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The neural encoding of continuous speech — recent advances in EEG and MEG

studies

PAN Xun-Yi', ZOU Jia-Jie’, JIN Pei-Qing’, DING Nai*"
'School of International Studies; *Key Laboratory for Biomedical Engineering of Ministry of Education, College of Biomedical
Engineering and Instrument Sciences, Zhejiang University, Hangzhou 310027, China

Abstract: Speech comprehension is a central cognitive function of the human brain. In cognitive neuroscience, a fundamental
question is to understand how neural activity encodes the acoustic properties of a continuous speech stream and resolves multiple levels
of linguistic structures at the same time. This paper reviews the recently developed research paradigms that employ electroencepha-
lography (EEG) or magnetoencephalography (MEG) to capture neural tracking of acoustic features or linguistic structures of continu-
ous speech. This review focuses on two questions in speech processing: (1) The encoding of continuously changing acoustic properties of
speech; (2) The representation of hierarchical linguistic units, including syllables, words, phrases and sentences. Studies have found
that the low-frequency cortical activity tracks the speech envelope. In addition, the cortical activities on different time scales track
multiple levels of linguistic units and constitute a representation of hierarchically organized linguistic units. The article reviewed these

studies, which provided new insights into the processes of continuous speech in the human brain.

Key words: speech; language; neural activity; envelope tracking response; concurrent hierarchical tracking
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T PEAR AN [B] B By SR T B R R R 42
AT RS 7 K B T e i R ) S A G FLAE
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WHAT N T EEE R . AT R i 2
(1 s 22 e S A T 2RI —— (.28 FRIEE IR B (envelope
tracking responses) f1iE 5 2 2 25 K R B2 B (cortical
tracking of hierarchical linguistic structures). %% iR
R VIR I 4 P A K 7 B W 15 8 ) 7 2 1 50 L 4%
[0 AR I pR e B . — FRR U, B 2% BR R i .
VB B SERHIEAE O, 20 T TR FE AR ) W e in T
Brige 1EE AL S RHIE, AR TIESER,
EWHHE S E BB ERNE S RO A
A ) 2 2R/ F BT AT AR )3 R0 20
AN R IE S s, KEE P asm
AR R IR AIE S R 7= AR AR & RAEFR S 5 B 2K
GG PR N 5 G BR B e B 5 4 SR R SR
PAHOC, ZIE 755 B RS S0 T B Ak
it A, B S ICAAERERA N, BFE A
WU G BB S N g A o U
AN T1E 5 2 A5 R FRER e B (1) i 88 T X0 )
VR GG R B, T HL R O DK R P BR )
ERNREAT AE SN TR A2 06 T3 4
TSR 2 B2 7 AT LA Z: AR S STk > 122,

AL LRI B PR A 28 e 82 S il of 2 1 2 3L ik
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ATARE JE P (B IEA 2N 50 Hz 8 AR ). 48 7 i
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V] m B A A 2 X6 I PR AR T mT AR R — A 78 iy L %
(B 1B). K1 Urhgifs) “20mE BiR” A, 2
WTEEREE. wann s, EiEE s gin
THFAE, L% IR A I R B B T
R, VRIBESZRES, EEEKNRENESE
4~8 Hz ix—Ja [ " & 10).

AR SC A BT W N X I R 1 AL 4 1 2
o AW B 2 R DO T H L gs, Bk T
VERT PAZ DA SR 2R3k BT 06 18 F kS 40 45 1,
DR g G 32 2 I e 5 95 PN AR AE, w2 R AE W] LU
M ST AL AT 7, MRt C el L E
DE I N7 5%
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FEARE S Boun] LG R R iR A
Bt BMERPE XA ST &R
AL — DA BOE AR R, 1HX— PR
KEE, AW RNBEAR, A REENR R
A LAR BB A2 TE R B . TE PR IR 26 AT LR
Az AEE A B R), NRIEF A BA RER
BHEES), ARe A& VA RSB ITTHEG " E R ERE
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Fig. 1. Speech envelope and envelope tracking response. 4: The sound wave and spectrogram of the sentence “The teacher is giving a
lesson” (in Chinese). The broadband spectrum envelope describes intensity fluctuations over time. Boundaries between syllables are
indicated by dotted lines, corresponding to low intensity in speech. In speech listening, cortical activity recorded using EEG and MEG
tracks the speech envelope (the line in black). B: Auditory spectrogram of speech and narrowband envelope. C: The spectra of speech
envelope for different languages. The peak frequency of the speech envelope spectra ranges between 4 and 8 Hz for all tested languages
(Adapted from Ding et al., 2017 P9 with permission).
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Fig. 2. Neural tracking of hierarchical linguistic structures. 4:
Sequences of 4-syllable sentences are presented as stimuli, in
which the first 2 syllables form a noun phrase and the last 2 syl-
lables form a verb phrase. The syllables are isochronously pre-
sented at a rate of 4 Hz. B: MEG response spectra to the stimuli
used in 4. The upper panel: Three spectral peaks can be seen in
the neural response spectrum for native Chinese listeners, at the
corresponding frequencies of the sentence, phrase and syllable
levels, respectively. This indicates that cortical activity can track
linguistic structures of different hierarchies based on linguistic
knowledge. The lower panel: The neural response spectrum of
non-native listeners shows the tracking at the syllabic level only.
Similar responses can be observed by using EEG “"". Adapted
from Ding et al., 2016 ! with permission.
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