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Language and Life Timelines

William S-Y. Wang

Abstract

Compared with other primates, humans have an extended lifespan and are
blessed with the additional stage of “childhood” for learning, both of which are
products of cultural evolution. Our brains grow at an explosive rate during our
first two years, tripling its weight at birth, soaking up an astonishing amount of
information about the physical world as well as the culture into which we are
born. Language is a complex set of independent but interrelated skills, acquired
at different timelines to different degrees of proficiency, with a great deal of
variation across individuals. Speaking any language well requires the
acquisition of a full set of perceptual sensitivities to the phonetic distinctions
significant for that language. It also requires the coordination and fine control of
several hundred muscles for respiration, phonation, and articulation. Although
the motor skills for speaking a new language come much more easily to the
young, the cognitive components of language, not its motoric components, can
be mastered quite late in life, such as its vocabulary and grammar. The various
timelines for language and many other aspects of behavior have their sources in
the interaction of genes with environment. Several genetic pathologies surface
either in infancy, or in the sunset years. While many of us live out the newly
available years in good health, some suffer from various types of
neuro-degeneration, and foremost among these is a severe form of dementia

called the Alzheimer’s disease. The challenge of language disorders has

s
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mushroomed in size and become manifold more complex with the world aging
so fast. Hopefully due consideration in this area of research will be given to the

biological and cultural diversity that comprise our entire humanity:.

Keywords: aging, dementia, language acquisition, neuro-degeneration, timeline
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AEBAAENE - A DARI 75 SRS -

HEE S BN SRE B RS - ERIE RGBSR
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primates & K41

Genetic basis of human brain evolution.
Vallender, Eric, et al. 2008. Trends in Neuroscience.
hominid

hominin

E 7 295 Australopithecus,

IG5 Homo habilis

B 17 A Homo erectus m

QJA Home sap."ens Human Chimpanzee Gorilla Orangutan Gibbon Old World New World

monkeys monkeys
RIRE XIEE LUERE REE

Milli t il last
i ey er e s s
Genetic difference from human -_— ~1.2% ~1.6% ~3.1% ~4.0% ~6.5% ~11.5%
Brain volume in cm® 1129-1685 230415 400-565 300-400 70-152 33-205 4-123

TRENDS in Nelrosclences

1: c#mE Vallender et al. (2008:638 )  [&F4FAIETRH ARERRIZIEZX
FEERAVARE =R - MABRFIMBIBEEEN/ BB E/AR  HFIHY
AEEEIEEME S B FRIT RIANRIE R -

2 Richard Dawkins, The Selfish Gene (Oxford: Oxford University Press, 1976).

Eric J. Vallender et al., “Genetic basis of human brain evolution,” Trends in Neurosciences

31.12 (2008): 637-644.

Daniel E. Lieberman, The Story of the Human Body: Evolution, Health, and Disease (New

York: Pantheon Books, 2013).

S BHEFERAWHEY B ERA—ETLLEE 100 & © £ 7 Susan Greenfield, Mind
Change: How Digital Technologies Are Leaving Their Mark on Our Brains (New York:
Random House, 2015) ©
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2 W8 Lieberman (2013:113) - B AFARIF bR 7 BRI @ 8
Z7—E "EFH, BOREEL - MEEEXUEIEREY -

R NBERE R 22 G AE - 2 AR RIREE R, » A E
TRBSZ AR FRAET S - SELEAERF 2 ERIISIMRGRALATEL » A
FEREYE - ERTEA AN A URES  Horbfs — R B R 2 Al
HE 2 20 HHCATHHESFRLT - FTZZER (Alois Alzheimer) F5GERELHARAY » ©
SEREEAIBE R T M ISR - MESA ISR ETE A T RE AR Y
LB BRIAH B - (BRSO ZBIRR AN T B A A 8 - (EREH
B PRI L R S R - R TRE AT AN BN B5E T HESIR A BRA
£ S ERSE (AP R T R TG « 35 e PR P ] » B
ERMTIRRANERIIFGERY - SRS R L R R -

RS E—E T » FIEE S E RIS TAE RIS -

®  A. Alzheimer, “Uber eigenartige Krankheitsfille des spiteren Alters (On certain peculiar diseases
of old age),” Hist Psychiatry 2.5 (1911): 74-99.
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BEEEKRAERD -

T O(£)#% - B¥XE (Norman Geschwind ) 1 ( AT ) - AT L 04ade - sy % 8
¥ (GETEH  BREFED) (F3b - FHITETEWAF - 2008 F) - H 113-134 - F 6.1 ©

8 Wilder Penfield, “Conditioning the uncommitted cortex for language learning,” Brain 88.4
(1965): 787-798. Wilder Penfield and Lamar Roberts, Speech and Brain Mechanisms
(Princeton: Princeton University Press, 1959).

? Wilder Penfield and Lamar Roberts, Speech and Brain Mechanisms, p. 235.
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EE Penfield %% 5 Fy AFTAIHY » /& Eric Lenneberg — A EEGENE
WS AR R o SEAEE IR ERE - FE 4 0 DUBEEE
AR S E S T RS L SRR T B TR AR TEEE S -
R AT A E S ARSI = 25 1000 2 vty A RS - SRR N B FRAGEAE -
18 HE 2 R M S LR S IR B E AL TR o IRZIHFCEREENE - Rsk
HARHK e PR AR Bt - RURRERNY " 3rl52E3 | (vocabulary spurt )
B Y - - R AR T AR IRIAE R B E B L ER RS AT
T R 5 AR A IR SR ARBE M BRI ST 22 - (H MG ANAT - [FIAR
HUDERL W th B 7 (B P E S 4 |AVErZE T - EEEE "R E
B EIRAS FRYEES 1 (Language in the context of growth and maturation ) e

1200 —

Brain weight (grams)

nocephalic dwarf

o 1 O PR
Birth#3 months 1 2 3 45678910 14 18 2530 40

Chronological age (yvears)
4 : Lenneberg (1967 ) FRERAVEES B1S "RAEHA, - HBEEHAIE 2.25 -
WNIE SRR - B ASENEIZEEZE B 2+ maIFEE - iR1ERAR
TEBETRIESRIIVIFE - BIEETS - EEELRSTRFIG  BA
IR TREIFE o

1% Eric H. Lenneberg, Biological Foundations of Language (New York: John Wiley and Sons,
1967), tigure 2.25, 4.4-11.

" Ping Li et al., “Dynamic self-organization and early lexical development in children,”
Cognitive Science 31.4 (2007): 581-612. Bob McMurray, “Defusing the childhood vocabulary
explosion,” Science 317.5838 (2007): 631.
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RE— BN RiE (ERHI AR SRR FTREAN @ SaERENIY - 12 Lhiskg
RRMERIET © H T ) B P A SR - K R oh R E (s B A e
SERTRS SR IRFAEE © FRAEA ST IAYRA T RE YRl - RIIRFRE (timeline ) ©

ANFRETFIERS A rlRESH I LT AR - GE e LERAIIER
FEMER2E ¥ - PTREBERR AGID A B REFEE 2 A B sk - R E st

POTESH ) BERREXRELTSEEHNEEET - Al AR R — B ER KA
B SRR T R E AR RE ST S B LA R ) Joshua
K. Hartshorne et al., “A critical period for second language acquisition: Evidence from 2/3
million English speakers,” Cognition 177 (2018): 263-277 ©

B R B — 50 E 4 3k 1 158 3% 58 : William S-Y. Wang, “Critical periods for language:

Comment on ‘Rethinking foundations of language from a multidisciplinary perspective’ by T.

Gong et al.,” Physics of Life Review 26-27 (2018): 179-183

John H. Holland, “Language acquisition as a complex adaptive system,” in Language

Acquisition, Change, and Emergence, ed. James W. Minett and William S-Y. Wang (Hong

Kong: City University of Hong Kong Press, 2005), pp. 411-436. £+ 71 : (M AR M T i35

BRI ) RS M F 4 (BT RABRBEAR) (R - EWRE BN

2017 %) H 19-49 -

Nick Chater and Morten H. Christiansen, “Language acquisition as skill learning,” Current

Opinion in Behavioral Sciences 21 (2018): 205-208.

William S.-Y. Wang, Explorations in Language Evolution (Hyderabad: Osmania University
Press, 1982). £+ 7T - (FBEHELWER ) WERE -~ 3BH  FHER  AAREHEE
(FWEEA : BH2EEERFEERXE) (F: PHIRES SH AT > 2006 &£ )
B 9-32 - William S.-Y. Wang, “The language mosaic and its biological bases,” Journal of

Bio-Education 2.1 (2007): 8-16.
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BESR 15 B T OMRAIEE » 2= 5 FUHE S AR AR AL 9e3E B58 a8
HlERE - 72 P08 T EBRNA PGS S EFER B ZALL - —1{F
EXHIB BRI - HERIEE (Joseph Conrad ) » i /NG (RIS 200 )

(Heart of Darkness ) S442 KRR © EHMIFIHMEMERIR - BE5 1Y
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17 Conrad 3 B 2 4t JB A By # Korzeniowski 45 & T % o
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BREE RV G H— SRR EEE S R L M EAR Y - BIEHES
2o PHE b G S R R T R R EAR TS - A5 AR SR
BB -

eI b 28 o P AR s EhRE TR Eeii b - B RS R SR ik
[y > Zigs 7S BEEREM - EAMTABEARFKIEAE 17 SEAR - ia5ABd
IRBE S A BN - SE R R AR R A B B BA S A A B i e
i+ B 5 o 22 LEBIEELAEIANE © (G - B H SRR TR
IRE AR - 35 LeREE RS 5L F IR B Ay i H #E S iERg - 2L
ZAE TR ) R - AR - A SRR FEHEY)
HERREHE _E AR - SN AR IESERIIRE FEFES (white-crown
sparrow ) > HANRAEHARIN T RINE LR T #EEE ) (subsong) » Z1&
A EEINIEH OV SR -

Kathleen Wermke et al., “Fundamental frequency variation in crying of Mandarin and German

neonates,” Journal of Voice 31.2 (2017): 255.e225-e230.

! Daniela Perani et al., “Neural language networks at birth,” PNAS 108.38 (2011): 16056-16061.
Sandra F. Witelson and Wazir Pallie, “Left hemisphere specialization for language in the
newborn: neuroanatomical evidence of asymmetry,” Brain 96.3 (1973): 641-646.

2 Nazim Keven and Kathleen A. Akins, “Neonatal imitation in context: sensory-motor development

in the perinatal period,” Behavioral and Brain Sciences 40 (2017): e381, doi: 10.1017/

S0140525X16000911.

FREHERBEIANNEY HHER WU ARART  AETZEHERLTUEE

HEETE S W EHAZ - £ H, Eric H. Lenneberg, “Understanding language without ability to speak:

a case report,” Journal of Abnormal and Social Psychology 65.6 (1962): 419-425 o 35 # 0 )% )

FEKM B HBREARLHTHENEER (resilience )

2
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“Four orofacial gestures of a
fetus at approximately 28
weeks GA.

(Top left) Grimacing;
(Top right) Finger sucking;
(Bottom left) TP to the side;
(Bottom right) tongue thrust. ”

Keven, N. & K.Akins. 2016.

Neonatal Imitation in Context: Sensory-Motor
Development in the Perinatal Period.

Behavioral and Brain Sciences Fig.2.

5 AT R AIR5ER, (Kevin and Akins 2017) »

ERFEIRG T3 TG~ JURE ~ Judh ~ +53E - Bl 1 22 58 8 e b A AR
Wt B BN BT Pl vl S IR, o 38 BB fery 2~ R B S o A B AR N Al
B HEEFAREAIRE B - SE 22N 2B AE HE H RIRFBAAGHY - SLELRg R AR
FIIRRANEEYS - BB A B EEBIB0Y - ALl 5 A RETS AR L 2 R A AL B
ZHEEF @RI R - AR RREATRNGE S 2R - RBERAZE
ANATRERERS -

1a (ERE et A TS E R 22 - A DA RSB e rmIEs ; Bt K
TR EASRE S YRG5 W R B R R 2 SRl RF A6 © 215R R B HY
WAL F IR BRI ISR B O SRR RRE - Mgk s~ g
NS T o [FRHh - AR SRS SR TR S A - M PIthoGE IR TSRE
= » Lane S#pELEik B S —E 401 - Curtiss HIERERERRIZH] - 7

IRIBISAHRE IR ARIBIFFE A B3R ARRVBIZSA E BEAS R - Kuhl 55
N R SRR - > e B 1 B2 RO E 6 - SR T

22 Harlan Lane, The Wild Boy of Aveyron (Cambridge, MA: Harvard University Press, 1976).

2 Susan Curtiss, Genie: A Psycholinguistic Study of a Modern-Day “Wild Child”, ed. Harry A.
Whitaker (New York: Academic Press, 1977).

24 Ppatricia K. Kuhl et al., “Phonetic learning as a pathway to language: new data and native language
magnet theory expanded (NLM-e),” Phil. Trans. R. Soc. B 363.1493 (2008): 979-1000, figure 1.
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Az A E — AR RO A B B ETS - MT20R - K978 A R BAGHE
JERAIRFFE AR TTE © AHELRE SR REFE AL o A RN I 2 S H #2 A4 HE -
A AEEEE R RERE AR R E S U RE 1818 T e - SEFEREST NIEEAY
— B E RS ] - P EEERUR - HARELGANSE RN R - KRB
e HREF - KRy HEE A TR B E Wl o MREE R AR &
IR IHEERG R - (AN th R R S (8 - 72 H AR NS5
REIRFELES r AT L Ao o

universal speech perception

language-specific speech perception

sensory learning

1 pecific d ion of rypical decline in foreign language
perception for vowels | | stress pattern in words consonant perception
statistical learning statistical recognition of increase in
infants discriminate (distributional leaming language-specific native language
phonetic contrasts frequencies) (transitional sound combinations consonant
of all languages probabilities P
perception > \ N\ J 1
’ 1 | 1 1 1 1 1 | 1 | 1 |
production 0 1 2 3 4 6 7 8 9 10 11 12 time
T T (months)
infants produce
non-speech sounds | ‘canonical babbling' I first words produced

infants produce . S
Imfants imitate vowels I I 1 pecific speech production I

I-like sounds
sensory-motor learning
language-specific speech production
universal speech production o

Figure 1. Universal timeline of infants’ perception and production of speech in the first year of life. Modified from Kuhl (2004).
6 ZEEVRT  SERILEEES] - Em— ML AR T  BRAEE
B IHIARMEFRE (Kuhl 2008:980) °

2l 7 A AEIT R AR E R R - A0ER I E L TT1A ~ ISR
I~ F§EEE (galvanic skin response ) ~ LBk R ISE T - FHY S BRG]
WFSEE S ELASFRRY - SRR AT DUAISE B S A S A rT [ FE RS 5 ARG
BEHIHETAATENL © Kuhl SEARYE 1 (CARSCE 6) BUKFHEE] T 5% E —

P SYFESEE AT MBS €T R VWEE  ENERTLER
BEMER - BUEEAFTEXFERERNS > BEFENT L CERFELTRHE
FoOEXBBMNETEARNTEY c FETRERANEET  REUTEFRN r £F
FEREEZW - EMHA r (r-ful) Fofr (r-less) o F# > RFR S ALNIAFC
BHHT AT - 4o talk 7 palm o
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B REEE AR AT SR AR - SR Horh B Ea s ~ Frag -~ s
LUR e IEMERIRE NI 2 ik - a2 @ 3 - M ks SR I T By
ERUBRER T o B T reIRE EBkE - FMIRyPiEEE L E SR (childhood )
SEMEE M R E RS > 2 FRTSCAE 2 - RSB - 2 ARIRE
BN B PSS EAMPT A A EE TR - DEEGE S 12 EREAE R
HpAR - A e G E (E2 B —H M ERHE S F ] (infancy )
BB AR AT IR A ] (adolescence ) e

Penfield f4fth 1965 FEfY)—Ff S FAEEE By " BIHIREF A IFRIR RIS R
BrcEEEE S | (Conditioning the uncommitted cortex for language learning )
BEIMN A SR o SERGR 17— HIEER 00 B B AR SR R AR A IR 25 22—
A SR ATRERRIRE (R SH) HAPKREHEHEES T - MARMBAEDK
HE - KIEGHISEEES 7 — T ERHERE AT 281 - R —{E B AR e BRI
REfEIE G LI ZTEMIE ? B HIHAE R SERBER ? A aEEiR
ALY I BT A AT RIRRATRIIRR - SRAE R 5 B E NG Sel R 2 5
EATEREE I ST G ENS 2 A ERE - BTSRRI 2 2
DRI BRI AR LB TER o S R A E T
L EHTRIREE -

o

AR 5 S TR ISR - A0 SRS LB T
SCGH - B S A MR 3 TAEVIBI R - IR
ST TR R 5 S B -

% Daniel E. Lieberman, The Story of the Human Body: Evolution, Health, and Disease.

27 Janet F. Werker and Takao K. Hensch, “Critical periods in speech perception: new directions,”
Annu. Rev. Psychol 66 (2015): 173-196. Takao K. Hensch, “Critical period regulation,” Annu.
Rev. Neurosci 27 (2004): 549-579. Takao K. Hensch, “The power of the infant brain,”
Scientific American 314.2 (2016): 64-69.
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18 S iR B R - 2 1943 SEHRGIEES AT Leo Kanner Firiizisinty
Tt - ST T 11 TSRS SRR o R T SRR Rl — A AR A BT
HI5dEE - NEHLEEEIR a4 Ry T IS5 EBAGE § (early infantile autism) -
BT B EEr BB AR AT T BRI - 2013 4F » BETRR
HIRERGEAE CRETHNESR 2B BLE -1t ) ( Diagnostic and Statistical Manual of
Mental Disorders, DSM-5) » {UERERERI S B —OHE A T 12 BEALERE
f¢ , ( Autism Spectrum Disorder, ASD ) HYE2ET N - RfEREIR ATz ESS ASD :
(—) ZEWASEEMNAET () AR REEMERITR - 45 1988 £
WA E RS (A H 2 3B ITYT - TR SRS 1 iEmifE ASD fiEsk o
2009 4 » ZEEERE HIEETERG .0 (Centers for Disease Control and Prevention,
CDC) fliFt - 100 i 5B R PR A | EEH ASD -
D — [ BEZE R 38 ECUE » BfEAR A 1862 £F John Langdon Down
BB K ECEE e B - HOEEHAREAE R 1959 4 9388 - @t thakhy
i 21 BR=FHGE (trisomy 21) » KRB IEH Y OBSERZEAHY - )E FE
BENIE 21 WY ORRal 2 7 —fk - AHELZ T - —EF] ERERY 1961 4
J.C.P. Williams A =R5EHEE 1 EFREUE - A ASD HIJE FSEAY L E — A
FEEAS » T R BR FERY AN T RS A T L O EEERR - (BAEREREE S
R S5 e LRSI T | - 0T b PR EE N SE B B
JEEE AR E 255 - MFE RS S LB E RS A - HlnE @ 355
IS ZERIRE JIEE (a2 2 B YR fRAY
AR AR s AT RIRE (S8 - AHEELE FOXP2 (Forkhead box
protein P2 » SCHAKE P2 £LK]) T » iE2 M SPCHI BEAIFwiHIE H'E - 38
st i P 1980 SRR — S #2881y - & (@R KE /Y
KIFAIRZ NEEEER AN o N HBE —/ N RS HIRERUE i /s NI £
i RS CE (SRR e — (7 BHE25¢ Faraneh Vargha-Khadem {2 {4t :

“Aa... y me aar Shuar, ah ist Bedfond. Aa me ah six.”
(& # ™| Stewart » 1 7 Bedfont » &<k o ) ¥

% Ming-Chang Chiang et al., “3D pattern of brain abnormalities in Williams syndrome visualized
using tensor-based morphometry,” Neurolmage 36.4 (2007): 1096-1109.

? Wolfgang Enard, “Mice, chimpanzees and the molecular basis of speech,” powerpoint presentation
at the Summer Institute in Cognitive Sciences (Université du Québec a Montréal, Canada, June 24,
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K S FEATTRIE » —BRMGHEE R N2 i3] TEES B L T - S
SURBGR A DR A IE T » SE R R LURRE S a1 T R
ERN ) HURRAE o PEAREE S AL AR A 2R L A E ] e T
By » — BB R BEERN - TR AEA T 2 s - sk
1 H AT AL ATE B S O PGB —#E -

HEIR KE KIEHITET 2 B RS A SERIIHTCE 5 - (50— ARz
HRIRIIHES] CS » Ryt thhlasln K R o HAIR S « FfAS
TESH A - 2 DA EENEE - SR EA A 2R - RT3
TR - (7S BB A. FOXP2 1T - JE Rk
HURIERS » DU AEBIAE LI R Sa sl « 3% B vy b AJEEHSERT (Max Planck
Institute of Evolutionary Anthropology ) ° R RSN RS 7 B
RS - HEYRESEIR A st - a0 E - BIEE ~ IHES - DL
PRAE — AR B AT BT TRy < FEIRIBRTR © BIEERAE ASHE — Ry
Rl 7 2 A ER Y T SRR RN AR L - LMK T RE S IR -

HAIER IR EE] - H TR SR e [ BRI 2R - #1
EHEIR WEIRD HYAFTERAYEERS - WEIRD SEEfH S 2 H— B T RREER
FREl » 183 Western, Educated, Industrialized, Rich, and Democratic ( 7§ /519
SEBEN » THALN  ERORIEREN) o P IEAISR T IE ResigE|
1y » WEIRD 57 ABERY—/INEBS> » BT 25 R » 22Uk WEIRD 1Y
HFREREIHEAL L —EGEH2EANER - Oim R ERHRa S
R~ BRI -

2010), retrieved October 2, 2018, from http://www.summer10.isc.ugam.ca/page/docs/readings/
ENARD_Wolfgang/Enard-presentation.pdf.
30 A 43 B King L. Chow, “Speech and language - a human trait defined by molecular genetics,”
in Language Acquisition, Change and Emergence: Essays in Evolutionary Linguistics, ed.
James W. Minett and William S.-Y. Wang (Hong Kong: City University of Hong Kong Press,
2005), pp. 21-45 -
Cecilia S. L. Lai et al., “A forkhead-domain gene is mutated in a severe speech and language
disorder,” Nature 413 (2001): 519-523, 514.
Wolfgang Enard et al., “A humanized version of Foxp2 affects cortico-basal ganglia circuits in
mice,” Cell 137 (2009): 961-971.
33 Joseph Henrich et al., “Most people are not WEIRD,” Nature 466.1 (2010): 29. Joseph Henrich et
al., “The weirdest people in the world?” Behavioral and Brain Sciences 33.2-3 (2010): 61-135.
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B et AN ERNURE A8 25 S L R L AR B R
LET5 - MmO R AR ORI a2 BB 1) w2 fEir iy
Bits » DU R LSRRy S B A LA - oy SRR B
iy o Ui ey A - VR T HERTE EERO RS o

il

FH[E1E] Lenneberg YRR E » it @A SCHYE 4 » B2 EIHUR A ISA &Y
HEREFE# 1000 cc ZRERFAAATNAE @ IARIISA BEEEEF 1400 cc @ i
KISHUE2EHF 22N ER - HER A RIEA RN E L o Blansfizn
H 0 FTEREE R BRI ZE A ] DURFES — 125k - — R IEEARIKHY
EEES A AE ATEE R A RHER - DU T 5 iSRS (R PRI RE -

52 AN TR TE (S ESTIPNIE G e 2R B E TR e B =K S PN i g
—H BRI - KEESCERIE BN - FAMA e R E R 8 - ARPBEE
PE— R SR HOE - P A KIS R WU R — 2R AT A 2 R R i T

(neurons ) ; H'ESH—FHRE VBB (glia cells) » FE 7 -
A E B E AR g2 RSOt - #ER B RiTE KBRS T AR
A8 WA ASRE S DRE o & BT B A NS B ERO RIES - et sz
FRIA AT B E IR LR E N E - (e —AREERZE I IES E - B
RS RHEE R AN R E

AR 64 48 70T AR 5 B A28 % — SRR IR 6 fm s - B R
£ T % Bt KNG Sy fo gm0y Bk 24k o

R R E 2 - B AR Va7 RS TRT U DY i
TG o SE R LLBIAENS B A s AR - R E AT
TREHSICAT N FHEIRRETT - < ASFRAVE - A/ MESHLE [ TL g1 S EEsk
T LS RIS - /NS EAHERER R AT TR © NE LRSI TAT—

Hw RS A E > 19934 )

35 Frederico A. C. Azevedo et al., “Equal numbers of neuronal and nonneuronal cells make the
human brain an isometrically scaled-up primate brain,” The Journal of Comparative Neurology
513.5(2009): 532-541.

3 R. Douglas Fields, “The hidden brain,” Scientific American Mind 22 (2011): 52-59.

R RAE Y billion —3 R 45 107 (F48) - Wk A LEAIFTHE M 107 (—k) -
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EAHEIRMHETT © MR R A S ERE - HAEHES B - 5§
HRG EZER - Al RATRER BT E R ARSI E R -
HRGERE K A NISHE - T%T%Tiﬂﬁﬁ’fé?% S o F RIS ET A
A B SR AR = i T RSt

Whole brain

Azevedo, F. et al. 2009. Equal numbers of neuronal and nonneuronal cells make the human

1508.91 +£299.14 g brain an isometrically scaled-up primate brain. Journal of Comparative Neurology 513.532-41.

170.68 + 13.86 B cells
86.06 +8.12 B neurons
84.61 +9.83 B non-neur
0.99 non-neur/neurons

Cerebral cortex (GM+WM)
1232.93 + 233.68 g
77.18 £ 7.72 B cells

16.34 £ 2.17 B neurons
60.84 + 7.02 B non-neur
3.76 non-neur/neurons

81.8% mass
19.0% neur

Cerebellum
154.02 £ 19.29¢g
85.08 + 6.92 B cells
69.03 + 6.65 B neurons
16.04 £ 2.17 B non-neur
0.23 non-neur/neurons
10.3% mass; 80.2% neur

Rest of brain

11766 + 4542 g

8.42 + 1.50 B cells
0.69 + 0.12 B neurons
7.73 +1.45B non-neur  7.8% mass
11.35 non-neur/neurons () 8% neur

7 : e#R B Azevedo et al. (2009:536) o

AR IS BT S BB (e B ITSE » SO B S ARG = D AE AR -
— L EHE] 19 AT R EEEA TAT  SBLAFEIE-K (Paul Broca ) flifE 1861
SR T M A RS BT S S PR R ER SR IRE TT - $RBE T 36 S RIANSHT
T T - B2 19 HACHY SANRAL R - BJEre (Carl Wernicke ) #iE
TRES BRSNS “Tules Dejerine HIFHRL T BRI S EATMMSIEERENI BT

%% Philip Lieberman and Robert C. McCarthy, “The evolution of speech and language,” in
Handbook of Paleoanthropology, ed. Winfried Henke and Ian Tattersall (Berlin and Heidelberg:
Springer-Verlag, 2015), pp. 1-41.

% Paul Broca, “Nouvelle observation d’aphémie produite par une lésion de la moitié postérieure des
deuxiéme et troisieme circonvolution frontales gauches,” Bulletin de la Société Anatomique 36
(1861): 398-407. i 7 i 3L 1918 3T 3 & > JF ¥] £ ., P. Monod-Broca, “Paul Broca: 1824-1880,”
Ann. Chir 126.8 (2001): 801-807

4" C. Wernicke, “Der aphasische Symptomencomplex,” Eine psychologische Studie auf anatomischer
Basis (Breslau: Max Cohn & Weigert, 1874).
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g2 o VAT B B R T & P R — 3 R i A e - USRI

(Arcuate Fasciculus ) ; JE{EEHZEAYE N - DU AT BRI BHETIRE S
AR IFNRE B XA ThAE - #4E Norman Geschwind 5 51383 - Dejerine
Z BB ETFEAIKISIIWISE - Stanislas Dehaene 85 R AR IR - ¥

ISR NSFERE RIS - WK - BRI A REEr TS - 1
1T 7P EES » 40 Franciscus Donders (1818-1889) T BH 2GR Ay CaFRH]
% (mental chronometry ) » A1 B B BIUAEGELRS « 20 THACERFZE - B
FH R RIS S s e e » o B RIEH R B - iHeE A 7—K
TREE -

DIATTE R e ma i AR B s Ry - (6 SE sy & e T i
PEBAMRIERE o Amys-RARBH R ke o P Y E R - e MR
FAEEEER - iSRS Nina Dronkers 1SA1LEH4% - S T i1 FRAY[A]
B HEErRE o2 Bl (MRL) 2047 Er B AR - B525] TErZERA
HISRIIRTET (sagittal » BIIF{#& ST1AIMEY) 53 B2 A RERST ) ~ "R (coronal
B TRy IRATR RIS ) R - S8 seE iR T a3
ERHFF LR ISR th 248 - S R EY) BRI ImE N e lE
LEERA2AY - L 8 o DUR & Dronkers S2 A ¥t MRI BFFERIEREA -

KIS0 KA R AR B A R T AT (lef
inferior frontal gyrus) » T F 3 (inferior parietal lobe) & - AT
# k3 (anterior superior temporal lobe) #5481% ° sbob » M &
T RE T 692345 e B k4% (claustrum) ~ #54% (putamen )

# &3k (globus pallidus) ~ BE#k#% (caudate nucleus ) FA3% ~ N %
Fosh g o M B T T o A& L4k (superior longitudinal

41" Joseph J. Dejerine, “Contribution a 1’étude anatomo-pathologique et clinique des différentes
variétés de cécité verbale,” Mémoires de la Société de Biologie 4 (1892): 61-90.

*2 Norman Geschwind, “The development of the brain and the evolution of language,” in
Selected Papers on Language and the Brain, ed. Robert S. Cohen and Marx W. Wartofsky
(Dordrecht and Boston: D. Reidel Publishing Company, 1976), pp. 86-104.

# Stanislas Dehaene, Reading in the Brain: The New Science of How We Read (London: Penguin
Books, 2009).

“ N. F. Dronkers et al., “Paul Broca’s historic cases: high resolution MR imaging of the brains of
Leborgne and Lelong,” Brain 130.5 (2007): 1432-1441.
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Higs

fasciculus) BUREIE T » RA ATARNS £ 8 B & B &L o Wb
A% T % (medial subcallosal fasciculus ) % 5] 35 %

IRATSEIRRS R - MRS IR 1Rk

RN
HHE » BEZAAS LEREEL R RELL Y i e B B
) ES (B R NN e o o Ay B e E e N S VA

ABERY MRI B - i+ Eis AR

ad

71~

Leborgne and Lelong,” 1436.

8 : Hi Dronkers et al. (2007:1437 ) FrsR&ERY - 19 AP ERS T ER
T ABSEEIZAVERNL 0 AEHERE TAIGF SIS - =8 T -

ZIFFE _ERYIE(S - IR17E MRI A&

5 N. F. Dronkers et al., “Paul Broca’s historic cases: high resolution MR imaging of the brains of
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ZATEAPEE » ARELERT A YR s — I AR AR E R -
ROFEAEI] - 4 S I R SR B A RO DR B i i T ST %
e o SI—EERAtEFC IR A AR S S R - R A LR
BERIGENES - ORI EEm AN RS TG - (e TakE
—H B b - U A R AR T AR R BRGNS T
KRy H B ABHYEH TEAE BT - HATHE FEl#S iR RSN ASERLZ +
Jeanne Calment ( 1875-1997) » fiEE—H T+ —H /S TPUR - 55—
KRR MFF AR H e B BRI e < AR IR A (1906-2017) »
EHEA —H——pmEdeatt -

Calment ~ J&GEATHAN A B A7 AR anite - e Bl AR B A RN R Y
PrEE » ANEMMIRY AR — e taHERE - 2O fetE L2t - 8
—HBERT AR 2011 A RAG—IEHRENTIEE - S o2 LA 883 fEfd Y
BAZIAE LR SRR AB I Ti5% o VA —(EE 2R
H RIS AR B LAY H 43 L - 2 RE 9 - KPR ARIEEE

TSR - RS AR ISE R 2R - R RRISCEB AR M=
(Inferior Lateral Ventricles) » &+ /\ 2 A S\ ZE LT Tk E M
A e S FOARE A IRE » SE AT 7S T 283.9% -

Percentage change per decade for the total sample based on raw volumes.
18-29 to 30-39 30-39 to 4049 4049 to 50-59 50-59 to 60-69 60-69 to 70-79 70-79 to 80-95 18-29 to 80-95

Cerebral Cor =335 -8 =79 —6.2 —6.1 -1.0 =247
Cerebral WM 3.9 1.7 —4.6 -52 -79 —8.5 —19.7
Lat Vent 18.9 74 8.2 40.6 39.2 20.8 2265
Inf Lat Vent 11.2 =26 1.0 468 66.7 435 2839
Cerebel WM 8 -5 =37 =57 =52 —6.5 —19.3
Cerebel Cor -9 —1.1 —6.1 —4.0 -7.0 3 —176
Thalamus 2 -29 —64 —4.0 —6.0 =50 =219
Caudate —6.7 =25 -28 -1.2 1.8 4.4 =12
Putamen -9.6 =33 —4.7 =35 -1.2 =51 =278
Pallidum —6.7 —4.7 —5.7 23 —3.1 -84 —27.3
Hippocampus 1.3 .0 —32 -7.8 —8.1 —9.7 —245
Amygdala -2.8 -1.2 -54 -59 —8.6 =31 —243
Accumbens —153 -7.0 —2.8 =12 —4.4 25 —30.4
3rd Vent -39 4.1 13.6 210 278 6.3 86.7
4th Vent =17 74 2.6 9.1 55 =23 5.0
Brainstem 34 1 -34 -8 =52 -54 -0
CSF 3.8 26 =22 134 92 42 344
Total volume -1 A —6.1 —54 —6.8 —4.3 -21.6

9 : Walhovd et al. (2011:926) > N=883 -

O WA EEBLE R ALETE R o
47 Kristine B. Walhovd et al., “Consistent neuroanatomical age-related volume differences across
multiple samples,” Neurobiology of Aging 32.5 (2011): 916-932.



WBEMAGER 27

FEARBEBRHI RS A Fr 8 - BEEA T A IS =R 7S - BRIk Lk
== RS ST A AT RE & AR AC MR B ZE M BOE S - PIALE IR
SERERAM - S LA A aE EHEE R A E R E R - ey R R By
HefeiE/ N T 24.7% o HEWIRtharR - M6 R B i 25k [FRIIRE B A E A A =
b o R ER T RS AR PIRYECE K B 43 FAM LAY Aol R BT A
A%~ BHER (Pallidum) ~ RS ~ AR R ARBEEZ (Accumbens) » 3546
HR 2 H PR R R B 2 -

HijTEEEE » TJRE Calment FIEEERYARSAREDIAVHEERE - (B
AREGEIHRIE NS DIHERE S AR AT o IR T e e i
FORMZME » o T i ~ PR E R A S e st s BEEL
PURBAEAEEE « BEEETLR - SIStLIRERT R - 58 - B -
S REET AR L WA MERE R E—— RIS EE » ARG K
b BIATFREIEERIRGRRTE R ~ BTERE - FRREE SN R EME T -

RZ RRRSER A N AN R RS » FE TR KA R 5
i AL AP BRI © R SRS RS - AT R R
HEFE A L] - WIRNEE AR - T SOEE - R R o ) R
TE R R Ay A= TR B RE ] DL Se a8 i A MRH 1 fEREry s2 28 imfd Ry B s i =X
BB S 88 B FE R HAR S S EREE) - DURFRERYER U5
FIREENR - Eog s AR RS RRR /155 -

PR R IEIEANR I R F 20 RAYFTEBIE - A5 2858 thiis
BT LMERR B TERS - ST ARG BE G2 ¢« (—) AL - YiER
BE B ey ) S 1 e R IR 3R 0 (Z) Gkl (telomere )
Bl 38 IR E G B R R SR SR T2 - — R M
MRS RASEIE » SR EARERAET -

To(MgRFHELT) L UE) HESE EMESE (NEHEER) (LE: LiEd
FHMRH - 1989 ) H 1261 - F## > BERFAZHEYHEL "IGERE > AEL
T BELHER) L OE) ZHERE (F) BEEE (EBAFEEE) (F:
FEER 19814 ) A7) E—THERNIAREEREFHETAAHBE 02
/OGERT  MARKRLES (8 RAM  CREFFR) (61 ZBEFL
BRAE » 1996 4 ) > H 330)

Denham Harman, “Aging: a theory based on free radical and radiation chemistry,” J Gerontol
11.3 (1956): 298-300.

% Leonard Hayflick, “Human cells and aging,” Scientific American 218.3 (1968): 32-37.

49
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B 10 : BT BRI TIEARA+E L+ BEZMEAZ - LmEEREN
SRR )\ o SEERZUSIAERR (Hayflick limit) FEA0 2R A2
B RIBRE] - iRk E A ASHNE T E— S D BRS » MBRFEAS
ZHY o >

NE B EZT AN - BFIRRSANREIREE A H LG 7Ry
» HEERAMEAHIE — BRI IEE SR - e T NSRS
G o PEAMY H IR SR BIAE RSy - BB R B U R R0 -

iEATEAK - SO LR ARG DUSE B SCE BT R AV EREE - (23K
IR EERNAEYIELMEY) - REREREIEAELE T ATRedE:
RN MER AR RGIRE R AR - SRSt - FE L

EN
£

SU BB TH B4 LT A Anonymous, “Hayflick limit,” retrieved October 3, 2018, from https://
en.wikipedia.org/wiki/Hayflick limit °

32 William S.-Y. Wang, “Language and the brain in the sunset years,” in The Routledge Handbook
of Chinese Applied Linguistics, ed. Chu-Ren Huang, Zhuo Jing-Schmidt, and Barbara
Meisterernst (London: Routledge, 2019, in press).
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N BeryA SR R R ARSI A 2ty - HFEEIRME T A B PSR =E
% - ARG E - E{EAEPIEES George Williams {155 LERF 1
FEEETIAEINZ 2 (antagonistic pleiotropy ) » DAGRFHAE A LA [F] b B
Py S E AT - Y

.
/\

AN BRI NSRA L - TR S Ik SRR T - It ezt
Fpsst /b RIRRISRE ] - HE R RS - BHEN Rk
ERERBRAR o PR TR ER AT 2 R B 26 B AT EE BT SEA 20 1T
SEME LU 4 B RE H AITE R BRE % T E B - Hhara ki
— LB HERE (1981-1989) TR » HAESLT =55 - fifE 1994
e B EPTIGEENE - BRI RN - BRI HERTH TR
B EBERTE T - SERIRFDERST e 2B Rt 7 53— b ol
IR P P 4 N U —— 3 L A B s g - SR/
B o R R B R R RS AR & HERBIIE T -

BRI - B 2Ly R — AP ERAE AR S R AR - R
B ATHEAE BRI R LR EASPIIA T o PSR BREERIRE iR T - &
i e S0 A ISR Sl T RE U SR BRI - AR R Y
SR - BN R RO E (BLEGAE (paraphasia)) ;5 5 A EHERABR
o BRI BRESIGEE S R RS B I - ik se TR S hE
J1 0 DURHEETE « 5088 - AR ERAILe ST -

A1 11 fis » S IE o msiit - THE S 2050 45 A I8
FETEREN - FRHE 2018 £RAY (HHFRFTSEYSIREERREE ) (World Alzheimer Report)
TS » F 2050 R FACEERI ABITREESE (S AT E A - SEMESE i
% B SEAIRE N TR - miﬁwfﬁm%SMﬁ% NAERE S RS AR
RIS TFTE » B AR AR — AR - B SERAASJEEEE
(TR RS — 2 HET Aok AR X %E’JTi?JEE.% TR AR T o

53 George C. Williams, “Pleiotropy, natural selection, and the evolution of senescence,” Evolution
11.4 (1957): 398-411.

201849 23 H -

P EELHEEADLETEEBSIEEMNAE : US Census Bureau, International Data Base:
https://www.census.gov/data-tools/demo/idb/informationGateway.php, generated October 2, 2018 °
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Male

1% 14 12 1m0 8 6 4 2 Q Q 2 4 5] ] 1m 12 14 18
Papulatian {in millions)

Source: U5, Census Bureaw, Inlemational Data Base
United States: 2050

Male Female

B5+
B0-84
75-79
70-74
B5-50

I 50-54 |
55-59
50-54
49
44
35-30
30-34 |

29
24
15-10
10-14

b9
e | 0-4 e
1% 14 12 10 8 6 4 2 a Q 2 4 & ] m 12 14 18
Population {in millions)
Source: U.5. Census Bumsau, Intemational Diata Bage.

11 © 3B 2000 £ 2050 FiEFEHACEAFa 2 hE - FEE/\ -+
EAHBZERT  BERAFHREIREESFRIEREN ARG

HigZ o

|

|

EASFRRIEE - RS2SR - H B ] DR RS E = 25 T A2
RIS - CTRIBE S A IREYE - 3R T DA AL AR 2 B AR R AR
1t TRERHS T E ATE HIE B o AR - BAFIETEE L E T -
A REH E R E IR R SR iE SR AR e

5 William Alexander, “The benefits of failing at French,” The New York Times (July 16, 2014):
A23, retrieved October 2, 2018, from https://www.nytimes.com/2014/07/16/opinion/16alexander.
html?_r=0.

57 Ellen Bialystok et al., “Bilingualism as a protection against the onset of symptoms of
dementia,” Neuropsychologia 45.2 (2007): 459-464.
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HEES KRR - Bkl ARy LanE il - o EALGEE BT
HAEREIEE S - BIEHE-RIEE %Fa'ﬁﬁﬂ’l‘iﬁ’ﬂﬁﬁﬁtuﬂi s PHRAME
e P AR A T A L ~ PSR I LT 58 S RERA PR E IR LR
MRS - AR 2 R - A VIERRIRE SRR 2 U RTRR - HTFET
TEIEANKANZRET T3 - BEACAAEEE T2 WEIRD iilErny/RiR - KEhFEEE
HEE - WA ES B AZE T SRR SR A -

[ TR © MR~ PR ]

#8130k

()& ) Z=r4k% Li Shangyin £5% - ( 1% ) 1% Feng Hao 2871 : ( KFAAFFEREET)
Yuxisheng shiji jianzhu » 2]t Taipei : E{=#)F Liren shuju » 1981 4 -

(& J2(E$5 Liu Yuxi #2 B0 E Qu Tuiyuan 2838 (BIEHREFE ) Liv Yuxi
Jjijianzheng > Eif§ Shanghai: ¥ #EHIFIE Shanghai guji chubanshe >
1989 £ -

FHiiHEE Du Zuyi 8 - 75 S5 it @ R G R AE L E FH ) Xifang shehui kexue
lilun de yizhi yu yingyong » 759 Hong Kong : FHHEEH A it & fl 2 %
HEHMERUTZEETE] Xianggang zhongwen daxue shehui kexue ji
jiaoyu lilun yingyong yanjiu jihua » 1993 4 -

F4 Jiang Jian ~ BBy Wu Weigong # : (R EIEHEY ) Zhu Ziging nianpu »
A Hefei : “Z##0E Hiliuit Anhui jiaoyu chubanshe » 1996 £ -

Curtiss, Susan, Genie: A Psycholinguistic Study of a Modern-Day “Wild Child”,
ed. Harry A. Whitaker, New York: Academic Press, 1977.

8 John A. E. Anderson et al., “Effects of bilingualism on white matter integrity in older adults,”
Neurolmage 167 (2018): 143-150.

¥ MABRTEA S FE KA F AR (sequential processing) W EFENEM - T4 H, P.
Thomas Schoenemann, “The evolution of enhanced conceptual complexity and of Broca’s area,
language preadaptations,” Interaction Studies 19.1-2 (2018): 336-351 ; E R W 3l3wH & P.
Thomas Schoenemann and William S.-Y. Wang, “Evolutionary principles and the emergence
of syntax- Commentary on Miiller: Innateness, autonomy, universality,” Behavioral and Brain
Sciences 19.4 (1996): 646-647 o
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Dawkins, Richard, The Selfish Gene, Oxford: Oxford University Press, 1976.

Greenfield, Susan, Mind Change: How Digital Technologies Are Leaving Their
Mark on Our Brains, New York: Random House, 2015.

Lane, Harlan, The Wild Boy of Aveyron, Cambridge, MA: Harvard University
Press, 1976.

Lenneberg, Eric H., Biological Foundations of Language, New York: John
Wiley and Sons, 1967.

Lieberman, Daniel E., The Story of the Human Body: Evolution, Health, and
Disease, New York: Pantheon Books, 2013.

Penfield, Wilder and Lamar Roberts, Speech and Brain Mechanisms, Princeton:
Princeton University Press, 1959.

Wang, William S.-Y., Explorations in Language Evolution, Hyderabad:

Osmania University Press, 1982.

HATIE B A
T 70 Wang Shiyuan : (GESHE{LAYEEZR ) “Yuyan yanhua de tansuo” » LA
$#HZ5'E Zhong Rongfu ~ ZIEEFR Liu Xianqin ~ 53&[% Xu Jialing ~ fa[ X%

He Daan #FiE - (FIAHELH : B8R SeE-URkEE ) Mennei ri
yu yue: Zheng Jinquan xiansheng qizhi shouqing lunwenji » ZJk Taipei :
FRiAREEE B BAF%2AT Zhongyanyuan yuyanxue yanjiusuo » 2006 4F o
—  (EHERMEL S EIRE S YL “Fuza xitong yu yinjie yuyan de
xingcheng” » LA JE$% Wang Feng ~ #4735 Lin Youjing - : (FESH
NFEFGHERH) Yuyan yu renlei fuza xitong » A Kunming : ER A
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