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The current study investigated how the role of pitch in one’s native language
and L2 experience influenced musical melodic processing by testing Turkish
and Mandarin Chinese advanced and beginning learners of English as an
L2. Pitch has a lower functional load and shows a simpler pattern in Turk-
ish than in Chinese as the former only contrasts between presence and the
absence of pitch elevation, while the latter makes use of four different pitch
contours lexically. Using the Musical Ear Test as the tool, we found that the
Chinese listeners outperformed the Turkish listeners, and the advanced L2
learners outperformed the beginning learners. The Turkish listeners were
further tested on their discrimination of bisyllabic Chinese lexical tones,
and again an L2 advantage was observed. No significant difference was
found for working memory between the beginning and advanced L2 learn-
ers. These results suggest that richness of tonal inventory of the native lan-
guage is essential for triggering a music processing advantage, and on top of
the tone language advantage, the L2 experience yields a further enhance-
ment. Yet, unlike the tone language advantage that seems to relate to pitch
expertise, learning an L2 seems to improve sound discrimination in general,
and such improvement exhibits in non-native lexical tone discrimination.
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1. Introduction

Speech and music are two unique products of the human brain that serve com-
municative purposes, and are present across all cultures (Patel, 2008). In both,
pitch variation plays a fundamental role. Language makes use of pitch to convey
meaning, and musical melodies are formed by structuring pitches. Expertise with
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pitch in language has been found to facilitate musical processing, and vice versa.
Lexical tones are commonly used to test the transfer effect between language and
music processing. In tone languages, lexical tones are pitch variation that distin-
guishes lexical meaning. A widely cited example is Mandarin Chinese, in which
the same syllable /ma/ means mom, hemp, horse, and scold when it carries a
high-level, a low-rising, a low-dipping, and a high-falling tone respectively. Native
speakers of a tone language have been found to outperform non-tone language
speakers at pitch discrimination as well as music perception tasks (Bidelman,
Hutka, & Moreno, 2013; Chen, Liu, & Kager, 2016; Pfordresher & Brown, 2009),
and musicianship facilitates lexical tone perception in return (Lee & Hung, 2008;
Schellenberg, 2015; Wong, Skoe, Russo, Dees, & Kraus, 2007).

Although the association between tone language and music processing has
been supported by a great deal of experimental research, the exact underlying
mechanism needs to be further scrutinized. The current study focuses on two
questions, first, where does the tone language benefit in music processing orig-
inate? And second, how may L2 experience influence musical pitch processing?
With regard to the tone language benefit, one hypothesis is that the higher func-
tional load of pitch in tone versus non-tone language may facilitate pitch process-
ing in music (Shaefer & Darcy, 2014). In tone languages, pitch variation alone is
sufficient to distinguish lexical meaning while such phonemic function of pitch
is absent in non-tone languages. Hence, compared to non-tone language speak-
ers, the need to represent and discriminate the lexical tones may improve sensitiv-
ity to certain aspects of pitch (Bradley, 2016), such as interval and contour, which
may extend beyond language and exhibit in music processing. Yet interestingly,
a positive correlation between the processing of lexical tones and that of musi-
cal melodies has only been observed among non-tone language listeners (Chen
et al., 2016; Chen, Peter, Wijnen, Schnack, & Burnham, 2018), whereas such cor-
relation was absent for the Chinese listeners. Therefore, it seems that learning the
phonemic role of lexical tones enhances processing of musical melody, as the Chi-
nese listeners outperformed the Dutch listeners on music tasks. However, once
the tonal categories are well established, the lexical tones are split from general
pitch processing due to the phonemic function (Chen, Liu, & Kager, 2016; Mok
& Zuo, 2012). The tone language advantage in music processing seems to relate
to learning the linguistic function of native pitch patterns rather than the knowl-
edge of these patterns. The second hypothesis is that phonetic realization rather
than phonological contrastivity of pitch patterns per se is essential for enhanc-
ing music processing. If phonological contrastivity of pitch alone is sufficient
for enhancing music processing, then in musical pitch processing tasks, listeners
whose native language makes minimal use of pitch to distinguish lexical meaning
should exhibit a comparable advantage as observed among native speakers of a
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canonical tone language where multiple tones are distinguished by different pho-
netic features such as pitch level and contour (e.g., Cantonese; Bauer & Benedict,
1997; Gandour, Jack, 1983; Li & Thompson, 1989). On the other hand, if multiple
tonal contrasts in one’s native language are essential for improving musical pitch
processing, then speakers whose native language has a rich inventory of lexical
tones and make use of multiple phonetic features should outperform those whose
native language shows limited lexical pitch variation, and different levels of pitch
sensitivity should be observed among native speakers of different tone languages.
Similarly, if phonological contrastivity per se is sufficient to dissociate the pro-
cessing of lexical tones and musical pitch, then we would expect a lack of cross-
domain correlation as long as the listeners’ native language makes use of pitch to
distinguish lexical meaning, regardless of whether one or many tonal contrasts are
present. On the other hand, if the split can only be achieved when multiple lexical
tones are contrasted, then a cross-domain correlation should be observed among
speakers whose native language shows limited contrastivity of pitch.

To test whether phonological contrastivity of pitch per se is sufficient to trigger
advanced processing of music, we compared Mandarin Chinese and Turkish
native listeners on their discrimination of short musical phrases. Chinese is a typi-
cal tone language with four citation tones and a neutral tone. Lexical tone is oblig-
atory for any Chinese syllable, and most syllables in Chinese can carry any of
the four tones to form a real morpheme. The neutral tone is restricted to certain
lexical structures and always follows a syllable carrying a citation tone. Turkish
makes use of lexical accent when distinguishing word meaning with the default
location for primary accent being on the last syllable of the word. In Turkish, lex-
ical meaning can be contrasted by the position of the lexical accent (e.g., final ver-
sus non-final accent, [bébek] ‘name of a suburb of Istanbul’ and [bebék] ‘baby’,
cited from(Levi, 2005)), and importantly, elevated pitch serves as the most promi-
nent cue for marking lexical accent (Levi, 2005). Yet unlike Mandarin Chinese
that contrasts between four different pitch patterns lexically for almost every syl-
lable, Turkish lexical accent only contrasts presence versus absence of pitch ele-
vation at a certain position, and it does not distinguish pitch direction or contour
differences. In addition, only some words have a minimal pair contrasted by lexi-
cal accent. Hence, although Turkish makes use of pitch for distinguishing lexical
meaning, it is phonetically simpler than the Chinese lexical tones, and pitch has a
lower functional load than in Mandarin Chinese (Shaefer & Darcy, 2014). By com-
paring these two language groups, we hypothesize that if contrastivity (i.e., lexi-
cal meaning can be distinguished by pitch variation) alone is sufficient to enhance
pitch perception, then in music processing tasks, Turkish listeners should per-
form comparably to the Mandarin Chinese listeners, while if a rich tonal inventory
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(i.e., multiple contrastive pitch patterns) is necessary to trigger such an advantage,
Mandarin Chinese listeners should surpass the Turkish listeners.

Turning to the L2 effect on music processing, although many studies reported
positive effect of music training on L2 learning, whether L2 learning benefits
music processing in return remains largely unknown. For the musicianship
induced advantage in speech processing. It has been hypothesized that people
with good musical ability are equipped with “good ears” to analyze and dis-
criminate non-native speech sounds (Kempe, Bublitz, & Brooks, 2015; Marie,
Delogu, Lampis, Belardinelli, & Besson, 2011; Schellenberg, 2015; Slevc & Miyake,
2006), leading to more accurate L2 perceptual identification and pronunciation.
Although the effect of L2 on music processing is under-investigated, it is known
that actively learning a second language improves the perception of phonological
contrasts in the target language (Bradlow, Akahane-Yamada, Pisoni, & Tohkura,
1999), and experienced learners outperform the inexperienced ones (Flege, Bohn,
& Jang, 1997). Physiologically, learning induced neural plasticity has been
observed for both the grey and the white matter among adult L2 learners (Callan
et al., 2003; Schlegel, Rudelson, & Tse, 2012), and bilingual children and ado-
lescents showed stronger subcortical encoding of speech fundamental frequency
than their monolingual counterparts (Krizman, Marian, Shook, Skoe, & Kraus,
2012). Together with the fact that perceptual learning of non-native contrasts show
long term retention (Lively, Pisoni, Yamada, Tohkura, & Yamada, 1994), such
physiological changes suggest a better wiring of neural resources, which may well
facilitate general rather than speech specific auditory performance. Indeed, a sec-
ond language benefit has been reported in musical rhythm perception. Those
who learned a second language (L2) that had different rhythmic properties than
their native language outperformed those who learned an L2 with similar rhyth-
mic properties in the discrimination of musical rhythm (Roncaglia-Denissen,
Schmidt-Kassow, Heine, Vuust, & Kotz, 2013; Roncaglia-Denissen, Roor, Chen, &
Sadakata, 2016), and this discrimination ability seems to be subject to the amount
of second language experience (Bhatara, Yeung, & Nazzi 2015). Yet interestingly,
Bidelman et al. (2013) found that for native tone language listeners, the later the
onset of learning a second language (suggesting more native language input),
the better the discrimination between short musical melodies. Hence, experience
with a non-tone L2 may hinder native tone language listeners’ musical process-
ing. So far however, when testing the tone language advantage in music process-
ing, although native tone language speakers often had knowledge of an L2 (mostly
English), whether and how their L2 experience and proficiency may have influ-
enced their performance was largely neglected.

To test the effect of L2 on music processing, we separated the Chinese and
the Turkish listeners in to one subgroup with little L2 (English) experience and
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another highly proficient in English as an L2. With such a manipulation, we aimed
to investigate how L2 experience and proficiency may interact with native lan-
guage in shaping music processing. If L2 enhances auditory acuity in general, then
such enhancement is expected to exhibit in the music processing tasks as well,
and the advanced L2 learners should outperform the L2 beginners regardless of
native language. In contrast, if native language plays a determinant role in music
processing, then native Mandarin Chinese listeners should outperform the Turk-
ish listeners irrespective of L2 level. In order to test if L2 advantage (if any) holds
true for pitch processing in speech as well, we further tested the Turkish listeners
on their discrimination on bisyllabic Chinese lexical tones.

For music processing, we made use of the Musical Ear Test (MET)
(Wallentin, Nielsen, Friis-Olivarius, Vuust, & Vuust, 2010) in which participants
are tested on their discrimination between pairs of short musical phrases. MET
was selected as the tool for two reasons: first, it shows high sensitivity in distin-
guishing people with different musical ability (e.g., professional versus amateur
musicians) which prevents a ceiling effect; second, the melodies retain real life
musical structures, melodic as well as rhythmic, which ensures ecological validity.
As working memory is involved in these tasks, and as previous studies have shown
that tone language listeners outperformed non-tone language listeners on working
memory tasks (Bidelman et al., 2013), we further included the a non-word repeti-
tion and a backward digit span task to measure phonological and working mem-
ory respectively, and we included the performance on these tasks as covariates in
the statistical analysis.

2. Materials and methods

2.1 Participants

Fifteen native Turkish speakers with low English proficiency (Turkish beginners,
mean age (SD)= 18.93 (1.94) years, 8 women and 7 men), 15 native Turkish speak-
ers with high English proficiency (Turkish advanced learners, mean age
(SD) =24.33 (1.18) years, 9 women and 6 men), 17 native Mandarin speakers with
low English proficiency (Chinese beginners, mean age (SD) = 20.59 (1.62) years,
11 women and 6 men), and 16 native Mandarin Chinese speakers with high Eng-
lish proficiency (Chinese advanced learners, mean age (SD)= 25.75 (1.53) years, 13
women and 3 men) participated in the experiment. The Chinese beginners were
tested in Beijing, and were either attending a university degree program or had
recently graduated. None of the Chinese beginner participants had stayed out-
side China for more than two weeks and all of them reported not being able
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to converse in English. The Chinese advanced participants were tested in the
Netherlands and were attending or just graduated from English taught bachelor
or graduate programs in Dutch universities. All the Chinese speakers were born
and grew up in Mandarin in Mainland China. The Turkish L2 beginnning learn-
ers were tested in Turkey, and were preparing for university by learning English in
a preparatory school at the Middle East Technical University of Ankara, Turkey.
Before testing, they had had one or two weeks of English classes and did not
have sufficient knowledge of English to converse in it. Fourteen Turkish advanced
learners were tested in Turkey; these participants were currently studying in or
just finished an English taught program at a university. One Turkish advanced
learner was tested in the Netherlands; this participant was attending an English
taught program at a Dutch university. Hence, all the advanced L2 learners had
abundant experience using English in an academic setting that required oral as
well as written proficiency. For all the Chinese and Turkish beginners, courses
on English language were obligatory in their curriculum; hence, all of them had
some knowledge of English. Yet they had only enrolled in formal education taught
solely in Mandarin Chinese/Turkish, and they were not able to communicate in
English. All the participants learned English in school, and none of them were
simultaneously bilingual. None of the participants reported knowledge of a third
language other than English. One Turkish advanced learner failed to participate
in the lexical tone discrimination task; hence, analysis of the lexical tone tasks was
conducted with the remaining 14 participants, while the analysis of MET and cog-
nitive tests included all Turkish advanced learners. One Chinese beginner par-
ticipant was excluded due to a technical error, and the data of the remaining 16
participants were analyzed.

2.2 Materials and procedure

Musical Ear Test, the melodic aptitude test
Participants’ melodic ability was assessed using the melodic subset of the musical
ear test (MET; Wallentin, Nielsen, Friis-Olivarius, Vuust, & Vuust, 2010). The
melodic test consisted of 52 pairs of melodic phrases in piano timbre, presenting
3–8 tones, with realistic musical rhythms. The melodies had the duration of one
measure and were played at 100 bpm. In different trials (26 pairs), the two phrases
differ by one note, and in half of them (13 pairs), such a note change forms pitch
contour violation.
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Memory tests
The participants’ phonological memory was measured by the Mottier test (Mot-
tier, 1951). The Mottier test is a non-word repetition task composed of six sets
of six non- words in each, ranging from two to seven syllables for each set.
All the syllables in all the words have a CV structure. A female native Turkish
and a female native Mandarin Chinese speaker produced the non-words in their
native language according to the phonotactic rules of the corresponding language
respectively. All the non-words were manipulated afterwards to have a flat tone
and comparable intensity.

In the Mottier test, participants heard non-words and were instructed to
orally repeat each word as accurately as possible immediately after hearing it. The
experimenter recorded whether each syllable was recalled correctly as the partic-
ipant spoke, and finished the test once the participant failed to recall at least four
trials in the same set. The score was computed ad hoc as the total number of cor-
rectly recalled non-words with a maximum score of 36 (six sets * six words in each
set) correctly recalled non-words per participant.

In the backward digit span (BDS) test, participants heard sequences of num-
bers and were asked to repeat the sequences orally in reversed order. There were
seven sets of two trials, ranging from two to eight digits. The numbers were pro-
duced by female native speakers of Turkish and Mandarin Chinese respectively.
The experimenter recorded whether each number was correctly recalled as the
participant spoke, and finished the test once the participant failed to correctly
recall at least one sequence per set. The score was computed ad hoc as the total
number of correctly recalled sequences with a maximum score of 14 sequences
per participant.

Self-reported language skills and history questionnaire
Self-reported language skills have been shown to correlate highly with objective
measures of language skills (Marian, Blumenfeld, & Kaushanskaya, 2007) and
were successfully used in previous research to assess individuals’ language skills
(e.g., Garbin et al., 2011; Roncaglia-Denissen, Schmidt-Kassow, Heine, & Kotz,
2013). The language skills and history questionnaire in the current study is the
same as in Roncaglia-Denissen et al. (2015). In this questionnaire, participants
rate their second language listening, writing, reading, and speaking skills on a
ten-point scale, with 1 being very difficult and 10 being very easy to use the lan-
guage in that particular mode. Participants also report their age of first and sec-
ond language first exposure, situations of acquisition, and current use. They were
also asked to indicate any other language they knew and rate their proficiency on
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the same ten-point scales, as well as how often they used that particular language
in daily life.

Music background questionnaire
Participants were given a music background questionnaire to assess information
about their formal musical training (number of years) and daily exposure to
music (hours) (Roncaglia-Denissen et al., 2018). Formal musical training was
assessed for each participant in terms of the number of years they attended private
lessons to learn an instrument or to learn how to sing. Previous research has
shown that both singing and instrument playing shapes auditory perception (e.g.
Kraus & Chandrasekaran, 2010), and as we aimed to exclude musicians rather
than differentiate musicians with different learning experience, whether the par-
ticipants learned one or multiple instruments or whether an instrument was
learned concurrently with singing lessons was disregarded.

Lexical tone discrimination task
A native female speaker of Mandarin Chinese recorded individual CV syllables
carrying the four different lexical tones. Ten different syllables were used as tone
bearing units in the bisyllabic discrimination task. For each syllable separately,
after normalizing the duration of the syllables, the pitch contours of the dipping
tones (T3) were extracted and were used to replace the pitch contour of the ris-
ing tone (T2) syllables, so that the T2-T3 pair solely differed in lexical tones. Sim-
ilarly, the pitch contour of falling tone (T4) was extracted and used to replace
the high-level tone (T1), so that T1-T4 pair solely differed in the lexical tones.
These monosyllables were concatenated to form the bisyllabic sequences. The
two sounds in one trial always had the same CV segments. Both “different” (e.g.,
/maT1//maT1/-/maT1//maT4/) and “same” (e.g., /maT1//maT1/-/maT1//maT1/) trials
were included in the experiment. For details, see Chen, Liu, & Kager (2016). After
the pair of stimuli was presented auditorily, the participants had one second to
give their response by pressing keys labeled as “same” or “different” on a computer
keyboard. If they failed to respond within one second, the trial was considered as
an incorrect response. Before the experiment started, there were eight practice tri-
als with feedback for the participants to acclimate to the procedure. No feedback
was given in the experiment. There were 180 trials in total. It should be empha-
sized that all the four lexical tones can be produced with large duration variation
in real life, and duration normalization of the lexical tones does not lead to unnat-
ural stimuli. Native Chinese listeners had no difficulty at identifying the lexical
tones of individual syllables.

For the Turkish speakers, the order of the lexical tone task and the MET was
counterbalanced, and the working memory tasks and the questionnaires followed
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these tasks. For the Chinese speakers, the MET preceded the working memory
tasks and the questionnaires.

3. Statistical analysis

First, to test whether the advanced L2 learners were indeed more proficient in
English than the beginner groups, we compared the language skills of the par-
ticipants with separate Kruskal-Wallis tests, using each skill as the dependent
variable and language group (Chinese beginners and advanced learners, Turkish
beginners and advanced learners) as a between-subjects factor. Next, an
ANCOVA was conducted with the MET score as dependent variable, with L2 pro-
ficiency and native languages as between-subject variables and the scores of the
Mottier and BDS as well as years of formal music training as covariates. For the
Turkish listeners, an additional ANOVA was performed with the accuracy of lex-
ical tone discrimination task (correct responses divided by total trial number),
with L2 proficiency as a between-subject variable, and with Mottiers and BDS
scores as covariates. To determine whether and how native language and L2 expe-
rience may have influenced working memory, for the Mottier test and the BDS,
a MANOVA were conducted with the scores in both tasks being the dependent
variable, and L2 proficiency (beginners versus advanced learners), and native lan-
guages (Chinese versus Turkish) as between-subject factors. It should be acknowl-
edged that the advanced L2 learners were older than their beginner counterparts,
yet seeing all the participants were in their twenties, it is unlikely that age would
significantly influence their performance in the current experiments (Salthouse,
2009); hence, we did not include age as a variable in the analysis.

4. Results and discussion

Table 1 lists the mean MET score, mean Mottier and BDS score, mean years of
music training, self-reported levels of English reading, writing, understanding,
speaking, and grammar of each language group. None of the participants reported
knowing a third language besides the native language and English with skills
above 2, and none of them used a third language in their daily life.

For all the measurements of English proficiency, the language group showed
a significant effect as expected. Bonferroni corrected post-hoc pairwise compar-
isons indicated that Chinese and Turkish beginners reported significantly lower
English levels than their high proficiency counterparts (all ps< .05), while no dif-
ference was found between the two beginner groups or between the advanced
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Table 1. Mean MET, Mottier and BDS scores, mean years of music training, and self-
reported English level of Turkish beginning L2 learners, Turkish advanced L2 learners,
Chinese advanced L2 learners, and Chinese beginning L2 learners

Turkish
beginners

Turkish advanced
learners

Chinese
beginners

Chinese advanced
learners

MET score 28.07(5.15) 35.40(4.21) 37.00(2.42) 40.25(4.06)

Mottier 23.40(4.31) 26.13(5.14) 30.06(3.31) 30.25(4.71)

BDS  6.60(2.10)  8.67(2.35) 12.25(1.95) 11.81(3.02)

Music training
(years)

 1.20(1.57)  1.67(1.23)  0.19(0.54)  0.48(0.95)

L2 age 11.75(4.83) 8.8(2.51)  8.94(2.62) 10.81(2.69)

L2 reading  2.53(1.73)  7.87(1.30)  4.88(2.16)  8.31(1.35)

L2 writing  2.20(1.52)  8.13(1.55)  5.12(2.39)  7.69(1.25)

L2
understanding

 3.07(2.22)  8.13(1.60)  3.94(2.29)  8.00(1.54)

L2 speaking  2.47(1.81)  7.87(1.64)  4.31(2.02)  7.81(1.22)

L2 grammar  3.60(2.95)  8.00(1.77)  4.75(2.11)  8.19(1.38)

groups HEnglish reading(3) =42.71, (results). p< .001, HEnglish writing(3)= 39.41, p< .001,
HEnglish understanding(3) =33.45, p< .001, HEnglish speaking(3) =37.94, p< .001, HEnglish

grammar(3) =27.27, p< .001. Thus, the advanced learners were more proficient in
English than the beginners, while the Chinese- and Turkish advanced learners
were comparable for their English levels, as well as the beginner groups.

For MET, the ANCOVA showed a significant main effect of native language
F(1, 55)= 15.60, p< .001, partial η2 =0.22 as well as a main effect of L2 proficiency
F(1, 55)= 19.69, p< .001, partial η2 =0.26. The interaction between native language
and L2 proficiency was not significant, F(1, 55) =1.95, p= .17. Neither Mottier nor
BDS score showed a significant effect, FMottier (1, 55)= 0.94, p= .34,
FBDS(1, 55) =1.84, p= .18. Years of musical training showed a significant effect,
F(1, 55)= 4.32, p= .04, partial η2 =0.07. Figure 1 plots the mean score of the MET
melodic test of the Chinese and Turkish advanced and beginning learners. As
can be seen from the figure, the native Chinese speakers outperformed the Turk-
ish speakers, and the advanced L2 learners outperformed the beginners irrespec-
tive of native language. Hence, although pitch signals lexical accent in Turkish,
the Turkish listeners were not as accurate as the Chinese listeners in discrimi-
nating the melodies in the MET. In fact, compared to the Dutch listeners (profi-
cient in English as an L2) in Chen et al. (2016) whose native language did not rely
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on pitch in contrasting lexical meaning, the Turkish advanced L2 learners in the
current study did not obtain higher scores in MET (M= 36.57, SD= 4.97 for the
Dutch participants, and M =35.40, SD =4.21 for the Turkish advanced L2 learn-
ers). L2 proficiency, on the other hand, facilitated musical pitch processing for
both the Chinese and the Turkish speakers. Therefore, L2 proficiency played an
additive effect on top of the native language advantage in musical melodic pro-
cessing. Although the participants had limited musical training, it still showed sig-
nificant effect, suggesting that the training effect was well captured by the MET. In
particular, although the Turkish listeners had longer music training than the Chi-
nese listeners, F(1, 60)= 14.71, p< .001, they still had lower MET scores than the
Chinese listeners. Hence, native language seems to have a stronger impact than
music experience on music processing, at least when such experience is limited.

Figure 1. Mean score of the MET melodic aptitude test of the Chinese and Turkish
beginners and advanced learners

The MANOVA conducted with the Mottier and BDS score showed a sig-
nificant main effect of native language but not L2 experience. Fmottier native language
F(1, 58)= 23.14, p< .001, partial η2 = 0.29, Fmottier L2 experience F(1, 58)= 1.70, p= .20,
FBDS native language (1, 58)= 52.26, p< .001, partial η2 = .47, FBDS L2 experience (1, 58)= 1.79,
p =.19. For both the Mottier and the BDS tasks, the Chinese participants outper-
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formed the Turkish participants, regardless of L2 experience. Interaction between
native language and L2 experience was only significant for BDS, F(1, 58)= 4.24,
p =.044, but not for Mottier, F(1, 58) =1.29, p =.26. As can be seen from Table 1.,
the Turkish advanced learners obtained higher scores than the Turkish beginners
in the BDS tasks, while the Chinese beginners and Chinese advanced learners
showed comparable performance. These findings were inconsistent with some
previous studies (Bialystok, Craik, Green, & Gollan, 2009; Paap & Greenberg,
2013; Paap, Johnson, & Sawi, 2015); we did not find an L2 benefit in phonological
or working memory tasks. Instead, speaking Chinese natively showed a facilita-
tory effect in such tasks. Nevertheless, neither the performance in phonological
nor working memory tasks was significantly related to the accuracy of the MET
melodic test. Meanwhile, although our participants only received limited musical
training, the years of musical training were still significantly related to the MET
melodic test performance. Such a finding was expected seeing that MET has been
demonstrated to be sensitive at capturing the difference in musical expertise as
well as the amount of practice (Wallentin et al., 2010).

With regard to the lexical tone discrimination of the Turkish listeners, the
univariate ANOVA with the accuracy of lexical tone discrimination as a depen-
dent variable and the L2 experience as independent variable with the years of
musical training, the Mottier score, and BDS score as covariates showed a signif-
icant main effect of L2 experience, F(1, 24)= 7.14, p= .013. Years of musical train-
ing were also significantly related to the lexical tone discrimination accuracy,
F(1, 24)= 10.37, p= .004. BDS and Mottier score, on the other hand, was not sig-
nificantly related to the lexical tone discrimination accuracy, FMottier (1, 24)= 3.40,
p =.078, FBDS (1, 24) =1.92, p= .18. Similar to what we found in the MET melodic
test for the Turkish listeners, the advanced L2 learners outperformed the begin-
ners. However, such enhancement did not seem to be explained by the improved
working memory of the advanced learners.

In addition, although the musical training only lasted a very short time
(hence, without much individual variation) among the Turkish listeners, it still
related to the lexical tone discrimination significantly. As in Chen, Liu, & Kager
(2016), we further examined whether the performance in the lexical tone discrim-
ination and MET melodic test was correlated among the Turkish listeners. A sig-
nificant Pearson’s r was found between the accuracy of lexical tone discrimination
and the score of MET melodic test, r= .84, p< .001. Figure 2 plots the lexical tone
discrimination accuracy against the MET melodic test score for each individual
Turkish participant. Taken together, musical training was positively related to lex-
ical tone discrimination accuracy, and the performance in the lexical tone dis-
crimination task significantly correlated with that of the MET melodic test. These
findings indicate unified processing of the lexical tones and the musical melodies

L1 and L2 experience on pitch processing 229



among the Turkish listeners. In other words, unlike Chinese listeners who exhibit
a split between the discrimination of the lexical tones and that of the musical
melodies, the Turkish listeners are more like non-tone language (Dutch) listeners
in showing shared processing between musical melody and lexical tones.

Figure 2. Correlation between the score of the MET melodic test and the accuracy of
lexical tone discrimination of the Turkish listeners

5. General discussion

In the current study, we tested Chinese and Turkish advanced and beginning L2
learners of English on their discrimination of musical melodic phrases. We found
that for the MET melodic test, the Chinese listeners outperformed the Turkish lis-
teners, and the advanced L2 learners outperformed the beginners without inter-
action between the two factors. We further tested the Turkish listeners on their
discrimination of the Chinese lexical tones, and again, the advanced L2 learners
outperformed the beginning learners. In addition, a significant positive correla-
tion between the score of the MET melodic test and the accuracy of lexical tone
discrimination was observed for the Turkish listeners.

Mandarin Chinese is a typical tone language, and for each syllable, pitch alone
(i.e., without co-occurring with other acoustical cues) is sufficient to distinguish
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lexical meaning. The Mandarin Chinese lexical tones are obligatory for all the syl-
lables and are defined by multiple acoustical features, such as fundamental fre-
quency (f0) level, f0 contour, f0 direction, f0 turning point, etc. (Gandour, J. &
Harshman, 1978; Moore & Jongman, 1997). In Turkish, by contrast, lexical accent
was marked by presence or absence of pitch elevation (Levi, 2005). Therefore,
for both Mandarin Chinese and Turkish, pitch is contrastive lexically, but Man-
darin Chinese lexical tones make use of more phonetic features than Turkish, and
pitch has a higher functional load in Chinese (Shaefer & Darcy, 2014). If the lex-
ical contrastivity of pitch plays a determinant role in shaping musical processing,
then the Turkish listeners should have performed comparably to the Chinese lis-
teners in the MET melodic test. Yet, this is not what we found. Instead, the Turkish
listeners had significantly lower scores than the Chinese listeners, and their per-
formance was no better than the Dutch listeners in Chen, Liu, & Kager (2016),
whose native language does not rely on pitch to contrast lexical meaning. These
findings suggest different levels of pitch sensitivity as the result of different native
tone languages. In addition, for the Turkish listeners, we found a significant pos-
itive correlation between the score of the MET melodic test and the accuracy of
lexical tone discrimination, which is again similar to the Dutch rather than the
Mandarin listeners (Chen, Liu, & Kager, 2016). Therefore, the music processing
advantage does not seem to rely on whether pitch is used contrastively in one’s
native language, but how it is used. Compared to canonical tone languages such as
Mandarin Chinese, the pitch accent in Turkish only distinguishes between pres-
ence and absence of elevated pitch. It is plausible that obligatory pitch for syllables
as observed in canonical tone language is necessary for developing pitch process-
ing expertise, which could transfer to music. Alternatively, phonetic realization of
the lexical tones may play a role. Speakers of languages with a rich tonal inventory
(e.g., both contour and level tones) may benefit more than speakers of those with
phonetically simple tones (e.g., only level tones). Similarly, how pitch variation is
categorized phonologically (e.g., many or few tone categories) in one’s native lan-
guage may also influence pitch processing in music. It would be interesting for
future studies to investigate how different realization of pitch at the lexical level
impact musical pitch processing.

Our finding is consistent with many previous studies in showing the tone
language advantage in music processing (Bidelman, Gandour, & Krishnan, 2011;
Bidelman et al., 2013; Deutsch, Henthorn, Marvin, & Xu, 2006; Pfordresher &
Brown, 2009). The new finding of the current study is that, on top of the tone lan-
guage benefit, there was an L2 benefit. Even for the Chinese listeners, and even if
their L2, English, is a non-tone language, the advanced L2 learners outperformed
the beginning learners in the MET melodic test. Therefore, with regard to the
transfer effect from language to music, pitch expertise does not seem to be the
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only factor at play. The reverse transfer from music to language has been com-
monly found. Musicians outperform non-musicians in various speech process-
ing tasks, whether the stimuli had a musical counterpart (e.g., pitch or rhythmic
variation) or not (e.g., phonemes) (Delogu, Lampis, & Belardinelli, 2006; Marie
et al., 2011; Milovanov, Huotilainen, Välimäki, Esquef, & Tervaniemi, 2008). One
hypothesis about the music-to-language transfer effect involves shared acoustic
features of the two domains, such as frequency, rhythm and spectral variation;
expertise with these features in music may bring general auditory benefits and
enhance speech processing (Kempe et al., 2015). Such a hypothesis may also hold
true for the language-to-music transfer. Proficiency in an L2 requires represen-
tation and discrimination of tens of L2 phonemes that may or may not overlap
with the native ones. Confronted with a more crowded acoustical space, advanced
L2 learners may become more capable of capturing acoustic differences between
speech sounds than monolingual or beginning learners. The need to discriminate
between the L2 sounds can lead to structural and functional reorganization of the
brain (Callan et al., 2003; Mechelli et al., 2004; Osterhout et al., 2008; Schlegel
et al., 2012), and the “better equipped” brain may perform other auditory tasks,
such as music, more easily. In addition, L2 prosody differs from the native one
both at word and phrasal levels, and advanced L2 learners encounter more lin-
guistic pitch variations than beginners. Such experience may facilitate pitch pro-
cessing. In the current study, we found that L2 induced enhancement in musical
melody processing does not necessarily originate from learning (more) lexical
tones other than those present in one’s L1. Instead, a non-tone L2 is sufficient to
trigger such enhancement. Yet it should be acknowledged that although English
is not a tone language, it exhibits rich pitch patterns (e.g., lexical stress and multi-
ple nucleus tones, (Pierrehumbert, 1980)), and learning an L2 with plenty of pitch
variation may be beneficial for music processing. It would be interesting for future
study to test whether learning a tonal L2 would be more advantageous than learn-
ing a non-tonal L2 for pitch processing.

The fact that advanced L2 learners outperformed the beginners in the MET
melodic test cannot be attributed to enhanced working memory of the former.
First, L2 experience failed to show a significant effect for either the Mottier or the
BDS scores, suggesting comparable phonological and working memory between
the advanced and beginning L2 learners. Second, neither the Mottier score nor
the BDS score was significantly related to the MET score. Although short term
memory must be at play for the MET since listeners could only compare and dis-
criminate between the two melodies if they were able to hold both in storage, we
did not find evidence that the phonological and working memory tested with the
current tasks were related to MET performance in a significant way. Similar to
the findings of Bidelman et al. (2013), we also found that native Chinese listeners
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outperformed their Turkish counterparts in Mottier and BDS. The better perfor-
mance of the Chinese listeners might be due to Chinese phonology. Syllable plays
a highly salient role in Mandarin Chinese (in Cantonese as well). Syllables in Man-
darin Chinese are phonetically simple: consonant clusters are not allowed and
the coda can only be /n/ or /ŋ/ if present. In addition, individual syllables corre-
spond to morphemes, which are the basic units for forming words and phrases,
and orthographically, syllables corresponds to characters, which are the basic units
for writing. Such clear and writing-consistent syllabification might work as a help-
ful rhythmic cue for the listeners to recall auditory strings. Alternatively, as some
digits in Turkish are bisyllabic while all the digits are monosyllabic in Mandarin
Chinese, the larger number of syllables in Turkish BDS task may have led to the
worse performance of the Turkish listeners.

Another hypothesis for the L2 advantage in music processing might relate to
general aptitude, which may be auditorily based. Those who are born with “good
ears” to perceive and discriminate sounds may learn a second language more eas-
ily than those without, hence have a better chance to reach a high proficiency in
their L2. Consequently, they might be more likely to participate in educational
programs taught in their L2. Such high auditory acuity may also be reflected in
musical processing. Aptitude can also involve attention, memory, ease with learn-
ing, openness to experience, and/or other cognitive abilities and personalities.
People with such endowments may be more prone to engage in L2 learning and
reach high proficiency, and their aptitude might exhibit in music processing as
well, even without much musical training.

To conclude, pitch expertise that can be employed in music processing does
not seem to be sufficiently triggered by learning natively where pitch is used con-
strastively at the lexical level. Tonal richness, instead, seems to be essential. Yet
at the same time, experience with an L2 that does not use pitch contrastively
improved music processing, suggesting a general auditory benefit as a result of L2
learning that is not restricted to speech. Different mechanisms may be at play with
regard to how native language and L2 influences music processing. It would be
interesting for future studies to compare tone and non-tone language listeners on
their discrimination of tones of a third tone language, and investigate whether the
pitch benefit can be observed in speech as well.
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