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JRUPDO WKRXJKW GLVRUGHUV

/IDQJXDJH DEQRUPDOLWLHY DQG GLVUXSWHG WKRXJKW SURFH)
WKRXJKW GLVRUGWHRKHUY7HW DO X OHDWQEHMVYWDWLRQV RI )7
DUH SULPDULO\ LQYHVWLJDWHG LQ SV\FKRWLF GLVRUGHUV L |
66' HQFRPSDVVLQJ WKH GLDJQRVHV VFKL]RSKUHQLD 6= DQG "
WKH\ FDQ DOVR EH SUHVHQW LQ PDMRQ G5 KEDBWK\YHR G WWRRIGBWH
&KDQJ HW DO .LUFKHU HW DO )7' DU IGHWY LHOW D @ Q W R
SRVLWLYH HJ WDQJHQWLDOLW\ ORRVHQLQJ Rl OQMYRFLDWLR
ZRUGYV QHRORJLVPV DQG QHIDWLYH SKHQRPHQD HJ WK
UHVSRQVHV DQG SRYHUWAKRU VFS\W HF®X LUFKKHHW HW DO
VIPSWRPV FDQ EH HYDOXDWHG XVLQJ JHQHUDO SVWHKRSDWKR:(
6FDOH IRU WKH $VVHVVPHQW RI 3R \$QWUHD 6 HRBWKRIPD/O 16 $ 3 6

IRU WKH $VVHVVPHQW RI 1HJDW LSHYQHG 6 HPIBWHRP D Q & PABKBIQ
3VIFKRSDWKRORBWUARDBW W PRUH VSHFLILF VFDOHV H J WKH
/IDQJXDJH 'LVRUGHU A$UFKHWD OMW D@EFKH 7KRXJKW /DQJIJXDJH D
&RPPXQLFDWLRQ 'LVRUGHUU HD& HFROHOLQLFDO UHOHYDQEFH
HI[WHQGV EH\RQG WKHLU GLDJQRVWLF YDOXH DV WKH\ DUH [
RXWFRPHY WKDW VLJQLILFDQWO\ LPSDFW SDWLHQWYVY OLYH\
H[KLELWLQJ )7' IDFH DQ LERYSDWIBGR|IPNM. RYUMHDQG KLIJKHU
LOOQHVV 3POBMQLWISSDQ HWM[BBULHQFH ORZHU VRFLDO DQG R
IXQFWLRQLQJ DQG LQ WKH KDMH IRIVWKRDMHDW KIQOMWHD OLNH
GHYHORSLQJ SWXFKRRDQ HW DO .LUFKHU HW DO 2H]W

6SHFLILFDOO\ WKH JUD\ PDWWHU YROXPH *DQLRI,)WKHVEHODW
OHIW IURQWDO RSHUFXOXP ELODWHUDO VXSHUHMRSRWEPSRUDC
VXOFXV 676 DQG WKH OHIW DQJXODU J\UX\WD KB \D FGRFQ\DLW MYHQ V
FRUUHODWLRQ ZLWK V\PSWRFWORNL) H\W @OL@FKHU HW DO
6XPQHU HW DXXUWKHUPRUH D QHJDWLYH UHODWLRQVKLS H[LV
DQG FRUWLFDO WKLFNQHVV LQ IURQWRSDULHWDO UHJLRQV |
3DODQL\DSSDQ HW DB GLWLRQ WR WKHVH FRUWLFDO ILQGLQJ
LGHQWLILHG VHYHUDO ZKLWH PDWWHUL QL BHQRVOXGR\YY BXWRER
OLPLWHG WR WKH LQIHULRU ORQJLWXGLQDO IDVFLEDWWKY /)
IDVFLFXOXV 8) VXSHULRU ORQJLWXGLQRG HADIIFW BXONOW F&/A X O
)2) FLQJXOXP EXQGOH &% PDR G DRMDASLETNY HADWDID O

E 9LKHU HW D©ORZHYHU UHFHQW LQYHVWLJDWLRQV KDYH UH



DVVRFLDWLRQV Rl )7' GLPHQVLRQV LQ LQGLYLGXDOV GLDJQRYV
GLVRUGHU %' 7KXV QHXUDO FRUUHODWHV Rl )7VWWUH QRW F
FDWHJRULHVY UDWKHU WKH\ HIWHQG DFURVV PXOWLSOH FRQ
DQO\]LQJ *09 ZKLWH PDWWHU PLFURVWUXFWXUH DQG VWUX
HOXFLGDWLQJ WKH VKDUHG QHXURELRORJLFDO XQGHUSLQQL!
SV\FKLDWULF 6GALNRQ GIMWU D O BWHLQ HW DO

:KLOH UDWLQJ VFDOHV RI )7' HQKD QIRH WHKWH H\O LPAKHD OD BUD FW L
OLPLWHG LQ FDSWXULQJ WKH VXEWOH QXDQFHYVY DQBQYWUXFWX
SDUWLFXODUO\ LQ DUHDWRNBEOKHW D@ BPPKOROQHWLFV 2QH DGGLYV
FULWLFDO SRLQWV LV )7 UHSUHVHQW DQ XPEUBQQDXWWWPEFHQF
DQG FRJIJQLWLYHS&DPEOMPWHW DAHDGLQJ WR PRUH JHQHUDO D\
VI\IPSWRPV 7KH XVH RI ODQJXDJH DQDO\VHV HPHUJHV DV DQ

LQIRUPDWLRQ JDSV RI WKH FRQFHSW RI )7' DQG dRNHQ YHHWGHWL

DO DVVRFLDWHG ZLWK 66' DQG 0" )XUWKHUPRUH ODQJ:
UHSURGXFLEOHFWRYMW WLPH HILRNIDMVQWH DBGKORELQJ WKHLU S
LQ FOLQLFD@RUHFRWDQJIMW DO GH %RHU HW DO D .R

3DODQL\DSSDQ

/IDQJXDJH DQDWORKHMBBRUHQLD VSHFWUXP DQG PDMRU GHSUH

/IDQJXDJH DOWHUDWLRQV PDQLIHVW LQ YDULRKRQRQRJIXLVWL
PRUSKRORJ\ V\QWD[ VHPDQWUEWH® GI®V TUDIJPDWLHDDV HW DO

6SHFLILFDOO\ LQ 66' VWXGLHV XVLQJ ODQJXDJH DQDO\VHV KD
LQFOXGLQJ UHGXFHG V SHH iR 1$U RG\E DPRDLYROQ R HW DQG

ORZHU YHUE DD O3QHBW DO “R\FEROQN ROWK GLIILFXOW\ LQ
UHWULHYDO UHVXOWLQJ LQ WK H&RWH RIWRQY G \WSITERRY EMDL W QR Q"
RI QHRORJBIQPWHDVHQ OF.HQQD DBIQG DID QRWDEO\ UHGXFW
VHQWHQFH FRG®H @HRHW\HW DO F J)UDVHU HW DO .LUFK
HW DO 6LOYD HW DO 7DYDQR HW MO0'"" VSHAKRRDV HW
SDWWHUQV H[KLELW GLVWLQFW FKDUDFWH WRU\*\&L BWY MPORM GB.L I}
LQGLYLGXDOV ZLWK 0'"" GHPRQVWUDWH SURORQJHG UHVSRQVF
VSRQWDQHRXV VS H KetpsStaR GOREW)XRIQZVKHUPRUH WKH OLQJXLVW
RI GHSUHVVLYH VSHHFK LV PDUNHG E\ DQSHQNRDVHGIXOHDTX
SURQRXQV DQG D SUHS R® GHUHDMW HDRI OB QRXXYHI G7 &LV ARRMUV H

LV RIWHQ FKDUDFWHUL]HG E\ D@ PLEXQE® @EW R VDRBUKBRRIWAR Q V

RULHQWHG 7RIRQWH®WW O - X$ MMWIK®! VIQWDFWLF OHYHO D FI
DQDO\VLV EHWZHHQ 0'" SDWLG'QWVHD 8% AM&/GWHH DD QJXDJH



SURGXFWLRQ LQYD'KHIKHEILBUHYDOHQFH RI WUXQFDWHG VHQWF
WRZDUGYV PRUH LPSHUVRDWOXFRYVIWNUXFWLRQV

6\QWDFWLF FRPSOH[LW\ LQ ODQIANBIOW B B R GXKMGE R WKRLZD WLR
NH\ FRIQLWLYH IXQFWLRQV SDUWLFXODUO\ H[HFXWLYH IXQF
LQGLYLGXDOV&RWIRIBMBRQ HW DO 7D CQMRDAWLBOD QDO\VLN
SURYLGHV LQVLIKWY LQWR XQGHUO\LQJ FRIQLWH YAHRSFWRHFWYV V H
DO FDQG KDV SURYHQ YDOXDEOH IRU GLDIJ@RNGLOBW @® PRCQC
&RUFRUDQ HW DO GHF YORIOY IHWW OOQOLNH RWKHU
ODQJXDJH PHDVXUHV WKH XVH RI VXERUGLQDWH FODXVHV |
FRKHUHQW FRP3$DHIRGEH HW DHOGXFHG VIQWDFWLF FRPSOH[LW\
WR UHVWULFWHG WKRXJKW H[SUHVVLR@LOXDLGW VIRGE#LDO FRF
SRWHQWLDOO\ FDXVLQJ GLIILFXOWLHV IRU G@HVWR QRSD LINPHE |L
FRQYHUVDW LERIIIO |DIRZK 3HUOLQL HW DO

2QWKHHXUDO OHYHO V\QWDFWLF SURFHVVLQJ LV BSERPDULO\ P
DUHD D UHJLRQ ZLWKLQ WKH ,)* EHLQJ HVSHPMDRKQQUHOHYTL
+LFNRN 'LOVRQ HW DO =D FKD YV HEOUDL. G VB LDHD VHUYHV
NH\ FRPSRQHQW LQ WKH QHXUDO DUFKLWHFWXUH UHVSRQVLEO
RI ODQJXDWFKLQ +LFNRRZHYHU WKH QHXUDO EDVLV RI VI\QWLE
WR WKH IURQWDO UHJLRQV WKH OHIW 67* DQG %Y@ VWNFHWREVR |
FRPSOH[LW\ IRUPLQJ SDUW RI D EUHDISGNUQBPIQJXDJH ULHEGHERU
*LHUKDQ *OHLFKJHUUFKW HW DO *URG]LQVN\ HW DO
,Q WKH FRQWH[W RI 6= UHGXFHG V\QWDFWLF FRWSPBWMRQKDYV
LQ ERWK WKH ULJKW PLGGOH WHPSRUDO JXWXVMUBRBUNKW DE W
7KLV VXJIJHVWV WKDW GLVUXSWLRQV LRWWKHNHQ\WHEDMN |
SURGXFWLRQ &UXFLDOO\ WKHVH FRUWLFDO UHJLRQV GR Q
LQWHUFRQQHFWHG WKURXJK ZKLWH PDWWHU SDWKHEIDNYV 2QH \
$) ZKLFK OLQNV %URFD V DUHD ZLWK :HUQLFNHLEHWMDJ UHSU!
IRU WKH SURGXFWLRQ RI V\QW D F \%RRDQONG\WWKRIDS 6 A V N\H B W HDQCF H
JULHGHULFL *LHUKDQ Y DIXRYY ®) HW DQYROYHG LQ PI
UHFHSWLYH DQG SURGXFWLYH ODQJXDJHO H{RFIA RQNW UWLHKD
SKRQRORJLFDO SURFHVVLQJ UHDGLQJ YHUEDO IOXHQF\ DQ
VHQWHQBHYDU -DOLOISIE@GLWLRQDODIUHERWIWODWNE ZLWK YDU
FRPSOH[LW\ YDULDEOHVY LQ ODQJXDJH SURGXFWLRQ LQ 6= OHI
DQG OHIW DQG HJ LIRMUSBHW DXXUWKHUPRUH D VLJQLILFDQW FRLU



LGHQWLILHG EHWZHHQ FRUWLFDO WKLQQLQJ DQG GLPLQLVKH
H[SHULHQFLQJ WKHLU ILUVWLBOUVRRE WD ®1 SV\FKRVLV

,Q DJUHHPHQW ZLWK RWKHU RYHUGDSNKEHURWY 66" )BEINR"HW I
ZKLFK VSDQ V\PSWRIRDODWHW DAQHQHWLYHAG HW DO

OF&XWFKHRQ HW DO SHSSaw W D OFRJQ L&NMAHNTDD O

E EUDLQ VWWXRWKXKBIW& DO 5HSSOH HW DO 6KDU
6WHLQ HW DO 6 VDHHRP PIRQDOLWLHY DV ZHOO DV VKDUHG
IDFWRUV VXFK DV FKLOGKRRG PDOWUHDWPHQWKHHYG SUHJQD
=ZLFNHU FURMMOIQRVWLF UHVHDUFK KDV WKH SRWHQWLD
XQGHUVWDQGLQJ RI PHQWDO KHDOWK 7KLV DSSURDFK SUI
LQIRUPDWLRQ WKDQ WUDGLWLRQDO GLDJQR\WLWWHR ~DWDWOHDRNX D ON
RI OHQWDO 'LVRUGRUBVYLF®Q 3V\FKLDWULF $OHAW RHIDON DRQW KH
, QWHUQDWLRQDO &ODVVLILFRPWQRB G HRDOWK RVHEDNQ M MWILRQV
ZLWK QHZHU IUDPHZRUNV VXFK DV WKH 5HVROWRKEHRMDLQ &ULYV
,QVHO HW D@QG WKH +LHUDUFKLFDO 7D[RQRP\ RI RWRKREBWWKRC
DO

%DVHG RQ WKHVH ILQGLQJVY DQ H[SDQVLRQ RI WKH LQYHVWLJ
VIQWDFWLF ODQJXDJH SURGXFWLRQ L H V\QWDFWLF FRPSOF
OLQJXLVWLF GLPHQVLRQV LQ FRQWUDVW WRUWRWMXRREUHOOD
FURBVDJQRVWLF JURXS FRPSULVLQJ LQGLYLGXDOVEDIHWK 66' D
IRU WKH GLPHQVLRQDO DSSURDFK DQG WKHUHIRUH D FRPSUHK
GLVRUGHUV

$VVRFLDWLRQV EHWZHHQ ODQJXDJH QHXURSV\FKRORJ\ DQC

$WWHPSWLQJ WR HVWDEOLVK D GLVWLQFW GHRDKHWWLRQ
QHXURFRJQLWLYH IXQFWLRQV SURYHV WR EH DQ LEDMXKHPRXQW]
LQWHUUHODWLRQVKLS LQ QXPHUIRXWF R JERWWLHOPB BRFHVVHV
DQG 0" QHXURSV\FKRORMSHWKLIGRBDDQWHPRU\ DWWHQWLRQ
IXQFWLP@W IUHTXHQWO\ LPSDLUHG VXJJHVWLQJ D VLJQLILF
SHUIRUPDR¥IKW\ 'RQH +LQ]HQ 3DODQL\DSSDQ UL
HJ WKH LQWHJULW\ RI YHUEDO ZRUNLQJ PHRR®RI LV HV\V
VIQWDFWLFDOO\ FRUUHFW DQG VHPD@WZIFGOUDPBSBREULDWH
7KLV FRJQLWLYH IXQFWLRQ SOD\V D FUXFLDO UROHFLQ PDLQV
LQIRUPDWLRQ GXULQJ WKH SURFHVV Rl VHQWHQFHW QRBUPDWLRGC
VWUXFWXUHG ODQJXDRIH S UREG XFAYXBWKHUPRUH UHGXFHG LQK



FRQWURO FDQ FRQVHTXHQWO\ UHVXOW LQ WKH XVH RI LQDSSU
3DODQL\DSS®HQYXJIJHVWLQJ D SRVLWLYH FRUHODWLRQ EHWZHHC
DQG FRJQLWLYH IXQFWLRQV $ FRPSDUDEOH DVVRWILIYWLRQ KD
IXQFWLRQV DQG SV\FKRSDWKRORJ\ VXSSRUWLQJ D WUDQVGLD
0'" $EUDPRYLWFK HW DO &DVBKHLYV CROLLUWGW ZLWK +LQ]HQ
3DODQL\DSSDQYV SURSRVLWLRQ ZKRFWRSRVLIWV D@D @IX®LW L
GLPHQVLRQDO IDFWRU DORDBWRWH ARIGLIM\RRRSBWRKBRORJI\ 3
+LQ]HQ 3DODQL\DS®%BQRQG ODQJXDJH LQFOXGLQJ DOO OLQ
SURFHVVHV VHUYHV DV DQ HVVHQWLDO PHGLXP WKURXJK ZKL
ZLWK SV\FKRWLF DQG DIIHFWLYH GLVRUGHUV FDQ EH FRPPXQL
REVHUYHG E\ FOLQLML\RRY]RQY WIHUDSL\W SSDQ

2EMHFWLYHYV DQG K\SRWKHVHYV

7KH DLP RI WKH VWXGLHY SUHVARWRG Q¥ HVKMDN] BGWWVBIQ®/ [GW VR
UHODWLRQVKLSV EHWZHHQ VIQWDFWLF ODQJXDJH SURC
SVI\FKRSDWKRORJ\ DQG EUDLQ VWUXFW XWH (DJF D R&/LVP B € V IOR'Q DC
DSSURDEFK

7KH ILUVW REMHFWLYH ZDV WR FRPSDUH V\QWDFWLF FRPSOHI
SURGXFWLR@GLDIGRRWYF FOXVWHUV LQFOXGLQJ 66' 0" DQG
DQDO\][H QHWZRUNV EDVHG RQUHORWBE OQOMQURBYMFKRORJ\
SV\FKRSDWKPYRKINS RWWEHVL]HG WKDW D FOXVWHU DQDO\VLV UH
GLDJQRVWLF FOXVWHUV ZLWK GLIITHUHQW OHYHOV RI VIQWDFW

7KH VHFRQG REMHEFWLYH ZDV WR LGHQWLI\ EUDLQ VWUXEW
GLVVHUWDWLRQ K\SRWKHVL]JHG WKDW DVVRFELDWLRQV EHWZHFE
PLFURVWUXFWXUH LQ UHJLRQV EHLQJ SDUW Q! WHSROQ WM D OH
WK FRQWH[W+RI %DVHG RQ ILQGLQJV IURP SUHYLRXADWUDQVGLE
DQWLFLSDWHG WKDW WKHVH DVVRFLDWLRQV ZLOO EH SUHVHQ\
WKH VHYHULW\ Rl WKH DOWHUDWLRQV PD\ YDDQ®PRQJ LQGLYLC



$**5(*$7,21 2) 678'< 5(68/76

6WXG\, 6\QWDFWLF FRPSOH[LW\ DQG GLYHUVLW\ RI VSRQWD
LQ VFKLIRSKUHQLD VSHFWUXP DQG PDMRU GHSUHVVLYH GLVRU

SHIHUHQPWKDULQD 6FKQ@MUGAKU /HLQZHEHU +DPLGUH]D -DPDO
7JHXWHQEHUJ .DWKDULQW ROUR\AK 3FXOUD ) DRHWQ V& V& RB®D X O D
8VHPDQQ $GULDQ :UREOHZVNL %HQMDPLQ B6WUDXEH 1LQD
$QGUHDV -DQVHQ $[HO .UXJ 8GRFIOHW GRIMNLDIHOR DQG )UH(
BWHLR\QWDFWLF FRPSOH[LW\ DQG GLYHUVLW\ RI VSRQWDQH
VFKL]JRSKUHQLD VSHFWUXP DQG PDMRU GHSUHVVLYH GLVRUGF
KWWSV _GRL RUJ Vv )

&XUUHQW SV\FKLDWULF FODVVLILFDWLRQ V\WWHPV IDFH VLJC
DGGUHVVLQJ WKH KHWHURJHQHLW\ DQG RYHUODSSLQJ QDW:
GLVRUGHUV LQF@DXGDQE & XWKEHUW .RWRY TRV DO
RYHUFRPH WKHVH OLPLWDWLRQV UHVHDUFKHUV KDYH LPSOHP
PXOWLYDULDWH DSSURDFKHV HQFRPSDVVLQJDWQESWRE DQDO\
VDPSOWXGIHWRVFK HW DO 'DYLG HW DO *RRGNLCG
.RXWVRXOHULV HW DO IDORXVLV HW DO /JHH HW D
)XUWKHURREHQW UHVHDUFK KDV IREEVOIDBQRQDWSMHVKDYV D
SURPLWRRO EHWWHU XQGHUVWD@BGOYD PMMQWOO GLVRRSSHW® H
/IDQJXDIEHQRUPDOLWLHY KDYH GHPRQVWUDWHG FRQVLGHUEL
WKH RQVHW SURJUHVVLRQ VHYHULW\ DQG SARFHKBIWHPW QDD R X W
DQG 0'"" 7KLV DSSURDFK RIIHUV VHYHUDUD QEBEDQWHDVHY LW
HQVXUHV UHSURGXWLEEOHQW LYQMBVEREHRHU HW DO D .RR!
HW DO 7KXWQJXDJH VHUYHV QRW RQO\ DV DQ HVVHQWLDO
VIPSWRPV DVVRFLDWHG ZLWK SV\FKLDWULF GLWROQGHQV EXW L
3DODQL\DSSDQVSHFLDOO\ FRPSOH[ VIQWD[ KHOSV SHRSOH WR
UHIOHFW RQ WKRXJKWV RU DUJXNFPHSRWEG IHWFR@YHUVDWLRQYV

6\QWDFWLF FRPSOH[LW\ LV RQH Rl WKH OLQJXLVODWW BYBFHRWYV \
LQ UHVHDUFK&RQP&BHOOL HW DO GFH )% RN U UH WWD O O
.LUFKHU HW DO 2K HW DO g]FDQ HWDY® QR H W6 D@Y D
7KRPDV HW DGRZHYHU VWXGLHV XVH GLIIHUHQW PHDVXL
FRPSOH{LIW\ QXPEHUWQRWY FODXVH OHQJWK DQG QXPEHU RI QR
FODX&HOYD HW DQXPEHU RI UHODWUFKHWBEWBRHHDQ OHQJWK
SHU XWWHUDQIFHE QRWQR DQG FODXWH W BHU KWWDEN DZHRHO
DV UHODWLYH QXPEHU Rl FRQMRLQHG DGYHUELDOO\ VXERUGL(
SDVVLYH FODXNVER HW D&s8'<, HPSGIRD GHILQLWLRQ RI VIQWDFV
FRPSOH[ VHQWHQFHV FKDUDFWHUL]LQJ WKHP DV PDLQ FODXV
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FODXWHWYSOH VHQWHQFHVY FRPSRXQG VHQWHQFHV DQG SDV\
H[FOXGHG IURP WKH DQDO\VLV RI VIQWDFWLBURRPSOXHH W\ C
HQFRPSBVVGLHUM @ \SHYV RI FRPSOH[ VHQW H Q FFH¥D Q@ WK BIWLY BIO
YDULHW\ RI FRPSOH[ ZHOWKEYXK®P HE\SHVGHU WKH FRQFHSW RI
GLYHUXIUWAKHURRHB WKDW UHGXFHG VI\QWDFWLF FRPSOH[LW\
DVVRFLDWHG ZLWK LPSDLUH® RARFHVWD DB®RGE QEMPLIRQ. VKHG VRFLI
IXQFWLRROBWL HWM.Q®6' LW LV YDOXDEOH WR LQYHVWLJIJDWH W
ZHOO

678'<, FRPSDUWGQWDFWLF FRPSOH[LW\ DQG GLYHUVLW\ LQ RUD(
SDWLHQWYV DLWB G6'0'Q DQG ©& XVLQJ $129$% DQDIO\VHYV
ODQJXWDHADWHG QHXURSV\FKRORJ\ [RQGI|RXW FERBRYWK\RWRA\
FOXVWHUV ZLWK GLIIHUKYWQG HI2KE$ RQ D/QOUWND{EHW ZRUNV
FRQVLVWLQJ RI V\QWHXJDWPGJIJFBEIXWRSV\FKRORJ\ RQIGQBV\FKRS
QHWZRUN DIXDVRVBNODWLRQ WR WK RKGIH YBIG B OR]HG QAWDW D FW L F
PHDVXUHW IRXU IRU VIQWDFWLF FRPSOH[LW\ DRHSURQH IRU
VLIJQLILFDQWO\ GLIIHUHQW EHWZHHQ 6FRNQY® BRUDWGQE6S DBGL
UHVHDUFK I4RERQJMW DO &RYLQJWRQ HW DOF GH %
.LUFKHU HW DO g]JFDQ HW DO 6L\ YIDOHW DO
$GGLWLRQDFUREURXQRVWLF FOXVWHUV ZHUH H[WUDFWHG UD
FRPSOH[ WR YHU\ PRGHUDWH DQG VOLJKWO\ FRPSOH[ ODQJXD.
ODQJXDHADWHG QHXURSV\FKRORJ\ DHUFRBYNFERBRWKAPRG\ LQ
PRUH FRPSOH[ VIQWDFWLF SURGXFWLRQ L H WKH H[WUHPHO\
VIQWDFWLF SHUIRUPDQFH L H WKH VOLJKWO\ FRPmSOH[ DQG PF
,IRXQWBKDW FRPSOH[LW\ DQG GLYHUVLW\ DUH WZR GLVWLQFW
LQWHUFRQQMMKMGEPRUH WKH DQDO\VLV UHYHDOHG WKDW Y
FRUUHVSRQG WR GLIIHUMHQEBWHG® OHDQIROPVHFKRORJI\ DQG SV\F
EHWZHHQ FOXVWHUV 7KLV UHODWLRQVKLS LV SDWMYLHEFXODUO
VIPSWRPV RQ V¥RPBDFHWILW\ D FRQQHFWLRQ WKDW KDV EHHQ HJ
SUHYLRXV ¥%WGGELHW DO &RYLQIJWRQ HW D& .RRS\GH %RHL
HW DO 6LOYD HW DO BWDQLVODZVNL HW DO 7D

ODQXVFULSW FRQW.BLEWQARRYG WKHYGBWHG WKH OLWHUDWXUH
UHVSRQVLEOH IRU WKH VWXG\ GHVLJQ DWW IGDWBGFR®OWHRW WR
DQDO\WVHV LQWHUIUHNHDGEWHIGH WHDHVPD Q XVFULSW



BWXG\ ,, %UDLQ VWUXFWXUDO DVVRFLDWLRQV RI VIQWDFW
DFURVV VFKL]RSKUHQLD VSHFWUXP DQG PDMRU GHSUHVVLYH
FRQWUROV

SHIHUHQIFWKDULQD 6FKIQ®DGHOH[DQGHU $QGUHDV -DQVHQ ,J
%HQMDPLQ 6WUDXEH /HD 7HXW HXGEHUW K DOR BIDIX@ O KSR/AHIP\D Q Q

'DQQORZVNL 7LOR .LUFKHU $UQH 1DJHOV, JUHGHULNH 6WHLQ
VIQWDFWLF FRPSOH[LW\VDWQRK GIIRYSKUNW\DDFSHRFMW UXP DQG PDMF
GLVRUGHUYV DQG KHDOWK\ FRQWUROV BFKLIRSKUHQ
KWWSV _GRL RUJ Vv )

$VVRFLDWDORQVXPIJH DQG PHQWDO GLVRUGHWQ YKDMWHL EDAWMIQGH [
SDUWLFX®@OUJLWR VSHFLDO DWW HQAMLRGL H Y YRIMDIEDORN 7 '
PRUSKRPHWUVKR®BHG QHJDWLYH FRUUHMO IWLSRMRIFQEH WAHHH Q
*09 RI WKH ELODWHUDO VXSHULRU WHPSRUDO J\UL WKH PLGGO
J\UERDYHIOWRO D .LUFKHU HW DO 6XPRARHWKMUBPRUH VHYHUL
ZKLWH PDWWHU ILEHU WUDFWV KDYH EHHR7LPESOLRBWHG LQ Wk
$) 8) 6/) ,)2) &% [3Q% ADKHHWDO E 9LKHU HW ED OKHVH
ILQG IK@IF URY IWWGHGIYQWMW KWV LQWR WKH QHXURDQDWRPLFDO FF
UHODVOMGH UDW LR)XWWRHBSI DUFK KDV EURDGHQHG WKH VWXG\ |
66' WR LQFOXGH 0'"' DQG %' UHYHDOLQJ WUDQVGLDJQRVWLF GL
GLDJQRGWWLQ HW DOIDQJ HW DO7KXV66' DQG 0' H[KLELW
RYHUODSSLQJ VWUXFWXUDO EUDLQ FKDQJHV VXFK DV UHGXFH
KLSSRFDPBXRVFK HW DO 6WDMZHW D OV DEQRUPDOLWLHYV
PDWWHU YROXPH DQG ESHS.SQ0 ARHM) HDFOW LY LW 6K DU P DHMW D O
DO D 7KHVH VKDOWEUD® LRWD/L X WBNWWHX EWZDWRHREVHUYHG
SVIFKRSDWKRWRLIQFBE®W DQG FRJGBWHIWHDO E FRPPRQDOLWLHYV
DV ZHOO DV HQYRKRQPHEOAMWBNHDQG JHQWWLE HW DO
OF&XWFKHRQ HW DO 5HSSPW BW DOLVN | DFEWRNY 66
DQG 0'$JDLQVVEDFKUVRXQG, DGREW FURBLWIQRVWLF GLPHQVLR(
DSSURDFK WUDQVFHQGLQJ WUDGLWLRQDO GLDJQRVWLF FDW
LQVLIKVOWD Q QXMDR H G IDFIUFRSYRQWE 0'',QVHO HW DO .RWRY H\
OF&XWFKHRQ HW DO BWHLQ HW DO

%XLOGLQJ XSRQ WKLV IRXQGDWLRQ D6Q&5< UWR KWW | IMRGH DN M Q®
RXU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWXHHQ ODQJX
DFURVV GLDJQRVWLF ERXQGD WKIDHV VR B A QIORKDFR'S B Bl PLAK\
SDUDPHWHURUDO ODQJXDJH SURGXFWLRQ ZXHWH DP\DWRW HDW }
PLFURVWBXPDXQUKDJIJH WUDFWV GB &RHUQBWFE&I&LY VWXG\
SUHVHQWWUHMWL@WN7K <, DLRGVR H[SDQG XSRQ WKURXJK WKH |
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NH\ HQKDQF HEH@WVLRQ RZLSWMKVLHBPRWH JUFEKOWDEWHUL]DWLRC
RIODQJXDJH SURGXRHNIRMHRQVI\QWDFWLF FRPSOH[LML\ DQG C
FRPSUHKHBVDYD VWRXBOANWEO XVLQJ 8%OXVQABQ WHQVRU LPDJ
'7, 678'<,,DLRGWR SURYLGH D PRUH FRPSOHWH SLFWXUH RI
DOWHUDWLRQV DMQRAGBWHTWALBBR/' DQG +&

678'<, LQYHVWRYVYWFHI WLRYWDRWLF FRPSOH[LW\ DQG GLYHUVLW
66' DQG 0'' DQGLWNEEI9 XVLQJ 9% 0 DQG ZKLW H PBWRWMWW XFW XU H
XVLQJ 7, *HQHUDO OLQHDU PRGHOV ZHUH HPSOR\HG WR HI[D
EHWZHHQ V\QWD[IDRBWLFRIQDO BQLVRWORGLIIKVLYDWLDO
GLIIXVLYLWDQG PHDQ GLOIXWH\VXOWNVEYHBDBBVYDIJQRVWLF
FRUUHOBVOWRMAWLF GLYHUVLW\ VKRZHG D SRVLWLYH FRUUHOI
PHGLDOD®GBHSRVWFHRWUZBOQ\DY ZLWK )$ LQ WKH VHPSRUDO ST
,Q FRQWUDVW $&%MQW KWK HIRW FHSWBIAIRWUYHO\ FRUUHODWH
VIQWDFWLF GLYHUVLW\ $GGLWLRQDOO\ WKH $XB@XWERBVWLJIKW
SRVLWLYHO\ DVVRFLDWHG ZLWK V\QWDFWLF FRPSOH[LW\ 1H
EHWZHO@ DFWLF FRPSOH[LW\ D&% WKKHH 6)/f FRIWGKW KHH$WR 1 ERW K
WKH IRUFHSY PLQR8) HIHS WHKH WRWDO LQWUDFUDQLDO YROXP|
LQWHUDFWLRQ EHWZHHQ JURXS DQG V\QWD[ ZHUH WUHDWHG D

,Q VXPPPAsi<,,L BRYLGHV HYLGH@AHJREVAUIRVDVVRFLDWLRQV

JUD\ DQG ZKLWH PDWWHU VWUXFW XU HN[ LS K& WHWKRBVVSKHUH
GLVWLQFW QHXURDQDWRPLFDO EUDLQ V®HXIEGKRMNH ARW\WRBS C
W U DFFRVWU H O D \W R VK 2ZM\G W/ D F W L ELER®WWRALEWM RQV ZAQWX *09 )$

$' EXW QRW ZLWKHP HKIVD]LQJ WKH VLIJQLILFDQFH RI WDNLQJ |
EUDLQ VWUXFWXUDO PHWULFV WR X0 OE N RBHLRW DIQGDWH IR G R K
LY DOO RI WKHVH DVVRFLDWLRQV ZHUH QRW PRGHUDWHG E\

YHUEDO IOXHQF\ SURPSWV GXULQJ Q@ RQ FXOUHHRWR BIEWRRIQ GL
QXPEHU DQG GXUDWLRQ RI KRVSLWDOL]DWLRQV MRX®®HGLFDW
IRU \HDUV Rl HGXFDWLRQ *®% GLSRWWFHRWDWDOUHUL DQG )$ OH
H[HFXWLYH IXQFWLRQLQJ *D@ GRISVMH O W& D00 JSWIH

ODQXVFULSW FRQW UL EDXWDLARPHG!T ODQJXDJH GDWD .6 DQG )6
UHVSRQVLEOH IRU VWXG\ FRQFHSWLRQ DQG GHVLJQ DQDO\VL\
DQG GUDIW PDQXVFULSW SUHSDUDWLRQ



*(1(5$/"' ,6&866,21

7KL LVVHUWPWHRQWIDRV G QJIXLVWLF VS OMPEMHEDFRPSOH[LW\ |
GLYHUVYOQWG6' 0'DQG +&s8'<, IRXQBXU FOGRVYQRVWLF FOXVWHUV
GLIIHUHQW OHYHOV RI VDQW DG WYLHY FRWSHO HZ[LMMEL FDWLQJ WKD\
QHWZRUNV EHWZHHQ VUGIWDWHED QHXURISV\FKRORJ\ DQG SV\F
ZHUHWURQ@RUFRPSOH[ VIQWDFWLF SVRFEGCSAHQLVRIQQW K DX H Q

& R U U H O\DKWH/QP W DFFFMDLVAX B HW K E U D L Q 6V VU, XLFOMXQURLQ HOH9G
FOXVWHU L H ULJDOWGPIBRVINF HRUWU VO Y B\WE DWHQ @ DWW H U
PLFURVWUXFWXUDO FOXVWHUV LQ GLIITHUHG®DUWEHQHNVWD&EW V
IRUFHSV PLQRU ULJKW ,/)8) ISIKRR 6 W UMM WOHIIMRQW ,/) DQG
ULJKW 6/) H[BHSIWSDAJW RI WKH O DQBHUBH HVRXR/ON DVVRFLDW
ZLWK YHULSRQUWA D®BVH QHXUDO FRUUHODWHY ZHUH SUHVHQW
DQG +& FRQ4LUPLQJ

,Q VXPPDWOXVWHU DQDO\VLV UHZXOWHGE LGURQQW REOXVWHYWI
DFURVYV GLDQGBRYMD HWARARNZ WHOE J XDH 8 MWKGRSVI\FKRORJ\

DOQ&SV\FKRSDW&KRORIYXUWKHUPR®ID JFIRMVLF EUDLQ VWUXFWXUL
UHODWHG WR V\QWD[ KDYH EHHQ LGHQWLILHG UHYHDOLQJ V

IRXQG7LQ678'<,,

6\QWDVE®RL]RSKUHQLD VSHFWUXP DQG PDMRU GHSUHVVLYH C

678'<, UHYHDOHG IBXDJRWRRWWLFLFHIXWWHBPNO\ FRPSOH[ FOXVWH L
FRPSOH[ FOXVWHU PR[GHHWIMMHAIKVFAP SBRPSHOH[RQ V\QWDFWLF
SHUIRUPDQFH GHPRQVWUDWL6GJ DMPIB W DLADERLSYULREGODFCH/G ZE RAMK K
KLJKO\ FRPSOH[ DQG PLQLPDOO\ FRPSOH[ V\QWDFWLF VWUX
GLVWULEXWLRQ SDW VSHDWY BH@E WEHZHUH PRUH IUHTXHQWO\ UH!
LQ FOXVWHUV FKDUDFWHUL]HG E\ KLJKHU VIQWDFWLF FRPSOH]
WKH ODUJHVWQ WRHSFODWKV HU H[KLELWLQJ WKH ORZHVW V\QWD
GHJUHHV RI VIQWDFWLF FRPSOH[LW\UHIDWW RGUQRXURBESVQF RR QR
DQG SV\FKRSDWKRORJLFDO YDULDEOHV XQGHUVFRULQJ D C
OLQJIXLVWLF SHUGREGD@IFADO KUBPEAWOW HRWDKD ILQGLQJIV
LQGLFDWHVVRFLDWLRQ EHWZHHQ FOXVWHU PHPEHUVKLS D
SVIFKRSDWKRORJLFDO V\PSWIRH VLPRDFW LRKWHIDWLYH V\PSW]
VIQWDFWLF FRMSQHHWYD O &RYLQJWRQ HW DOF GH %
.RRSV HW DO 6LOYD HW DO BWDQLVODZVKH HW DO
QHWZRUN D@RRIWWKDW V\QWD[ UORQWHIBIHQHXURSV\FKRORJ\



SVIFKRSDWKRORJD @G H QMMWIMWUHG DFURVV DOO FOXVWHUV +R:
REVHUYDWLRQ LV WKDW FOXVWHUV ZLWK ORZHU V\WRWRDFWLF F
YDULDEOHV RUIOODWXBIIOHXURSV\FKRORJ\ DIQE S\K\FIKR/SDW RR O
GLIIHUHQWLDO SDWWHUQ RI DVVRFLDWLRQV GHSH®GGLQJ RQ \
IXUWIK®GLQJ LV WKH VHSDUDWLRQ RI VIQWDFWLF GLYHUVLW\
SDUDPHWHUV ZLWKLQ W KAV QGHV/PRROWNV ¥ YW X FWKXKIBIW \VD QW D F W L F
GLYHUVLW\ WKRXJK FORVHO\ UHODWHG UHSUHVHQW GLVWLQ]
RQ WKH VHPRDMWLFV +HPWNOIDFH 3RJRGDOOD

SURWMDIJQRVWLF DRNVBRPL DWGRDMLWH EUDLQ PDWWHU VWUXFWX
KHPLVSKHUHV ZLWK V\QWDFWLF FRRS$OH XWE @G/ KH.YHUV LW\
REVHUYHG EUDLQ VWUXFWXUDO FRUBBODWHNSHEXKHWYWHG DFU
JURXS HIIHFWV ZHUH FRQWUROOHG IRU LQGLADQYW@FWKDW V
PHDVXUHY DUH VKDUHG DFURVV GLIIHAKHOQW UGHMIXIQWR V VIDIUH ELRX C
ZLWK SUHYLRXV UHVHDUFK VKRZLQJ WUDQVGLDJQRVWLF FRUL
PHDVXUHYVY RI VSHHFK BEWQWQRDOLWLHWWHLQ HW DKW DO 6
DDQG VWG UHWYHUDO RYHUODSV DFURKWWIPHQW DO GLVEBKBHL
=ZLFNHU ,Q DGGDwWPRPW® WKH LGHQWLILHG EUDLQ UHJLRQV Z
RI WKH ULDQ® UDBJIJKW 6/) DUH LQWHJUDO FRPSRQHQWV RI WK
QHWZRUNHGHULFL *LHUKDQ

7KH DQDO\§MME LQUHY QXDQFHG SLFWAQW R EWODRQYLRQVKLSYV
VRPH VWUXFWXUDO FRUUHODWHY DUH VSHFLILF W@ BL@KHU V\
ZLWK WKH EHKDYLRBLBDQ | RQUKIHQAIW RYHUODS EHWZHHQ WKHVH \
7KLV SDWWHUQ RI ERWK GLVWLQFW DQG VK D UHG D\W K UDDONKRIUHU
RI VIQWDFWLF SURFHWRIZGIY HQ WIKKHHBHDH[QVWY HYLGHQFH WKD
RI VIQWD[ DQG VHPDQWLFV LV RYHUOMSGRQHQINR WMKHDKXPDQ E
7KXW EURDGHU VHPWRQFWEEPDWLRQ WUDQVIHU LV DVVXPHG IRU
PDWWHU WUDFWV L H WKH 6/)Q | RGEHBAL PRGBRWRQE &B Q\
XQH[SHFWHG QHJDWLYH FRUUHODWLRQV EHWZHHQ V\QWD[ DQC
7KHVH ILP®LQQELMDKHHIXQFWLRQ WKHVH QHXUDO SDWKZD\V S
FRJQLWLYH DQG DIIHFWLYH SRHRAFSIOVNHG DEHKHIIMD U\ | R U



/ILPLWDWLRQV

6RPH OLPLWDWLRQV YIKRXO GE RMLKRWKIG/L B YK/ G WWWIDMMARRVYL Y HO\
VPDOO VDPSXXWWKHWU VWXGLHV VKRXOG LQFOXGH DGGLWLRQD
SDUWLFLSDQWY ZLWK %' DQG PRUH SUWRRXQFHEBD®SNM\PKRIS
PHDQLQJIXOQHVV RI WKH UHVXOWYV

6HFRQG ZKLOH VRPH UHVHDUFK KDV LQGLFDWHG WKDW SV\FKLI
RWKHU VWXGLHV KDY/ IFRXHQE @R WX HW DO E 6FKQHLGHU H
6LOYD HW DQ RXU ILQGLQJV ZH GLG QRW REVHUYH DQ\ HITHFW)\
VLQFH ZH RQO\ FRQVLGHUHG DFXWH PHGLFDWLRQ ZH FDQQRW
UHODWHG WR OLIHWLPH SV\FKLDWULF PHGLFDWLRQ XVH

7TKLUG DOWKRXJK PDQXDO DQDO\VLV IRU HYDOXDWLQJ V\QWD
FHUWDLQ OLPARKDWVRGHFUHDVHG FRPSDUDHIPOHW\ MDA G HIILFLF
6XSUL\RQR HW W®&LVY DSSURDFK ZDV GHHPHG PRVW DSSURSULD
RI DQDO\VLV UKXWVRQOA\GD SURILFLHQW OLQJXLVW FDQ FRQVLGF
FRQWH[W FXOWXUDO FRQVLGHUDWLRQV DQG RWKHU HOHPHQW
VIOQOWDFWLF VWUXFWXWHY DVW\QWQWW US GHWH GV LW\

)LOQDOQ@®ks'<,, WKH H[SORUDWLRQ RI DOWHUQDWLYH VI\QWDFWLF
\LHOG GLIITHUHQW DVVRFLDWLRK VLAO/MGKREUD QW VAW X WRRSOH [
ODFNV D VWDQGDUGL]HG PHWKRGRORJ\ IRULBAHSHQIOWLRW DQC

&RQVHTXHQWO\ H[LVWLQJ VWXGLHV LQ WKLV IDRGG XVLQJ
PHWKRGVGRUWRMU HW DO F .LUFKHU HW DO W 6LOYD H
DO

,QWHJUDWLRQ DQG 2XWORRN

7KLV GLVVHUWDWLR Q HX@GHRIAKBIH G VEIKRIHQVLRQDO DSSURDFK
UHJDUGLQJ V\QWDFWLF ODQJXDJHUH®DRGIEFEWQR® UR 6 D\FIRD:
SVIFKRSDWKRORJ\ DQG®EURYQ VQGXNAVBXDIOV ZLWK 66' DQG 0"
7KH UHVXOWW RO\WKSRUWH®EG< LRQG ,, UHYKDOHG EHKDYLRUDC
QHWZRUNV EHWZHHQ WBWD\WHSBDQHBXDREV\FKRORJ\ DQG SV\FK
ZHOO DV FRPPRQ QHXWRO ERRWKUHKGPWBSBKISHAG HQW RI JURX
PHPEHUWKIHS RQJRLQJ GLVFRXUVH LQ WKH ILHOG FRQWHPSODW
DSSURDFK VKRXOG VXSSODQW RU DXJPWRW HWKH EQMHIRULFD
H[HPSOD®YDQWDJH RI W KFi®DVYD AIADMARIASERVWHR OLW\ Rl WK
ZRUOGZLGH FRPSDULVR@HDQBUHHMK DQRAHHY HERMELQDWLRQ RI



ERWK DSSURDFKHV FDQ \LHOG VXSHULRU FRP\FHKRPWHRVU WR SWF
FDWHJRULFDO BV DIKORRGVYWUDWHG LQ WKH FDVH RI WKH VWUX
IRU '60 6KDQNPDQ HW DO

)XWXUH LQYHVWLJDWLRQV VKRXOG IRFXV RQ LQYHVWLJDWL
SKHQRPHQD DFURVV SV\FKLDWULF GLVRUGHUV VBRP/DALQHQJWK I
+LQ]HQ 3DODQL\DSGPROO\ WKHUH VKRXOG EH D PRUH SURQTF
RQ ODQJXDJH SURGXFWLRQ FDSDELOLWLHV DV RSSRVHG WR OI
LQ IRFXV ZRXOG HQWDLO D PRUH QXDQFHG H[DPLQDWLRQ RI WK
LQFOXGLQJ V\QW D FO\H[E FIDRP SQMHWALW\ DQG SUDJPDWLF XVH
FRQFHQWUDWLQJ RQ UHFHYWLYHD SR BKHZ VOIQOPR/QWULE X W |
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EF
SVV\FKR S D WKRIGRIN UP RQFU BDMVLQJ QXPEHUQRIOODHM XPBKVLQJ RQ
GLYHUVH OLQJXLVWIQF 6%KHMER® HERXOG IDFLOLWDWH D PRUH
GLIIHUHQWRPWLRGWWHNRYHQ HWKBORQJRLQJ DGYDQFHPHQW)
DXWRPDWHG ODQJXDJH DQDO\VLVY SURJUDPV DUH HQDEOLQJ W
ZLWK LQFUHDVLQJ HIILF LaXER\LDRER DHFW XD F \

ORUHRYWMKH LQWHJULW\ RI ZKLWH PDWWHU WUDFWW ZLWKLQ W
DVVRFLDWHG ZLWK V\QWDBPQ9 7 FE RRQUWUINW HYROWKH WKLV UHOD
HVVHQWLDO WR FRQGXFW LQYHVWLIJDWLRQV XVLQJFIKQFWLRQD
FDQ SURYLGH LQVLJKWY QRW RQO\ LQWR VWUXFWXUDO DVSHF\
WKHVH ZKLWH P D VWMHLS IH WZIFRRV/NWD -LDQJ HW DO 3HH
7KLV GXDO DSSURDFK ZLOO HQKDQFH RXU XQGHUVWDQGLQJ RI

)XUWKHU UHVHDUFK LV HVVHQWLDO WR HYDOXDWH WKH EHQH
DVVHVVLQJ VI\QWDFWLF DELOLWLHV DFURVV D EURDGHU VSF
DGGLWLRQDO GLDJQRVWLF FDWHJRULHV 7KLV LQYWKWLJIDWLF
PRUMHYHUH PDQLIHVWDWLRQV Rl PHQWDO KHDLOW KNV® LN DU V
WKH VFRSH WR LQFOXGH RWKHU GLDJQRVWLF JURXSV VXFK [
YDOLGDWH WKH GLPHQVLRQDO DSSURDFK V HIIHFWLYHQHVV LC
GLYHUVH FOLQLFRBGVEBREBKOWWLRQWWRYSG®BLWQRQDOO\ WKH\ F
UHYHDO SRWIEQWLQRVAUIRFVSDWWHUQV LQ ODQJXDJH GHYLDWLRC
QXDQFHG GLDJQRVWLF FULWHULD DQG WUHDWPHQW VWUDWHJL
WKH JHQHUDOL]DE LFDLQV E R IHIQ RERDBRWHQWLDOO\ VKDUHG PHI
XQGHUO\LQJ ODQJXDJH GLVWXUEDQFHV LDL® 0 UERXA\Q BR YAKLDE
6WHLQ HW DO HW DOSBWHLQ



5()(5(1&(6

$EUDPRYLWFK $ G6KRUW 7 6FKZHLJHU $VLYH G\WM{ K QF WILAR/QF
DV D WUDQVGLDIJQRVWLF GLPHQ¥ORQLEQ GBWKREDW K\R BHRY L
KWWSV GRL RUJ M FSU

$O0OHQ + $ J/LGGOH 3 ) JULWK & ' UHWUUHRHYD® ISYUR FH D W
DQG YHUEDO IOXHQF\ %@ W¥KY KRSRUHIO® RI(&V\FKLDWU\
KWWSV GRL RUJ EMS

$PHULFDQ 3V\FKLDWULF $MWRERIPOWIRRQDQG 6WDWLVWLFDO 0DQ
'LVRUGHNK/ HG

$QGUHDVHQ 1 & TKRXJKW /DQJXDJH DQG &QRFPXQLFDWI
$VVHVVPHQW 'HILQLWLRQ RI 7THUPV DQG $(UFEBKDPMALRQ RI 7
*HQHUDO SVI\FKLDWU\ *
KWWSV GRL RUJ $5&+36<&

$QGUHDVHQ 1 ®KH 6FDOH IRU WKH $VVHVVPHQW RI 3RVLWLYH
8QLYHUVLW\ RI ,RZD

$QGUHDVHQ 1 & 6FDOH IRU WKH DVVHVVPHQW RI W
FRPPXQLFDWLREKKLIRSSEKUHQLD %XOBHHWLQ

$QGUHDVHQ 1 & 7KH 6FDOH IRU WKH $VVHWYBHQW RI1 1H.
&RQFHSWXDO DQG 7KHRUHWLH DU )RAQE&DW LRIIM O RI 3V\F
6 * KWWSV GRL RUJ 6

$ZZDG $ 7DYDNROL 3 7DVN FRPSOH[LW\RUNL@QUXDJH ¢
PHPRU\ ,QWHUDFWLRQ HIIHFWV RQ VHFR Q GQMHMY.IDW HREBMHH
5HYLHZ RI $SSOLHG /LQJXLVWLFV LQ /D¥QJXDJH 7HDFKLQJ

%HGL * &DUULOOR ) &HFFKL * $ ®O®RMIDN1'% SBLEPDQROG

-DYLWW ' & &RSHOOL O &RUFRUDQ D&O\VYLV RI IGHMWRP
VSHHFK SUHGLFWV SV\FKRMLY \RIWKW FIKQ JIRISKKUH QL D
KWWSV GRL RUJ QSMVEFK]

%RUQNHVVHO 6FKOHVHZVN\ , 6FKOHVHZVN\ 0O 6PDOO 6 /

1IHXURELRORJLFDO URRWV Rl ODQJXDJH LQ SULPDWH DXGI|
SURSHUWTIHNQGYV LQ &RJIQLWLYH 6FLHQRHYV

KWWSV GRL RUJ M WLFV
%URVFK . 6WHLQ ) 6FKPLWW 6 3IDKRPDBV.2GHQI@WEDOG) .
OHOOHU 7 G6WHLQVWUIWHU 2 :DOWHPDWKWHU/HPNH +
%UHXHU ) 7KLHO . *URWHJIJHUG ' +DKQ8 7 .UDIQBHQ $
« .LUFKHU 7 5HGXFHG KLSSRFDPSDO JUD\ PDWWHU
IHDWXUH RI SDWLHQWV ZLWK PDMRU GHSUHVVLRQ ELSRO
VSHFWUXP G IORPOHFKXKODU 3VKRMKWBWU\GRL RUJ v
%XFLXPDQ 0 2 2H]JWXHUN 2 ) 3RSRYLF ' 1(QUBDRRVEN 5XHI
( :HLVNH - 'RQJ 0 6HQ 'Z\HU ,OD®QNRBPPEHLW}DDV 6 6
BWDLQWRQ $ O5XKUPDQQ 6 &KLVKROPS5|VVOBREHLW] -
8SWKHWHIRS 6G6FKXQMWWHIU ) « .RXWVRXOHULV 1 6W L

JXQFWLRQDO %UDLQ 3DWWHUQV 3UHGLFW )RUPDO 7KRXJK)

SHUVLVWHQFH 2QN HBWFBQWKRVLY 5HVXOWYV )J)URP WKH 35:

%LRORJLFDO 3V\FKLDW UAF L&ARIFEH WIQYAH 1IHXXUURLPD XL QJ
KWWSV GRL RUJ M ESVF



&DLQ . 1DVK + O 7KH ,QIOXHQFH RI &ROQOWQHFWLYHV
3URFHVVLQJ DQG &RPSUHKRRUDP® RI {BR¥FDWLRQDO 3V\F

+ KWWSV GRL RUJ D
&DVSL $ ORIILWW 7 ( $00 IRHQR/@K [5QE RRIGH UR'ULQC
GLPHQVLEBPHULFDQ -RXUQDO RI 3V\FKLDWU\
KWWSV GRL RUJ DSSL DMS

&DYHOWL O .LUFKHU 7 1DJHOV $ 6 UIW IRUP DOR VKR X 3 KW
GLVRUGHU LQ VFKL]RSKUHQLD UHODWHG WR VWUXFWXUDO
ODQJXDJH QHWZRUN" $ VAI\VWHPDWLF UHYGLHKLRSEYKQRDPDJ

SHVHDUFK+ KWWSV GRL RUJ M VEKUHV
&DYHOWL 0 :LQNHOEHLQHU 6 )HGHUVSLHOLI$]HQIEDWIQHHW 6
6 /DLPE|FN . 'LHUNV 7 6WULN : +RUB )RUPD®RPDQ

WKRXJKW GLVRUGHU LV UHODWHGHWPR W& WAKD W HRRNWM)HWDV
SDWLHQWYV ZLWK ¥FKWIKRBWUHGHNMHDUFK 1HPSURICPDJILQJ

KWWSV GRL RUJ M SVF\FKUHVQV

&KDQJ : =KDR : .DQJ - :LDQJ BHUQHY&H] &RUBRQODQL\DSSD
/ JHQJ - /IDQJXDJH DEQRUPDOLWLHV LQ VFKL]RSHI
VIPSWRPV WKURXJK FRQWHPSRUDWFKLARBKUMIODHYLGHQF
KWWSV GRL RUJ KWWSV GRL RUJ v

&LDPSHOOL 6 'H %RHU - 1 9RSSHO $ ( RRURQD 9BMQQDQG
'HOOHQ ( ORWD 1 % 6RPPHBUQWDFWLF 1HWZRUN $QDO\\
6FKL]RSKESMAWUXP 'LVARAKGEHRISKUHQLD % X8 GBWLQ
KWWSV GRL RUJ VFKEXO VEDF

dRNDO ' 6HYLOOD * -RQHV : 6 =LPPHMIMW 0 68BOHAHU)
+ 7XUNLQJWRQ ' )HUULHU 1 9DUOH: 5 :DWKRQ 6
ODQJXDJH SURILOH RI IRUPDISM IBRXLEKRS KGLH/@LDG H U
KWWSV GRL RUJ v

&RUFRUDQ & 0 &DUULOSDRI]DN JHU®®GMH]* .OLP & -DYLW
%HDUGHQ & ( &HFFKL * $ 3UHGLFWRRROR/I SV\FK
DQG ULVN FRKRUWYV XVLQJ DXWRRDWBGV\FRIDWIH DQDO\VL
KWWSV GRL RUJ :36

&RUFRUDQ & 0 OLWWDO 9 $ %HDUWEHHBQER (. (%LAUUDP L+
6DYLF $ &HFFKL * $ :ROIl 3 / D QU YXSD/AF KRV DVE LR P |
$ QDWXUDO ODQJXDJH SURFKLMRSEU IBDGSSD BBINK:D UF K
KWWSV GRL RUJ - 6&+5(6

&RYLQIJWRQ 0 $ +H & %URZQ & TIOGEDN 0%&BDLEHP-STH )V
%URZQ - 6FKL]JRSKUHQLD DQG WKH VWUXFWXUH RI
YLHZ 6FKL]JRSKUHQLD 5HVHDUFK +
KWWSV GRL RUJ M VEKUHYV

EXWKEHUW % 1 7KH UROH RI 5'R& LQ IXWRWGEHBUDVVLII
'LDORJXHV LQ &OLQLFDO 1HXURVFLHQFH
KWWSV GRL RUJ '&16 EFXWKEHUW

'DYLG ) 6 B6WHLQ ) $QGODXHU 7 )+lUPOW BHLMWRI)PD:QQ@YW3 6
+HLOPDQQ +HLPEDFK 6 2SHO 1 G5HSSOH 3DSLR@VHQ $
+HLOEURQQHU 8 .DOPDQ - / 6FKDXSS (6&. )BDIOQOHU )
3 * JRUVWQHU $ - *HQHWLF FRQWULEXWLRQV WR V
GLPHQVLRQV LQ SDWLHQWV ZLWK PDMRU GHSUHVVLYH GL
VFKLIRSKUHQLD VSHFWIUFKR ]SRRI V5 HV H DU F K



KWWSV GRL RUJ - 6&+5(6

GH %YRHU - 1 %UHGHURR 6 * O9RSSKRO $ BQRBRPRHWYV LQ
ODQJXDJH DV D ELRPDUNHWXRUHNFWLZEBERURQLIDQ 3V\FKLDW
+ KWWSV GRL RUJ <&2

GH %RHU - 1 9RSSHO $ ( %UHGHURR 6RPPHULMQKQ& ) 1
E /DQJXDJH GLVWXUEDQFHV LQ VFKL]IRSKUHQLD WKH UF
PHGLFDWERQ6FKL]IRSKUH@GLDKWWSYV GRL RUJ \%

GH %RHU - 1 YDQ +RRIJGDOHP O ODQGO BRISHO WUXPPHO
%HIJHPDQQ O - + YDQ 'HOOHQ ( :LMQKHQ& ) 1 E 6RPPH
/IDQJXDJH LQ VFKL]IRSKUHQLD UHODWLRQ ZLWK GLDJQRVLYV
PDWWHU ISMDFEMKL]RSKUHLDKWWSYV GRL RUJ \Y,

'RXIKW\N 2 - 'RQH ' - ,V VHPDHQGVLER FIFRR]RSKASDQIUD "
VI\VWHPDWLF UHYLH@DDQOWVALWHWD &RWXIGKHYH 1HXURSV\FKLD
* KWWSV GRL RUJ

(KOHQ ) ORQWDJ & /HRSROG /[LQJXHMV®ILBILQGLQJV LQ SHUV
VFKL]RSKUWMQUBYLHZ RI WKH FXVUWR@WL IOUW HQDIWABKROR J\
KWWSV GRL RUJ ISV\J

JHFINR ( O0OLBPR@DXH] 2 ODUU O *UDKDP $ 0 ' 14JJ - 7
7KH +HWHURJHQHLW\ 3UREOHP $SSURDFKHV WR ,GHQ
7UHQGV LQ &RJIQLWLYH 6FLHQFHVt
KWWSV GRL RUJ M WLFV

JHGRUHQNR ( %ODQN , $ 6LHJHOPDQDMN RIOVEBHRWLY¥LW\ |
VIQWD[ UHODWLYH WR ZRUG PHDQLQJV WERRXIWRR® WKH OI
KWWSV GRL RUJ M FRIQLWLRQ

J)LOLSSL 0 $JRVWD ) 'LIIXVLRQ WHQURU PDJLQJ I
+DQGERRN RI &OLQLFDOW HBXURORI\ + SS (OVHYLHU % 9
KWWSV GRL RUJ %

JUDVHU : | .LQJ . O 7TKRPDV 3 MHIXGHHGOD I RVLV RI
VFKLIRSKUHQLD E\ OD @QIXDNVHVEQREWRNO ROSHBV\FKL DWU\
KWWSV GRL RUJ EMS

JULHGHULFL $ 7KH QHXUDO EDVLV IRU KXPBQ V\QWD]
&XUUHQW 2SLQLRQ LQ %HKDYLRUDO + 6FLHQFHYV
KWWSV GRL RUJ M FREHKD

JULHGHULFL $ ' *LHUKD QKB OD @IXDIH&XHWHARWN2SLQLRQ LC
1IHXURELRORJA KWWSV GRL RUJ - &21%

*OHLFKJHUUFKW ( 5RWK 5 )JULGULNVVRQ6WDGNQ®RXGHBNRN '
* BRUGHQ & :LOPVNRHWWHU - +LOQHXU®O EBRIV CRID
HOHPHQWYV RI VIQWD[ GXULQJ VSHHFK SURGNXFIMLRQPQ® SDV
/IDQJIXDJH KWWSV GRL RUJ M EDQGO 1H:

*RRGNLQG 0 (LFNKRIlI 6 % 2DWKHV '-RQHIDQWD</ &KDQJ
2UWHJD % 1 =DLNR < 9 G5RDFK ( UHYRUGD®RQNDODW]HU *
JHY\ , )R[ 3 7 (WNLQ $ ,GHQW LURFD.WWDRQLRI D F
VXEVWUDWH IRU PHQWD® 3\06RHNVW U\ +
KWWSV GRL RUJ MDPDSV\FKLDWU\



*URG]LQVN\ < SLHSHUKRII 3 7TKRPSVRQ &RU WKH6WDEO
SURFHVVLQJ RI FRPSOH[ VIQWD[ $ UHYLHZ RI WKH FXUUHC

&RUWH[ + KWWSV GRL RUJ M FRUWH]

+DDV 6 6 'RXFHW * ( *DUJ 6 +RUUKIUDIUDPL 6DBEDFRKDLN
% &RUFRUDQ & O /JLQNLQJ ODQJXDJH IHODWXUHV W
PXOWLPRGDO LPDJLQJ LQ LQGLYLGXDOV DWXBERESBADPDO KL.
3V\FKLDWU\H * KWWSV GRL RUJ GRL M HXUSV\

+DFNO 0 7KHVHPDOWDLFV LQMOHYIDFH =+
KWWSV GRL RUJ M OLQJXD

+HO]JHU - ( .UDHPHU + & .UXHKHUHBVDELOLW\ DQG QHH
GLPHQVLRQDO SV\FKLBWWEKR GRDLRIRV WG LFLOH
KWWSV GRL RUJ 6 ;

+LQJHQ : 3DODQL\DSSDQ IIDFWRUTKMW@IXDJH DV D WUDQVG
GLPHQVLRQ LQ SV\FXRBIUHROR BV IFKRIFRKDUPDFRORJ\ DQG
%LRORJLFDO 3V\FKLDWWUNWSV GRL RUJ M SQSES

+LQ]JHQ : 5RVVHOOY - 7KH OLQJXLVWLFV RI VFKL]RSK!
DV ODQJXDJH SDWKRORJ\ DFURVRGWRYHWY YLH) \AVP\FW R PR J\
KWWSV GRL RUJ ISV\J

,QVHO 7 &XWKEHUW % *DUYH\ 0 +HLQVDNBRVGRZ3LQH '
'DQJ 3 5HVHDUFK 'RPDLQ &ULWHULD 5'RRWIZREDUG D
JUDPHZRUN IRU 5HVHDUFK RQ$BPHQWHD® 'LRRUWGHO VRI 3V\FKL
2QOLQH +

,)YDQRYD 0 9 =KRQJ $ 7XUNHQ $ %DOGR X®FW LRRPDNH UV
&RQWULEXWLRQV RI WKH $UFXDWH )DVFLFXRQYWLWBV/DQJXI

+XPDQ 1HXURVFLHQFHKWWSV GRL RUJ IQKXP

-LDQJ < 'XDQ 0 /L ; +XDQJ + 6=K®RQF ;/L+H +L <DR
IXR & ) X EVAMUDRFQV XUH FRXSOLQJ :KLWH PDWWHU IX
UHVRQDQFH LPDDEQLXD®HRQ DVVRFLDWHV ZLWK VWUXFW XL
LQ VFKL]RSKWMNPDR %UDLQ ODSSLQJ +
KWWSV GRL RUJ KEP

-LP - 5 7DOXNGHU 5 0 $ ODODNDU 3 OWLEIKD 00 0) 1X

5HFHQW DGYDQFHPHQWYV DQGIPKD® OHQWH\WP ROQW/®QDO\VLV
RWKIHUW UHMDMZXUDO /DQJXDJH 3URFHVVLQJ -RXUQDO

KWWSV GRL RUJ KWWSV GRL RUJ M QOS

-R\FH ( 0 &ROOLQVRQ 6 / &ULFKWRQ VFKL]RSKWHQEDO |C
5SHODWLRQVKLS ZLWK H[HEXWLYH IXQFWLRQ VHPDQWLF |
3V\FKRORJLFDO OHGLFLQH +
KWWSV GRL RUJ Vv

.DUJDU < -DOLOLDQ 0 IXQFWISROMRBRIRILOH RI ZKLWH PD
UHOHYDQFH WR ODQJXDJH $RAVQB®DRMLEHYXHRIOHDIXLVW L

KWWSV GRL RUJ M MQHXUROLQJ

LUFKHU 7 .UXJ $ 6WUDWPDQQ O0)UBKBIQKISLP6PKDDXHYQHKU /
)IKUPDQQ 3 +RUQLJ 7 .DW]JHY 0 *URVYDA®JBOW-OOHU

$ $ UDWLQJ VFDOH IRU WKH DVVHVVPHQW RI REMHFW]
7TKRXJKW DQG /DQJXDJH 'B¥RURIBKUHEILD 5H¥YHDUEK
KWWSV GRL RUJ M VFKUHV

.LUFKHU 7 7 - 2K 7 0 %UDPPHU 0 - IORVOLQUHRBUHODWE



RI VIQWD[ SURGXFWLR Q%UQ WEXK]REBXWADQLR] 3%\FKLDWU\
KWWSV GRL RUJ EMS

.LUFKHU 7 %U|KO + OHLHU ) )RU@DHDOWRRXJKW GLVRUGHU?
SKHQRPHQRORJ\ WR Q@HKKUREQRBWI\3V\FKLDWU\
KWWSV GRL RUJ 6

.RRSV 6 %UHGHURR 6 * GH %RHU -01 $1DGHBBPPHU 9RSS
( 6SHHFK DV D %LRPDUNKUGRUHXIRODRILROQO 'LVRUGH
'UXJ 7TDUJHWY KWWSV GRL RUJ

.RWRY 5 -RQDV . * /ILDQ 'RFKHUW\ $ 5 &DUSHQ\
SHFRQFHSWXDOL]LQJ VFKLIRSKUHQLD LQ W KH +LHUDL
BVIFKRSDWKRORJ\ 6FIKIARSKUHQLD SHVHDUEREK
KWWSV GRL RUJ M VFKUHV

.RWRY 5 .UXHJHU 5 ) :DWVRQ ' $ EDWDGEJP VK
FODVVLILFDWLRQ WKH +LHUDUFKLFDO 7D[RQRARUOZX 3V\FKR
SV\FKLDWU\ 2IILFLDO -RXUQDO RI WKH :RUOG 3VWKLDWULF

KWWSV GRL RUJ ZSV
.RXWVRXOHULV 1 OHLVHQ]DKO ( O %YRUJZDUGW ©6 SLHFF
.DPEHLW] - JKOHU < )DONDL 3 O|]OOHW]LNRY B&BHLVHU

,QGLYLGXDOL]HG GLIITHUHQWLDO GLDJQRVLV RI VFKL]R
XVLQJ QHXURDQDWRPLFDOWUEIL®RPDUNHUV =
KWWSV GRL RUJ EUDLQ DZY

.ULHVFKH ' :ROO & ) - TVFKHQWVFKHU a (QJHO 5 5
IHXURFRJQLWLYH GHILFLWY LQ GHSUHVVLRGDDL WVRWWYWWPDWL
LQ WKH DFXWH DQG (XMRISWMIYQ G WRKLWHY RI 3V\FKLDWU\ D

1IHXURVFLHQFH KWWSV GRL RUJ V
XSHUEHUJ * 5 /IDQIJXDJH LQ 6FKL]RSKUHIQQDX8DWWFV $Q
DQG /DQJXDJH &RPSDVV# KWWSV GRL RUJ M
; [
/IDORXVLV 3 $ :RRG 6 - 6FKPDDO /6 &KLWHK@IOHPUV 5 U/LI(LW

3 %HUWROLQR $ %RUJZDUGW 6 %UDPELCB®E)WH O.LDW E&H L
5XKUPDQQ 6 6DORNDQJDV /EWWBU 6FK¥%RWIMHHQWR & 'Z

JHUUR $ +DLGO 7 « 8SWKHJURYH 5 +IQWRHURJHQHL
SHFHQW 2QVHW 3V\FKRVLV DQG 'HSUHVVLRQ $ OXOWLPR
$SSURDFK B6FKL]JRSKUHQLD %XOOHWLQ =
KWWSV GRL RUJ VFKEXO VEDD

/JHH 3 + $QWWLOD 9 :RQ + )HQJ=KX&=% 7EENBHQWKDO -
0 1LYDUG 0 * *URWI]LQJHU $ ' 3RVWKXPD '6WD®D 0 O
( $ :DOWHUV 5 . $QQH\ 5 - / 'XQEBOQIVVRQ *H 7
%DQEKRHZVNL 7 « 6PROOHU - *HQRPLF 5HODWLRQ
DQG 30HLRWURSLF OHFKDQLVPV DFURV&H@OKW 3V\FKLDWULF

H KWWSV GRL RUJ M FHOO

/LDQJ / 6LOYD $ 0O -HRQ 3 )RUG 6 ' ODFNLQOH\ O
3DODQL\DSSDQ / 'LGHVSUHDG FRUWLFDO WKLQQLQJ
LPSDLUHG OLQJXLVWLF IXQFWLRQLQJ LQ VFKL]JRSKUHQLD
JURQWLHUYV LQ +XPDQ 1IHXURVFLHQFH
KWWSV GRL RUJ IQKXP

ODWFKLQ : +LFNRN * 7KH &R UW L FOKUMEILDYL JORVULVRIQ] R

* KWWSV GRL RUJ FHUFRU EK]



OF&XWFKHRQ 5 $ 3LOOLQJHU 7 *XR :DQFRJGD&XPPLQ:IOE\
& +HUR® PUXJIJHU 6 'DYLHV ' *KDQHP OSULWMRLPLRX :
$ +RZHV 2 6KDUHG DQG VHSDUDWH HSDWWHUQV
DFURVWDQWGLDJQRVWLF 1®OMPHOQWLREQWDO +HDOWK
KWWSV GRL RUJ KWWSV GRL RUJ v

OF.HQQD . *RUGRQ & 7 5DSRSRUW 2QV/HW 6 F K & KRLSKAK-RRLD
7LPHO\ 1HXURELRORJIRPODBOVRIDWKK $PHULFDQ $FDGHP\ RI
$GROHVFHQW 3V\FKLDWU\ KWWSV GRL RUJ

OLQRU . 6 :LooLwv - % ODUJJUDI/\DRHUR®HY 0 1
OHDVXULQJ GLVRUJDQL]J]HG VSHHFK LQ VFKL]RSKUHQLD $X
YDULDQFH LQ FRIQLWLYH GUDWH® KEBPORRGREQED OFALBD@LFLQ

* KWWSV GRL RUJ 6

IHWWHNRYHQ & 5 'LHGHUHQ . *LOHV RK 'XQFIDHE® O6WHQV
7 &ROOLHU 1 9pUWHV 3 ( 6SHQFHRXXLUH B®RUJDQ 6 (
6HPDQWLF 6SHHFK 1HWZRUNV /LQNHG WR )RUPDO 7KRXJKW '
6FKLIRSKUHQLD %WXGOHWK@WSV GRL RUJ VFKEXO VEL

1LSSROG 0 $ &UDPRQG 30MKHZ+D&ZDUG 6SRNHQ ODQJXDJ
SURGXFWLRQ LQ DGXOWMNODWRGQGRWHUHQFHY LQ V\QWDFW

&OLQLFDO ILQIXLVWLFV DQG 3KRQHWLFV
KWWSV GRL RUJ

2HJWXHUN 2 ) 3LJRQL $ :HQJHO - 5DV $6 '®&\HIRSRYLF
.DPEHL®WDQNRYLF / 5XKUPDQQ 6 &KLVKROP6 ./ /DORXVL!
JLFKWHQVWHLQ 7 5RVHQ 0 .DKEWIMY ) BEBEOW]H3
8SWKHRYH 5 6DORNDQJDV 5 . 5 « .RXWVRXOHULV 1

UHOHYDQFH RI IRUPDO WKRXJKW GLVRUGHU LQ WKH HDUO\
WKH 3521,% VWMKXRSSHDQ $UFKLYHV RI 3V\FKLDWU\ DQG &OLQL
+ KWWSWRL RUJ V \

2K 7 O OF&DUWK\ 5 $ OF.HQQD 3 VFKL]RSKOWRHBH/ ¥ XG\
DSSO\LQJ WKH VLQJOH FDVH DSSURDFK WR IRUPDO WKRXJ

1IHXURFDVH = KWWSV GRL RUJ QHXFDV
gJFDQ $ .XUXRJOX * $OSWHNLQ . S$NGHGQGH%% §HVR\OPL |,
6 7KH 3URGXFWLRQ RI 6LPSOH B6HQWHQFH 6WUXFW
,QWHUQDWLRQDO -RXUQDO RI $UWYV + 6FLHQFHYV
KWWSV GRL RUJ KWWSV GRL RUJ JMIOW Y L
3DODQL\DSSD® /ORUH WKDQ D ELRPDUNHU FRXOG ODQJXDJH E
RI SVIFKRSMVBFKL]RSKUH®LDKWWSV GRL RUJ v

3DODQL\DSSD@E /'LVVHFWLQJ WKH QHXURELRORJ\ Rl OLQJXLVW
LPSRYHULVKPHQW LQ6MPKDRIRSKUQEBEOO DQG 'HYHORSPHQ)
ODUFKWWSV GRL RUJ M VHPFGE

3DODQL\DSSDEDG/DLGAK $ *RZODQG 3 § /ILGGOH 3 )
WKLFNQHVY DQG IRUPDO WKRXJKW GLVRUQGQHWGCQWAKIRRSKU
EDVHG PRUSKRPRBWRIUWWXGLAZYV IFKRIFKDUPDFRORJ\ DQG %LRO
SV\FKLDWWDUFK KWWSV GRL RUJ M SQSES

3DODQL\DSSDQ / +RPD@®WD®FKH$OBQYR IDQJXDJH 1HWZR
"\VIXQFWLRQ DQG )RUPDO 7KRXJKW '68VRU|RIS K UIPQAK U RGE H ¥
+



3DWHO < 3DUNHU 1 6KLQ - +RZDUG ' )AR{QFK /$EMKRPRSI
< $Ep & S$QWLFHYLF $ $0OGD 0 CGRGPRMO & $PPRID &
6 + $QDIJQRVWRX ( OF,QWRVK $ $ ' $SWDRIRV &7 $UQRC
9LUWXDO +LVWRORJ\ Rl &RUWLFDO 7KLFNQHVV DQG
3V\FKLDWULF 'LVREOGHUV 3V\FKLDWU\ +
KWWSV GRL RUJ MDPDSV\FKLDWU\

3HHU 0 1LW]DQ 0 %LFN $ 6 J/HYLQYLGHQ¥WH\IRAE IXQFWLR
QHWZRUNV ZLWKLQ WKH KXPD-@®XWPDRQ TR/ ZKLXIR \PLWM WY Fi Y
+ KWWSV GRL RUJ -1(8526&,

3HUOLQL & ODULQL $ *DUJLWWR 0 OJWLRLD5DPELDGIHOMLL 6
JHUUR $ 7RPHOOHUL / 'XVL 1 %HORODQL % UD®ENMAHII D
3 ILQIXLVWLF SURGXFWLRQ DQG V\QW MHFRMW. DFDRR® SUHK
ELSRODU GLYRNUEBHBV\FKLDWULFD 6FDQGLQDYLFD
KWWSV GRL RUJ M [

SLWWQHU $GYHUELDOVIW]H ,Q - OHLEDXHU 0 6WHLQEDFK
6DW]IW\SHQ GHYV '"HXWSFFKHQ + 'H *UX\WHU
KWWSV GRL RUJ

3RIJRGDOOD 6 VEBPUQWEFV LQWHUWIGWRLORQJI7WHBBPPDUYV
WKURXJK $EVWUDFW &DWRIXBQDDORTUDRBRDYH ORGHOOLQJ
KWWSV GRL RUJ MOP Y LY I 1TKDO

3URJRYDF / 5DNKOLQ 1 $QJHOO : HGGDQH 5 1HXQDO
FRUUHODWHY RI V\QWOWDQQEYBORWRRQDWRGWRHQVLRQ
3VIFKRORJ\  KWWSV GRL RUJ ISV\J

5HSSOH - *UXEHU 0 ODXULW] 0 GH /RRHDP & & R OWDNMUPLD QIQ
- OHLQHUW 6 *URWHJIHUG ' J/HHKU ( - .QROHONLQJ 9
JHPNH + :DOWHPDWH / 7KLHO . :LQBDRK $3 %UHXHU
'DQQORZVNL 8 6KDUHG DQG 6SHFLILF 3DWWHUQV
&RQQHFWLYLW\ $FURVV $1IHFWLY b LDRQOGR 3 VFBIOR WL F KILDRWUG H |

+ KWWSV GRL RUJ M ELRSV\FK

S5RFKH ( &UHHG / ODFPDKRQ ' WUHQQDQ '7KH &ODUNE
(SLGHPLRORJ\ DQG $VVRFLDWHG 3KHQRPHQRORJ\ RI )RUPL
6\VWHPDWLF 5HFIKHZRSKUHQLD %XOOHWLS®

KWWSV GRL RUJ VFKEXO VEX
5RFKH ( /\QH - 27'RQRJKXH % 6HJXUDGR 35DQ®QHRDQ &
) ODGLJDQ . &ODUNH 0 7KH SURJQRVWLF YDOX
GLVRUGHU IROORZLQJ ILUBRK H8ISKRIG I LSV \FHNRVIL MF K
KWWSV GRL RUJ M VEKUHYV

5RJHU ( %DQMDF 6 7KLHEDXW GH 6FKROWWH@®JOOLQXBFIZXHO
IXQFWLRQDO XQLILFDWLRQ RI O®&NQJXBXWRYBIGHPHPRLOQG /

%LREHKDYLRUDO SHYLHZV
KWWSV GRL RUJ M QHXELRUHY

6FKQHLGHU . /HLQZHEHU . -DPDODEDGL + DAHXW-HQEHUJ
7KRPRBGHQWKDO ) 8VHPDQQ 3 :UREOHZVNL $ 6WUDXE]
1HQDGLU , -DQVHQ $ .UXJ $ 'DQQORZVSIL 8WHIFKHU
) 6\QWDFWLF FRPSOH[LW\ DQG GLYHUVLW\ Rl VSRQWD(
VFKL]JRSKUHQLD VSHFWUXP DQG PDMRKLERSEXKWHMMID'H GLVR
KWWSV GRL RUJ Vv

6KDQNPDQ 6 $ )XQNKRXVHU & - .OHLQ '+HH 'DYLOD - J/HU



SHOLDELOLW\ DQG YDOLGLW\ RI VHYHULW\ GLPHQVLRQV RI
WKH 6WUXFWXUHG &OLQLFB®, QQWHHWYQBWLRQDED -RXUQDO RI
LQ 3V\FKLDWULF 5H¥HDKWK/ SV GRL RUJ PSU

6KDUPD $ :ROI ' + &LULF 5 .DEOYDQGHNDRRWBH17 .OWWFKPD
1 'DOGDO $ 5XSDUHO . 'DYDW]LNRW & ( (COELRWWD 0D $
5 7 %DVVHWW ' 6 6DWWHUWKZDLWH 7 UHUG5 &RPPR
GHILFLWYV DFURVV PRRG DQG SV\FKRWIEGGLYRVBHUNW ISR F
VWXG\ $PHULFDQ -RXUQDO R 3V\FKLDWU\
KWWSV GRL RUJ DSSL DMS

6LOYD $ J/LPRQJL 5 ODF.LQOH\ 0 3D O D QUGS STIKQ W/
ODWWHU /LQJXLVWLF 6W\OH DQG &RQFHSWXD®SLVMRRWJIDQL]LC
6FKL]JRSKUHQXL]RSKUHQLD %XOOHWLQ 2SHQ
KWWSV GRL RUJ VFKL]JEXOORSHQ VJDE

6LOYD $ O /ILPRQJL 5 ODF.LQOH\ 06iQRHKIH] " $ORQVF
3DbODQL\DSSDQ / 6\QWDFWLF FRPSOH[LW\ RI VSRNHQ
RI VFKLIRSKUHQLD $ SUREDELOL VN IKR R B KHMN QIHIW B R VN DRJAF(
6 KWWSV GRL RUJ M VFKUHYV

6WDQLVODZVNL ( 5 %LOJUDPL = 5 O6BUPBPFKE **BUJISBXUWNHLV
& &RUFRUDQ & O 1HIJDWLYH V\PSWRPV DQG VSHHFI
FOLQLFDO KLJK ULVN MIRWM  SHBRKKJRGIKWHQLD=+
KWWSV GRL RUJ \Y,

BWHLQ ) %XFNHQPD\HU ( %URVFK . OHOOMU 3TDUBFK-PLWW
. BWHLQVWUIWHU 2 (QQHNLQJ 9 OWRWHUMUG '/HHKLDGH
- /HPNH + 7KLHO . :DOWHPDWH / :RQWNU 8 «DKQ
LUFKHU 7 'LPHQVLRQV Rl JRUPDO 7KRXJKW 'LVRUGH!
*UD\DQG :KLWH ODWWHU %UDLQ 6WUXFWXUH LQ $IIHFWLYF
6FKLIRSKUHQLD %XOQHWLQWWSY GRL RUJ VFKEXO VE

BWHLQ ) *UXEHU 0 ODXULW] 0 9%URVPIOG .3FDUDKRPDV 5
2GHQWKDO ) :UREOHZVNL $ (YHUPDQQ 83 6WHILHYWUIWI
. LQWHU $ %RQQHNRK / 0 )OLQNHQIBLQHUW 6*ROWE
*URWHJHUG ' %DXHWFKHU «7D %UDLQ 6WUXFWXUDO 1H
&RQQHFWLYLW\ Rl )RUPDO 7KRXJKW 'LVRUGHU 'LPHQVLRQV
'LVRUGHUV %LRORJLFDO 3V\FKLDWU\ +
KWWSV GRL RUJ M ELRSV\FK

BWHLQ ) /HPPHU * G6FKPLWW 6 %URVFK DXV0HOOHWKDUQRV
/ . JKQOHLQ % OXUDWD + %IFNHU $VVWHQOHU 06/LQHD W]
6 (QQHNLQJ 9 .RFK . *URWHJHUXJ' $1DJHOV)DFWRU
DQDO\VHV RI PXOWLGLPHQVLRQDO V\PSWRPV LQ D ODUJH
GHSUHVVLYH GLVRUGHU ELSRODU GLVRUGHU VFKL]JRDIIHF\
6FKL]JRSKUHQLD 5HVHDUKKNVWSY GRL RUJ M VFKUHYV

6WHLQ ) OHOOHU 7 %URVFK . G6FKPLWWOHLQBHUWZ® OGKLHC
. /IHPNH + :DOWHPDWH / *URWHJHUG ' D®BIHQ 1 -DC
'‘DQQORZVNL 8 UXJ  $ .LO¥KAFKRSDWKRORJLFDO 6\QGU!
$FURVV $IIHFWLYH DQG 3V\FKRWLF 'LVRUGHUV &RUUHODWF
6FKLIRSKUHQLD % XOOHWLQKWWSY GRL RUJ VFKEXO V

BWHLQ ) 6FKPLWW 6 %URVFK . OBDOGU. 7 /HPIDHW * .
3KLOLSVHQ $ OHLQHUW 6 /HPNH + DOPVOHPDWHKVN 7KL
8 : OHW]JHU ) * 1DJHOV $ 1HQDGLUFKHUDQQORZINKNL 8
$ E 6WDWH RI|GHSOIQBW\QW DVVRFLDAVRUIRQW LRIQ QHXE R



SV\FKRSDWKRORJLFDO V\QGURPHV LQ D ORXURDWURRVGL

$IITHFWLYH 'LVRUGHUVKWWSV GRL RUJ -3

BWULN : :RSIQHU $ +RUQ + .RVFKRUNH 3:LEWDYL 1 I

7KH %HUQ SV\FKRSDWKRORJ\ VFDOH IRUSWHKIHLEVVHV\

SV\FKRWLF VIPSWRRUMRSV\FKRELRORJ\ +
KWWSV GRL RUJ

6XPQHU 3 - %HOO , + S5RVVHOO BHYLHZ RI $NKWW W WRIDX\W W]
QHXURLPDJLQJ FRUUHODWHV1IRXUWRKEXBIQW®HGDQRSU &M B EHKD
SHYLHZV YHEUXDU\ +
KWWSV GRL RUJ M QHXELRUHY

6XSUL\RQR :LEDZD 3 $ 6X\RQR .XUQLDZDQ ) 7HOHPI

5HSRUWYV $GYDQFHPHQWY LQ QDWXUDO ODQJXDJH SURFHVYV
DQG IXWXUH GLHOGHMWDRNMY DQG ,QIRUPDWLFV S5HSRUWYV
KWWSV GRL RUJ M WHOHU

7DQJ 6 +IQVHO . &RQJ < ILN]D&®RS$ 6+ %0HHKIMDVWED &
%HKEHKDQL / 3UDGKDQ 6 -RKQ O /ILEMMYPPWRUOV<RI
/IDQJXDJH 'LVWXUEDQFH DQG 5HODWLRQVKLSV WR 4XDQW

6FKLIRSKUHQLD NWXOOBOKSI@QHPHQW +6 6
KWWSV GRL RUJ VFKEXO VEDF

7TDYDQR $ 6SRQGD 6 J)DEEUR ) SHUOIRQL$S & & HIDPEWIO GaH O C
7TDQVHOOD O %UDPELOOD 3 6SHFLILANULIQQ XLVWL
,WDOLDQ SDWLHQWYV ZAFRKXK]REKUHRGK HRIMHDUEK
KWWSV GRL RUJ M VFKUHV

7TKRPDV 3 .HDUQH\ * 1IDSLHU ( (OOLV @ /HXGDHWH, -R1
S5HOLDELOLW\ DQG &KDUDFWHULVWLFV %ULWK M K%-RXHIQEDQ WR
SV\FKLDWW$5 * KWWSV GRL RUJ EMS

7ULIX 5 1 1HPH +% HBRGH® &R]PDQ /[LQIJXLVWLF L
RI ODQJXDJH LQ PDMRU GHSUHVVLYH GLVRUGHU 0" DQ F
-RXUQDO R WNDGH@FH 3VIFKRWKHUDSLHV %
KWWSV GRL RUJ MHES

8KHU 5 3DYORYD % 1DMDIL 6 $GHSDOOL( 1)U RMWDQ0 . +R
3DUNHU 5 BURSSHU / 3DODQL\DSSDQ / $QWHE

GHSUHVVLYH ELSRODU DQG SV\FKRWLF GLVRUGHUV $ V)
DQDO\VLV RFWIUVRIVSHYKMRURVFLHQFH DQG %LREHKDYLRUDC
'"HFHPEHU KWWSV GRL RUJ M QHXELRUHY

8KHU 5 =ZLFNHU $ (WLRORJ\ LQ SWHF KUIDIRWQH HPEUDFL
HQYLURQPHQWDO FDXVDWLRRU®BG BNQRVKROWWAQHVYV
KWWSV GRL RUJ ZSV

9LKHU 3 9 6WHJPD\HU . *LH]JHQGDQQ®MKDGBWHUHGHUVSHW® $
6WULN 'DOWKHWLWH PDWWHU FRUUHODWHY RI WKH GLV
GLPHQVLRQ LQ VFKLURSKDHQISWFKLYHV Rl 3V\FKLDWU\ D¢
IHXURVFLHQFH = KWWSV GRL RUJ A

9ROHWL 5 /LVV - 0 %HULVKD 9 $ 5HYQBZ RI $XW
/IDQJXDJH YHDWXUHV IRU $VVHVVPHQW RI &RJIQUWLYH DQG
-RXUQDO RQ 6HOHFWHG 7RSLFV LQ 6LJQPO 3URFHVV
KWWSV GRL RUJ -6763

9RSSHO $ ( %RHU - 1 'H %UHGHURRBRRFPPHUGEKQDSFN + *



AXDQWLILHG ODQJXDJH FRQQHFWHEHMMNVUXR &IFKR UREIHKUN
3V\FKLDWU\ 5GHVHDUFKKWWSV GRL RUJ M SV\FKUHYV

:LOVRQ 6 0 +HQU\ 0O / %HVEULV 0 2JDWDWDUUROGURQNHOOH!
% |/ *RUMARRSLQL 0 / &RQOQHFWHG VSHHFK SURGX
YDULDQWY RI SULPDU\ SURJMWHNVIMALYH DSKDVLD

KWWSV GRL RUJ EUDLQ DZT

RUOG +HDOWK 2UJDQTKBIW&RRBODVVLILFDWLRQ RI PHQWDO DQG

GLVRUGHUV :RUOG +HDQRWIOCUIHDIMAWKWIRIDQL]DWLRQ
;X 6 <DQJ = &KDNUDERUW\ ' ILFWRULDK®IKOPD QQ + "D X2
$XWRPDWHG 9HU

7KDOPDQQ 1 0/ 7D@KPbH .HRQJ - /
IRQYHUEDO 6SHHFK $QDO\VLV RI ,QWHUYLHZV RI ,QGLYLGXE
'"HSUHVVLRQ VW $QQXDO ,QWHUQDWLRQDO &RQIHUHQFH RI W

OHGLFLQH DQG %LRORJ\ 6RFLHW\ = (0% &
KWWSV GRL RUJ (0% &

=DFFDUHOOD ( OH\HU / ODNXXFKL O BUICHGE\UGRQAW B[
7KH 1HXUDO %DVLV RI OLQLPDO HWUWHKULDY &/ I8FRIWHXFW XUHV

KWWSV GRL RUJ FHUFRU EKY
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,Q WKH FRQWH[W RI VFKL]JRSKUHQLD VSHFWUXP GLVRUGHUV D
FROOHFWLYHO\ WHUPHG | R UPCHY RV IORDXQUK@®MD®ILH/®R WECHSIWRPV DU
QRW H[FOXVLYH WR VFKL]JRSKUHQLD VSHFWUXP GLVRUGHUV E
GHSUHVVLYH GLVRUGHU DQG KHDOWK\ LQGLYLGXDOV 7KHVE
SURGXFWLRQ Rl QHRORJLVPV SHV VW BFRIPISFO R GLAD\E QO WHG X FH
VFDOHV IRU IRUPDO WKRXJKW GLVRUGHUV DUH YD@OXREWYH LQ F
LQ FDSWXULQJ WKH QXDQFHG OLQJXLVWLF DEQRUPBMAUWLHYV L
GHSUHVVLY N GKWRBGHADOHYV RIWHQ IDLO WR GHWHFW VXEWOH
GHYLDWLRQV LQ ODQJXDJH SURGXFWLRQ ORUHRYHU IRUPDO
EURDG VSHFWUXP RI OLQJXLVWLF DQG FRJQLWLYH V\PSWRPV
VIPSWRP DVVHARVPBGQGWHVYV WKHVH OLPLQDOVKRYN HPBIQJIKII H
DV D SURPLVLQJ DOWHUQDWLYH 7KHVH PHWKRGV RIIHU D PRI
HDPLQLQJ WKH LQWULFDWH OLQJXLVWLF IHDWXUHYQBGVVRFLDW
PDMRU GHSUHVWLOXMVKMBB@HDJ® DQDO\VLYV RIIHUV SUDFWLFD
LQ FOLQLFDO VHWWLQJV GXHHWMR AAWLY H 8 BV R GWHEPHL 6 LIWE L AR WY
LQYDVLYH QDWXUH

'XH WR IXUWKHU V\PSWRPDWLF JHQHWLF FRJQLWWLYDBIV DQG E!L
ZHOO DV RYHUODSV LQ HQYLURQYFEKQWRB® UHYNDIVEWRW VY XPFDRY
GHSUHVVLYH ®LGRPEAVVRQDO DSSVRDFELYVSSESSURDFK DLPV W
H[SDQG RQ ILQGLQJV IURP FDWHJRULFDO VWX G VNYWWDRERER DL Q
ODQJXDJH SURGKAWRKRIQUH@®LD VSHEWUXP DQG PDMRU GHSUHVYV

7KXV DR\ FDWHJRULFDO VWXGLHV KDYH IRFXVHG RQ H[DPLQL
VFKL]RSKUHQLD VSHEW WWRRQ WINRUWNG WRVIOHDWBW R\ AR WK R ONK H V \
ZKDW GRMVQWBHRWLF SHUIRUPDQFHGIQVRDERU G BB NWILRGO®D O\
WKH UHODWLRQVKLSY EHWZHHQ VHDMM HIEQ G HRW R A B JQD @1¥MHJ H
DV ZHOO DV SVI\IFKRSDWKRORJ\ DUH RI LQWHUHVW )LQDOO\ EU
FRPSOH[LW\ DQG GLYHUVLW\ DUH LQYHVWLJDWHG

678'<, VKRZMWEKOWYVQWDFWLF FRPSOHI[IZWVU B Q& (®HHBBE W G

HIHFXWLYH IXQFWLRQLQJ YHUEDO IOXHQF\ DQ&WHEBDBUHSLV
SRVLWLYH DQI® WA WIKYRHX J KTK X6\D VARIVDGHWHU DQDOYRIXW UHV X O W
FOXVWHUWBDFORVEBQG ZRWK YDU\LQJ GHJFUWAHHY FRIPS\MHM DW\ D QC
GLYHUVRWRLQJ QHWZRUNV DVVRFUNWB® HG WXH XODRENBKHR O R J\
SVIFKRSDWKRODWMDFWLF FRPSOH[GWRRRHDWXDWMG D KLJK GHJU



LQWHUFRQQHEWHRQWY®W IWFWRF GLYHUVLW\ HPHUJHG DV DQ LG
&URGRPDLQ DVVRFLDWLRGWRDRXQEPRERUH FRPSOH[ V\QWDF
SURGXFWLRQ

678'<,, HPSOR\HG JHQHUDO OLQHDU PRGHOV WR W{QWIDFAWKH U
FRPSOH[LW\ DOQBQ&GLYBDWVEDWWHU YROXPH DV ZHOO DV ZKLWH

IUDFWLRQDO DQLVRWURS\ D[LDO UDGLDO DWQiSO PHWDRNGLIIX\
GLDIJQRVWLF FRUUHODWLRQV 6\QWDFWLF GLYHUVLW\ VKRZHG |
YROXPHH QWKW PHE®GRBWHFHQWUDO J\UL DV ZHOO DV ZLWK
LQ WKH WHPSRUDO SDUW RI WKH OHIW YRXOMNHWRRW @R QD OWGLG IDQY
LQ WKH OHIW FLQJXOXP EXQGOH DQG WKH IRUFHSY PLQRU FR
GLYHUVLW\ $GGLWLRQDOO\ D[LDO GLIIXVLYDWALRXOXKHZDWNVIK\
SRVLWLYHO\ DVVRFLDWHG ZLWHK JD\WQMWCH W R UFHREBW HRIOV\ ZHL
EHWZHHQ VI\QWDFWLF FRPSOH[LW\ DQG IUDFWLRQDO DQLVRWU
ULJKW VXSHULRU ORQJLWXGLQDO IDVFLFXOXVPDQQRUDDIQIZO GLII
WKH OHIW XQFLQDWH IDDBLEQ®WXWD FRIHQ MH) WRROWPH JURXS DQ
EHWZHHQ JURXS DQG VIQWD[ ZHUH WUHDWHG DV FRYDULDWHYV

,Q VXPPDU\ WKLV GLVVHUWDWLRQ DGYRFDWHV IRU D VWUR
GLPHQVLRQDO IDFWRU LQ WKH DQDO\VLV RI SV\FKLDWULF GL
GLYHUVLW\ VKRZ FOHDU DODRPXDNARMMXZRINK FKRORJI\
SVIFKRSDWKRORJ\ DQG EUDLQ VWUXFWXUDO FRUUHODWHV L
7KHVH ILQGLQJV VXSSRUW QWBXEH WOWHLY VK IQI®RLLRDRXE DWU L F
GLVRUGHUV WR IRUPXODWH LQFUHDVLQJO\ SUHFLVH VWDWH
WUHDWPHQW PHWKRGYV
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,P .RQWH[W YRQ 6FKL]RSKUHQLH 6SHNWUXP 6W|UXQJHQ WUHW
9HUIQGHUXQJHQ DXI GLH ]XVDPPHQIDVVHQG DOV IRUPDOH 't
ZHUGHQ 'LHVH VSUDFKEH]JRJHQHQ 6\PSWRPH VLQG QLFK\
6FKLJRSKUHQLH 6SHNWUXP 6W|UXQJHQ ]X ILQGHQ VRQGHUQ
'HSUHVVLRQHQ XQG JHVXQGHQ 3HUVRQHQ DXIWUHWHQ =X G
'HLWVFKZHLILINHLW %LOGXQJ YRQ 1HRORJLVPHQ 3HUVHY
VIQWDNWLVFKH .RPSOH[LWIW 2EZRKO %HZHUWXQJVVNDOHQ I
NOLQLVFKHQ 8PIHOG ZHUWYROO VLQG KDEHQ VLH (LQVFKUIQ
QXDQFLHUWHQ VSUDFKOLFKHQ $XIIIOOLIJNHLWHQ EHL 6FKL]RS
ODMRUHQ 'HSUHVVLRQHQ 'LHVH B6NDOHQ HUIDVVHQ RIW VXE
SKRQHWLVFKH $EZHLFKXQJHQ LQ GHU 6SUDFKSURGXNWLRQ QL
IRUPDOH 'HQNVW|UXQJHQ HLQ EUHLWHV 6SHNWUXP VSUDFKOL
ZDV ]X HLQHU HKHU DOOJHPHLQHQ 6\PSWRPEHZHUWXQJ I+KUW
]X DGUHVVLHUHQ KDEHQ VLFK 6SUDFKDQDO\VHQ DOV YLH
KHUDXVJHVWHOOW 'LHVH OHWKRGHQ ELHWHQ HLQHQ XPIDVVHC(
GHU NRPSOH[HQ VSUDFKOLFKHQ OHUNPDOH GLH PLW 6FKL]RSK
ODMRUHQ 'HSUHVVLRQHQ YHUEXQGHQ VLQG 'DU*EHU KLQDX\
SUDNWLVFKH O9RUWHLOH LP NOLQLVFKHQ B8PIHOG DXIJUXQ
.RVWHQHIILILHQ] =HLWHIIL]ILHQ] XQG QLFKW LQYDVLYHQ 1DWX!

$XIJUXQG ZHLWHUHU V\PSWRPDWLVFKHU JHQHWLVFKHU NR
*HPHLQVDPNHLWHQ VRZLH hEHUVFKQHLGXQJHQ EHL 8PZHOV
6FKLJRSKUHQLH 6SHNWUXP 6W|UXQJHQ XQG ODMRUHQ 'HSUF
GLPHQVLRQDOHU $QVDW] VLQQYROO 'LHVHU $QVDW] JLHOW C
NDWHJRULDOHQ 6WXGLHQ ]X HUZHLWHUQ XP HLQ JDQ]KHLWC
6SUDFKSURGXNWLRQ EHL 6FKL]JRSKUHQLH 6SHNWUXP 6W|UXQJF
]X HUKDOWHDQ

9LHOH NDWHJRULDOH 6WXGLHQ KDEHQ VLFK DXI GLH 8QWt}
.RPSOH[LWIW EHL 6FKL]JRSKUHQLH 6SHNWUXP 6W|UXQJHQ LP
NRQJHQWULHUW ZDV ]X GHU )UDJH IsKUW ZLH GLH V\QWDNYV
'"HSUHVVLRQHQ DXVVLHKW =XVIW]OLFK VLQG GLH %H]JLHKXQJHC
VSUDFKEH]RJHQHQ QHXURNRJQLWLYHQ )XQNWLRQHQ VRZLH
,QWHUHVVH B6FKOLH%OLFK ZHUGHQ KLUQVWUXNWXUHOOH .RU!I
XQG 'LYHUVLWIW XQWHUVXFKW



678'.(, JHLIJWH GDVV JHULQJHUH V\QWDNWLVFKH .RPSOH[LWI
UHGX]JLHUWHU H[HNXWLYHU )XQNWLRQ :RUWIO*VVLINHLW XQG
VRZLH LQ VWIUNHUHQ SRVLWLYHQ XQG QHJDWLYHQ IRUPDOHQ
(LQH &OXVWHUDQDO\VH HUJDE YLHU &OXVWHU <EHU 6FKL]R
ODMRUHQ 'HSUMQGBHRXOGHQ PLW XQWHUVFKLHGOLFKHQ *UDG
.RPSOH[LWIW XQG 'LYHUVLWIW GLH 1HW]ZHUNH ELOGHWHQ
1HXURSV\FKRORJLH XQG 3V\FKRSDWKRORJLH DVVR]JLLHUW ZDL
.RPSOH[LWIW JHLIWHQ HLQHQ KRKHQ *UDG DQ 9HUQHW]XQJ LP
'LYHUVLWIW GLH VLFK DOV XQDEKIQJLJH (LQKHLW KHUDXV\
$VVR]LDWLRQHQ ZDUHQ EHL NRPSOH[HUHU VI\QWDNWLVFKHU 3U

678',( ,, YHUZHQGHWH DOOJHPHLQH OLQHDUH ORGHOOH XP
VIQWDNWLVFKHU .RPSOH[LWIW XQG 'LYHUVLWIW X@3HUUDXHU 6
ZHL%HQ 6XEVWDQ] IUDNWLRQDOH $QLVRWURSLH D[LDOH UD
XQWHUVXFKHQ ZDV ]X PHKUHUHQ GLDJQRVH.EHUJUHLIHQG
6\QWDNWLVFKH 'LYHUVLWIW JHLJWH HLQH SRVLWLYH .RUUHOD
6XEVWDQ] LP UHFKWHQ PHGLDOHQ SUI XQG SRVWJHQWQ@DOHQ
$QLVRWURSLH LP WHPSRUDOHQ 7HLO GHV OLQNHQ VXSHULRU
*HIJHQVDW] GD]X NRUUHOLHUWH® LB NH QD &IHQ ILX BOQFG WEMNGH O V
JRUFHSV PLQRU QHJDWLY PLW GHU V\QWDNWLVFKHQ 'LYHUVL
"LIIXVLYLWIW GHVY UHFKWHQ LQIHULRUHQ ORQJLWNXNGKMmMOHQ )D
.RPSOH[LWIW DVVR]JLLHUW 1HJDWLYH .RUUHODWLRQHQ ZXU
.RPSOH[LWIW XQG IUDNWLRQDOHU $QLVRWURSLH GHV OLQNHC
VXSHULRUHQ ORQJLWXGLQDOHQ )DVFLFXOXV XQG D[LDOHU 'LII
DOV DXFK GHV OLQNHQ )DVFLFXOXV XQFLQDWXV JHIXQGHQ
LQWUDNUDQLHOOHV 9ROXPHQ *UXSSH XQG GLH ,QWHUDNWLR
ZXUGHQ DOV .RYDULDWHQ RKQH ,QWHUHVVH EHKDQGHOW

=XVDPPHQIDVVHQG SOIGLHUW GLHVH 'LVVHUWDWLRQ I«U HLQH \
DOV GLPHQVLRQDOHQ )DNWRU LQ GHU $QDO\VH SV\FKLDWUL
.RPSOH[LWIW XQG 'LYHUVLWIW ]JHLJHQ GHXWOLFKH $VVR]LD\
IHXURSV\FKRORJLH 3V\FKRSDWKRORJLH XQG KLUQVWUXNWXU
GHU *UXSSHQ]XJHK|ULJNHLW 'LHVH (UNHQQWQLVVH XQWHUVW:
EHVVHUHYV 9HUVWIQGQLYV SV\FKLDWULVFKHU 6W|UXQJHQ XP ]
EH]*JOLFK B3URJQRVH XQG %YHKDQGOXQJVPHWKRGHQ IRUPXOLHL
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,678'<,

.DWKDULQD 6FKQHLGHU .DWULQ /HLQZHEHU +DPLGUH]D -DP
.DWKDULQD %URVFK -XOLD .DWKDULQD 3IDUU )ORULDQ 7KRP
$GULDQ :UREOHZVNL %HQMDPLQ 6WUDXEH 1LQD ¥MH[DQGHU
$[HO .UXJ 8GR 'DQQORZVNL 7LOR .LUFKHU $URQBWDBWQNF DQC
FRPSOH[LW\ DQG GLYHUVLW\ RI VSRQWDQHRXV VSHHFK SURGX
DQG PDMRU GHSUHVVLYH GLVRUGHUYV 6FKL]JRSKUHQ
KWWSV GRL RUJ i

7KLY DUWLFOH LV OLFHQVHG XQGHU D &UHDWOYHD &RPRQQN $W
KWWSV FUHDWLYHFRPPRQV RUJ OLFHQVHYV E\
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ARTICLE
Syntactic complexity and diversity of spontaneous speech
production in schizophrenia spectrum and major depressive
disorders

Katharina Schneider' ™, Katrin Leinweber 7, Hamidreza Jamalabadi®, Lea Teutenberg?, Katharina Brosch®?, Julia-Katharina Pfarr®?,
Florian Thomas-Odenthal®?, Paula Usemann®3, Adrian Wroblewski**, Benjamin Straube®?, Nina Alexander®?, Igor Nenadi¢??,
Andreas Jansen??, Axel Krug (@, Udo Dannlowski®, Tilo Kircher®?, Arne Nagels'® and Frederike Stein®3®

Syntax, the grammatical structure of sentences, is a fundamental aspect of language. It remains debated whether reduced syntactic
complexity is unigue to schizophrenia spectrum disorder (SSD) or whether it is also present in major depressive disorder (MDD).
Furthermore, the association of syntax (including syntactic complexity and diversity) with language-related neuropsychology and
psychopathological symptoms across disorders remains unclear. Thirty-four SSD patients and thirty-eight MDD patients diagnosed
according to DSM-IV-TR as well as forty healthy controls (HC) were included and tasked with describing four pictures from the
Thematic Apperception Test. We analyzed the produced speech regarding its syntax delineating measures for syntactic complexity
(the total number of main clauses embedding subordinate clauses) and diversity (number of different types of complex sentences).
We performed cluster analysis to identify clusters based on syntax and investigated associations of syntactic, to language-related
neuropsychological (verbal fluency and verbal episodic memory), and psychopathological measures (positive and negative formal
thought disorder) using network analyses. Syntax in SSD was significantly reduced in comparison to MDD and HC, whereas the
comparison of HC and MDD revealed no significant differences. No associations were present between speech measures and
current medication, duration and severity of illness, age or sex; the single association accounted for was education. A cluster
analysis resulted in four clusters with different degrees of syntax across diagnoses. Subjects with less syntax exhibited pronounced
positive and negative symptoms and displayed poorer performance in executive functioning, global functioning, and verbal
episodic memory. All cluster-based networks indicated varying degrees of domain-specific and cross-domain connections.
Measures of syntactic complexity were closely related while syntactic diversity appeared to be a separate node outside of the
syntactic network. Cross-domain associations were more salient in more complex syntactic production.

Schizophrenia (2023)9:35; https://doi.org/10.1038/s41537-023-00359-8

INTRODUCTION

Given the limitations of current psychiatric classification, a number
of studies have attempted to disentangle the heterogeneity and
comorbidity across affective and psychotic disorders (i.e., major
depressive disorder (MDD), schizophrenia spectrum disorder
(SSD), bipolar disorder (BD)) using transdiagnostic and multivariate
approaches including symptomology, neuroimaging, and blood-
specimen measures'~”. However, studies have failed to identify
reproducible biomarkers for the aforementioned psychiatric
disorders®'°. Recent studies have highlighted the importance of

characterized by longer response latencies and reduced sponta-
neous speech'?, Additionally, depressive speech often contains a
higher rate of first-person singular pronouns and self-focused
language, which is characterized by words related to sad emotions
and the past®®?°, A greater amount of more truncated and more
impersonal sentences was detected on the syntactic level in
comparison to healthy controls (HC)?®. These alterations in
multiple domains of speech can be summarized as the qualitative
rating of formal thought disorder (FTD)*°. FTD is not an unique
symptom of SSD, but occurs in other psychiatric disorders such as

speech features as speech aberrations have a high prognostic
value for onset, course, chronicity, and treatment response of SSD
as well as MDD'". Hereof, speech is considered to be an objective
and specifically quantitative measure for obtaining and analyzing
that is reproducible, time efficient and non-invasive in nature'>'3,

A few typical language-related symptoms of SSD include
reduced speech production'*'® and reduced performances in
verbal fluency tasks'®'” along with difficulty in word-retrieval
which lead to word approximations's, production of neolo-
gisms'®2%, and less complexity of sentences'*'>?1"2>. These
linguistic aberrations can even be observed in early stages prior
to manifestation of the disorder?*=?’. In MDD, speech is mainly

MDD?*'-32, While there is much evidence about reduced syntactic
complexity in SSD, it remains unknown how individuals with SSD
differ from HC and those with MDD concerning the use of
different types of subordinate clauses®%33,

The number of produced simple sentences reveals no
differences between SSD and HC3*. The simplest syntactic version
on a sentence level is a main clause without embedded sentences,
whereas complex sentences consist of multiple merged clauses®?.
Complex sentences can be considered coordinated structures
which contain independent parts of sentences connected by a
conjunction, and subordinate structures, which consist of a main
clause and at least one subordinate clause that depends on the
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for Translational Psychiatry, University of Miinster, Minster, Germany. *These authors contributed equally: Arme Nagels, Frederike Stein. *‘email: kschne09@uni-mainz.de
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main clause®. These subordinate clauses are often underrepre-
sented in the speech production in SSD'#'52-2% however, the
scope of complex sentences amongst studies is varied.

A recent increase in use of natural language processing (NLP)
measures were shown to distinguish SSD patients from HC with
accuracies between 70-94%°7°, A multitude on various aspects
of language, e.g., phonetic features, coherence, structure in
written or spoken language, have already been investigated by
NLP'2. In the present study, we focused on syntax (i.e., complexity
and diversity) in language analysis due to its evidence-based
connection to cognitive variables such as executive functioning
and working memory in SSD'*'®. Thus, findings on syntax can
provide insight into the underlying cognitive processes involved
in speech production®®. The importance of syntactic complexity
for diagnosis and monitoring of SSD has been previously
demonstrated in several studies?“°™*2, In addition, syntax can
be useful for gaining deeper insight into the nature and severity of
language and communication impairments in SSD*%*2, In contrast
to other NLP measures, e.g., prosodic features or idea density”,
the use of subordinate clauses enables speakers to convey
coherent information and especially reflect on complex ideas in
discourses*®. Therefore, a reduced complexity of speech leads to a
restricted expression of thoughts during social communication?>.
Listeners may show greater difficulties in drawing conclusions due
to a lack of syntactic organization by subordination accompanied
by questions or misunderstandings®**°. As a result, speakers are
required to provide additional information and may feel frustrated
about the inability to have a smooth conversation. However, there
is a lack of evidence of the production of different types of
subordinate clauses in German transdiagnostic samples. Our
intention, therefore, was to broaden the view on syntax of spoken
language by including MDD in this analysis. An overlap in
psychopathology amongst psychotic and affective disorders is
well known, thus we intended to expand the knowledge on a
language domain®°3,

Based on previous studies investigating syntax, the following
questions remain unanswered: (1) What is the frequency of
subordinate clauses which includes all types of adverbial clauses,
relative clauses, complement clauses, and indirect questions in
German oral language production in HC, MDD, and SSD?, (2) How
do individuals with SSD differ in producing subordinate clauses
from HC and those with MDD?, (3) Do participants with a lower
syntactic complexity and diversity differ in terms of language-
related neuropsychology and psychopathology from those with
higher syntactic performance regardless of psychiatric diagnosis?
(4) What kind of sub-networks consisting of syntactic measures,
language-related neuropsychology, and psychopathology can be
detected in relation to the degree of syntax? To address these
questions, a classification algorithm was used to examine the
possibility of differentiation of syntactic complexity and diversity
between SSD, MDD, HC in our sample. Furthermore, we wanted to
shed light on networks of syntax, language-related neuropsychol-
ogy, and psychopathology in all participants. Hereof, we
hypothesized that patients suffering from SSD are less likely to
produce complex speech when compared to HC'#'52'-24 while
those with MDD are comparable to HC. Language scores indicate a
significant difference in relation to their distribution in SSD when
compared to MDD*, and MDD show less symptoms of poverty of
speech than SSD*. Moreover, we anticipated a negative relation-
ship between syntax and negative®® and positive symptoms'“.

RESULTS

SSD vielded significantly less semantic verbal fluency (VF),
alternating VF, and verbal episodic memory than MDD and HC.
Moreover, SSD showed significantly more negative and positive
symptoms in all subscales of the Scale for Assessment of Negative
Symptoms (SANS) and Positive Symptoms (SAPS) in comparison to
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MDD and HC. Exclusively, the total sum of SANS indicated
significant differences between MDD and HC. For more details see
Table 1.

Linguistic parameters

We used ANOVA analyses to investigate differences in syntactic
speech production between SSD, MDD, and HC. The group
differences of the syntactic complexity, diversity and the sub-
categories of complex sentences are presented in Table 2.
Furthermore, we tested whether syntactic complexity and
diversity were associated with possible confounders using a
correlation analysis. The extracted measures of syntactic complex-
ity and diversity did not correlate to current medication
(chlorpromazine equivalents49, Sackeim score®®, medication load
index)®", duration and severity of illness (number of hospitaliza-
tions, duration of hospitalization, and duration of current
episode), age or sex (all ps>0.05), but syntactic diversity
correlated with years of education (r = 0.33, p<0.001) (see
Extended Data Table 1).

Classification

We used classification analyses to investigate the diagnostic utility
of syntactic complexity and diversity. Classification accuracies for
HC vs SSD, HC vs MDD, and SSD vs MDD were 0.66 (p < 0.004), 0.51
(p < 0.35), and 0.63 (p < 0.005).

Cluster analysis

Cluster analysis was used to investigate transdiagnostic clusters
underlying syntactic measures. Four clusters with a Bayesian
Information Criterion (BIC) of 294.88 could be shown (cluster 1:
n=239, cluster 2: n=19, cluster 3: n=20, cluster 4 n=234)
ranging from extremely complex to very, moderate, and slightly
complex speech. Out of the total number of participants in the
extremely complex cluster, 45% were HC, another 45% had MDD,
and only 10% had been diagnosed with SSD. An inverse
distribution of diagnoses was indicated in the slightly complex
cluster: 58.8% SSD, 23.5% MDD and 17.6% HC. Nevertheless, all
clusters contained participants of SSD, MDD and HC, indicating a
transdiagnostic distribution. Interaction analyses were used to test
if the distribution of participants to one of the four clusters was
driven by clinical diagnoses. No interaction effect was found for
any of the five measures representing syntactic complexity and
diversity (all ps>0.05). The identified clusters did not differ in
current medication intake (chlorpromazine equivalents*®, Sackeim
score®®, medication load index)®', duration and severity of illness
(hospitalizations, duration of hospitalization, and duration of
current episode), age or sex, but the extremely complex cluster
differed from the slightly complex cluster in relation to years of
education (p =0.005) (see Extended Data Table 2). The results of
one-way ANOVAs or Kruskal-Wallis tests to compare language-
related neuropsychological and psychopathological data of these
four groups based on clustering of syntax are listed in Extended
Data Table 3.

Network analyses

The network of the full sample presented in Fig. 1A was
characterized by associations within each domain (syntactic
complexity, language-related neuropsychology, and psycho-
pathology) in the range of weak to strong correlations whereas
cross-domain connections were very weak. The extended relative
sum of subordinate clauses appeared with highest expected
influence (El) and strength (S) (El=2.29; S=2.25) in all
participants. Strength measures were followed by relative sum
of subordinate clauses (S=0.87) and pure syntactic complexity
(S=0.85) (see Extended Data Table 3, Extended Data Fig. 1). The
four cluster-based networks in Fig. 1B-E illustrated more impactful
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Table 1. Descriptive data of participants.
Schizophrenia spectrum Major depressive Healthy controls (n = 40) Group comparison Effect size
disorders (n = 34) disorder (n = 38)
Descriptives
Age 4247 (13.11) 40.82 (13.03) 40.83 (13.35) p=0791 n? =0.003
(F=0.347)
Sex f=10 f=26 f=25 p=0.0027 V=0.336
m=24 m=12 m=15 (> =1263)
IQ 109.28 (14.57) 109.84 (15.46) 115.95 (15.89) p=0.139 "’ =0.039
(H=3.95)
Education 12.00 (2.32) 13.11 (2.56) 14.79 (2.65) p< 0.001° n°=0.173
(F=10.79)
Medication
Antidepressants (%) 6 (17.65) 14 (36.84) - p <0.001° (y* = 18.03) V=0214
Antipsychotics (%) 21 (61.76) 2 (5.26) - p< 0.001¢ (x* =51.19) V=10.605
Mood stabilizers (%) 6 (17.65) 1(2.63) - p< 0.001¢ V=0218
(32 =4.67)
Medication load index 1.78 (1.77) 0.53 (0.75) - p <0.001° (F =23.29) n’=0.303
Sackeim total score 047 (1.11) 0.97 (1.4) - p <0.001¢ n°=0.143
(F = 8.48)
chlorpromazine equivalents total score 402.54 (773.65) 0.55 (3.21) - p <0.0019 (F=10.35) n?=0.218
Duration and severity of illness
Number of hospitalizations 3.03 (2.90) 1.39 (2.15) - p = 0.008¢ n?=0.097
(F=7.41)
Duration of hospitalization 23.37 (26.19) 7.20 (10.24) - p <0.001¢ n?=0.152
(F=12.34)
Duration of current episode 52.73 (87.06) 19.92 (26.41) - p=0.138 n?=0.069
(F=2.32)
Neuropsychology
Semantic VF 18.94 (5.45) 23.47 (5.43) 22,51 (4.39) p=0.001° n?=0.127
(F=7.39)
Phonemic VF 10.00 (4.46) 11.18 (4.24) 10.66 (3.93) p=0.505 n’=0.013
(F = 0.688)
Alternating VF 11.63 (3.75) 14.74 (3.10) 1563 (2.41) p<0.001° n?=0.229
(H=21.91)
Verbal episodic memory" 46.16 (8.23) 59.58 (8.20) 58.94 (9.72) p <0.001° n?=0328
(F=25.11)
Psychopathology
SANS sum 1711 (12.77) 5.12 (6.67) 1.38 (5.12) p<0001f n?=0376
(H=54.57)
SANS affect 5.93 (5.01) 1.32 (297) 0.63 (2.30) p<0001°9 n?=0.304
(H=35.79)
SANS alogia' 2.55 (2.65) 0.66 (1.07) 0.16 (0.53) p<0.0019 n?=0.286
(H=33.93)
SANS avolition 5.07 (3.91) 1.37 (1.95) 0.18 (0.67) p <0.001 f n’=0414
(H=47.51)
SANS anhedonia 4.02 (4.65) 1.69 (3.19) 0.38 (1.94) p <0.0019 n’ =0.166
(H =28.08)
SAPS sum 14.25 (14.11) 1.28 (2.58) 0.57 (2.03) p <0.001°9 n?=0.377
(H=43.59)
SAPS hallucinations 2.69 (4.95) 0.05 (0.23) 0.00 (0.00) p<0.001°9 n?=0172
(H=28.71)
SAPS delusions 4.52 (5.82) 0.29 (1.78) 0.23 (1.14) p<0.0019 n?=0.250
(H = 42.99)
SAPS bizarre behaviour 0.70 (0.97) 0.03 (0.16) 0.05 (0.32) p<0.0019 n?=0.222
(H = 28.55)
SAPS positive FTD 7.09 (8.19) 1.08 (1.96) 0.28 (0.96) p <0.0019 n?=0.292
(H=33.88)

Means and standard deviations (SD) (in brackets) are listed for each group and category. Pairwise comparisons:
2 =significant difference between SSD and MDD, HC

b =5SD, MDD < HC.

©=SSD < MDD.

94—=55D > MDD.

©=55D < MDD, HC.

f=SSD > MDD > HC.

9=SSD > MDD, HC.

hSum of correct words.

'Subscale used for negative FTD.

Bold font indicates significant results after correcting for multiple testing (Bonferroni).
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Table 2. Analyzed linguistic parameters.
Schizophrenia spectrum Major depressive disorder Healthy controls Group Effect size
disorders (n = 34) (n=38) (n=40) comparison

Total number of words 1023.47 (428.4) 1157.76 (333.6) 1148.25 (306.82) p=0.213 n?=0.028
(F=1.57)

Total number of sentences 77.0 (35.34) 63.58 (19.83) 65.35 (16.68) p=0.492 n? =0.054
(H=142)

MLU 13.8 (3.74) 18.76 (4.74) 17.91 (4.18) p<0.001? n? =0.202
(F=13.80)

Total number of different 320.79 (108.61) 37242 (80.77) 370.95 (90.55) p =0.033% n? =0.061

words (F=3.52)

TTR 0.33 (0.05) 0.33 (0.05) 0.33 (0.04) p=10.871 n? =0.003
(F=0.14)

Simple sentences® 0.35 (0.09) 0.22 (0.08) 0.23 (0.08) p<0.001° n? =0.306
(F = 24.05)

Coordinated sentences® 0.48 (0.13) 0.63 (0.12) 0.63 (0.10) p<0.001? n’ = 0.265
(F=19.69)

Relative sum of subordinate 033 (0.11) 043 (0.13) 041 (0.12) p<0.001* n’=0.120

clauses (F=7.4)

Extended relative sum of 0.48 (0.23) 0.71 (0.33) 0.68 (0.28) p=0.002° n?=0.109

subordinate clauses (F = 6.64)

Pure syntactic complexity 1.43 (0.26) 1.62 (0.37) 1.64 (0.28) p = 0.008° rf =0.085
(F = 5.06)

Weighted sum of subordinate 0.74 (0.45) 1.26 (0.91) 1.21 (0.65) p=0.003" n?=0.100

clauses (F=6.05)

Syntactic diversity 052 (0.13) 0.62 (0.13) 0.63 (0.14) p=0.002° n?=0111
(F=6.81)

Relative clauses® 0.09 (0.07) 0.13 (0.08) 0.14 (0.08) p=0.017¢ n?=0.072
(F=4.24)

Temporal clauses® 0.00 (0.01) 0.01 (0.01) 0.00 (0.01) p=0.083 n’ =0.045
(F=2.55)

Local clauses® 0.01 (0.02) 0.01 (0.01) 0.01 (0.01) p=0.924 n? =0.001
(F =0.08)

Modal clauses® 0.00 (0.00) 0.01 (0.01) 0.01 (0.01) p =0.039° n? =0.054
(H=6.50)

Causal clauses® 0.05 (0.04) 0.07 (0.06) 0.07 (0.05) p=0.279 n?=0.023
(F=1.29)

Conditional clauses® 0.02 (0.03) 0.03 (0.03) 0.03 (0.03) p=0.228 n? =0.027
(F=1.5)

Adversative clauses® 0.00 (0.01) 0.00 (0.01) 0.00 (0.01) p=0315 n? =0.021
(F=1.17)

Final clauses® 0.01 (0.01) 0.02 (0.02) 0.02 (0.02) p = 0.034¢ n? = 0.060
(F=3.5)

Consecutive clauses® 0.01 (0.01) 0.02 (0.04) 0.01 (0.02) p=0.072 n? =0.047
(F =2.69)

Concessive clauses® 0.00 (0.01) 0.01 (0.02) 0.01 (0.01) p=0.289 n’ =0.023
(F=1.26)

Comparative clauses® 0.05 (0.04) 0.07 (0.04) 0.07 (0.05) p=013 n’ =0.037
(F=12.08)

Complement clauses® 0.11 (0.07) 0.15 (0.09) 0.15 (0.07) p=0038" n’ =0.058
(F=3.37)

Indirect questions® 0.06 (0.04) 0.07 (0.05) 0.06 (0.03) p=0.261 n’ =0.024
(F=1.36)

Means and standard deviations (SD) (in brackets) are listed for each group and category. Pairwise comparisons:

@ =55D < MDD, HC.

b= 5SD > MDD, HC.

€=55D < HC.

d = 5S5SD < MDD.

“Values are in relation to the total number of sentences.

Bold font indicates significant results after correcting for multiple testing (Bonferroni).
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Networks over all participants and in clusters. Networks using the EBICglasso method over all participants (A) and in clusters:

extremely complex cluster (B), very complex cluster (C), moderately complex (D), slightly complex (E) based on Gaussian Graphical Model
including variables of syntax, neuropsychology, and psychopathology. All correlations illustrated in the networks as edges are regularized
partial correlations and stronger than 0.1 and —0.1. Estimated correlations with the value 0 are not visualized in the network. Orange nodes
are part of syntax represented by (1) relative sum of subordinate clauses; (2) extended relative sum of subordinate clauses; (3) pure syntactic
complexity; (4) weighted sum of subordinate clauses; (5) syntactic diversity, blue nodes to neuropsychology represented by (6) semantic VF;
(7) lexical VF; (8) alternating VF; (9) verbal episodic memory, and green nodes to psychopathology represented by (10) negative FTD and (11)
positive FTD. Blue connections indicate positive relationships, red connections mark negative relationships. The thickness of lines represents

the weight of connections.

links between the domains; thus, sub-networks were intercorre-
lated in all clusters to a different extent. All networks are shown in
Fig. 1 and centrality measures are listed in Extended Data Table 4
and plotted in Extended Data Fig. 1.

In summary, the extended relative sum of subordinate clauses
indicated a very relevant node in all networks. Furthermore, both
syntactic complexity and diversity were associated with positive
and negative FTD except in the moderately complex cluster.
Finally, it appeared that associations between syntax, language-
related neuropsychology, and psychopathology were more
pronounced in more complex syntactic production (i.e, the
extremely complex cluster) than in participants with reduced
syntactic performance (i.e., the slightly complex and moderately
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complex cluster). See Extended Data Fig. 2 for an insight into the
networks of HC, SSD, and MDD.

DISCUSSION

The aim of the current study was to analyze syntax in oral speech
production in individuals with SSD compared to HC and those
with MDD. Moreover, we investigated networks based on a subset
of syntactic, language-related neuropsychological, and psycho-
pathological measures. Results indicated significantly higher
syntax in HC and MDD when compared to those with SSD.
Classification analyses revealed significant results supporting this
finding, albeit with poor performance. Thus, we preferred a
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dimensional perspective on syntactic complexity and diversity in
psychiatric disorders. Cluster analysis showed four transdiagnostic
clusters ranging from extremely complex to slightly complex
speech that were accompanied by higher and lower FTD,
respectively. Network analyses indicated differential networks
across different clusters based on syntax. Notably, network
associations between syntax, language-related neuropsychology,
and psychopathology were more pronounced in higher syntax;
cross-domain associations between syntax, language-related
neuropsychology, and psychopathology were sparse in speech
with lower syntax (i.e,, slightly complex and moderately complex
clusters).

Our results offer several new insights. First, using direct
comparisons between HC, MDD, and SSD subjects, we were able
to show numerous differences between the respective diagnostic
categories with most pronounced distinctive features in SSD
patients. These differences corroborate with previous stu-
dies1#18:24.25.405253 g1 syntax. Moreover, we were able to extend
these studies by using three further measures of syntactic
complexity, allowing an in-depth investigation. Interestingly, all
differences in these variables between groups were limited to SSD
patients compared to HC and S5D compared to MDD, unlike no
differences appeared between HC and MDD. However, significant
differences across diagnostic categories indicated medium effect
sizes (n? = 0.085). A larger sample size can lead to higher accuracy
and reliability of the effect size.

Second, the multivariate pattern diagnostic classification
showed weak classification rates, consequently the five variables
of syntax itself represented no useful measures to classify patients
regarding their clinical diagnosis. Early descriptions have shown
syntactic complexity to be a marker separating SSD from mania,
specifically in chronic courses?'*%5, whereas others showed a
progressive reduction of syntactic complexity over time in SSD
irrespective of the disease course?® but not in mania®’. Taking a
more transdiagnostic and dimensional view into account, we
investigated sub-clusters of syntactic features across HC, MDD, and
SSD. This approach corresponds to recent findings, showing a high
overlap across different psychiatric disorders in several
domains'®32%859 including behavioral and biological measures.
This overlap is not considered when comparing or classifying
clinical diagnoses®™'°. In contrast, alternative (multivariate) meth-
ods are necessary to better understand psychiatric heterogene-
ity®32%% We found four transdiagnostic clusters expanding from
extremely complex to slightly complex sentences. Interestingly, all
identified clusters included HC, MDD, and SSD subjects with
varying distributions (i.e, more HC and MDD in more complex
clusters whereas the slightly complex cluster was mainly com-
posed of SSD patients). Hence, different levels of syntax are also
reflected by differences in language-related neuropsychology and
psychopathology between clusters. Specifically the slightly com-
plex cluster can be characterized by lowest language-related
neuropsychological performance, pronounced negative symptoms,
and higher amount of delusions in comparison to the other
clusters. In contrast, participants of the extremely complex cluster
exhibited less overall negative symptoms. These differences lead to
the assumption that the identification of the clusters is related to
the severity of psychopathological symptoms. The latter are in line
with previous studies also highlighting the impact of negative
symptoms on syntactic complexity'>1418:25406162 Bqth subscales
of SANS and SAPS for FTD are related with syntactic measures, yet
they encompass a different scope of linguistic aspects. FTD is a
broader concept in comparison to syntactic complexity, that
focusses on a grammatical phenomenon of language®°. Cognitive
deficits such as impairment of language, memory, and executive
functioning in consequence of negative symptoms are more
strongly associated with difficulties in daily routines, social
interaction, and resistance to therapy than positive symptoms®3-5°,
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Third, network analyses were used to investigate the network-
structure across the identified clusters. All networks showed high
inter-relation and intra-relation within the parameters of the three
different domains: syntax, language-related neuropsychology, and
psychopathology. In all four cluster-based networks, measures of
syntactic complexity were closely related while syntactic diversity
appeared to be a separate node outside of the syntactic network.
This emphasizes that syntactic complexity and diversity are,
although related, two distinct concepts. Additionally, negative FTD
and verbal episodic memory represented very relevant nodes in
the networks. Both nodes mediate different domains. The
connection between deficits in verbal episodic memory and 5SD
is well-known®%%’, In reduced syntax (i.e, slightly and moderately
complex clusters) cross-domain associations appeared to be very
weak or missing. Furthermore, the direction of correlations varied
within and across the clusters e.g., negative FTD was negatively
correlated with pure syntactic complexity, positive FTD correlated
positively with pure syntactic complexity in the extreme complex
cluster, and the slightly complex cluster presented positive
correlations for both. A negative relation between syntactic
complexity and FTD is consistent with the literature; however,
linguistic effects have been studied particularly in SSD and much
less in MDD''3%48:59 Negative FTD had a more influential function
for disseminating information (high closeness centrality) than
positive FTD. We assume an impact of different cluster size and
common effect structures’®. Future studies should investigate
syntactic clusters and networks based on a larger sample size to
explore stability and validity of our results. A beneficial extension
would include the analysis of syntactic complexity and diversity in
written language.

Limitations

Some limitations must be noted. First, our sample size was
relatively small, and the two clinical diagnoses were heteroge-
neous due to different disease severity. Nevertheless, speech
performances were not associated with duration and severity of
illness (i.e., number of hospitalizations, duration of hospitalization,
and duration of current episode). Second, this study used a cross-
sectional design which prohibits implications of causality. Third,
education was significantly different between the extremely and
the slightly complex clusters which might have influenced our
results. Fourth, while some studies'® reported an impact of
antipsychotic medication on syntactic complexity, others did
not?>. We did not find any medication effects. However, we
cannot exclude potential effects of lifetime intake of psychiatric
medication. Fifth, using a manual analysis of syntactic complexity
and diversity instead of NLP algorithms entails some disadvantages
such as lower comparability and lower efficiency. Nonetheless, an
in-depth analysis was only achievable by using a manual approach.

CONCLUSION

In conclusion, reduced syntactic complexity and diversity was
mirrored in reduced performances in executive functioning, verbal
fluency, and verbal episodic memory as well as in elevated
positive and negative FTD. SSD produced significantly less
complex sentences and significantly fewer, different types of
complex sentences compared to MDD and HC. Clusters based on
different degrees of syntax differed in language-related neurop-
sychological and psychopathological measures.

METHODS
Participants

For the presented study we included N= 112 German-speaking
participants (aged 20-67) who were part of the FOR2107 MACS
cohort (data freeze of the October 20, 2022, for more details see
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Kircher et al., 2019, www.for2107.de). Patients were recruited from
inpatient and outpatient facilities of the university hospital in
Marburg and the departments of participating local hospitals
within a 50 km radius of Marburg as well as via postings in local
newspapers and flyers. The following exclusion criteria were
applied: verbal 1Q <80, history of head trauma or unconscious-
ness, severe medical illnesses (cancer, autoimmune diseases, and
infections), neurological illness, and the presence of a current
substance dependence.

According to a semi-structured interview, including the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV-TR)”', n =34 participants were diagnosed with
SSD, while n = 38 fulfilled the criteria for MDD. In addition, n = 40
individuals with no current or former history of any psychiatric
disorder were included as HC. All procedures were approved by
the local Ethics Committee according to the Declaration of
Helsinki. Prior to study participation patients gave written
informed consent and received a financial compensation. Table 1
shows an overview of descriptive statistics.

Language-related neuropsychological assessment

We assessed the domains of executive functioning, VF and verbal
episodic memory. VF was measured by using three different
categories (60 seconds each): semantic VF (category “animals”),
phonemic VF (initial letter “p"), and category alternating VF
(alternating categories “sports” and “fruit”)’?, determining seman-
tic processing and executive functions. To test the performance of
verbal episodic memory, we used the German version of the
California Verbal Learning Test (VLMT)”>,

Psychopathological assessment

A number of psychopathological scales were assessed in the
course of a semi-structured interview. Ratings were performed
either during or following the interview. The level of global
functioning was assessed with the Global Assessment of
Functioning (GAF)”'. The severity of MDD were measured by
Hamilton Rating Scale for Depression (HAM-D)”* and Hamilton
Anxiety Rating Scale (HAM-A)’®. In addition, SANS’® and SAPS””
were administered, recording negative and positive symptoms
in four subscales (see Table 1). Both SANS and SAPS include
subscales for FTD that were very relevant for the following
network analyses. All interviewers were familiar with and
trained in the evaluation of the respective psychopathological
scales. Interrater reliability was assessed with the interclass
coefficient, achieving good reliability of r>0.86 in all ratings
and scales.

Assessment of syntactic complexity and diversity

Eliciting speech. To elicit spontaneous speech, we used four
pictures of the Thematic Apperception Test (TAT)’® which is in line
to the procedures described by Liddle et al, 20027°. Instead of eight
one-minute spontaneous speech samples, we assessed four different
TAT pictures in three-minute periods; our aim was to elicit additional
speech-related abbreviations (e.g., FTD) that potentially had not been
present before the one-minute time frame but might develop over
time. Participants were asked to tell a story about what might be
happening in the picture. They were given a one-minute break
between each picture; meanwhile the instruction was repeated and
then the next picture was presented. If participants stopped within
the three minutes of telling a story based on the picture, the
instructor used non-directive prompts (e.g., "How do people feel?”;
“What could happen next?”). Speech samples were audio recorded
(Olympus WS-853) and transcribed literally using the f4transkript
software (https://www.audiotranskription.de/f4transkript/). It is impor-
tant to note that transcribers were unaware of the participants’
diagnoses.
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Analysis of transcripts

Transcripts were analyzed by total number of words (tokens), total
number of different words (types), total number of sentences,
mean length of utterance (MLU), type-token-ratio (TTR), simple
sentences (main clauses without conjunctions or subordinations),
coordinated sentences (sentences with conjunctions like “and/or”
or enumerations without conjunctions) and 13 different types of
complex sentences (main clause in combination with subordinate
clause) (see Table 2) by KS. Complex sentences included 10 types
of embedded adverbial clauses (temporal, local, modal, causal,
conditional, adversative, final, consecutive, concessive and com-
parative), relative clauses, complement clauses and indirect
questions. In contrast to Tavano et al, 2008, we excluded
coordinated sentences from complex sentences, because simple
sentences are often joined together by a conjunction, especially in
oral speech production™. Thus, there is no embedded subordi-
nate clause that is accompanied by a change in word order. For
this reason, passive constructions were also neglected in our
analysis. In addition to studies, that investigated syntactic
complexity in SSD?*°, we intended to expand the knowledge
with syntactic diversity inspired by Tavano et al, 2008 and
extracted syntactic complexity and diversity as follows: The sum of
all main clauses embedding subordinate clauses without overlaps
over the total number of sentences resulted in a meaningful
relative value for syntactic complexity (i.e., relative sum of
subordinate clauses). Here, we did not distinguish between
different depths of embedding. Thus, a complex sentence with
only one embedded clause was on a par with a sentence that
contained e.g., four embedded clauses. All complete utterances
were assigned to either simple sentences, coordinated sentences,
or complex sentences. However, overlaps between coordinated
sentences and complex sentences could occur and were classified
into both categories. The number of different types of complex
sentences (0-13) that were produced in the picture description
and divided by the maximum of possible different types (13)
represents a relative value for syntactic diversity (i.e, syntactic
diversity).

In addition to the metrics provided in Tavano et al.,, 2008, we
calculated the following scores which allowed us a more detailed
and comprehensive insight into syntactic complexity: 1. The sum
of all subordinate clauses, as there are several of them in one main
clause in relation to the number of all produced sentences (i.e,
extended relative sum of subordinate clauses), but irrespective of
various types of subordinate clauses in contrast to the third
supplementary value (weighted sum of subordinate clauses). 2.
The total number of subordinate clauses divided by the total
number of complex sentences exclusively which allowed us to
investigate syntactic complexity without confounding effects of
non-complex sentences (i.e., pure syntactic complexity). 3. The
total number of all subordinate clauses considering different types
of complex sentences. The number of each subordinate clause
multiplicated with a factor, which represents the number of
different types in one main sentence (i.e, weighted sum of
subordinate clauses), e.g., a main sentence contains 2 relative, 2
causal and 1 complement clause, implies a factor of 3 due to 3
types of complex sentences. Therefore, the value for this example
is 15. For an overview of all analyzed categories, see Table 2.

Statistical procedures

Group comparisons. Group differences in syntactic complexity
and diversity between HC, MDD, and SSD groups were
investigated with JASP (Version 0.16; JASP Team, 2021) using
one-way ANOVA analyses. In case assumptions for parametric
testing were not given, non-parametric Kruskal-Wallis test was
used®. To investigate potential medication effects, we correlated
the sum score of chlorpromazine equivalents*® (antipsychotics),
Sackeim score®® (antidepressants), and the medication load
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index®' assessing both type and amount of different medication
classes (antidepressants, antipsychotics, mood stabilizers) with the
extracted syntactic complexity and diversity measures. Likewise, a
correlation analysis was employed to test the relationship
between duration and severity of illness (number of hospitaliza-
tions, duration of hospitalization, and duration of current episode),
education, age and sex. All relevant information was obtained in
the semi-structured interview and via  self-reporting
questionnaires.

Classification

In the context of hypothesis testing, multivariate pattern
classifications algorithm provides a mathematically solid frame-
work to test if the combined data provides meaningful informa-
tion about the variable of interest®!. For the present analyses, we
used five metrics related to syntactic complexity (see Tables 1, 2
for details on these measures) and support vector machines (SYM)
with linear kernel®? to classify the data in three different
combinations: HC from SSD, HC from MDD, and MDD from SSD.
In each case, we used two-fold cross validation with 200
repetitions to estimate the classification accuracy. To estimate
the statistical significance of accuracies, we used nonparametric
permutation test during which we randomized the labels 1000
times per case and repeated the classification with permuted
labels®3. All classification analyses were performed using MATLAB
R2021b.

Cluster analysis

Cluster analysis was used to identify new sub-groups based on
syntactic complexity and diversity. Therefore, we used the relative
sum of subordinate clauses, extended relative sum of subordinate
clauses, pure syntactic complexity, weighted sum of subordinate
clauses, and syntactic diversity. The random forest algorithm
implemented in JASP was used to identify clusters of participants
that performed similarly in terms of syntax irrespective of a
diagnosis. The random forest algorithm bases on several tree
predictors that contrast the similarities and dissimilarities of
measurements®*. We did not fix a number of clusters beforehand;
instead, we determined optimized clusters according to the BIC.
MANCOVA interaction analyses were conducted to test if clinical
diagnoses affected cluster contribution. An interaction effect was
investigated for all five values for syntactic complexity and
diversity. Moreover, we compared extracted clusters with regard
to the above medication, duration and severity of illness,
education, age, and sex variables.

Next, we compared language-related neuropsychological and
psychopathological data between obtained clusters to better
characterize them using one-way ANOVAs or Kruskal-Wallis tests®°
(see Extended Data Table 3).

Network analyses of syntax, language-related neuropsychology and
psychopathology. Further, network analyses based on the
Gaussian Graphical Model (GGM) were used to investigate the
relationship between multiple variables of syntax, language-
related neuropsychology, and psychopathology in delineated
clusters®. Based on the literature'*3%353786  aleven language-
related variables, i.e., five variables of syntactic complexity, four
language-related neuropsychological and two psychopathological
variables were chosen and networks were calculated for each
cluster separately (from previous cluster analysis) and additionally
for the total sample (see Fig. 1), both with 1000 permutations for
non-parametric bootstrapping. All variables are visualized as
nodes and significant correlations between two variables as
edges. The thickness and intensity of color of the edges indicate
the strength of correlations; blue edges mark positive correlations
and red edges mark negative correlations. The Extended Bayesian
Information Criterion (EBIC)®” Graphical Least Absolute Shrinkage
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and Selection Operator (Lasso)®® (short EBICglasso) was used for
estimation, with tuning parameter of 0.25. Partial correlations
between the selected parameter were estimated and small edges
were reduced to zero’®®%, As opposed to a non-regularized
model’®, this method leads to sparser networks with missing
connections between the nodes®. It should be noted that missing
edges are the least important and non-existing edges will not be
presented in a network based on GGM’°, Four centrality measures
indicate different relations of nodes: 1. betweenness (i.e, how
many times a node is on the shortest path between two nodes), 2.
closeness (i.e., how close is a node to other nodes), 3. strength (i.e,
sum of connections irrespective of negative or positive) and 4.
expected influence (i.e., sum of connections, accounts for negative
and positive correlations)®®. The Fruchterman-Reingold algorithm
was the basis of the layout of our networks®'. This algorithm led to
a weighted positioning of nodes in the network®'. We used JASP
to perform the network analyses on the basis of bootnet®® and the
qgraph packages® in R to create the graphs.
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Extended Data Table 1. Correlations of syntax with education, age, sex, number of hospitalizations, duration of hospitalization, and
duration of current episode.
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Extended Data Table 3. Cluster syntactic complexity and diversity.
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Brain structural associations of syntactic complexity and
diversity across schizophrenia spectrum and major depressive

disorders, and healthy controls

Katharina Schneider'™, Nina Alexander™®, Andreas Jansen®?, Igor Nenadi¢?3, Benjamin Straube®3, Lea Teutenberg?3,
Florian Thomas-Odenthal 33, Paula Usemann®3, Udo Dannlowski*, Tilo Kircher®?, Arne Nagels'*® and Frederike Stein®**

Deviations in syntax production have been well documented in schizophrenia spectrum disorders (SSD). Recently, we have shown
evidence for transdiagnostic subtypes of syntactic complexity and diversity. However, there is a lack of studies exploring brain
structural correlates of syntax across diagnoses. We assessed syntactic complexity and diversity of oral language production using
four Thematic Apperception Test pictures in a sample of N = 87 subjects (n = 24 major depressive disorder (MDD), n =30 SSD
patients both diagnosed according to DSM-IV-TR, and n = 33 healthy controls (HC)). General linear models were used to investigate
the association of syntax with gray matter volume (GMV), fractional anisotropy (FA), axial (AD), radial (RD), and mean diffusivity
(MD). Age, sex, total intracranial volume, group, interaction of group and syntax were covariates of no interest. Syntactic diversity
was positively correlated with the GMV of the right medial pre- and postcentral gyri and with the FA of the left superior-longitudinal
fasciculus (temporal part). Conversely, the AD of the left cingulum bundle and the forceps minor were negatively correlated with
syntactic diversity. The AD of the right inferior-longitudinal fasciculus was positively correlated with syntactic complexity. Negative
associations were observed between syntactic complexity and the FA of the left cingulum bundle, the right superior-longitudinal
fasciculus, and the AD of the forceps minor and the left uncinate fasciculus. Our study showed brain structural correlates of
syntactic complexity and diversity across diagnoses and HC. This contributes to a comprehensive understanding of the interplay

between linguistic and neural substrates in syntax production in psychiatric disorders and HC.
Schizophrenia (2024)10:101; https://doi.org/10.1038/541537-024-00517-6

INTRODUCTION

Deviant thinking, language, and communication, collectively
known as formal thought disorder (FTD), have been extensively
documented within schizophrenia spectrum disorders (SSD),
encompassing the diagnoses schizophrenia (5Z) and schizoaf-
fective disorder (SZA)'2. Multiple studies highlighted the
clinical importance of FTD in SSD as it predicts onset, recurring
episodes, and hospitalization2'3. Furthermore, FTD has been
associated with poor (social)functioning* and perceived quality
of life>. More recently, this multifaceted construct has been
investigated across SSD as well as major depressive disorder
(MDD) and bipolar disorder showing transdiagnostic dimen-
sions of FTD (i.e., disorganization, emptiness, and incoherence)
and underlying neuroanatomical structures®’. FTD has a
prevalence rate of up to 80% in SZ, 60% in SZA, 53% in MDD,
and 6% in healthy controls (HC)>. While investigations of
speech and language disturbances (i.e., FTD) assessed with
operational rating scales such as the rating scale for the
assessment of objective and subjective formal thought and
language disorder (TALD)® are of high clinical value, they do
not facilitate the evaluation of nuanced phenomena or
deviations concerning language structure including grammar
and sound organization. Therefore, studies have used compu-
tational linguistic tool such as natural language processing
(NLP) and derived latent features for investigating subtle
alterations in language production and processing including

syntactic and semantic domains®'*. While these studies

successfully reported several NLP latent features (e.g., semantic
coherence''®, T-units, nominal subjects per clause'?) to be
altered in SSD', studies using transdiagnostic approaches in
this field remain scarce’'®,

Many studies have highlighted large commonalities across
different psychiatric disorders. These include the (i) psycho-
pathological overlap: Despite distinct diagnostic criteria, MDD
and SSD share several symptomatic features. For example, both
disorders present with cognitive impairments, anhedonia, and
deficits in social functioning for an example see'®. (ii)
environmental and genetic commonalities: Recent genetic
studies have identified shared genetic risk factors between
MDD and SSD. For instance, genetic variations associated with
both disorders suggest common underlying biological
mechanisms®?%9722, as well as environmental factors such as
childhood maltreatment, pregnancy and perinatal risk fac-
tors?>. Moreover, a recent meta-analysis showed psychotic
symptoms, depressive symptoms, anxiety, disruptive beha-
viors, affective lability, and sleep problems to be transdiagnos-
tic antecedents?*, (iii) neuroimaging similarities: Both MDD and
SSD exhibit reductions in gray matter volume (GMV) in
overlapping brain regions, such as the prefrontal cortex and
hippocampus?>2%. Abnormalities in white matter volume and
brain dysconnectivity®?2?7 were also reported in both dis-
orders, indicating similar structural brain changes?'?%29, (iv)
language dysfunctions: Language impairments, including

' Department of English and Linguistics, General Linguistics, University of Mainz, Mainz, Germany. >Department of Psychiatry and Psychotherapy, University of Marburg, Marburg, Germany.
3Center for Mind, Brain and Behavior, University of Marburg, Marburg, Germany. “Institute for Translational Psychiatry, University of Miinster, Miinster, Germany. “These authors contributed
equally: Arne Nagels, Frederike Stein. “This work is dedicated to the memory of Ame Nagels, who passed away on April 9th, 2024. *email: kschne09@uni-mainz.de
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ZXUGH WLPH

&RPSDUDWLYH FOD:

'"HU *IUWQHU IUDJW VLFK RE HU 7KH JDUGHQHU ZRQGHUV ZKHW

,QGLUHFW TXHVWLF
YLHOH 7TRPDWHQ HUQWHQ NDQQ KDUYHVW VR PDQ\ WRPDWRHV [




,, &2 $87+256+,3

ODUN %HUDUGL .D W-KKIDUWIDQY B DAL RIFRIOWL Q D 6 FKQUHHLOEH U
6+OWPD@RULDQ ZERPIHGCILADQ :URBOMNDWDNLYHPOHIQ QG UD
3KLOLSGHRQDQQORZVNL ,JRU 1HQDGLU 7LOR .LUFKHU $[HO .UX
ODULD 'LHSWODRKLYH LPSRUWDQFH RI VSHHFK DQG YRLFH IHDWX
VFKL]RSKUHQLD DQT@BESOBWLRR®O 3V\FKLDWU\

KWWSV GRL RUJ Vv
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'LH IROJHQGHQ 6HEWWHWOLFXOXP YLWDH HQWKDOWHQ SHUV|QOL
GHVKDOE QLFKW %HVWDQGWHLO GHU 9HU|IIHQWOLFKXQJ






99(5=(,&+1,6 '(5 $.%$'(0,6&+(1+5(1'(1
OHLQH DNDGHPLVFKHQ /HKUHQGHQ LQ ODUEXUJ ZDUHQ
3URI 'U PHG .DWMD %HFNHU
3URI 'U PHG 5RVZLWKD %HUJHU
3'"'U PHG &KULVWRSK %HVW
$OPXW %UDXQ 0 $

DSO 3URI 'U )UDQN 'RPDKYV
3URI 'U .DWL +DQQNHQ ,00MHV
/HD +XQGHUWPDUN

3URI 'U &KULVWLQD .DXVFKNH
-«UJHQ OH\HU .|QLJVE+*VFKHU
8OULNH $VWULG OEXWFKR

B3URI 'U $UQH 1DJHOV

$QQ .ULVWLQ 5HLPFKHQ

3URI 6LONH 5GLQJHU

'U JUHGHULNH 6WHLQ

‘U &KULVWLDQH 8OEULFK
6WHIDQLH 9LHLUD GD 5RVD

.DULQ :LHVH 0 $

OHLQH DNDGHPLVFKHQ /HKUHQGHQ LQ /HLS]LJ ZDUHQ
$QNH $VVPDQQ 0 $

'U (OKDGML $UL $zDJDQD

3URI 'U 'HQLVD %RUGDJ

7HW\DQD &KRERWDU 0 $

3' 'U -RKDQQHV '|[OOLQJ



'U $QMD )HQJOHU

3URI 'U 6DELQH )LHGOHU
'RUHHQ *HRUJL 0 $

3URI 'U &KULVWLDQ *O+FN
3URI 'U )DELDQ +HFN
SHEHNND -D\ 0 $

3URI 'U -|UJ ' -HVFKHQLDN
3URI 'U )UDQN /LHGWNH

'U $QGUHDV OIGHEDFK

3URI 'U 7KRPDV 3HFKPDQQ
3URI 'U 6WHSKDQ 6DOODW
'U .ULVWLQD 6NRUQLDNRYD
3URI 'U %HDW 6LHEHQKDDU
'U 'DQLHO 6LHJPXQG

3URI 'U ODUNXV 6SUHHU
3URI 'U %DUEDUD 6WLHEHOV
'U &ODXGLD 7THOVFKRZ

'U 1LQD 7RSLQW]L

3URI 'U (UZLQ 7VFKLUQHU

5HEHFFD =DEHO 0 $



9,"%$1.6%$*81*

'LHVH 'LVVHUWDWLRQ ZIUH RKQH 8QWHUVWsW]XQJ HLQLJHU OH
*HQDX GLHVHQ 3HUVRQHQ VLQG GLH QDFKIROJHQGHQ =HLOHQ .

=XQIFKVW P|RURH LBK$SUQHADQNEY GHU PLFK VFKRQ LP ODVW]
A.OLQLVFKH /LQJXLVWLN?® LQ ODUEXUJ I+U GLH 1HXURNRJQLWLR
XQG PLU LP 5DKPHQ GHU %HWUHXXQJ PHLQHU ODVWHUDUEHLW
OHQVFKOLFKNHLW XQG +XPRU ZXQGHUEDU HUJIQIHQ N|QQHQ (
VLFK XQVHUH :HJH DQ GHU -*BRLEK)DDY] HWYHQOWFKDIWOLFKH 0L
EHL LKP DUEHLWHWH XQG PHLQ 3URPRWLRQVYRUKDEHQ VWD
JHPHLQVDP DXI GLH IHUWLJH 'LVVHUWDWLRQ DQVWR%HQ XQG Y
HU OHW]WHV -DKU YHUVWRUEHQ LVW 1HEHQ GHU JUR%HQ

'DQNEDUNHLW I+U GLH (UIDKUXQJHQ GLH LFK GXUFKFIKKQ XQG F
ZHUGH GLFK QLH YHUJHVVHQ

'DU*EHU KLQDXV P3IBRWHULFRKLOR GIDUFNHH@ GHU ][XQIFKVW PH
=ZHLWEHWUHXXQJ PHHUUGRRPHHUZHQGXQJ GHU YRQ GHU )RUVI
HUKREHQHQ 'DWHQ HUP|JOLFKW XQG VHKU ZHUWYROOHQ Zl
JRUVFKXQJVWKHPD JHIJHEHQ KDW 'DQN VHLQHU 8QWHUVWeW]X
YRQ $UQH 1DJHOV DQ GLH 8QLYHUVLWIW ODUEXUJ ZHFKVHOQ X
(UVWEHWUHXXQJ EHHQGHQ +HU]JOLFKHQ 'DQN +HUU .LUFKHU
QHXH 3HUVSHNWLYH JHVFKHQNW KDEHQ

'DQN $UQH O HW QW H GLHUKL NDIX&WOHDLUE XUJ NHQQHQ GLH PLFK YRQ
XQWHUVWsW]WH XQG VLFK leU PLFK HLQVHW]WH KOWWVWH VLH
NHLQH hEHUWUHLEXQJ ]X VFKUHLEHQ GDVV VLH HLQH EHVRQ
$EVFKOLH%HQ PHLQHV 3URPRWLRQVSURMHNWY GDUVWHOOW
GHLQH $QOHLWXQJ GHLQH =XDUEHLW GHLQHQ XQHUP*GOLFKI
-DKUHQ + 'DQNH l«U DOOHV )JUHGHULNH

1DWsUOLFK GD QNGIOLP KL@RFX OLHEVWEHMH OHPPWHAKBQ PLFK JHJOD
KDEHQQVEHVRQGHUH GDQQ ZHQQ LFK JHBDGHXJHKKWW RPURK (
DXI DQGHUH *HGDQNHQ JHEUDFKW XQG DOOHV LQ DOOHP GHQ
JHPDFKW KDEHQ ,KU VHLG VR JUR%DUWLJ + 'DQNH



9,(+5(1:957/,&+((5./b581*
'LH IROJHQGH 6HLWH HKUHQZ|UWOLFKH (UNOIUXQJ ZXUGH Y

LVW GDKHU QLFKW %HVWDQGWHLO GHU 9HU|ITHQWOLFKXQJ



