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Variable time delay between sound onset
and magnetic cortical response to word*

Wedensky V.L. /vvedensky@imp.kiae.ru/, Korshakov A.V.
Kurchatov Institute, Moscow, Russia

Magnetic responses to word can be seen on many sensors of the Elekta Neuromag
system over left and right temporal cortex. There is hardly a direct connection from the
ear to any of these sites. The time needed to reach the target area depends on the actual
route the neural pulses travel before they activate cortical generators of current producing
magnetic signal. This time can provide valuable information on the sequence of events
during word perception. However, it is difficult to determine this time since both the uttered
word and the cortical response are extended in time for hundreds of milliseconds. We
observed in our experiments, that the waveforms of the average signal, accumulated during
120 presentations of any word are particularly robust and can be compared with every
signal recorded during running presentation of the word as shown in Fig.1. We calculate
cross-correlation of instantaneous amplitudes of the average and the running signals, and
do it with different time shifts as shown in Fig.2. The approach is similar to the one used in
[1]. We see that the majority of runs with high correlation with average display evident peak
though often with considerable time shift. One run with such shift is shown in Fig.1.
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Fig.1. Maximum amplitude magnetic response to Russian word BROSAY over right
temporal cortex. The signal is 40 Hz low-pass filtered. Black curve: average signal
Jor 120 utterances of the word. Gray curve: actual record during single word
presentation, which correlates most with the average signal. Dotted curve: another
record with bigh correlation with the average, though with 30 ms time delay.
Vertical scale in fT/cm is common for all curves. Horizontal scale is in milliseconds
after word onset. Word lasts for about 450 ms.

* Supported by Russian Foundation of Basic Research, grants 11-07-00637-a and 11-04-12086-ofi_m.
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Fig.2. Correlation (vertical scale) between actual time course of the magnetic
gradient for 60 different presentations of the word BROSAY and the average signal
shown in Fig.1. Each curve is calculated adding variable time shift to the averaged
signal. This shift is indicated on the horizontal scale in milliseconds. Black lines

of parabolic shape indicate runs, where actual time course is congruent to the
averaged signal, though sometimes with considerable time shift as shown in Fig.1.
The runs indicated by the gray lines imply more complex waveform, deviating

much from the average signal.

We observe considerable trial-to-trial variability of magnetic responses to word for
different words and different subjects and nevertheless quite robust average signals can
be obtained. This variability is both in the amplitude of the signal associated with the word
perception and in the time lag. This is the interval between the onset of sound coming
into the ear and the beginning of the characteristic waveform, recorded as the magnetic
response to word. The scatter of time lags is considerable, up to 60 ms. This means that
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the actual waveform of the response is rigid and can be shifted in time that much without
distortion. This variability provides valuable information on the role which “background”
activity (permanently present in the records during the experiment) plays in the shaping
of cortical responses to words.

We are grateful to Prof. T.Stroganova, A.Butorina and A.Nikolayeva for providing us
with the reliable experimental data.
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AoKaAM3aLMS 30H TOAOBHOFO MO3rQ,
CBSA3AHHbIX C AEKCUKO-CEMAHTUYECKON U CUHTAKCUYECKOM
06paboTKOU NPEAAOXEHUN PYCCKOro A3bIKa*

Bepesyykas IO. H. /onthehay@mail ru/, Ilewerxosa E.B., Mepwuna E.A.

Mockosckuti 2ocydapcmeernbiil yHusepcumem um. M.B. /lomorocosa,
Mocksa, Poccus

B nutepartype He CyLLecTByeT ANHOr0 MHEHNUS O TOM, BO3MOXHO JIU BbIAENUTD CreLu-
¢duyeckmne Mo3roBble MexaH3Mbl IEKCUKO-CEMAHTUYECKOI 1 CUHTaKCHYecKoil 06paboTku
a3blka. C OHON CTOPOHBI, KaK JAHHbIE, MONYYEHHbIE NPU aHANKU3€e N0KANbHbIX MOPaXEHMN
MO03ra, Tak ¥ MeTofammn HeilpoBM3yanm3aauni, ykasbliBaloT Ha Hanuyme nogobHoN cneuy-
¢duku. B cBSI3M ¢ cuHTakcuyeckoit 06paboTkoil B nuTepaType YNOMUHAKOTCS akTUBaLMS
NeBoro nonywapus B 0611acTi TPEYrobHO U ONepKyNsPHOMN YacTei HUXHel No6HOM 13-
BUWHBI U 3afHEN TPETU BEPXHEl BUCOYHON n3Bunuubl (BA 44, 45, 22 — nong, cBs3aH-
Hble C knaccuyeckumn 3oHamm bpoka u BepHuke), B nepegHen 4act BUCOYHOW [0-
nu (BA 38) [4], B cpenHeBMcouHoii n3sunute (BA 21), cpepHeno6Hoit nasunmHe (BA 9) n
Apyrux 3oHax (BA 5, 6, 23, 24, 35, 37, 39, 40, 47) [3]. B cBA3#1 C NEKCUKO-CEMAHTNYECKOI
00paboTkoii yka3blBaIOTCS 3aAHSAS N HUXKHSS YacTb BUCOYHOI ponu (BA 37), npeanono-
XUTENbHO, 0BecneynBaioLLas XxpaHeHue MHhOPMaLMN B CEMAHTUYECKOI NaMATK, a Takxe
opbuTansHas 4acTb HUXHeNoOHoI n3sunuHel (BA 47), npepnonoxutensHo, obecneynsa-
101135 KOHTPO/b HAZ NPOLLECCOM KOAUPOBAHNS 1 N3BNeYeHUst uHdopmauuu [2, 4].

C npyroii CTOPOHbI, CYLLECTBYIOT CBUAETENLCTBA NPOTUB GYHKLMOHANBHOI Creumany-
3aLMM PeyeBbIX 30H B OTHOLIEHUN NIEKCUYECKOW CEMAHTUKM 1 CUHTaKcuca. Tak, CornacHo
pesynbTatam ¢paktopHoro ¢pMPT-akcnepumeHTa, npoBeaeHHoro 3. MefopeHKo ¢ Konne-
ramu [1] Ha MaTepuane aHrnUInCKOro A3blka, M3MEHeHNe YKa3aHHbIX aCcnekToB Npeanoxe-
HUIN NPUBOLUT K PA3NIMYMSM B aKTUBALLMM MO3ra B Npefenax O4HUX U TEX Xe 30H.

* Uccnenosanne nopnepxato rpantamun PO Ne 10-07-00670-a n Ne 12-06-00268.
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