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Abstract

Mandarin Chinese is a tonal language where variations in voice
pitch distinguish word meaning. Acquiring tonal contrasts
presents challenges for adult second-language learners.
Undergraduates (N = 59) completed a computer-assisted
language learning protocol, where they engaged in listening
and repeating Chinese disyllabic nouns and matching them
with corresponding pictures. Tone production accuracy was
assessed at pretest/posttest using complexity invariant distance
(CID), a quantitative metric of the distance between time series
(learner vs. native-speaker productions). Word-level analyses
found lower CID scores at posttest, indicating improvements
in tone production after three blocks of word-picture matching.
Fine-grained syllable-level analyses showed lower CID scores
for first vs. second syllables, suggesting a primacy advantage.
Accuracy on the Music Ear Test predicted lower CID scores,
linking musicality with aptitude in learning tonal contrasts. No
effects of nonverbal intelligence or language background were
found. CID offers a robust method of assessing tone production
accuracy for future studies.

Keywords: tone production and perception; L2 acquisition;
Mandarin Chinese; musicality; complexity invariant distance
measurement; individual differences

Introduction

Mandarin Chinese, a tonal language, uses pitch variations to
distinguish the meanings of words that are otherwise
phonetically identical (Bluhme & Burr, 1971). These pitch
distinctions are fundamental to communication, making
accurate perception and production of tones crucial for
language proficiency. Mastering tonal contrasts presents a
unique and significant challenge for adult second-language
(L2) learners, especially those whose native languages are
non-tonal (e.g., English). Unlike non-tonal languages, where
meaning is conveyed primarily through segmental sounds,
Mandarin's reliance on pitch adds a layer of complexity for
learners to navigate (Kiriloff, 1969; Shen, 1989).

The difficulties that adult L2 learners face in acquiring
Mandarin tones are well-documented (Kiriloff, 1969; Pelzl,
2019). Perceiving and producing the five tones of Mandarin
(high-level, rising, low-dipping, falling, and neutral) requires
reliance on fine-tuned auditory discrimination and control

over vocal pitch modulation. This complexity is compounded
by the fact that tonal contrasts are not only segmental but
extend over the syllable, potentially increasing cognitive load
(Shen, 1989). While targeted training in tone identification
can improve performance, adult L2 learners generally fail to
achieve native-like accuracy in tone perception and
production (Pelzl, 2019).

Disyllabic words comprise about 40% of word tokens and
60% of word types in the Mandarin Chinese Conversational
Corpus (Liu et al., 2016). Yet, most studies examining L2
tone perception and production have focused on
monosyllables, which are markedly easier to process than
disyllables (Chang & Bowles, 2015; Hao, 2018). Mandarin
learners often struggle to identify tones in disyllabic words,
where tonal register and contour shift based on the adjacent
tones (Xu, 1997). Since coarticulation causes Mandarin tones
in disyllabic words to differ considerably from monosyllables,
studying tone acquisition using disyllabic words provides a
better representation of the challenges associated with
learning the language.

Moreover, syllable position within disyllabic words may
also influence tone recognition and production (Chang &
Bowles, 2015). Liu et al. (2011) found that college students
learning Mandarin as a new language exhibited higher
accuracy in recognizing tones in second syllables compared
to first syllables of disyllabic words. Similarly, Hao (2018)
observed better tone perception for second syllables among
intermediate learners. Yu (2021) found that native Mandarin
speakers preferred to assign stress to final syllables of words,
reflecting Mandarin’s prosodic characteristics where final
syllables often carry a greater prominence. While tone
recognition appears to benefit from the prosodic prominence
of final syllables, how syllable position affects tone
production is less straightforward. Hao (2012, 2018) found
no overall effect of position but noted that certain tones were
produced more accurately in word-final position.

Non-linguistic Influences

Previous studies of individual differences in L2 learning
report positive associations between measures of musicality
and accuracy in perceiving tonal contrasts in unfamiliar
languages like Mandarin (Christiner et al., 2022; Delogu et
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al., 2006; Han et al., 2019), Thai (Gétz et al., 2023) and
Norwegian (Kempe et al., 2012, 2015). This suggests that
individuals with musical training may have a higher aptitude
for learning tonal contrasts. The association between
musicality and tone perception also raises the possibility of
leveraging music (i.e., melodic intonation) to improve
learning of tonal languages (Howe & Baumgartner, 2024).

In addition to musicality, nonverbal intelligence, assessed
via visual-spatial pattern completion tasks, has been linked
with individual differences in adult language learning
outcomes (Brooks & Kempe, 2013; Rose et al., 2023) and is
considered a general indicator of aptitude (Grigorenko et al.,
2000). Consequently, we included measures of nonverbal
intelligence and musicality in our study.

Complexity Invariant Distance (CID) Metric

Accuracy of tone production is difficult to measure. One
often-used strategy is to have native speakers rate
participants’ tone productions (He et al., 2016; Li &
DeKeyser, 2017; Weiner et al., 2020). This approach relies
on subjective perception, and introduces a great deal of
information loss, as responses may be scored as “correct” or
“incorrect” without allowing for graded judgment.
Additionally, this approach lacks scalability and requires the
number of trials to be low or the data processing timeline
extended, for scoring to be manageable.

Another approach is to compare the pitch curves (i.e.,
fundamental frequency, f0) of the learner’s word productions
with those of a native speaker and compute the distance
between the two curves as a deviation score (Wang et al.,
2003). While this approach provides a more objective
measure of production accuracy, the choice of a distance
metric for computing deviance scores is non-trivial. As a non-
linear time series, the choice of distance metric must take into
consideration the complexity of the curves. To compute an
objective measurement of tone production accuracy, the
current study employs complexity invariant distance (CID) as
a metric (Batista et al., 2014). CID provides a more nuanced
comparison of learners’ tonal productions with those of
native speakers that adjusts for the complexity of pitch
contours (Zhou & Olson, 2023).

Current Study

This study builds on prior work on individual differences in
Mandarin tone acquisition (Christiner et al., 2022; Delogu et
al., 2006; Han et al., 2019), with a focus on musicality and
nonverbal intelligence as indicators of learning aptitude.
Using a computer-assisted language learning (CALL)
protocol, we assessed accuracy in vocabulary comprehension
and tone production after one hour of practice in listening and
repeating Mandarin disyllabic nouns and matching them with
corresponding pictures. Following Lee and Kalyuga (2011),
we also varied the presence/absence of captioning during
training blocks to test whether captions might enhance
learning. This manipulation had no effect on learning
outcomes and is not discussed at length in this report due to
space constraints.

Using CID as an objective, quantitative metric, we
examined whether accuracy in tone production improved
from pretest to posttest and whether it varied by syllable
position. Based on Hao (2018) and Liu et al. (2011), we
hypothesized that learners would show higher accuracy on
second syllables than initial syllables of disyllabic words. We
also predicted that adult learners with higher musical aptitude
and nonverbal intelligence would have more success in
learning Mandarin tonal contrasts.

Method

Participants

College students (N = 59, 39 women, 20 men, Mage = 20.9,
SDage = 3.1, range 18-33) were recruited via the SONA
research participation system at a minority-serving public
college in the Northeastern United States. Race/ethnicity was
reported as follows: 39.0% White, 33.3% Black, 25.4%
Hispanic/Latinx, and 5.1% Asian (not mutually exclusive).

After obtaining informed consent, we administered a
language background questionnaire (adapted from Rose et
al., 2023) on Qualtrics to determine eligibility. Participants
were asked to provide information about their native
language(s) and other languages studied at school, spoken at
home, or used abroad. We excluded potential participants
with prior knowledge of Chinese. On average, participants
reported knowledge of 2.6 languages, including English (SD
= 0.9, range 1-5). Three participants reported knowledge of
Tagalog, a syllable-timed language with a pitch accent. No
other participants reported prior experience with a tonal
language. The performance of the three Tagalog speakers was
comparable to that of other participants. Language
background will not be discussed further here as preliminary
analyses showed no relation to learning outcomes.

Materials

Chinese Vocabulary. Stimuli were 36 disyllabic Mandarin
words comprising 18 pairs of segmental homophones, i.e.,
words with identical phonemes but differing in tonal patterns
(e.g., yan3jingl [ HR H5 ,eyes] vs. yan3jingd [ HE
%, eyeglasses]), and corresponding pictures; see Table 1 for
examples. Segmental homophones varied in tone on the first
syllable (7 pairs), second syllable (3 pairs), or both (8 pairs).
One additional word pair (mal [4%, mother], ma3 [, horse])
was used to explain task procedures. Words were recorded by
native Chinese speakers (two women, one man) in a sound
booth and normalized for volume.

Table 1: Examples of Mandarin disyllabic homophones.

Wi Fili 1
shizi - shizi r 1
[lion] [persimmon] St
RET ) K] IS fg
xiongmao - xidongmao .
[panda] @ [Chest hair] | S|

2301



Culture Fair Test. We administered a computerized
adaptation of the Culture Fair Test, Scale 4, Form A (Cattell,
1973) to assess participants’ nonverbal intelligence (Rose et
al., 2023). The assessment comprised two timed tests
presented via Qualtrics. Test 1 (Series, 13 items, 3 minutes),
asked participants to identify the correct geometric pattern
from six options to complete a series of four images. Test 2
(Classification, 14 items, 4 minutes), asked participants to
select which two of five patterns were similar and differed
from the other three. Scores were calculated as the number of
items correct (M = 12.2, SD = 2.9, range 5-20).

Musical Ear Test. The Musical Ear Test (Wallentin et al.,
2010) was used to assess participants’ musical ability. We
administered the test on the Gorilla research platform. The
test presents 52 pairs of melodic phrases played with sampled
piano sounds. Participants were asked to indicate whether the
two melodic phrases were identical or not via button press.
Scores were calculated as the percentage of items correct (M
=64.2%, SD = 11.1%, range 40.0-87.5%).

Procedure

Each participant was tested individually in a single 2-hour
session conducted remotely and recorded on Zoom.
Participants were instructed to wear headphones throughout
the session. At the start of the session, the participant shared
their screen with the camera hidden. The experimenter
remained present to monitor attention and answer general
questions. Tasks were presented in a fixed order (see Figure
1), with written instructions provided on the screen.

| Language Background Questionnaire |

Computer-Assisted Language Learning (CALL)

| Pretest (36 Trials) |

Training (3 blocks)

No Caption Pinyin Character
[ Posttest (36 Trials) |

U U U U g S

| Culture Fair Intelligence Test |

Y

| Music Ear Test |

Figure 1: Order of tasks

Computer-Assisted Language Learning (CALL). The
CALL protocol was programmed in PsychoPy and delivered
via Pavlovia (Peirce et al., 2019) on Google Chrome. The
protocol was fully self-paced and organized into three parts:

pretest (one block of 36 trials), training (three blocks of 36
trials), and posttest (one block of 72 trials). Trials proceeded
as the participant entered responses, with short breaks
between blocks. In an effort to support vocabulary learning,
comprehension feedback was provided after each response.
The experimenter did not provide any feedback besides
general encouragement between blocks.

Pretest/Posttest. The pretest and posttest were structured
identically and utilized a word comprehension task combined
with listen-and-repeat practice. Chinese nouns were
presented one at a time with a corresponding pair of pictures
representing the two possible meanings of the homophonic
word pair. In each trial, the participant was asked to match
the word they heard with the corresponding picture, using a
two-option forced-choice task with the depictions of the
segmental homophones side by side. After making their
choice, the participant received feedback with the Mandarin
noun repeated aloud as the correct picture was shown. The
participant was then instructed to repeat the Mandarin word
aloud to assess accuracy in tone production and repeated it
again after hearing the word a second time. As summarized
in Table 2, this procedure allowed us to determine whether
vocabulary comprehension and/or listen-and-repeat accuracy
of Mandarin tones improved from pretest to posttest. For the
pretest (36 trials), all recorded stimuli were drawn from the
same native speaker to minimize variability. For the posttest
(72 trials), half of the trials were identical to the pretest, and
the other used recordings drawn from two other native
speakers.

Table 2: Pretest and posttest format.

Picture Presented

oo

Tasks and Instructions |
Vocabulary Comprehension
Instructions: Listen to the
recording and use the right or left
arrow key to select the picture
matching what you hear.

Female voice: HRHE, yinjing

~a

8

Feedback: After response,
Mandarin word (HR ¥, yanjing)
is replayed as correct picture
[eyes] is shown.

)
)

Listen-and-Repeat
Instructions: Listen and repeat
the word out loud twice, when
you see the words “Now Repeat"
on the screen.

Press “C” to advance to the next
trial.

Training. Participants were randomly assigned to one of
three learning conditions: no captions (n = 20), pinyin
[Romanized text] captions (n = 19), and character captions (n
= 20). In each of the three training blocks, participants were
given the task of matching Mandarin spoken words with the
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corresponding pictures. The format and instructions for the
training blocks were identical to the pretest/posttest, with the
exception that there were no instructions to repeat the words
(i.e., comprehension practice alone). Also, in two of the

learning conditions, the pictures were presented with captions.

In each block, the recorded stimuli were drawn from two
different speakers, (i.e., two female speakers, male speaker
and femalel, male speaker and female2). Half the words were
spoken by one speaker and the other half by a different
speaker, with the words presented in random order. In the two
captioning conditions (Chinese characters and pinyin text),
the captions appeared above the corresponding pictures
throughout the training blocks.

Complexity Invariant Distance Calculations

Complexity Invariant Distance (CID) is a metric used to
compare two time series while taking into account the
complexity of the data. It calculates the Euclidean distance
between the time series and adds a correction factor for the
complexity of the series so that a complex series is viewed as
“closer” to another complex series (Batista et al., 2014).
Without this correction, Euclidean distance is biased in favor
of simpler time series. CID is particularly useful in evaluating
accuracy in tone production because it accounts for the
inherent complexity of pitch contours characterized by
variation in duration as well as the pitch curve (i.e.,
fundamental frequency, f0). This metric provides a single
deviation score indicating how closely the learner reproduced
the native speaker model.

Audio files were split into individual words (word-level
analysis) and first and second syllables (syllable-level
analysis) using PRAAT (Boersma, 2001). Pitch curves for the
participant and the native speaker productions were extracted
at both word and syllable levels using the Parselmouth library
in Python (Jadoul et al., 2018). Following Zhou and Olson
(2023), we normalized and resampled the pitch curves at 20
points per word (word-level analysis) or syllable (syllable-
level analysis). This allowed for point-by-point comparisons
in pitch curves. We used linear interpolation for sampling
because preliminary analyses found that linear interpolation
was more reliable than a Fourier series. We then compared
each normalized word or syllable production with the native
speaker model and calculated CID as the difference between
curves. Python code for the CID calculations is available in
Supplemental Materials (Gao et al., 2025).

Figure 2 provides a word-level example comparing a 20-
year-old female participant’s production of HREE yénjing
[eyes] with the native speaker (model). In this example, the
CID score was 17.8 at pretest and 10.7 at posttest, indicating
higher listen-and-repeat accuracy for AR yinjing [eyes] at
posttest (i.e., less distance between the learner and the native
speaker). Figure 3 provides a syllable-level example, i.e., a
22-year-old male participant producing the two syllables of
ARFE yanjing [eyes] on a single trial. Here, the CID for the
first syllable (1.9) was markedly lower than for the second
syllable (22.3) indicating higher accuracy in tone production
for the initial syllable.

5 — _Pretest

Normalized Pitch

0.00 0.25 0.50 0.75 1.00
Normalized Time

5 Posttest

Normalized Pitch

0.00 0.25 0.50 0.75 1.00
Normalized Time

Figure 2: Word-level example comparing the pitch curves of
IRFE yanjing [eyes] at pretest and posttest for the participant
(blue line) vs. the native speaker model (red line). Dotted
purple lines indicate pointwise distance.

Results

Vocabulary Comprehension Accuracy

We found no improvement in participants’ ability to associate
Mandarin homophones with their corresponding pictures
(Pretest: M = 65.2%, SD = 9.3; posttest: M = 63.8%, SD =
11.1). This null result underscores the difficulties participants
faced in mapping the homophones onto their referents despite
multiple blocks of trials with feedback. Moreover, we found
no interpretable differences in performance across captioning
conditions, suggesting insufficient exposure to benefit from
captions. Participants in the Chinese character condition were
more accurate at pretest (M = 66.8%, SD = 8.6) than those in
the no captions condition (M = 63.7%, SD = 10.0), i.e., before
seeing any captions in the training blocks. This difference
was maintained at posttest. Regarding individual differences,
we found no effects of musicality or nonverbal intelligence
in predicting vocabulary comprehension. Given that these
findings failed to demonstrate benefits of captioning
conditions or aptitude, we can only conclude that one session
of training was simply insufficient to detect factors associated
with individual differences in learning tonal contrasts.
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5 First Syllable
= 4
2
~
- 3
(D]
N
g 2
o
Z
0
0.00 0.25 0.50 0.75 1.00
Normalized Time
5 Second Syllable
= 4
2
~
- 3
(]
N
Té 2
o
Z

0.00 0.25 0.50 0.75 1.00
Normalized Time

Figure 3: Syllable-level example comparing first and second
syllable pitch curves of AR yanjing [eyes] for the
participant (blue line) vs. the native speaker model (red
line). Dotted purple lines indicate pointwise distance.

Listen-and-Repeat Accuracy

For this analysis, we examined tone production for matched
pretest and posttest trials (i.e., the 36 stimulus words spoken
by the same female speaker) using the first repetition on each
trial. To analyze production accuracy at the word and syllable
level, we conducted hierarchical linear regression models
using CID scores as the dependent variable. Though
preliminary analyses of CID scores at pretest/posttest
indicated no effects of captioning conditions on tone
pronunciation accuracy, we retained learning condition as a
factor in the models. Thus, both regression models included
dummy variables for pretest/posttest and learning condition
(i.e., comparing pinyin and character caption conditions with
the no captions [reference] condition), and included musical
ability (Musical Ear Test) and nonverbal ability (Culture Fair
Test) as predictor variables. For the syllable-level analysis,
syllable position was included as an additional predictor.
Random intercepts were included for items and participants.
Note that smaller CID scores indicate a smaller distance
between pitch curves; thus, negative regression coefficients
indicate an association between the variable and higher
accuracy in tone production.

Word level analysis. We found that tone production
accuracy measured at the word level increased from pretest
to posttest as indicated by lower CID scores (Pretest: M =
13.8, SD = 6.4, range 1.6-51.6; posttest: M = 13.3, SD = 5.3,
range 2.7-38.9; b = —0.49, SE = 0.14, p < .001). Regarding
learning conditions: CID scores for the pinyin captions group
(b =-0.68, SE = 0.44, p = .132) and the character captions
groups (b = —0.82, SE = 0.44, p = .065) did not differ from
the no captions group. Neither musical ability (b =-2.57, SE
= 1.64, p = .123) nor nonverbal intelligence (b = 0.00, SE =
0.06, p = .961) were significant predictors of CID scores.

Syllable level analysis. In contrast to the word-level analysis,
tone production accuracy measured at the syllable level did
not differ significantly from pretest to posttest (b=-0.32, SE
=0.19, p = .092; pretest: M = 14.8, SD = 9.3, range = 0.5—
66.9; posttest: M = 14.5, SD = 9.2, range = 0.7-92.0).
However, we found a significant effect of syllable position (b
=3.09, SE=0.19, p <.001; first syllable: M =13.1, SD =8.8,
range = 0.5-66.9; second syllable: M = 16.2, SD = 9.43,
range = 0.7-92.0), with higher accuracy for the first syllable
than the second syllable. Moreover, musical ability was
associated with performance, such that participants with
higher Musical Ear Test scores had significantly lower CID
scores at the syllable level (b =-5.22, SE =2.21, p = .022).
In contrast, nonverbal intelligence was unrelated to tone
production accuracy (b =—3.00, SE = 2.34, p = .206). As in
the word-level analysis, there was no effect of learning
condition. CID scores for pinyin captions (b = —0.48, SE =
0.60, p = .427) and character captions groups (b =—-0.27, SE
=0.59, p = .653) did not differ from the no captions group.

To further examine the effect of syllable position, we
examined which tones presented the greatest difficulty in first
vs. second syllable; see Table 3. For first syllables,
differences in CID scores were minimal. For second syllables,
learners did especially poorly on TO (neutral tone), an
unstressed syllable that receives its tone from the preceding
syllable. They also did poorly on T3, which is realized as a
full dipping tone only in final position.

Table 3: CID scores for Mandarin tones by syllable position.

Tone First Syllable Second Syllable
M (SD) M (SD)
TO N/A 18.9 (10.2)
Tl 14.2 (6.2) 14.9 (6.9)
T2 13.0 (8.0) 11.7 (9.5)
T3 12.2 (10.0) 18.2 (8.5)
T4 12.6 (11.1) 15.4 (10.2)
Discussion

This study investigated Mandarin tone acquisition in adult L2
learners, focusing on their ability to learn new disyllabic
words (vocabulary comprehension) and reproduce the tonal
contours accurately (listen-and-repeat). Despite multiple
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blocks of trials with feedback, participants showed no
improvement in matching Chinese homophones with their
corresponding pictures, underscoring the difficulty of using
tonal contrasts as an informative cue to word meaning.
Distinguishing the tonal contours of disyllabic homophones
and mapping them on to their references is enormously
difficult for adult L2 learners, even with corrective feedback
provided trial-by-trial throughout training.

Although we found no evidence of improvement in
vocabulary comprehension, modest gains were observed in
learners’ ability to replicate pitch contours when asked to
listen-and-repeat the Mandarin words. Our study is the first
large-scale implementation of CID as a measure of Mandarin
tone production accuracy. Here we applied the measure to
tone productions of 59 participants (72 trials each), whereas
Zhou and Olson (2023) reported data from just 5 participants.
We analyzed CID scores at both the word and syllable levels
and found somewhat different results due to differences in the
precision of the pitch curve alignment. Analyzing disyllabic
words as a single time series conflates two separate tones,
potentially masking localized L2 production errors. Prior
research (Hao, 2018) indicates that tone accuracy varies by
syllable position due to contextual and prosodic influences—
effects that are blurred in word-level analyses. Syllable-level
CID offers finer resolution, revealing position-specific
deviations and clearer insight into learner difficulties. For
preprocessing, we resampled all recordings to 20 pitch points
per word/syllable. Thus, the word-level data had half the
resolution of the syllable-level data, potentially introducing
noise during interpolation. Additionally, we normalized pitch
over the entire word, which might have added noise.

Word-level analysis showed significant pretest-to-posttest
improvements in tone production accuracy, with relatively
low variability in CID scores. However, at the syllable level,
this improvement was no longer significant. Instead, we
found participants repeated first-syllable tones with higher
accuracy than second-syllable tones—contrary to our
hypothesis and prior work suggesting that second-syllable
tones are more recognizable (Hao, 2018; Liu et al., 2011).
This may be because specific tones (e.g., T3) resemble
canonical forms in word-final position (Wu et al., 2023),
making them easier to identify at the ends of words.

Another factor at play may be the stage of L2 learning.
Both Hao (2018) and Liu et al. (2011) tested learners who had
much more exposure to Mandarin (i.e., a semester or more of
instruction) than one hour of practice, as in our study. Adult
native speakers of English tend to perceive first syllables as
stressed, and thus more prominent, due to the trochaic bias
(i.e., most disyllabic English nouns have first-syllable stress).
English-speakers’ bias to assign stress to first syllables may
extend to Mandarin (Yu, 2021). In Yu’s study, English
speakers judged Mandarin nouns to have first-syllable stress,
whereas Mandarin native speakers preferred to assign stress
to final syllables. Due to the trochaic bias, our participants
may have perceived first syllable tones as more acoustically
prominent than second syllable tones, which may have
enhanced their ability to reproduce them. Whether this

primacy bias favoring first syllables persists over subsequent
exposure to Mandarin as a new language is an important topic
for future research.

As is expected in studies of adult L2 learning, there was
considerable variability in participants’ tone production
accuracy, possibly reflecting language learning aptitude. In
the fine-grained syllable-level analysis, learners who scored
higher on the Musical Ear Test (Wallentin et al., 2010) were
more accurate in reproducing pitch contours of Mandarin
tones. The effect of musicality is in keeping with prior work
(Christiner et al., 2022; Delogu et al., 2006; Han et al., 2019).
Each of these studies found L2 learners with musical training
and/or aptitude to be more accurate in perceiving and/or
producing Mandarin tones than learners who lacked musical
training. One interpretation is that same or similar auditory
mechanisms are involved in processing music and non-native
speech sounds, e.g., tracking pitch or melody, leading to
enhanced sensitivity to tonal contours and contrasts in
individuals with musical training or aptitude (Gotz et al.,
2023; Kempe et al., 2015).

In contrast to the effect of musicality, there was no effect
of nonverbal ability (visual-spatial pattern completion) on
learning outcomes. This contrasts with a previous study
where learners with higher nonverbal ability were more
successful in distinguishing Norwegian pitch contours than
their counterparts with lower nonverbal ability (Kempe et al.,
2012). More work is needed to determine how nonverbal
ability may be leveraged to support language learning.
Moreover, in contrast to previous research (Wayland &
Guion, 2004), we found no evidence that participants’
language background influenced learning outcomes (see also
Hao, 2012). However, only three participants in our study had
prior knowledge of a tonal language (Tagalog). Hence,
additional research is needed to draw firm conclusions about
possible transfer effects across languages.

Conclusion

Our findings underscore the complexity and difficulty of
Mandarin tone acquisition for adult L2 learners (Pelzl, 2019).
Learners’ difficulties may be exacerbated in the context of
learning disyllabic words, which constitute the majority of
Mandarin word types (Liu et al., 2016). The modest gains we
observed in tone production in the word-level analysis
indicate adult L2 learners’ capacity to register tonal contours
from limited exposure. However, our participants were
largely unsuccessful in mapping the contrasting word forms
with their referents. To enhance learning, future studies might
use perceptual training to increase tone sensitivity prior to
introducing the word-learning task and include monosyllabic
words as examples of canonical tones (Chang & Bowles,
2015). Use of CID as a quantitative measure increases the
feasibility of conducting future studies of Mandarin tone
production and should be compared with subjective coding
(native speaker intuitions). The findings provide additional
evidence that musicality may enhance the learning of tonal
languages, which may inform educational strategies and
curriculum design.
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