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Previous research has shown that second language (L2) learners of
Mandarin learn new words more easily if the new word is homophonous
with a word they already know (Liu and Wiener, 2020). That research
involved word learning in which speech was produced by a single-talker
with a specific pitch range. The present study examines whether the
observed tonal homophone advantage is dependent on familiarity with the
talker. Adult learners of Mandarin Chinese as an L2 were taught 20 new
tonal words for three consecutive days. To manipulate phonological famil-
iarity, 10 words had homophones already known to the learners and 10
words did not. To manipulate talker familiarity, participants were trained on
a single talker but tested on 16 new talkers or trained and tested on 16
(multi)-talkers. Daily testing involved a 4-alternative-force-choice task. Both
groups showed increased accuracy and faster response times on Day 2
compared to Day 1, but this learning was independent of homophone status
or talker group. No other effects were found. These results suggest that the
tonal homophone advantage in L2 word learning observed by Liu and
Wiener (2020) may have been partially driven by an exceptionally high level
of talker familiarity, since that study used a single speaker both for training
and testing.
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Lexical development in a second language has attracted considerable attention
in the last twenty years (e.g., Dong, Gui, & MacWhinney, 2005; Wolter, 2001;
Zareva, 2007). Among this body of work is Jiang’s (2000, 2018) psycholinguistic
model of lexical representations in which first language (L1) and second language
(L2) words consist of a lemma (i.e., the grammatical form of a representation) and
lexeme (i.e., the pairing of the form to its meaning, which can involve phonology
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and/or orthography; see Levelt, 1989, 1993). Important to Jiang’s model is the
claim that the learning process influences how L1 and L2 lexical representations
are formed. Children acquire all the components in an L1 lexical entry subcon-
sciously through highly contextualized input and without connections to other
languages. Adults, however, acquire the components involved in an L2 lexical
entry consciously and typically without conceptual development.

Jiang proposes three stages of L2 lexical development. The first or formal
stage of an L2 lexical entry involves only phonological and orthographical infor-
mation. During this stage, the L2 representation relies on the L1 lexical entry
for conceptual information through translation. Next, L1 lemma information is
copied to the L2 lexical entry. During this lemma mediation stage, L2 learners are
often observed using L2 vocabulary with incorrect L1 grammatical specifications
(e.g., Wolter, 2006). Experimental evidence from L1-L2 translation studies like
Talamas et al. (1999) have documented this gradual shift in reliance on L1 form
and meaning. Talamas et al. presented L2-L1 word pairs and asked participants to
indicate whether the pairs were correct translations of one another (e.g., Spanish
casa – house). Incorrect translations that shared form with the correct transla-
tion were shown (e.g., casa – hound) as were incorrect translations that shared
semantics with the correct translation (e.g., casa – apartment). Less proficient L2
learners showed more interference from incorrect form trials whereas more profi-
cient L2 learners showed more interference from incorrect semantic trials (see
also Sundermen & Kroll, 2006; Wiener & Tokowicz, 2021). During the third and
final stage the L2 lemma is fully formed and L2 learners are able to use the word
more accurately and appropriately (Kroll, Michael, Tokowicz, & Dufour, 2002;
Talamas, Kroll, & Dufour, 1999). Jiang notes, however, that many L2 words may
stop short of this final stage as learners continue to rely on L1 lemma mediation.

Jiang (2000, 2002, 2018) therefore characterizes L2 lexical development by
its conscious and deliberate learning of form-meaning connections. Here we
examine the role of phonological and talker familiarity on this process. Theo-
retically, how L2 lexical representations are formed and subsequently accessed
depend on the match between the representation (corresponding to the phono-
logical sound pattern) and the signal (produced by a specific talker). Familiarity
with one – or both – sources of information may have an immediate effect on
L2 lexical processes. We explore this hypothesis using Mandarin Chinese as our
test language. Standard Mandarin Chinese (hereafter ‘Mandarin’) has a relatively
small number of unmarked (consonant)-vowel-(nasal) syllables like shu
(Duanmu, 2007). Many (though not all) of the roughly 400 unique Mandarin
syllable types can stand alone as a morpheme or word (Chao, 1968; Packard,
2000; Zhou & Marslen-Wilson, 1995). Spoken word meaning is indicated by
consonant and vowel segments along with one of four pitch patterns or tones on
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the vowel. The syllable shu spoken with a high-level pitch (Tone 1) can mean
‘uncle,’ but the same syllable shu spoken with a low-dipping pitch (Tone 3) can
mean ‘mouse.’ Because Chinese writing is morphemic in nature, a monosyllabic
syllable+tone combination like shu1 can mean ‘uncle,’ (叔) ‘book,’ (书) ‘to lose,’
(输) ‘vegetable,’ (蔬) and nearly 20 other homophonous shu1 morphemes/words.
On average, each syllable+tone combination represents 11 semantically and ortho-
graphically unique homophone mates (Tan & Perfetti, 1998). For L2 listeners,
Mandarin word learning involves perceiving lexical tone in the face of high
phonological overlap and homophony. In this study, we capitalize on these
linguistic features to examine the role of phonological and talker familiarity on
lexical development in adult learners of Mandarin as a second language.

Phonological overlap and L2 lexical development

Phonological overlap between known words and novel words facilitates word
learning, recall, and production for L1 speakers. Words with many similar
sounding neighbors (e.g., ‘pear’ is similar to ‘care,’ ‘hair,’ ‘bear,’ etc.) are learned
faster, more accurately, and more completely than words that have few or no
similar sounding neighbors, e.g., ‘orange’ (Storkel, 2001; Vitevitch, 2002; Vitevitch
& Storkel, 2013). Similar facilitative neighborhood density effects (Luce & Pisoni,
1998) have been observed for L2 learners (e.g., Bradlow & Pisoni, 1999; Storkel,
Armbrüster & Hogan, 2006; Wilcox & Medina, 2013). Stamer and Vitevitch (2012)
taught L1 English-L2 Spanish adult learners 16 new Spanish words. Half of the
words had dense phonological neighborhoods while the other half had sparse
phonological neighborhoods. The authors tested participants both immediately
after training and 48–72 hours later, which allowed lexical integration and
overnight consolidation to occur (e.g., Dumay & Gaskell, 2007; Elgort, 2011).
Testing involved a picture-naming task, a referent identification task, and a
perceptual identification in noise task. In all three tasks, the L2 learners demon-
strated a learning advantage for words that sounded similar to many Spanish
words already known by the learners.

More recently, Liu and Wiener (2020) demonstrated that L2 learners can also
use suprasegmental overlap to bootstrap lexical development. The authors taught
L1 English-L2 Mandarin adult learners 20 new words for three consecutive days.
Ten of the words had homophones that were already known to the learners. For
example, participants had previously learned that shu1 means ‘book’ but not that
it could also mean ‘uncle,’ which served as the target word. The other 10 words
had no homophones that the participant had already learned. For instance, the
target word shu3 ‘mouse’ was the only shu3 word that the participants had encoun-
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tered at that point in their L2 learning. Each day after training on the 20 words,
participants completed a 4-alternative-forced-choice (4-AFC) task, which showed
two images that shared the same syllable but differed in tone (e.g., shu1 and shu3)
along with two distractor images that differed in syllable and tone. These two
distractor images came from the 20 words taught to the participants and always
consisted of one word that had homophones that were already known to the
learners and one word that did not. Participants were asked to click on the image
that matched the perceived spoken word as quickly and accurately as possible.

The effect of homophony was not consistent across the three tests: on Day 1,
there was an effect of homophony on accuracy but not speed, whereas on Day
2 and Day 3, there was an effect on speed but not accuracy. On Day 1, words
with homophones already known to the learners (e.g., shu1) were identified more
accurately than words that had no already known homophones (e.g., shu3). The
authors claimed that this was because learners had previously acquired a phono-
logical representation, which led to rapid integration into the lexicon. On Day 2
and Day 3, no accuracy difference was observed, suggesting overnight consolida-
tion of tones (e.g., Dumay & Gaskell, 2007; Qin & Zhang, 2019) diminished this
effect. On Day 2 and Day 3 participants identified new words with homophones
already known to the learners (e.g., shu1) faster than new words that had no
already known homophones (e.g., shu3). This response time difference suggested
that once the new words were integrated or configured into the L2 lexicon and
engaged with other words (e.g., Leach & Samuel, 2007), learners were able to
access these new representations faster given the familiar phonology.

The present study extends Liu and Wiener’s (2020) findings in two ways. First,
we clarify whether L2 learners of Mandarin only benefit from complete phono-
logical overlap (as in the case of tonal homophones such as shu1 ‘book’ and shu1
‘uncle’) or partial phonological overlap (as in the case of knowing many words
with ‘u’ vowels and a high-level tone like qu1, du1, fu1). The observed homo-
phone effect in Liu and Wiener may have actually been a phonological neighbor
effect driven by certain items having more neighbors than other items. Second,
we clarify whether the homophone effect was driven by familiarity with the talker.
Can adult L2 learners still take advantage of phonological overlap between known
and new words when listening to unfamiliar talkers with variable segmental and
tonal productions?

Talker variability and L2 lexical processing

The spoken input L1 and L2 learners receive is noticeably different. L1 acquisition
typically involves speech from multiple caretakers, including highly variable
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“motherese,” which contains acoustically exaggerated cues (e.g., Kuhl, 2004;
Nelson, Hirsh-Pasek, Jusczyk, & Cassidy, 1989). In contrast, L2 acquisition, partic-
ularly within a structured classroom setting, typically involves speech from one
language instructor, which limits learners’ exposure to acoustically variable
speech cues (see Colantoni, Steele, Escudero, & Neyra, 2015; Flege, 1995).

Previous research has examined the variability of a particular talker in terms
of indexical information or talker-dependent cues (Sommers & Barcroft, 2007,
2011) and distributional information or talker-independent cues (Escudero,
Benders, & Wanrooij, 2011). L2 learners are sensitive to talker-dependent and
talker-independent cues, benefit from acoustically variable multi-talker input in
terms of phonetic categorization and discrimination, and are able to generalize to
new talkers and new phonological contexts (e.g., Barcroft & Sommers, 2005, 2014;
Hardison, 2003, 2005; Lively, Logan & Pisoni, 1993; though see Wade, Jongman, &
Sereno, 2007 for conflicting results). However, multi-talker speech has been found
to negatively affect L2 spoken word recognition. For most L2 learners, acousti-
cally varied input from unfamiliar talkers increases lexical competition and often
causes delayed or inaccurate word recognition (Kroll et al., 2002; Nygaard &
Pisoni, 1998; Nygaard, Sommers, & Pisoni, 1994; Weber & Cutler, 2004).

With respect to Mandarin, talker variability poses an interesting problem (see
Pelzl, 2019 for a review). Lexical tone is primarily indicated by a talker’s funda-
mental frequency (F0; Ho, 1976), yet F0 information varies as a function of a
talker’s age and sex. A listener must therefore filter out or normalize a talker’s voice
to identify relevant phonological tone category information (Leather, 1983; Moore
& Jongman, 1997). Figure 1 plots the loess-smoothed F0 contours of 320 utterances
spoken by 16 talkers (8 female; 8 male plotted in gray) along with overall mean
female and male contours (plotted in color online). This figure highlights how
tone productions vary considerably across talkers. For example, a female’s phono-
logically low-dipping tone (Tone 3) and a male’s phonologically high-level tone
(Tone 1) may demonstrate similar F0 contours. This could lead to uncertainty
over whether an unfamiliar talker saw her uncle (shu1) or a mouse (shu3).

How does talker variability affect L1 English-L2 Mandarin learners? In terms
of L2 tone category learning, multi-talker input appears to be beneficial to adult
learners as it promotes robust categories. Wang, Spence, Jongman, and Sereno
(1999) trained L1 English-L2 Mandarin classroom learners for two weeks on tones
produced by four talkers. A pre/post forced-choice tone categorization task was
used to assess training improvements. On average, participants improved by
roughly 20% and showed similar improvements to new stimuli and new talkers.
Follow-up studies, however, suggested that individual learner differences may have
affected the results (Dong, Clayards, Brown, & Wonnacott, 2019; Lee, Tao, & Bond,
2009, 2013; Perrachione, Lee, Ha, & Wong, 2011; Sadakata & McQueen, 2014).
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Figure 1. Loess-smoothed tone contours produced by 8 female and 8 male talkers along
with female and male mean contours

In terms of L2 Mandarin spoken word recognition, Wiener, Ito, and Speer
(2018, 2021) recorded eye movements as classroom L2 Mandarin learners and
naïve monolingual English speakers were trained and tested on an artificial
Mandarin-like language. After four consecutive days of sound-image learning,
participants performed a 4-AFC task involving a target and tonal competitor (and
two distractors). Participants trained and tested on multi-talker speech showed
increased competition between the target and a tonal competitor relative to those
trained and tested on the same talker. Evidence from the gating paradigm
extended this work using natural Mandarin speech. Adult classroom L2 Mandarin
learners heard speech from either a single talker (Wiener, Lee, & Tao, 2019) or
16 different talkers (Wiener & Lee, 2020) and were asked to report the perceived
word given increasing longer fragments or gates of speech. On average, the L2
listeners demonstrated reduced spoken word recognition accuracy when listening
to multi-talker input compared to single-talker input, though large variation was
observed across the learners in line with previous individual differences studies at
the tone and word level (e.g., Chandrasekaran et al. 2010; Perrachione et al. 2011;
Wong & Perrachione, 2007).

In sum, previous L2 Mandarin findings indicate that increased phonological
overlap in the form of syllable+tone homophones is advantageous for L2 word
learning, so long as the speaker is familiar to the listener (Liu and Wiener, 2020).
At the same time, increased talker variability in the form of input from multiple
unfamiliar talkers is disadvantageous for L2 word recognition as it increases
lexical competition and often results in inaccurate word recognition (Lee and
Wiener, 2020; Wiener et al., 2018; Wiener and Lee, 2020).
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The present study

The present study tests whether adult L2 learners can still take advantage of
phonological overlap between known and new words when being trained and
tested on unfamiliar talkers with variable F0 ranges. We train and test participants
in two groups defined by their exposure to different talkers. The ‘single-talker’
group is trained on the target words from the same female talker used in Liu and
Wiener (2020). This group is then tested on 16 unfamiliar talkers. This allows us to
compare the accuracy and recognition response time given a familiar single-talker
(analogous to a language instructor in a classroom) but wholly new unfamiliar
interlocuters. In contrast, the ‘multi-talker’ group is both trained and tested on the
target words from 16 different talkers. This allows us to compare the accuracy and
recognition response time given multiple talkers at both training and testing – a
scenario potentially more like L1 acquisition in which constant talker normaliza-
tion is required by the listener (Kuhl, 2004). If phonological overlap is advanta-
geous to learners irrespective of talker familiarity and the variability in the speech
signal, then both groups should show increased accuracy for words with homo-
phones already known to the learners compared to words without known homo-
phones. That is, the accuracy results should align with Liu and Wiener’s (2020)
results despite the different, unfamiliar talkers and high variability stimuli used in
the present study. If phonological overlap is only advantageous when the talker is
familiar to the listener, then the multi-talker group should recognize homophones
more accurately than the single-talker group, given that the latter group is trained
on only one talker but tested on 16 different talkers whereas the multi-talker group
is at least exposed to all 16 talkers in the training. In both instances, the correct
response times may be delayed for the two groups given that increased variability
from multiple talkers causes more tonal competition in L2 listeners (Wiener et al.,
2018; Wiener & Lee, 2020). Finally, if any homophone advantage is found, we
clarify whether the advantage is due to complete phonological overlap involving
segments and tones, or partial overlap involving the onset-only, vowel-only, tone-
only, onset+tone, or vowel+tone.

Method

Participants

39 native English speakers (20 male; 19 female; mean age = 18; SD =0.7; age range:
18–22) participated in the study. All participants were enrolled in an in-person
second semester Mandarin class at a public U.S. university. Although participants
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were recruited from multiple classes with different meeting times, all participants
used the same classroom materials and had the same instructors. No participant
self-reported speaking an additional language. All participants started to learn
Mandarin from college and had completed roughly 20 weeks of formal classroom
instruction at the time of the experiment. All participants self-reported normal
hearing and normal or corrected-to-normal vision. All participants received extra
credit and a small payment for their participation.

Materials

Stimuli were taken from Liu and Wiener (2020), which consisted of 10 distinct
consonant-vowel-(consonant) syllables, each paired with two different tones (all
material and data available on OpenScience: https://osf.io/hycw2/). For each
syllable, one tone served as a homophone based on a pre-test vocabulary
screening while another tone served as a non-homophone.

Eight female and eight male native Mandarin speakers recorded the 20 target
words in a sound-attenuated booth. Recordings were saved at 44k Hz/16 bits
using Praat (Boersma & Weenink, 2018). Stimuli were clearly enunciated to
promote L2 speech learning following Escudero et al. (2011). Each word was
paired with a color drawing designed to establish the sound and meaning associ-
ation (see Figure 2; online for color version).

Procedure

Training and testing occurred in a quiet lab for three consecutive days. The 39
participants were randomly split across the two groups (19 were trained on a
single-talker, 9F, 10M; 20 were trained on 16 different talkers, 10F, 10M). Because
pitch perception ability affects tone learning (Bowles, Chang, & Karuzis, 2016),
on Day 1 all participants performed a pitch screening task (Tonometric: Mandell,
2018), which measured the smallest difference in Hz at which the listener could
discriminate between two pure tones. Whereas any cutoff is relatively arbitrary,
we removed participants who were unable to reliably discriminate between two
pure tones at 30 Hz (or greater). This served to remove participants with potential
congenital amusia (see Zhu et al., 2022) while still allowing us to examine a large
enough dataset for reliable statistics. Two participants in the single-talker group
were removed due to poor pitch perception abilities. This left 37 participants.
The two groups did not differ in their pitch discrimination abilities (single-talker
group mean of 9.7 Hz; multi-talker group mean of 7.1 Hz; F(1, 35)= 1.03, p= .32).

On each day, participants performed a self-paced passive listening task (here-
after ‘training’) in which a spoken word and its corresponding image were simul-
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Figure 2. Example 4-AFC slide. Bottom left: shu3 ‘mouse’ (target); top left: wan2 ‘(meat)
ball’ (distractor); top right: shu1 ‘uncle’ (tonal competitor); bottom right: ta3 ‘pagoda’
(distractor)

taneously presented via computer and headphones. Participants were told to
remember the sound-image pair and to mouse-click to advance to the next trial.
Each word was presented four times in a pseudo-randomized order (80 total
trials). This number was determined through piloting, which attempted to
capture a Day 1 accuracy above chance (.25) but well below ceiling. After the
training, participants were tested on the 20 learned words using a 4-AFC word
identification task. During each trial, four images from the 20 trained words were
presented on a computer monitor while one of the image’s audio labels, i.e., the
target, was presented over headphones. Participants were told to mouse-click
on the image corresponding to the perceived audio as accurately and quickly as
possible. In addition to the target, a tonal competitor and two distractors taken
from the 20 trained words were displayed. Across all three days of testing, the
positions of the target, tonal competitor, and distractors were counterbalanced,
which resulted in 60 unique 2 ×2 image displays or 20 different slides per day.
Figure 2 shows an example with shu3 ‘mouse’ as the target and shu1 ‘uncle’ as
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the tonal competitor. This meant each of the 20 words was heard five times
(four times in training and one time in testing) on each day. Corrective feed-
back on the first two days of 4-AFC testing guided learning. After mouse-clicking
in the 4-AFC task, a blue circle appeared on the target. An additional mouse-
click advanced the experiment to the next trial with a 1-second interval. All
tasks were presented using E-prime 2.0 (Psychological Software Tools Inc.). After
completing the 4-AFC task on the third day, participants performed a 5-minute
naming task (not reported here). In total, the training and testing tasks took
approximately 45 minutes each day.

Whereas the tasks and procedure were the same for all the participants, the
audio heard during the training differed by group. The single-talker participants
were trained on one female talker, but tested each day in the 4-AFC task on 16
different talkers. Across the three days of testing, no utterance was repeated for
a total of 60 unique exemplars. The multi-talker participants were trained and
tested on 16 different talkers. Across the three days of training and testing, no
utterance was repeated for a total of 300 different exemplars [(80 training + 20
4-AFC testing) * 3 days)] of the possible 320 (20 items * 16 talkers). In other words,
both groups always heard 20 new utterances from 16 different talkers during the
4-AFC testing. Figure 1 plots all 320 utterances to highlight the talker variability
involved in tone production.

Data analysis

We adopt a .05 alpha-level for our analyses. 4-AFC mouse click accuracy results
were analyzed using mixed-effects logistic regression modeling with the lme4
package in R (version 3.6.2; R Core Team, 2019) and the “bobyqa” optimizer. The
model contained mouse click accuracy (1 correct; 0 incorrect) as the outcome
variable. Fixed effects included Talker group, Homophone status, and Day all as
treatment coded variables. The single-talker group served as the reference level
for talker group. A positive coefficient for the multi-talker group will indicate
an increase in accuracy relative to the single-talker group. Words with already
learned homophones served as the reference level for homophone status. A posi-
tive coefficient for the non-homophone status will indicate an increase in accu-
racy for words without already learned homophones. Day 2 served as the
reference level for day (allowing for two comparisons: Day 1 vs. Day 2; Day 2 vs.
Day 3). By making Day 2 the reference level, the expected coefficients for Day 1
and Day 3 should go in opposite directions. In other words, a positive coefficient
for Day 3 will indicate an improvement in accuracy from Day 2 to Day 3, whereas a
positive coefficient for Day 1 will indicate a decline in accuracy from Day 1 to Day
2. These three fixed effects and all corresponding two-way and three-way interac-
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tions were included in the full confirmatory model. Random item and participant
intercepts were included.

Correct response times (RTs) were analyzed using a mixed-effects linear
regression model with the same variables, coding, and model structure as the
accuracy model. We first treated correct RTs slower than 5000 ms as outliers and
removed them. Given the nature of the sound-image mapping task, we believed
responses beyond 5000 ms were largely uninformative (see Jiang, 2013 for discus-
sion). From this subset, RTs beyond three standard deviations from the mean
were removed. This filtering process removed 30% of the RT data, leaving 1,176
observations. In both models, high variance inflation factors (> 10) were found for
all interactions and therefore removed from the final model.

Results

4-AFC mouse click accuracy

Figure 3 (color online) plots the individual daily performance of each participant
(points with jitter added), along with Talker group density, group means (solid
lines), and group 95% confidence intervals (white box) for both the Homophone
and Non-homophone conditions. The plot shows a general trend of overall
improvement, with the two homophone conditions showing roughly similar
accuracy. Tone mistakes made up of 90% of the errors with only 10% of the
mistakes coming from an incorrect mouse-click on a distractor. There was no
relationship between type of mistake and homophone status (χ2(1)= 2.33, p= .13),
type of mistake and talker group (χ2(1) =0.52, p= .47), or type of mistake and day
(χ2(2)= 4.40, p= .11).

Table 1 reports the summary of the exploratory logistic regression model.
Figure 4 visualizes the fixed effects’ coefficients from the exploratory model. The
model revealed a simple effect of Day. Day 2 accuracy (mean = .79) was higher
than Day 1 accuracy (mean = .67). Day 3 accuracy (mean = .83) did not differ from
Day 2 accuracy. All other fixed effects were null.

Correct 4-AFC mouse-click response times

Figure 5 (color online) plots the individual daily performance of each participant
along with group results following the same plotting scheme as Figure 3. Table 2
reports the summary of the exploratory logistic regression model. Figure 6 visual-
izes the fixed effects’ coefficients from the exploratory model. The model revealed
a simple effect of Day. Day 2 RT (mean =1826 ms) was faster than Day 1 RT
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Figure 3. 4-AFC accuracy by participant (point), Talker variability (color), Homophone
status, and Day. White boxes represent 95% confidence intervals with solid color line
representing mean

Figure 4. Estimates from mixed-effect logistic regression model predicting 4-AFC
accuracy. Blue indicates a negative effect whereas yellow indicates a positive effect

(mean =1906 ms). Day 3 RT (mean =1860 ms) did not differ from Day 2 RT. All
other fixed effects were null.
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Table 1. Summary of mixed-effects logistic regression model predicting 4-AFC accuracy

Parameter Log-Odds SE 95% CI z p

(Intercept)  1.58 0.25  [1.09, 2.07]  6.34 < .001

Day 1 −0.73 0.20  [−1.12, −0.33] −3.60 < .001

Day 3  0.29 0.21 [−0.12, 0.70]  1.38  0.166

Non-Homophone −0.16 0.17 [−0.49, 0.17] −0.95  0.341

Multi-talker  0.04 0.26 [−0.47, 0.54]  0.15  0.885

Random effects Variance Sth. Deviation

Participant  0.50 0.71

Item  0.24 0.49

Figure 5. Correct 4-AFC mouse-click response times by participant (point), Talker
variability (color), Homophone status, and Day. White boxes represent 95% confidence
intervals with solid color line representing mean

Discussion

In this study, we set out to explore how familiarity with the signal-independent
phonology of the sound-based structure of the lexicon (e.g., Leach & Samuel,
2007; Lindblom, 1990; Storkel et al., 2006; Stamer & Vitevitch, 2012) and famil-
iarity with the signal-dependent talker information of voice and articulatory
patterns (e.g., Bradlow & Pisoni, 1999; Lee et al., 2009; Nygaard et al., 1994)
jointly affected L2 lexical learning and access of syllable+tone words. This study
served as a follow-up to Liu and Wiener (2020). We asked whether adult L2
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Figure 6. Estimates from mixed-effect linear regression model predicting correct RTs.
Blue indicates a negative effect whereas yellow indicates a positive effect

Table 2. Summary of mixed-effects linear regression model predicting correct RTs

Parameter Coefficient SE 95% CI t(1166) p

(Intercept)     1762.99  54.50  [1656.18, 1869.81] 32.35 < .001

Day 1      122.99  34.59   [55.21, 190.78]  3.56 < .001

Day 3       35.38  31.48 [−26.32, 97.08]  1.12  0.261

Non-Homophone       70.44  51.79  [−31.06, 171.95]  1.36  0.174

Multi-talker       17.75  53.20  [−86.53, 122.03]  0.33  0.739

Random effects Variance Std. Deviation

Participant 18790 137.08

Item  9729  98.64

learners can still take advantage of phonological overlap between known and
new words when being trained and tested on unfamiliar talkers with variable F0
ranges.

Overall, participants identified new words more accurately and faster as a
function of daily training. On Day 2, participants in both talker groups were more
accurate and faster than they were on Day 1, irrespective of homophone status.
No additional effects were found on Day 2 or any effects on Day 3. Thus, our
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exploratory analysis revealed evidence of lexical learning independent of homo-
phone status and talker group.

We therefore did not find a tonal homophone advantage in adult L2 learners
of Mandarin when talker variability was introduced in the testing phase, irre-
spective of whether it was also introduced in the training phase. Unlike the
participants in Liu and Wiener (2020), participants in both our single-talker and
multi-talker groups did not identify new words with homophones already known
to them more accurately and/or faster than new words without known homo-
phones. This suggests that the tonal homophone advantage in L2 word learning
observed by Liu and Wiener (2020) may have been partially driven by an excep-
tionally high level of talker familiarity, since that study used a single speaker
for both training and testing. The talker normalization required in the present
study meant that the L2 learners struggled to categorize relevant segmental and
tonal information across different talkers. Indeed, for the participants in Liu and
Wiener (2020), it was a relatively ‘easy’ task to learn and recognize 20 words
spoken by a single talker. The highly consistent signal-to-representation match
resulted in word recognition accuracy rates near ceiling on Day 2 (.89) and Day
3 (.92). In contrast, the single-talker (.84) and multi-talker (.82) groups in the
present study were still making quite a few tonal errors on Day 3. An exploratory
post-hoc ANOVA using the data from Liu and Wiener (2020) and the present
study confirmed that the group trained and tested on the same talker was more
accurate than our single-talker and multi-talker groups, F(2, 166)= 6.04, p= .003,
η2 = .05. This reduction in accuracy is in line with recent L2 tone recognition
results that showed high talker variability increases tonal competition and often
yields inaccurate recognition of syllable+tone words (Wiener et al., 2021; Wiener
& Lee, 2020) and that exposure to multiple talkers with different F0 ranges is
difficult for L2 learners who struggle with talker normalization (e.g. Lee et al.,
2009, 2013; Lee & Wiener, 2020). We note that any benefit of talker variability may
simply be delayed for L2 Mandarin learners. Our three-day training paradigm
may have been too short to see a robust talker variability effect. Yet, we corrob-
orated work showing how overnight consolidation of tones in L2 learners (e.g.,
Qin & Zhang, 2019) can result in improved learning and recognition. Future work
may explore a more extended length of exposure.

Our results are compatible with Jiang’s model (2000, 2018) and demonstrate
how sensitive the formal stage of lexical development can be in which form-
meaning connections are built. Our results suggest that the difficulty involved
in L2 word learning and recognition may largely result from the difficulty of
matching a developing mental representation to variable speech input. In our
study, participants tested on multiple speakers seemingly learned the new words
similarly, irrespective of whether they heard a single talker or 16 talkers in the
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training phase. However, both groups were less accurate than the group trained
and tested on the same talker by Liu and Wiener (2020). The challenge apparently
lies in matching the incoming signal to these nascent representations given unfa-
miliar talkers and the acoustic variability of their speech (e.g., Hardison, 2003;
Sommers & Barcroft, 2011).

Our results are also in line with hybrid models of the lexicon that store both
speaker-specific exemplars and abstract representations (e.g., Mitterer, Chen, &
Zhou, 2011). Evidence for abstract representations was demonstrated by both
the single-talker and multi-talker group as they performed equally despite the
different training talker (e.g., McQueen, Cutler, & Norris, 2006). Evidence for
talker-specific exemplars is still a viable explanation for Liu and Wiener’s results
(2020).

Finally, although we did not find a homophone advantage in our data, we
re-examined Liu and Wiener’s data to clarify whether L2 learners of Mandarin
benefit from complete phonological overlap (as in the case of tonal homophones
such as shu1 ‘book’ and shu1 ‘uncle’) or partial phonological overlap (as in the case
of knowing many words with ‘u’ vowels and a high level tone like qu1, du1, fu1; see
code online). We found that the observed homophone effect in Liu and Wiener
can be explained by partial overlap of the onset-only and onset+tone, as well as
by complete phonological overlap. Because the stimuli were not designed to test
this specific hypothesis, we call for future studies to tease apart these variables, if
possible.

We conclude by acknowledging the limitations to the study. Like Liu and
Wiener (2020), the present study was unable to fully tease apart how tones,
talkers, and homophones completely interact. Because the tested L2 learners knew
a limited number of words, we were unable to test all potential tone pairs (e.g.,
shu1 and shu3 were tested but not shu2-shu3, shu1-shu4, etc.). Future studies with
more advanced learners and with disyllabic nouns (e.g., Chang & Bowles, 2015)
are needed. It is also unclear whether different phonological overlap in terms of a
syllable, tone or vowel may affect L2 word learning. A design closer to Stamer and
Vitevitch’s (2012) in which each phonological category is systematically manip-
ulated may yield different results. Finally, to what degree individual differences
contributed to the present results (e.g., Bowles et al., 2016; Perrachione et al.,
2011) remains unclear. We found null effects of Tonometric pitch perception abil-
ities: our post-hoc exploratory correlation analyses revealed that pitch percep-
tion abilities were neither correlated with 4-AFC accuracy (r= −.28, p= .09) nor
4-AFC correct RT (r =−.13, p =.43). Other potential individual differences such
as working memory (e.g., Juffs & Harrington, 2011) and inhibitory control (e.g.,
Linck, Hoshino, & Kroll, 2008) may be explored in future studies.
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To conclude, we found that talker variability disrupts any homophone advan-
tage that L2 Mandarin learners may be able to use. In combination with Liu
and Wiener (2020), these findings suggest that specific phonological information
(e.g., homophones) is stored in the lexicon. For beginner L2 Chinese learners,
access to homophones is modulated by talker familiarity. Only when learners were
exceptionally familiar with a single speaker’s voice did they show a homophone
advantage in new spoken word learning. Once multi-talker speech was used in
the testing phase, regardless of whether participants were exposed to the multi-
talker speech during the training, then a homophone advantage did not emerge
in learning the new spoken words.
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