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WMAXANBTDEE

The objective of this doctoral study is to enlighten the cortical representation of sounds in
terms of the hierarchical structure of music, which consists of elements such as pitch and timbre.
The hypothesis that the neural basis underlying musical perception, learning, and memory is
facilitated in the human physiology is generally accepted in science. However, the cognitive
mechanisms in music have been less investigated than in language processing. The technique of
magnetoencephalography allows us to explore the reaction of the human brain to acoustical events
completely non-invasively with high temporal resolution at which latency and with high spatial
resolution in which area the brain was activated.

The first experiment aimed to investigate the tonotopic organization of very high frequency
pure tones in the human auditory cortex which had never been examined by brain imaging

.methods. High frequency sounds above 5000 Hz are not recognized as musical pitch but are
highly important for the sound localization and auditory scene analysis. The results showed that
tonotopic organization at lower frequencies reported in previous studies is also preserved up to
the upper limit of the audible frequency range. The corresponding representation area is rather
small compared to the middle range of audible frequencies. The observed decrement of the AEF
magnitude might reflect the fact that the pitch perception is degraded. In addition, the
experimental results confirmed that air-conducted ultrasound signals don’t have a cortical
representation.

The second experiment was designed to find out how the tonotopic organization correlates
with the perception of pitch and timbre of complex sounds. From a physical point of view, musical
sounds are complex sounds with spectral and temporal structures producing a sense of pitch and
timbre. These complex sounds are most basic elements to form higher structured musical objects
such as coherent streams and melody. Therefore, the question was whether the tonotopic
organization of complex periodic sound representations in the auditory cortex reflects solely
frequency information, similar as observed for pure tones, or reflects the perception of pitch and
timbre. Various missing fundamental (MF) sounds (complex sounds composed of harmonics of a
fundamental frequency F, but without the F, itself) were used as stimuli to differentiate the effect
of periodicity, mainly perceived as pitch, and of the harmonic composition, mainly perceived as
timbre. The stimulus parameters were widened from the previous study in which a smaller subset
of stimuli was used. Thus, the comparison among the wide variation of stimulus conditions
allowed us to examine more general principles of the cortical representation of complex sounds.
In a middle periodicity condition, the results were consistent with a previous study showing that
the locations of the N1m sources did not reflect the spectral components but were more likely
related to the fundamental frequency representing the “virtual pitch”. The differences of source
locations for MF sounds and pure tones were found more clearly in the tonotopic maps. The
tonotopic gradients for both pure tones and complex MF sounds were observed in similar
configurations in the medial-lateral direction, whereas in inferior-superior and anterior-posterior

directions the tonotopic gradients were significantly different. These results indicated that the
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cortical representation of complex sounds reflects the perception of pitch and timbre differently
from that for pure tones.

In summary, the results of the two experiments of this study indicated that the auditory cortex
responds differently to the acoustical events reflecting the various perceptual qualities of the
sounds, especially in a quite early stage within 100-200 ms after the event occurs. Thosé auditory
evoked magnetic fields responses are closely correlated not only with the physical features of the

sound, but also to highly cognitive processing of spectral and temporal structures of the sound.
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BT TOMANEEELERTSEMHT, T& (pitch) & FA (timbre) 2B T 55
%ﬂiﬁ%%%ﬂm&‘@r?m (Magnetoencephalography, MEG) % R \WTHIE L7,
TEEIHTEICBVWCIRBEEE T TS, FICETHEHEFRMESE (Auditory evoked
magnetic fields, AEF) @ 'Nlm Fj& (100ms i O REFKIE, H2 REEFEER) O
BEBREE AT, T DR, 5000Hz~14000Hz i'@ Tonotopy ¥ BZE L7-, EH/E

B OHERE & BT, NInEEEIEZAUN SRR~ “THLL EF~7 EHEHICBE L
7=, Nlm OENE T 5000Hz UL ETHEEFICED L. ﬁ%ﬁmfﬁzf HERSTHDH I L EHER
L7,

Z O Tonotopy NEBRERLWVWIBR B LD L IEHETI2ONZRET H®
B2 ERET oAb, BEAERTHIEAERTHIEEEFIT LD Tonotopy HiE
N, MELRAUCLAREEOLRICEKETAIDN, ThELERLTALVIRTEEZIR
TEDOPERIELE, EAEEE (F) ORITEEBEEOEATHIFARBEEST

(Missing fundamental complex sound, MF %) X, BGAIIELIN, EXARAEHKLF

EEEE 252k (virtual pitch HB)BMOATWE, ZHERAVTMF FIXXHT S
Nin KoM Ex . FEOEHRABRBICH L Ty Lz, T5LMEICED Tonotopy
S L IRRALSAER L, b, FHEEEOHEKIC 2N T Nin &S I3 @ AR
BIZBOTRARS MU~ “EFNLTH~" BB L, L7 > T tonotopy ##iEI
EEOLTRESNZDOTELRL, AT CERTAFAOEVWLERT DI LBHADL
mERoTl,

IhbomMmBIE. KNEEBREFCRBIATRARLUOEAORARRNITIRES XD
LOTHhAH, ERIIEZELEITENATRY, MEBALHRICERShL, RS TW
FUEOBEEC EEEZBARIRE R TARIAB/ELRTICS S DL L ORRICE
L7z,

EMABRLIOTOEBLAZOBCELTOETEEL., #L52E50C+0%
LB EETAELHE L, EREZEHC OV TT. AR L OEBRZEHNEIC
BHEINEBERATC DV TR LEER, tOREBEHNEZHELATVIbOLERL
7
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