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repurposing pitch patterns from intonation cues to the
formation of abstract tone categories at the word
level. This hypothesis was tested with an experiment
on the incidental learning (i.e. learning without
intention) of tone-segment mappings. In tone
languages, a given syllable may in principle carry any
tones in their tone system. In some tone languages,
however, the segments of a word may pose
constraints on the possible tone a given word can
carry at the lexical level (“tone-segment mappings”).
For example, in many Chinese languages such as
Cantonese and Hakka, entering tones only appear in
words with a stop consonant such as /h/, /p/, /t/ or /k/
in the coda position [2, 9]. In Thai, the tone of a word
is determined by a complex interplay among the
initial consonant class, vowel length and syllable
type. For instance, the mid tone and the rising tone
only occur in syllables ending with a nasal stop, glide
or an open vowel (see [13] for details). The learning
of tone-segment mappings hinges on the perception
and encoding of both segments and abstract tone
categories at the word level, and thus tone-segment
mappings are suitable learning targets for testing
learners’ ability to form abstract tone categories never
before explored. The goal of the present study is to
determine the effects of prior experience in the
linguistic use of tones and musical training on the
formation of novel abstract tone categories at the
word level, as revealed by the incidental learning of
tone-segment mappings.

ABSTRACT
Most previous studies on second language (L2) tone
learning focused on explicit processes such as L2 tone
identification/discrimination. However, the ability to
identify/discriminate L2 tones does not entail the
ability to encode pitch patterns as abstract tone
categories at the word level, a pre-requisite for using
them as lexical cues. This contribution reports an
experiment on incidental learning of tone-segment
mappings, which hinges on encoding pitch patterns as
abstract tone categories at the word level. 80
Cantonese and English musicians and non-musicians
were recruited. Results show that while the four
subject groups distinguished the target tones similarly
well perceptually, Cantonese speakers showed a
learning effect of the target tone-segment mappings
but English speakers did not, regardless of their
musical background. This suggests that tone language
speakers are able to implicitly categorize pitch
contours as tone categories at the word level but nontone language speakers cannot, regardless of their
prior musical training.
Keywords: L2 tone learning, incidental learning,
tone-segment mappings, music and speech
1. INTRODUCTION
Tone languages (e.g. Cantonese, Thai, Vietnamese)
employ contrastive pitch patterns (i.e. lexical tones)
to distinguish lexical meaning. Lexical tones are often
reported to be difficult for L2 learners, especially for
those whose native language (L1) is a non-tone
language (e.g. English and French) (e.g. [5, 15, 16]).
However, the nature of the difficulty involved is still
far from clear. Most previous studies focused on
explicit processes such as L2 tone identification or
discrimination, and what factors—notably prior
linguistic background and musical training—may
contribute to better L2 tone perception and learning
(e.g. [7, 10, 17]). However, the ability to perceive or
discriminate different L2 tones explicitly does not
entail the ability to encode pitch patterns as abstract
tone categories at the word level, which is the prerequisite of using abstract tone categories as lexical
cues for word meaning contrast.
This paper is motivated by the hypothesis that, for
learners whose native language is non-tonal, a major
difficulty in learning novel lexical tones concerns

2. METHOD
2.1. Participants

80 participants (20 Cantonese musicians, 20
Cantonese non-musicians, 20 English musicians and
20 English non-musicians1) were recruited.
2.2. Learning targets

The learning targets involved two artificial rules on
the mappings between onset consonant and tone: i)
words beginning with an aspirated stop (e.g. /ph/, /th/
or /kh/) carry a rising tone; ii) words beginning with
an approximant (e.g. /l/, /w/ or /j/) carry a falling tone.
Only monosyllabic words were used in the
experiment, as tonal coarticulatory effect would have
been a confound for the study of tone processing if
polysyllabic words were used. To fully learn the rules
above, participants had to be able to 1) distinguish
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the same segmental content and differed only in tone
they carried (e.g. /suːaR/-/suːaF/. The order of the AB
pairs was counterbalanced (i.e. both AB and BA pairs
were used), resulting in 60 AB pairs.
A short practice was given at the beginning, followed
by 120 trials in the AX discrimination task (60 AA
pairs and 60 AB pairs). Both accuracy and reaction
time data were collected. No feedback was given
throughout the actual task. It was expected that the
two target tones should be easy for all the participants
to distinguish. If Cantonese and English learners
performed similarly well in this task, a further
question would be whether different participant
groups would show differential success in learning
the target tone-segment mappings.

perceptually the two classes of consonants (aspirated
stops vs. approximants) and the two lexical tones
(rising or falling); and more importantly 2) form
relevant segmental and abstract tone categories at the
word level and pick up their connections. Since our
focus was to determine whether participants could
form novel tone categories at the word level, it was
our intention to choose tones which should be easily
distinguishable (rising vs. falling) at the phoneticacoustic level, and onset consonants which are
phonological natural classes in both English and
Cantonese. No processing of meaning, which could
be a confound in many previous studies on lexical
tone processing, was required.
2.3. Stimuli and procedure

2.3.2. Word learning task

All stimuli used in the present study were
monosyllabic nonce words generated by the Salika
2011 Thai speech synthesizer, and thus the phonetic
realisations of the stimuli were based on Standard
Thai. Thai was chosen in order to minimise the effects
of prior linguistic knowledge for all the participants.
The learning of the target tone-segment mappings
was assessed with a word learning task. Before that,
an AX discrimination task was administered to test
whether participants could perceptually distinguish
the rising and falling tones in the learning targets.

The general design of the word learning task was
adapted from Chan and Leung [3, 4]. The task
consisted of a training phase and a testing phase.
Training phase. The goal of the training phase was to
expose the participants to the target tone-segment
mappings incidentally (i.e. without stating the target
rules). 72 (4x6x3) monosyllabic nonce words used in
the training phase were concatenations of the
following phonemes:
• Onset: /ph/, /th/, /l/ or /w/
• Nucleus: /i:/, /u:/, /o:/, /ɛː/, /ɔː/ or /aː/
• Coda: /m/, /n/ or /ŋ/
Words with an aspirated stop (i.e. /ph/ and /th/) in the
onset always carried a rising tone, whereas those with
an approximant (i.e. /l/ and /w/) in the onset always
carried a falling tone. By creating stimuli via
concatenations of phonemes, the frequency of each
phoneme in the nucleus and coda was the same for
words with an aspirated stop onset and words with an
approximant onset. This served to prevent
participants from relating the tone a word carries with
anything other than the nature of the onset consonant.
Participants were told that they were going to learn
words in an unknown language but were not told
anything about the language. In each trial,
participants were auditorily presented with a word.
They were asked to listen to the word carefully and
repeat it aloud as accurately as possible. To encourage
the participants to pay attention to the pronunciation
of the words, they were told that their voice would be
recorded. No visual information on the spelling or
meaning of the word was provided. Importantly, no
explicit information about the connections between
the initial consonant and tone type (i.e. the learning
targets) was provided. Participants’ pronunciation
accuracy during the training phase was not the focus
of the experiment and thus the production data were
not analysed. The 72 nonsense words were randomly

2.3.1. AX discrimination task
The goal of the task was to test whether participants
could distinguish the two tones (rising and falling) in
the learning targets. The monosyllabic nonce words
used in the task had either a CV or a CVV structure,
which were concatenations of phonemes and tones:
• Onset: /s/, /h/ or /f/
• Nucleus: /i:/, /e:/, /ɯː/, /ɤː/, /u:/, /o:/, /ɔː/, /iːa/,
/uːa/ or /ɯːa/
• Tone: rising (R) or falling (F)
The consonants /s/, /h/ and /f/ were chosen here in a
bid to avoid overlapping with the phonological
natural classes of the consonants involved in the
learning targets. The concatenations above resulted in
60 different monosyllabic nonce words (3x10x2). In
each trial, participants were auditorily presented with
two monosyllabic words with an inter-stimulus
interval of 500ms. They were instructed to indicate
whether the two words have the same pitch pattern or
not using a serial response box, and they were
instructed to make their decision as quickly as
possible. The two monosyllabic words in each trial
were either AA pairs (same-tone pairs) and AB pairs
(different-tone pairs). 60 AA pairs were formed by
repeating the monosyllabic words (e.g. /fi:R/-/fi:R/;
/hɤːF/-/hɤːF/). For the AB pairs, the two words shared
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presented and were repeated in four different blocks
to form a total of 288 trials.
Testing phase (pronunciation judgment task). In each
trial of the pronunciation judgment task, participants
were auditorily presented with two words and they
were asked to choose the one that “sounds better” to
them (instead of “choose the correct one”). This
encouraged the participants to use their intuition
rather than explicit knowledge in their judgment [12].
Previous studies on incidental/implicit learning (e.g.
[1, 6, 11]) have demonstrated that if participants
possess abstract and potentially rule-like knowledge
of the learning targets instead of merely memory of
the training items, they should be able to transfer their
knowledge to novel words/items. In this study we
included two kinds of items: critical items and
extension items [3, 4]. Sound pairs for the critical and
extension items (see details below) differed only in
terms of the tone they carried (e.g. /phɯːmR/ vs. /
phɯːmF/). As such, it was when participants
possessed knowledge of the target tone-segment
mappings that they would show a preference for
words which follow the target rules (e.g. /phɯːmR/ in
the case above).
The critical items were concatenations of the
following phonemes, resulting in 36 novel words:
• Onset: /ph/, /th/, /l/ or /w/
• Nucleus: /ɯː/, /eː/ or /ɤː/
• Coda: /m/, /n/ or /ŋ/
In other words, the critical items differed from the
items in the training phase only in their vowel in the
nucleus. If participants had acquired abstract
knowledge of the tone-segment mappings in the
training phase rather than merely memorising the
items encountered in the training phase, they should
show a preference for novel words that follow the
rules in the learning targets in the critical trials despite
the change in the vowel.
On the other hand, the extension items were
concatenations of the following phonemes, resulting
in another 36 novel words. They differed from those
in the training phase only in their onset consonants:
• Onset: /kh/, /j/
• Nucleus: /i:/, /u:/, /o:/, /ɛː/, /ɔː/ or /aː/
• Coda: /m/, /n/ or /ŋ/
Therefore, if participants had acquired abstract and
potentially rule-like knowledge of the target patterns
(e.g. if the onset consonant is an aspirated
stop/approximant, the word should carry a
rising/falling tone), they should be able to transfer
their knowledge to words with a new onset consonant
and show a preference for words which followed the
learning targets in their judgment. All stimuli in the
filler trials were words previously encountered in the
training phase (50% of the all the trials [8]).

3. RESULTS
3.1 AX discrimination task

Figure 1 shows the average accuracy and log-reaction
time (logRT) of the four groups for the AB pairs in
the AX discrimination task. In general, the four
groups achieved very high accuracy (92.4% to 95%)
and their average reaction time was very close (2.55
to 2.73). Table 1 presents the results of analysis based
on mixed-effects models; effect of any given factor
was tested by likelihood ratio tests of a full model
against a reduced model that excluded the effect to be
tested. Models had maximal random slope structures
as long as theoretically justified and can be converged
in R. Musical background showed no significant
effect on participants’ accuracy or reaction time.
Tonal experience showed a significant effect on
participants’ reaction time but not their accuracy. The
interaction between Musical background and Tonal
experience is non-significant for accuracy but
significant for logRT. These suggest that participants’
accuracy was mostly not affected by their prior
musical training and tonal experience, but tonal
experience has a relatively subtle facilitative effect
for their reaction time, potentially at the automatized
level. As expected, distinguishing a rising tone from
and a falling tone as in the learning targets was
generally easy for our participants.
Figure 1: Accuracy and logRT of the four
groups for the AB pairs in the AX
discrimination
task.
(C=Cantonese,
E=English; error bar = 1 SE)
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Table 1: Summary of the statistics of the mixed
model comparisons for the factors of interest in
the AX discrimination task.
Factor
1) Musical
background
2) Tonal
experience
3) Interaction
of 1 and 2
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Accuracy
χ2(1) = 0.562,
p = 0.454
χ2(1) = 0.960,
p = 0.327
χ2(1) = 0.465,
p = 0.495

LogRT
χ2(1) = 0.498,
p = 0.480
χ2(1) = 21.06,
p << 0.001*
χ2(1) = 99.08,
p = <<0.001*

3.2 Pronunciation judgement task

Group

Figure 4 shows the average accuracy of the four
groups for the critical items and extension items. For
both critical items and extension items, most English
participants performed at around chance level (50%)
but most Cantonese participants performed
considerably above chance level, regardless of their
prior musical training. Analysis based on generalised
linear mixed-effects models (see table 2) reveals that
musical background had no significant effect on
participants’ accuracy on either critical items or
extension items but tonal experience had a significant
effect on their accuracy of both kinds of items.

C musicians
C non-musicians
E musicians
E non-musicians
Group

C musicians
C non-musicians
E musicians
E non-musicians

Figure 2: Accuracy of the four groups for the
critical items and extension items in the
pronunciation judgment task (error bar = 1 SE)
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4. DISCUSSION
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The present study sought to test the effects of prior
musical training and tonal experience on the encoding
of pitch patterns as abstract tone categories at the
word level, as reflected in the incidental learning of
tone-segment mappings. It was found that despite
similar ability to distinguish tones perceptually,
Cantonese learners could learn the target tonesegment mappings but English learners could not,
potentially because English learners failed to
repurpose pitch from intonational cues to forming
tone categories at the word level [15]. Our study
demonstrated that forming abstract tone categories at
the word level may be difficult for English (and other
non-tonal languages) speakers, which is a prerequisite
of using abstract tone categories as lexical cues for
contrasting word meaning. Further research in L2
tone learning should focus on how non-tonal
language speakers may overcome such a processing
bias and how to facilitate the encoding of pitch
patterns as abstract tone categories at the word level
by non-tonal language speakers. In addition, our
findings also contribute to the long-standing effort in
the study of the relationship between music and
speech. Previous work has provided evidence for the
overlap and separation of the musical and linguistic
domains (see [10] for a review). However, a crucial
question about the relationship between music and
speech remain unexplored: i.e. whether prior musical
training may facilitate the formation of abstract
lexical tone categories. Our results show that prior
musical training does not facilitate the encoding of
pitch patterns as abstract tone categories at the word
level. This highlights an area of the separation
between the musical domain and the linguistic
domain.
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Table 2: Summary of the statistics of the mixed
model comparisons for the factors of interest in
the pronunciation judgment task.
Factor
Critical items
Extension items
2
1) Musical χ (1) = 0.001,
χ2(1) = 0.114,
background p = 0.975
p = 0.915
2) Tonal
χ2(1) = 5.315,
χ2(1) = 5.105,
experience p = 0.0211*
p = 0.0239*
Table 3 shows the 95% confidence intervals for the
prediction of each participant group. For both critical
items and extension items, the 95% confidence
intervals of both Cantonese musicians and nonmusicians do not contain the chance level value (50%
accuracy), revealing that they performed significantly
above chance and their knowledge of tone-segment
mappings was abstract and potentially rule-like.
However, the 95% confidence intervals for English
musicians and non-musicians contain the chance
level value, suggesting that they showed no learning
effect of the target tone-segment mappings.
Table 3: Average accuracy (% correct) on and
95% confidence intervals (from upper bound to
lower bound) of the critical items and
extension items (chance level = 50%).
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_______________________________

1

Subjects with six years or more formal musical training
and have played music/sang regularly in the past two
years were classified as musicians; those with less than 2

years of casual musical experience and have not played
music/sang regularly in the past 2 years were classified as
non-musicians (based on [10]).
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