Neuroscientists discover a brain signal that indicates whether speech
has been understood

Neuroscientists from Trinity College Dublin and the University of
Rochester have identified a specific brain signal associated with the
conversion of speech into understanding. The signal is present when the
listener has understood what they have heard, but it is absent when they
either did not understand, or weren't paying attention.

The uniqueness of the signal means that it could have a number of
potential applications, such as tracking language development in
infants, assessing brain function in unresponsive patients, or
determining the early onset of dementia in older persons.

When a listener understands speech, a strong response signal is seen
over the mid back part of their scalp (top row; blue and green
waveforms show response at two specific recording locations). When
they can't understand (because, for example, the speech is played
backwards), the signal completely disappears (bottom row; red and
yellow waveforms show the lack of response at the same two specific
recording locations).

Heiipobuonoru oOHapyXuin CUTHAJ
OIPEIEIAIOIINN IOHUMAaHNUE PEYH.

T'OJIOBHOTI'O Mo3ra,

Hetipobuonorn u3 Tpunutu-komiemxka (dyonun) u Pouectepckoro
YHHUBEPCHTETA OOHAPYKWIN CHEIUPUUSCKUI CUTHAT TOJIOBHOT'O MO3Ta,
CBSI3aHHBIK C mpeoOpa3oBaHHMEeM peun B ee mNoHuMaHue. CHrHan
BO3HUKACT, €CJIM 4YEIIOBEK I[MOHMMAeT, 4YTO OH YCJBIIANL, HO
OTCYTCTBYET, €CJIA YEJIOBEK HE TIOHUMAET WM He oOpalmaeT BHUMaHUE
Ha YCIIBIIIaHHOE.

VYHUKaNbHOCTh CHUTHAJIa CO3Ja€T MOTEHIHUAJ JJIsI €ro MPaKTUYECKOro
MPUMEHEHHUS, HalpuMep, s HAONIOACHUS 3a pPa3BUTHEM peYHu
MaJeHbKUX JeTed, Ui OIEHKM (PYHKIHMOHAIBHONH aKTHUBHOCTHU
TOJIOBHOTO MO3Ta y MAallMeHTOB B OECCO3HATEIHLHOM COCTOSIHUH, ISt
pacro3HaBaHUs JEMEHIIMU HA PAHHEW CTa/IUU Y TMOKUJIIBIX JTFOJCH.

Korna wuenoBek mOHMMAaeT peyb, CHIbHBIA OTBETHBIM CHUTHaN
oOHapyKuBaeTcs B cpellHell 3aThlIOYHOM J10J1e (BEpXHUU psf; CUHSASA U
3eJieHas KPHUBBIE IIOKa3bIBAIOT OTKJIMK Ha JBYX OIIPEIEICHHBIX
yuyacTkax 3anucu). Korja yenoBek He MOXKET MOHATH pedb (Hampumep,
B cllyyae 0OpaTHOrO MPOUTPHIBAHUS 3allMCHU PEUYH), CUTHAJ TIOJHOCTHIO
ucuezaeT (HWKHHUM psAJ; KpacHas M JKeNTash KpUBbIE IMOKa3bIBAIOT
OTCYTCTBHUE OTKJIMKA Ha 3TUX XK€ y4acTKax 3aIlHcH).



During our everyday interactions, we routinely speak at rates of 120-
200 words per minute. For listeners to understand speech at these rates -
- and to not lose track of the conversation -- their brains must
comprehend the meaning of each of these words very rapidly. It is an
amazing feat of the human brain that we do this so easily -- especially
given that the meaning of words can vary greatly depending on the
context. For example, the word bat means very different things in the
following two sentences: "I saw a bat flying overhead last night"; "The
baseball player hit a homerun with his favourite bat.”

However, precisely how our brains compute the meaning of words in
context has, until now, remained unclear. The new approach, published
today in the international journal Current Biology, shows that our
brains perform a rapid computation of the similarity in meaning that
each word has to the words that have come immediately before it.

To discover this, the researchers began by exploiting state-of-the-art
techniques that allow modern computers and smartphones to
"understand™ speech. These techniques are quite different to how
humans operate. Human evolution has been such that babies come more
or less hardwired to learn how to speak based on a relatively small
number of speech examples. Computers on the other hand need a
tremendous amount of training, but because they are fast, they can
accomplish this training very quickly. Thus, one can train a computer
by giving it a lot of examples (e.g., all of Wikipedia) and by asking it to
recognise which pairs of words appear together a lot and which don't.

B nmnpomecce exeTHEeBHOrO OOMIEHUS MbI OOBIYHO TOBOPHM CO
ckopocthio 120-200 ciioB B MuHYTY. UTOOBI YeIOBEK MOHUMAI PeYb B
TakKOM TEMIIE M HE IMOTEpsul HUTb pa3roBOpa, €ro MO3T JI0JDKEH
BOCIPUHUMATH CMBIC KaXKJOTO CJIOBa OYeHb ObICTpo. To, Kak JIerko
HAM 3TO  yJaercs, SBISETCS  YAUBUTEIBHOW  CIOCOOHOCTHIO
YeJI0BE4YEeCKOr0 MO3ra, 0COOCHHO YYUTHIBAsI, YTO 3HAUEHUE CJIOB MOXKET
MEHATHCS B 3aBHCHUMOCTH OT KOHTeKcTa. Hampumep, CIOBO «KIHOUY»
UMeEeT Pa3HOE 3HAYCHHE B CIEAYIOIIMX MPEATIOKEHUAX: «S ocTaBui
KJIIOY B 3aMOYHON CKBaxHHeE»; «Ha CKI0HEe ropbl pacrnoiaokeH KoY C
IIPECHOU BOJION».

Tem HE MeHee, TO, KaK YEIIOBEUECKUI MO3T ONpeAesieT KOHTEKCTHOE
3HAUEHHE CJIOB, /IO CHUX IOp OCTaBaJoCh HesACHBIM. HoBoe moxaxon,
ONMyOJIMKOBAaHHBIM B MexayHapoaHoM kypHaine Current Biology
(CoBpemeHHast 6MOJIOTHs), MOKA3bIBACT, YTO HAIl MO3I OCYLIECTBISET
MTHOBEHHYIO OIIGHKY CXO)KECTH 3HA4eHHUS CJIOBa CO CJIOBaMH,
HETOCPECTBEHHO WAYIIUMHU TIepel HUM.

UToObl 3TO OMpeNeNuTh, HCCIEAOBATENM HCHOIb30BaIM HOBEIINe
MPUEMBI, KOTOpPBIE TO3BOJISIOT COBPEMEHHBIM KOMIBIOTEpaM |
cMapThoHaAM  «IIOHUMATh» pedb. OITU TPHEMBl CYIIECTBEHHO
OTJIMYAIOTCSI OT TeX, KOTOPBIMU ONEPUPYET MO3T 4YeloBeka. B
pe3ynbTaTe 3BOJIOLMHM Y MAJICHBbKUX JETeM TaK WJIM WHAye 3aJ0’KEeHa
CIOCOOHOCTh K TPHUOOPETEHHIO PEUYEBBIX HABBHIKOB C OIMOPOM Ha
OTHOCUTEIIbHO  HEOOINbIIIOE  KOJMYECTBO  PEUEBBIX  MPHUMEPOB.
Kowmmbrorepam, ¢ Ipyroit CTOpoHBI, HEOOXOJIUMO YCBOUTH OTPOMHBIMN
o0veM mH(pOpMaLMK B TpoIecce 00yUYeHHs, HO UX BBICOKAsl CKOPOCTh
MO3BOJIIET WM CHAeNaTh JTO OYeHb OBICTpO. MOXHO OOYYHTH
KOMITBIOTEpP, JlaBasi €My MHOXKECTBO IMPUMEPOB (HAmpuUMmep, U3 BCeH
Bukunenuu) u craBs 3agady pacmo3HaTh Maphl CJIOB, KOTOPHIE
MOSIBIISIFOTCS Yallle APYTUX.



By doing this, the computer begins to "understand” that words that
appear together regularly, like "cake" and "pie,” must mean something
similar. And, in fact, the computer ends up with a set of numerical
measures capturing how similar any word is to any other.

To test if human brains actually compute the similarity between words
as we listen to speech, the researchers recorded electrical brainwave
signals recorded from the human scalp -- a technique known as
electroencephalography or EEG -- as participants listened to a number
of audiobooks. Then, by analysing their brain activity, they identified a
specific brain response that reflected how similar or different a given
word was from the words that preceded it in the story.

Crucially, this signal disappeared completely when the subjects either
could not understand the speech (because it was too noisy), or when
they were just not paying attention to it.

Thus, this signal represents an extremely sensitive measure of whether
or not a person is truly understanding the speech they are hearing, and,
as such, it has a number of potential important applications.

Ussher Assistant Professor in Trinity College Dublin's School of
Engineering, Trinity College Institute of Neuroscience, and Trinity
Centre for Bioengineering, Ed Lalor, led the research.

Takum 00pa3oM, KOMIBIOTEp HAUYMHACT «IOHUMATh», YTO CJIOBA,
KOTOpBIE MOABIIAIOTCA 4acTO BMECTE, HAIPUMEpP, «TOPT» U «IIHPOI»,
JIOJDKHBI IMETh cXoee 3HaueHue. U, mo ¢akry, KomnproTep moaydaeT
Ha0Op YMCIIOBBIX MOKA3aTeNeH, 10 KOTOPhIM OIPENEIAeT CXO0KECTh TEX
WJIH UHBIX CJIOB.

YroObl y3HATh, OICHHBACT JIM YECIIOBEUECKUH MO3T CXOXKECTh MEXIY
CJIOBaMU B MOMCHT BOCIIpUATHA PCUHU, OBLIM 3aITHCAHBI OJICKTPUUCCKHE
CHUTHAJIBI C KOpPBbI TOJOBHOTO MO3ra — TIPUEM, H3BECTHBIH Kak
anexTposHuedanorpadus nam 330, - B TO BpeMs, KOTJa y4aCTHUKHU
OPOCIYIIMBAIA  ayAMOKHUTH. 3aTeM, aHAIMW3Upys aKTUBHOCTD
TOJIOBHOTO MO3ra, OBUI BBISBIEH €ro Crneuu(uyeckuid OTKIIUK,
YKa3bIBAIOIIUI HACKOJIBKO CXO0XKE OIPEICIICHHOE CJIOBO C JIPYTHMH
CJIOBaMH, KOTOPBIC MTPEIISCTBOBAIN €My B ayTUOKHHTE.

CyHIeCTBeHHI)IM OKa3aJIOChb TO, YTO 3TOT CUIHAJI IMOJIHOCTBHIO ITpOoI1aaall,
Korga CY6T>6KT HC MOI' IIOHATL PCYb (HOTOMy YyTO OBLIO CIIHIIKOM
IJ_Iy'MHO) WK HE o6pa1uan Ha HCC BHUMAaHMA.

Taxkum 06p330M, 9TOT CHUI'HaJl CTaAaHOBUTCA IIpGSBIJI‘{ElI\/'IHO
MMOKa3aTCJIbHbIM TIpH  ONPCACIICHUMH, JIEHUCTBUTEIIFHO JH YEIIOBEK
MMOHUMACT PCUb, KOTOPYIO CJIBIMIUT, 3aKJIaAbIBas BaXXHBIN TTOTECHIIMAI
AJI €T0 IMMPAKTHYCCKOI'0 IPUMCHCHU .

Uccnenosanue nposen D1 Jlenop, muagmuii npodeccop yOauHckoit
MIKOJIbl MH)KeHepuu TpuHMUTH-KOJUIeMKa, VHCTUTYTa HelfpoOuonoruu
Tpunutu-komnemnxa u Tpuautu-LieHTpa no GMOMHKEHEPUH.



Professor Lalor said: "Potential applications include testing language
development in infants, or determining the level of brain function in
patients in a reduced state of consciousness. The presence or absence of
the signal may also confirm if a person in a job that demands precision
and speedy reactions -- such as an air traffic controller, or soldier -- has
understood the instructions they have received, and it may perhaps even
be useful for testing for the onset of dementia in older people based on
their ability to follow a conversation."

"There is more work to be done before we fully understand the full
range of computations that our brains perform when we understand
speech. However, we have already begun searching for other ways that
our brains might compute meaning, and how those computations differ
from those performed by computers. We hope the new approach will
make a real difference when applied in some of the ways we envision."

[Tpodeccop Jhitmop coobumn:  «lloreHIMambHOE  MPHKIATHOE
NPUMEHEHHE BKIIIOYAaeT TECTHPOBAHHE SI3BIKOBOTO  DPAa3BUTHS Y
MaJICHbKUX JAeTell WM omnpeneneHue (yHKIMOHAIHHONH aKTHBHOCTH
TOJIOBHOTO MO3ra Yy TMAIMEeHTOB B OECCO3HATENBHOM COCTOSHUHU.
Hanuvne uam oTCYTCTBHE CHTHANIAa MOXKET CTAaTh IOKA3aTelieM CTETIeHU
NOHUMAHUS TIONYYCHHBIX HWHCTPYKIMH JIOABMH, 4Ybsi Tpodeccus
TpeOyeT TOYHOCTH M  OBICTPOTBI  peakiuH, Kak, Hampumep,
aBHAJHCIIETYEp WM BOCHHOCHYXKamMid. Takke 3TO MOXeT ObITh
HOJIE3HBIM JJIsI OLIEHKH CIOCOOHOCTH Y TOKWJIBIX JIFOJEH CIEIuTh 3a
X0JI0M Oece/Ibl IPH BHISIBICHUH JIEMEHIIMY HAa PaHHEH CTaaum.

«[Ipencrout eme pabora, Ipexe YeM MbI O KOHIIA TTOMMEM MOJIHBII
CIIEKTp BBIYMCIICHHH, KOTOpBbIC IPOBOJMT HAIl MO3T, KOTJa MBI
BOCIIPUHUMAEM pedb. MBI yXe Hadalld MOUCK JPYTMX METOIO0B
ONpEeNeeHUs TOro, KaK MO3T MOXET pacro3HaBaTh CMBICIIOBBIC
3HAYEHMsI, U KaK ITOT MPOIECC OTIMYAETCS OT KOMIBIOTEPHOTro. MBbI
HaJZieeMCs, YTO HOBBIA MOAXOJA CHITPAaeT OOJBIIYI0 POJIb TPU €ro
MCIIO0JIb30BAaHUHU B T€X HAIPABJICHUSIX, KOTOPBIE MBI IIPEIBUANM).



New neurons in the adult brain are involved in sensory learning
Date: February 22, 2018 Source: Institut Pasteur

Although we have known for several years that the adult brain can
produce new neurons, many questions about the properties conferred by
these adult-born neurons were left unanswered. What advantages could
they offer that could not be offered by the neurons generated shortly
after birth?

Scientists from the Institut Pasteur and the CNRS have demonstrated
that the new neurons produced in adults react preferentially to reward-
related sensory stimuli and help speed up the association between
sensory information and reward. Adult-born neurons therefore play an
important role in both the identification of a sensory stimulus and the
positive value associated with that sensory experience. The neurons
generated shortly after birth are unable to perform this function.

These findings are published in the Proceedings of the National
Academy of Sciences (PNAS) on February 19, 2018.

Although most neurons are generated during embryogenesis, some
brain regions in mammals are capable of constantly regenerating their
neurons in adulthood. The existence of these adult-born neurons has
been proven, but many questions about their function and the way in
which they integrate into their target areas remain unanswered.

HoBble HEWpOHBI TOJIOBHOTO MO3Ta B3pOCIOr0 YeJIOBEKa Y4acTBYIOT B
CEHCOPHOM OOY4YEHHUHU.

Hara: 22 despans, 2018. Ucrounuk: MactutyT [actepa.

Ve HECKOJBKO JIET U3BECTHO, YTO MO3I B3pPOCIIOIO YEJIOBEKA MOKET
MPOU3BOJIUTh HOBBIE HEHPOHBI, HO MO-TIPEKHEMY OCTAETCSI MHOTO
BOIIPOCOB O TOM, YTO M3 C€0s MPEACTABIAIOT HEHPOHBI, MOSBUBIINECS
BO B3pOCIJIOM Bo3pacTte. Kakue npenmymiecTBa OHM MOTYT UMETh Mepejl
TEeMU HeiipoHamH, 4To (OPMUPYIOTCS Cpa3y MOCIE HAIIETO POXKICHUS?

Vuensie HWucturyra Ilacrepa m HanumoHanbHbIA LEHTP Hay4HBIX
uccinenopanuit (HIIHW) ®pannuu npoaeMoHCTpUpOBalid, YTO HOBBIE
HEUPOHBI, chopMUPOBaHHBIC BO B3pOCIIOM BO3pacTe,
MPEUMYILECTBEHHO PEarupyrOT Ha CEHCOPHBIE CTUMYJbl U MOMOTaIOT
YCKOPHUTh CBS3b MEXIY CEHCOpHOH uHpopmanuen n
BO3HArpaXJACHUEM. OTH HEUPOHBI WrpalOT BAXHYIO pOJIb B
ONIPENEIIEHUNA CEHCOPHOIO0 CTUMYyJIa M MO3UTHUBHOIO IOJAKPEIUICHUS,
CBSI3aHHOTO C CEHCOPHBIM OMBITOM. HelipoHsbl, cpopMUpoBaHHBIE Cpa3y
MOCJI€ POKJICHUSI, HE MOTYT BBITIOJIHITH TaKyIO () YHKIIHIO.

Ot pe3ynbTaThl ObuUM omyOnukoBaHbl 19 ¢eBpans 2018 roma B
xypHaie Proceedings of the National Academy of Sciences (PNAS)
(U3Bectus HarmonanpHoM Akagemun Hayk).

Hecmotps Ha TO, 4TO OOJIBIIMHCTBO HEHPOHOB (OPMUPYIOTCS BO BPEMSI
IMOpuoreHesa, HEKOTOpBIE obusactu rOJIOBHOTO Mo3ra
MJIEKOTIHUTAIOIIUX CHOCOOHBI MOCTOSHHO TE€HEPHUPOBaTh HEHPOHBI BO
B3pocioM Bo3zpacte. CyliecTBOBaHHE ITHX HEHPOHOB OBLIO JI0OKa3aHO,
HO OCTA€TCs MHOT'O BOIPOCOB 00 UX (PYHKIIMOHAJIBHOCTU M O TOM, Kak
OHM UHTErPUPYIOTCS B II€JIEBbIE 00IACTH.



Research carried out by the Perception and Memory team (Institut
Pasteur/CNRS), directed by Pierre-Marie Lledo, a CNRS Director of
Research, has recently revealed the specific role of these neurons
produced in the adult brain. This study demonstrates that assigning
positive values to sensory experiences is closely based on the activity of
adult-born neurons, and not the neurons formed shortly after birth. It is
these new neurons that may enable individuals to anticipate the delivery
of a reward.

The scientists focused on the production of new neurons in adult mice,
in particular those neurons that integrate into the olfactory bulb, the
brain region responsible for analyzing odors. These new neurons are
thought to play a major role in providing flexibility for learning and
memorizing olfactory sensory experiences.

The scientists from the Institut Pasteur and the CNRS observed that the
new neurons were able to react differently to an odor depending on the
consequences associated with that sensory experience, such as whether
or not there would be a reward. They also demonstrated that olfactory
learning, in which the mice had to associate an odor with positive
reinforcement, became easier once the new neurons had been activated.
Finally, simply activating these adult-born neurons could be assimilated
with a reward-predicting odor.

HccenenoBanue, mnposeneHHoe rpynnod «Bocnpusarne u  Ilamare»
(Uuctutyt Ilactepa copmectno ¢ HITHN), mox pykoBoacTBom IInepa-
Mapu Jlneno, oOHApYKUJIO CHEIU(PUUECKYIO POJIb TAaKUX HEWPOHOB,
TeHepUPYEMBIX BO B3pOCIOM Bo3pacTe. VccienoBaHue Mokasano, 4To
IIPUCBOEHUE CEHCOPHOMY OIBITY MO3UTHUBHOIO IMOAKPEIJIEHUS TECHO
CBA3aHO C AaKTHBHOCTBIO B3pPOCIBIX HEHPOHOB, a HE TeX, YTo
00pasyroTcst cpa3y mociie poxaeHus. IMEHHO 3T HOBBIE HEUPOHBI
MOTYT  BBI3BIBAaTH Yy  YEJIOBEKAa  YYBCTBO  IPEIBKYIICHHS
BO3HArPaXICHHUS.

JlesaTenbHOCTh y4yeHbIX Oblla HalpaBiieHa Ha (POPMUPOBAHHME HOBBIX
HEHPOHOB y B3POCJBIX MBIIIEH, B YACTHOCTH TEX HEHPOHOB, KOTOPHIE
UHTETPUPYIOTCSI B OOOHSTENbHOM  JIYKOBHLE, YacTH  MO3Ta,
OTBEYAIOLIEH 34 PACIIO3HABAHUE 3aI1aX0OB. Y YEHBIC CUUTAIOT, YTO HOBBIC
HEHpPOHBI HUIPAIOT BAXHYI0 pOJb B O0EClEYeHWH THOKOCTH INpU
HOJy4EHUH U 3alIOMHMHAHUN OOOHATEIHLHOIO CEHCOPHOI'O OIBITA.

VYyensle Uuctutyra Ilacrepa u HIIHM ormeTnnm, 4to peakius HOBBIX
HEHPOHOB HA 3amax pa3JInyHa B 3aBUCUMOCTH OT TOT'0, KAKOW Pe3ysbTaT
ACCOLIMMPYETCSl C 3TUM CEHCOPHBIM OIIBITOM, Hampumep, OyaeT Ju
MOJIy4EHO BO3HArpaXxJcHUE 1581078 HET. Onu TaKxXe
IPOJEMOHCTPUPOBAIM, UYTO OOOHATENbHOE OOy4YeHHE, MPH KOTOPOM
MBIIIM CBA3BIBAIM 3aIaX C MO3UTHUBHBIM IOJKPEIUIEHUEM, CTAHOBUTCS
jerde, KOrJa aKTUBHUPYIOTCA HOBBIE HeWpoHbl. Hakxonern, mnpocras
aKTHUBALlUS B3pOCIBIX HEHPOHOB MOXET OBITh CBsI3aHA C UX
aCCUMWIALIMEH C MPEIOIaraloluM Harpaay 3amaxoM.



In short, this research shows that adult-born neurons are involved in the
value associated with sensory stimuli rather than just the identification
of the nature of a given sensory stimulus. It demonstrates that reward-
motivated learning depends largely on adult neurogenesis.

Transferred to humans, these findings could improve our understanding
of the role played by new neurons in the adult hippocampus in
associative learning processes.

Takum 00pa3oM, UCCIEAOBAaHHE MPOJEMOHCTPUPOBAIO, YTO B3pPOCIBIE
HEHPOHBI B OOJIBIICH CTEIIEHU HMEIOT HEMOCPEICTBEHHOE OTHOIIICHUE K
MOJKPEIJICHUIO, CBSI3aHHOMY C CEHCOPHBIM CTHUMYJIOM, HEXKEIH K
OIIPENIEIICHUIO TIPUPOIBI ATOTO CEHCOpHOro cTuMmyla. McciemoBanue
1oKaszajo, 4yTo oOyueHHe, MOTHBHPOBAHHOE HAarpaaoil, B OCHOBHOM
3aBHUCHUT OT B3POCIIOTO HEHporeHesa.

Ot pE3yibTaThbl, MPUMCHUTCIIBHO K YCJIOBCKY, IIOMOT'YT YJIY4YIIHUTH
Hali¢ ITIOHUMMAHHEC POJIKM HOBBIX HeﬁpOHOB B THUIIIIOKaMIIC B3pOCJIOro
YCJIOBCKA B IIPOLECCC aCCOUNMATHBHOI'O 06y‘IeHI/I${.



