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Abstract
L2 sounds present different kinds of challenges to learners at the phonetic, phonological, and lexical
levels, but previous studies on L2 tone learningmostly focused on the phonetic and lexical levels. The
present study employs an innovative technique to examine the role of prior tonal experience and
musical training on forming novel abstract syllable-level tone categories. Eighty Cantonese and
English musicians and nonmusicians completed two tasks: (a) AX tone discrimination and (b)
incidental learning of artificial tone-segment connections (e.g., words beginning with an aspirated
stop always carry a rising tone) with synthesized stimuli modeled on Thai. Although the four
participant groups distinguished the target tones similarly well, Cantonese speakers showed abstract
and implicit knowledge of the target tone-segment mappings after training but English speakers did
not, regardless of their musical experience. This suggests that tone language experience, but not
musical experience, is crucial for forming novel abstract syllable-level tone categories.

INTRODUCTION

Tone languages (e.g., Cantonese, Thai, Vietnamese) employ contrastive pitch1 patterns
at the syllable level (i.e., lexical tones) to distinguish word meaning. For instance, in
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Mandarin the syllable [ma] means “mother”when it carries a high level tone, but “scold”
when it carries a high falling tone. Lexical tones are often reported to be difficult for
second language (L2) learners, especially for those whose native language (L1) is
a nontone language (e.g., English and French) (e.g., Francis, Ciocca, Ma, & Fenn, 2008;
So & Best, 2010; Wang, Spence, Jongman, & Sereno, 1999). However, the nature of the
long-term 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., Hallé, Chang, & Best, 2004; Mok & Zuo, 2012;
Wayland & Guion, 2004). 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 syllable level, which is the prerequisite of using abstract tone categories
as lexical cues for meaning contrast (i.e., the phonological level in a phonetic-
phonological-lexical continuity in speech learning [e.g., Wong & Perrachione (2007)]).

This article is motivated by the hypothesis that, for learners whose native language is
nontonal, a major long-term difficulty in learning novel lexical tones concerns repur-
posing pitch patterns from intonation cues to the formation of abstract tone categories at
the syllable level. This hypothesis was tested with an experiment on the incidental
learning (i.e., learning without intention) of tone-segment connections (constraints by
segmental composition on the possible tone a given syllable can carry), which hinges on
the encoding of pitch patterns as abstract tone categories at the syllable level. By contrast,
the extent to which second language acquisition (SLA) involves incidental learning or
even implicit learning (i.e., learning without awareness) remains controversial (see
Andringa and Rebuschat, 2015; Chan and Leung, 2018; Hulstijn and Ellis, 2005 for
a review). An area of inquiry regarding incidental/implicit language learning lies in
determining the scope of the adult capacity in acquiring knowledge of L2 language
patterns without intention and/or awareness. Therefore, whether incidental exposure to
tone-segment connections may lead to relevant abstract implicit knowledge is also an
interesting theoretical question in language learning. The main goals of the present study
are thus to (a) determine whether incidental exposure to tone-segment connections may
lead to relevant implicit, abstract, and potentially rulelike knowledge; and (b) 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 syllable level, and draw implications for
L2 tone learning and the relationship between music and speech.

DIFFICULTY IN L2 TONE LEARNING

It is well known that unfamiliar L2 speech sounds may pose challenges for language
learners, and L2 lexical tones are no exception. Lexical tones are often reported to be
difficult for second language (L2) learners, especially for those whose native language
(L1) is a nontone language (e.g., English and French) (e.g., Francis et al., 2008; So &
Best, 2010;Wang et al., 1999). Still, the nature of this difficulty is not well understood. In
tone languages, pitch patterns function like vowels and consonants to contrast word
meaning; however, in nontone languages such as English, pitch patterns are mainly
employed as intonational cues for contrasting pragmatic meaning or discourse types and
functions (Wells, 2006). In terms of L2 tone processing and learning by nontone
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language learners, three potential levels of difficulty in L2 tone learning can be identified
(cf. a phonetic-phonological-lexical continuity in speech learning [e.g., Wong & Per-
rachione, 2007]):

(1) Perceiving and distinguishing tonal pitch patterns at the phonetic-acoustic level;
(2) Encoding pitch patterns as abstract tone categories at the syllable level; and
(3) Using abstract tone categories as lexical cues.

Most previous studies have addressed difficulty (1) by investigating explicit processes
such as L2 tone perception or discrimination on monosyllables, and what factors may
contribute to better L2 tone perception, notably (a) whether learners’ L1 is also a tone
language; (b) proficiency in the target tone language; and (c) prior musical training. The
key findings are summarized in the following text.

Previous research has shown that tone-language speakers tend to outperform nontonal
language speakers in discriminating novel tones in general (e.g., Hallé et al., 2004;
Leather, 1987; Lee & Nusbaum, 1993; Mok & Zuo, 2012; Repp & Lin, 1990; Stagray &
Downs, 1993; Wang, Jongman, & Sereno, 2001; Wayland & Guion, 2004), although
perceptual success for individual tones depends crucially on the similarities of the tonal
systems between the target language and the listeners’ L1 as predicted by models of L2
speech perception such as the Perceptual Assimilation Model (e.g., Best, 1994; Francis
et al., 2008; So & Best, 2010; Wayland & Guion, 2004). Generally speaking, nontone
language speakers appear to process fundamental frequency (acoustic correlate of pitch)
differently from tone language speakers, both behaviorally and neurologically (Gandour
et al., 2003; Hallé et al., 2004; Krishnan, Xu, Gandour & Cariani, 2005; Wang, Behne,
Jongman, & Sereno, 2004; Wong, 2002; Xu, Gandour, & Francis, 2006). Short-term
training in tone identification has been shown to facilitate nonnative tone identification
for tone language speakers, but the results for nontone language speakers are mixed (e.g.,
Francis et al., 2008; Wang et al., 1999; Wayland & Guion, 2004).

What about nontonal speakers who have exposure to a tone language beyond one or
a few experimental sessions? A relatively small body of work has found that experi-
enced/advanced L2 learners of a tone language perform well or even close to native level
in tone perception in monosyllables (Hao, 2012; Pelzl, Lau, Guo, & DeKeyser, 2019;
Wang et al., 1999; Zhang, 2011). This suggests that experienced/advanced L2 learners of
a tone language appear to have little difficulty perceiving tones at the phonetic level.

Still, the ability to identify/distinguish different tone categories perceptually does not
entail the ability to encode pitch patterns as abstract tone categories at the syllable level
(difficulty [2]) and using abstract tone categories as lexical cues (difficulty [3]). Wong
and Perrachione (2007) stresses the importance of examining the phonetic-phonological-
lexical continuity in speech learning. Recent research in L2 speech learning has often
shown a “discontinuity” between phonetic level and the lexical level: the ability to
identify/categorize L2 sounds phonetically does not necessarily predict success in lexical
tasks (i.e., word learning in the target language) (e.g., Sebastián-Gallés & Dı́az, 2012 at
the segmental level). As for L2 tone processing and learning, while a few studies have
demonstrated that in general nontonal speakers can make significant progress on learning
to associate tonal words and pictures instead of tonal labels only after a few experimental
sessions, large individual differences exist (e.g., Bowles, Chang, & Karuzis, 2016;
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Chandrasekaran, Sampath, &Wong, 2010; Perrachione, Lee, Ha, &Wong, 2011; Wong
& Perrachione, 2007). Pelzl et al. (2019, p. 4) pointed out that participants in these studies
learned “only a couple dozen words, all of which form minimal tone contrasts with other
known words in the training vocabulary (e.g., m�a vs. má vs. mà), thereby enhancing the
salience of tones as a lexical feature. These studies thus are limited in their ability to
reflect the realities of the much larger L2 Mandarin lexicon that experienced learners
have acquired.” However, Malins and Joanisse (2010, 2012) used eye-tracking and
event-related potential measures to demonstrate that the time course of lexical tone
processing in native speakers is different from that of acoustic-phonetic perception of
tones. Wiener, Ito, and Speer (2018) showed that L2 lexical tone processing draws on
lexical information on which listeners cannot draw in a typical tone discrimination task.
Also, while experienced L2 listeners have been found to perform comparably to native
listeners on monosyllabic tone identification tasks (e.g., Lee, Tao, & Bond, 2009), a few
studies have demonstrated that even advanced L2 learners struggle with tone perception
in disyllabic or polysyllabic stimuli (e.g., Hao, 2012; Pelzl et al., 2019; Zhang, 2011). For
example, Pelzl et al. (2019) found that L1 English advanced learners of Mandarin
showed near-native performance in a tone identification task for isolated words, but they
struggled in a lexical decision task and a semantic judgment task that depended on the
processing of tones on disyllabic words. As a speculation, the authors attributed such
“discontinuity” to English learners’ inability to “repurpose” pitch patterns from in-
tonational cues to lexical cues, but their study did not serve as a direct piece of evidence
for this speculation in that, alongside other confounds (e.g., the small sample size and the
wide age range of the participants), the difficulty arising from tonal coarticulation could
have made individual tones in the disyllabic words in their study difficult to perceive
(Chang & Bowles, 2015).

However, these studies on the “lexical learning” of tones conflate lexical tone processing
at the phonological level (abstract and categorization) with the lexical level (processing of
word meaning), and assumed that participants’ performance on lexical tasks directly
reflects their ability to form phonological tonal contrasts. While successful “lexical
learning” of tones (e.g., being able to contrast words/meaning with tones) may entail
successful “phonological learning” of tones (i.e., possessing abstract tone categories), the
absence of learning effects in relevant lexical or semantic tasks (despite success at the
phonetic level) in those studies could have been due to difficulty in both the phonological
and lexical levels, and their relative difficulty for learners remains unclear. In this article we
tease apart the phonological level from the phonetic and lexical levels in tone learning and
investigate learners’ ability to establish abstract tone categories at the syllable level.

PRIOR MUSICAL TRAINING AND THE RELATIONSHIP BETWEEN MUSIC

AND SPEECH

Music and speech are commonly believed to be closely related as both involve the use of
pitch variation. Such overlap in the use of pitch raises interesting issues on the re-
lationship between music and speech, specifically whether pitch processing is specific to
the context in which it is learned or whether pitch processing advantages span across
different contexts. The study of music and speech has broader implications for the
fundamental question in human cognition about how different “domains” in the mind
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may interact with one another. The majority of prior research focused on the perception
of musical pitch and linguistic pitch by musicians and nonmusicians. A number of
studies have demonstrated that musicians generally outperform nonmusicians in the
identification of lexical tone (e.g., Gottfried, 2007; Lee and Hung, 2008; Mok & Zuo,
2012; Wayland, Herrera, & Kaan, 2010), suggesting that prior musical training may
facilitate lexical tone perception. There is also neurological evidence that musicians
display enhanced performance in the processing of fundamental frequency (acoustic
correlate of pitch) (e.g., Bidelman, Gandour, & Krishnan, 2011; Lee, Lee, & Shr, 2011;
Wong et al., 2007). Further, Deutsch, Dooley, Henthorn, and Head (2009) found that
tone language speakers performed significantly better at a test of absolute pitch than
nontonal language speakers. A recent study has also revealed that Mandarin-speaking
children performed significantly better at processing relative pitch than English-speaking
children, even though both groups performed similarly on a control music task (timbre
discrimination), suggesting that L1 tone language experience may enhance musical pitch
perception in children because tone language experience drives attention to pitch in
nonlinguistic contexts (Creel, Wang, Fu, Heyman, & Lee, 2018). These findings suggest
that there is overlap and interaction between the musical and linguistic domains, and that
music and speech share very similar, if not the same, neural circuitry (Deutsch, Henthorn,
& Dolson, 2004) and pitch processing mechanisms (e.g., Bradley, 2012; Perrachione,
Fedorenko, Vinke, Gibson, & Dilley, 2013). The OPERA hypothesis was proposed to
explain why prior musical training benefits the neural encoding of speech (see Patel,
2011 for details). Deutsch et al. (2009) even speculated that acquisition of absolute pitch
by tone language speakers utilizes the same mechanisms involved in the acquisition of
a tone language.

However, there is also counterevidence suggesting the separation of musical and
linguistic domains in the use of pitch. For example, Jiang, Hamm, Lim, Kirk, and
Yang (2010) and Nan, Sun, and Peretz (2010) found no transfer effects from ex-
perience with linguistic use of pitch to musical pitch perception. Mok and Zuo (2012)
found no facilitating effect of musical training on native lexical tone perception. Also,
pitch range can vary considerably across individual talkers in their production of
lexical tones, and thus success in acquiring L2 lexical tones hinges crucially on
learners’ ability to normalize and abstract tonal pitch contours across multiple tone
tokens by different talkers and categorize them into different tone categories. In this
regard, Wayland et al. (2010) found that although musicians performed better at pitch
contour identification than nonmusicians, their pitch contour abstraction and cate-
gorization ability was comparable to that of nonmusicians, suggesting that prior
musical training does not facilitate the abstraction and categorization of lexical tone
categories.

Still, a crucial issue with regard to the relationship between music and speech remains
unanswered: whether musical training may facilitate the formation of abstract tone
categories at the syllable level by nontonal language speakers, which is the prerequisite
for the use of tone categories as lexical cues for contrasting word meaning. This question
has not been directly addressed in the L2 tone learning literature and will be the main
research question of the present study. Findings will have implications for not only L2
tone learning but also the relationship between music and speech.
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WHY STUDY L2 TONE LEARNING THROUGH THE INCIDENTAL LEARNING OF TONE-

SEGMENT CONNECTIONS

At the methodological level, most previous studies on L2 tone perception and processing
employed tasks that involved the use of explicit knowledge related to tones (e.g., tone/
word identification, lexical decision, or semantic judgment based on minimal pairs that
differ only in the tone). However, Pelzl et al. (2019) found that accurate explicit
knowledge of tones and meanings for the target vocabulary items, as revealed in an
explicit vocabulary knowledge test, was apparently enough for success in the tone
identification task but not in the lexical decision task. They speculated that, for nontonal
L1 speakers, L2 tone may be difficult to acquire at the automatized/implicit level.

The preceding review suggests that (a) the use of nonexplicit knowledge should be
tested in L2 tone processing; and (b) we need a learning target that requires the encoding
of abstract tone categories at the syllable level (phonological level) while avoiding
confounds such as tonal coarticulation effects (phonetic level), the processing of
meaning, and prior lexical knowledge in the target language (lexical-semantic level). The
proposed study addresses these issues with a novel approach that involves the incidental
learning of tone-segment connections.

In tone languages (e.g., Thai, Vietnamese, Cantonese), a given syllable may in
principle carry different tones to contrast word meaning. In some tone languages,
however, the segments (consonants and vowels) of a syllable may pose constraints on the
possible tone a given syllable can carry (a kind of tonotactics/tonal phonotactics, or
“tone-segment connections” hereafter). For example, in many Chinese languages such as
Cantonese and Hakka, entering tones2 only appear in syllables with a stop consonant
such as /p/, /t/, or /k/ in the coda position (Bauer & Benedict, 1997; Lee & Zee, 2009;
Sagart, 1999). In Thai, the tone of a syllable 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 Sladen, 2009 for details). The learning of tone-segment connections hinges on
the perception and encoding of both segments and abstract tone categories at the syllable
level, and thus tone-segment connections are suitable learning targets for testing learners’
ability to form novel abstract tone categories.

The incidental learning paradigm was used. Incidental learning generally refers to
the process by which information in the environment is picked up without conscious
intention to learn (e.g., acquiring new words when reading a novel as a leisure
activity) (Hulstijn, 2011). In contrast, explicit/intentional learning involves con-
scious intention and effort to learn and mainly results in conscious knowledge
(Hulstijn, 2011). In laboratory settings, a typical incidental learning experiment
usually involves subjects learning one aspect of the stimulus while paying attention to
another. For instance, participants may pick up some grammar patterns when
completing a meaning-focused task. On top of this, if the participants are unaware of
the learning targets during the learning process, such a situation is referred to as
implicit learning (Williams, 2009). The present study focuses on the incidental
learning mechanism in general.

It has been argued that the implicit/incidental learning mechanisms, often postulated as
domain-general, play a fundamental role in various social behaviors and everyday
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situations, including first language acquisition (Reber, 1993). Still, the extent to which
incidental/implicit learning mechanisms are involved in SLA remains controversial (see
Andringa and Rebuschat, 2015; Chan and Leung, 2018; Hulstijn and Ellis, 2005 for
a review). A major line of research on incidental/implicit language learning thus lies in
determining the scope of the adult capacity in acquiring knowledge of L2/novel language
patterns without intention and/or awareness. Recently, research endeavors on incidental/
implicit language learning of various aspects of language have surged (e.g., Rebuschat
andWilliams, 2012, Williams and Kuribara, 2008 on syntax; Leung andWilliams, 2011,
2012, 2014 on form-meaning connections; Grey, Williams, & Rebuschat, 2014, Rogers,
Revesz, & Rebuschat, 2016 on morphology). There is a relatively small but growing
body of work with respect to phonological patterns. For instance, Dell, Reed, Adams, and
Meyer (2000) demonstrated implicit knowledge of novel artificial phonotactics ([f]
always occurred as an onset and [s] as a coda), as revealed by speech errors, may be
learned through incidental exposure. Warker and Dell (2006) showed a similar incidental
learning effect of second-order phonotactic constraints (e.g., if the vowel is [æ], [g] must
occur as an onset and [k] as a coda, but if the vowel is [ɪ], [k] must occur as an onset and
[g] as a coda). In the prosodic domain, recent studies have provided evidence that implicit
knowledge of novel stress patterns (Chan and Leung, 2014, 2018; Graham andWilliams,
2018) may be acquired through incidental exposure. This raises the possibility of ac-
quiring implicit knowledge of other prosodic patterns incidentally/implicitly, and renders
the possibility of acquiring implicit knowledge of tone-segment connections through
incidental exposure a theoretically interesting research question. As discussed in the
preceding text, the learning of tone-segment connections hinges on the perception and
encoding of both segmental and tone categories at the syllable level. This may pose
additional challenges to learners, especially those whose L1 is a nontone language.
Therefore, another goal of this article is to determine whether implicit knowledge of
novel tone-segment connections may be learned through incidental exposure, and
whether such learning may be constrained by learners’ prior tonal experience and
musical training.

A further question in implicit/incidental learning research concerns the nature of the
resultant knowledge: specifically, whether incidental/implicit learning may lead to
abstract implicit knowledge (see Chan and Leung, 2018 for a detailed discussion).
Implicit knowledge refers to the unconscious knowledge that one is unaware of pos-
sessing, while explicit knowledge the conscious knowledge that one is aware of pos-
sessing and may be able to verbalize (Hulstijn & Ellis, 2005). Previous research has
revealed a complex relationship between the conscious state of the learning process and
that of the resultant knowledge. In other words, implicit/incidental learning does not
necessarily lead to implicit knowledge, and explicit/intentional learning does not nec-
essarily lead to explicit knowledge. For instance, implicit learning may first result in
implicit knowledge. With continuous exposure to the stimuli, one may develop an
“insight” and relevant explicit knowledge of the underlying patterns in the stimuli.
However, explicit learning may first lead to explicit knowledge but with enough practice,
it may transform into implicit and automatized knowledge that influences behavior
without consciousness (Williams, 2009). In fact, both implicit and explicit knowledge
may develop regardless of the learning process (e.g., Godfroid, 2016; Rebuschat and
Williams, 2012; Rogers et al., 2016). Therefore, it is important to assess the conscious
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state of knowledge participants acquire after incidental exposure (Rebuschat, 2013). As
for the abstractness of the resultant knowledge, controversy has centered on whether the
resultant knowledge from incidental/implicit learning is abstract and potentially rule
based, or is merely based on memorized chunks/fragments or details of particular
exemplars (see Chan and Leung, 2018 for a review). In the present study, participants’
structural knowledge of tone-segment connections resulting from incidental exposure
will be assessed using a source attribution task (Dienes, 2008), and the abstractness of the
resultant knowledge will be evaluated based on the transfer tests (e.g., Altmann, Dienes,
& Goode, 1995) (see “Testing Phase” in the Methods section for details).

RESEARCH QUESTIONS

In sum, the research questions of the present study are as follows:

(1) Can tone-segment connections be acquired through incidental exposure?
(2) If so, is the resultant knowledge abstract and implicit?
(3) What are the effects of prior musical training and tonal experience on the encoding of pitch

patterns as abstract tone categories at the syllable level, as reflected in the learning of novel
tone-segment connections?

METHODS

PARTICIPANTS

Four groups of participants (N 5 80) aged 17–30 were recruited in the study (20
Cantonese musicians, 20 Cantonese nonmusicians, 20 English musicians, and 20 English
nonmusicians) and their background information are summarized in Table 1. All
Cantonese learners spoke English and Mandarin as an L2, ranging from intermediate to
advanced level for English and from beginner to advanced level for Mandarin based on
self-report. Some L1 English learners spoke other nontonal languages – including
German, Spanish, French, Hungarian, Dutch,Welsh, Swedish, and Persian, ranging from
beginner to advanced level based on self-report, but none of the English learners reported
any knowledge of any tone language.

TABLE 1. Background information of each participant group.

Participant group
Mean
age

Gender
breakdown

Mean years of musical
training

(1) L1 Cantonese musicians 21.3 6M, 14F 8.4
(2) L1 Cantonese nonmusicians 22.6 11M, 9F 0.59
(3) L1 English musicians who had not learned any

tone language
21.8 8M, 12F 7.7

(4) L1 English nonmusicians who had not learned
any tone language

23.1 9M, 11F 0.71
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Musicians and nonmusicians were defined as follows based on Mok and Zuo (2012):

• Musicians: participants with 6 or more years of formal training in singing or any instrument
who have played music regularly in the past 2 years;

• Nonmusicians: participants with no more than 2 years of casual musical experience/training
who have not played music regularly in the past 2 years.

People with musical experience between the two categories were not recruited for this
study as their musical background was too ambiguous.

LEARNING TARGETS

The learning targets involved two artificial rules on the mappings between onset
consonant and tone as illustrated in the following text:

(1) Words beginning with an aspirated stop (e.g., /ph/, /th/, or /kh/) always carry a rising tone (R)
(e.g., /pho:mR/, /thɔːsR/, /khaːnR/).

(2) Words beginning with an approximant (e.g., /l/, /w/, or /j/) always carry a falling tone (F) (e.g.,
/lo:mF/, /wɔːsF/, /jaːnF/).

Only monosyllabic words were used in the experiment, as tonal coarticulatory effect
would be a confound for the study of tone processing if polysyllabic words are used. To
fully learn the rules mentioned previously, participants had to be able to (a) distinguish
perceptually the two classes of consonants (aspirated stops vs. approximants) and the two
lexical tones (rising or falling); and more importantly (b) form relevant segmental and
abstract tone categories at the syllable level and pick up their connections. Because our
focus was to determine whether participants could form novel tone categories at the
syllable level, it was our intention to choose tones that should be easily distinguishable
(rising vs. falling) at the phonetic-acoustic level, and used phonological natural classes
that are present in both English and Cantonese. No processing of meaning, which was
a confound in many previous studies on lexical tone processing, was required.

Participants’ prior linguistic knowledge may play a role in the learning of the target
patterns. At the segmental level, /ph/, /th/, and /kh/ and /l/, /w/, and /j/ are phonological
natural classes of aspirated stops and approximants respectively in both Cantonese and
English. As such, all participants in the experiment have similar starting points for the
segmental part of the learning targets.3 At the prosodic level, Cantonese contrasts six
phonemic tones: T1[55] high level, T2[25] high rising, T3[33] mid-level, T4[21] low
falling, T5[23] low rising, and T6[22] low level (Bauer & Benedict, 1997). The Cantonese
learners also spoke Mandarin as an L2 that contrasts four phonemic tones on mono-
syllables: T1[55] high tone, T2[25] rising tone, T3[214] dipping/low tone, and T4[51]
falling tone (Norman, 1988). The rich pitch contrasts in the Cantonese and Mandarin tone
systems, and in particular the presence of both rising and falling tones, may facilitate their
perception of novel rising and falling tones in the learning targets (e.g., they may per-
ceptually assimilate the target tones to the Cantonese and/or Mandarin counterparts as
predicted by the Perceptual AssimilationModel (So &Best, 2010). Also, native Cantonese
speakers should be able to encode novel abstract tone categories at the lexical level as tones
are used contrastively in Cantonese at the syllable level. However, native English speakers
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should have little problem distinguishing between a rising tone and a falling tone as the two
pitch contours are frequently used in English intonation (Wells, 2006). They could po-
tentially assimilate the novel tones in the learning targets to their intonational rise and fall of
the English tonal system (So & Best, 2010). However, although contrastive pitch patterns
may also be found onmonosyllabic words in English (e.g., the single word “me”may carry
a rising tone or a falling tone to convey uncertainty and definiteness, respectively), in
English intonation typically operates at the utterance level involvingmore than one syllable
and English does not contrast word meaning based on syllable-based pitch variation.
Native English speakers may not be able to encode abstract tone categories at the syllable
level and thus they may fail to learn the target tone-segment connections.

STIMULI AND PROCEDURE

All stimuli used in the present study were monosyllabic nonce words generated by the
Salika 2011 Thai speech synthesizer,4 and thus the phonetic realizations of the stimuli
were based on Standard Thai. Thai was chosen to minimize the effects of prior linguistic
knowledge for all the participants. None of the participants reported any knowledge of
Thai. The experiment was administrated on a computer using E-prime.

The learning of the target tone-segment connections was assessed with a word learning
task. Before that, an AX discrimination task was administered to test whether participants
could perceptually distinguish the two tones in the learning targets (rising and falling).

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
listed as follows:

• 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 listed resulted in 60 different monosyllabic nonce words (33 103 2). In
each trial, participants were auditorily presented with two monosyllabic words with an
interstimulus interval (ISI) of 500 ms. They were instructed to indicate whether the two
words have the same pitch pattern 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). Sixty 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 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 dis-
crimination task (60 AA pairs and 60 AB pairs). Both accuracy and reaction time data
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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 connections.

Word Learning Task

The general design of the word learning task was adapted from Chan and Leung (2014,
2018). All the monosyllabic words used in this task had a CVC structure. The task
consisted of two phases: the training phase and the testing phase.

Training Phase

The goal of the training phase was to expose the participants to the target tone-segment
connections incidentally (i.e., without stating the target rules). Seventy-two (43 63 3)
monosyllabic nonce words used in the training phase were concatenations of the fol-
lowing phonemes:

• Onset: /ph/, /th/, /l/, or /w/
• Nucleus: /i:/, /u:/, /o:/, /eː/, /ɔː/, or /aː/
• Coda: /m/, /n/, or /s/

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 using 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 pro-
nunciation 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
analyzed. The 72 nonsense words were randomly presented and were repeated in four
different blocks to form a total of 288 trials.

The design of the training phase was in line with the “noticing” hypothesis in implicit/
incidental learning (Schmidt, 1990, 2001, 2010), which stipulates that “noticing”
(conscious registration of attended input) but not “understanding” (a higher level of
awareness that involves generalizations across instances, such as knowledge of rules and
metalinguistic awareness) is required for the incidental/implicit learning of language
patterns. In the training phase of the present study, incidental/implicit learning of the
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target rules was hypothesized to depend on attention to the pronunciations of the
segments and tones5 through practice, but generalizations of tone-segment connections
beyond individual training items and the emergence of relevant abstract implicit
knowledge could take place using a basic associative learning mechanism in humans that
automatically extracts patterns across instances, leading to a nonverbalizable and in-
tuitive form of knowledge (Schmidt, 2010).

Testing Phase

The testing phase consisted of a pronunciation judgment task and a source attribution
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 (Scott & Dienes, 2008).

Previous studies on incidental/implicit learning (e.g., Altmann et al., 1995; Gomez and
Gerken, 1999; Reber, 1993) have demonstrated that if participants possess abstract and
potentially rulelike 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 (Chan &
Leung, 2014, 2018). Sound pairs for the critical and extension items (see details in the
following text) 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 that follow the target
rules (e.g., /phɯːmR/ in the preceding case).

The critical items were concatenations of the following phonemes, resulting in 36
novel words (4 3 3 3 3):

• Onset: /ph/, /th/, /l/, or /w/
• Nucleus: /ɯː/, /eː/, or /ɤː/
• Coda: /m/, /n/, or /s/

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 connections in the training phase rather than merely memorizing 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.

However, the extension items were concatenations of the following phonemes,
resulting in another 36 novel words (23 63 3). They differed from those in the training
phase only in their onset consonants:

• Onset: /kh/, /j/
• Nucleus: /i:/, /u:/, /o:/, /eː/, /ɔː/, or /aː/
• Coda: /m/, /n/, or /s/

Therefore, if participants had acquired abstract and potentially rulelike knowledge of
the target patterns (e.g., if the onset consonant is an aspirated stop/approximant, the word
should carry a rising/falling tone or other correlated rules; see the “Discussion” section
for details), they should be able to transfer their knowledge to words with a new onset
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consonant and show a preference for words that followed the learning targets in their
judgment.

All stimuli in the filler trials were words previously encountered in the training phase.
The purpose of having 50% of the trials as fillers was to disguise the purpose of the test
and discourage the use of explicit knowledge (Keating & Jegerski, 2015). To sum up, the
pronunciation judgment tasks involved 144 trials, including 36 critical trials, 36 ex-
tension trials, and 72 filler trials.

The conscious state of participants’ structural knowledge of the learning targets was
also assessed through a source attribution task (Dienes, 2008). In each trial, after each
pronunciation judgment, they were instructed to state the basis of their judgment as either
“guess,” “intuition,” “recollection,” or “rule/rules,” which were defined as follows:
“guess” – you were making a wild guess like flipping a coin; “intuition” – your judgment
was based on a feeling that you cannot explain; “memory” – your judgment was based on
a recollection; and “rule/rules”: your judgment was based on one or more rules or partial
rules that you can state. “Guess” and “intuition” attributions reflect unconscious
structural knowledge, while “recollection” and “rule/rules” attributions reflect conscious
structural knowledge (Dienes & Scott, 2005).

RESULTS

AX DISCRIMINATION TASK

We first examined participants’ sensitivity to differences between sounds in the AB pairs
(d’) and potential bias toward certain responses (decision criterion) (c) based on Signal
Detection Theory (Macmillan & Creelman, 2005), with “hit,” “miss,” “false alarm,” and
“correct rejection” defined as shown in Table 2.

Both d’ and c were computed using the psycho package (Makowski, 2018) in R (R
Core Team, 2013), and Figure 1 presents the average d’ (left panel) and c (right panel) of
each group. Most of the participants have a d’ score over 3, suggesting that they were all
highly sensitive to the differences between the sound pairs in the AB trials. One-way
ANOVA reveals no significant difference in sensitivity among the four groups, F(3, 76)
5 0.154, p 5 0.927. However, the four groups appear to show a small variation in their
response bias (c) and most participants’ c score are all close to zero, revealing little
overall response bias. One-way ANOVA reveals an overall significant difference in
response bias, F(3, 76) 5 4.301, p 5 0.007. A post-hoc Tukey pairwise multiple
comparison (Table 3) reveals no significant difference for all comparisons except that
English nonmusicians had a significantly higher criterion for choosing “same” than

TABLE 2. Definitions of “hit,” “miss,” “false alarm,” and “correct rejection” for par-
ticipants’ responses in the AX discrimination task.

Response: Different Response: Same

Stimuli: AB pair Hit Miss
Stimuli: AA pair False alarm Correct rejection

Insights from the Incidental Learning of Tone-Segment Connections 45

https://doi.org/10.1017/S0272263119000482 Published online by Cambridge University Press

https://doi.org/10.1017/S0272263119000482


Cantonese musicians. To sum up, these results are not surprising, as the two tones in the
stimuli were meant to be easy for all participants to distinguish perceptually.

Because this task aimed to test participants’ ability to distinguish the two tones in the
learning targets, we now focus only on participants’ responses to the AB pairs. The
accuracy (number of correct responses) and the reaction time data of the four participant
groups were analyzed. For each participant, reaction time values beyond6 2.5 standard
deviations from their mean were treated as outliers and were excluded from analysis. The
reaction time data were log-transformed for normalization before any further statistical
analyses. Figure 2 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).

FIGURE 1. Sensitivity (d') (left) and response bias (c) (right) of the four participant groups in the AX discrimination
task.

TABLE 3. Post-hoc Tukey pairwise multiple comparisons for the response bias (c) of the
four participant groups

Comparison Estimated difference Adjusted p

Cant nonmusicians – Cant musicians 0.098 0.427
Eng musicians – Cant musicians 0.062 0.766
Eng nonmusicians – Cant musicians 0.223 0.005*
Eng musicians – Cant nonmusicians 0.036 0.945
Eng nonmusicians – Cant nonmusicians 0.125 0.215
Eng nonmusicians – Eng musicians –0.161 0.066
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Mixed-effects models (LMMs) (R package lme4 [Bates &Maechler, 2009] in R) were
used to determine the effects of tonal experience and musical background (fixed effects)
on participants’ accuracy (generalized linear mixed-effects models, GLMMs) and re-
action time (linear mixed-effects models). Participants and items (AB pairs) were in-
cluded as random effects in the LMMs, with by-participant and by-item random slopes
for the effect under investigation. For example, a full model for testing the effect of tonal
experience was coded in R as “full_model ←glmer(Accuracy ~ Musical Background 1
Tonal Experience 1 (Tonal Experience |Participants) 1 (Tonal Experience|Item)).”
Effects for each individual effect were tested by likelihood ratio tests of a full model
against a reduced model that excluded the effect to be tested.6 Effects for interaction were
tested by comparing models with and without the interaction (e.g., R code: Musical
background * Tonal experience vs. Musical background 1 Tonal experience) with
random intercepts for random effects. Results are presented in Table 4. 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 results suggest participants’
accuracy was mostly not affected by their prior musical training and tonal experience, but

FIGURE 2. Accuracy and log-transformed reaction time of the four groups for the AB pairs in the AX dis-
crimination task (C 5 Cantonese, E 5 English; error bar 5 1 SE).

TABLE 4. Summary of the statistics of the mixed model comparisons for the factors of
interest for the AX discrimination task (* 5 significant effect).

Factor
Result

Accuracy Reaction time (log10)

Musical background x2(1) 5 0.562, p 5 0.4541 x2(1) 5 0.498, p 5 0.4802

Tonal experience x2(1) 5 0.960, p 5 0.3273 x2(1) 5 21.06, p , 0.001*4

Musical background * tonal experience x2(1) 5 0.465, p 5 0.4955 x2(1) 5 99.08, p , 0.001*6
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tonal experience may have a relatively subtle facilitative effect for their reaction time,
potentially at the automatized level. As expected, distinguishing a rising tone from
a falling tone as in the learning targets was generally easy for our participants regardless
of their tonal experience or musical background.

PRONUNCIATION JUDGMENT TASK

Figure 3 shows the average accuracy of the four groups for the critical items and ex-
tension items. Impressionistically, for both critical items and extension items, English
participants performed at around chance level (50%) but Cantonese participants per-
formed considerably above chance level, regardless of their prior musical training.

GLMMs were constructed to determine the effects of tonal experience, musical
background, and their interaction on participants’ accuracy on the critical items and
extension items with same procedure as previously mentioned. Again, “tonal experi-
ence” and “musical background” were treated as fixed factors and “item” and “par-
ticipant” as random factors in the models. Results are presented in Table 5, which reveal
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. No significant interaction between musical background
and tonal experience was found.

To determine whether individual groups performed significantly above chance level
(i.e., showing a learning effect), further GLMMs were constructed with “Participant
Group” (4 levels) as the fixed factor and by-item and by-participant random intercepts.16

Ninety-five percent confidence intervals were generated for the prediction of each
participant group based on GLMM using the “predict” function in R. Results are
presented in Tables 6 and 7. For both critical items and extension items, the 95%

FIGURE 3. Accuracy of the four groups for the critical items and extension items in the pronunciation judgment task
(C 5 Cantonese, E 5 English; error bar 5 1 SE).
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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 connections was abstract and potentially
rulelike. However, the 95% confidence intervals for English musicians and non-
musicians contain the chance level value, suggesting that they did not perform sig-
nificantly above chance level.

To determine whether each participant group performed significantly differently for
words with different onset consonants and tones, another set of GLMMs were con-
structed, with “Item Type” (2 levels: approximants vs. aspirated stops) as the fixed factor
and by-item random intercept and by-participant random slope for the effect of Item
Type. GLMMs were built separately for critical items and extension items. Results are
presented in Table 8. For all the four participant groups, there is no significant difference
in participants’ accuracy on approximant-initial words and aspirated-stop-initial words
for either critical items or extension items, suggesting that in general our participants
learned the two target rules on tone-segment connections similarly well.

STRUCTURAL KNOWLEDGE

A further question is whether Cantonese musicians and nonmusicians, who showed
a learning effect of the target tone-segment connections, possessed relevant unconscious
structural knowledge. Table 9 shows the number and percentage of responses of each
source attribution (guess, intuition, memory, or rule[s]) for the critical items and

TABLE 5. Summary of the statistics of the mixed model comparisons for the factors of
interest for the pronunciation judgment task (* 5 significant effect).

Factor
Accuracy

Critical items Extension items

Musical background1 x2(1) 5 0.001, p 5 0.975 x2(1) 5 0.114, p 5 0.915
Tonal experience2 x2(1) 5 5.315, p 5 0.0211* x2(1) 5 5.105, p 5 0.0239*
Musical background * tonal experience3 x2(2) 5 0.482, p 5 0.786 x2(2) 5 0.082, p 5 0.960

TABLE 6. Accuracy (% correct) on and 95% confidence intervals (from upper bound to
lower bound) of the critical items for the prediction of each participant group based on

GLMM (chance level 5 50%).

Group Accuracy on critical items (%) Upper bound Lower bound

Cantonese musicians 60.80 65.17 56.26
Cantonese nonmusicians 62.22 66.53 57.70
English musicians 52.99 57.56 48.37
English nonmusicians 51.85 56.44 47.24
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extension items by the Cantonese musicians and nonmusicians. For both critical items
and extension items, more than 60% of the source attribution responses were implicit
attributions (i.e., guess or memory), with “guess” being the attribution with the highest
frequencies. This suggests that most of the time the Cantonese participants were simply
guessing or using their intuition for their judgments in the critical and extension trials. In
general, there were more implicit attributions for extension items than critical items. This
is in line with the fact that extension items involved new onset consonants that were not
encountered in the training phase.

To test whether Cantonese participants showed a learning effect of the target tone-
segment connections even when they stated they were guessing or using their intuition,
another set of GLMMs were built to determine participants’ accuracy when they stated
“guess” or “intuition” (implicit attributions) and 95% confidence intervals were gen-
erated in the same way as reported in the preceding text. Results are presented in Tables
10 and 11. 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 for both kinds of
items even when they claimed to be guessing or using their intuition. This reveals that
Cantonese participants possessed implicit, abstract, and potentially rulelike knowledge
of the target tone-segment connections.

TABLE 7. Accuracy (% correct) on and 95% confidence intervals (from upper bound to
lower bound) of the extension items for the prediction of each participant group based on

GLMM (chance level 5 50%).

Group Accuracy on extension items (%) Upper bound Lower bound

Cantonese musicians 55.65 59.89 51.33
Cantonese nonmusicians 55.94 60.17 51.62
English musicians 50.28 54.60 45.96
English nonmusicians 49.58 53.89 45.26

TABLE 8. Summary of the statistics of the mixed model comparisons on item types in
the pronunciation judgment task (* 5 significant effect).

Participant group
Overall accuracy

Critical items Extension items

Cantonese musicians x2(1) 5 0.200, p 5 0.655 x2(1) 5 2.804, p 5 0.094
Cantonese nonmusicians x2(1) 5 3.124, p 5 0.077 x2(1) 5 2.094, p 5 0.148
English musicians x2(1) 5 0.770, p 5 0.380 x2(1) 5 0.923, p 5 0.337
English nonmusicians x2(1) 5 2.872, p 5 0.090 x2(1) 5 2.664, p 5 0.103
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DISCUSSION

The present study sought to determine (a) whether tone-segment connections can be
acquired through incidental exposure; and if so (b) whether the resultant knowledge may
be abstract and implicit; and (c) the effects of prior musical training and tonal experience
on the encoding of pitch patterns as abstract tone categories at the syllable level, as
reflected in the learning of tone-segment connections. With regard to the goals (a) and
(b), we found that Cantonese speakers, regardless of their musical background, de-
veloped knowledge of novel tone-segment connections only after brief exposure without
explicit feedback. They performed similarly well on the two target rules for both critical
items and extension items. With regard to the conscious state of the resultant knowledge,
it was found that Cantonese speakers possessed implicit structural knowledge of the
target tone-segment mappings as assessed by the source attribution task (Dienes, 2008).
We conclude that it is possible for Cantonese learners (and potentially speakers of other
tone languages as well) to acquire implicit knowledge of tone-segment connections
through incidental exposure. This adds to an existing body of work demonstrating that
different linguistic patterns, especially phonological patterns, can be acquired by adult
L2 learners (Chan & Leung, 2014, 2018; Dell et al., 2000; Grey et al., 2014; Leung &
Williams, 2011, 2012, 2014; Rebuschat & Williams, 2012; Rogers et al., 2016; Warker
& Dell, 2006; Williams & Kuribara, 2008).

The Cantonese speakers also appeared to have an abstract and potentially rulelike
knowledge of the target tone-segment connections. In the present study, given the strict
control on the frequency of phonemes in the nucleus and coda positions for the stimuli in
the training phase and the testing phase, their above-chance performance on the critical
items and the extension should have been based on their knowledge on the mapping
between the onset consonants and the target tones. The Cantonese speakers displayed

TABLE 9. Number and percentage of responses of each attribution for critical items and
extension items (36 critical/extension items * 40 participants 5 1,440 responses).

Implicit attributions Explicit attributions

Guess Intuition Memory Rule(s)

Critical items 442 (30.7%) 438 (30.4%) 372 (25.8%) 188 (13.1%)
Extension items 511 (35.5%) 470 (32.6%) 281 (19.5%) 178 (12.4%)

TABLE 10. Accuracy (% correct) on and 95% confidence intervals (from upper bound to
lower bound) of the critical items for the prediction of Cantonese participants (with data

from their implicit attributions only) based on GLMM (chance level 5 50%).

Group Accuracy on critical items (%) Upper bound Lower bound

Cantonese musicians 58.56 63.78 53.14
Cantonese nonmusicians 62.35 68.00 56.34
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a learning effect for novel words whose onset consonants were encountered in the
training phase (critical items), suggesting that they possessed knowledge of the target
tone-segment connections, which should be at a sufficient level of abstraction to facilitate
transfer to completely new lexical items rather than relying solely on their memory of the
training items. Moreover, they also showed a learning effect for novel words with onset
consonants not encountered in the training phase (extension items), suggesting that their
knowledge is potentially rulelike. While they may have acquired rules described in terms
of the phonological classes of the onset consonant and the tone types (i.e., words be-
ginning with an aspirated stop always carry a rising tone, and words beginning with an
approximant always carry a falling tone), they might also have learned rules about the
mappings of tones with other salient byproducts of the target rules (correlated rules) (e.g.,
words beginning with an aspiration or a “puff of air” always carry a rising tone, or words
beginning with a consonant with vowellike quality [a property of approximants] always
carry a falling tone). Although the design of the present study did not allow us to
determine whether their knowledge was based on the entire phonological classes or the
associated features of these phonological classes, our findings provide evidence that their
knowledge of the target tone-segment connections was abstract and potentially rule-
based knowledge instead of merely based on memory of the training items. Still, it should
be noted that Cantonese speakers’ performance on extension items was worse than that
on critical items. This is in line with previous studies that used the transfer tests (e.g.,
Altmann et al., 1995): judgment performance was worse on test items with different
surface features (e.g., different letter set) or in different modalities (e.g., from visual to
auditory). Specifically in our study, one main difference between the onset consonants in
the training/critical items and those in the testing items lies in the feature [anterior]: onset
/ph/, /th/, /l/, and /w/ in the training/critical items were [1anterior] whereas onset /kh/ and
/j/ were [–anterior]. Participants might thus be less able to apply the knowledge they had
acquired in the training to the extension items. This interpretation is consistent with the
fact that all four participant groups apparently had lower accuracy on the extension items
than on the critical items.

As for goal (c), our study demonstrates that incidental learning of tone-segment
connections does not appear to be completely unconstrained. The English speakers in our
study, be they musicians or nonmusicians, did not show any learning effect of the target
tone-segment connections. This does not mean that tone-segment connections are not
learnable for them, as we cannot rule out the possibility that the target tone-segment
connections could also be learnable by English speakers if more input was given (e.g.,

TABLE 11. Accuracy (% correct) on and 95% confidence intervals (from upper bound to
lower bound) of the extension items for the prediction of Cantonese participants (with
data from their implicit attributions only) based on GLMM (chance level 5 50%).

Group Accuracy on extension items (%) Upper bound Lower bound

Cantonese musicians 55.65 59.94 51.28
Cantonese nonmusicians 56.82 61.54 51.97
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more trials in the training phase). Still, with the same amount of input and similar
experiment duration, our results show that Cantonese speakers and English speakers
exhibited differential success in learning the target tone-segment connections through
incidental exposure.What could have caused such a difference in their performance? Our
learning targets involved the mappings between onset consonants (aspirated stops vs.
approximants) and lexical tones (rising or falling). At the segmental level, both aspirated
stops and approximants are phonological natural classes in English and Cantonese; both
Cantonese and English speakers in our study should share a similar starting point with
regard to the segmental parts of the target rules. Besides, both English and Cantonese
speakers performed similarly well in distinguishing between the rising tone and the
falling tone in the learning targets as revealed in the AX discrimination task, implying
that the observed differential performance was unlikely to be due to difficulty in per-
ceiving tones at the phonetic-acoustic level. Then it is likely that the observed differential
performance was due to how the tones in the learning targets were processed, which can
be explained by the Perceptual Assimilation Model (Best, 1994). Specifically, our
Cantonese speakers, who also spoke Mandarin as an L2, may have perceptually as-
similated the rising and falling tones in the learning targets to the Cantonese and/or
Mandarin counterparts. As such, they could encode novel pitch patterns as abstract tone
categories at the word level, which was the prerequisite of learning novel tone-segment
connections incidentally. In contrast, English learners may have perceptually assimilated
the rising and falling tones in the learning targets to intonational rise and fall in the
English tonal system (So & Best, 2010). Although contrastive intonational patterns may
also operate on monosyllabic words in English and other nontonal languages, intonation
usually operates at the utterance level and is not used for contrasting word meaning.
Therefore, English learners might not be able to encode novel pitch patterns as abstract
tone categories at the syllable level and thus did not show a learning effect of the target
tone-segment connections.

These results have implications for L2 lexical tone learning in general. L2 lexical tones
are often reported to be difficult, especially for learners whose L1 is a nontonal language,
but the nature of the long-term difficulty involved remains far from clear (Pelzl et al.,
2019). Most previous studies have focused on the perception of L2 lexical tones at the
phonetic-acoustic level (e.g., Francis et al., 2008; Halle ́ et al., 2004; Wayland & Guion,
2004). However, it is not until the past decade that the distinction between phonetic
perception/processing of sounds and phonological and lexical perception/processing of
tones has been highlighted in the L2 tone learning literature (e.g., Malins & Joanisse,
2010, 2012; Pelzl et al., 2019; Wiener et al., 2018). For instance, Pelzl et al. (2019) found
a discontinuity of success in L2 tone learning: they found that L1 English advanced
learners of Mandarin performed at a near-native level in identifying tones on isolated
words, but they struggled in a lexical decision task and a semantic judgment task that
hinged on lexical tone processing. A possible reason lies in English learners’ inability to
“repurpose” pitch patterns from intonational cues to lexical cues, but they must first form
abstract tone categories at the word level, which can be a separate challenge for English
and other nontonal language speakers, before they can use them as lexical cues in lexical
tasks. However, previous studies on the “lexical learning” of tones conflate lexical tone
processing at the phonological level (abstract and categorization) with the lexical level
(processing of word meaning), by using lexical tasks to infer participants’ ability to

Insights from the Incidental Learning of Tone-Segment Connections 53

https://doi.org/10.1017/S0272263119000482 Published online by Cambridge University Press

https://doi.org/10.1017/S0272263119000482


establish novel phonological categories. As far as we are aware, this is the first study that
teases apart the phonological level from the phonetic and lexical levels in tone processing
and demonstrated that forming abstract tone categories at the word level may be difficult
for English speakers, which is a prerequisite of using abstract tone categories as lexical
cues for contrasting word meaning. Specifically, in the present study, English speakers
achieved nativelike accuracy in distinguishing the rising tone from the falling tone in the
learning targets but they nevertheless failed to learn the target tone-segment connections.
Such “discontinuity” is potentially due to their processing bias in treating pitch patterns
as intonational cues. Further research in L2 tone learning should focus on how nontonal
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 nontonal
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 both the
overlap and separation of the musical and linguistic domains (see the Introduction section
for a detailed discussion). However, a crucial question about the relationship between
music and speech remain unexplored: that is, whether prior musical training may facilitate
the formation of novel lexical tone categories. The present study shows that prior musical
training did not have any significant effect on the learning of tone-segment connections by
either Cantonese or English speakers, suggesting that prior musical training does not
facilitate the encoding of pitch patterns as abstract tone categories at the syllable level. This
is in line with a previous finding that, while musicians who speak a nontonal languagewere
relatively more accurate in pitch contour identification than nonmusicians, their pitch
contour abstraction and categorization ability was comparable to that of nonmusicians
(Wayland et al., 2010), suggesting that musicians do not have an advantage in forming
abstract categories based on pitch patterns despite better ability to perceive tones at the
phonetic-acoustic level. Our results highlight an area of the separation between the musical
domain and the linguistic domain.

At a broader level, our findings reveal that the incidental learning mechanism, despite
being domain-general, does not seem to involve unconstrained associative learning but
may interact with learners’ prior linguistic experience and processing biases. Specifi-
cally, the incidental learning of tone-segment connections appears to depend crucially on
how pitch variation is used in the tone system(s) of the language(s) the learners speak,
which shapes their processing bias on pitch patterns. The present study adds to a rel-
atively small body of work that investigates the limits of and constraints involved in
incidental/implicit learning (e.g., Leung & Williams, 2011, 2012, 2014).

In the present study, it was our intention to (a) use simple tonal contrast (i.e., rising vs.
falling) in our stimuli that were easy for all participant groups to discriminate at the
phonetic-acoustic level; (b) have strict control on the frequency of all the different
phonemes in the stimuli; and (c) make the tasks entirely auditory without involving
meaning in the stimuli. With careful experimental control on the stimuli based on the
learning targets, participants were exposed to systematic data and the results provide
strong evidence that the differential success by Cantonese and English speakers in the
incidental learning of tone-segment connections can only be attributed to how tones were
processed at the phonological level. Due to the quest for optimum experimental control,
one might imagine that because the tone-segment connections involved in our study were
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artificial and simple when compared with tone-segment constraints found in some natural
languages such as Thai (Sladen, 2009), the findings seem to have little apparent relevance
to L2 speech learning in naturalistic settings. However, as in many psychology/psy-
cholinguistic experiments, a plausible assumption is that participants brought the same
processing resources that they use in everyday life to the laboratory, and thus their
performance must reveal something about how their minds work. In terms of language
learning, it has been found that success in an artificial language learning experiment
correlates positively with indices of L2 learning (Ettlinger, Morgan-Short, Faretta-
Stutenberg, & Wong, 2016). Therefore, it is reasonable to believe that our findings are
also relevant to L2 tone learning in naturalistic settings.

CONCLUSION

The present study investigated the incidental learning of tone-segment connections by
Cantonese and English speakers. Despite similar performance on distinguishing the
rising tone from the falling tone perceptually, Cantonese speakers showed an abstract and
potentially rulelike knowledge of the target tone-segment connections but English
speakers did not, attributable to the possibility that English learners failed to form tone
categories at the syllable level. Also, prior musical training did not seem to facilitate the
formation of lexical tone categories, providing evidence for the separation between
music and speech.

NOTES

1While other phonetic cues such as duration, loudness, and voice quality also play a role in tone perception
and production, this article will focus on pitch, which is the primary cue of lexical tones.

2From a phonological point of view, there are “four tones” in Middle Chinese tonal system, namely, Ping
(level), Shang (Rising), Qu (Departing), and Ru (Entering). Entering tone only occurs when syllables ending
with stops, while the other three tones occur when syllables ending with vowel, semivowel, and nasal (Sagart,
1999). Cantonese, for example, has three entering tones that have similar pitch heights and shapes as the three
corresponding nonentering level tones but with shorter durations. They are often treated as allotones of the
corresponding nonentering tones.

3Pairs of aspirated and unaspirated stops (e.g., /p/ and /ph/) are allophones in English but are different
phonemes in Cantonese. However, this should not lead to any difference in learning the target tone-segment
connections by the four groups of learners because, in the present study, stops only appeared at a fixed location
(i.e., syllable onset in monosyllabic words) and were not preceded by /s/. Under these conditions, only
phonetically aspirated, and not unaspirated, voiceless stops occur in English.

4By PPA Innovation Co., Ltd. (see http://www.ppainnovation.com/salika/homeedition_en.html for
details). Synthesized stimuli instead of recordings by a native speaker were used in the experiment because
a native speaker is likely to vary in their fluency when trying to pronounce nonce words.

5By performing the AX discrimination task first, it is likely that participants will have been alerted to tones
in the training phase. But this is a nonissue as long as no explicit information about the connections between the
initial consonant and tone type will be provided.

6For example, to test the effect of musical background on accuracy, the R code for the full model is
“full_model , -glmer(Accuracy ~ Musical Background 1 Tonal Experience 1 (Musical Background|Par-
ticipants) 1 (Musical Background|Item))”; the reduced model was coded as “reduced_model ←glmer(-
Accuracy ~ Tonal Experience 1 (Musical Background|Participants) 1 (Musical Background|Item)”

7Full model: glmer(Accuracy ~ Musical Background 1 Tonal Experience1 (Musical Background |
Participants)1 (Musical Background | Item), family5binomial, control5glmerControl(optimizer5 “optimx,”
“optCtrl5list(method 5 ‘nlminb’)))”
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8Full model: (LogRT~ Musical Background1 Tonal Experience1 (Musical Background | Participants)
1 (Musical Background | Item), REML 5 FALSE)

9Full model: glmer(Accuracy ~ Musical Background 1 Tonal Experience 1 (Tonal Experience |
Participants) 1 (Tonal Experience | Item), family5binomial, control5glmerControl(optimizer5‘optimx,’
“optCtrl5list(method5‘Nelder_Mead’)))”

10Full model: (LogRT~ Musical Background 1 Tonal Experience 1 (Tonal Experience | Participants) 1
(Tonal Experience | Item), REML5FALSE)

11Full model: glmer(Accuracy ~Musical Background * Tonal Experience1 (1 | Participants)1 (1 | Item)).
Any models with more complicated random slope structure failed to converge.

12Full model: lmer(LogRT ~Musical Background * Tonal Experience1 (1 | Participants)1 (1 | Item)). A
random intercept model was used instead of a random slope model so that the results are comparable with the
results from the model on accuracy.

13Full model: glmer(Accuracy ~ Musical Background 1 Tonal Experience 1 (Musical Background |
Participants) 1 (Musical Background | Item), family5binomial)

14Full model: glmer(Accuracy ~ Musical Background 1 Tonal Experience 1 (Tonal Experience |
Participants) 1 (Tonal Experience | Item), family5binomial)

15Full model: glmer(Accuracy ~Musical Background * Tonal Experience1 (1 | Participants)1 (1 | Item)).
Any models with more complicated random slope structure failed to converge.

16R code: glmer(Accuracy ~ Participant Group1 (1| Participants)1 (1 | Item), family5binomial). There is
no theoretical motivation for any random slope structures in the model.
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