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Abstract. Many studies with monomusical Western listeners have shown that tonal processing is
mainly handled in the inferior frontal cortex. However, very little is known about the neural
mechanisms of bimusicals. We exaimed whether two distinct music traditions (music of home culture,
music of foreign culture) elicited differnt brain activity and involved a different brain area in
bimusicals. The magnetoenchphalographic (MEG) responses were recorded when “Western diatonic
music-Japanese traditional music” bimusicals heard out-of-key tones in either Western diatonic
melodies or Japanese traditional melodies. The out-of-key tones elicited an early negativity with a peak
latency of approximately 140 ms (N140m), but there was no difference in the latency and amplitude of
the N140m peak for the Western diatonic melody as compared to that for the Japanese traditional
melody. Moreover, there was no difference in the location and strength of the dipole source of N140m
for the two types of melody. That is, two distinct music traditions were processed with equal strength in
a common brain area, putatively the inferior frontal cortex. These results suggest that, regardless of
distinct music traditions, activation of the inferior frontal cortex in “Western music-Japanese traditional
music” bimusicals was roughly similar to that in Western monomusicals.

Keywords: music perception, tonal organization, scale schema, bimusicality, magnetoencephalograph.

1. Introduction

Tonal organization is essential for music perception [e.g., Krumhansl, 1990]. This organization
assigns a coherent tonal relationship between the pitches of the individual notes in the sequence, and as
a result a sense of key or tonality is perceived. A substantial literature suggests that listeners, even
those without formal musical training, establish the tonal organization according to their “scale
schema” which is acquired through exposure to the music of their culture [e.g., Matsunaga and Abe,
2005, 2008]. This idea is supported by the evidence that listeners perceive a tone sequence that is more
assimilated into their own scale schema as a “tonal” melody [e.g., Matsunaga and Abe, 2005, 2008].
Also, listeners can easily detect a pitch that is not assimilated into their own scale schema [e.g., Trainor
and Trehub, 1992].

In recent years, the neural mechanisms that underlie tonal organization processing have been
investigated. Many studies showed that a tonal inappropriate pitch (i.e., a pitch deviating from a scale)
in a tone sequence [Brattico, Tervaniemi, Néétinen, and Peretz, 2006; Koelsch and Jentschke, 2009;
Miranda and Ullman, 2007] or a harmonically inappropriate chord in a chord sequence [Maess,
Koelsch, Gunter, and Friederici, 2001] elicits an early right anterior negativity (ERAN). The ERAN is
thought to specifically be an auditory evoked potential or an auditory evoked magnetic field effect in
response to a violation of the tonal (or harmonic) structure in music. It is thought to rely on scale
schema, not physical features [Koelsch, 2009]. It is shown that the ERAN is usually maximal at
somewhere between 100-250 ms (100~200 ms for a tone, 150~250 ms for a chord) [Koelsch and
Jentschke, 2009] and is modulated by musical experiences [Jentchke and Koelsch, 2009]. A more
intriguing finding was provided by an MEG study of Kolesch and his colleagues [Maess, et al., 2001].
They showed that the main generator of the ERAN is located in the frontal inferior cortex, especially
Broca’s area which is known to be involved in the processing of language syntax. This finding was
confimred by subsequent fMRI studies [e.g., Koelsch, Fritx, Schulze, Alsop, and Schlaug, 2005] and
studies with brain-damaged patients [e.g., Sammler, Koelsch, and Friedrici, 2010].

However, these previous findings are limited to Western monomusicals. That is, the findings may
only explain monomusicals who acquire Western diatonic scale schema incorporating knowledge of
harmonic structure, a Western-culture-specific elaboration of pitch that is quite recent in music history.
In musical cultures such as those in Japan and South Korea, listeners have been enculturated into two
music traditions (e.g., Western diatonic music and Japanese traditional music for Japanese) such that
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they acquire two different scale schemas. They are called bimusical. Very little is known about the
neural mechanisms underlying tonal organization processing of bimusicals. In this paper, we examined
whether the bimusical brain process the two distinct music traditions (i.e., the distinct scale schemas)
differently.

We measured the magnetoencephalogram (MEG) responses of “Western diatonic music-Japanese
traditional music” bimusical non-musicians when they heard an out-of-key tone at the ending of
melodies. This experiment employed melodies conforming to either the Western scale or the Japanese
traditional scale. In the Western music, the diatonic scale [do-re-mi-fa-sol-la-si] is basically used. In
contrast, scales used in Japanese traditional music are four types: Minyo, Miyakobushi, Ritsu, and
Ryukyu. Here, we selected the Minyo scale [do-re#-fa-sol-la#t] and the Ritu scale [do-re-fa-sol-la]. In
the pilot study, we ensured the validity of our Western diatonic melody materials and our Japanese
traditional melody materials. To explore the similarities and differences in brain activities between
Western diatonic scale schema and Japanese traditional scale schema, this experiment was designed to
compare brain responses to out-of-key tones in Western diatonic melody type with those in Japanese
traditional melody type.

2. Methods

2.1. Participants

Fourteen native Japanese (21 to 34 years old; five female) participated in this experiment. All were
either graduate or undergraduate students. None of them had formal education at a music conservatory
or academy. Although some of them had discontinuously received a private lessons in Western
classical music (mean 3.7 years of practice), all self-reported they were non-musicians. None reported
having absolute pitch. They were right handed. Informed consent was obtained for each participant
prior to the experiments in accordance with the regulations of the local ethical committee.

2.2. Materials

The materials for this study were based on 20 Western diatonic melodies and 20 Japanese traditional
melodies. These Western melodies and Japanese traditional melodies were chosen on the basis of the
results from our pilot study. All were monophonic isochronous melodies whose tones were contiguous
without overlaps. All melodies consisted of 25 tones. In all melodies of each music tradition, the last
tone and the second last tone were constant. The melodic contour of each Western melody and that of
each Japanese melody were identical. The duration of each tone was 157.9 ms, for a total of 3947 ms per
melody. All melodies were created in WAV format with Garageband (Apple), and then converted from
stereo sound to monaural sound with Audacity Version 1.3.11.

We created two versions of each melody by manipulating a pitch at the last position of the melody:
producing an in-key version and an out-of-key version. The in-key version served as a control
comparison, and all constituent tones of this version conformed to a certain key. In the in-key versions
of all melodies, a tone chroma so/ (i.e., A in D major) occurred at the last position. On the other hand,
the out-of-key version had a pitch deviating from a scale. In this version, a tone of the last position of all
melodies was changed to a pitch deviating from the scale, i.e., a tone chroma fa# (i.e., G# in D major).
Thus, materials consisted of 20 Western diatonic melodies and 20 Japanese traditional melodies, with in-
key and out-of-key versions for each. All materials were played in five different keys (C major, C#
major, D major, A# major, B major), thus a total of 400 melodies were prepared.

In addition to those 400 melodies, we prepared 40 melodies in which the final tone was a timbre
deviate. For these melodies, the timbre of the last tone was a pipe organ. Half of them conformed to the
Western scale, and the other half conformed to the Japanese traditional scale. They were used only to
provide participants with an easy detection task (see below).

2.3. Procedure

Participants were not informed about an in-key ending or out-of-key tone ending. Instead, they were
informed about the deviant timbre ending, and asked to respond to such an ending by pressing a button.
This task has already been used in many previous studies [e.g., Koelsch and Sammler, 2008] and
allowed us to control for the participants only attending to an auditory stimulus, but not detecting an
out-of-key tone.

Western materials and Japanese materials were presented in different blocks, counterbalanced across
participants. The experiment took about 38 min. Before the experiment, participants completed a
questionnaire that assessed their musical background.

240



International Journal of Bioelectromagnetism
Vol. 13, No. 4, pp. 239-244, 2011

2.4. MEG recording and data analysis

The continuous raw MEG was recorded using a custom-made helmet-shaped SQUID system with
76-channel magnetometer sensors (Elekta-Neuromag, Helsinki). Signals were digitized with a
bandwidth of 0.03 Hz to 200 Hz and a sampling rate of 600 Hz. Recordings were further processed off-
line using Curry (NeuroScan). Data were filtered off-line with a 2-10 Hz band-pass filter, in line with a
previous MEG study [Maess, et al.,, 2001]. A notch filter at 50 Hz was also applied to assure the
removal of the power line noise. Data were baseline-corrected on the basis of a 100 ms pre-stimulus
interval.

For each participant and melody type, we modeled the sources of the magnetic responses by means
of a fitting procedure that estimated the parameters of an equivalent current dipole (ECD). The ECD
models were evaluated on the basis of a selection of about 25 channels above the frontal and temporal
areas separately for each participant’s right and left hemispheres. We selected the dipole models
according to the goodness of fit (better than 60%). In six participants, the dipole sources for the
auditory evoked magnetic field (AEF) effects on out-of-key tones could not be modeled well in either
the right hemisphere or the left hemisphere because AEF effects were weak, consequently, the
goodness of fit was quite low. Therefore, the location and strength parameters for the low goodness-of-
fit dipoles were instead individually calculated using the expectation maximization (EM) algorithm.
This treatment of missing values has been employed in other studies [e.g., Brattico, Pallesen,
Varyagina, Bailey, Anourova, Jiarvenpdd, Eerola, and Tervaniemi, 2008]. Each ECD location was
plotted onto the standard brain prepared in Curry. The PAN coordinate system was used. This
coordinate system is defined via the preauricular points and the nasion of the participant.

3. Results and Discussion
All participants detected every of the trials with timbre deviation.

3.1. Auditory evoked magnetic field (AEF) effect

Visually, brain responses elicited from out-of-key tones in Western diatonic melody type and those in
Japanese traditional melody type were very similar. Fig. 1 (a) shows the mean global field power
(MGFP) signal for out-of-key tone endings for both melody types. Two kinds of AEF effects were
observed before around 250 ms. The first AEF effect emerged at around 60 ms, probably P1m. The
second AEF effect emerged around 100~120 ms after the onset of the out-of-key tone and peaked at
around 140 ms (142.83 ms for Western melody, 140.9 ms for Japanese melody) --- hereafter in this
study we have named it N140m. There was no significant difference in the MGFP signal of the N140m
between the Western melody and the Japanese melody, ¢ (13) = 1.10, ns. (MGFP was calculated for each
participant separately in the time window from 100~180 ms.)

The field maps of the N140m for the Western melody and those for the Japanese melody were also
very similar. In both cases, a relatively clear dipolar pattern over each hemisphere was observed (Fig. 1
(b)).

The N140m in response to out-of-key tones in both Western melody and Japanese melody seems
equivalent to the ERAN that previous studies indicated as an electrophysiological marker for tonal
organization processing. However, there is one concern: does that N140m merely reflect a basic auditory
evoked magnetic field NIm? This question arises because the N1m has a similar field map pattern and
nearly the same peak latency. To examine this possibility, we compared peak latencies of N140m
(collapsed between the two types of melody) and those of N1m. Brain responses elicited by in-key tone
endings were supposed to serve as a control comparison in this experiment, but, unexpectedly, the N1m
evoked by in-key tone endings was very small. This might be due to the rapid succession of tones [Hari,
Hémiélédinen, Ilmoniemi, Kaukoranta, Reinikainen, Salminen, Alho, Nédtinen, and Sams, 1984]. Hence,
in this study we focused on the N1m elicited by tones at the first position of melodies across the two
types of melody. Specifically, as a previous MEG study did [Maess, et al., 2001], we combined the N1m
evoked by the first tones of out-of-key versions with those of in-key versions in order to achieve a higher
signal-to-noise ratio. Peak latency of the N140 (141.9 ms) was significantly longer than that of N1m
(112.9 ms), #(13)=8.8, p <0.001. This result supports the idea that N140m is a different AEF component
from a basic auditory evoked magnetic field (N1m), suggesting that it is the equivalent of the ERAN.
That is, N140m reflects tonal organization processing, i.e., processing based on scale schema. In short,
in spite of the distinct scale schemas, tonal processing elicited common neural activities in bimusical
brains.
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Figure 1. (a) Mean global field power signals of the N140m (MGFP averaged over all MEG channels and all
participants). Zero corresponds to the onset of out-of-key tones at the last location of a melody. (b)
Magnetic field map of N140m for the Western diatonic melody and that for the Japanese traditional

melody. These two maps are from one participant.

3.2. Dipole solutions

Dipole solutions for the N140m for the Western diatonic melody type and for the Japanese traditional
melody type were obtained from each participant (Fig. 2). For both the y- and z- coordinates of dipoles,
there was little to distinguish the location of the dipole of N140m for the Western melody from that for
the Japanese melody. The y- and z- coordinates of dipoles were separately submitted to ANOVAs with
Culture (Western vs. Japanese) and Hemisphere (left vs. right) as repeated factors. ANOVAs for both y-
coordinate and z-coordinate did not reveal any main effect and interaction. This means no location
difference for the main generator of N140m in Western melodies and that for Japanese melodies.
Moreover, the two-way ANOVA for dipole strength did not reveal any main effect and interaction,
indicating no strength difference of N140 source between Western melody type and Japanese melody
type in both hemispheres (left hemisphere = 3.4 and 4.5 1 Amm, right hemisphere = 5.3 and 4.6 b Amm,
for Western melody and Japanese melody, respectively). These results suggest that tonal organization
based on Western scale schema and that on Japanese scale schema involved a common brain area with
equivalent strength.

In this experiment, the standard brains were used. This prevented us from directly pointing out the
specific name of brain regions that generated the N140m. Therefore, we tried to estimate the specific
name of bran areas generating N140m by comparing the location of the primary auditory cortex that is
thought to generate N1m. The dipole of N140m was located approximately anteriorly (16 mm for left
hemisphere, 11 mm for right hemisphere) and superiorly (6 mm for left; 13 mm for right) with respect to
the dipole of the N1m (Fig. 2). The y- and z- coordinates of dipoles were separately submitted to
ANOVAs with Component (N1m vs. N140m) and Hemisphere (left vs. right) as repeated factors.
ANOVA for the y-coordinate yielded a main effect for Component, F (1, 13) = 5.04, p < 0.05. This
result means that the main source of N140m was significantly anterior to that of NIm in each
hemisphere. On the other hand, ANOVA for the z-coordinate revealed a main effect for Component, F’
(1, 13) = 4.84, p < 0.05, and a interaction between Component and Hemisphere, F (1, 13) = 7.90, p <
0.05. Results of the simple effect showed that in the right hemisphere, the dipole of N140ms was located
superior to that of N1m, F (1, 26) = 9.37, p < 0.01; in the left hemisphere, the dipole of N140m was
located slightly superior to that of N1m, but the difference was not statistically significant.

The results for the location of the dipole source showed that the generators of N140m were located
anteriorly and superiorly with respect to the generators of the N1m. This result is consistent with those
of Maess et al (2001). Maess et al. showed that the main source of brain responses (i.e., ERAN) in
response to tonal/harmonic inappropriate chords was located approximately 25 mm anterior to and 10
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their intersection.

mm superior to the primary auditory cortex, and that the source location of ERAN corresponds to the
inferior frontal cortex. The relative distance and the relative orientation of the N140m dipoles compared
to the primary auditory cortex are compatible between their results and our results. Thus, we can be
allowed to infer that the main generator of N140m in our study was within the inferior frontal cortex.

4. General Discussion

The results of the AEF effect showed that for both the Western diatonic melody type and the Japanese
traditional melody type, out-of-key tones elicited an early AEF effect that was maximal around 140ms
(N140m). There was no difference in the latency and amplitude of peak for N140m between the two
types of melody. Moreover, the results of the ECD solution revealed that the location and strength of the
dipole of N140m for the Western diatonic melody did not significantly differ from that for the Japanese
traditional melody. On the basis of the consistency with the results of Maess et al (2001), the putative
source location of N140m was within the inferior frontal cortex. Taken together, the results of the
present study suggest that, despite of different scale properties, tonal organization based on the Western
diatonic scale schema and that on the Japanese traditional scale schema involve the same brain area
(putatively, the inferior frontal cortex) with equivalent strength. The results parallel those from bilingual
studies, which show that the first language and the second language are fundamentally processed in the
common neural recruitment [DeGroot, 2011 for a review].

In our pilot study, we confirmed that the general Japanese university students are able to differentiate
between the two distinct types of music materials of this experiment. This in turn rules out one potential
interpretation for the results of this experiment, namely that the same brain activity between Western
melody and Japanese traditional melody was merely due to participants’ differentiation failure. After all,
the results of this experiment imply that bimusical participants achieved the different psychological
outcomes (i.e., tonal interpretations based on Western scale schema vs. those on Japanese scale schema)
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via the same activity of inferior frontal cortex. On the basis of the results, it can be supposed that the
inferior frontal cortex is “musical scale-independent” part of neural network involving tonal organization
processing. In other words, two scale schemas of the bimusicals may access a common tonal processing
system that be represented in the inferior frontal cortex.

Our results reveal that the early negativity response and the involvement of the inferior frontal cortex
are very similar for the tonal processing of bimusicals compared to that for monomusicals. However, on
the other hand, we found that there were small but interesting differences. First is a peak latency
difference. In our study, bimusicals’ responses to out-of-key tone endings of tone sequences peaked at
approximately 140 ms; in previous studies, monomusicals’ responses to out-of-key tone endings of tone
sequences peaked at approximately 125ms [Koelsch and Jentschke, 2009]. That is, the peak latency of
the bimusical was slightly later than that of the monomusical. Second is the lateralization difference. In
our study, bimusicals showed no lateralization for the brain response to out-of-key tone endings (i.e., no
difference of dipole strength between right and left hemisphere); in many previous studies,
monomusicals showed right lateralization [Koelsch, 2009]. These differences may argue for further
studies that would directly compare bimusicals and monomusicals.

In any case, our findings provide the initial empirical data for the neural mechanism underlying tonal
processing of bimusicals. Bimusicals are not a very small select group; and, the population of bimusicals
will increase as the globalization of music increases. Bimusicalism may provide a research tool for
probing deeper questions about the nature of music perception and of related brain mechanisms.

Acknowledgements

This research was supported by the following grant awarded to Rie Matsunaga: Grant-in-Aid for
Research Activity start-up 22800001 and Scientific Research (B) 23300079 from the Japan Society for
the Promotion of Science. We thank Saya Anbo, Daisuke Seki and Atsushi Shimojo and for their
assistances on data analyses and data acquisition.

References
Brattico E, Pallesen KJ, Varyagina O, Bailey C, Anourova I, Jarvenpdd M, Eerola T, Tervaniemi M. Neural discrimination of
nonprototypical chords in music experts and laymen: An MEG stuy. Journal of Cognive Neuroscience, 21(11): 2230-2244, 2008.

Brattico E, Tervaniemi M, Niétinen R, Peretz I. Musical scale properties are automatically processed in the human auditory
cortex. Brain Research, 1117:162-174, 2006.

De Groot, M. B. Language and cognition in bilinguals and mutilinguals. New York, Psychology Press, 2011.

Hari R, Hamaéldinen M, Ilmoniemi R, Kaukoranta E, Reinikainen K, Salminen J, Alho K, Néitdnen R, Sams M. Responses of the
primary auditory cortex to pitch changes in a sequence of tone pips: neuromagnetic recordings in man. Neuroscience Lettter,
50(1-3):127-132, 1984

Jentchke S. Koelsch S. Musical training modulates the development of syntax processing in children. Neurolmage, 47: 735-744,
2009.

Koelsch S. Music-syntactic processing and auditory memory: Similarities and differences between ERAN and MMN.
Psychophysiology, 46: 179-190, 2009.

Koelsch S, Fritz T, Schulze TK, Alsop D, Schlaug G. Adults and children processing music: an fMRI study. Neurolmage, 25:
1068-1076, 2005.

Koelsch S, Jentschke S. Differences in electric brain responses to melodies and chords. Journal of Cognive Neuroscience,
22(10): 2251-2262, 2009.

Koelsch S, Sammler D. Cognitive components of regularity processing in the auditory domain. PloS ONE, 3(7): 1-7, 2008.
Krumbhans! C. Cognitive foundations of musical pitch. New York, Oxford University Press, 1990.

Maess B, Koelsch S, Gunter TC, Friederici AD. Musical syntax in processed in Broca’s area: an MEG study. Nature
Neuroscience, 4: 540-545, 2001.

Matsunaga R, Abe J. Cues for key perception of a melody: Pitch set alone? Music Perception, 23(2): 153-164, 2005.

Matsunaga R, Abe J. Incremental change of key percepion in hearing a non-scale tone. Hokkaido Psychological society, 31(1): 1-
14, 2008.

Miranda RA, Ullman MT. Double dissociation between rules and memory in music: An event-related potential study.
Neuroimage, 38: 331-345, 2007

Sammler D, Koelsch S, Friedrici AD. Are left fronto-temporal brain areas a prerequisite for normal music-syntactic processing?,
Cortex, 1-15, 2010.

Trainor L, Trehub S. A comparison of infants' and adults' sensitivity to Western musical structure. Journal of Experimental
Psychology: Human, Perception, & Performance, 18(2): 394-402, 1992.

244




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


