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auditory stimuli, such as pitch or duration. MMN offers a direct
ABSTRACT measure for the similarity of neural sound representations,

Perceiving music and language seems to depend upon subtle Winout being contaminated by differences, for instance, in the
accurate auditory processing skills. Could music and language aféentional or motivational involvement of the subject (see e.g.,
share common neural resources? Possible interaction between misijala et al., 2006).

and speech memory systems has not been ruled out. On the contrary,

there is increasing evidence pointing out the accuracy at perceiving

phonetic contrasts in native or foreign language of subjects with II. THE AIMS OF THE STUDY

musical aptitude or musical training. The main focus of this study was.l_he relationship between musical aptitude and linguistic

to examine the relationship between musical aptitude and Iinguist|%.l.t. ially in f dl iati
abilities, especially in terms of second language pronunciation skildo!'lles, especially In terms of second language pronunciation

We examined 10-12-year-old elementary school children’s ability .'”,S' .v.vas examined. Tak'ng into account the strugtural
preattentively process musical features in music and speech stimdiinilarities between music and language, the hypothesis was
Sound processing accuracy was examined by means of event-reldf@} the participants with good foreign language pronunciation
potential (ERP) recordings and behavioural measures. Those childgils would represent musical sound features, namely pitch and
with superior performance in foreign language production anduration, more readily in the attentive and preattentive levels of
musicality tests seem to show more pronounced sound-change-evoRedrocognitive processing compared with those participants
activation in response to the music stimuli than subjects with leggth less-advanced pronunciation skills.

accurate linguistic skills. Our study provides further evidence for the

claim that musical aptitude and linguistic skills are interconnected.

. METHOD

. INTRODUCTION A. Participants
40 right-handed 10-12-year-old Finnish elementary school

Rildren formed two separate groups, an advanced
?J)‘nunciation group and a less-advanced pronunciation group,
! ased on English pronunciation test. The participants were
Zsked to repeat 30 words containing such English phonemes

associated with superior auditory discrimination of aCOUStk'ﬁat have no direct equivalents in Finnish after a native English

lf:ﬁttr:sé sIT(ﬁlsslcaAl::%oT?itfzggztsethtgtemlsggrg gtfugzri'gsgpeaker's model. The participants’ repetitions were recored
guag o 9 : al ap Qﬁto a tape. To ensure that all the children had an adequate
facilitating effect in processing language (Milovanov 2004

. : . . .~ amount of pretraining in pronunciation of English, they
_Gllleece_ 2006), relat|vely_l|ttle |s_known about the pOSSIbI?eceived an 8-week course of pronunciation training in English,
interaction between musical aptitude and second langu

learnin a|ﬁ'tafluding phonemic discrimination exercises. The cognitive
9- caeoacity of the subjects was tested by WISC-III. The analysis of

Several studies show that sub_jects with musical aptitude ha\>f/ariance (ANOVA) confirmed that there were no significant
strong neural responses to musical sounds (Lang et al. 1990 gr

. T oup effects between the test groups in linguistic intelligence

Seashore Pitch task; Tervaniemi et al. 1997 for Karma tef' . .
! > m

Schneider et al. 2002 and Seppéanen et al. 2007 for Advan 0.05) or general intelligence (p>0.05). The performance IQ

d : . . o .
Measures of Musical Audition, AMMAY). Event-related V23 better with children with advanced pronunciation skills
potential (ERP) recordings can be used as an objective met

tLlégll,38): 8.12, p<0.05]. All the participants had intact hearing
in order to evaluate neural musical sound representations.

?d the musical background of the two test groups did not differ
ERP recordings, electric potentials are measured on the sc

%e Milovanov et al., 2008).
surface, and they are used to detect the activity of the brain. The
method is noninvasive, painless and gives very accuRt®lusical aptitude test

temporal informatio'n.of the funqtioning of the auditory corteX. the seashore musicality test was here chosen for this study
Mismatch Negativity (MMN) is an ERP component. It cance it s a valid and functional musical aptitude test with the

be used as an indicator of preattentive auditory processing skili§yest traditions and is still commonly used. Importantly, it has
for instance, the ability to track changes in a continuous flow BErcentiIe equivalents of raw scores for each subtest for

Recent studies have provided preliminary evidence of t
benefits of musical training on language processing (Schén e
2004, Magne et al. 2006, Moreno & Besson 2006, Slevc
Miyake 2006, Anvari et al. 2002). Since musical aptitude
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different age groups. The test measures the accuracy and
threshold of auditory discrimination (Seashore et al. 196"
2003). The test consists of Pitch, Loudness, Rhythm, Tirr The musical aptitude test
Timbre and Tonal memory tasks. o
The original audio files, recorded from the Seashore L o TN e wa
record, were corrupted with both impulsive and broadbar
background noise. Due to the annoyance produced by !
corrupted audio material, noise reduction via digital signi
processing techniques was conducted in order to improve
test quality. First, audio de-clicking was applied: the algorithi ol | | . | - | -
based on autoregressive (AR) models present&sbgyef et al., cooTm e e T
(2000) W"?‘S empl_oyed. The secqnd step was audio de'h'ss_”lﬂi’gure 1. Percentage of correct reports (mean and SEM) from
the de-clicked signal was submitted to a standard Short-Tilgashore musical aptitude test. Significant mean differences
Spectral Attenuation (STSA) technique (Boll, 1979; Wolfe &etween APG (= advanced pronunciation group) and LPG
Godsill, 2003; Hicks & Reid, 1996). Finally, a standard noisg-less-advanced pronunciation group) are shown by *** with a
gate processing (Moorer & Berger, 1986; Hicks & Reid, 1996)gnificance level of p < 0.001 (figure after Milovanov et al., 2008).
was employed as a means to filter out the residual noise present
in the intervals between the tone bursts. This procedure
improved the Seashore test quality significantly.

&0

<o

correct reports

The participants performed the phonemic and chord
discrimination test before and after the 8-week training period.
The results of the phonemic and triad tests of the advanced
C. Behavioural tests pronunciation group did not differ significantly before or after

. , . . . ., the training. Nevertheless, the advanced pronunciation group
The participants’ ability to recognize difficult Engllshoutperformed the participants with less-advanced

phonemes for Finns was tested by means of a minimal palrronunciation skills in terms of a higher amount of correct
listening discrimination test (i.e., words that differ only in ond 9

phoneme (thin-Finn-Finn). Moreover, exactly the same triaggSVers and a smaller amount of mistakes in both music and

used in the first ERP-recording were implemented in a minimgi]::lfnrzggtioi'scrré?'ne;tr'ioa Tj c:)ensttrzgtzr wgr]ee mfrzsaa}g;girl]tcfﬁan
pair listening discrimination test in order to see how th group,

participants could behaviourally distinguish musical stimuli, € phonemic C°r.‘”a5‘§ both before.and after .the.trallmr)g. BOth
Both tests were conducted twice, before and after tII| §tgroups marg!n.allylmprove.d thewphongmlc dlsgr|m|pat|on
pronunciation course (see Milovanov et al., 2008 for fult ills after the training. Interestingly, the training period did not

description of the behavioural tests) only develop the participants’ linguistic skills but also
P ) strengthened the discrimination skills of musical sounds,

especially in the participants with advanced pronunciation
D. ERP tests skills (Figure 2.) The results for the Seashore test and minimal

Two ERP studies were carried out at the Centre for Cogniti%‘ir discrimination tests are reported in detail in Milovanov et
Neuroscience laboratories, University of Turku. First, th@l" 2008.

accuracy of the auditory cortex in representing musical sounds
[C-major triad, assigned here a name (C), and its two mistuned
modifications (%) and (C")] was examined by means of ERP

recordings in the MMN paradigm. In the mistuned stimuli, the The development of phonemic and triad listening
major third was either 2% (one third semitone) or 4% (two | . discrimination skills iy
thirds of a semitone) flat (Milovanov et al., 2008). '

In the second ERP study, the neural encoding processes of th | & aLPG

Finnish vowel /6/ and musical stimuli (C4 violin tones)

durations (standard 250ms, deviant 150ms) were investigatec | 1
(Milovanov et al., in revision) a0 ]‘_‘ 7 *
N '—X—‘

=}

IV RESU I—TS mistakesi: mistakes mistakes%: misiakes ¥
Children with good linguistic skills had significantly better PRSI befors  phonenes sfer s befure  ack arerianng

musical skills (72%) as measured by the Seashore musicality
tes? '_[han children with less gcqurate linguistic Sk_lll_s (54%# ure 2. Percentage of errors (mean and SEM) from the
Individual Seashor_e s_ubtesf[s indicated thqt the parnmpqn_ts nemic and triad discrimination tests before and after the
advanced pronunciation skills were superior to the participarfgnunciation training. Significant mean differences between
with less-advanced pronunciation skills in pitch discriminatiopaAPG = advanced pronunciation group, LPG =less-advanced
ability, timbre, sense of rhythnand sense of tonality. The pronunciation group). A significant change between before and
results in time or loudness subtests did not differ significanthfter training is marked by *( p<0.05). Additionally +denotes p
between groups (Figure 1). <0.1 (figure after Milovanov et al., 2008).
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MMN lateralization effect. Interestingly, stronger reactions
The first ERP data accompany the results of the behaviouvere found in the right hemisphere, against the traditional brain
tests: children with good linguistic skills showed mordateralization models (Milovanov et al., in revision).
pronounced sound-change-evoked activation with the triad
stimuli than children with less accurate linguistic skills,
especially when the mistuned stimuli was two thirds of a

semitone flat (Figure 3). In addition to this, the advanced ERPs to standard and deviant stimuli (duration)
pronunciation group showed larger fronto-central MMN with Less-advanced pronunciation group
the same C4% triad condition than the participants with less 10V
accurate pronunciation skills (Milovanov et al., 2008). The Fz RM
MMN lateralization pattern did not differ between the test Vo"e/®/
conditions nor the test groups. -100 ms ~: -4\/
ERPs to standard and deviant stimuli (triads) +10pv.
Less-advanced pronunciation group .
C? condition o RM
04V, violin C4
Fz| A LM RM I "%7
I A
AN A
-100 ms 4 700 ms = ~
| - | .
+10 pv! i Advanced pronunciation group
) - F2| LM am|
C** condition vowel /6/ | | |
Fz| A LM RM JAV;
i i J\vf’ s | |
LM

violin C4

— standard
------- deviant

Advanced pronunciation group

C# condition

Figure 4. The standard (thin line, 250 ms) and deviant (bold line,
150 ms) ERPs in the vowel condition and violin condition at the Fz,
j\ J\ __ LM (left mastoid) and RM (right mastoid) electrodes in the
\/J: ol less-advanced pronunciation group (upper panel) and advanced
| pronunciation group (bottom panel)(figure after Milovanov et al.,

in revision).

LM RM

Cc** condition
| V. CONCLUSION

LM RM
J‘\ J\, The relationship between musical aptitude and linguistic

‘\VJ,-J- \ W abilities, especially in terms of second language pronunciation
i skills, was investigated. Moreover, the studies sought to reveal
whether children with advanced second language pronunciation
skills and higher general musical aptitude differed from
Figure 3. The standard (solid line) and deviant (dashed line) ERPs children with less-advanced pronunciation skills and less
for both (C***) and (C*) conditions from the Fz, LM (left mastoid) musical aptitude in accuracy when preattentively processing

and RM (right mastoid) electrodes (figure after Milovanov et al.,  istuned triads and music / speech sound durations
2008). '

The results indicated that the greater the musical aptitude the

The second ERP study indicated that duration changesIoartlclpamt possessed, the better their foreign language

musical sounds were more orominently and accurateﬁj{%nunciation skills were. The background variables, such as
P y usical activities or performance in WISC-III, did not differ

processed than changes in speech sounds with both test gr S k .
(Figure 4). Only the advanced pronunciation group showed%%ﬁleen the test groups. A significant relationship between
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