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7KH EUDLQV ZH SRVVHVV WRGD\ DUH YDVW/¢
DQG IXQFWLRQ IURP WKH EUDLQV ZH SRVVHVVH
GLIIHUHQFH LV WKH EUDLQ-V KLJKO\ FRPSOH[ V!
RUJDQL]DWLRQ (DFK RI WKH PDQ\ ELOOLRQV RI ¢
RI PDNLQJ DQG UHFHLYLQJ WKRXVDQGV RI FRQ
GHYHORSVY WKHVH QHXUDO FRQQHFWLRQV EHFR
OD\HUV DQDWRPLFDO VWUXFWXUHV DQG IXQF\
WKH ULJKW ZD\ JURXSV RU SRSXODWLRQV RI W
DFKLHYH UHPDUNDEOH IXQFWLRQDO VSHFLAFLW\
VXEVWDQWLDO JURZWK RI QHZ QHXURQV QHXUTF
VIQDSWRJHQHVLV LQ WKH PDWXUH DGXOW 1LFF

+RZ FDQ WKLV RQWRJIJHQHWLF FKDQJH EH H]J
of IHXUDO 'DURUQKWKR WKDW ZH FDQ XVH D JURXS
XQGHUVWDQG KRZ QHXUDO FRQQHFWLRQV DUH IF
QHHG WKLV WKHRU\ WR EH D VHOHFWLRQ WKHRU
RU WKH HQYLURQPHQW FRXOG "LQVWUXFWu HDFt
ZKRP WR FRQQHFW ZLWK ‘H QHHG WKLV WKHRU\
JURXS OHYHO EHFDXVH LW LV XQOLNHO\ WKDW
RI D VLQJOH VI\QDSVH DQG EHFDXVH ZH ZDQW V
KLJK OHYHO IXQFWLRQ VXFK DV SHUFHSWXDO VS
WKH FRQQHFWLYLW\ RI PDQ\ QHXURQV &ULFN
EHFDXVH OLWWOH QHXURJHQHVLY DQG V\QDSWR
RQWRIJHQHWLF FKDQJH LV OLNHO\ UHVWULFWHG "
QHXURQV (GHOPDQ +X0O0 /DQJPDQ *OHQQ
WR D JURXS VHOHFWLRQ SLFWXUH WKH EUDLQ K
SUREOHP RI SHUFHLYLQJ DQG LQWHUDFWLQJ Z
through the selection of only those groups of neural connections that
DUH IXQFWLRQDOO\ DGDSWLYH WKURXJK WKH +I
GHSHQGHQW V\QDSWLF VWUHQJWKHQLQJ DQG Z
EHDUV LQWULJXLQJ VLPLODULW\ WR 'DUZLQLDQ C

7KLY SDSHU ZLOO HYDOXDWH VHOHFWLRQLYV
SDUWLFXODUO\ JURXS VHOHFWLRQ WKHRULHV L
DERXW WKH QHXURELRORJ\ RI SHUFHSWLRQ , ZL
WKDW PRWLYDWH (GHOPDQ DQG RWKHUV WR HPE
RQWRJHQ\ , ZLOO WKHQ GLVFXVV ZKHWKHU QH
LQGHHG EH GHVFULEHG E\ D JHQHUDO QRQ JHQH
, ZLOO WKHQ H[SORUH ZKHWKHU RU QRW WKH SDI
LQ WKH EUDLQ FDQ EH GHVFULEHG E\ D PXOWL C
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)LQDOO\ , ZLOO H[DPLQH ZKHWKHU RU QRW VHOHFW DRV VEAR GLKHR BR Q ¥ HEY O VHRS 0@ DQWLERGLHV Af¥
WKH FKDQJHV LQ QHXUDO FRQQHFWLYLW\ WKDW UHVX®OWRVY HXQFQIL WEBOVVBHAMLRAFQRDFLG VHTXHQF
DQG SODVWLFLW\ ZLWKLQ DQ RUJDQLVP-V OLIHWLPHXS/LQFM GAKHVH QW ZQIHDFARIHGLQI WR LWV LQWHF
ZKDW PRWLYDWH RXU HYDOXDWLRQ LQ WKH AUVW SOMDKHH D QWULRHQ MOKX VW K @ @WELKFVOV 1 WKH DQWLERG
GHYHORSPHQW LQYROYHV PRUH WKDQ MXVW H[SHULHDKEBW DEWX® WO DRAFRWY bW IMHOHFWLRQ GULYHQ
.l QHXUDO RQWRJHQHWLF FKDQJH LV WUXO\ 'DUZL QLD (steag produces/a grearroavy-arslpdieseach gogsessing a different
OLNH ODUJH HFRV\VWHPVp DQG WKH SURFHVV RI QHXDBDQRQMFREHYM PXOH QFH WHIXFX IROGLQJ XS LQWR |
FUHDWLYH FDSDEOH RI JHQHUDWLQJ QRYHO NLQGV FJQNRIERHA W IORHU DB LRKQYKDYN VHOHFWLYH 2QO
HYHQ QRYHO FRJQLWLYH FDSDFLWLHV $GDPV "RKMIORSH R1 D JLYHQ DQWLJHQ FDQ LQWHUDFW ZLW|
, ZLOO DUJXH WKDW DV FXUUHQWO\ XQGHUVWRR®RWLERGURFRUY RQBOHXU\DHG E\ FORQDO UHSOLI
RQWRJHQHWLF FKDQJH ODFNV YLWDO LQJUHGLHQWYV DQGKYWUWKWXWPEXQBWMYSRQVHVLY QRW VROH
UHTXLUHG IRU WKH SURFHVV WR EHDU PRUH WKDQ RUX8RQUYAPR®R® HNQWDODLQWWUWRWLRQ 7KRXJK JHQ
'DUZLQLDQ FXPXODWLYH QDWXUDO VHOHFWLRQ ,QVMHDGE DQHRRIORRPWRIBIQWWIFWLERGLHYV JHQHYV
FKDQJHV PD\ PRUH DFFXUDWHO\ EH H[SODLQHG DV WKZKSHR G&RMN BR G- KVEULGORAW ZKLFK DQWLJHQV L
ELJ EDQHOHFWLRQ DQG WUDQVIRUPDWLRQ , ZLOO WHKMQGHUWXH WK WL BDWIKRX RI WKRVH DQWLERGLH
JURXS RUJDQL]DWLRQ RI QHXUDO FRQQHFWLRQV LV L PR UM B QW5 RIHYGD QOMKYRMRKQRKHQWDO LQVWUXFWL
VHOHFWLRQ WUDQVIRUPDWLRQ K\EULG SURFHVV FDQ LPPPFROR IR UQWKWDRYERQRZQHXK D YDULHG HQY|
VSHFLAFLW\ DQG SODVWLFLW\ RI WKHVH JURXSV VHOKBWLRURGYFONW RI$ YORWDWLRWZH AQG DPRQJ
PXOWLSOH OHYHOV , FRQFOXGH E\ VNHWFKLQJ D WK HWHKXR | HO/WMKJEDDL RIQWMR DHON QHFOMLRQ SURFHVYV LQ
EHOLHYH LV VXSSRUWHG E\ WKH IDFWV DV ZH NQRZ WKBPED Q& R i E RO DEMHVDORE RIXWHQIGHW KLY DFFRXQW V

FRQVHTXHQFHV RI D VHOHFWLRQ WUDQVIRUPDWLRQ K\EULGS SWRHRUV RIUQHRIUWD OV LR@VRIHQL PXVW KH(
WKH UHPDUNDEOH IXQFWLRQDO VSHFLAFLW\ ZH

Selecting selectionist theories &RIQLWLYHO\ IRU H[DPSOH LW LV EHOLHYHG W

Many facts about the brain and its development seem to call for are responsible for producing language and processing the meaning of

D VHOHFWLRQLVW WKHRU\ RI QHXUDO RQWRJHQ\ 7KH BRVPIVRPQ & /DG RFNHNYLQI KRZ GDQJHURXV L
IURP DQ LOQLWLDO VHW GXULQJ WKH FRXUVH RI GHYHORS?®R &W URIHAUH pw WO H IXQ ([DPLQLC
VHOHFWLRQ LQ WKH VHQVH RI D "SLFNLQJ RXWpu RI FHUWBR Uﬁb\%ﬂgwgﬁg OH RHFLAFLWY 7KHUH DUH

g
GHQLHV VHOHFWLRQ HYHQ LQ WKLV ZHDN VHQVH WKH WRW Y RQYHRI H\H JDJH ELRO
JXLGHG E\ WKH LQVWUXFWLRQ RI VRPH RWKHU HQwLwWYXEWSHB WKy QfF Q/WL&D\Q\}VQH RULHQWDWLRQ |
Y

VHOHFWLRQ ZLWK LQVWUXFWLRQ EDVHG RQ KLV 1REHOTSYKH WKGoRBIW, RIUM LQ SDUWLFXODU ORFDWL
RQ LPPXQRORJ\ ZKLFK , ZLOO EULHA\ VNHWFK , ZLOO \X/GQHQVFUE WWHLQ /R LOOXVWUDWH
LP

SKHQRPHQD RI IXQFWLRQDO VSHFLAFLW\ DQG SoDVWwLPEWk WYHWWFKHG D YHU\ VLPSOLAHC
IHDWXUHV Rl QHXUDO RQWRJHQ\ WKDW DQ\ WKHRU\ Px\</"\'/\93Hgé’\bL@(L"R;%J VRO R 2LIXUH IURP WKH FLL
KRZ D VHOHFWLRQLVW WKHRU\ FDQ H[SODLQ WKHVH SPQHE\SA}& 2 BRWWHO WRBHFWHG LQ VXFK D &
a purely instructional account by applying the theories to a perceptual SRWHQWLDOV VSHFLAFDOO\ R OHIWZDUG PRYLC
FDVH VLQFH WKH QHXURELRORJ\ RI YLVLRQ LV zZHOO VWXG(KleV MENFHASEWH AW RHY! UHDO DQG GLIAI
SRZHU FRPELQHG ZLWK VXFFHVV LQ H[WHQGLQJ VHOHEWR RBWMy W ENMKHRIN I VHOHFWLRQ LV QRW
LPPXQRORJ\ KDV HQFRXUDJHG WKHRULVWV OLNH (GHGH HRQH By WKHQ VRPHWKLQJ HOVH PXV
VHOHFWLRQLVW WKHRU\ WR GHVFULEH QHXUDO FKDQJRQ KRZ WR QHFW DQG ZKRP WR FRQQHFW WR

$FFRUGLQJ WR (GHOPDQ LQVWUXFWLRQDO WKHRUOPH MUQP§H¥> I4HG PR KykR XS RIVAQDSVHV WKDY

"QRWLRQ RI DQ HPSW\ DQLPDO GULYHQ E\ FDWHJRULHVK| KMy WYL IHRHUDO JHQHWLF DQG QHX
W

KgRb W
,Q WKH FDVH RI WKH LPPXQH V\VWHP DQ LQVWU%@\MW&@E&VMF&‘@\VR?HH\Q GHPRQVWUDWHG LW
FRQOQHFWLRQ LV VSHFLAHG E\ JHQHV RU LQVW

X0

36 The term “big-bang selection” is borrowed from Hull, et al, 2001
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HQYLURQPHQW 1LFKROOV HW DO ,PDIJLQH ZKDW PZHRRIR KW 3HQY IR WKIREXGH IRU WKH UHPDUNDEOF
SHUIHFW LQVWUXFWLRQ ([DPLQH OHIWZDUG VHOHFWLYHVHKUHRXSDLQLG@ODYMMLHLW) UHIHUV WR WKH AH
2Q0\ WKH FRQQHFWLRQ EHWZHHQ & DQG ( KDV EHHQ DORQHUHANLRQW WKDYIDQO RAK DWW RUIJDQLVP WR DG
FRQQHFWLRQ WR DQ LQKLELWRU\ UDWKHU WKDQ H[FLHNSMWRIHOQOFRIQ RNFMQRIQURAFK QWY %RZQGV 10
YHU\ ZHDN DFWLYLW\ LQ QHXURQ ( ZKLFK PHDQV WK 3WDVKH BILWRX EQV KKIPIPWO LD UHVSRQVH WR LQMXI
UHVSRQVH WR D VWLPXOXV GLIIHUV YHU\ OLWWOH LIDOMW QRBW HERWPQWEKDVQ GH[EMMWWVEKSFRPH EOLQG WKU
UDQGRP QRLVH IRUPHUO\ VXSSRUWHG YLVXDO SHUFHSWLRQ QR

7KXV HYHQ VOLJKWO\ LPSHUIHFW LQVWUXFWLRQDXIBYLXWRWLQNDMNWKS $RDDROKMWHO SURFHVV RFFXL
RI D VLQJOH FRQQHFWLRQ LQ WKLV YHU\ VLPSOH FLUF YWKM]RMMX OQNWXIUY WQ RD GGH WHIRSD BMKHH DUHD R VI
DQG QHJDWLYH FRQVHTXHQFHV )LUVW LW LV GLIAFXOWSWRVHQWKRZ WHK H D¢ IMXKWQIK LV H[SDQGHG L
FDOOLQJ WKH QHXURQV LQ TXHVWLRQ D JURXS VLQFHWWHKHUJORXHEONVRIJB B UMW BXWD]]DQLJIJD HW DO
IURP QHXURQ ( LV LQGLVWLQJXLVKDEOH IURP UDQGRPUNRRWH L QIW KRl WKHIH) RMHXGIR®QN LQ NLWWHQV H[SI
PLOLHX 7KHUH LV WKHUHIRUH QR SURGXFW VLJQDO DFOMRK IHYMPRERWD IXQMKHRQLWR KWW RILIJKOWDVWLFLW\ )F
FRQIHU XSRQ WKH FRQQHFWHG QHXURQV D JURXS LGH®WHWH\BHFRQE ORMNHR WKXBHQDEROLW\ WR UHFRJQL]
ZLWK WKH PLVIRUWXQH RI KDYLQJ WKLV SDWWHUQ RH\BWXWRIHWRBQOWRVEHUWHIZL GHSWK . LWWHQV
KDYH D KDUG WLPH GHWHFWLQJ OHIWZDUG PRYLQJ VWEPROVW.QRWK HLIWI K\WE Y MURQHHBWH H[SRVHG RQO\
ZKHWKHU IRRG RU SUHGDWRU 7KH VKHHU YROXPH D QX® REMHDO WR\ GRH W IRW PRYWPRIQW ,Q ERWK FDVHV
UHTXLUHG WKHUHIRUH UHQGHUV DQ LQVWUXFWLRQ DFRRXQWOKIURIS X LN IQERW EXLOG WKH IXQFWLRC

6HOHFWLRQ FDQ DFFRXQW IRU WKH SHUVLVWHQX$RQQZRDPBO IHNSRWXHEH WR WKH HQYLURQPHQW
IXQFWLRQDOO\ VSHFLAF JURXSV Rl QHXUDO FRQQHFWLRQV ™KHY\WHXYUHRGWDIPEN BAF EHRRSOHYV EXW LOOXYV
FRQQHFWLRQV WKURXJK WKH PHFKDQLVP NQRZQ DVDHEMWRODZQLIBWRRQ LQ WKH EUDLQ GR RFFXL

+HEE-V ODZ VWDWHV WKDW LI WKH AULQJ RI SRRRQQHWFE® LMDV b OWWR XFWHG E\ JHQHV ZH P
QHXURQV LV FRUUHODWHG WKH FRQQHFWLRQ EHWZHH® GHK H M ZRIO\VONVEWSHWUIN QI WKRQHGDQJH RI FRQW
6\QDSWLFDOO\ WKLV VWUHQJWKHQLQJ LV UHDOL]HG ER GWUAF BWHR® QAWKDHIW HRRXRW ERIUHFRGH IRU KRZ W

or different neurotransmitters in the presynaptic terminal and more RI' D ZKROH KRVW RI XQSUHGLFWDEOH LQMXULHYV
RU GLIIHUHQW UHFHSWRUV LQ WKH SRVWV\QDSWLF WBWMMHILDDY BV HZ[SB‘OLBQFHHS\UW\RIIH_)Q:HG E\ HISHUW|
PRUSKRORJLFDO FKDQJHV ,I WKLV AULQJ FRUUHODWOQR®HO/SVEHYSHWLAKKRZEH\YHUQHY WKHQ ZK\ GR Nl

WKH FRQQHFWLRQ EHWZHHQ WKHP ZLOO EH ZHDNH QM PBIRAKRO W AW R@PHQWYV H[KLELW VXFK ODVW|
,PDJLQH WKDW JURXSV * DQG * DUH SUHVHQW LQ WEROHMNXBQHFRYWHO ®LQWKMR SRVWXODWH WKDW
VDPH RUJDQLVP DQG WKDW HDFK RI WKHVH JURXSV Rarerge@eEaly wiferrr fom mheirnQrinafy_reared and visually normal
PDQ\ RWKHU JURXSV ZDV IRUPHG IDLUO\ UDQGRPO\ @{BKRQWH WSPHILW VIDIWHYQBIWLF SUHVSHFLAFDWLRQ
7LPHV DQG $W 7LPH * YHU\ FOHDUO\ VLJQDOV WKRVWUHY EBEB R BRQEHIWEBUBEQRUPDOO\ UHDUHG |
PRYLQJ VWLPXOL $V WKH RUJDQLVP LQWHUDFWYV ZLWIQYVLKRPFIHQWRIEAEWLAM VMKRXOG VWHS LQ DQ
OHIWZDUG PRYLQJ VWLPXOL FDXVHV D ZHOO FRUUHOMRNHGH RWLRQ VE M\R ZHRI@X AB FRRUPDO IXQFWLRQ
SDLU RI QHXURQV DQG D JURXS RXWSXW RI VWURQJ WEE R¥HKHWAKINQGEQEBELOHVKUHGLFWLQJ ORVV DC
UHSHWLWLRQ WKH JURXS RI FRQQHFWLRQV DV D ZKRQAM WWQWVKRY W& EGHBE OH WRHUHIDLQ WKHLU OR
7KH SDUWLFXODU DUUDQJHPHQW RI FRQQHFWLRQV IHJSRVKRZWRHL QRUPRBO\HPW.URQPHQW VLQFH WK
DW GHWHFWLQJ OHIWZDUG PRYLQJ VWLPXOL 9HU\ OLWR &R VAVRWXAVO DWKHIGZLURRS RULXQQFWLRQDO FRQ
ZLOO UHVXOW DQG WKH FRQQHFWLRQV EHWZHHQ WKH P HDOI®GE HIFRRPP W IZIH IVNHQWG LDQB QRUPDO HQYLURC
SHUKDSV FRPSOHWHO\ QRQIXQFWLRQDO E\ 7LPH 7KXV BWOMF® LERHQ VADL@ RRKIHMWD FFXUDWHO\ DFFRXQ
VHOHFWLRQ H[SODLQV ZKLFK JURXSV Rl QHXUDO FRQQKNRWWRRQDSH YVINWWERQLWARXSMDVWLFLW\ /HW
SUHVSHFLAFDWLRQ RU LQVWUXFWLRQ E\ JHQHV RU W K@HXQRIQIR /KBDPWSUHYLRXVO\ UHVSRQGHG WR LQ
$ WKHRU\ RI QHXUDO RQWRJHQ\ PXVW DOVR KHOWRXYQR}FHUNV WRQ@BOWWM DIWHU LQMXU\ UHVXOWL
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SURFHVV FRXOG UHVXOW LQ WKLV RXWFRPH" 6HOHWRWRWERY RAHDKRAZ VROHFWILRQUBGORZHG E\ WUDQV
Rl IXQFWLRQDO SODVWLFLW\ E\ FDXVLQJ WKH VHORFRAYELRHDWR IYIOH RWYXRWsWH |RI ELJ EDQJ VHOH
visually important connections that are no longer used and the selective UDGLFDOO\ GLITHUHQW SLFWXUH RI RQWRJHQHWLF F
DPSOLAFDWLRQ RI SUH H[LVWLQJ JURXSV RI DXGLWRNOEREEDHHEWIM YN HVRBR W EQERPHHQFH LQ HTXDWLQ
PRUH UHOHYDQW 7KLV LV DQDORJRXV WR WKH FROKHIF W RQIH LT RGCRKHUGGE\UWWFWPRPUZLQLDQ FXPXOI
VHOHFWLYH JURXS )LJXUH EHFRPLQJ QRQIXQFWLRQBROX@OKBURWRRG KKBWHLY/ VSHFLDO DERXW VHC
connections relevant for auditory processing becoming selectively ZLWK DQRWKHU WKHRU\ WKH WUDQVIRUPDWLRQDO D
VWUHQJIJWKHQHG QRW VKRZQ $ VHOHFWLRQ SURAH/Y FKFDYLDPOANR @QFERXDOH FU-RKXHPUH WZR GLIITHUE
SDUDGR[LFDO QHJDWLYH SODVWLFLW\ RI WKH NLWXREXWRWY LRV HPRSHPQIHGXUPQYIRUPDWLRQDO W
SUHYLRXV VHOHFWLRQ HYHQWY NH\ QHXUDO FRQQHPWORRHQAMW YWD VKR HY X PRDBPBAWN RQK GHVFULEH FiI
DQG WKHQ GLVDSSHDU QR QXPEHU RI IXWXUH VHOWHFWIOW IHNRHFPOMKY @J Y LEH LRGN LR DOV ZLWKLQ WK
UHFUHDWH WKRVH FRQQHFWLRQV 7KXV IDLOXUH WrR BHBEOH 6R\VBNVURRPFAKR ROO® HPVO ORMWAW R1 JUHQF!
PDNHVY VHQVH RQ WKH VHOHFWLRQ DFFRXQW EXW WK\ GRIFHPUQRWYRQ MRYWKRQHWE FYRARIUHDVLQI LWV
MXVW WKH HQYLURQPHQW VHUYHV DV LQVWUXFWRUEHFDXVH HDFK LQGLYLGXDO LQ WKH SRSXODWLRQ k

7KRVH KROGLQJ D VHOHFWLRQLVW YLHZ FODLPWWDAN Wi ERWLE X EBHVRWYEH D GLITHUHQW SUH
the immense cognitive problem of representing a variable environment DFFRXQW RXU )UHQFK IU\ AOOHG URRP FRQWDLQV
through the selection of only those groups of neural connections that IRU H[DPSOH WKRVH ZKR KDYH DUH KHDUW DWWDF
DUH IXQFWLRQDOO\ DGDSWLYH 7KH AH[LELOLW)\ VHIHMLR® VREKH § R SXP W R RQoBHWHQD RI KHDUW DWW
IXQFWLRQDO JURXSV RI QHXUDO FRQQHFWLRQV PDANHAKYRHA RK b QU R OWHRAF\QRIWVHEEFK YDULDWLRQ IR
WLPHVFDOH (DFK RUJDQLVP ZLOO HQFRXQWHU D VOURRWIQRGW KHUWRFRW EOBNVPBRIPWEGWDF MLQJRLVWYV L
DQG ZRXOG EHQHAW IURP DGMXVWPHQWY WKDW HFX®REHEUH FWWKDQ LREMHD VR Z6Q WKH IUHTXHQF\ RI
OLIHWLPHV 7KLV ZRXOG UHTXLUH RI JHQHWLF LQV®WiKEMD RID LW IOHR QEMOBWH bR YWQ®H DQG UHVXOW
Rl AGHOLW\ DQG SUHGLFWLYH SRZHU (QYLURQPHQIMNKRGWWIKPRNHRWR &R WKHY RAVKRBLYLGXDO EXW |
KDQG VKRXOG EH FDSDEOH RI PRUH SODVWLFLW\ WRELGYAHEXBBY 7KXV VHOHFWLRQ LV D YDULDWLRQD(

KRZ FKDQJH RFFXUV LQ D SRSXODWLRQ

Agenera|accountofse|ection 7TKRXJK JHQH EDVHG ELRORJLFDO HYROXWLRQ 1

KRSH WR KDYH VKRZQ DERYH WKDW VHOHFV\V%}F Ul iV F@Kw vK'l'_\r ZH QHHG DQ DFFRXQW R
FDXVLQJ QHXUDO RQWRJHQHWLF FKDQJH +RZHYHU" '49 gl H V:ﬁﬁy |V EXW WKDW VWL
VHOHFWLRQ DQG WKHVH GLITHUHQFHV DUH LPSRUW : H \% A HQWV UHTXLUHG
RXW ZKDW NLQG RI VHOHFWLRQ PRVW UHVHPEOHV bg YV LQ D SRSXC
GXULQJ QHXUDO RQWRJHQHWLF FKDQJH HVSHFLD g : L f'/

WKH FODLP WKDW WKH VHOHFWLRQ WKDW RFFXUV L '

WKH WZR PDMRU WKHRULHV RI FKDQJH RQH RI WKH%}E %9 :

WUDQVIRUPDWLRQDO :H ZLOO VHH ZKDW PDNHV wk{yvH!
GLIIHUHQW IURP RQH DOQRWKHU DQG WR VHH ZKDW L\%V \t/ v

+X00 HW LC

%
&g}%; QA HGLHQWYV

SURFHVV RI F
lel\é i WLRQ DOVR FDC
i&‘ QHVV DQG WKHYV

'{8 IVSULQJ SURGXF

KHU YDULI

Vs% Ig\’x}kiﬁlk‘}/\A\(/vKH|_U RZQ

H PHPEHUV LQ D
bé/Lv@v %ﬂ dYLURQPHOQW

’ ITHEW RQ IXWXU
WH C%;C%_( KH VI\VWHP LV VI
O LQ WKH V\

SN RE

DW PD\ HYHQ

QHXUDO RQWRJHQ\ LOYROYHV RQH WKH RWKHU R I
JLYH D JHQHUDO DFFRXQW RI VHOHFWLRQ WKDW FD®
LQJUHGLHQWY DUH VXSSOLHG LQ D FHUWDLQ zD\ Z1RP 0
RQH Rl FXPXODWLYH VHOHFWLRQ ,| WKHVH LQJUHGY. %
ZD\ ZH GHVFULEH WKH SURFHVV DV DQ LQVWDQFH K| E
WKH LQJUHGLHQWY DUH VXSSOLHG ZH KDYH LQVW 0

ZLOO VKRZ WKDW (GHOPDQ:-V WKHRU\ GRHV QRW GL
RI VHOHFWLRQ :KDW KH VHHV DV VHOHFWLRQ LQ ¥
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wLJ EDQJ VHOHFWLRQ UHTXLUHVY DOO WKH VDPH LQJUSRYGDU %%vwgcwy{ﬁ:wy Rypenen ag oo n v 1 v RXUFE
H \V \Y W_HY, Rl VHOHFWLR R L
LQFOXGH WKH LWHUDWLRQ RI FXPXODWLYH VHOHFWLRQ LQ¥ @;}EUXH Gl RO S o wo FKp oI Lo §
URXQG RI PXWDWLRQ DQG VHOHFWLRQ IROORZHG E\ FRQWWRXRXYHVWIRYFW RRQ IRU+PRQO@ IDYRUHG YDULDQWYV
HW DO 7KLV LV WKH NLQG RI VHOHFWLRQ (GHOPDQ RE®HIHYHBVLID WKH REPFWORR RU DPSOLAFDWLRQ ZLV
VIVWHP $OPRVW DOO DQWLERG\ YDULDQWY DUH JHQHUDWHBYRREMY L® PDR L@ PW LD “ELJ
EDQJy HDUO\ LQ RQWRJHQ\ DQG HDFK H[SRVXUH WR DQ DQWLJHQ VHUYHV DV D (GHOPDQ
VXFFHVVLYH VHOHFWLRQ HYHQW WKDW UHVXOWV LQ GLIIHUHQWLDO UHSURGXFWLRQtg 7KXYV
DOO WKUHH LQJUHGLHQWY DUH SUHVHQW EXW DUH UHGDW HRMEHH N KR R KM uSUG ¥ A M FifEWH KH S
WLRQ ODLG RXW HD

ZD\ ,QJUHGLHQW $ YDULDWLRQ RFFXUV HDUO\ LQ REWRIRW\RELRWHYBA !

% DQG & LQKHULWDQFH DQG UHSURGXFWLRQ F\FOMKRBWLEXRRGHH W\H% E\ FXPXODWLYH D
WR GLIIHUHQW DQWLJHQV FDXVHV WKH FORQDO UHSOPPB®RLEAR LRRVWYWSWHDRWLERHBYRGXFWLRQ ,C
7KLV W\SH RI $%&%&%& SURFHVV LV QRW FDSDEOH Rluﬁ'h%g_ﬁﬁ R W\ LV DOORZLQJ ZKDW L

P
RU QRYHOW\ DQG PD\ HYHQWXDOO\ UXQ WKURXJK LwVHK BUD WA RPWLRQDO FKDQJF
RROQR Wil )DPSOLAFDWLRQ
J

X

EXW GRHV UHVXOW LQ FKDQJHV LQ WKH IUHTXHQF\ Rl W\SH
WLPH FXPXO VHOHFWLRQ VWULFW

D

6LPSOH RQH VKRW VHOHFWLRQ GHVFULEHV WKHO93@kFAVVEVY WKW | KRW VHOHFWLRQ HLW
VHOHFWLRQ LQ WKH PRVW JHQHUDO VHQVH ,W UHTXMHREYRIwgkSUR M ¥V ZKDW SURYLGH\
YDULDWLRQ RI VRPH NLQG DQG GLIIHUHQWLDO H[WH #‘WWFP%?%'—W&OB(W/W@B RF WKL WR JHQHUDWH
NLQG RI VHOHFWLRQ LPDJLQH AQGLQJ D ER[ RI 3RSVVH®HN KL PRYRoLYRQYHY WV KH GLITHUHQWLDC
ADYRUV VLWWLQJ LQ WKH QRRQGD\ VXQ <RX SUHIHU Fikli(RARSLE3 Pk OMWE RE MNEFOWUYW XWLRQ VLWV XQHI
VR \RX PRYH RQO\ WKH FKHUU\ ADYRUHG 3RSVLFOHV MFPVYWHPHERWVRRWY Y 40P VLQFH LW LQYROYH
VXQ WR \RXU IUHH]JHU $00 WKH UHPDLQLQJ QRQ FKHUAAPHRAHY 48sVP FIOW YLYDO DQG HIWLQ
DzZD\ 7KLV LV VLPSOH RQH VKRW VHOHFWLRQ LQ WKH DEVH&HHDRQDARIY EINEGA KRS RYSOLAFDWLRQ DQ
LQKHULWDQFH DQG LV RIWHQ ZKDW LV PHDQW zKHQ XWhh ¥Ry Y el 1R P EDHSV W(EBW OLWWOH IXQFW
ODQJXDJH 6RPH W\SHV "VXUYLYHu DQG RWKHU W\SHW JFY\@%\)A&%%WH BYWgwW4UYY LQ D PDWXUH DGX

P VI
W

(€

WKH ZKROH VWRU\ *RGIUH\ 6PLWK 20H VKRW VRDRWk e RBHR WKH FKDQJHV LQ V
LQ WKH PRVW REYLRXV DQG ZHDNHVW VHQVH /LNH EY\RPSHI K Y I'—*_\/@I:]IWSZ Ly RWHHU ZRUGV FKDQJH

Y
SURFHVV ZLWKRXW D VRXUFH Rl UHSOHQLVKDEOH YDUI®OWIRHLRRKx W I s YD P QILQFUHDVH LQ FR
JHQHUDWLQJ FRPSOH[LW\ RU QRYHOW\ 8QOLNH ELJ EPG K WL K H ROPER YRWBRQ RI'D VIQDSVH G
FKDQJHV LQ IUHTXHQF\ RQO\ WKURXJK GLITHUHQWLDO W[RA W A I Y EEQHCW‘K QHDLWHRéRDRUH QHXURWU
QHXWURWUDQVPLWWHU R WKH SRVW V\QDSWL

UHSURGXFWLRQ U RU

7KH NLQG RI VHOHFWLRQ WKDW RFFXUV LQ WKH gHLP{'TW(\(/F\RQ\X/'F‘i‘#Y@%VIJr\Y RWFHSWRUV WR LQFUHE
PDWFK DQ\ Rl WKHVH NLQGV RI VHOHFWLRQ H[DFWO\ :®RHEYRQ yUHGLEIﬁegVﬁ CPWky ILFKROOV HW
YDULDWLRQ LQ QHXUDO FRQQHFWLYLW\ WKDW UHVXOWAKP® W H\/\FLWRLSQD] SRV HéﬁﬁvE\D%%SOLAFDWLF
AWQHVV GLIIHUHQFHV E\ H[WHQVLRQ GXH WR +HEELBHHR HLGPNHIWKRW S&WHRWUDQVPLWWHUYV R
FRQOHFWLYLW\ VWUHQJWK +RZHYHU LW LV ZLGHO\ ERbPRVFHIGYIWKDRY R |7>é<§5|’—"vx}1_VR BRGXFWLRQ QRW U
VLIQLAFDOW QHXURJHQHVLV RU VIODSWRJIJHQHVLV REERYRPFWLRB W LUWKPYD WKH LQFUHDVH LQ ViQ
&ULFN (GHOPDQ +X00 HW DO 0 1LFKROMMR K QFUHDVH WKDW ZRXOG UHVXOW LI WK
QHXUDO VHOHFWLRQ LV WR PDWFK HLWKHU FXPXODWLW'ﬂaYJHE’LJR@d'%}R/&%@lF'i/\'/"LFk‘ UPr2UHVVHG WR G

LV LW WR DFFRXQW IRU LQJUHGLHQWV % DQG & LQRHBYREHEWY cP @& sYIRESGH W WRPQVIRUPDWLRQ

LR
(GHOPDQ ZULWHV WKDW WKH WKUHH HVVHQWLDO IHDWXUHWH A3 Qfc Ret\ VBIPG R bRQ@ W IRRW RFFEXUV LG
theories are: UHVHPEOHV D K\EULG RI ELJ EDQJ VHOHFWLRQ I

EDQJ VHOHFWLRQ DQG RQH VKRW VHOHFWLRQ DC

37 Although a neurobiologist will decide whether and when we should lay to
rest the possibility that there may be important neuro- or synapto-genesis in the
mature brain.
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RU DOPRVW DOO RI WKH YDULDWLRQ DULVHV HDUO\ LQ WRIHR Q
WKH SRSXODWLRQ RYHU WLPH DUH QRW WKH UHVXOW R%ngﬁ_lé %Hqﬁ/ E€53%¢?§L§%F%'i\ébﬁ%ﬁ%évﬁvf[\ﬁw\
ELJ EDQJ RU FXPXODWLYH VHOHFWLRQ QRU DUH WKH\ WkH Ut \%3%\"’2588 GLYLGXDO Q
LQ VXUYLYDO DQG H[WLQFWLRQ DV LQ RQH VKRW VHOHF Q\IH o) EV\bI—HZb KNy QU FROQH
RI GLIIHUHQWLDO VXUYLYDO H[WLQFWLRQ FRPELQHG ZLW d%’ Q ﬁ&la}%d{bRA DQG ORC

VWUHQJIJWKHQLQJ RI FHUWDLQ FRQQHFWLRQV ZKLFK , DUI‘-]I lﬁ&W?#UQ@\L&é}E@LV& %D%W HV LW S)

7TKXV WKH WLPLQJ RI YDULDWLRQ PDWFKHV WKDW RI ELr_JRES[?_% VRXUFHV UHT

SURFHVV WKDW LQFOXGHV GLITHUHQWLDO VXUYLYDO H[%&%ﬁ&%lbﬁggsg%ﬁnéﬁr{gﬁawg%8&“&#{&%%&/6%&8&O

FKDQJH RI VXUYLYLQJ FRQQHFWLRQYV DW DQ\ WLPHSRLQW WKRVH QHXURQV WKDW DUH
GDPDJH RU GHDWK ZKLOH TXLHWHU QHXURQV ZLC
0XOWL OHYHO VHOHFWLRQ WKH H[WUD UHVRXUFHV QR ORQJHU QHHGHG E\ W

*LYHQ WKLV K\EULG SLFWXUH Rl VHOHFWLRQ DQG Ip RWY/DBFRXW Wik EXRHQ DRISXVWYJ D VLIQLAFDG
GHYHORSPHQW , ZLOO QRZ H[SORUH ZKHWKHU QHXUDO.LBRWRIHRUBO A EIHOG HYFULEHG ODZ WKH FRQOQF
E\ D PXOWL OHYHO VHOHFWLRQ WKHRU\ LQ WKH 6REHU DQGVWONVR® Y ER ¥ OMKDYO VRO HRWORBWNG QHXUR
SXOOLQJ LQ GLIIHUHQW GLUHFWLRQV DW WKH LQGLYLGXDO DG YU R WS ZRKOHONS $ b O QK P LQHO HFW LR Q
WKH FDVH RI D VLPSOH SHUFHSWXDO FLUFXLW DQG FR QFRQOVBIHS 0/ M v B & VORI 1 KWK HVERPER Q HO WV
ZKDW LV RFFXUULQJ DUH WZR GLIIHUHQW VHOHFWLRQ HOHQ WG 0y @RME W OHFRRKISRQ . BW WERWLRQ V H
GLIIHUHQW OHYHOV 2QH FDQ WKHUHIRUH YLHZ WKH FLUFXbWVIVDRL & KHH UHD WQSH YL B XD 6 \RUVHS  ZH V

JURXS RI FRQQHFWLRQV LQWHUFKDQJHDEO\ DV PDQ\ FRQQHFWLRQV DV UHTXLUHG IXQFWLRQTC
,Q FKDSWHU WKUHH RI 8QWR 2WKHUV 6REHU DQG ZQYRWKH REOHY YR OWMWHRIQDU\ IRUFH %\ 6WHS

step procedure for discovering selection processes that operate at multiple LQVWHDG ZHUH WKH RQO\ IRUFH ZH VKRXOG VHH
OHYHOV Rl FRQQHFWLRQV EHWZHHQ QHXURQV DQG FRQQF

VWUHQJWK 7R VHH KRZ WKLV ZRXOG SOD\ RXW (
6WHS '"HWHUPLQH ZKDW ZRXOG HYROYH LI JURXS VI@WRWWNRRQZHUWH XWiH *RQQOY X UH 6HOHFWLRQ
HYROXWLRQDU\ IRUFH VWUHQJWKHQLQJ RI DOO IXQFWLRQDO FRQQHFWL

"I 6HOHFWLRQ DW WKH LQGLYLGXDO OHYHO K|
6WHS 'HWHUPLQH ZKDW ZRXOG HYROYH LI LQGLYLGXORAXVROHE WAREFKZPYHRWVER R2IORH WKH VLIQDOLC
HYROXWLRQDU\ IRUFH RWKHU QHXURQ ZLOO HLWKHU GLH RU GRZQJUDC

FRQQHFWLRQV
6WHS ([DPLQH WKH EDVLF LQJUHGLHQWYV RI QDWXUDO VHOHFWHRQ RWZHYHW OGYWHHPFWY XV WR H[DPLQH

QDWXUDO RU FXPXODWLYH VHOHFWLRQ LQFOXG
JRU WKH SXUSRVHV RI WKLV DQDO\VLV , ZLOO GHAQH JURASM RY FHRO OHFRX R @YUHRYLRXV DQDO\VLV ZH N
QHXUDO FRQQHFWLRQV * LQ WKH DSSHQGL[ WKDW IXRFWKRYWRQUWUIRQVFPOWWLOIQWRRNLU VWDQGDUG IF
distinguishable from random noise in the system and individuals as each DQG OHDG XV WR EHOLHYH WKDW ZH ZLOO AQG
QHXURQ LQ WKH JURXS RQ LWV RZQ 6WDUWLQJ ZLWK 6VWOHYHOM ZKRBA §WAMFWIIRQ/XBEHYV XV IURP WKDW
WKH RQO\ HYROXWLRQDU\ IRUFH WUDLWYV WKDW PD[LPL]H WKHHFAWQHVYVWRRWN IOHWIRRXHHXUDO FLUFXLW U
ZLOO EH WKH WUDLWV WKDW DUH VHOHFWHG 7KHUHIRUHHRBRRRX S SAM QDG W HRRXIPEBVM WKH YJREKWLQJI WZFR
NLQGV RI FRQQHFWLRQV DUUDQJHG LQ MXVW WKH ULJKW @& \Q R WVYIQWH W LLFQ DD ARWY RVOMHQHW HQW OHYHO
SDWWHUQ RI AULQJ WR GHWHFW IRU H[DPSOH OHIWZD WEHRRY RPN QNVE LIOHVY WAIRIR VHHERQG LV D WHVW RI
WKH FRQQHFWLRQV EHWZHHQ WKH PHPEHUV RI WKH JURKSHWWKHQFHRWHDWKRIJUWRYSLOGLYLGXDO FRPSR(
DW SHUIRUPLQJ LWV IXQFWLRQ3WUDQVPLWWLQJ D JURXSXVULIIDPDEW WRMIWHR B XIHKKOWRWLRQ HYHQW ZKDW

EH KHDUG RYHU UDQGRP QRLVH LQ WKH VIVWHP QHXUR QY AW{DL &HGWR ZORME BHINWH MKILYQ FLUFXLW H[DPSOF
FULWHULRQ KDUGO\ FRQVWLWXWH D JURXS DW DOO DV WKH\ DUH LQGLVWLQJXLVKDEOH IURP
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that is evaluated during the test of functionality selection event because .
RQO\ WKRVH JURXSV WKDW SHUIRUP WKH IXQFWLRQ RI% I-P% IR Vé &/\( HE F\EOHGDRYFHHUZ??VGK ';l
VHOHFWHG 7R JHW WR WKLV WHVW HYHQW KRZHYHU IDLSJ? \mL{FﬁD%OLHU ¥
SDVV WKH WHVW RI YLDELOLW\ WKH JURXS DV D ZKROcetopergti%at%o \{hWeln ivi L}glandg%ﬁpIevelsthatcompetitively °
[Q WKH WHVW RI YLDELOLW\ LW LV WUXH WKDW QHxURE SRt a0t B e and o e e o o6 2 h
ULVN EXW LI LW RU DO\ RWKHU QHXURQ GLHV “WKH ZKE\ ;g x5k PXOWLSOH WHVWV RI VXUYLYDO DQG IX
ZKRVH PHPEHUV GR QRW DOO SDVV WKH WHVW RI YLD Q
OORZLQJ XV WR LQWHUFKDQJHDEOH YLHZ WKH |
IXQFWLRQDOLW\ DQG YLFH YHUVD 7KXV RXU LQLWLDBOORZLOI XV W LQWHIFEDQIHDESH FLHZ WEH
E\ WZR GLIIHUHQW VHOHFWLRQ HYHQWY RU WHVWV 7 LUQFXLWVQEDOD F(S JQWKH A VH?N v ViDUHG
strong connections and the test of viability favors minimal connections "KDW DUH \?VKHQFR VHTXHOFHYV RI WKLV V:
RI QRQ PD[LPDO VWUHQJWK ,W LV WKH JURXS DV D zkg_ S0V OV WE JH"Q—XVW D?/ WAL
EDODQFH EHWZHHQ WKH UHTXLUHPHQWV IRU ERWK VH, lﬁﬂnates Ol?l’ understanding %f the limitations and possibilities °
7KDW VHOHFWLRQ LV RFFXUULQJ QRW RQ PXOWL
HYHQWY OHWV XV YLHZ WKH QHXUDO FLUEXLW LQ RX IDTD(EWS\}]VT(IR?’HV\IQ_IFWEﬁDSQUJ;Fli\L/\\,/VI-IT\I;szvDKVv GLUPR(F?';
LOGLYLGXDO RU D JURXS RI QHXUDO FRQQHFWLRQV Ml Q Q
XQGHUVWDQGLQJ RI WKH OLPLWDWLRQV DQG SR\
PXOWLFHOOXODU RUJDQLVP DV DQ LQGLYLGXDO RU D B R RV A AN
JHQHV 7R KLIKOLJKW WKLV UHYHUVLELOLW\ RI SHUVSH ol ZH DFEFERSW WKH LOHD WKON =YD LQGHD W
RI D SHDFRFN 6REHU FRQYHUVDWLRQ %XLOGLQ QLDQ .
RSXODWLRQV GR ZLWK QRYHOW\ RI IRUP DQG I.
SHDFRFN GXULQJ PDWLQJ VHOHFWLRQ HYHQWYV EXW K
Q D SRSXODWLRQ EXW ZLWKLQ DQ LQGLYLGXDC
VHOHFWLRQ HYHQWY $ ODUJH FRORUIXO WDLO ZLOO
H GR YLHZ QHXUDO RQWRJHQHWLF FKDQJH DV S
WKH SHDFRFN-V UHSURGXFWLYH VXFFHVV Exw zLoo gyl SK YEHZ QUXVDO RAWRINQHWEF FKBQIH BY S
PDNH HVFDSLQJ IURP SUHGDWRUV KDUGHU WKXV GHFU{] ?zw HFHVVD?JLO\ ARGACRANE WQKH SR oW
YLDELOLW\ 'XULQJ ERWK HYHQWY ZH FDQ YLHZ WKH Q Q Q
DULDWLRQ LV VR PDVVLYH IRU H[DPSOH WKDW
RUJDQLVP RU D FROOHFWLRQ RI JHQHV RQH RI zkLFk G2ULOWLRE LY YR FOVVLYD TRY ALOFSOH WEDW
RI D WDLO JHWV EXLOW 6LPLODUO\ D VWURQJ DQG ZFP?IHWLPHQ S DSVR LPD%L y WSDW AV
FRQQHFWLYLW\ EHWZHHQ D JURXS RI QHXURQV ZLOO J Q Q Q
XWDWLRQ RU FKDQJH PLJKW EH DQ XQGHVLUDE
FKDQFH DW WUDQVPLWWLQJ D JURXS VLIQDO WKxV kWb TWDWH CVHOHEWLRE G SURENVUHY DU
WHVW RI IXQFWLRQDOLW\ ZKLOH DOVR SODFLQJ WKH Ji% ./ ’ - UDV\(/QH pREayeny 2y
ULVN ZLWK LQFUHDVLQJ IXQFWLRQDOLW\ RU AULQJ wkR{!& ﬂl'ﬂv é;' ﬁ(?"xQ U oW ERESY [$ 2
ORQJ WHUP YLDELOLW\ 'XULQJ ERWK HYHQWV ZH FDQ, : E&J EOV Y X Q QW 1 $Q
interconnected neurons as an individual neural circuit or as a group of ERWK ZRUOGV 7KH LOGLYLGXDO ZRXOG EH DEOH

VIR RQ PD\ SURYLGH DQ
LQGLYLGXDO QHXURQV GULYHQ QRYHOW\ ZLWKLQ KHU OLIHWLPH ZKLOH
A theory of neural ontogeny FKDQJH WKURXJK WKH PRUH VWDEOH DQG HIAFLF

. ZLOO DWWHPSW KHUH WR VNHWFK D SuHoLPLQDyY' l}?g\/ hFS ROLAT j{ Qg_{ ?EﬁFDKLD SVLLFV\éﬁUJ'DFU
RQWRJHQ\ WKDW , EHOLHYH LV VXSSRUWHG E\ WKH | & v l§| -LDWLRS $VQIRU DoL
WKHQ VSHFXODWH DERXW WKH FRQVHTXHQFHV RI D VHDH QQ %} IR LF|9 DO L0 WKH QHUY
SURFHVV Rl QHXUDO FKDQJH LQ WKLQNLQJ DERXW WK@%H E&E)Lg ) "bL (e LRI B W RS
RI FRIQLWLYH FKDQJH

1HXUDO RQWRJHQHWLF FKDQJH LOQYROYHV QRQ F¥PXOOW L WHLYREHQ GHHSHU PAVWHUL
'DUZLQLDQ VHOHFWLRQ 7KH EUDLQ KDV VROYHG WKH LPPHQVH FRJQLWLYH SUREOHP
of representing a variable environment by the differential survival and
DPSOLAEFDWLRQ®*QRW UHSURGXFWLRQ3RI WKRVH JURXSV Rl QHXUDO FRQQHFWLRQYV
WKDW DUH IXQEWLRQDOO\ DGDSWLYH 7KLV SURFHVV RI RQH VKRW VHOHFWLRQ DQG
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Lo AAS WIE SULLILIUS TIOVED 1CLL, 1L CACLIICS 1, WILICH CACIIED U, WILCLL 15 WU Ldle 10 LULLDIL L/, WILCLHL SULL SACLIES L. 1UC Culuucu
excitation from C and D causes E to fire.

G2: As a stimulus moves left, it stimulates B first, which excites D, which excites E. As the stimulus moves left, it then excites
A, which excites C, which is too late to inhibit neuron D, but which inhibits E. E does not fire, and thus, no correlation in firing
between D and E, a weakened connection between them, and eventually, throughout the entire group.
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Theories of change

Transformation Cumulative/NS
* due to individual change e Darwinian ABCABC
* Lamarckian change * novelty and complexity

C hange ina « “wasteful and inefficient”

population “Big Bang”

¢ Immune system ABCBC
« unreplenishable variation

Variation/selection

* change in frequencies of types One-shot

« differential survival/extinction
* everyday meaning of selection






