaker’s atypical pronunciation in the
L1, as they were rarely exposed to new, unfamiliar talkers in that
language. This showed that mechanisms of L1 speech processing
can decline—permanently or temporarily—after a long period of
immersion in the L2 environment. The absence of L1 rhyme
competition found in the present study extends the scope of this
previous finding to a different level of processing.

The aforementioned explanations of the lack of rhyme
competition in the L1—that it is typical for fluent adult users of
a late-acquired L2, or that it specifically applies to the population
tested here—are obviously testable in future studies of fluent adult
bilinguals with a late-acquired L2, where the absence of rhyme
competition in L1 may appear either in any environment at all, or
only in an immersion L2 environment.

In sum, we conclude that the processes of lexical activation
and lexical competition are largely the same in the L1 and the
L2 for bilingual listeners who predominantly use their L2 in
everyday life, and are highly proficient in their L2. Nevertheless,
we further conclude that (a) listeners who live in an L2 immersion
environment where they predominantly use the L2 may no longer
experience rhyme competition in L1 listening, and (b) listeners
with a late-acquired L2 who are highly proficient, indeed dominant,
in their L2 can make use of rhyme competition as L1 listeners
typically do.
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