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#BTJT EJFTFSFYQFSIJNFOUFMMFO &SHFCOJTTF FJO PQU.
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*OUIIJTEJTTFSUBUJPO *FYBNJOFUIF SPMFPG UIFGPPU
TUSFTTJO (FSNBOJOMJHIUPGSFTVMUTGSPNSFDFOU OF
TUSFTT QSPDFTTJOH 51JT SFMBUJWFMZ OFX NFUIPE JT \
GFDUTBOETVQQPSUHFOFSBMJ[BUJPOTDPODFSOJOH QS
UIFVTFPGTFOTIJUIJWF UFNQPSBMMZ IJHI SFTPMVUJPC
UBJMT UIBUDBOOPUCFTIPXOCZUZQPMPHJIJDBM DPSQVT
OWFS TFWFSBM DIBQUFST UIF SFBEFS JT HVJEFE UISP
JOWFTUJHBUFE XJUIUIF &31 NFUIPEBOE UIF QVCMJTIFE"
TVNNBSJ[FE GPSN
$IBQUFS&HIWFTBCSJFGPWFSWIFXPG MJOHVJTUJD M
POMZPOUIFNPTUJO+VFOUJBM XPSLT *UJT EJWJEFE JO
SPVHIMZEFTDSJCFEBT QSF 05BOE 05 XPSLTPO UIF QSP"
$IBQUFS "'TVNNBSJ[FTUIFQVCMJDBUJPOT ,OBVT FUBM
%PNBIT "%%%. XIJDIEFBM XJUIUIFFYQFSIJNFOUBMEFTJ
PONBJOTUSFTTJO (FSNBOBOEIPXUIFJSSFTVMUTDBO C
CBTFENPEFM

*ODIBQUFS ( *FYUFOE UIF NFUIPET BOE NPEFMT EFWF
‘%%, BOE ,OBVTBOE %PNBIT "%%%. UPBO JOWFTUJHBU.
JOQFOUBTZMMBCJD XPSET PG (FSNBO $POTFRVFODFTC
BDDPVOUBSFEJTDVTTEFE

$SPTTIJOH UIF CPVOEBSJFT PG UIF QSPTPEJD XPSE UP F
XPSE TUSFTT UP DPO+JDUJOH EFNBOET PG IJHIFS QSPTI
DIBQUFS ) )FSF* TVNNBSJ[F BOE EJTDVTT UIF 6OEJOHT
BQQFBS BOE ,OBVT FUBM '%&&



*OUSPEVDUJPO

SIFMBTUDIBQUFS QSFTFOUT BO PVUMPPL BOE XJEFOT UIF
UP PUIFS MBOHVBHFT 5XP BEEJUJPOBM NPEFSO UIFPSFUJI
BNJOFEJO WIJIFX PG UIFFYQFSIJINFOUBM FWJEFODF QSFTFOL
SIFTFDPODMVEJOH SFNBSLT IJHIMJHIU B DFOUSBM UIFNF P(
VUIMJUZ BOE FWFO OFDFTTJUZ PG FNQJSJDBM EBUB FTQFI
DIPMJOHVJTUJD NFUIPET GPS UIFEFWFMPQNFOU PG B TPV
QIPOPMPHIJDBM TUSVDUVSFBOE QSPDFTTJOH



5/F GPPUJO QSPTPEJD QIP(

*OUIJTDIBQUFS UIFGPVOEBUJPOBMDPODFQUT PG UIF C
USPEVDFEBOEEJTDVTTFE S5IFUFSNIGPPUw XBTBEPQUF
GSPNQPFUJDNFUFS XIFSFIJUEFOPUFTUIFTNBMMFTU TU
BWFSTF DBSSZJOHBTQFDJOD OBNFBDDPSEJOHUPJUT .
FH USPDIFF JBNC EBDUZM BOBQBFTU FUD *OQPFU
JNBMMZ UXP TZMMBCMFT %SBCCMF FUBM '"%%, *O QS
BMTPVOBSZGFFUDPOTJTUJOHPG KVTUBTIJOHMF TZMM|
wWJPVTBOBMPHZUPVTFUIFOPUJPOBTBVOJUPG XPSE TI
DFIWFT FWJEFODF GSPNPUIFS NPSQIP QIPOPMPHJDBM
BTQFDUT PG UIFGPPUJOIDMBTTIJDwWQSPTPEJD QIPOPMP
TFDUJPOPGUIJTDIBQUFS *OBTFDPOETFDUJPO UIF SFI
GPPUJOOQUINBMJUZS5IFPSZJTEJTDVTTFE

SIFGPPUBTBQSPTPEJD VOJU BOE FW.
GPPU

SIFQSIJNBSZBQQMJDBUJPO PG UIF GPPU JO QSPTPEJD Q
XPSETUSFTT )PXFWFS UIJTIBTOPUBMXBZTCFFOUIFDB
OPSJUTBQOMIDBUJPO UP XPSETUSFTT XFSFUSFBUFE V
XPSETUSFTTXBTTFFOBTBQVSFMZQIPOFUJD QIFOPNFO
JOUFOTJUZ QJUDI BOERVBMJUZ PGB WPXFM 'SZ &.*-
1IPOPMPHIJDBMUIFPSZMPPLFEGPSBNPEFMUPEFTDSJC
PG B XPSE SFDFIWFT TUSFTT 51JT NPEFM TIPVME BT XF
X1IJDI TZMMBCMF SFDFJWFT NBJO TUSFTT BOE XIJDI POF



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

XJUINPSFUIBO POFTUSFTTFETZMMBCMF JO B XPSE 5P UIJT
SFMZ PO UIF UFSN GPPU )PXFWFS UIFSF BSF WFSZ EJOFSFQ
GPPUJT

"CFSDSPNCJF &.+) VTFTUIFUFSNGPPUGPSBOBMZTJOH S
PG QSPNJOFOUQPTJUJPOT J F PGTUSFTTFETZMMBCMEFT .
JUJPO B GPPU EFOPUFT UIF EJTUBODF GSPN POF TUSFTT U
I JTPDISPOPVT TUSFTT QVMTFw UIBU EJWJEFTBO VUUFSBODI
"CFSDSPNCJF &.+) '&, "CFSDSPNCJF &.+) '&, "&- NFOU.
MBCJD EJTZMMBCJD BOE USJTZMMBCJD GFFU GPS &0OHMJTI
BEKVTUFE UP BDIJFWF FWFO MFOHUI PG B GPPU J F TZMM
BSFMPOHFTU XIJMFUIFTIPSUFTUTZMMBCMFJT BMXBZT GP
&OHMITITZMMBCMFT BUSJQBSUJUFMFOHUIEJTUJODUJPO
POF UJNF VOJU TZMMBCMFT PG NFEJVN MFOHUI CFBS POF E
MBCMFT CFBS UXP UJNF VOJUT "CFSDSPNCJF &.+) '&. "T1
SFGFSFODFUPUIFTUSFTT QVMTFJUJTJOEFQFOEFOU PG XF
UFOE PWFS B XPSE CPVOEBSZ "CFSDSPNCJF &.+) '&, 517
UPQ EPXOWIFXPGTUSFTTBTTIJHONFOU 4USFTTFTBSF HJW
UIFTIBQFPGUIFQSPTPEJD VOJU GPPUJT TIBQFEBDDPSEJO
-JOFBS NPEFMT MJLF UIBU PG $IPNTLZ BOE )BMMF &.+- E
HJDBM TUSVDUVSFBTBMJOFBS TFRVFODF PG TFHNFOUT GP
CVOEMFT OS5IFZUSFBU XPSE TUSFTT BT B TQFDJBM QIPOPMI
<O TUSFTT> XIJDI UBLF UIF TUSFTT MFWBMIBITIRSFBUVSBM V
SFTUSJDUJPO PO UIF OVNCFS PG TUSFTT MFWFMT UIBU B WF
BTTIJHOFE CZ SVMFT JO B DZDMJD XBZ $IPNTLZ BOE )BMMF
SVMFT TUBUFE CZ MJOFBS NPEFMT JUJT QPTTJCMF UP EFTCL
QBUUFSOT PG TUSFTTFEBOE VOTUSFTTFETZMMBCMFT GPV
FWFS UIFSFJT OP SFTUSJDUJPO XJUIJOUIFTF NPEFMT UP Q
QBUUFSOTBOE UIFSFGPSFSVMFTDBOOPU FYQMBJO XIZ UIF
MBOHVBHFT *O GBDU BT $IPNTLZ BOE )BMMF &.+- )% % Ul
FBS NPEFMT DPVME EFTDSJCF BOZ LJOE PG OPO FYJTUFOU
EFTDSIQUIWFJOBEFRVBDZ XBT POFPGUIFSFBTPOTUIBUM
UIF OPUJPO GPPU TFF CFMPX 'VSUIFSNPSF MJOFBS NPEF
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SFMBUJPOBM QSPQFSUZ PG XPSETUSFTT "TFHNFOUBM
BTZMMBCMFJTTUSFTTFEPS OPUCVUJUDBOOPUFYQSF'
SFTQFDUUP PUIFSBEKBDFOUTZMMBCMFT DG 4FMLJSL
8JUI UIF BEWFOU PG OPO MJOFBS NPEFMT UIF WJFX P
4A4USFTT XBT OPXEFTDSJCFEBT B SFMBUJPOBM WBMVF J
BTTUSFTTFEJG UIFSFJTBOBEKBDFOUTZMMBCMF XI1JDI
SIF XPSLPG-JCFSNBOBOE 1SJODF &.,, XBTPOFPG UIF C
UlJTSFTQFDU -JCFSNBOBOE1SJODF &.,, UBLFTUSFTT
BOEEFEVDFUIFTUSFTT MFWFMT GSPNUSFFTUSVDUVSF
XIFSFPOFCSBODIJT XFBL X BOEUIFPUIFSJTTUSPOH T
JOOHVSF & &

'JHVSF & & 5SFFTUSVIDUVUSF® G UIF XPSE

QZ UIPO

SIFTFUSFFTUSVDUVSFTBSFBQQMIJFEUP XPSET QISBT
JMBS GBTIJPO 8IIJMFQISBTFTBMXBZT BSF MFg CSBODIJ(
JOHMZJT PO UIF MFg TUSFTT QPTJUJPOT JO DPNQPVOE"™
UFSOBM CSBODIJOH TUSVDUVSF MFg PS SJHIUTUSPOH
<eTUSFTT>JTBTTJHOFEUP WPXFMT CZBO JUFSBUJOH S
NFUSJDBM USFFT BSF CVIMU VQ XIFSF < TUSFTT> DPSSF
<, TUSFTT> UP B XFBL OPEF #Z SFMZJOH PO CJOBSZ CSB
TUSVDUVSF BOE MBCFMMJOH PG UIF TFRVFODFT JT VOJF
BOE1SJODF &.,, '++ S5IFTFTVCUSFFTJOUVSOBSF JOI
MFWFMUSFFT XIPTFOPEFTBSFTUSPOHJG UIFZCSBODI |



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

NBOBOE 1SJODFBMSFBEZBOUJDJQBUF UIFDPODFQU XI1JDI .
POUIFGPPUCZBTTVNIJOHUSFFTUSVDUVSFT CFMPX UIF XPS
S5IF DPODFQU PG UIF GPPUBT B TFQBSBUF QBSBNFUSJD V
EFWFMPQFE TUBSUJOH JO UIF MBUF &.,% TBOE &.-% T XJUI |
&.,.B 4FMLJSL &.-% &.-) )BMMF BOE 7FSHOBVE &.-, )B.
BNPOH PUIFST 4FMLJSL EF6OFT UIFUFSNGPPUBTUIFQSPT
BUJOH CFUXFFOUIFTZMMBCMF BOE UIF QSPTPEJD XPSEw &
PG UIFGPPUJT BWFSZ EJOFSFOU POF GSPN UIBU PG "CFSDS
4AFMLJSL DBYAMTUIPEPRTIUIPO JO UIF QSPTPEJD IJFSBSDIZ J7
IFTQPSBOE 7PHFM &.-+ BT TIPXOJOOGHVSF & '

'JHVSF & ' S5IFQSPTPEJDIJFSBSDIZ

QIPOPMPHIJDBM VUUFSBODF

\
JOUPOBUJPOBM QISBTF

\
QIPOPMPHJIDBM QISBTF

\
DMJUJD HSPVQ Yy

\
QIPOPMPHJDBM XPSE

|
GPRU
|
TZMMBCMF

'PSUIFQSPTPEJDIJFSBSDIZ UIFTPDBMMFE i4USJDU-BZFS
QSPQPTFE 4FMLJSL &.-) /FTQPS BOE 7PHFM &.-+ XI1JDIDP
IPXQSPTPEJDDPOTUJUVFOUTDBOCFQPTJUJPOFEBOE OFT

>"MUIPVHI UIF UFSN AGPPU JT JO GBDU VTFE SFQFBUFEMZ CZ -JCFSN|
USFBUFE NPSF BT B QPTTJCMF BMUFSOBUJWF PS BDDPNQBOZJOH EFT
XIJDIOFFETUPCFFYQMPSFEGVSUIFSBOE OPUZFUBTBEJTDSFUF QSP
MBUFS XPSLTPOUIFUPQJD DG EJTDVTTIPOJO4FMLISL &.-% *+-



SIFGPPUJO QSPTPEJD QIP(

4USJDU -BZFS )ZQPUIFTJT DPOTJTUT PG UXP QSJODJQMI
HP CBDLUP 4FMLJSL &.-&

& & 5IF4USJDU -BZFS )ZQPUIFTJT

B "DBUFHPSIA® G NFRMPMPEJD IJFSBSDIZJINNFEJBUFN
POFPS NPSFDBUFHPIFMLBG6MREBWRM (-’

C SIF MPXFS DBUFHPSZJT FYIBVTUIJWFMZ DPOUBJOF
X1IJDIJUJT QBSUPG 4FMLJSL &.-& (-(

"T DPOTFRVFODF PG & & B SFDVSTJPO PG QSPTPEJD T
CMPDLFE )PXFWFS 4FMLJSLIFSTFMGBMSFBEZDJSDVNYV
BTTVNJOHOPEFTJOUIFUSFFUIBUEP OPUIBWFBDBUFHTI
POMZ *OUIJT SFHBSE UIF4USJDU-BZFS )ZQPUIFTJT BN
PsFOQSPQPTFEGPPUCJOBSJUZ TFFCFMPX *UJTBUM
CPUISFTUSJDUJPOT PO QSPTPEJD TUSVDUVSFJO B OVNC
UlBUDPOTJTUPGBO PEEOVNCFSPGTZMMBCMFT *G GFI
UIFSFJT BMXBZT POF TVSQMVT TZMMBCMF XI1JDI FJUIFS |
PSEFHFOFSBUF GPPU PSSFNBJOTVOGPPUFE 5IFMBUU
TUSJDUMBZFSJOH 5IFQSFWBJIJMJOH WJFX JO UIF MJUFS
QBSU PG UIF 4USJDU -BZFS )ZQPUIFTJTJT OPU UP CF JO|I
PSPVT TFOTF *O NPSF SFDFOUBQQSPBDIFT XIJDI NBLF V
NPEFMT MJLFOQUINBMJIJUZS5IFPSZ TFFOFYUTFDUJPO Jl
VQUIF4USJDU -BZFS )ZQPUIFTJTJOUPTFWFSBM TJOHMF
&..* 1FQFSLBNQ &.., *UUBOE .FTUFS '%%( BNPOH PUIF
FSBMJ[BUJPO UIBU DPNQMFY QSPTPEJD TUSVDUVSFT BS
QBSTFETZMMBCMFT XIJDIBSFJODPSQPSBUFEJOUP QSP"
JTNBJOUBJOFE IPXFWFSOPUJOUIFTFOTFPGBOJOWBS
TUSJDUJPO XI1JDIJTJO+-VFODFECZPUIFS QSPTPEJD XFM
5/F TFDPOE QBSU PG UIF 4USJDU -BZFS )ZQPUIFTJT CM
FHPSZ GSPNTQBOOJOHPWFSBIJHIFSMFWFMDBUFHPSJ
DSPTT XPSE CPVOEBSJFT DG /FTQPS BOE 7TPHFM &.-+

?5I[FUFSNIDBUFHPSZWJT VTFEJOBOBMPHZ UPTZOUBDUJD DBUFH|I



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

JT MFETT DPOUSPWFSTJBM BMUIPVHI UIFSF BSF JOEFQFOEF!
UIFPSFUJD DPOTUSBJOUT XIJDIDPO+JDU XJUI UIJT FYIBVTU
'%%' "EJTDVTTJPOJO UIFMJHIUPGFYQFSJNFOUBMOBOEJO
DIBQUFS "BOEDIBQUFS (

S5IFJEFB PG UIF TUSFTT GPPU XBT EFWFMPQFE JOUP B QB
UIF GPPU CZ )BZFT &.-& &..* J)F DIBSBDUFSJ[FT GFFU BMF
IFBEFEOFTT CPVOEFEOFTT EJSFDUJPOBMJUZ JUFSBUJWJ
JFBEFEOFTT EFTDSJCFT UIF QPTJUJPO PG UIF QSPNJOFOU
"GPPUDBO FJUIFS CF SJHIU IFBEFE JBNCJD PS MFg IFBEFI
&.-& &%, 5S5I1JTDBUFHPSJ[BUJPOJT GPVOEFE PO B OVNCFS
JNFOUT TFF )BZFT &..* ,. GPSB MJTUJOH XIFSFQBSUJDJ
XJUI B TFRVFODF PG TFHNFOUBMMAUBRVBWFITZWMMBZLMFT F F
TFDPOE TPVOE XBT NPSFQSPOPVODFEUIBOJUT QSFDVSTPS
CZMFOHUIFOJOH UIF QBSUJDVMBS TZMMBCMF QBSUJDJQB
XJUI 6OBM TUSFTT *G UIFFNQIBTJT XBT PCUBJOFE CZ QMBZ
QBSUJDJQBOUT GPSNFECJOBSZHSPVQJOHT XJUIJOJUJBMT
JNFOUBM OOEJOHT )BZFT GPSNVMBUFE UIFi*BNCJD 5SPDIBJ

& ' 5I|F*BNCJD 5SPDIBJD -BX )BZFT &..* -%

B &MFNFOUTDPOUSBTUJOHJOJOUFOTJUZOBUVSBMMZ GPSN H!
QSPNJOFODF

C &MFNFOUT DPOUSBTUJOH JO EVSBUJPO OBUVSBMMZ GPSN HS
QSPNJOFODF

SIJTQSJODIQMFJTJOIFSFOUMZSFMBUFEUPUIFIFBEFEOFT"
PSJOEJSFDUMZ JO+VFOUJBMGPSMBUFSBOBMZTFT XJUIJO
SIFPSZBT XFMM FH "MCFS &..,C

5|F QBSBNFUFS CPVOEFEOFTT EJOFSFOUJBUFT CFUXFFO
CPVOEFETUSFTT XIFSFTUSFTTFTCFBSBOYFE SFMBUJPO U
PUIFSTUSFTTFETZMMBCMF BOE VOCPVOEFE TUSFTT TZTUFI
PGUIFTFTFRVFOUJBMPSEJTUBODF SFMBUJPOTIJQT )BZFT
JOIFSFOUMZ SFMBUFE UP GPPU CJOBSJUZ 5IVT UIFBCPWEF |
CFFYQSFTTFECZTUBUJOH UIBU MBOHVBHFT XJUI CPVOEFE



SIFGPPUJO QSPTPEJD QIP(

cCJOBSZCSBODIJOHUSFFT 51JTJTBSFTVMU PG UIF SVM
*OMBOHVBHFT XJUICPVOEFETUSFTTUIFSFBSF OPIEPNJ
IJHIFS VQ JO UIF USFF UIFZPOMZ BQQFBS BU WFSUJDBN
%VFUPUIJT SFTUSJDUJPO OPGVSUIFSCSBODIJOHJT QF
XFBL OPEFTCZEF80OJUJPODBOOPUCSBODI )BZFT &.-&
HSPX MBSHFS UIBOUXP TZMMBCMFT 60OCPVOEFE TUSFT
SFTUSJDUJPOT UIFQPTJUJPO PG EPNJOBOU OPEFTJT D
), S5PBDDPVOUGPSTUSFTT QBUUFSOTUIBU EFWJBUF G
QMIJFT UIF DPODFQU PG FYUSBNFUSJDBMJUZ )BZFT &.-&
&%N* &%- XIIJDIIJNQMJIFT UIBU B QSPTPEJD VOJU NPSB
FEHF FH PGUIFQSPTPEJD XPSE JTJIJHOPSFECZUIF QB
TIJ[FIJTBTJOHMF TZMMBCMF *O DBTF UIJT TZMMBCMF J
EF60OJUIJPOPGTZMMBCMF XFJHIU UIJT GPPUJT DBMMFE
S5IFPDDVSSFODFPGEFHFOFSBUFGFFUJT FJUIFS SFTUSJ
QSPIJCIJUFEDPNQMFUFMZ )BZFT &..* -+ &%*

5|FSFBSFUXP QBSBNFUFST UIBU BoOFDU QBSTJOH EJS
)BZFT &..* &&( %JSFDUJPOBMJUZ TQFDJOFT UIF PSJF
UuJPO FJUIFSGPPUJOHTUBSUTBUUIFSJHIUPSUIF MFg X
JOFT XIFUIFS GPPUDPOTUSVDUJPO BMHPSJUINTBSF BQ(
‘JOBMMZ )BZFT EJTUJOHVITIFT CFUXFFO MBOHVBHFT
MBCMF XFIJHIU &.-& && &* 4PNF MBOHVBHFT TIPX B Q
IFBWZ TZMMBCMFT XIJMF PUIFS MBOHVBHFT EP OPU %
JDBM NPEFM GPMMPXFE UIFTFBSFEFOOFEBTTZMMBCM
QSPQPTFEF H CzZ .D$BSUIZ &.,.B C PS XJUIBCSBODI.
POMZTZMMBCMFT XJUI MPOH WPXFMTDPVOUBTIFBWZ P
POF NPSB JO NPSBJD UIFPSZ )BZFT &.-. XIFSF XFJHIU .
JOUP TFHNFOUBM TUSVDUVSFJOTJEFUIFTVCTZMMBCJD
TZMMBCMFT BSF SFHBSEFE BT MJHIU -BOHVBHFT XIJDI |
IFBWZBOE MJHIUTZMMBCMFT BSFDBMMFE RVBOUJUZ TF
USFBUCPUITZMMBCMFUZQFTBMJLF BSFDBMMFE RVBOL

@51JTQBSBNFUFSPCWJIJPVTMZQMBZTB MFTTFS SPMARJO UIFPSFUJCLC
PSZ XIJDINBLFVTFPG QBSBMMFM FWBMVBUJPO



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

"MPOH UIF NFOUJPOFE QBSBNFUFST )BZFT &..* ,& BTTV
CPVOEFEGPPUUZQFT (IZ MMSBECID WSSHEDOAER B NIC
XIJDI'IFFTUBCMJTIFT PO UIFCBTJT PGUZQPMPHJIDBM EJTU S
EJTUSIJCVUFEBTZNNFUSJDBMMZBDSPTTMBOHVBHFT "DDP
JBNCJD RVBOUJUZ JOTFOTIJUIJWF MBOHVBHFT "MUIPVHI UI
OPUCFBCTPMVUF )BZFT QSPQPTFTUPBOBMZ[F UIF SBSF DI
JOHTVQFS6DJBMMZ BOJBNCJD RVBOUJUZ JOTFOTJUJWF QE
TZMMBCMFTVOEFSMZJOHMZ &..* '++ '+- S5IFBTZNNFUSZJ
UZQFTJT TVNNBSJ[FEJOUBCMF & &

5SBCMF & & 5SPDIBJDBOEJBNCIJD TZTUFNT JO DPNQB:

USPDIFF JBNC

MFglIFBEFE SJHIUIFBEFE

RvBOUJUZ TFOTJUJWFPS RVBOUJUZ JOTFOTJUJWF RVBOI
SJHIUUP MFg BOE MFg UP SJHIU GPPU QBSTJOH MFg UP SJ
PQUJIJNBM XJUI FRVBM RVBOUJUJFT JOUFOTJGZJOH

SIFEFTDSJCFEBTZNNFUSZTIPXTVQJOGPPUCBTFEQIPOPI
TvDI BT JBNCJD MFOHUIFOJOH BOE USPDIBJD TIPSUFOJOH
JOUP JBNCT UFOE UP CF PG VOFRVBM MFOHUI *O NBOZ MBC
QMJTIFE CZJBNCJD MFOHUIFOJOH J F B MFOHUIFOJOH PC
)BZFT &..* -( 5SPDIFFTBSFQSFGFSBCMZPGFRVBM MFOH
FOJOH QSPDFTTFTJOUSPDIBJD MBOHVBHFT FH USJTZMNWN
UPBDIJFWF UIJT )BZFT &..* &)* &).

"QBSU GSPN UIFUSFF NPEFM PG TUSFTT SFMBUJPOT EFTD:
JWF OPUBUJPO GPS UIFEFTDSJQUJPO PG SIZUINJDBM TUSF"
&.-( XJUlJUT GPVOEBUJPOT BMSFBEZ MBJE JO UIF TFDPOE
1SJODF &.,, (%.0 XIFSFOVNCFSFEHSJENBSLTBSF VTFE |
SFMBUJPOT XJUIJO QISBTFT 5I1JT TP DBMMFE NFUSJDBM H
WBUJPOT PG DMBTI QIFOPNFOB J F TUSVDUVSFT XJUI BEk

A)BZFT &..* '+' '++ EJTDVTTFTBOVNCFSPGJBNCIJDMBOHVBHFT XIFSF
SJHIUUP MFg QBSTJOH PG GFFUBOE HIWFT DPOWJO®JOH BMUFSOBUJ'
UP SJHIUQBSTJOHJOUIFTF MBOHVBHFT

& %



SIFGPPUJO QSPTPEJD QIP(

4VDI DMBTIFT BSF HFOFSBMMZ EJTQSFGFSSFE BOE PgFC
UIFDMBTIJOH TUSFTTFT POUP B OPO BEKBDFOU TZMMBC
SFQMBDFT UIF OVNCFSFE NBSLT CZTINQMF DSPTTFT *C
CZUSFFTUSVDUVSFo0-JCFSNBOBOE 1SJODF &.,, TUJM
olFEFSIWFTUIFN EJSFDUMZ GSPNUIFTZMMBCMF NPSF
TUSVDUVSF 1SJODF &.-( ., 5IFDPSFPG1SJODF T UIFI
PGUIFGPMMPXJOHUZQFT

B 5IFi&OE3VMFw XIJDISFRVJIJSFTUIFMFg PS SJHIUNF
BUPOFQSPTPEJDMFWFMSFDFJWFTBHSJENBSLBUU
&.-( -

C &YUSBNFUSJDBMJUZ SVMFT XIJDINBZBQQMZ BU EJ

D ilFSGFDU (SJE$POTUSVDUJPO 1( XIJDIFTUBCMJTI
JNBMMZ PSHBOJ[FEVQUPBDFSUBJO MFWFM BOE DMI
TUBSUJOH XJUIBQFBL J F BHSJENBSL PSBUSPVE
JOHMF@g PS SJHIU

E i.PWF XIJDI SFPSHBOJ[FT PUIFSXJTF VOBWPJEBCMF
&.-( ., CZNPWJOHBHSJE NBSL UP BOPUIFS BEKBDF
TBNF MFWFM

F 3VMFT SFHBSEJOH RVBOUJUZ SFTUSJDUJPOT USFB
NPSBT 1SJODF &.-( .,

SIFJOUFSQMBZ PG TPNFPGUIFTF SVMFQOBBBEBA¥UFP XO V1
BOFYBNQMF TFFOAHVSF & ( "UMPXFTU MFWFM FWFSZ TZ
"1(SVMFBOEBO &0E 3VMF SJHIUNPTU DSFBUF UIF HSJ
GPPU MFWFM "U UIF TBNF MFWFM BO FYUSBNFUSJDBM.
HSJE NBSLJOWJTJCMF JOEJDBUFE CZ QBSFOUIFTFT GF
X1IJDIJTBQQMIJFEBHBJO UP DSFBUF UIFHSJE NBSL PO XP
5|lFDSVDJBM EJOFSFODF CFUXFFO UIFPSJFTVTJOH PON
NFUSJDBM HSJE JT UIBU UIF MBUUFS JTSB®PFPO RUIUVFOU
.+ 1SJODF VTFT UIF QSPTPEJD DPOTUJUVFOU OBNFT U

& &



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

'JHVSF & ( (SJETUSVDOQBSBOPUWFIF XPSE
Y

Y Y

Y Y Y

QB SB DIVUF

o O

CVUUIFTFBSFKVTUMBCFMT &TQFDJBMMZ UIJTIBTDPOTF
QSPTPEJD VOJU SFMFWBOU GPS TUSFTTBTTJHONFOU 'FFU
PNFOPO 1SJODF &.-( -- S5IJTBTTVNQUJPO XBTDPOUJOVFI
X1JDI QSPQPTFT B HSJE POMZ NPEFM BT XFMM X1JDI EJTDB
QISBTFTBTDPOTUJUVFOUTPGUIFQSPTPEJD IJFSBSDIZ 4F\
UIFTF FYUSFNF QPTJUJPOT IBWF SFDFJWFE TPNF DSJUJDJT
BSHVFTBHBJOTUBHSJE POMZNPEFMCZ TIPXJOHUIBUJO M
XIJDIFYIJCJUBTUSFTTQBUUFSO XJUISJHIUEJSFDUJPOBMJ
EJSFDUJPOBMJUZ JOBOPUIFS BHSJE POMZ NPEFM NJTTFT L
HFOFSBMJ[BUJPO "TJTTIPXOJOFYBNQMF& ( BQVSFHSJE
MFg UP SJHIUQBSBEJHNBTQFBLG&STU B UIFPUIFSPOFBT
BNPEFM XIJDIBTTVNFT GFFUBT QSPTPEJD DPOTUJUVFOUT I
UZQF GPS CPUI QBSBEJHNT 5IVT UIF HSJE POMZ NPEFM IBT
NFUFS TXJUDIFT XIJMF UIF NPEFM XJUI GFFUBTTVNFT B TXJ
POMZ 'VSUIFSNPSF BTTVNJOH GPPUDPOTUJUVFOUTBMMP:
UIJTLJOEUPIBWFBTJOHMF GPPUUFNQMBUF XI1JDIGPSNTB i
)BZFT &..* )*

& ( %JOFSFODFTPGHSJE POMZNPEFMT BOE NPEFMTBTT

B 1BUUFSO ad a
%JSFDUJPOBMJIUZ
(SJE POMZ NPEFM Y Y
.PEFM XJUI GFFU Y Y



SIFGPPUJO QSPTPEJD QIP(

C 1BUUFSO ad yoa
%JSFDUJPOBMJUZ °
(SJE POMZ NPEFM Y Y
.PEFM XJUI GFFU Y Y
8JFTF &.-- &) &, QPJOUTPVUUIBUBQVSFHSJE NPEFN

(FSNBO TQFBLFST JOUVJUJWFMZ HSPVQ UPHFUIFS UIF &
XFMM BT UIF UIJSE BOE GPVSUI CVUOPUUIFETEDPOE BOE
NBO XPSETCMOUEYEBQBHBIOEBBFMBUJPOBM BTQFDU JT F
OBUVSBMMZ CZB NPEFM UIBUBTTVNFTGFFUBTQSPTPEJ
00 UIF XIPMF JU TIPVME CF OPUFE UIBU BQBSU GSPN U
TUJUVFODZ PG TFWFSBM FMFNFOUT PG UIF QSPTPEJD IJF
USFF BSF MBSHFMZ DPNQBUJCMF .BOZ BQQSPBDIFT DP
TJOHMF OPUBUJPO PgFO DBMMFE CSBDLFUFE HSJE F H
)BZET &..* BNPOH PUIFST XJUI WBSJBUJPOT JO CSBD
QBJSFE CSBDLFUT BOE JO OPUBUJPO PG UIF MPXFTU HS.
X1JDIBSFOPUEJTDVTTFE IFSF

"QBSU GSPNJUT SPMFBTQSPTPEJD VOJU JOWPMWEE J(
GPPU IBT SFDFJWFE JOEFQFOEFOU FWJEFODF JO PUIFS
5BCMF & 'PO UIF OFYU QBHF HIWFTB OPO FYDMVTJWF TF
"MM UIFTF QIFOPNFOB BSF EFTDSJCFE BEFRVBUFMZ CZ
GPPU EPNBJO 5I1JT XBZ JUJT QPTTJCMF UP GPSNVMBUF
OFFE UP NBLF SFGFSFODF UP GPPU GPSN JUTFMG BOE UI
GSPN UIF MBOHVBHFE TQEDJ3D GPPU DPOTUSVDUJPO SVN\
&%% 8JUIPVUBTTVNJOHGEFUPOF XPVME CFPCMJHFE L
PG SVMF BQQMJBODFT TFQBSBUFMZ 5P TVN VQ UIF QSF
GPS TINQMFS SVMFT XIJDI JEFOUJGZ DPSF HFOFSBMJ[BL
GFSFOU QIPOPMPHJDBM QSPDFTTET 5IF GPPUJT UIVTJ
OVNFSPVT OPO TUSFTT QIFOPNFOBBT XFMM

&(



SIFGPPUBTBQSPTPEJD VOJUBOE FWJEFODF GPS UIF GPPU

5SBCMF & ' 1IPOPMPHJDBM QSPDFTTFTBQQMZJOHBU G

-BOHVBHF 1IFOPNFOPO 4PVSDF
"QQMFDSPTBEMI[BUIJPO BQQMIF WBOMAZGRYPMTU BOE 4NJUI
(BFMJD JOUFSOBMMZ &.-'" (&, ('" /IFTQPSBOE
TPHFM &.-+ .- ..
"NPZ 4UPQ WPIJDJOH BOE HEBNQOBUIWP QI TIEFQPS BOE
BGPPUPOMZ 7TPHFM &.-+ .* .,
.BOEBSJO OOFGVMMZUPOFETZMMBCMF QFS GPPU :JC
/TPHFM &.-+ .* .,
&OHMJITI "TQJSBUJPOBQQMJIFTPPOMEQR APIFFRAW RRU-+ . &

JOJUJBM TFHNFOU OP NBUUFSJG UIBUGPPU
DPOUBJOTB TUSFTTFE TZMMBCMF PS OPU
&OHMJTI OCMIFBBESBUIPOBQBSTLZ &.,. )(. ))%
.VUVBMSTTINIJMBUJPO /FTQPSBOE 7PHFM &.-+ .)
&OHMJITM®%HFWPJIDJOH BOE %JQIUP@BSTLZ &.,. ))%
41PSUFOJOH IETQPS BOE 7PHFM &.-+ .(
%VUDI > ,QVHUWLRQ/BIQGWKHQUWINTFOIPWFO &..( )- *%
(VI TFOIPWFO BOE +BDPCT
&..- ''-
(FSNBO 'P P UpLA@MHBWIL R Q E HBR B AR Q% Ph\oV * - *.
ZLWKRXW FRQVRQDQWYV
(FSNBO 1IMVSBM GPSNT BMM 8BRFF BQB/&% G&PN UIF
TQMVSBM BI&HBM SUHFHGLQJ
VWUHVVHG VIOODEOH L H WKHVH SOXUDOV HQG
LQ D ELVIOODELF IRRW
(FSNBO )ZQPDIPBOEIIDSU B8JFTF '%%% +' +)
GPSNT BSFBMM GPSNFECZ CJTZMMBCJD
GFFUPOMZPSFOEJOBG3OBMCJTZMMBCJD
GPPU
(FSNBO *O SFEVQRLMBQRIPEOITBIFTE '% %% +)
NBJO QBSUPG B GPPUJTUBLFOBT
SFEVQMJDBOU
.BOBN 3FEVQMJDBUJPO SFE\DG®INBIBWE 1SJODF &..+
NPSQIFNFJTBCJIJTZMMEBIBGPRICFS '%%*C *)(
&OHMJTI 1PTJUJPO PG FY QM FAUSB\SFUID 6& BUJP O
$BMJ GVDLJO GPSOJB
-BSEJM .JOJNBM XPSE FOFDUSJIXPSBDEMNPBBOTLZ
MFBTUDPOTJTUBU MFBRU.PGY%@'F &BPUMCFS
'%%*C *)( *))
&OHMJTI 5SJTZMMBCJD 4P SUFIIMH &SRDEEIL* "MCFS
4IPSUFOJOH '%%*C *))

&)



SIFGPPUJO QSPTPEJD QIP(

SIFGPPUJO OQUJINBMJUZS5IFPSZ

SIF BQQSPBDIFT UP XPSE TUSFTT EFTDSJCFE JO UIF QS
HSPVOE GPS NBOZ DPOTUSBJOUT VTFE JO OQUJNBMJUZ
CFHIJOOJOHTDPODFSOFE XJUIBOBMZ[JOH XPSETUSFTT
UIJTUIFPSFUJDBM GSBNFXPSL 1SJODF BOE 4NPMFOTLZ
PGDPOTUSBJOUT XIJDIJTVTFEJO 05 XIFOEFBMJOH XJUI

#BTJD OQUJIJNBMJUZ 5IFPSZ

5P DBQUVSF UIF EJTUSJCVUJPO PG NBJO TUSFTT JO V
ESIWFO TUSFTT TZTUFNT 1SJODFBOE 4NPMFOTLZJOUS
1 y BOE & 1y 1 y EFTDSJCFTUIBUUIFQS
QPTJUJPO GPS NBJO TUSFTTJOBTUSJOHPGTZMMBCMF
IJOUSJOTJID QSPNJOFODFw B

&) 1y 1 y o1 1
1FBLGAFBL Z JG]Y] ]Z]
i#z 1y 1 y UIF FMFNFOU Y JT B CFUUFS QFBL L

JOUSJOTIJD QSPNJOFODFPGYJTHSFBUFS UIBO UIB
1SJODFBOE4NPMFOTLZ "%%) )+

1y 1 y JTGPVOEFEPOUIF)FBWJOFTT4DBMF & * U
EJTUJODUJPO TVHHFTUFE CZ )BZFT &.-& TFF QBHF . 4
CSBODIJOH SIZNF J F MPOH WPXFM QMVT DPOTPOBOU
DMVTUFS BSFQMBDFE BU UIFUPQ GPMMPXFE CZTZMMI
XIIMFTINQMFPQFOTZMMBCMFT GPSNUIFFOEQPJOU PG
MBOHVBHFTNBZWBSZPOUIFFOFDUJWF OVNCFSPGHSBE

B5IFSFJTBO FYUFOTJWF EJTDVTTJPO JO UIF MJUFSBUVSF PO IPX |
BDUVBMMZUP CFDBQUVSFE DG SFGFSFODFTHJWFOJO1SJODF B¢
MPXIFSFUIFNPSFHFOFSBMDPODFQUJPOPGUIFQSPNIJOFODF QSJ
JPNPMPHZwWw EF6OFE JO .D$BSUIZBOE 1SJODF &..+

&*



SIFGPPUJOOQUJIJNBMJIUZS5IFPSZ

PWFSBMM HFOFSBMJ[BUJPO UIBU UIF NPSF TFHNFOUBM NBL
IFBWJFSUIFTZMMBCMFJT WBMJE GPSBMM MBOHVBHFT

& * J)FBWJOFTT 4DBMF 1SJODFBOE 4NPMFOTLZ "%%) )-
1$77$ $73$3$] 1877 $78] ]19$7]

& EFUFSNJOFT UIF GBWPSFE QPTJUJPO PG UIF QSPNJOTI
NBJO TUSFTT QPTJUJPO

& + & QL -]3 8PSE
"QFBLPG QSPNJOFODF MJFTBUUIF-]3FEHFPGUIF 8PS
1SJODF BOE 4NPMFOTLZ '%%) )+

*G & JT SBOLFEIJHIFTU NBJOTUSFTT GBMMT TUSJDUM
TZMMBCMF JO B XPSE 8JUI1 1 SBOLFEBCPWF & NBJ
POUIF SIJHIUNPTUPS MFgNPTUIFBWZTZMMBCMF 1SJODF BC
*O NBOZ MBOHVBHFT TUSFTT PO XPSE 6OBM TZMMBCMFT .
4NPMFOTLZ GPSNVMBUF UIJT JO B TIOHMF DPOTUSBJOU /
IFMQ PG UIJT DPOTUSBJOU WBSJPVT FYDFQU XIFO SVMFT E
JUZ TUSFTT TIJg PSEFTUSFTTJOH BOE UIF MJLF DBO CF TV(
TIOHMF QIFOPNFOPO 5IF EF60OJUJPO PG/ 'y TMIHIUMZ
JOUIFMJOF PG SFBTPOJOH 1SJODFBOE 4NPMFOTLZ QSPWJ
UJPO BOEUIFOEFWFMPQUIFDPOTUSBJOUJOUIFDPVSTF P(
TUSFTTSFMBUFE QIFOPNFOB 5IJTSFTVMUTJOUISFFEJOFSIH

&, | 'y
B 5lFQSPTPEJDIFBEPGUIFXPSEEPFTOPUGBMMPOUIF
1SIJODFBOEA4ANPMFOTLZ "%%) )-

C SIF IFBEP@UIF 1S8E8ENVTU OPUCF 60BM
1SJODFBOE 4NPMFOTLZ "%%) *&

D /IPIFBEPG 1S8EJT 60BMJO 1S8E
1SJODFBOE4NPMFOTLZ "%%) +' +-



SIFGPPUJO QSPTPEJD QIP(

"MMUIFTFDPOTUSBJOU EF60OJUJPOT IBWF JO DPNNPO UI
BQSPTPEJDIFBE XJUIJOUIFQSPTPEJD XPSE 1S8E G5IFE
DPODFQUJPO PG SFDVSTIJWJUZ PG QSPTPEJD IFBET &JL
IFBE GPPU J F UIF GPPUDBSSZJOH NBJO TUSFTT & , C
OPUFTPOMZUIFNBJO TUSFTTFETZMMBCMF & ,B PSB
%F60OJUJPOTB BOEC SBUFDBOEJEBUFTEJOFSFOUMZ "
BXPSEPGUIFTZMMBCJD TUSVDUVSF -)JOBUSPDIBJD TZ
JT QBST-HFEIRJTXPVME OPUWJPMBUF/ ' vy BTEFOOFE JO
TUSFTTFE -JT OPUUIF6OBMTZMMBCMF XIJMF JU SFDFJ
DPOTUSBJOU EF60JUJPO C BT UIFIFBE GPPUJT DMFBS
FSUIFMFTT 1SJODF BOE 4NPMFOTLZ "%%) +' +) +. TIP)
-BUJO XPSE TUSFTT UIBU CPUI GPSNT PG/ ' vy BSF OF
BOBMZTF TUSFTT JO XPSET PG UIF -) BZQRPBOBIF POF IB
OPUGLD PRB@E JO --- XPSETVBHHBXEADR®SD WX OD @

UIF PUIFS IBOE 5P NFFU CPUI SFRVJSFNFOUT UIF DPOT!
BT JO D NFB®OIJDHW RFE@WFIWFT B WIPMBUJPO NBSL EVF
IFBE GPPUCVU TUJMM CBHIBWXTIMDFEEBEBSIWBDOUXP WJP M
UJPO NBSLT POFGPS UIFOOBMIFBE GPPU BOE POF GPS |
il 'y JTWIPMBURBREBEYOTUIFUSBIMIJOHFEHFPGUIF.
BTTVNFUIBU FBDI WIJPMBUJPO DPVOUT TFQBSBUFMZw 1
+' *OTVN FYUSBNFUSIJDBM TZMMBCMFT BSFUSFBUFE E
CBTFEBDDPVOUT &YUSBNFUSJDBMJUZJTTFFOBTBO Fo
XJUIPUIFSQSPTPEJD XFMMGPSNFEOFTTDPOTUSBJOUT
)* Iy JTPOFPGUIFTFDPOTUSBJOUT *ODPOUSBT
SVMFT JU EPFT OPU EFTDSJCF UIF VOQBSTFE TUBUVT PG
GPSNFEOFTT SFRVJSFNFOU PG B TUSFTT QFBL 5IVT JU
1SJODFBOE4NPMFOTLZ "%%) )-
"GVSUIFSDPOTUSBJOUJOUSPEVDFE CZ 38BI1ODF BOE 4N
*UEFNBOET UIBUBOZ NPSQIPMPHJDBM DBUFHPSZ F H
DPSSFTQPOETUPBQIPOPMPHIDBM DBUFHPSZ UIFQSPT



SIFGPPUJOOQUJIJNBMJIUZS5IFPSZ

TUSFTT XI1JDI DPOTJTUT PG GFFUBOETZMMBCMFT J F BN
QSPTPEJD XPSE 1SJODFBOE 4NPMFOTLZ '"%%) *&

& - - x1$BU
"NFNCFS PG UIF NPSQIPMPHBID R & SFBIWQAPHOFESTZU P B
1 8 1SIJODFBOEA4ANPMFOTLZ "%%) *&

SIJTDPOTUSBJOU FOTVSFTUIBUNPOPTZMMBCJD DPOUFOU >
PEJD TUSVDUVSF JF UIFZBSF GPPUFE BOE GPSN B QSPTF
PQUIJPOUP MFBWF UIFQSPTPEJD DPOUFOUSB®UIFTF XPSET \
UiIVTJTBOBOUBHPOJTUUP/ ' vy
1SJODFBOE4ANPMFOTLZQVUUIFQSPTPEJDIJFSBSDIZJOU
MZTFT "QSPTPEJD XPSEiINVTUDPOUBJO BUMFBTU POF GPP
MFBTU UXP NPSBTw 1SJODF BOE 4NPMFOTLZ "%%) *+ 517
TDSJCFEJOUPUIFDPOTUSBJOU ' #

& . Co# oy '
'FFUBSF CJOBSZBU TPNFMFWFM PG BOBMZTJT ~

‘"# DBOCFWBDVPVTMZ GVMOWMFEBSAIBIF BMBBM WEFEU F
ulBUMBDLT BMM QSPTPEJD TUSVDUVSF BTJUT TZMMBCMFT
DBOEJEBUF CFDPNFT PQUJNBMUIF SFTVMUJOH PVUQVU JT V
GPSFTIMFOU "MUIPVHIUIJTJT SBSFMZUIFDBTF BQPTTJC
IBSTFJTGPSFYBNQMFUIF&OHMJTIDPNQBSBUJWF 5IFTVO)Y
JGUIFCBTFJTBNJOJNBM TIOHMFGPPU XPSE 4PBOJOQVU
FOEVQJOBOPVUQVU <WJPMFUFS> JOTUFBE UIFTVOY VOE
IVMM 1BSTF 1SJODFBOE 4NPMFOTLZ "%%) *-
"OBEEJUJPOBM DPOTUSBJOU EFBMJOH XJUIUIF GPSNBUJF
JUTFMG TSI TDPOTUSBJOU FODPEFTUIFIQSJODJQMFPGFY
BOBMZTJT GBNIJMJIBS GSPN UIFFBSMJFTU XPSLJO UIF BSFB
BOE 4NPMFOTLZ "%%)JF¥F.EJS¥DUMZ NIJMJUBUJOH BHBJOTU
IVMM 1BSTF "OZ/VMM 1BSTFOFDFTTBSIJMZ WJPMBUFT UIJT

& &% 1§
4ZMMBCMFT BSF QBSTFE JOUP GFFU 1SJODF BOE 4NP\



SIFGPPUJO QSPTPEJD QIP(

51F FOFD1lyP@QJO B SBOLJOHJT TINX¥M BMUPPMBUWLREZ
EFOPUFEJOFSFOUHFOFSBMJ[BUJPOTBCPVUQSPTPEJD T
DSFBUJPOPGQSPTPEJD TUSVDUVSFJUTFMG J F GPPU
UIFSFJTBUMFBTU TPNF QSPTPEJD TUBE/D LEVFINBBWE B M M L
BMMTZMMBCMFT JO B XPSENVTUCFJODPSQPSBUFE JO L
JF JOBGPPU 5IFEJOFSFODF CFUXFFO UIF UXP DPOTL
JG POFDPOTJEFSTBCJTZMMBCJD XPSEDPOTJTUJOH PG
DPVOUJOH RVBOUJUZTFOTJUJWF MBOHVBHF 8IJMF - x1
PVYVUQVU DBOEJEBUF ) )PS) ) BDPNQMEUFHAFBMITGBDU
BDIJFWFECZBOFYIBVTUJWFQBSTF ) ) PS )) 1SJODFB
+. 5IVT 1IWJTNPSFTQFDJ6DJOJUTEFNBOETPOQSPTPE
- x1

#FTJEFT' # UIFSFBSFBGFXNPSFDPOTUSBJOUT EFUF
QSPTPEJD GPPU 5IFEJTUJODUJPO CFUXFFO MBOHVBHF"
SIZUINJT DPVDIFEJOUIFDPOTUSBJOU 3 5 * 5

& && 3 5 * 5
'FFUIBWFJdOBM JOJUJBM QSPNJOFODF
1SJODFBOE 4NPMFOTLZ "%%) +( ,BHFS &...B &,

"1JHI SBOLFE 3 5 *QSFGFST JBNCJID GRIBMFOHSIPG TZMI
DIBJD QrRMBWBF UIF QSFGFSSFE PVUDPNF XJUIBIJHI SBOLF
*ONBOZMBOHVBHFTTZMMBCMF XFJHIUJO+VFODFTUIF
GBMMT QSFGFSBCMZ PO IFBWZ TZMMBCMFT JO UIFTF MB(
TFOTJUIWJIUZITFYQSFTTFECZUIFDPOTUSBJOU 8
JUTFMG SFMJFT PO FBSMJFS XPSLCZ 1SJODF &.-( &..%

& &' 8 4 1y 841
)FBWZ TZMMBCMFT BSF QSPNJOFOU JO GPPU TUSYV
1SJODFBOE 4NPMFOTLZ '%%) +(

841 NJMJUBUFTBHBJOTUIFBWZTZMMBCMFTJO XFBLCSB
BUSPDIFFHPMWOPMBUFT 841 $PNQBSFEUPUIFDPOTUSBJO
841JT MINJUFEUP GPPU MFWFM i51F 841 HPFT GSPN XFJI
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UIFO TUSFTTFE FRVJWBMFOUMZI AUDG FOTRGHEIBMEMIUIFO M
HPFTUIFPUIFS XBZ AJGTUSFTTFEUIFOIFBWZ DPOUSBQPT
AJGMIHIUUIFOVOTUSFTTFE w 1SJODFBOE4NPMFOTLZ "%
POMZ XJUI NBJO TUSFTTw 1SJODF BOE 4NPMFOTLZ '"%%) ,(
ulBu B MIHIUTZMMBCMF DBOOPU CFTUSFTTFEJG UIFSF JTE
MBCMFT 841JOTUFBEPOMZTBZT TPNFUIJOHBCPVUUIFQPT
JOBGPPU *UEPFTOPUEFBM XJUI MJHIUTZMMBCMFT
"MBTUDPOTUSBJOUJOUSPEVDFECZ1SJODFBOEA4ANPMFOT
TUSVDUVSFPGUSPDIBJD GFFU

& &( 3 y)y 3)

) -

1SJODFBOE4NPMFOTLZ "%%) ,% ,&
)- GFFU BSF INBSLFE PS FWFO BCTFOU JO USPDIBJD TZTL
ANPMFOTLZ "%%) ,% SFGFSSJOHUP 1SJODF &.. % BNPOH P!
SIFTFUSPDIFFTBSFOPUIBSNPOJD XJUISFHBSEUP SIZUINJ
GBWPST MFOHUI BU UIF FOE PG DPOTUJUVFOUTwW 1SJODF B
51 JT DPOTUSBJOU SFGFST UP UIF NBSLFEOFTT TDBMF PG GF
&..%

& &) .BSLFEOFTTTDBMF PG GPPUTUSVDUVSF DG 1SJOD

*BNCJD ) - G -- ) G -
5SPDIBJD -- ) G )- G -

*OUIF MJUFSBUVSFTFWFSBM TINJMBS DPOTUSBJOUT DBO C
UIJTNBSLFEOFTTTDBMF FH ,BHFS T &...B &,) 3 § "
FOE JO B TUSPOHoXFBL DPOUPVS BU UIF NPSBJD MFWFMw S
)- USPDIFFTBOE -- JBNCTBOEUIFFWFONPSFHFOFSBM *y
-y *5- i5IFDPNQPOFOUTPGBUSPDIBIJD GPPUNVTUCFFRVB
BOJBNCJD GPPUNVTUDPOUSBTUJO RVBOUJUZwW "MCFS &..
BOE )- USPDIFFTBTXFMMBT -- JBNCT 5IFMBUUFSFYQSF
DPOUSBTUT PG )BZFT &..* TFFQBHF-BCPWF XIJDIUIFENTF
GPS 1SJODF T &..% NBSLFEOFTT TDBMF /FWFSUIFMFTT B!

"%



SIFGPPUJO QSPTPEJD QIP(

FYJTU XIFSF QSPDFETTFT BSFBU XPSL ¥+JOBRFYP DGDF FY B
.FMMBOEFS '%%/

(FOFSBMJ[FE "MJHONFOU

OQUIJNBMIJUZUIFPSZDBQUVSFTEJSFDUJPOBMJUZPG GP
DPOTUSBJOUT .D$BSUIZBOE 1SJODF &..( SIFUIFPSZ
MBUFT DPOTUSBJOUT PO UIF SFMBUJPO PG FEHFT PG DP(
TUJUVFOUT NBZCFPGQSPTPEJD PS NPSQIPMPHJDBM OB
JOUFHSBUF BMM QSPTPEJD BOE NPSQIPMPHJIJDBM QSPDF
BTIOHMF EF6OJBOFC ®BMNFEXINDHENFDSIJICFT B GBNJIJMZ
XFMMGPSNFEOFTT DPOTUSBJOUT

& & (FOFSBMJ[FE"MJHONFOU
" $BU& &EHF& $BR g &EHF'
i $BU&BU' TVDIUIBU &EHF& PG $BU& BOE &EHF' PG $|
8IFSF
$BU& $BYBW($SBU
&EHF& &BBIFHIU -Fgh
.D$BSUIZBOE 1SJODF &..( -%

%FOOJUJIPO & &* TIPXTIPX BMJHONFOUDPOTUSBJOUT BS
UIFCFHJOOJOHPSUIFFOEPGBMJOHVJTUJD DBUFHPSZ
PGBOPUIFSDBUFHPSZ .PSFQSFDJTFMZ UIFO6STUDBUF!
TBMRVBOXJSMSE UIFTFDPOEDBUFHPSZVOEFSMJFTUIFF®
I NFBOJOHWHRSBERCFS PG UIF6STU DBUFBBRSVEFBITRIMPIHFO F E
NFNCFS PG UIF TFDPOE DBUFHPSZ &OFDUT PG UIF EJOFS
WJTJCMF XIFO MPPLJOHBU BMJHONFOU PG QSPTPEJD FE
MP X

"MIJHONFOUDPOTUSBIJOUTPOQSPTPEJDFEHFTBMMPX L
PG TFWFSBM QSPTPEJD DBUFHPSJFT FH CFUXFFO FEF
QSPTPEJD XPSE S5IFTFDPOTUSBJOUT JOUSPEVDFE CZ.
CBTFEPOUIFTUBOEBSEDPODFQUJPOPGUIFQSPTPEJD I
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SIFZBTTVNFUIBUUIFQSPTPEJD XPSEJTSFDVSTIWF XIIJMF L
TZMMBCMF BSF OPU

51SPVHIUIFIJSWBSJPVTQSJODJQMFT GPPUUIFPSZBOETZMM
BWFSZ MINJUFE TFU PG FYQBOTJPOT PG GPPU BOE TZMMBCN
TINQMZ OPUBNPOHUIFTFPQUJPOT S5IFSFJTOPUIFPSZQMBD.
MIJNJUTPOUIFFYQBOTIJPOPG 1S8E BOEJOEFFEUIFSFDPVME
CFDBVTFUIFSFJT OP VQQFS CPVOE PO UIFMFOHUI PG B 1S8E
BOE 1SJODF &..( -*

1SINBSZFYBNQMFTGPS QSPTPEJDBMJIJHONFOUDPOTUSBJO
1SJODFBSFUIFMFg PSJFOUFE " 18 XIJDIEFNBOET UIBL
XPSE TMFg FEHF DPJODJEFT XJUI UIBU PG B GPPU BOE UIF
XIIJDIJTTBUJTOFEJG BOZ SJHIUGPPU FEHFJT BMJHOFE X.
XPSE

& &+ " 18 .D$BSUIZBOE 1SJODF &..( .*
" 1S8E - 'U -
"0Z;55eJ TBMJHOFE XJUI B

& &, " ' D$BSUIZBOE 1SJODF &..( .*
" 'U 3 1S8E 3
"OZyJTBMJHOFEXJUI B >

SIF MBTU NFOUJPOFE DPOTUSBJOU " ‘U 3 1S8E 3 BT Xl
uJPOBM DPVOUFSQBSU " ‘U - 1S8E - BMTP IBWF BO BM
S5IFZ BSF PgFO DBMMFE " ' 3 BOE " ' - bG ,BHFS &...B
&..- ,O0BVT BOE %PNBIT '"%%. J B XI1IJDIJT KVTU B SFXPSE.

HVBHF PG XIBUUIFDPOTUSBJOUT EFNBOE
$POTUSBJOU & &+ JT B SFGPSNVMBUJPO PG 1SJODF BOE 4

DPOTUSBJOU & TFF& + POQBHF &+ JOUFSNTPG (FOFS
& ' - 1S8E IBT UIF TBNF FOFDUBT " 1S8E - 'U - 5
TBNFJTUSVFGPS UIFEJSFDUJPOBM NJSSPSJIJNBHFT ™ 1S

DPOTUSBJOUT o MIJLF & JO1SJODFBOE4ANPMFOTLZ &..(
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wWBSJBOUT UIBU BMJHO UIF IFBE GPPU J F UIF TUSPOF
UIFQSPTPEJD XPSEBOE UIVT BSFFWBMVBUJOH NBJO TU
BOE1SJODF &..( .- bDBMMFE UIFTFDPOTUSBJOUT " )
MJUFSBUVSF IPXFWFS UIFTFDPOTUSBJOUT BSF DPNNP
BOE 3

& &- - .D$BSUIZBOE 1SJODF &..( .- ,BHFS &...E
" 1S8E - )E 'U -
"0Z;55eJ TBMJIHOFE XJUI B

& &. 3 .D$BSUIZ BOE 1SJODF &..( .- "MCFS &
,BHFS &...B &+,
" 1S8E 3 )E 'U 3
"0Z;352) T BMJHOFRE XJUI B

+VTU BT XJUI UIF WBSJBOUT PG / ' vy & , BCPWF |
EJOFSFOU WFSTJPOT PG - PS 3 BDDPSEJOH UP
XIBUBIilFBEwJT .D$BSUIZBOE 1SJODF &..( .- .. PSJH

i) 1S8E wBT DBUFHPSZ XIJDIUIF1S8EJT BMJHOFE XJUI (
UPUIFIFBEGPPUJOUIFJIJNNFEJBUFMZGPMMPXJOH FYBN
"MCFS &..,C &% &, &..- ') UBLFT UIF TBNF EF3OJUJPO
IFS BOBMZTJT PG (FSNBO XPSE TUSFTT CVU SFGFST UP |
IFBE GPPU F H UlRi(DB/QBVBBAFHA 3 a X BEIRVAT

OPU 'VSUIFSNPSF UIF PSEFS PG UIF BMJHOFE DBUFHEF
UIPST .D$BSUIZBOE 1SJODF &..( BOE"MCFS &..,C BM
XJUl B IFBE GPPU XIJMF ,BHFS &...B &+, BMJHOT IFBE «
XPSE " JE 'U - 3 1S8E - 3 5|F EJOFSFODF JO UIF TLC
RVBOUJOGFSTIBT OP FOFDU UIPVHI BT CPUIDBUFHPSJFT
PEJD XPSE

5[PVHIFRVBM JO FOFDU UP & PG1SJODFBOE 4NPMF
UIF(FOFSBMJ[FE"MJHONFOU WBSJBOUJTCBTFEPOBNP:
EPFT OPUSFTUSJDUUIFIIJFSBSDIJDBM SFMBUJPOW PG U
EPFTJUISFRVISFUIFTBNFOFTTPGUIFTIBSFEFEHFw .DS
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) (PJOH GVSUIFS (FOFSBMJ[FE "MJHONFOU BMMPXT JU U
QSPTPEJD 05 DPOTUSBJOUT BT XFMM 3 5 DBO CF FYQSF’
UFSNT 35 5 JTFRVJWBMFOU UP " 'U - )'U - iXIFSF
AIFBEPG GPPU TUSPOHFTUTZMMBCMF EBVHIUFSPG'w .D¢
'O + "HBJO UIF TBNFIPMET GPS UIF EJSFDUJPOBM DPVOUF
" 'U 3 )'U 3

$POTJEFSJOHBHBJO UIFDPOTUSBJOUT & &+ BOE & &, XI1JD
XPSE (FOFSBMJ[FE "MJHONFOU DBO BMTP CF VTFE UP FYQN
GFDUT JO GPPU QBSTJOH #Z BMJHOJOH GFFU XJUI UIF QSP
DIBJD TUSFTT QBUUFSOT DBO CF PCUBJOFE XIJDIDBO BMM ¢
MBOHVBHFT C

5BCMF & ( "OBMZTJT PG USPDIBJD TUSFTT QBUUFSOT CZ VT
.D$BSUIZBOE 1SJODF &..( .& ." .,

4USFTT QBUUBB8OLJOHPGBMJHONFOUDPOTUSBJOUT -BOH\

-y, 5
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*OXPSETXJUIBOPEEOVNCFSPGTZMMBCMFTWBSJPVT USF
QPTTJCMF S5IFSFJTBMXBZT POFTZMMBCMFEF XI1JDIDBOOPU C
GPSNFEEJTZMMBCJD USPDIFF 8IFSFJO B XPSEUIJT PEETZI
POUIF SFMBUJWF SBOLJOHPGBMJHONFOUDPOTUSBJOUT T

C.D$BSUIZBOE 1SJODF &..( EP OPUUSFBUJBNCJD TZTUFNT 5IFZBSH
DJ6DBUJPO PG EJSFDUJPOBMJUZ JO JBNCJD TZTUFNT JT OFFEFE BT/
& , SBOLFEBCPWFBMMBMJHONFOUDPOTUSBJOUT QSPWJEFTBMM QP"
$BSUIZBOE 1SJODF &..( 'O
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1S8E - JT SBOLFEBC®P®»HF 3 'U 3 UIFPEETZMMBCMF X\
DVSBUUIFFOEPGUIFQSPTPEJD XPSE MJLF JO 8BOLVNB
BMJHONFOUDPOTUSBJOU EFNBOET UIBU FWFSZ MFg GPPF
UIF MFg FEHF PG B QSPTPEJD XPSE UIF PQUJNBM DBOEJ
FDUMZ TVCTFRVFOUUSPDIFFT TUBSUJOH GSPN UIF MFg >
NJUUFOU VOQBSTFETZMMBCMFT *O B MBOHVBHF MJLF ¢
PDDVSTBUUIFCFHIJOOJOHPG UIF XPSEBMM SJHIU FEHFT
SJHIUFEHF PG UIF FODPNQBTTJOH QSPTPEJD XPSE 51JT
SBOLFE" ‘U 3 1S8E 3 4PNFMBOHVBHFTTIPXBTUSF
JToCBTFE PO UIFTVQFSO6DJBM MPPL PG TUSFTT QMBDF|
JoJuJB™M EBDUZM GPMMPXJOH 1SJODF &.-( ). JF BU
BTUSFTTFETZMMBCMFJT GPMMPXFE CZUXP VOTUSFTTI
MBCMFT 86U JO B SFHVMBS EJTZMMBCJD USPDIFF QBUUFS
TVNFTUSIJDUMZ CJOBSZGFFU BOJOJUIJBMUFSOBSZ GPF
MJLFUIJT TVDIBT (BSBXB S5IFZTIPXUIBUJOUFSNTPG (F
UIFSFJT BO FWFO NPSFFMFHBOU TPMVUJPO XI1JDIJT DP(
PUIFSMBOHVBHFTTIPXOJOUBCMF& (BOENBLFTVTF PO
SFSBOLIJIOHTPMWFTUIJTIJTTVF *GUIFBMJHONFOUDPOT
XPSEJOUP UIF TDPQF PG UIF VOIJWFSTBM RVBOUJOGFS JT
- 'U - JUJTNPTUINQPYNED BRIMBMIBQSPTPEJD XPSE
JTUSIWIBMMZ IFSF BT UIFSFJTPOMZ POGFPRUUTIUIF MFg
USPDIFFBUUIFCFHJOOJOH PG B XPSE TBUJTOFT UIJT SF
UIF OPX MPXFS SBOLFE " ‘U 3 1S8E 3 BMM PUIFS GF
UIF SJHIUFEHFPGUIFQSPTPEJD XPSE )FODF UIF UIJSE"
BUFE JOBOZ GPPU XIJDI SFTVMUT JO UIF EBDUZMJD MPP
TUSVDUVSBMMZ TINJMBS QBUUFSO XI1JDIJTPOMZEJSFD
1PMJTI XIFSFFWFSZ QSPTPEJD XPSE T SJHIU FEHF TIPV

GPPUFEHF BT" 1S8E 3 'U 3 DBMMTGPS 5I1JTDPOTU
! ‘U - 1S8E - XIJDIJOUVSOFOTVSFTUIBUBMM GFFU
UIFPOF OFFEFE GPS UIF TBUJTGBDUJPO PG " 1S8E 3

UPUIF MFg
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5/F EFTDSJCFE SFSBOLJOH QSPDFEVSFT TIPX UIBU (FOFS
QSPWIJEFT B GSBNFXPSL UP EFTDSJCF TFFNJOHMZ WFSZ EJ
B DPIFSFOUBOE QSJODJQMFE NBOOFS /PU MFBTU CFDBVTF
FSBMJ[FE "MJHONFOU IBT RVIJDLMZ CFDPNF UIF TUBOEBSE U
OQUJIJNBMJUZS5IFPSZ /FWFSUIFMFTT JUIBTTPNFTIPSUDPN.
MPPLIJOH BU UZQPMPHJDBM EFTDSJQUJWF BEFRVBDZ BT XI
SFDFOU XPSLT PO UIJT SFTQFDU .D$BSUIZ "%%(C ,BHFS "
#VDLMFZ "%%. "MMUIFTFQSPQPTBMTPOFSEJOFSFOUTPMYV
PG (FOFSBMJ[FE"MJHONFOU TMJNJUBUJPOT

#FZPOE (FOFSBMJ[FE "MJHONFOU

*OUIF SFNBJOEFS PG UIJT DIBQUFS * XJMM GPDVT PO UIF Q¢
"MCFSBTUIFTFJOUSPEVDFBOE VTFBOVNCFSPGDPOTUSB.
VTFEJONPSFSFDFOUBOBMZTFT PG XPSETUSFTT #PUIHJW
UP SIZUINJD GBDUPST UIBU JO+VFODF XPSE TUSFTT XIJDI GF
PVTMZ EFTDSJCFECZUIF 1SJODJQMF PG 3IZUINJD "MUFSOB
&. (, 51JTQSIJODIJQMF EFTDSJCFTUIFHFOFSBM QSFGFSFO
QBUUFSOT PG XFBLBOETUSPOHCFBUT TFFCFMPX S5IF OFX
JOUSPEVDFE JOUFSBDU XJUIBMJHONFOU DPOTUSBJOUT )P
NFOUDPOTUSBJOUTBSFEJTQFOTFE XJUI

,BHFS "%%& '"%%* "%%, DPODFOUSBUFT PO UXPUZQPMPF
OPUCFDBQUVSFECZDMBTTJDBM BMJHONFOU UIFPSZ #PUI
BTZNNFUSJFT

OOF PG UIFTF BTZNNFUSJFT PDDVST JO MBOHVBHFT UIBU
BSZVvOJ EJSFDUJPOBMw ,BHFS "%%, '&- GPPUQBUUFSO ¢
BMMPX GPS VOBSZ GFFU PS SBUIFS BMMPX GPS EJTZMMBCJ
UIJT QSFTVQQPTFT UIBU UIBOBOTUWSHFJOUHPINJOBUF

UIF SBOLJOH IJFSBSDIZ GPS UIFTF MBOHVBHFT XJUI UIF ME
IJHIFTU $POTFRVFOUMZ JO XPSET XJUIBOPEEOVNCFSPG
DBOEJEBUF DBO IBWF POMZ POF TIOHMF VOGPPUFE TZMMB (
JIFE "MJHONFOU UIF QPTJUJPO PG UIJT VOGPPUFE TZMMBC
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8JUICPUI 1 8 DPOTUSBJOUT SBOLFEBE®WMFSWBIFOUT
UBCMFBV & ( UIFQFOUBTZMMBCJD XPSE XJUIUIF NFEJBM V
UIFPQUJNBM GPSN

5 BCMFBV & ( "TUSJDUMZ CJOBSZMBOHVBHF XJUIB NFEJB

S

B aaaao ‘ ‘
C adaaao | |
D+ G0Gaa ‘ ‘

/IPUFUIBUUIFUISFFUBCMFBVY EFNPOTUSBUF POMZ TPNF |
JOHT *UDPVME GPSFYBNQMFCF UIFDBTFUIBUJO UBCMFB)
" 18 -DIBOHFUIFJS QMBDFJO UIF SBOLJOH "T MPOHBT
NBJOTSBOLFEBCPWF" 18 3UIJTXPVMEOPUDIBOHFUIFF
JOUFSEFQFOEFODJFT IFSFBSFNPSFDPNQMFY UIBO JUDBO
GBTIJPOPGBUBCMFBYV )PXFWFS UIF QPJOUUP CF NBEF IFS
BMJ[FE"MJHONFOUBMMUISFF QBUUFSOTBSFQPTTJCMF

#BTFEPO UIF SFTVMUT PG UIFTF SFSBOLJOH QSPDFEVSFT
MPPL BU VOJ EJSFDUJPOBM TZTUFNT POMZ o BOE UIVT FYDNW
CPUI'" 18 DPOTUSBJOUT SBOLFE BCPWF UIF " ' DPOTU
UBCMFBV & (0 (FOFSBMJ[FE"MJHONFOUQSFEJDUTFYBDUMZ
BOEUXPUSPDIBJDPOFT CVUPOMZUISFFBSFBUUFTUFE ,B]
SIFSFBSFOPJBNCJD MBOHVBHFT UIBU BSF QBSTFE GSPN S|
MBOHVBHFT XJUIJOJUJBM VOQBSTFETZMMBCMFT UIF QBUL
OPU FYJTU ,BHFS "%%& '%%* BOBMZTFT UIJT UZQPMPHJID
EFUFSNJOFE POF 5IFTFJBNCJD MBOHVBHFT XPVME TVOFS G
JF UXPVOTUSFTTFETZMMBCMFT POFJNNFEJBUFMZ GPMN

5I[FTFDPOEUZQPMPHJIJDBMHBQJTBOJTTVFUIBU (FOFSBMJ
CJEJSFDUJPOBMTZTUFNT XIFSFPOFGPPUPDDVSTOYFEBU
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BSFCVIMEVQTUBSUJOHGSPNUIFPQQPTIJUF FEHF PG UI
OPMBOHVBHFTXIFSFTFDPOEBSZTUSFTTFTBSFOPUCVJ
QSINBSZTUSFTT ,BHFS "%%& ' ( "%%, ""%

,BHFS QSPQPTFTBUIFPSZPGi3I1ZUINJD -JDFOTJOHWUP
MENT S5IFJEFBJTUPBCBOEPO TPNFPGUIFBMJHONFOU
.D$BSUIZBOE 1SJODF &..( JOGBWPVSPGBGBNJIMZPGTI
UIFPDDVSSFODFPGDMBTIFT BOEMBQTFTJO SFMBUJPO
SIFHFOFSBM EFTJHO PG 3IZUINJD -JDFOTJOH DPOTUSBJ(

& '% 3IZUINJD -JDFOTJOH ,BHFS "%%& &&
-JDFOTF B SIZUINJD DPOBHVSBUJPO 9 BDMBTIPSB
EJBUF DPOUFYUPG FMFNFOU: BQFBLPSBOFEHF

5/F QBSUJDVMBS DPOTUSBJOUT ,BHFS QSPQPTFT BSF
.y 'y 1y 8PSEJOJUJBMMBQTFT UIF8STUUZQPMPHJD
-y y & XIIJMF-y y 1y JTVIFEUPBNFOEEFTDSJQL
PG CJEJSFDUJPOBM TUSFTTTZTUFNT UIFTFDPOE HBQ

& '& -y y & ,BHFS "%%& ) "%%* - "%%, '&.
-BOQTFNVTUCFBEKBDFOU UP UIF SJHIU FEHF

&' -y y 1y ,BHFS '%%& ) '%%* &% '%%, ''%
-BQTFNVTU CFBEKBDFOU UP UIF QFBL

SIFUXPDPOTUSBJOUT FWBMVBUFJGBMBQTF J F BTF
TZMMBCMFT JT BEKBDFOU UP UIF QSPTPEJD DPOUFYU T
ulJTJT OPUUIFDBTF BWJPMBUJPO NBSLJTBTTJHOFE

SIFTF MJIDFOTJOH DPOTUSBJOUT BSF BDDPNQBOJFE CZ
DPOTUSBJOU & '( XIJDICBOTTFRVFODFT PG VOTUSFTTFE

& ' ( -y ,BHFS '%%& * '%%* |
/IPUXP BEKBDFOUVOTUSFTTFE TZMMBCMFT
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-y JTGPVOEFEPO4FMLJSL T1SJODJQMFPG 31ZUINJD "M

& ") 5IF1SJODJQMF PG 31ZUINJD "MUFSOBUJPO 4FMLJSL

B &WFSZ TUSPOH QPTJUJRPDIPUNMENEB SPIMBWPMFE/ EM BU
MFBTU POF XFBLQPTJUJPO PO UIBU MFWFM

C "OZ XFBLQPTJUJPO POBBNFUS QF M MEHREFOZ BU NPTU
POF XFBLQPTJUJPO POUIBU MFWFM

,BHFS SFQMBDFT UIF " ' -3 bDPOTUSBJOUT J F & &, "
$BSUIZBOE 1SJODF &..( CZUIF SIZUINJD MJDFOTJOH DPOT
8JUIUIJT HSPVQ PG DPOTUSBJOUT UIFUXPUZQPMPHJDBM H
EJDUFE "GVSUIFSBEWBOUBHFQPJOUFEPVUCZ ,BHFSJT UI
QSPWJEFTDPOTUSBJOUT UIBUDPVOU WJPMBUJPOT NPSF M|
(FOFSBMJ[FE"MJHONFOU $POTUSBJOUT MJLF & '& BOE & '&
DFODZUPBOFEHFPSBTUSFTT QFBL ,BHFS "%%& )

SP BEESFTT MBOHVBHFT UIBUBMMPX GPS VOBSZ GFFU BT
NBLFT VTF PG B SIZUINJD NBSLFEOFTT DPOTUSBJOU UIBU X
J F BEKBDFOUQSPNJOFOUQPTJUJPOT

& '* $y ,BHFS &...B &+* ,BHFS "%%&
/IPUXP BEKBDFOU TUSFTTFETZMMBCMFT

*O MBOHVBHFT XJUI VOBSZ GFFUDMBTIRTNBZ PDDVS FBTJM
IPXFWFS BHFOFSBMMZ EJTQSFGFSSFE QBUUFSO -JCFSNBO
&.-( 4FMLJSL &.-) TFF& ')BCPWF "HBJO JO,BHFS T '%%&
UIJT DPOTUSBJOU JT BDDPNQBOJFE CZ GVSUIFS DPOTUSBJ
DMBTIFTJO UIF DPOUFYU PG NBJOTUSFTT $Vy y 1y PS]I
FEHFT $y Yy &

"EJOFSFOU BQQSPBDIJT UBLFO CZ "MCFS '%%*B XIP BCB
CVUSFUBJOT" ' - 5IFMBUUFSDPOTUSBJOUJTSBOLFE IJF
GFFUBSF MFg BMJHOFE 5IF NJSSPS JNBHF 0 SJHIU BMJHON
BDIJFWFE CZBO BMJHONFOU DPOTUSBJOU CVUJTBO FOFDU
NBSLFEOFTTDPOTUSBJOUT $y BOE -y "MCFS TIPXT DP
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BOBOBMZTJTJOUFSNTPGUIJTBTZNNFUSIJD BMJHONFOI
SFTVMUTJO TUSJDUMZ CIOBSZTZTUFNT UIBU MFBWF TJ(
QBSTFE -y QMBZT B DSVDJBM SPMFJO UIJT SFTQFDU
JOH GPS EFHFOFSBUF GFFU IFSF UIF DSVDJBM DPOTUSE
TFOTJUJWF MBOHVBHFT .PSFPWFS UIFUZQPMPHJDBM Q
DPOTUSBJOUTVTFECZ"MCFSBSFDPSSFDU /PUPOMZB®
QSFEJDUFE CVUJUJTBMTP TIPXO XIJDITZTUFNT EP OPU
UFSOToFH SJHIUBMJHOJOHJBNCJD TZTUFENT JOJUJB
HFOFSBUFE

SIFHFOFSBM DPODFQUJPO PG UIFUXPBQQSPBDIFT CZ,
TFOUJBM EJOFSFODFT "MCFS NPEFMT UIF BTZNNFUSJD (
QPTFECZ )BZFT &.-& &..* TFFQBHF &% BCPWF NPSFBD
JIJFE"MJHONFOU ,BHFSPOUIFPUIFSIBOEQVUTBTUSPO
SIZUINJDBM QBUUFSOT MJLF UIF1SJODJQMF PG 31ZUINJL
TUSFTTFT UIF SPMF PG UIF GPPU BT NFUSJDBM DPOTUJU
GPPUQBSTJOH XIJMF ,BHFS TBQQSPBDI XFBLFOT UIF SP
81 JMF ,BHFSSBJTFTUIFUZQPMPHIJDBMBEFRVBDZCZTF
PGSIZUINJDDPOTUSBJOUTUIBUIBWFBOFHBUJWFEFG6O0OJ
NVMBUJOHUIFNJO QPTJUJWF MJDFOTJOHDPOTUSBJOU
SFBDIFTUIFTBNFHPBMCZMFUUJOHHFOFSBM SIZUINJD ¢
BMJUZDPNQFUF XJUIFBDI PUIFS 41FBDIJFWFT UIJT CZ K
BMJ[FEBMJHONFOUDPOTUSBJOU " "3 XJUIUXP SIZUI
TUSBJOUT XIJMF ,BHFS TBQQSPBDI EFNBOET B XIPMF HS
NBSLFEOFTTBOE MIJDFOTJOHDPOTUSBJOUT :FU UIJTM
XFBLFO UIF EFTDSJQUJWF BEFRVBDZ CZ PWFSHFOFSBUJ
UFTUFE S5IFGBDUPSIJBMUZQPMPHIFT QSFTFOUFE JO ,B
OVNCFS PG QBUUFSOT XIPTFFYJTUFODFJT VODMFBS

*O TVN SFDFOU EFWFMPQNFOUT JO OQUJNBMJUZ S5I1FF
UIFCFTUUZQPMPHJDBM BEFRVBDZ QPTTJCMF CZ QSPQP
"MCFS T BOE ,BHFS TBQQSPBDIFT BSF CZ GBS OPU UIF F
.D$BSUIZ "%%(B QSPQPTFTUPEJTNJTTHSBEJFOUBMJH
POMZDPOTUSBJOUTUIBUBSFWJPMBUFEDBUFHPSJDBMI
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SIFGPPUJOOQUJIJNBMJIUZS5IFPSZ

NJHIU CFJO UIF DP FOFDU PG B NPSF MPDBM FWBMVBUJPO F
JOUVSO JTEFTJSBCMF GSPN B DPNQVUBUJPOBM QFSTQFDU
#0SP '%%( #VDLMFZ '%%. QJDLTVQ UIF QSPQPTBMT PG , |
$BSUIZ '%%(B BOE EFWFMPQT BO BDDPVOU UIBUVTFT TUSJ
NVMBUJPOTBOEBOiIJODSFBTFE SFGFSFODFUP GPPUTUSVD
BMUIPVHI UIF MBUUFS EPFT OPU CFDPNF DMFBS JO IJT NPEF
DBTFT PG JOJUJBM FYUSBNFUSJDBMJUZ XIJDIBSFFYFNQM.
MBOHVBHF TQPLFO JO $BMJGPSOJB &..) )* 4QFBLFST OFB!
'%%. "DDPSEJOHUP ,BHFS BOE"MCFS TVDIJBNCJD MBOH\
JTU #VDLMFZUSJFTUPTPMWFUIJTQSPCMFNCZHJWJOHBH.
DPOTUJUVFOUTUIBUUIF -y DPOTUSBJOUTPG ,BHFSDBO
IFHFOFSBMMZ BTTJHOT QPTTJCMF EFWJBUJPOT GSPN TUSJ
QSPTPEZ iUZQPMPHJDBM HFOFSBMJTBUJPOT UIBU DBOOPU
NVTU 60E UIFJS FYQMBOBUJPO JO FYUSBHSBNNBUJDBM QS
).
.ZPXOBQQSPBDIPVUMJOFEJOUIJTEJTTFSUBUJPO USJFT L
UIFTF QVSFMZ UZQPMPHJDBM DPOTJEFSBUJPOT "MM NFOU.
BDDVSBUF EFTDSJQUJWF BEFRVBDZ %JTDVTTJPOT BSJTF I
X1JDI UIFTF QSPQPTBMT SFBMMZ EJOFS XIBU UIF SFBM FYDF
EFBM XJUIUIFTF *UJTP@FO QSPCMFNBUJD IPXFWFS UP NB
IFSF BT UIF NFSFBNPVOU PG EFTDSJQUJWF EBUB GPS NBOZ
FYIJCJUBTJOHMF RVFTUJPOBCMF TUSFTT QBUUFSO JTTQB!
IPX NBOZ EJOFSFOU QSPQPTBMT FYJTU GPS XFMM TUVEJFE
BNPVOU PG EBUB DPSQPSB FUD UIJT TJUVBUJPO PgFO MF
* QSPQPTF UP FMBCPSBUF PO B XFMM TUVEJFE MBOHVBHF (
BDDPVOU EBUB DPMMFDUFE XJUI SFDFOU OFVSPMJOHVJTU.
QPTTJCMF UP DBSFGVMMZ SFWJFX FYJTUJOH BTTVNQUJPOT
iIBSEwWEBUBBOE UP TIFEOFX MJHIUPO UIFPSFUJDBM JTTVFT
TUSFTTTZTUFNT



(FSNBO XPSETUSFTT % GSF
FYQFSIJNFOUT UP QBSTJOH

"TIPSUTVSWFZPG &31 TUVEJFT PO US

5IF FWFOU SFMBUFE QPUFOUJBMT &31 NFUIPE UBLFT
&&( SFDPSEJOHT JO XIJDI UIF PDDVSSFODF PG TUJNVM
BOE BQQMJFT TFWFSBM BWFSBHJOH TUFQT FH CZTU
&&( PG POF QBSUJDJQBOU BOE TVCTFRVFOUMZ CZ TUJN
TIOHMF TVCKFDU BWFSBHFT "T B SFTVMU PG UIFTF BWI
TQPOTFTUIBUBSFDPSSFMBUFE XJUIUIFQSFTFOUBUJPC
XIIMF VOTQFDJO6D CSBJO SFTQPOTFT OPJTF BSF BWFSBE
JUT OBNF GSPNUIFTF CSBJO QPUFOUJBMT UIBU BSF SFM
UFOUJBMT BSF OBNFE BDDPSEJOH UP UIFJS QPMBSJUZ
FH /)%% BOFHBUJWF EF+FDUJPOBU )%% NT 1PUFOL
JOBHJWFO OFVSPBOBUPNJDBM NPEVMF XIFOB TQFDJOD
JTQFSGPSNFEwW -VDL "%%* *. BSFDBMMFEDPNQPOFOU
PMVUJPO PG &31TNBLFTUIFNBOFYDFMMFOU UPPMUP JO
UlBUPDDVST XJUI XPSETUSFTT SFMBUFE QSPDFTTJOH
,OBVT FUBM '"%%, FYBNJOF TFWFSBMFYQFSJNFOUBN
SFHBSEJOHUIFJS TFOTJUIJWJUZ UP NBOJQVMBUJPOT PG
USJTZMMBCJD (FSNBO XPSET XIFSF FJUIFS QSFTFOUFE >
TUSFTT TIJgFE UP POF PG UIF PUIFSUXPTZMMBCMFT &3
DPOEJUJPO XJUI DPSSFDU TUSFTT XJUI FBDI WJPMBUJPC
TIPSUTVNNBSZPGUIFSFTVMUT
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5SBCMF' & 3FTVMUT PG ,OBVTFUBM "%%,

&YQFSINFOUBMEFTIJHOO WEKSIFSMUABEEUIJPO PG FOFDUT
FOFDU QBUUFSO

AUSFTT FWBMWRAQJBOJDBAIICIJUJPO JOMFYJDBM SFUSJFWBN

XJUIBVEJUPSZ)%% 0 1(SF+-FDUFECZ/)%% 1(SF+FDUT B UBT

QSFTFOUBUJPQBUUFSCEFQFOEFOU FWBMVBUJPO *UJT MFT
QSPOPVODFEBOE TIJgFE JO MBUFOL
CFDBVTFJUJT PWFSMBJE CZ UIF
JNNFEJBUFMZ QSFDFEJOH /)% %

AUSFTT FWBMMVIERUJPO UBRTIEEJOFSJOHJO TUSFOHUI BOE MBUF

XJUIWITVBM GPMMPXFBEZFDUT UIBUUIFUBTLJT FYQMJDJL

BVEJUPSZ QSFTFOUBUJPWOWSFTT FWBMVBUJPO KVEHNFOU
-BUFODJFT PG QFBLT DPSSFTQPOE U
UIFQFSDFQUJPO PG UIFTUSPOH TZM

7TPIJDFEJTDSJINY)%BUJIJPO*OIJCIJUIJPO JO MFYJDBM SFUSJFWE
UBTL BVUPNBUJD QSPDFTTJOEFQFOEFOU
GSPNDPOTDJPVT PSVODPOTDJPVT I

&YQFSIJNFOUBM EFTJHOT UIBU SFRVJSFE QBSUJDJQBOUT
VOQSIJNFE XPSEJUTFMG PS UP GVMO6MM B UBTL DPNQMFUFNMN
TUIJNVMVT FWPLFEBO/)%% GPSUIFWJPMBUJPODPOEJUJPO
DPOEJUJPO 5I1JT FOFDU XBT JOUFSQSFUFE BT B SF+FDUJPOC
USJFWBMDPTUT *OUIPTFEFTIJHOT XIFSFBDPOTDJPVT FWB
XIFSFQBSUJDJQBOUTIBEUP GPDVTUIFJS QFSDFQUJPO PO
UIFTUIJNVMVT QPTJUIJWF EF+-FDUJPOTTIPXFEVQ 5IF MBUF(
DPSSFTQPOETUPUIFFWBMVBUJPOPGUIFSFTQFDUJWF TUS
UIFQPTJUJWJUJFTEJOFSJOGPSNBOE TUSFOHUI 51JTJT PO
JOHGPPUTUSVDUVSF ,0BVTBOE %PNBIT "%%. %PNBIT FU |
UIF SFTVMUT TVNVQ BT GPMMPXT S5IFDPNQBSJTPO PG BO F
XJUI B EFWJIJBUJOH QBUUFSO FWPLFT B QPTJUJWJUZ FOFDU
DBMMFE 1(C DG 1JDUPO &.." $PVMTPO FUBM &..- BNPOH
JT TUSPOHFS JG TZMMBCMFT IBWF UP CF SFPSHBOJ[FE JOL

0
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,OBVT BOE %PNBIT "%%. VTF UIFTF 0OEJOHT BT B CBT.
UIFPSFUJD BOBMZTJT PG (FSNBO XPSETUSFTTJO USJTZ]
S5IFOFFEGPS GPPUTUSVDUVSFIJTFYQSFTTFE JO OQUJN
TUSBJOW 1yVSUIFS UFSOBSZ GFFU DBOOPU FYQMBJO UI
PG UIF QPTJUJWJUJFT GPVOE 5IF FOPSU OFFEFE GPS U/
PEJD TUSVDUVSF XPVME CF FRVBM GPS BMM UISFF DPOE.
GFFU 5IFSFGPSF ' # y IBT UP CF BIJHI SBOLFE DP
NBO ' # EPNJOBUFDI UIFSFBSFOPEFHFOFSBUF GF
NBOBOEBTJOHMF MJHIUTZMMBCMF BMXBZT SFNBJOT V(
BT B USPDIBJD TZTUFN S5I1JT TIPXT VQ JO UIF &31 SFTVM
JWFJBNCJD TUSVDUVSFT GPS BOUFQFOVMUJNBUF QFO
aaa 0 00 BOE: 6 bBOOPU FYQMBJO UIFQPTJUIJWJUZ EJT
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CFDBVTF GPPU TUSVDUVSF XPVME IBWF UP CF SFCVJMU JO
XPVME CF QSPCMFNBUJD UP 60E B QSPQFS JBNCJD QBSTJO
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aadd O 00 BO&E G 0 XPVMETVOFS GSPNUIFTBNF MBDL PG FYQ
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CFQSFEJDUFEGPSFWFSZTUSFTTTIJg "TBDPOTFRVFODF
JO (FSNBO IBWF JOJUJBM QSPNJOFODF XIJDIJT FODPEFE JC
5 5 5SPHFUIFS XJUIUIFFRVBMMZ IJHISBOLFE"' # 35 5
BCIJOBSZBMUFSOBUJOH USPDIBJD QBUUFSO UIBU GPSNT Ul
(FSNBO XPSET

SIFUBCMFBVY' &BOE"' "TIPXQBSUJBMSBOLJOHTPGUIF UI
EVDFE #PUITUSVDUVSFTBSFUBLFOBTFYBNQMFTIFSFBTU
PGBMMQPTTIJCMF SBOLJOHT *UCFDPNFTPCWJPVTUIBU B £
TUSBJOUTBMSFBEZHFOFSBUFTUIFQSPTPEJD TUSVDUVSFT
0OEJOHT

5SBCMFBV' & 1BSUJBM SBOLJOH GPS XPSET XJUIUISFF M

| ---] 35 5 " #] 1y 0|

J)PXFWFS GVSUIFSDPOTUSBJOUT BSFOFFEFE UP EFUFSNJ
UIFJOQVUT 5P HFOFSBUF QFOVMUJNBUF TUSFTT o XIJDI P(
TUSFTT QBUUFSO JO (FSNBO BOE FWFO TFFO BT UIF EFGBVI
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HFOFSBUF UIFBUUFTUFE BOUFQFOVMUJNBUF TUSFTT QB
*O BEEJUJPO ,0BVT BOE %PNBIT '%%. 0 GPMMPXJOH "
BTTVNF UXP GVSUIFS DPOTUSBJOUT UP DPNQMFUF UIF B
USJTZMMBCJD XPSET $y BOE" ' -
'PSUSJTZMMBCJD JOQVUTUIFIJHISBOLFE $y CMPDL
UJBM TZMMBCMF JOUP B VOBSZ GPPU BT UIJT XPVME SF
BEKBDFOU GPPU IFBET JO B USPDIBJD MBOHVBHE 51JT
GPS )-- BOE )) - JOQVUT UP CF QBSTFEBT) - - BO
UBCMFBVY )BOE 'JO ,OBVT BOE %PNBIT '%%. &)%& &)%
BOE ))) BSFQBSTFEBT )- ) BOE )) ) CVUOPU )
) )) TEFFUBCMFBVY +BOE,JO,OBVTBOE %PNBIT '%%
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v -SFRVIJSFTUIBUGFFUBSFDPOTUSVDUFE GSPNUIFM
SJHIU 51JT SFRVIJSFNFOU JTGMBWESBMWMAEGPSIHY IBVTUIJWF Q
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CVU WIPMBWIFFWFSBM UJNFT DBO OFWFS BSJTF BT PQUJNBN
UBCMFBV )JO ,OBVT BOE %PNBIT "%%. &)%& /FWFSUIFMF"
JO+VFODF UIF TIBQF PG QSPTPEJD TUSVDUVSF PG (FSNBO
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JWF GPPUJOH BMXBZT IBT UIF TUSVDUVSF PG B EJTZMMBCJI
TZMMBCJD POF BT UIF SFWFSTFE QBUUFSO XPVME BMXBZT .
BUJPO UP " ' - .PSFPWFS " ' -SFTUSJDUT UIF UPUBM (
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JPXFWFS UIFTF FOFDUT PG " ' -BSFOFWFS EFDJTIJWF GP
QvVUJO USJTZMMBCJD XPSET TJODF UIF SFMFWBOU DBOEJE
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XPSET SFNBJOT UP CFEFUFSNJOFE /FWFSUIFMFTT ,0BVT
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FOE 5IFZ FMBCPSBUF PO EBUB GSPNB TUVEZ SFQPSUFE JO
XIFSF XPSET XJUI DPSSFDU CVU MFYJDBMMZ FYDFQUJPOBN
EJOFS JO UIF XFJHIU PG UIF &D B M ITZTML M 88EONEF LFP €
IMFYJDPOw *O CPUI XPSE GPSNT TUSFTT TIJgT UP UIF QFC
WPMWF QSPTPEJD SFTUSVDUVSJOH )PXFWFS UIFFYQFDUF
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IFBWZ TZMMBCMF JO B XFBL QPTJUJPO PG B GPPU *O UIF SE
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ABSTRACT

The present paper reports results from three ERP

([1], [4]) revealed inconsistent resultdth respec
to stress effects on word processing.

studies showing components which reflect the 51 Method

processing of different word stress violations
dependent on distinctive task propertiexplicit
vs. implicit processing

The main findings were that the presentation of
an incorrect stress pattern led to an N4IRO
component indicating increased costs in lexical
retrieval. Such a component is not degemt on
the task during the processing of stress violations.
Furthermore,an enhanced positivity effect (P300)
reflects a stress mismatch detection only if stress
judgment was explicitly required in the task.

Keywords: word prosody, stress perception, ERPs,
N400, P300

1. INTRODUCTION

The present paper deals with the questions fao
the language processor makes use of information
from word stress, and in which way the usage of
such information is influenced by different tasks.

To test this, we conducted three ERP studies in
which the position of main stress in German tri
syllabic words was manipulated. Between experi
ments, the processing tasks varied from explicit
judgments on stress violation in different modal
ities to theimplicit processing of stress errors.
These tasks offer the possibility to examine-pro
cesses as diffené as the lexical integration of
stress information, matching of internally gener
ated and externally presented patterns, and the
evaluation of stress patterns.

2. EXPERIMENT 1

In order to find out how incorrectly stressed words
are processed, we performedERP experiment in

which participants were presented with correctly
and incorrectly stressed words which should be
judged explicitly. Previous ERP experiments using
a stress discrimination task with bisyllabic words

¥ Naturally spoken trisyllabic German wor
with penultimate stress containing eitl
correct (e.gBik’ni) or incorrect (initial: B’kini
or final: *Bikin’) stress patterns were record
Sampling ate was 44 KHz, 16 bit (mon
using CoolEditPro (version 1.2; Syntrilliu
Software Corpration) and an electret micr
phone (Senmeiser K6, ME 66).

¥ The syllabic structure of the stimuli was eit
XV.XV.XV or XV.XVC.XV and did not
contain reduced syllab$ (mean length «
stimuli 1063 ms).

¥ Stimulus set of critical items consisted of
stimuli per condition.

¥ Each stimulus was spliced into an invari
carrier sentenceEf soll nunBikini sagenOHe
is supposed to say BikiniO).

¥ Filler items were includedto balance th
number of correctly and incorrectly stres:
words. Each stress pattern occurred in col
and incorrect conditions.

¥ Participants (18 German monolinguals,
fem.) had to judge the correctness of
presented stimuli.

¥ EEG measurement wasybmeans of 2.
AgAgCI electrodes via 8rainvision amplifier
(C2 eletrode served as ground electro
reference electrode placed at left mastc
impedances kept below 3 kK EEG and EO(
recorded with a digitisation rate of 250
filtered offline with abandpass filter from 0.
to 20 Hz.

¥ Averages were calculated from the onset ol
critical items up to 1500 ms post onset wit
baseline of 200 ms before stimulus onset.

¥ For comparison of mean voltage differen
between conditions, three tirvdndows wee
selected (from 700 to 1200 ms, from 110(
1300 ms, and from 1300 to 1500 ms).

www.icphs2007.de 709
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¥ ANOVAs were calculated for the factor
STRESYOSITION (correct vs. initial or final)
over midline electrodes (Fz, Cz, Pz).

2.2. Results

Behavioral Data
Error rates were below4d per cent for each

2.3. Discussion

As shown in Fig. 1, the processing of incori
words led to a biphasic ERP pattern: a frel
central negativity effect between 700 and 120C
and a positivity effect betvem 1100 to 1300 ms
1300 to 1500 ms, respectively.

With respect to the negativity, such a ¢

condition. Analysis of accuracy scores revealed N0 pnonent can be interpreted as an instance ¢

differences between correct and incorrect condi
tions (F(2,34)<1). Reaction time data were not

N400 effect implying that a stress shift incree
costs in lexical retrieval. Higher costs in lexi

analyzable, since reactions were only required after ratrievalhave also been found in behavioral stu:

the offset of the carrier sentence tavoid
movement artifacts.
ERP Data

Negativity effects between 700 to 1200 ms: An

(e.g. [3])- The late occurrence of the N40O ef
can be ascribed to the presentation modality
the length of the auditory stimuli.

The subsequent positivity effect for incorr

overall comparison between conditions revealed a gnditions indicates the ewsition process relate

main effect for the factor STRES$POSITION

to the task requirements. Due to the prior neg:

(F(2,34)=29.01, p<.001). Furthermore, a separate jty effect, the actual latency and strength of

analysis of contrasts betweeretborrect condition

evaluation effect is hidden. In the second ex{

and each of the incorrect ones revealed that both nent we will investigate how a mismatch det
types of incorrect stress evoked a negativity effect jon s processed when higher osin lexical

(Bik'ni vs. *B’kini: F(1,17)=64.72, p<.001Bik’ni

vs. *Bikin’: F(1,17)=5.98; p<.037).

Positivity effects between 1100 to 1300 ms30Q

to 1500 ms: Stress violations with final stress
induced a positivity effect between 1100 to 1300
ms (F(1,17)=7.68, p<.014) and with initial stress

between 1300 to 1500 ms (F(1,17)=4.491, p<.05).

The positivity effect for initially stressed words is
shifted in latency due to the preceding strong
negativity in comparison to incorrect words with
final stress (see Fig. 1).

Figure 1: Grand average curves of correctly (solid
line) stressed words, words with incorrect antepen
ultimate stress (dotted line) and with incorrect final
stress (dashed line).

S Tuv cz

Bikini (correct)
*Bikini (initial stress)

retrieval are excluded.

3. EXPERIMENT 2

If the negativity effect in the first experime
indicates an increase of activation load during
process of lexical access, we expect that suc
effect would be excluded by the visual prestate
of each critical stimulus prior to aitdry presenta
tion.

We hypothesized that the detection of a si
violation should produce stronger effects
participants compared an internally activated si
pattern with the presented one (additional resdl
experiment 2 relating to prosodic structure
other patterns of word stress are reported in [5]

3.1. Method

Material, method and EEG measurement v
mostly identical to those outlined for experimen
with a task modification only for the stirus
presntation: 24 participants (12 females) were
presented with each critical itewisually (for 500
ms) before they heard the item with either cor
or incorrect stress pattern.

For comparison of mean voltage differen
between conditions, two tireindows were
selected by means of visual inspection (from 5C
800 ms and from 900 to 1400 ms).
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3.2. Results effects which seem to be taskated, i.e. related t
a stress mismatch detection. Note that the part
antsO lexical access to the words was provide
the visual presentimn of the items. In the litere
ture, such effects have been labeled P300 ef
(e.g. [6]). Interestingly, the latency of this type
effect seems to depend on the position of an

ERP Data: e . .
Positivity effects between 500 to 800 ms / 900 to stressed_syllable. Th|s_ finding is cpatible with
the Metrical Segmntation Strategy account (e

1400 ms: A separate analysis of contrasts between[z]) which assumes that the relevant brosc
the correct condition and each of the incorrect ones information for a word®s segmentation is F()giver
revealed that both types of incorrect stress evoked h ii f main st

an enhanced positty effect Bik’'ni vs. Bkini: the position of main stress.

F(1,23)=33.304, p<.001; Bik'ni vs. Bikin" 4. Experiment 3
F(1,23)=13.913; p<.002) (see Fig. 2). . o

Negativity effect for words with final stress [N @ voice discrimination task, the goal was

occurred between 500 to 900 ms (F(1,23)=31.98, investigate the processing of stressidtions wher
p<.001); see Fig 2. the task itself does not require attending to-j

sodic information. In particular, it was to test 1
task dependency of the effects found so far, nar
the N400 and P300.

Behavioral Data

No decrease in accuracy was detected. Analysis of
accuacy scores revealed no differences between
correct and incorrect conditions (g-46)=1.716,
p>.20).

Figure 2: Grand average curves of correctly (solid
line) stressed words, words with incorrect antepen
ultimate stress (dotted line) and with incorrect final
stress (dashed line).

. 4.1. Method
G200 o0y f\\ o // ¥ Recording of naturally spoken trisyllab
Jeooebaey ! Mf’\n \./ words produced bytwo female speaker
L S Ceos N (parameters identical to Exp. 1).
° ¥ Test material was identical to Experiment 1.
Sl cz ¥ Each stimulus was presented in isolation

immediately repeated (intstimulus interval
of 900 ms), by either the same or otl
speaker.

¥ Participant§20 German monolinguals, 9 ferr
had to judge whether the second word \
produced by the same or a different speaket

¥ EEG recording was identical to previo
experiments. EEG was filtered offline with
bandpass filter from 0.5 to 20 Hz.

¥ Averages were calllated from the onset of tt

33 Discussion first word up to 1500 ms with a baseline

200 ms before stimulus onset.

In contrast to experiment 1, we did not obtain a ¥ Time window for mean Vo|tage Compariso

biphasic ERP pattn, but mainly pronounced pesi between correct vs. incorrect stress w

tive deflections. Positivity effects for the different chosen from 920 to 1420 ms.

stress violations occur in distinctive latencies: in

correct initial stress yielded positivity between 500 4.2. Results

to 800 ms, and incorrect final stress between 900 to ;

! : Behavioral data:
1400 ms.Thus, ERPs seemed to be tihoeked to Error rates wee appr. % for each condition

the perception of an incorrect strong syllable. Analysis of accuracy scores revealed no signific

We interpret s ERP findings to indicate' that difference between correct and incorrect conditi
the perception of deviant stress patterns did not (F(2,38)=2.01, ns)

produce an N400 effect (the negativity effects ERP Data
observed for the two tygeof violations are deflect Negativity effects between 920 to 1420 ms
ions caused by the pronounced positivity), but only .o rect conditions in comparison to therreat

Legend:

Bikini (correct)
*Bikini (initial stress)

~" "Bikini (final stress)
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condition: An overall comparison between cendi First, a regativity effect occurred in expe
tions revealed a significant interaction of the ments 1 and 3 where incorrectly stressed word
factors STRESFPOSITION and REGION (Fz, Cz, Pz) to an inhibition during the lexical retrieval proce
(F(2, 38)=6.179, p<.002). Post hoc analyses This N40O effect, however, is not related to w
showed a significant difference between correctly ther the task requirestention tastress violations.
stressed wordsand words with antepenultimate As a secnd result, ERP measurements revei
stress in frontal region (F(1, 19)=6.272, p<.023) a positivity effect in both Exp. 1 and 2,
and a global difference between correctly stressed differing in strength and latency. We interpret s
words and words with final stress (F(2,38)=10.24, a component (P300) to be reflecting the exp

p<.006). judgment of correct and incorrect stress as req
Figure 3: Grand average curves of couty (solid by the evaluationask. In Exp. 1 the P300 is le
line) stressed words, words with incorrect antepen pronounced and shifted in latency, as the e\
ultimate stress (dotted line) and with incorrectafi ation task could be performed only after lex
stress (dashed line). retrieval was accomplished. Thus, the P300 4

B fered with the preceding N400 effect dinshing

SRR the ampliude in the posite deflections. In Exp.

o ieeee / AN P this interference was avoided by presenting

AR critical stimuli visually prior to their auditol

° presentation. Therefore the task allowed a focu

stress judgment. Latency differences of P
effects between Exp. 1 and Exp.a2e due t
distinct strengths of the N400. The absence o
positivity effect in Exp. 3 confirms that this effe
is due totaskrelevant matchmismatchprocessing
rather than being due to perception of st
violations per se.

To summarize, the obseesffects have tw
important implications for prosodic processing

Legend:

Bikini (correct)
“Bikini (initial stress)

~ “Bikini (final stress) ) violations of stress patterns evoke an N400 e
reflecting lexical inhibition which is an automa
4.3. Discussion process observable in botbonscious and ut

] _ ) ) o conscious prception, ii) the explicievaluation o
In the third eXpenment in which partICIpantS had to stress patterns surfaces in P300 effects w
discriminate voice, and not stress differences, W |atencies are correlated with the perception

observed an enhanced frordgentral negativity for strong syllable.
both types of incorrectly stressed words. As in

experiment 1 we interpret such a negativity as an 6. REFERENCES
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Abstract

In the present paper a constraint-based description of German word prosody is suggested in which the constraint ra
crucial parts supported empirically by experimental bndings from a pseudoword production task and from studi
electrophysiological measurements. It is shown how stress patterns of existing German words as well as experimer
on diverse prosodic structures can be expressed by minimal violations of prosodic constraints. In this way, our analysis ai
more insights into the question, which metrical structures are least marked in German. Furthermore, an aspect of mir
metrical systems is considered, which regards the structure of metrical feet in German. Can we establish strict binarity of
we bnd evidence for ternary structures?

# 2008 Elsevier B.V. All rights reserved.

Keywords: German; Word prosody; Optimality Theory; Foot type; Quantity sensitivity; Syllable parsing; Event-related potentials

1. Introduction

In the literature on Metrical Theory, a wide range of work is dedicated to the question of how prosodic syst
be described best. In this respect, the metrical account proposéai®s (1981, 1995)as mostinfBuential, accordil
to which prosodic systems are debPned along a set of prosodic parameters. The most important ones are
(trochee or iamb), direction (syllable parsing from left to right or vice versa), quantity sensitivity (yes or no), &
rule (right- or leftmost foot is strondg®rince, 198R From a typological as well as from a single-language perspe
such parameters are useful to capture language specibc peculiarities and to generalize over a variety of lal
order to debPne universals on prosodic structure. However, in some languages it is difbcult to determine
parameter setting. In German for instance, it is not quite clear how crucial some of the parameters are and ho
set. More specibcally, many German words follow a quantity-sensitivity parsingeigent OconductorOAgenda
Oagendad), but there also exists a considerable amount of counter-examples, in which stress is rather a
certain position than to a heavy syllable (ergzit Oconclusion®). In more recent accounts on metrical phonolo
prosodic parameters proposed by Hayes are expressed in terms of optimality-theoretic constraints which a
non-categorical parameter setting. In this respect some degree of variation can be explained by the rar

* Corresponding author. Tel.: +49 6421 28 24538; fax: +49 6421 28 24558.
E-mail addressesknaus@staff.uni-marburg.dé. Knaus)ulrike.domahs@staff.uni-marburg.deé. Domahs).

0024-3841/$ D see front mattér 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.lingua.2008.04.002
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interaction of wellformedness constraints (eAther, 1997; ey, 1998; Pater, 20000ptimality Theory Prince anc
Smolensky, 1993/2004as been proven to be a useful framework to capture prosodic systems with the funda
established bycCarthy and Prince (1993)nd Kager (1999)among others.

With respect to the analysis of German word prosody, there are still unsolved questions. Are feet strictly t
do we have to assume ternary structures? Are spare syllables parsed into degenerate feet or left unpar
syllable weight inBuence the parsing of syllables into feet? The major goal of this paper is to Pnd answers
guestions by discussing experimental Pndings in the light of theoretical conRZicts.

Another aspect of the present paper is concerned with the economy of representing prosodic struc
phonology, the notion of minimality surfaces mainly in accounts on markedness or underspecibcation (
Buchwald, 2008; Scharinger, 208& a detailed discussion). Regarding prosodic systems, minimality has als:
discussed by means of the minimal shape of prosodic entiie€arthy and Prince (199®pserved thatin a variety «
morphophonological processes like prosodically restricted reduplications in Diyari or shortenings of proper r
English output forms must satisfy the minimal word condition. A short name or a reduplicant must consist of a
foot, which is either bimoraic or disyllabic and thus corresponds to the minimal word. With reference t
requirements our goal is to demonstrate theoretically and empirically that the foot inventory of German is rest
binary feet only, speaking against the assumption that ternary feet (e.g. dactyls) are possible prosodic enti
proposed for instance bBurzio, 1994; Halle and Vergnaud, 198Furthermore, we will establish an account
unmarked prosodic structure focussing on the most controversial principles of Metrical Theory in Germe
prosody: foot type, metrical parsing of stray syllables, and quantity sensitivity.

Our theoretical considerations will be supported by experimental Pndings from production tasks and from
of electrophysiological investigations. Analyses of different violations of prosodic structure can show us unde
circumstances our brain detects severe metrical structure violations. Violations are induced by a shift
positions, leading to a changed prominence relation between syllables and possibly to a reorganization within
hierarchies. Different brain responses for different violations can tell us more about preferences for certain
structures within the language system.

In general the empirical results will evaluate the role of certain prosodic constraints proposed in the OT li
and the importance of these constraints within a constraint hierarchy.

Regarding German word prosody the following properties are commonly assumed: German monomc
words allow for three different stress positions: bPnal streiarp@ OvitaminO), penultimate strééas@io Ocasino(
and antepenultimate streskegikon Olexicon®). In words longer than three syllables the Three-Syllabl
(Vennemann, 199)krestricts the landing site for main stress to the three bnal syllables showing that in N
Standard German stress is assigned from the right edge of the word. Regarding the parameters holding fo
systems suggested yayes (1981, 1995the German system can be further debned as follows. The rhytl
German words is unequivocally characterized as a trochaic rhythm. It is however under debate whether syllak
plays arole in the parsing of syllables and in the assignment of stress. Thus, some phonologists argue that p:
stress is the only regular stress pattern irrespective of the weight of the Pnal and penultimate syllabisgebgrg
1991; Kaltenbacher, 1994; Wiese, 1996/2D@M0d stress on other positions has to be lexically specibed
underlying prosodic structure, from which the penultimate pattern results, is a word bnal trochéé&(emgda)r
Oporch®). In contrategerich (1985)Fary (1998) andRamers (19923ssume that bnal heavy syllables attract v
stress and Pnal light syllables lead to penultimate or antepenultimate stress depending on the structure of the
section4 we will present a more detailed discussion on quantity sensitivity in German.

2. An OT-analysis of German word stress

In this section, we will present an OT-analysis for German word prosody using OT constraints already pro
the literature. In certain aspects we will follow previous optimality-theoretic analyses of word stress in GAthear
1997; ey, 1999. But in contrast to the OT-analysis proposed Alper (1997) our model will concentrate ¢
monomorphematic words of German containing up to three syllables.

Before we present our OT-analysis, we will brst introduce some constraints that have been proposed i
literature and which have been proven to be highly relevant for the description of prosodic systems. In the se:
of this section, we present an OT account on the description of monomorphemic trisyllabic words of German.
of our analysis is to capture each type of main stress pattern that is attested in German words. Although mos
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words are mono- or disyllabic, a better understanding about the German stress system is achieved by inv
trisyllabic words with all possibilities of stressing. Furthermore, to represent only the core metrical structt
analysis will be oriented along counts of stress distributions in German words and pseudowords with varying
structures Jan8en, 2003aSuch analyses of correspondences between syllable structures and certain stres:
provide us with information on most frequent prosodic structures. Thus, leaving aside exceptional cases, the
OT-analysis is designed to explain the most frequent stress patterns observed for different types of words \
syllable structure.

In particular, we will concentrate on Jan§enOs study on trisyllabic pseudowords, as these reRect regular pi
stress assignment rather than irregular onesJ@fi8en, 2003aJan8en found the following distributions of str
patterns: The clearest preferences for a certain stress position were found for trisyllabic words contai
sequences of light (L) and heavy (H) syllables L.L.L, L.H.L and H.H.L. These words were predominantly stre
the penultimate syllable (L.L.L in 71.5%, L.H.L in 89.6%, and H.H.L in 85.3% of cases). For other structure:
preferences were not distributed so clearly. Words of the sequence L.L.H elicited nearly equal occurrt
antepenultimate stress (42.3%) and ultimate stress (38%). The same holds for H.L.H words (47.8% antepe
stress, 34.6% ultimate stress). The most balanced distribution of different stress patterns was found for wo
structure L.H.H (24.8% antepenultimate, 35.3% penultimate and 40% ultimate stress). In the following, the ¢
preferences for certain stress patterns in words with different syllable sequences will be the starting point fol
analysis, whose ranking should capture also the empirical data.

2.1. Prosodic constraints relevant for the description of German word stress

In accordance with the major part of the literature on word stress, we claim that stress assignment
on underlying foot structures. Only footed syllables canstressed. Therefore, foot structure obligatorily he
be built up. The optimality-theoretic constraint thaggers the formation of feet by grouping syllables toge
iS PARSES.

Q) PrrRsES
OOSyllables are parsed by fed®Oe and Smolensky, 1993/2004

Besides Rrses as constraint calling for structure building further constraints demand specibc types of foot str
The OT literature has adoptéthyesO (1981, 199&ew of a strictly binary foot template and has reformulated
template as a violable constraint calleddFBINARITY.

(2) FootBiN
OOFeet are binary at some level of analysis)OOP¢ince and Smolensky, 1993/2004

This markedness constraint requires that feet must contain either two moras or two syllables. If this con
undominated in a language b as we propose in our analysis for German b it also prevents the occurrence of
feet, which consist only of one light (i.e. monomoraic) syllable. The minimal foot should be bimoraic.

The rhythmic requirement described bydiBinariTY implies that B from a processing perspective b feet shol
constructed either out of one or two syllables. In contrast, ternary feet containing three syllables or three moi
to occur D if at all B only in rare circumstances. dbfBinariTy plays a role in prosodic processing, we should
some experimental reRection of the parser constructing binary structure (see Scotitmw).

German is regarded as a language with trochaic rhythm. This foot-internal rhythmic alternation of a strong
by a weak syllable is expressed by the constraintirm TyrE=TrocHEE Which is undominated in German (&lber,
1997; Fey, 1999.

(3) RHTYPE=T
OOFeet have initial prominenc®@iz¢ and Smolensky, 1993/2004; Kager, 1.998d others)

The overall majority of penultimate stress in German disyllabic words with only light syllableBdgf. 1998 can be
interpreted as an indication for the high ranking ofviRimTyPE=TROCHEE
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In many languages adjacent stressed syllables are avoidedifefman and Prince, 197.7This well known
dispreference is formulated in the constraintLA€H.

(4) *CuasH
OONo stressed syllables are adjacetag¥d, (1994, 1999; Alber, 1997

*Clash is violated if two stressed syllables occur next to each other. This is the case when the heads of
are adjacent, i.e. §f{@s ), (8)(@)s, s(8)(®) or (8)(B)(®). *Clash is satisPed, e.g. bys¢)(®), s(@s) or
(B)s(®).

With respect to the direction of syllable parsing, we assume that stress assignment (including secondary
German proceeds from the left edge of the word to the rightAltfer, 1999. Correspondingly, feet are construc
starting at the left word edge. This directionality parameter is expressed in OT terms by the constrBist-A EF.
To ensure exhaustive parsing of syllables into feet and left-to-right directionality this constraint must be ranke
Parses. Due to this low ranking ALFEeTLEFT does not play an active role in the stress assignment of trisyl
words. Nevertheless, the consequencesiofFAe+LEFT violations become visible when secondary stress is assi
but this is only visible in words longer than three syllables (8éwmer, 1997, 1998

(5) ALLFT-LEFT (Aucn (FT, L, PRWD, L))
OOEvery foot stands in initial position in the prosodic word.00
(McCarthy and Prince, 1993

A further crucial property of German main stress is that main stress assignment obeys the three-syllable
restriction {/ennemann, 199)bAccordingly, one of the three last syllables carries primary stress. In OT, this
edge preference is expressed by the constraisiiRosT.

(6) RHTMOST (ALicN HeAD-FT, R, Frwp, R)
OOThe right edge of the head foot coincides with the right edge of the prosodic word.00
(Prince and Smolensky, 1993)

Considering this basic set of constraints, we can cover the most relevant properties of German word stres
ranking of these will be the starting point for our analysis.

2.2. Rankings

In the following tableaux we will show how the constraints (1)D(6) are interacting in a ranking for Germa
stress. Evaluations of candidates in which groupings of syllables into feet and main stress positions diffe
exemplibed by trisyllabic words varying in syllable structure (LLL, LLH, LHL, LHH, HLL, HHL, HLH, and HHI
In the candidates, the parsing of syllables and the stress positions are kept constarfizddeaas 1D&he tableau:
differ only with respect to the word types in the input, in which heavy and light syllables are combined different
complete constraint ranking is presented in each tableau, although not all ranking arguments are deducible fi
single tableau.

The Prst word type to be discussed is the group of words consisting of three light syllablBs ki, Ka.stho
(Ocasino®yj.ka do (Opick-a-stickd). Tableau 1the optimally stressed candidate is determined by the evaluat
12 possible candidates varying in syllable parsing and stress position.

The high-ranked constraint#RtHm TyPE=TROCHEEIS Violated by feet with non-initial prominence (i.e. iambs,
candidate (j)). Rrse-s ranked above A FeerLEerTrequires exhaustive parsing of syllables into feet. Exhaustiv
blocked here by &otBinarRITY: In words with exclusively light (i.e. monomoraic) syllables, the required trochee
only be parsed in a disyllabic manner: Both monosyllabic (in candidates (c)b(i) and (I)) and even trisylla
(candidate (k)), which satisfyaRse-s and ALLFEe™LEFT, can never surface as optimal forms as they violate
undominated constraintdeTBINARITY.

The ranking of BoTBINARITY Over RRrse-s ensures that feet have the smallest possible shape. In words witt
light syllables a foot can never be larger or smaller than two syllables. As three light syllables can never b
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Tableau 1
/LLL/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE-G | ALLFT-L

(@ (LL.L i | L .
()= L.(LL) i ; 3 * -
(¢) (L).(L.L) ') L e &4 *
(d (@L)(L.L) 2] % *
() (L.L).L) i | Rl P ¥ o
(H  (LLM(L) § E 1 w
(@ (L)L) L L
(h) (L).LL § ¥l | o
(1) ('L)L(L) i g *!* % ok * Lt
G @oL | i ! * *
() (LLL) | i |
0] L.L.('L) *| ok 3k

exhaustively without violating BotBinariTY the optimal form must have an unparsed syllable, which is necessi
violation of R\rse-s. There is no alternative to leaving one of the syllables unparsed, as building up a monomot
would violate otBiNARITY (see candidates (c)P(i) and (1)).

RicHTMosTranked above &&se-s and ALLFeeFLEFT has the effect that out of the two remaining candidates (a
(b), (b) is chosen as the winner. Since the foot carrying main stress should be rightmost in a word, the best pc
an unparsed syllable is the left word edge. This ranking ensures that in words consisting of only three light <
i.e. without any inBuence of syllable weight, penultimate stress is the optimal pattern.

The candidates (c), (d), (g) additionally show violations of A6+ as they can have secondary stress adjace
main stress. In words with three light syllables this does not produce any ranking differences: A stress clas
words implies that a single light syllable has been footed, therefore a violationwak#leads necessarily also tc
violation of the equally high ranked constrainbdBIn.

A different picture arises iableau or words like Schimpase(Ochimpanzee@mbago, etc. which have tw
heavy syllables followed by a bnal light one. Single heavy syllables can form a foot on their own (in the candid
(d), (9), (h), (i)) and satisfy &otBINn through their bimoraic structure (the candidates (g), (i) violateBIN becaus:
they additionally have a footed single light syllable). However, these candidates cannot emerge as optimal. |

Tableau 2
/HHL/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE-6 | ALLFT-L

(a) ('H.H).L #) *
(b)= H.(HL) i ; i . 3
(¢)  (H).(H.L) & ! = :
(d)  (H).CHL) il ; ; .
(€  (HH).(L) i Y o _—
(h  (HH).(L) ; | %] 3 .
(8)  (H).(H.L) EORE e vy
(hy  (H)H.L ; g K P
(i)  (H).H.(L) : D) e = ==
() mL ™ g ! o *
(k)  (HILL) Ll |
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Tableau 3
/LHL/ RHTYPE=T | *CLASH : FOOTBIN | RIGHTMOST | PARSE-G | ALLFT-L

(1 (LH)L | ! K :

(b)= L.(HL) 3 ; : * 7
(¢) (L).(HL) ) Lk E *
(d) (LY(HL) ElEE *
(¢)  (L.H).(L) Y E "
(H  (@L.H.(L) : P *] | o
(8 ('L).(H).(L) ‘ ¢ |3 ‘ Hok ‘ P o
(h) ('"L).H.L *| Kk P

(i) (L)H.(L) : T e P —
@  (CH.L " ; : e *

(k) (LHL) | ) ‘

@O (@L'HL) * | P * ;

(m) L.CH).L ‘ i T % "

syllable of words of the structure H.H.L is parsed into a monosyllabic foot, parsing the following syllable into ¢
foot always results in a *GisH violation (candidates (c), (d), (g)).

As iambic structures (candidate (j)) are ruled out byTRee=T and ternary structures violate&Bin (candidate
(k)), the optimal outcome is selected from the candidates (a), (b) and (h). Candidate (b) is evaluated as th:
outcome as it satisbPesdRtmosT. Its head foot is perfectly aligned with the right word edge, while the head foot
stands one syllable and that of candidate (h) even two syllables away from the right word edge.

In Tableau Zandidates of the structure L.H.L are evaluated (algska Demeti Odenial®jlemma Flam@go).
Again, RecHTmosT plays a crucial role in selecting the optimal outcome. Lik&ableau Zandidate (b) wins over tf
candidates (a) and (m) because it satisPesiRosT, while (a) and (m) violate RHTMosT as their head foot is or
syllable away from the right word edge.

Parsing a word of the weight structure L.H.L into a ternary foot (candidates (k) and (1)) is blocked by tF
ranked constraints iR yre=T and FootBiIN. Amphibrachs, dactyls and anapests can only surface in languages
FootBin- and RiType-constraints are low ranked.

Tableau 4

M.L.L/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE-G | ALLFT-L
() (HL)L s’ ' K x
(b)s= H.(L.L) : } : * *
(¢)  (H).(L.L) 1= : | *
d  (H).(L.L) |+ : | .
(¢) (HL).(L) : ki "
(h  (HLML) | |+ | o
(g) (H).L).IL) PHI* [ H | H o
(h) (H).LL § ; T o
()  (HL@L) % i R * *
G (@L.L |* E *
(k) (HLL) : | ¥ :
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Tableau 5
/LLH/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE-G | ALLFT-L

(@ (LL)MH i | { .
(b) L(LH é i | +| *
()  (L)(L.H) ') L e ] *
(d) (L)(L.H) 2] % *
() (LL).(H) i i il o
(= (LL).CH) § § 1 w
(8  (L)(L)(H) i
(h)y (L).LH § ¥l L x *
G  @CoLH |* i ! * *
(k) (L.LH) i ) |
() LL.(H : i : * | ok

Interestingly,Tableaux 2 and 3how that the weight of the prst syllable is irrelevant for the assignment of
stress. This is in line with the experimental Pndingdaf§en (2003aBoth H.H.L and L.H.L structures exhibita cle
preference for penultimate stress (85.3% and 89.6%, respectively, see above).

This bnding is conbrmed by the evaluation of trisyllabic words starting with a heavy syllable followed by tw
syllables (H.L.L) inTableau 4 The optimal candidate (b) has the same foot structure as the winngablisaux 1D:
The initial heavy syllable is left unparsed and the two light syllables form a word Pnal trochee. High r
RicHTMosTensures that the head foot is at the end of the word (e.g. candidate (b) vs. (a) or (h)). Exhaustive
blocked by *GasH (candidates (c), (d) and (g)) and&BiNarITY (candidates (ePg)).

From the tableaux presented so far we can infer thattdralidate with only one right-aligned foot leading
penultimate stress is the optimal one. Now, in the followindeahx with the evaluation of trisyllabic words of t
structure L.L.H, L.H.H, H.L.H and H.H.H the situation changes substantially. Inrastito the words analyzed
far, these word structures form two feet without violatirighiranked constraints. If L.L.H is parsed into the f
structure s )(s), both feet are bimoraic. The same holds for words of the structure L.H.H, H.L.H and H.H.
can also be parsed into two feet whose weight structure forms an eqetigct landing site for main stres

In Tableau 5vords of the structure L.L.H are evaluated. In contragigbleaux 1D4he candidate (b) with an initii
unparsed syllable cannot be the optimal outcomenasd is not blocked by any higher ranked constraints here a

Tableau 6
/H.L.H/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE-6 | ALLFT-L
(@ (HL)H | | { i
(b) H.(LH) i ; | *) *
(€©)  (H).(L.H) | %l ! { o 2
d)  (H).(LH) K ; 3 *
(&) (HL).(H) i ! 1 e
(= (HL).(H) e
(g) (H).(L).4I) 1 ¥ j ¥ hi
(h) (H).LH § § KT 4
(i) ('H).L.(H) Lk * ok
() HLH |* ] i ks ¥
k) (HL.H) ! | ;
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Tableau 7
M.HH/ RHTYPE=T | *CLASH | FOOTBIN | RIGHTMOST | PARSE- | ALLFT-L

(@) (HH).H 3 ; K P

(b) H.('H.H) *) ®
(c) ("H).(H.H) *| *% *
(d  (H).(H.H) i *
(e)  (H.H).(H) 1 : P ok
(H= (H.H).('H) K
(2) ('H).(H).(H) *|# Hi Hokk
(hy (H).HH : § B ok

(i)  (H).HM@H) : | Dy * =
() (HHH ]* | i " *

(k) (HHH) | B ‘
Tableau 8

/L.H.H/ RHTYPE=T *CLASH FooTBIN RIGHTMOST | PARSE-c | ALLFT-L

(@ (LH).H } § KT P

(b) L.('H.H) ‘ 1 ‘ *) *
(¢)  (L).(ILH) T T T -
(d) (@L).(HH) 4 L% *
(e)  (L.H).(H) E ”
(= (L.H).(H) i ; | =
(2) ('L).(F).(H) xR L* | Hgese
(h) (L).H.H 3 L L *%

(i) ('L).H.(H) : 4 S " —
G)  (L'H).H *| 3 : E *

(k)  (L.H.H) | T !

ranked above A Feer-LerT. Thus, a non-canonical trochee of the form (OLHHefyes, 199%is avoided herk(this is
different in L.H.H words, see below).

Candidate (l) satisbes all high ranked constraints, but violatess? through its two unparsed light syllables. C
of the candidates that exhibit exhaustive parsing, candidate (f) is evaluated as optimal. Candidate (f)
comparison to candidate (e) as it has main stress on the ultimate syllable and therefore satishesRR

This implies that words likeResidaz (Oresidence®@pgabund (OtrampO) arditar (Ohigher education entrar
qualibcationd) represent the regular stress pattern of L.L.H-forms in German&nniles(Opineapple®)loexikon
have an exceptional stress pattern, which may be lexically prespetieednstraint like H:ab-MatcH (McCarthy,
2000, requiring faithfulness to prosodic heads specibed in the input, could accomplish such forms to st
optimal outputs.

1 One might argue here that words likéuseimare of the type L(OLH). Followin@iegerich (1985}t is suggested that such forms consist (
Latin ending that cannot bear stress (see also argumentation in section 5.1).

2 Evidence for a lexical specibcation of antepenultimate stress may be found in stress violations produced by patients with surface d:
Jan8en, 2003a, 2003b; Jangen and Domahs, in)pBxsg unable to retrieve lexical information about stress positions, the patients H.T. an
avoided antepenultimate stress in a production task with existing German words. Instead, words with canonical antepenultimate stress v
with penultimate or bnal stress.
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An alternative explanation along the linesrditerOs (2008halysis of English stress would be to assume lexic
indexed versions of the diFiNnaLITY constraint (cfPrince and Smolensky, 1993/200Z his constraint requires th
the head of a prosodic word must not be Pnal in a prosodic word. It bans a word®s main stress and head foo
position (cf.Prince and Smolensky, 1993/2068). The general version of this constraint is ranked beloswfiosT
and thus does not alter the optimal outcome of our ranking so far. A lexically indexsBifMLiTy constraint is valic
only for some part of the lexicon, i.e. a restricted set of wordsReter, 200p® Ranked above RHTMosT, it could
generate exceptional main stress on the antepenultimate. Candidate (e) would win over its competitors (b)
these violate NNFINALITY | exiq because of the word bnal position of their head foot.

In this context, it is insightful thalan§enOs (2003a)idy of pseudowords does not report a clear preference fc
of the competing stress patterns. Out of 358 pseudowords with the structure H.L.H, 47.8% were produ
antepenultimate and 34.6% with ultimate stress, out of 234 pseudowords with the structure L.L.H, 42.2
produced with antepenultimate and 38% with ultimate stress, H.H.H-structures were not taken into .
Furthermore, her analogous analysis of existing words from the CELEX caBaayén et al., 199%ut of 72 H.L.H
types: 40.3% with antepenultimate stress (APU), 44.4% with ultimate stress (U); 86 L.L.H types: 68.6% APU, 1
suggest that many words of these prosodic structures are lexically prespecibed for a certain stress pattern.

As exemplibed for L.L.H words above, lexically indexedMFinaLiTy could explain the variations betwe
ultimate and antepenultimate stress observeddngen (2003a)

Tableau &or H.L.H words again shows the crucial role off8e-s, which impedes candidate (b) from surfacinc
optimal form. ReHTmosT evaluates candidate (f) with ultimate stress as the optimal form instead of candidate
violates this constraint. Adopting such a ranking, words Wkehitekt, Exponat or Garnitur (Osuite®) are regt
patterns, whileHarlekin (Oharlequin®) Keanguruh (Okangaroo®) are exceptional ones.

Furthermore, words with three heavy syllables (€gempta Ospecimen®) remain to be analyZabléau 7.
Though words of this structure are rare in German, they do not cause problems to the ranking establish
Candidate (b) with an unparsed initial syllable cannot surface as optimal form, as this incomplete parsing is
violation of P\rses. Among the candidates with all syllables footed, those with a bnal disyllabic trochee a
candidate with each syllable parsed in a monosyllabic foot exhibit violations of high-rankedGence we bnd th
same picture as imableaux 5 and @ith two candidates ((e) and (f)) that have an initial disyllabic trochee and a
monosyllabic one, but differ in the position of main stress. AgasvRuosTevaluates (H.H)(OH) as the optimal out

Finally, trisyllabic words of the structure L.H.H (e.Redundaz Oredundancyd) are examinedahleau 8
Comparable to the previous tableaux, candidate (b) is ruled out by its violatiomef-B. The two candidates (e) al
(f) crucially differ in their evaluation through iB+TMosT, while satisfying all other high ranked constraints. B
satisfy Rrse-s, as all their syllables are parsed into feet, but violate&-L: They consist of two feet, and only tl
Pnal monosyllabic foot is perfectly aligned with the left edge of the word.

RicHT™MOsT ensures that candidate (f) is evaluated as the optimal form and that words with the weight s
L.H.H receive Pnal stress.

The optimal output with ultimate stress in words of the structure L.H.H implies that a light and a heavy sylle
parsed into an initial trochee (see candidate (f)). Due to its OOreverse®0 weight structure B a heavy syllabl
weak position of a trochee D a (L.H) trochee is a highly marked form.

Notably,Jan8en (2003agports that the preferences for a certain stress position in L.H.H words are not as
in other structures. 22.8% of pseudowords out of 215 were produced with antepenultimate stress, 30.2% with
and 47% with penultimate stress. Thus, the optimal candidate (f) is not completely in accordance with .
Pndings. The preference for penultimate stress may be due to an avoidance of the marked trochee (L.H).
penultimate stress is signipcantly less frequent than in those words that are analyzed as having penultimat
the optimal output (L.L.L, H.H.L, L.H.L and H.L.L) Moreover, considering existing words, it is not surprising
L.H.H-forms are quite rare in German (Jan8en reports 27 L.H.H types: 4 with antepenultimate stress,
penultimate stress and 5 with ultimate stress).

Taken together we get the (preliminary) constraint hierarchy illustrated under (8).

(8) RHTYPe=T, *CLasH, FootBiN, RiGHTMOST! Parses |  ALLFT-L

3 Whether this alternative analysis is possible here depends on how number and size of such sets can be established in a grammar of |
is still an open issue.
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In comparison to earlier OT-analyses of German word stress, this ranking is very close to the one propgdbed
(1997) For monomorphemic words that are central in the present analysis, however, a constraimsliElocHaicL aw
proposed byAlber (1997, 1998)o restrict the occurrence of non-canonical trochees like (OL.H) and (OH.L) is not
Here, the ranking itself assures that (OL.H) occurs only when exhaustive parsing is possiblaléses$, and (OH.L) i
restricted to words of the shapes H.L.H, L.H.L, and H.H.L. Similarly, the effects of some constraints suggésssc
(1998; e.g. MNHEAD(ScHwA)) can be expressed directly via the ranking of a smaller set of constraints.

3. Experimental evidence for the ranking of FoorBiN and Parse-s

As outlined in the previous section, constraints calling for a certain type of structure building are essentia
description of prosodic systems. From an empirical perspective, such structures can be identibed by means
syllables within prosodic words. However, this method allows to detect only heads of feet, while one ci
speculate on the weak part of a foot. The detection of a strong syllable itself is not enough to postulate foot st
since a stress position must not result necessarily from an underlying foot structure, but a syllable can be
specibed for main stress as proposed for instance in a psycholinguistic model on word prodiesidtre al., 1999

The experiment on prosodic processing presented in the following section will show the importance
constraints BotBIN, Parses and RiType=T.

3.1. ERP data

In the following, we discuss results from event-related potentials (ERPs) reporiahiahs et al. (2008which
show that only binary foot structures are built up in the German prosodic system. In studies using even
potentials, electrophysiological brain responses (small changes in mean voltage) are measured time-lock
certain type of stimulus via electrodes bxed on the scalp. By means of several averaging procedures, differel
event-related potentials can be detected. These so called components are negative or positive defRections
associated with certain types of sensory or cognitive processes.

ERPs allow for a very high temporal resolution and are qualitatively distinctive for different types of co(
processes (e.g. language processes). ERP components are classibed according to their polarity, to their la
locked with the stimulus onset, and to their topography, i.e. where they are measured on the scalp. In gener
absolute values of voltage changes induced by a critical condition are interpreted, but voltage differences bet
critical conditions (for a detailed description of the methodology see appendix providedrbkessel-Schlesews
and Schlesewsky, 2008; Kutas et al., 2D06

In the ERP study bypomahs et al. (2008)articipants were confronted with correctly and incorrectly stre
trisyllabic words, the latter ones leading to a change in prosodic structure. The aim was to investigate whether
types of stress violations/prosodic changes would produce different ERP effects, which might indicate qua
distinct processes in the parsing of diverse stress patterns. In this respect, 90 trisyllabic German words were (
per stress pattern (e.g. stressed on the antepenultimate syllekikonOlexicon®, stressed on the penultimate syl
Kas@io Ocasino®, and stressed on the bnal syNétale® Ovitamin®). The prerequisite for the selection of these
was that they differed in prosodic structure according to metrical analifsg®6, 19985 (Le.xi)gd{kon)g,, Ka(si.no}s
and (Vi.ta}.(min)zs Each group of words was controlled for the structure of the Pnal and prebnal syllable, th
syllable was open in 70% of word€ach word was recorded naturally spoken three times with stress on each s
i.e. once correctly and twice incorrectly. It was assured that stress on a certain position within a word was re:
identical phonetic parameters irrespective of the correctness or incorrectness of the resulting stress pe
statistical analyses on phonetic realization Besmahs et al., 2008 A comparison between correct and incori
conditions revealed that different types of foot structure violations produced different ERP effects (for more
about the experimental setup and the statistical analyseB@emhs et al., 200&ndKnaus et al., 2007

4 Due to structural and lexical restrictions like word frequency we had to include a few items per condition with a closed antepenult. ¢
argue that such items are parsed differently, building an initial monosyllabic foot. Such a parsing, however, would lead either to unparsec
words with antepenultimate and Pnal stress or to a clash situation in words with penultimate stress. Since ERP effects for violations with i
in words with penultimate syllable do not speak in favor of the acceptability of initial stress, we assume that the weight of antepenults doe:
role in the parsing of our stimuli.
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(Lé.xi)(kon)
- *Le.(xi.kon)
*(Le.xi)(kon)

Ka.(si.no)
- *(Ka.si)(no)
*(Ka.si)(no6)

(Vi.ta)(min)
- *(Vi.ta)(min)
- *Vi.(td.min)

Fig. 1. Grand averages are grouped according to stress conditions. Grand averages are measured from word onset up to 1500 ms the
space limits only midline electrodes (Fz, Cz, and Pz) are depicted. In the grapksptiedndicates the course of voltage changes over time (ir
and they-axis the amplitude of voltage changesfii) with positive voltages being plotted downwards. On the left hand side the correct cor
with initial stress is compared to the two incorrect conditiomex#on and *Lexiken. Only the violation with penultimate stress reveale
pronounced positivity effect. The mediate panel shows the conditions for words with penultimate stress, both comparisons between the
incorrect conditions yielded enhanced positivity effects. The right hand panel illustrates grand averages for words with bnal stress,
violations with penultimate stress produced a violation-of-expectation effectiea®hs et al., 2008r statistical analyses).

In this experiment, 24 native speakers of German were presented with each correctly and incorrectly stres
however, prior to auditory presentation each word was also presented visually. The participantsO task was to
each word whether it was stressed correctly or not. The visual presentation of each stimulus was conducted
facilitate the decision by excluding lexical search effects (seelatsus et al., 200)7 Participants expected to hes
stress pattern, which would match the stress pattern of the visually presented word. Whether the actually he
pattern met this expectation was judged by pressing a yes- or no-response button.

3.2. Evidence for BoBiN, RHTYPE=T, and PARSES

In data analyses, we focussed on contrasts between a correct conditiobeggkgn) and each of two incorre:
conditions (e.g. kex&on or *Lexiken). By means of comparisons between the critical conditions we obtaine
following results.

As can be seen iirig. 1, comparisons between correct and incorrect conditions led to an enhanced
defRection in each stress context. However, in words with antepenultiiredi&@n) and ultimate stress/ftama) the
positivity effect occurs only in violations induced by penultimate stretef&onand *Vitamin), whereas in word
with penultimate stress<@s#o) each violation evoked a positivity effetin Domahs et al. (2008indKnaus et al
(2007) it was argued that such a positivity relRected a task-related evaluation process, which is sensiti
signibcance of a stress violation. It is suggested that only those stress violations requiring a restructuring of

5 Note that for violations like *\&&min a positivity effect was obtained, but this effect was reduced in comparison to violations suchasin'
(see statistical analyses providedDomahs et al., 2008
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into feet lead to a pronounced positivity effect. We conclude thisftbe fact that such positivity effects could r
be observed for violations likel’exiken or *Vd@amin, in which B assuming that both phonological words consi
two feet D the stress position shifts from one foot to theothithout changing the structure, i.e. turning a w
syllable into a strong one and vice versar(& more detailed discussion of the data Beenahs et al., 2008 Thus,
the lack of positivity effects B especially for words with ialtstress B can be taken as evidence that these
consist of binary feet only ((kei)(kon)g:), structures that were suggestediilber (1997, 1998and in our accour
(see sectiorR.2).

With respect to foot type, the data further show that the positeffects cannot possibly be explained
assuming ternary foot structures: a switching between dactyss (Oamphibrachsg@s ) and anapestss$ &)
would require a total restructuring in each violation daion by turning a head syllable into a weak syllable i
vice versa. Thus, in words with canonical antepenultimatesstwe should bPnd an effect also in violations v
bnal stress 68s ! ss @) and vice versa in words with canonical bnal stress with iredr initial stres:
(ss@ ! @ss). This, however, is not attested. The data therefore are capahdéstinguish between a we:
syllable of a ternary foot and a strong syllable of a trochee, most probably carrying secondary stress.tiSaté
a difference would hardly be detectable by ane of phonetic analysis (see for instarkdeber and Klipphahi
(2006) for a phonetic manifestation of secondary stres&egrman). The fact that we did not obtain positiv
effects in such circumstaes speaks in favor of strictly binary feeas has been suggested by the undomin
constraint BotBIN in section2.2

Referring to the undominated constrainéyRHm TyPE=TROCHEE, the data might give an answer to the ques
whether prosodic words consist solely of trochaic feet or of both trochaic and iambic feet. In the latter
trisyllabic word with penultimate stress could alternatively be parsed as (L.OL)L or (L.OH)L and a word with b1
as L(L.OH), only for words with antepenultimate stress we have to assume necessarily a trochaic parsing (C
these parsings were real, we should have found other results for words with canonical Pnal stress (for
penultimate and antepenultimate stress the predictions for trochaic and iambic parsings are the same): a
bnally stressed words as L(L.OH) would require a restructuring of feet in violations with antepenultima
(*(OL.L)(H) and a shift in prominence in violations with penultimate stress *L(OL.H)). Although it is not clear y:
kind of ERP-effect surfaces for shifts in prominence relations, at least violations with antepenultimate stres
lead to an enhanced positivity effect, which is not attested. Thus, it seems that the data can decide between tr
iambic structures, at least for foot types of bnally stressed words. For more test conditions to ¢
RuytHMTyPE=TROCHEE further investigations of longer words with an odd number of syllables would be dec

Regarding the constraintaRses, the data suggest that words with antepenultimate stress do not consis
extrametrical, unparsed bnal syllable (see candidate {@hiteaux 5 and)as is suggested irayOs analysis (1998)
this were the case, we should have found a pronounced positivity effect for words with canonical antepenultim
incorrectly stressed on the bnal syllable. According to these tableaux the output with bnal stress (candidate (f), (
constitutes even the optimal surface form as it satishestRost. Violations of such a form did not produce a
positivity effect.

In words with canonical Pnal stress that are incorrectly stressed on the initial syllable, a violatiemoidTas
shown in candidate (e) dfableaux 5 and ghowever, did not surface as a pronounced positivity effect. The lack
ERP response can be taken as support for a possible lexical specibcation of this stress pattern by resisxaf+
or lexically indexed MNFINALITY (See sectior?.2 above).

In sum, the Pndings of the brst experiment reportedamahs et al. (2008)orroborate the conception of a par
building up binary structure, which is reRectedArince and SmolenskyOs (1993/2Gf)straint BotBin. This is not
that surprising, since traditional OT-analyses of German word prosody generally assume binary trbiteee$997,
1998; Rey, 1999. However, our results are the prst to show empirically what happens when prominence relat
restructured. Up to now, analyses could only consider prominent positions of words, but our data go beyond that
to prominent and non-prominent parts of the prosodic structure of a word. Furthermore, in the case of wc
antepenultimate stress, we could show that a form with a parsed pnal syllable is to be preferred over a forr
extrametrical syllable providing evidence for the importanceas&Bs at the right edge of a word. However, in wol
with penultimate stress likBik@i, for which we proposed an optimal parsing like L(OL.L), we cannot reach a de
based on experimental evidence between an unparsed initial syllable and an initial defective foot, since both
forms violate constraints important for foot structure formation making the initial syllable an impossible landing
stress.
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4. Does weight matter?

Itis a long-standing debate whether German is a quantity-sensitive language. Some phonologists argue tha
position in German words is calculated on the basis of the syllable weight of the Pnal and prebnal syllaBledgerg:h
1985; Vennemann, 1990:3£1998; Jessen, 199A heavy bnal syllable attracts stress, otherwise stress is reali:
the prebnal syllable. With the debnition of heaviness B however b difpculties have arisen. It seems that the
notion of weight in terms of a mora-counting system does not hold for German. Thus, words ending in a (bimor.
vowel do not necessarily attract word stress (e.@{tOR < Konto> , Oaccount®), whereas words ending ina VC-, \
or VCC-sequence often do (e.gsfmoO&] < Protokolt>, Ominutesd; [vitaDmiknfitamin>, OvitaminO; [ligent]
< Dirigent>, Oconductor®). Accordiniiese (1996/2000}he stress position is not predictable even for the latter g
ofwords. Thisis demonstrated by means of varying stress patterns in words ending inidentical Pnal syllaBlgkga
Othe Balkans@Digan; Japan® Kumpa Ocompanion{fiese, 1996/200a79).

With respect to the relation of vowel length and syllable weight, a proposal to explain word stress in Dutch r
insightful for an analysis of German as well. The observation that long and short vowels are dis
complementarily B i.e. long (tensed) vowels occur in open syllables and short (lax) vowels in closed syllable:
the proposal that vowel length does not contribute to syllable weight at all in Diitadpe(r, 1989; Lahiri and Korema
1988. Instead, it is assumed that only closed syllables are heavy. FolloMaggr (1989)and Trommelen an
Zonneveldt (1999pnly a closed (= heavy) bnal syllable is parsed as a monosyllabic foot, open Pnal syllat
parsed as weak syllables of trochees. We will suggest here that in German the same debnition of syllable weit
be adopted, since vowel length seems to be an uncertain predictor for the parsing of syllables into feet acc
their weight. In German, open syllables contain tensed vowels (except for /& gehich are longer than lax vowe
in closed syllables. Since vowel length is not an independent factor, but is crucially determined by the syllabi
up, one can argue that vowel length does not contribute to syllable weight. Simianigemann (1990, 1991ajgues
for a distinction between open and closed syllables by means of syllable cut properties. One caveat s
mentioned here, namely that a minimal German word might consist of an open syllable with a long vowéé
OneverOwie OhowO. From such forms we can conclude that open syllables at least have the potential to be h
as argued above D are not as good as predictor for heaviness as closed syllables are.

In a pseudoword-reading taslan8en (2003abserved that most words ending in a syllable with one or two
consonants were stressed either on the Pnal or antepenultimate syllable (77%), whereas words ending in ar
syllable were predominantly stressed on the penult (82%). This bPnding conbrms that at least the weight ol
syllable determines the prosodic structure of a word.

Taken together, there are some considerations speaking in favor of a quantity-sensitive system. HoWléese
(1996/2000)0ints out, the German stress system is by no means quantity-sensitive in the traditionaHsemes
1995. In the following section, we will discuss experimental Pndings on the inffuence of syllable weight and ill
the role of quantity in relation to other relevant prosodic constraint.

4.1. ERP data

In order to elucidate the role of quantity sensitivity in German we present Pndings from another ERP study
in Domabhs et al. (2008)n which the word material allows to differentiate between effects induced by either viol:
of stress position and syllable weight or by stress violations alone. For this purpose, we selected wo
antepenultimate stress that differed with respect to the structure of the bPnal syllable: Half of the words cor
closed pnal syllable (CVC-structure; elLgxikon) and half an open Pnal syllable (CV-structure; &&iko). The idee
was that stress violations of such words caused by penultimate stressL@doh *Riséo OriskO) might prodt
different effects in ERPs because correct words with penultimate stress contain predominantly an open bPng
and rather rarely a closed one (see discussion al5df#)is asymmetry is meaningful in German, more pronour
violation effects for incorrect words likel'ex&on should be observed than for words likRis&o.

8 In a corpus analysis of 1017 trisyllabic words selected from Celex lexical database of G@Baaye( et al., 1995Jangen (2003a, 2003
observed that words with penultimate stress ending in a syllable with full vowel are open in 64.2% and closed in only 33.8%. Note further
with closed bnal syllable mainly consist of a Latin or Greek ending which cannot bear stressligsgumOmuseum®azillus ObacillusO,
FranziskusOmale name0).
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4.2. Evidence for the processing of syllable weight

To test this hypothesis, an ERP experiment was conduddesnghs et al., 2008in which 15 words witt
antepenultimate stress contained a closed Pnal syllable and 15 words an open bnal syllable. Each word was
twice in both correct and incorrect (penultimate) condition; Pller items with incorrect antepenultimate stress an
penultimate stress were added to exclude confounding strategies (for a detailed description of the experiment
and the statistics sé€@omahs et al., 2008 The participantsO task was identical to the one outlined in setion

Fig. 2 depicts that there are indeed differences between the two presented stress violations: The viol
expectation effect is stronger for words with a closed bnal syllable than for words with an open bnal syllak
bPnding suggests prst of all that the language processing system is sensitive to the frequency of occut
particular structures, since penultimate stress occurs more frequently in words with an open than in worc
closed Pnal syllable. With reference to the results we obtained for the criterion OOfoot typeOO n2stuti
asymmetry of ERP effects seems to ref3ect that a structure Risé&b is more wellformed than a structure li
*Lexd@on Note that in the latter case a heavy bnal syllable is parsed as a weak syllable of a troche&dibg)x
whereas in the brst case two open syllables form an optimal trocheekB){s0r herefore, our Pndings support 1
assumption as reported in sect@s2 that closed syllables are heavy and build feet on their own. However, this ¢
observed mainly for Pnal heavy syllables.

The Pndings of the ERP study show that syllable weight inBuences the processing of prosodic word forms (
of those not lexically stored). Despite the fact that both formieg&onand *Ris#&o) are violations that can be judg
as incorrect with comparative accuracy (97% and 93%, ns), we can conclude that German speakersO pi
system is sensitive to syllable weight. Note that we do not have any empirical results suggesting that the vow
of syllables contributes essentially to the weight of a syllable. Therefore, our results support the assumption o

Fz FZ

514V

0.5 1.0 1.5

Léxikon
............................ *Lexikon

Risiko
*Risiko

Fig. 2. Grand averages are grouped according to stress conditions. Grand averages are measured from word onset up to 1500 ms the
space limits only midline electrodes (Fz, Cz, and Pz) are depicted. On the left hand side, the correct condition with a heavy Pnal syllable i
with the incorrect conditiohex&on As a result, such a violation with penultimate stress produces a pronounced posterior positivity effect
right hand side, contrasts between brain responses for correct words with open Pnal syllables and incorrectly stressagéopeds {llustrated
Interestingly, for this type of words the violation effect is moderate and statistically not signipcabtdseshs et al., 2008r statistical analyses
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section3.1(Jan8en, 2003a; Kager, 1989; Trommelen and Zonneveld,)E29rding to which only the presence
absence of coda consonants distinguishes between heavy and light syllables.

However, this sensitivity in the perception of weight differences is not deducible from our OT-analysis
compare the candidates (b) fronableaux 1 and ® L.(OL.L)-structures likeRis&o and L.(OL.H)-structures lil
*Lex@on D the differences in syllable weight are not rel3ected by any violations in the ranking. In both te
candidate (b) violatesARse-s and ALLFeeTLErFT. The present ranking takes only the positional properties of stres
account, but not syllable weight properties per se.

From an OT-perspective the described ERP effects of the alternating stress positieaéaon, *Lex&on and
R&iko, *Ris&o would be described best by the constrainti¥To-StressPrinciPLE (WSP,Prince and Smolensk
1993/2004. WSP requires heavy syllables to be stressed.

The correct formLexikon has the prosodic structure (OL.L)(H) with an assumed exceptional antepenultime
stress (stress is possibly lexically prespecibed, sincatRost would opt for bnal stress here, see discussia
Tableau 3. When main stress is shifted to the penultimate syllablegéon) the foot structure changes. According
our analysis (se@ableaux 5b;7candidate (b)) word forms with penultimate stress always exhibit a bnal disy
trochee and an unparsed initial syllable, hence the prosodic structure of this form should be L(OL.H). Thus, ir
a restructuring of feet, WSP is violated as the Pnal heavy syllable occurs in the weak position of the bPnal f
violation of wellformedness of weight structure is visible in the observed ERP effects.

In contrast, main stress alternations of words Résikoshow a different picture. Here, we assume that the co
form R&ikoagain has a lexically prespecibed main stress. According to our OT-analysis, stress would norma
on the penultimate syllable if we assume the weight structure L?ILIL.L-forms would normally exhibit penultimat
stress (i.e. a bPnal disyllabic trochee and an unparsed initial syllable). As propoEsuléau 1 antepenultimate stre
is exceptional, since BHTMosT must be dominated by a constraint likeAdMartcH that ensures a faithful realizatis
of stress already present in the input or by an indexed versioogiFiNaLITY (see above, discussiontdbleau 3. This
would result in the parsing (OL.L)L or (OL)(L.L). However, shifting main stress to the penultimate syis#ie
requires restructuring of feet. But although the potentially optimal form L(OL.L) has a completely differe
structure compared to the correct condition (OL.L)L or (OL)(Ri¥@o forms do not produce positive deRectio
The lack of a positivity effect could be interpreted to be the result of the fact that in contrakex#®dn no WSF
violation occurs. Therefore, the ERP method is sensitive to the markedness of structures, accepting incorre«
they constitute unmarked prosodic structures.

If we incorporated WSP into the ranking proposed so far, it would be ranked belows#@s German is only
partially quantity-sensitive language (&lber, 1997. This is expressed by the irrelevance of the weight of the
syllable in trisyllabic words for stress assignment (compare Eagleau 2with Tableau 3.

However, the occurrence of WSP would never change the optimal outcomedblefaux 1D8Accordingly, this
constraint does not seem to be relevant for the analysis of stress assignment in trisyllabic words. It should
further that with ‘Ris&o and *Lex&ontwo non-optimal forms are compared here. OT normally was not designec
able to account for differences between losers in a ranking.

Nevertheless, the peculiarity remains that we have an experimental prove that German speakers are s
syllable weight during processing, but this sensitivity is not needed to derive wellformed stress patterns of tr
words. Possibly, WSP is needed in an analysis of longer words which is beyond the scope of this paper and v
for future research.

5. Summary

We have presented an OT-analysis for German word stress that can explain the distribution of stress
attested for German trisyllabic monomorphemic words (in particular those repordedgen, 2003aMain stress o
the penultimate syllable is the most frequent pattern in German, which is basically assured by the rankidig,
RichtmosT!  Parses. This entails that ternary feet are generally excluded and that in trisyllabic words in mos
only one bnal disyllabic trochee is built up. Thus, construction of feet goes on in a minimal fashion. Ma:
disyllabic feet can occur word bnally and word initially, while monosyllabic feet are restricted to certain conditi

7 Note that a form likeR&iko could also be analyzed as H.L.L structure due to a stressed and therefore long initial vowel without char
optimal output. But see discussion on syllable weight in secfion
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heavy syllable can constitute a bimoraic trochee on its own only in word Pnal position and when stress clash i
(e.g. (L.L)(H)). Only if these wellformedness restrictions are fulblled, more than one foot is built up. Note tha
heavy syllables never form a foot alone, their weight does not contribute to the assignment of word stres

Foot structures are generally limited to trochees of the form (OL.L), (OH.L) and (OH). Non-canonical troct
form (OL.H) can only surface in L.H.H-words where the low rankees#s is not blocked by higher ranke
constraints and exhaustive parsing is possible. (L.H)-feet also never occur word Pnally (see below).

Allin all, the prosodic structure of words is determined by multiple restrictions requiring that the shape and
of feet be as minimal and as least marked as possible.

In comparison to earlier analyseAler, 1997; ey, 1998 the set of constraints used here is kept as sme
possible. The phenomena that are described by constraints like for instameeTrocHaicLaw (Alber, 1997 or
NonHeap(3) (Fery, 1999 are expressed through ranking interactions of other, more basic constraints. Neverth
large parts AlberOs analysis is congruent to the one presented here. Our OT-analysis is further conbrmed by
of the presented ERP-studies. The rankingadtBin over Rrse-s can be empirically grounded through the obser
occurrence or non-occurrence of the enhanced positive deRection in the ERP-data (seesdetichermore, ou
experimental Pndings strongly suggest that even in clearly non-lexicalized formd kkd®nand *Ris&o quantity
plays a role in prosodic processing (see secdpnGerman clearly is a partially quantity-sensitive language
violations of the quantity-wellformedness restriction (which may be expressed by WSP, but see discussio
show up as signibcant deviations in ERP curves.

To summarize the main bndings of our OT-analysis, we suggest that:

- Stress on the penultimate is the most common pattern in German. The majority of the tableaux shows that ¢
with penultimate stress are preferred at the cost of underparsing the prst syllable. Only in cases where a-
word form can be parsed into two wellformed trochees, the penultimate pattern is abandoned. This is th
words ending in an LH sequence, in which penultimate stress would result from a highly marked trochee.
cases the parsing into the foot sequence (XL)(H) is unmarked, which is a challenge to prosodic acco
postulate penultimate stress to be the only unmarked stress patterkd#ienbacher, 1994; Wiese, 1996/20(

- The formation of foot structures always proceeds in a minimal waaB(k ! Parses). As binarity is ranked abov
exhaustive parsing, a syllable is left unparsed whenever possible (i.e. if no other high ranked constraints ii

- The weight of the brst syllable does not play any role in the assignment of word Stadsaux 2 and )3 In some
circumstances the brst syllable is incorporated into a foot, but crucially this does not depend on the weight o
syllable and happens only when the Pnal syllable forms a foot on its own. This becomes obvious in the cor
between forms like (L.L)(OH) and (H.L)(OMffleaux 5 and 6

- Trochees of the form (OL.H) are marked in German. They occur only if exhaustive parsing cannot be acca
otherwise.

While the experimental results provide evidence for most of the constraints used in our analysis, the
experimental support for the constraints expressing directionality anegstGet. Whether effects of stress clash
mirrored by deviations of ERP data can be checked in a future experiment with a critical condition in wh
presented stimuli contain stress clashes. In contrast, it seems to be more complicated to provide viol
directionality constraints for main stress by using a comparable experimental design, but the constraird<R is
afbrmed by the uncontroversial three-syllable law.

Further, itis an open question how primary and secondary stress interact and whether the word rule is diffe
for the two types of prosodic prominence. If we folléMber (1997, 1998)primary stress is aligned with the right ec
of words and secondary stress with the left edge. However, this generalization allows for some exceptions tl
be related to stress preservations in derived words and to syllable weight effects. In order to get deeper insigt
problem, further examinations of polymorphemic words are necessary.

6. Conclusion
In the present paper, the relevance of constraints on prosodic structure in German was investigated by

experimental bndings from pseudoword production and from studies using event-related potentials. Overall
conbrmed that feet are maximally binary in German, excluding ternary structures clearly. Constraints
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against violations of binarity and trochaic foot type are undominated in the constraint hierarchy at the
exhaustive syllable parsing. Thus, on the one side, a prosodic word of German does not consist of a maximal |
feet, but rather foot construction takes place only as far as allowed by binarity and foot type. On the other
number of feet must be maximal as the number of unparsed syllables is restricted to one. Finally, a crucial res
syllable weight has an impact on foot structure, since heavy syllables may constitute feet on their own.
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D XJUI FYDFESELBBEGB8PD BEBCSSIHWBOEMFFUMFEFwW XI1IJDI XFSFVTFEBT
OMMFS JUFNT POMZ

ESIFEBUBCBTF SFDPSET GSFRVFODZJOGPSNBURIPBG RPIEPHBSJUINJID C
PGGSFRVFODZDMBTT &% JTBQQSPYINBUFMZFRVEBONFIPNSHESF GSFRVFO
JOUIFDPSQVEPRPE3WNI NBTD

' BT PG

+)



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

5BCMF ( & .FBO WBMVFT PG UIF QIPOFUJD QBSBNFUFST
EVSBUJPO GPS TUSFTTFETZMMBCMFT $PSSFDU DI

5BSHFUTUSFTTDPOUFYU

SMMFS BOUFQFOVMU QFOVMU 50
AUSFTT SFBMJ[FE 1/'&' -) &&E%. '&% )' - '- '&& +& &% (& '%.
PO *OQUFOTIU *% %2 ) 4. *xg& - ) . %) (* ) '"  *& * * %9
8STUTZMMBCMF % ') )=)) NT)TE) % %+ )- ) .o+
AUSFTT SFBMJ[FE 1. '&% %- -E+( '%) (* + '. %+ ,* - -* ‘0 - .
PO *OUFOTJIU *' " ) (1 *& (( * ++ *& O+ * KOp x4 )
TFDPOE TZMMBCMF | ("% ,- *O NT.)TE , I A N-)) %
AUSFTT SFBMJ[FE 1/ '&, "% * &.) ) -)- &.+ . % -'. &.) +- -")
PO *OUFOTJIU *( #) ) ) *& ,+ ) (. *% .)* * ') ). * * *9
BOUFQFOVMU %V{ "=, (. % '-. (- & ey (4 ( Y, )&
AUSFTTSFBMJ[FE 1/ '&* <. | )E '%( % '%+ )" &% -& '%- *. . *'
PO *OUFOTJIU *, &% "(+ )- % *% ) (%. *&)' ))-
QFOVMU %vsBL ((C ())TE "-- (¢ O )(C, SO
AUSFTT SFBMJ[FE 1/ "* %( *E '%- -% . *% ""%(," ) %
PO *OUFOTJIU *% =% * && )& -( ) )* )+ &) &
50BM TZMMBCMF % *%& +,NT TE () , Y& ))& % &

+*



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

"DPNQBSJTPOPGUIFTFQBSBNFUFST SFWFBMFE B OVNCFS
UIFMBSHF OVNCFSPG TUJNVMJ SFDPSEJOHTPG 3MMFS JUF]
TFQBSBUF TFTTJPO .PSFPWFS BMUIPVHI8MMFS JUFNT XFS
IJHIFSQBSBNFUFSWBMVFT FTQFDJBMMZ JOUIFDPOEJUJPO
UIFMBTUUISFFTZMMBCMFT TFFi6MMFSWDPMVNO JO UBCMF
PS SFSFDPSEFEBTUIFTFJUFNT XFSFOPUVTFEBT DSJUJDBI|
MZTJT 'PSUIJT SFBTPO 6MMFS JUFNT XFSF POMZ VTFE GPS
PG DPSSFDUBOE JODPSSFDU TUSFTTFT PO UIF 3STU BOE U
XFSF OP PUIFS DPSSFDU TUSFTT SFBMJ[BUJPOT BU UIFTF QF
JTPOUIF OVNCFS PG 8MMFS JUFNT GPS TUSFTTFTPO UIF6ST
XBT SFEVDFE CZ SBOEPNMZDIPPTJOH &* PVU PG (% XPSET UF
TJ[FT *O PSEFS UP HFU B NBOBHFBCMF PWFSWJFX PG DPOU
GFDUT NPEFM XBTDPNQVUFE UIBUDPNQBSFE UIF QIPOFUJD
TZMMBCMFTGPSDPSSFDUBOE JODPSSFDUTUSFTTSFBMJ[B!
QBUUFSO DPSSFDUOFTT XBT EFG6OFEBTBGYFE FOFDU BOE
SFDUOFTT CZ JUFN XFSF JODMVEFE BT SBOEPN FOFDU .JY
XBT QFSGPSNFE GPMMPXJOH UIFHVJEFMJOFT PG #BSS FU B\
UIFWBMVFTPGUIF8YFE FOFDUTDPFODJFOWBIFFVYMUJOH G S
BCPWF 'BOE CFMPX 'BSF DPOTJEFSFE TJHOJ3DBOU #BBZF
TJHOJG6DBOU EJOFSFODFT TIPXFEVQ GPS QJUDIBOE JOUFOT
DPSSFDU BOE JODPSSFDU TUSFTTFT PO UIF TBNF TZMMBCM
UJPO IPXFWFS DPSSFDUBOE JODPSSFDUTUSFTTFT PO UIF
QFOVMU BOE UIF QFOVMU EJ oS BEYT J # @ EHCSBTOUSWZ T
POUIFTFDPOR TEZMMaE C MR WNS TUSFTT PO UIF BOUFQFOVMU
y pU UaYy PaG@GRSTUSFTTPOUIFQFOVMU

F'PSBMM TUBUJTUJDBM BOBMZTFT JO UIJT DIBQUFS UIF TUBUJTUJDBN
5FBN "% &( XBT VTFE XJUI UIF QBDLBHFT F[ -BXSFODF '%&' GPS SF
"/07"T EP#Z )"KTHBBSE FUBM "%&( GPS EFTDSJOBRMMWF TUBUJTUJDT
'%&( GPS NJYFE FOFDUT NPEFMT

>=1PTJUJWF TJHOT JOEJDBUF UIBU JODPSSFDU DPOEJUJPOT XFSF QSP
QJUDIFE OFHBUJWF TIJHOT UIBU JODPSSFDU DPOEJUJPOT XFSF QSPE\
MPXFS QJUDIFEUIBOUIFDPSSFDUDPOEJUJPO

+ +



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

5BCMF (' $PNQBSJTPO PG QIPOFUJD QBSBNFUFST GPS D
SFBMJ[BUJPOT PO UIRWWBBNHFTZAANGMB/GEMAFOFDUT FY U'!
GSPNMJOFBSNJYFEFOFDUTNPEFMTUIBUDPNQBS
SFDU SFBMJ[BUJPOT

1JUuDl *OUFOTJUZ %VSBUJPO

AUSFTT SFBMJ[FE PO ST TZMWMBCEMF U &a
AUSFTT SFBMJ[FE PO WYFDYPOE TZNM&#BCMR Ua
AUSFTT SFBMJ[FE PO ROdFQF®VME PR UY
AUSFTT SFBMJ[FEPORFO¥MU PU aa Pa aa
AUSFTT SFBMJ[FE PO &/O8BM TZIMMIBICMF Y aR

%VSBUJPOBM EJOFSFODFT PG TUSFTT SFBMJ[FE PO U
BTDSJCFE UP UIF TFQBSBUF SFDPSEJOH PG 6MMFS JUFN
PG UIF TUSFTTFE TZMMBCMF GPS SFBMJ[BUJPOT PO UI!
CF FYQMBJOFE CZ UIF VOBWPJEBCMF WBSJBODF JO TZN
MBCJD (FSNBO XPSET 8JUIJO UIF DPOEJUJPOT JO RVFT
UP QSPEVDF TUSFTT PO TZMMBCMFTRKOUT BEGU ®SPOU W
AFOGIU MJITHFOUTJUIWIUTZAM MBCMFT XI1JDI XSASR®SFBMJI[F
F HA CB/F HFO IFJUGFA (AR JPSJUZwW EJSFDUMZ CF
MBCMFT UIBU DPOUBJOFE MBWHA 87 {FAMDI RH SVOH

iMFHJUJNJ[BUJPOwW FUD 5IFTFXFSFDPNQMJDBUFEUBT
BIJHIFSEFHSFFPGWBSJBUJPOJOUIFSFBMJ[BUJPOPGT
OJQVMBUJPOTPGUIFQIPOFUJD QBSBNFUFST XFSF EJTN.
QBSBCMF UP UIF QSFWJPVT POFT TFFDIBQUFS' XIFSFJ
VSBMMZ 'VSUIFSNPSF BOBSUJ6DJBM TP@XBSF CBTFE (
TUSFTTFT XPVME IBWF CFFOBO BU MFBTU FRVBMMZ DPN
IJHIOVNCFS PG TUJNVMJBOENBOJQVMBUJPOT .PSFPWF
TUSFTTFTXFSFOPUSFBMJ[FEXJUIFYBDUMZUIFTBNFEV
UIF TUSFTTFETZMMBCMF XBT DMFBSMZ EFUFDUBCMF JO
UJPOT BT JUCPSF DPNQBSBUJWFMZ IJHIFS WBMVFET JO E
DPNQBSFE UP UIF PUIFSTZMMBCMFT XJUIJO UIF TBNF XP
VSF( & GPSTUSFTT SFBMJ[BUJPOT PO UIFBOUFQFOVMU



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

PWFSWIJFXPGEFTDSIQUIWF QMPUT GPS NFBO MFOHUI QJU|
JOBMMDPOEJUJPOTTFFBQQFOEJY QBHF &). S5IFTUSFTTF
VMU JO UIF MFg IBOE QMPU ) QFOVMU JO UIF SJHIU IBOE (
UIFQSFDFEJOH VOTUSFTTFE TZMMBCMF 4USFTTFE BOUFQ
UIF IJNNFEJBUFMZ GPMMPXJOH TZMMBCMF FYDFQU GPS XP
UINBUF TUSFTT )PXFWFS UIFVOTUSFTTFE QFOVMUJNBUF T
DPNQBSFEUPJUT TUSFTTFE SFBMJ[BUJPO TIPXOJO UIF SJH
WBMVFT GPS UIF6OBM TZMMBCMF BSF MPOHFTU JO BMM DP(
CPVOEBSJFTJODMVEFEBTQJSBUJPO MFOHWIFOFE GSJDBU
PDDVSSJOH BU XPSE POTFU OWFSBMM TUSFTT XBT DMFBSN
NPTUJIJNQPSUBOU GPS UIFFYQFSINFOUBMUBTL

'JHVSF( & .FBOTZMMBCMF MFOHUIT PG XPSET TUSFTTFE PC
QFOVMU

stress realization: antepenult stress realization: penult

stress pattern stress pattern

—+— antepenult (correct) —+— antepenult

o =& penult o =& penult (correct)
s ] -+ final syllable s ] -+ final syllable
filler (correct) filler (correct)

0.4

0.3 0.4
| |
A Y
N
: >
o
l\
>+

Length (s)
0.3
|

0.2
|
0.2

0.1
0.1

0.0
L
0.0
L

Syllable Syllable



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

&&(T XFSF NFBTVSFE XJUI')"H "H$M FMFDUSPEFT WJB |
8FS #SBJO 1SPEVDUT XJUIUIF$ FMFDUSPEF TEFSWJOH E
SFGFSFODF FMFDUSPEF XBT QMBDFE BU UIF MFg NBTUPJ
P6JOFUPMJOLFENBTUPJET 'PVSFMFDUSPEFT BCPWFB
UIFPVUFSDBOUIVTPGCPUIFZFT XFSFVTFEUP SFDPSE &
UP DPOUSPM GPS FZF NPWFNFOU BSUJGBDUT &YQFSJNF
UJGBDUT XJUIBOBNQMJUVEF BCPWF )% "7 XFSFFYDMVE
PGBMMUSJBMT &' ,0&. ( QFSDPOEJUJPO "MMFMFDU
CFMPX*L- &&(TBOE &0(T XFSF SFDPSEFE XJUIBEJHJUJ[I
BOEGMUFSFEPBJOF XJUIBCBOEQBTTSMUFS GSPN % ()[L
BUFECZBWFSBHJOH PWFS QBSUJDJQBOUT DPOEJUJPO"
XJOEPX GSPN XPSEPOTFUVQUP '&%% NTUIFSFBgFS 8JU
JWFEF+FDUJPOT GPS UIFDPOEJUJPOT XJUI TUSFTT WJPI
UPUIFDPOEJUJPO XJUIDPSSFDU TUSFTT 'PSUIFTUBUJT
JUJFT UJNF XJOEPXT TFFUBCMFT () ( * BOE( +JO OFY
CZWJTVBMJOTQFDUJPOPGHSBOEBWFSBHFQMPUT BOE
'( '[ ') DFOUSBM $( $[ $) BOE QBSJFUBM 1( 1[ 1)
VSFT "/07"T XFSF DBMDVMBUFE PWFS UIF GBDUPST TUSF
PO BOUFQFOVMU QFOVMU PS 30BM WT JODPSSFDU PO
VMUJNBUF QFOVMUJNBUF PS 60BM TZMMBCMF EFQFOE
QPTJUJPO BOE SFHJPO GSPOUBM DFOUSBM QBSJFUBNM

SFTVMUT BOE EJTDVTTJPO
#FIBWJPSBM EBUB

&SSPS SBUFT XFSFDPMMFDUFE GSPNUIFQBSUJDJQBOU
TUSFTT QBUUFSOT 3FBDUJPO UJNFT BSF OPU NFBOJOH
EFTIJHO DG ,OBVTFUBM '"%%, %PNBITFUBM '"%%- ,0B
BT UIFSF XBT B QBVTF CFUXFFO UIF POTFU PG UIF XIPMF °
XIFSFQBSUJDJQBOUT XFSFBMMPXFE UP QSFTTB ZFT OP
.FBO DPSSFDUOFTT SBUFT GPS FBDI TUSFTT DPOEJUJP
OMMFS JUFNT UBCMF DFMMT GPS UIF TUSFTT TlJg DPOE



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

DPSSFDUMZ TUSFTTFEOMMFS JUFNT XFSFQSFTFOUFE 1BJS

5BCMF ( ( $PSSFDUOFTT QFS DPOEJUJPO NFBO XJUITUBOE
JOQBSFOUIFTFT 3PXTJOEJDBUF FYQFSIJNFOUBM DP
DPSSFDU QPTJUJPO GPS TUSFTT $PMVNOT JOEJDBUF
TZMMBCMF $PSSFDU TUSFTT SFBMJ[BUJPOTBSF TIBE

A4USFTT SFBMJ[FEPOYTZMMBCMF

6STU TFDPOE BOUFQFOVMU QFOVMU 60B
BOUFQFOVMU - & )% .. % )(% .) % .- (0 & %-
QFOVMU -( & *. S % - G % +. & &
60BMTZMMBCMF (O & -. % L ¥ - % A+ % -)
OMMFS &TLUL .+ % *. o] o] o] o]
6MMFS 'OETZMM - % )& 0 o o
60MMFS BOUFQFOVMU ¢ .+ % -) o} o]
6MMFS QFOVMU o} 0 % (* 0
O6MMFS 60BM TZMM 0 o} c .+ % -

DVSBDZTDPSFTSFWFBMFETJHOJODBOUEJOFSFODFTGPS XF
CFUXFFOTUSFTT SFBMJ[FEPOUIF8STUTZMMBCMF BOE BMM
POUIFGSSTUWT TUSFTT PQ WIF & FDHPOERT Z MUWIBRZTM F
POUIF6STUWT TUSFTTPOUIFBOU¥RFOY¥MBINBILRUITZMMBC
TUSFTTPOUIFSGSTUWT TUSFTTP® YIIF QFEOD¥ WM U JNBIWF TZMM B
TUSFTT PO UIF 6STU WT TUSKTY FP® UIFi60BM TUMMBCMF
'‘PSUIFDPOEJUJPO XJUIDPSSFDUTUSFTT PO UIFQFOVMU T.
DVSSFEPOMZCFUXFFOTUSFTT SFBMJ[FEPOUIFO6STUWT TU
TZMMBECMBR Yp Ua BOBEGFUXFFO TUSFTT SFBMJ[FE PO UIF.
MBCMF BOE PO UIF BOBWFQVWOVYMU /RUBRWIFS DPNQBSJTPO
SFBDIFETJHOJO6DBIMMFWEM IFU TIPVME CF OPUFE IPXFWFS |
SFQPSWBBMVFTBSF#POGFSSPOJ DPSSFDUFE %VFUPUIF ME
QBSJTPOT UIJTDPOTFSWBUJWF NFUIPE NJHIUIJEF TPNF PG
*GXFEJTNITT #POGFSSPOJDPSSFDUJPOT DPNQBSJTPOTC
UIF6STUTZMMBCMF BOE PO BOZ PUIFSTZMMBCMF SFBDI TJ|
NFOUBM DPOEJUJPO "MMPUIFSDPNQBSJTPOT SFNBJO CFM|

, %



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

5F SFTVMUT TIPX UIBU QBSUJDJQBOUT IBWF NPSF EJOI
SFDUTUSFTT XIFOJUJT SFBMJ[FEPOUIF6STUTZMMBCM
PO PUIFSTZMMBCMFT 5IJTJT FTQFDJBMMZ USVF GPS XI
OOBMTUSFTT QBUUFSOT BTUIFTFSFTVMUT SFNBJO TJH
DPSSFDUJPOWKIQPUIFTFT

OWFSBMM UIFCFIBWJPSBMEBUBJOEJDBUFBTQFDJBM
UFSNTPGBGPPUCBTFEJOUFSQSFUBUJPOBT QSPQPTFE
ulJT bPVvVME JNQMZ UIBU UIF JOJUJBM TZMMBCMF JT B QS
ulBUBMMDSJUJDBM QFOUBTZMMBCJD XPSET XIFUIFS DI
QFOVMU UIF QFOVMU PS UIFO6OBM TZMMBCMF TUBSU XJ
GPPUIFBET BSFIBSEFS UP QFSDFIJWF TFF DIBQUFS "' %F
BOE %PNBIT "%%. *O TUSJOHTPG OWF TZMMBCMFT GVSE¢
FYJTU )PXFWFS UIFTFBSFOPUSF+FDUFEJO UIF CFIBW.
BCIMJUZJO UIF QBSUJDJQBOUT SFTQPOTFT XIJDIJT S§
FSSPSPGUIFNFBO WBMVFT GPS NBOZ PG UIFFYQFSJINFC
EJODVMUZ PG UIF UBTL BU IBOE &31 EBUB NBZ TUSFOHL
SFWFBM NPSFOOFHSBJOFE EJOFSFODFT CFUXFFO TZMMI

&31 EBUB

'JHVSF (' QSPWJEFT BO PWEFSWJFX PG HSBOE BWFSBHF
QBUUFSO UZQFT BOUFQFOVMUJNBUF QFOVMUJNBUF BC
FBDIWJPMBUJPODPOEJUJPO 5PBMMPX GPSBWJTVBM T
NFOUBM DPOEJUJPOT POMZ $[ FMFDUSPEFTBSF QSFTFO
XJUI UIF OJOF FMFDUSPEFT UIBU BSF VTFE GPS UIF TUBL
$( $[ $) 1( 1[ 1) BSFHIJWFOJOUIFBQQFOEJY QBHFT &
FSBHFTBSFQMPUUFEGSPNUIFPOTFUPGUIFDSJUJDBM .
XJUIBCBTFMJOFPG ' '%% NTCFGPSFTUJNVMVTPOTFU

'PS FBDI PG UIFUISFFTUSFTT QBUUFSO UZQFT UIFDPS
DPNQBSFE XJUI FBDI PG UIF JODPSSFDU TUSFTT SEBMJ[I
SFWFBMFE QPTJUJWE EF+FDUJPOT GPS UIF JODPSSFDU



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

DPSSFDU SFBMJ[BUJPO >> 5IF UJNF XJOEPXTJO XIJDI UIFTF
DPSSFMBUF XJUI UIF QPTJUJPO PG UIF JODPSSFDUMZ TUSF"
SFBEPOFBTIJMZGSPNGHVSF (' *OFBDISPX UIFQPTJUJWEE
DPOEJUJPOT EBTIFE MJOFT TFFN UP NPWF GSPN MFg UP S1J
BTUSFTTFE TZMMBCMF JT MPDBUFE JO B XPSE UIF FBSMJF.
WJIJDF WFSTB %VF UP UIF WBSJBUJPO JO UIF TZMMBCJD TUS
XJOEPXT TMJHIUMZ EJOFES CFUXFFOWJPMBUJPODPOEJUJPO
UPUIFTBNFTZMMBCMF "MM QPTJUJWJUJFT GPVOE BSF IJHI
*OXPSETXJUIDBOPOJDBMBOUFQFOVMUJNBUF TUSFTT TF
GHVSF(' NBJOFOFDUTGPSUIFGBDUPSTUSFTTQPTJUJPO
XFSFSFWFBMFE GPS TIJgTUP UIF JOYUUBMTEZ MMBCMF **% o
UUKXJUI TIHOJEDBOU JOUFSBDUJPOT JO BMM SFHJPOT BOI
+(% 0 &&)&%WYA pa ayY 'VUSUIFS BTIJHOJIJBGDBOU JOUFSBD
JODFOUSPQBSJFUBM SFHJPO GPS TIJgT UP UIF QFOVMU XBT
¢ Y Y& bpb aa BO@EYUYA Ra abp *OWIF TBNFDPOEJUJPO
TUSFTT TIJgTUP UIF6OBM TZMMBCMF EJE OPU FWPLF B TJHC
NT¢ Y Y& Y &R XlU®!1 JT DMFBSMZ SF-FDUFE JO UIF HSBO
QMPUCZUIFDVSWFTMZJOHPOUPQPGFBDIPUIFS TFFUIFS
SPXPGOHVSF ('

>>"T SFHBSET OFHBUJWF EF+FDUJPOT QSFDFEJOH UIF QPTIJUJWJIUJFT
XPSET XJUlI DBOPOJDBM BOUFQFOVMU TR REBIPHB) SBBTIEEEIBO UIF QFO
, PO USEBMIBBOUSPMMBCIJMJUZwW UIFEJTUSJCVUJPO PG FOFDUTJT
UIF QPTJUJWJUJFT OOF NJHIUUIJOLPGBO JOUFSQSFUBUJPO JO UIF M
&. '% XIPBTTVNFBDPOUJOHFOUOFHBUJWFWJPMBUDPO $/7 GPS TUSF
XPSETJODBTFTXIFSFBOJOJUJBMTZMMBCMF XIJDIPSJHJOBMMZDBS?E
BOE UIF XSPOHMZ TUSFTTFETZMMBCMF GPMMPXT *QCSJFG UIF $/7 SI
ZFU SFKFDU UIF XSPOHMZ TUSFTTFE XPSECVU IBT WF®XBJU GPS UIF BD
JOGPSNBUJPO GPS KVEHFNFOU 8IJMF UIJT NJHIUCF B QPTTJCMF JOL
, PO USEM MIBFISUIF PSJHJOBMMZ TUSFTTFETZMMBCMF BMUIPVHI OPU
UIFXSPOHMZTUSFTTFETZMMBCMF JUEPFTOPUFYQMBJOOFHBUJWJU
JO XPSET&NEILY TJ BIFQVWIMIVTIBTNw *UJT IPXFWFS QPTTJCMF UIBU UIF
JUJFT NJHIU CF B $/7JO SFBDUJPO UP UIF EF TUSFTTJOH SFEVDUJPO F
TUSFTT QPTJUJPO IFSF OWFSBMM UIFIJHI EFHSFF PG WBSJBUJPO JO
BCPWF NJHIUCMVSUIFWJTIJCIMJUZPG OFHBUJWJUEZRFOFDUTIFSF *XJ
EF+FDUJPOTBOZ GVSUIFS



‘JHVSF (' OWFSWJFX PG HSBOE BWFSBHF QMPUT $[ BMFOU SIFPEMRIEQWID FGP SVD P J
SFDUTUSFTT SFBMJ[BUJPOT EBTIFE MJOFT &YQFSJINSFRSIFFUBBS\bBPOGEEUJP
IPSJ[POUBMMZ $PNQBSJTPOT XJUITUSFTTTIJgTUPUIFTBNFTZMMBCMTI

41J8BSYU y TFDROE y BOUFQFOWMUJNBUF y QFOVMWYJNBUF y 60BMMMBCM

C

YL/ 2 $PSSFOSF@BDUFQFOV
/

!

(
PO UMPMS CBS LF v \ #
iDPOUSPMMBCJMJUZw Y7
1
1

$PSSFOEBF@MFOVMU

&0 UIBTTNVT
iIFOUIVTJBTNw

$PSSFOSFGOHMMN

" OP OZURW
iBOPOZNJUZw

19 % OdNS4d) Or L14SN1L 3SdX zZzsSd30da4dyv



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

5BCMF () 8PSET XJUI DPSSFDU BOUFQFOVMUJNBUF TUSFTT
BOBMZTFT PG NFBO WPMUBHF DIBOHFT GPS UIF GBD
AUSFTT1PT DBMDVMBUFE PWFS SFHJPOT GSPOUBM
$[ $) QBSJFUBM 1( 1[ 1)

$PNQBSJTPO 5JNF XJOEPX &0FDU ac¢ acy ¢ P

$PSSFDUTUSFTT PO **0h 0 .+% NT 4USHTTY®T& UY UUU U aluU

BOUFQFOVMUWT 3FHJPO P R& & &Y UUR U RaR

TIJg UPBSTUTZMMBCMF AUSFTR1IMRB 83RARIPRA U Yaa
AUSFTT1IPTJO GSPOUBM 3FHIPDRa U paa
AUSFTT1IPTJODFOUSBM PRHUP QIUU U aaa
AUSFTT1IPTJO QBS XY UBMPIFEHIPDUY U app

$PSSFDUTUSFTT PO +(% 0 &&)% NT 4USFTYAMPE aY UUU U aaa
BOUFQFOVMUWT 3FHJPO P R&a Ya aU UUY U aRry
TIJge UP TFDPOETZMMBCMF AUSFBTIRT Y33daH @ U Uaa
$PSSFDUTUSFTT PO &%-% 0 &*. % NT 4USFTVR1IPZ aa UUU U aaa
BOUFQFOVMUWT 3FHJPO P R&a ad8 R& UUU U aay
TIJg UP QFOVMU AUSFTT1PTH 3REHJRPOU UU& U paa

A4USFTT1PTJO GSPOUBM 3#FHAdP®pPa U YRU
AUSFTT1IPTJODFOUYSBM PPHIP W UU U aaa
AUSFTT1IPT JO QBS XYM UBMRAFAHRIPIOIU U aaa

$PSSFDUTUSFTT PO &%-% 0 &&,% NT 4UBFY3a1lPTR pPUa U UaR
BOUFQFOVMUWT 3FHJPO P Ra YR RBR&a UUY U avym
TIJg UPB6OBMTZMMBCMF AUSFTA1RE "BRMWIROY U Upba

"MMWBMVFTBSF)VZOlo'FMEU DPSSFDUFEBOE FOFDUTIJ[FTBSFHJIJWFOB
- 4JHOJ6DBOUJOUFSBDUJWBNBSFSG BFNIWM®BDEOUFSBDUJPOT BSF 4
DPSSFDUFE CZ BBXKBENIVBED B OEF. F RPQ*JDIHOIFODBODF MFWFM



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

5BCMF ( * 8PSET XJUI DPSSFDU QFOVMUJNBUF TUSFTT o
MZTFT PG NFBO WPMUBHF DIBOHFT GPS UIF GBDUP
1PT DBMDVMBUFE PWFS SFHIJPOT GSPOUBM '( '[
$) QBSJFUBM 1( 1[ 1)

$PNQBSJTPO 5JNF XJOEPX &0FDU &¢ &cy ¢ P

$PSSFDUTUSFTT PO )%% 0 .%% NT AUSFTTVBPa4 R4 UUU U aaa
QFOVMU WT 3FHJPO b Ba Y ay paa U Uaa
TIJg UP3STUTZMMBCMF AUSFTR1IME BRAJNOU U Ypa
$PSSFDUTUSFTT PO %% 0 &&% % NT 4USFTVRLRA aa UUU U aap
QFOVMU WT 3FHJPO b RaRU aa UUU U ava
TIJg UP TFDPOE TZMMBCMF AUSFBTIAT 3 3MHIMA U pap

4USFTTIPT JO GSPOUBM BEHRAPOUU U 4

aaa

4USFTT1IPTJODFOUWSBM BEHBP WUU U aaé

4USFTT1PT JO QBS N UBAMMRAFHRIPIDUU U aaa

$PSSFDUTUSFTT PO .,% 0&(%% NT 4US¥TTYEREPYTA 44 UUU U aua
QFOVMUWT 3FHJPO P R&bY aa UUU U anra
TIJg UP BOUFQFOVMU AUSFTTIPTRBAHBROYRE U YYU
$PSSFDUTUSFTT PO &'*% 0 &,)% NT 4USFTVY&PYTA R4 UUY U aaa
QFOVMUWT 3FHJPO P R& abp 40 UUU U aan
TIJg UP BOBM TZMMBCMF AUSFTHF1MRE PIUFHIPIOIU U apU

4USFTT1PTJO GSPOUBM 3FFBBPOY U UYP
4USFTT1IPTJODFOUWSBM PRHIFP @WUU U aap
4USFTT1PT JO QBS M UBMaAIFFHNIPOOU U abY

*OXPSET XJUlIDBOPOJDBM QFOVMUJNBUF TUSFTT UBC
VSF (' UIFGBDUPS TUSFTT QPTJUJPO XBT TJHOJAGDBOL
TIJgTUPUIF6STUTZMMBOMYA )%% Ba% XWHUHBTFDPOE
TZMMBCMF ,*% % &&%®BANFTa XIWITIJHOIGDBOU JOUFSBD
JOBMM SFHIJPOT BOE UIFBOUWFRFAQVMIA ag% o &% NT
SFWFBMFE NBJO FOFDUT 41JgT UP UIF 80BM TZMMBCMF
DFOUSBM BOE QBSJFUBM SENIPH &Pa¥%Ra & BARENT
¢ Y Ya aaby uuu

'PS DPNQBSJTPOT XJUI DBOPOJDBM 60OBM TUSFTT UBC
VSF (' TIJgT UP UIFO8STU TZMMBYAMF YH %&0 -'%UNTU
BOE UP UIF TFDPOE TZMMB MY , ( %50 Y&& Y%ERAMHS F E
TIJHOJODBOUMZ GSPN UIF DPSSFDU TUSFTT SFBMJ[BUJP



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

5SBCMF ( + 8PSET XJUI DPSSFDU 6OBM TUSFTT o 3FTVMUT PC
NFBOWPMUBHFDIBOHFTGPSUIFGBDUPSTUSFTT QPT.
MBUFE PWFS SFHJPOT GSPOUBM '( '[ ') DFOUSBM ${

1( 1[ 1)
$PNQBSJTPO 5JNF XJOEPX &0FDU &¢ &cy ¢ P_
$PSSFDUTUSFTT PO *(% 0-'% NT 4USFYTYRTYE 4a& UUU U aavy
5OBM TZMMBCMF WT 3FHJPOP Ra b Ba YBP U YYY
TIJg UP8STUTZMMBCMF AUSFTR1IRE SRMIPTE U Uaa
$PSSFDUTUSFTT PO (% 0 &&%% NT AUSFTYIALRE Ya UUU U &aYR
5OBM TZMMBCMF WT 3FHJPOP Ra ad al 0UU U apB
TIJg UP TFDPOE TZMMBCMF AUSFBTIZAT Y3FH IR@ U Uaa
$PSSFDUTUSFTTPO % 0 &', % NT 4USFYTY¥RTY4 aR UUY U aaa
5OBM TZMMBCMF WT 3FHJPOP Ra &Y &4 UUU U &aay
TIJs UP BOUFQFOVMU AUSFTTUPTR®BFHARPOUaa U Yaa
AUSFTTIPTJO GSPOUBM SEHNM @WUP U aaa
AUSFTTIPT JODFOWSBM YRHIP W UY U aUa
AUSFTTLIPT JO QBSX¥FUBM 3REIPOP U PPR
$PSSFDUTUSFTT PO &'&% 0 &++% NT 4UBFFVEIPT aU 0UU U ava
5OBM TZMMBCMF WT 3FHJPOP Ra al &a UUU U aaB
TIJg UP QFOVMU AUSFTTLIPTB 3RHJR@a URa U Yaa

A4USFTT1IPTJO GSPOUBM SEHAPOUR U aRa
4USFTT1IPTJODFOUWSBM PRHAEP @ UU U ala
4USFTT1PT JO QBS N UBMaPFARIPIOIU U aay

UIF BOUFQFOVMU J F JODPSSFDUTUSFTTFT XFSF TJHOJC
SFDUMZ TUSFTTFE XPSETJO GSPOUBM BOE P&OUSBM SFHJP
Yya vy BOB Y Ya Ya bpa CVYWYFWFO JO QBSJFUBM SFHJP
UFOEFODRaKJUI BOEURXJUIPVU #POGFSSPOJ DPSSFDUJPO
EFUFDUFE 41JgT UP UIF6OBM TZMMBCMF SFWFBMFE B NBJ(
¢ Y vYa RU a0 XJWWOIHOJIG6DBOU JOUFSBDUJPOTJO BMM SFI
OWFSBMM UIFDPNQBSJTPOPGDPSSFDUBOEJODPSSFDUT
TZMMBCJD (FSNBO XPSET ZJFMEFE QSPOPVODFE QPTJUJWF
UIPTFGPVOEJOQSFWIJPVTTUVEJFT TFFDIBQUFS 'BOE %PNI
UIFPCTFSWFE1(FOFDUTEJOFSJOMBUFODZ 5IFUJNFPGUIF
POUIFQPTJUJPO PG UIF XSPOHMZ TUSFTTFETZMMBCMF )P



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

UIF TUSFOHUI PG UIF 1( BSF MFTT QSPOPVODFE UIBO UII
NFOUBM TUVEJFTPOUSJTZMMBCJD XPSET DG O6HVSF' &
OOMZ TUSFTT TIJgTUP UIF6OBMTZMMBCMF JO QFOUBT.
BOUFQFOVMUJNBUF TUSFTT TIPX B DMFBSMZ EJTUJODU
GSPNBOUFQFOVMUJNBUFUP O6OBMTZMMBCMF JO USJTZ]
BOZQPTJUIJWJIUZ FOFDU 5I1JT SFTVMUDBO CFJOUFSQSF
UlBUGPPU TUSVDUVSFT QMBZ B SPMF JO UIF QSPDFTTJO
TZMMBCJD XPSET BT XFMM 'PSQFOUBTZMMBCJD XPSET
GPPU TUSVDUVSF XJUI BY IBiViIr D BROFCEFBSITIMONFE 51F DPS
SFDUNBJO TUSFTT QPTJUJPO JNQMJFT B GPPU IFBE PO |
EBUBJOEJDBUF B QSPTPEJDBMMZ TUSPOH JOJUJBM TZM
XFMM 5IFOPO PDDVSSFODFPGBQPTJUIJWJIUZ FOFDU GP
MBCMF DPVME JOEJDBUF B GVSUIFS QSPTPEJDBMMZ TUS
RVFTUJPO BSJTFT IPXFWFS XIZPOMZ UIJT QPTJUJPO TU
QBUUFSOTPG SFEVDFEPS OPO PDDVSSJOH QPTJUJWJU.
"DMPTFS MPPL BU UIF NPSQIPMPHJDBM TUSVDUVSF PC
SFDUBOUFQFOVMUJNBUFTUSFTT DG MJTUPO QBHF &)*
TUIJNVMJI PG UIJT HSPVQ FOE JO UKHFUEEFBUMWBRMAOPBPOBM TVO
UVNS5IFZ DPOTJTU PGB IFBWZ TZMMBCMF UIBU DBO CVJN
TUBSU XJUIBDPOTPOBOU 8JFTF "%%% +, BTTVNFT UIB
QIPOPMPHJDBM XPSE *OUIF PUIFS UXP HSPVQT NBOZD
OYFTUIBUBSFOPUBTTVNFEUPIBWF UIFTUBRIS/T PG B QI
VOHBUJFJTUSIVT UIFTIJg UP UIF6OBM TZMMBCMF JO XP
JDBM BOUFQFOVMUJNBUF TUSFTTJT JO FBDIDBTF B NPW
TUSPOHQPTJUJPO

"DSPTT BMM PUIFS DPNQBSJTPOT EFQJDUFE JO 6HVSF
[IJHIMZ TIHOJG6DBOU /FWFSUIFMFTT UIF QVSFMZ WJTVE
UIF TUSFOHUIT PG UIF QPTJUJWJUJFT EJOFST 41JgT UP |
MFTTQSPOPVODFEUIBOBMMPUIFSQPTJUJIJWJIJUZFOFDUT
OHVSF (' *OXPSET XJUIDBOPOJDBMOOBMTUSFTT UIF
UPUIFBOUFQFOVMUJIJNBUF TZMMBCMF TFEENT TMJHIUMZ
QBSFEUPUIFIOFJHICPSJOHwWDPOUSBTUT XJUITIJgT UP



"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

UJNBUF TZMMBCMF TFFQMPUJO UIFNJEEMF PG UIF MBTU SF
UIJT TIJg POMZ UFOEFE JO EJSFDUJPO UP TJHOJ6DBODF MF'
U&PTFF UBCMF ( + BOEDPNQMFUF QMPU PO QBHF &+'JO BC
"CJEJOHCZUIFB0OEJOHTGSPNUSJTZMMBCJD XPSETUIBU Q
GPPU IFBE QPTJUJPOT FWPLF MFTT QSPOPVODFE QPTJUJWJ
QBUUFSOT TVHHFTU UIF GPMMPXJOH GPPU QBSTJOHT 8PSE
VMUJNBUF PS 30BM TUSFTT GPPU TUBSU XJUIUXP EJTZMMB
3OBMTZMMBCMF QBS TIREWOW PSR SDB X Z GIFDFBOPOJDBM QFO
VMUJNBUF TUSFTT FYIJCJU POMZ UXP IFBE QPTJUJPOT OBN
UIFDPSSFDU TUSFTT QPTJUJPO 5IVT UIFZTUBSU BOE FOE
G0000 5IFNFEJBM XFBLTZMMBCMF JT QPUFOUJBMMZ MFg V
" TUBUJTUJDBM DPNQBSJTPO PG UIF TUSFOHUI PG UIF QP"
QMJDBUFE PQFSBUJPO IFSF BT BMM FOFDUT IBWF UIF TBNF
TJHOJGDBOU "QPTTJCMF BMCFJUOPO TUBOEBSE XBZ PG B
BNQMJUVEF PG UIF QPTJUJWF EF+FDUJPOT
*U JT OPU QSBDUJDBM UP DPNQBSF UIF DPSSFDU XJUI FBD
EJUJPOT EJSFDUMZ CZDPNQVUJOH EJOFSFODF DVSWFT BC
BUUIF QPJOU PG NBYJNBM EF+FDUJPO XJUIJO UIF UJNF XJO|
51JT XPVME JHOPSF UIF GBDU UIBUUIFDPSSFDUDPOEJUJPO
(" JTEJOFSFOUJOFBDIPGUIFUJNF XJOEPXT
5P BDIJFWFBO JOEFQFOEFOUBOENPSFDPOTUBOUCBTJT G
NFOUT B TP DBMMFE HSBOE HSBOE BWFSBHF PS HSBOE HSB
JF BOBWFSBHF PWFS BMMHSBOE BWFSBHFT PG BMM FYQF
JOHUIF8MMFS JUFNT 5IFTFHSBOE HSBOE BWFSBHFT XFSF.
UIF HSBOE BWFSBHFT PG FBDI DPSSFDU BOE JODPSSFDU DP
IJHIMJHIUT EJTUJODUJWF DIBSBDUFSJTUJDT PG FBDI HSBO
UIFHSBOE HSBOE BWFSBHF EPUUFE MJOF HSPVQFE XJUI BM
PG UIFUISFFFYQFSJNFOUBM DPOEJUJPOT "HBJO UIF WJT\
JNQMZ BMUIPVHI MFTTDMFBS GPS TIJgT GSPN UIF 60BM TZ
UIBU TIJgT UP BTTVNFE GPPU IFBET TPMJE MJOFT BSF MFT
UP OPO IFBEQPTJUJPOT EBTIFEBOEEBTI EPUUFE MJOFT
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'JHVSF ( ( $PNQBSJTPOT CFUXFFO HSBOE BWFSBHFT PG

:9

BOEHSBOEHSBOEBWFSBH

F 4PMJEMJOFTBSFDV

TUSFTT TIJeT UP BTTVNFE TUSPOH QPTJUJPOT EE

MJOFTBSFDVSWFTGPS TIJ
BHFJTUIFEPUUFE MJOF

Legend:
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. (shift to 2nd syll.)
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. (shift to penult)

. (shift to final syll.)
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(correct)

(shift to final syll.)
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final syll. (shift to 1st syll.)
final syll. (shift to 2nd syll.)
final syll. (shift to antepen.)
final syll. (shift to penult)
— final syll. (correct)
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5/F UINF XJOEPXT JO XIJDIUIF SFQPSUFE QPTJUJWJUZ FoOF
BEKVTUFE UP UIF UJNF JO XIJDI UIFZ EFWJBUFE GSPN UIF H
'"VSUIFSNPSF UJNF XJOEPXT GPS QPTJUIJWF EFWJBUJPOT P
XFSFEFUFSNJOFE TFFUBCMF(,GPSBOPWFSWJFX

5BCMF (, 5JNF XJOEPXT PG QPTJUJWF EF+FDUJPOT GSPN H
41 BEFEDFMMTBSFUIFDPSSFDUDPOEJUJPOT

BOUFQFOVMU QFOVMU 600BMTZMMBC

8STUTZMMBCMF *+% 0--% NT  (-%0-+%NT *)% 0 -%"
TFDPOE TZMMBCMF +-% 0 &&*% NT ,,% 0&%.% NT ,*% 0
BOUFQFO &%)% 0 &**% NT ..% 0&(%% NT .)% 0 &' +% NT
QFOVMU &% ,% &&(% 0 &+ (% NT &' (% 0 &,+% NT
5OBM TZMMBCMF  &%-%0&)' &%-% 0 &&0% N% NT

IFYU EJOFSFODFTPGHSBOETVCKFDUBWFSBHFT J F UIF
UIFTIJIOHMF TVCKFDU BWFSBHFT PWFS BMM DPOEJUJPOT B(
XFSFDPNQVUFE J F EJOFSFODF EBUB GPS FBDI TVCKFDU X
UlJT EBUB UIF NBYJNBM BNQMJUVEF GPS FBDI QPTJUJWF E
JOUIF SFMFWBOU UJNF XJOEPX #Z UIJT QSPDFEVSF B TFU
UulBUDPOUBJOFEBNQMJUVEFNFBTVSFNFOUTPGBMMDPOEJ
HSBOE BWFSBHF S5IFTFEBUB XFSFJOEFQFOEFOU GSPN POF
PGUIFDPSSFDUDPOEJUJPO QMBZFE OP EJSFDU SPMF JO SFL
QFOEFOU BTBNQMJUVEFNBYJNBBSFKVTUQPJOUTJO UJNF
PGUIFEBUBJT TIPXOJOOHVSF () S5IFEFTDSJQUJWF EBUB T
GPSGPPUIFBEQPTJUJPOTO00STU BOUFQFOVMUJNBUF BOE
DPSSFDUBOUFQFOVMUJNBUFBOEOGOBMTUSFTTPSUIFOSTU
XPSET XJUI DPSSFDU QFOVMUJNBUF TUSFTT o BSF BMXBZT
FBDIHSPVQPGFYQFSINFOUBM DPOEJUJPOT

'PSJOGFSFOUJBM TUBUJTUJDT B TINQMJOFE DPNQBSJTP
IFBE DPOEJUJPOT XBT ESBXO TFF UBCMF ( - 3FQFBUFE N
SFWFBMFE IJHIMZ TIHOJ6DBOU FOFDUT CFUXFFO TUSFTT ¢
BOE B QSPTPEJDBMMZ XFBL QPTJUJPO JO BMM UISFF FY(
¢ Y Y& bbb RE GRBIXPSET XJUI DPSSFDU BOUFQFOVMUJN

-%



4FDPOEBSZ XPSETUSFTTJO (FSNBO %0 GF

'JHVSF () .FBO EJOFSFODFT PG NBYJNBM QPTJUJWF BN
BWFSBHF #BST BSF HSPVQFE CZ DPMPS BDDPS|
QBUUFSOT

4
3

2

difference to grand grand mean (uV)
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"OFVSPMJOHVJTUJD TUVEZ PO QFOUBTZMMBCJD XPSET

¢ Y Ya YR aa XJUUAJHOJG6DBOU JOUFSBDUJPOT JO BMM L
GPS XPSET XJUI DPSSFDU QROW MB& JNBU&YT USHIUIU BOE
XPSET XJUI DPSSFDUGOBMTUSFTT

5BCMF ( - $PNQBSTJPOPGQPTJUIJWIUZBNQMJIJUVEFTPGIFB
EJOFSFODFT UP HSBOE HSBOE BWFSBHF 5IF GBDUP
UIFIFBE OPO IFBEEJTUJODUJPO

$PSSFDUTUSFTTQBUUFSO &OFRAY A&cy c P

BOUFQFOVMUJNBUF 4USFTT1PYT Y& Pb RA UUU U aav
3FHJPO b Ra& R &b Vaa U vaa
AUSFTTL1PT "3FHJPOP Ra U pR asp U 0UvYbp

QFOVMUJNBUF 4USFTTL1PT Y Y& YR aa UUp U ava
3FHJPO b Ra R aa Uad U vaa

4USFTT1PT "3FHJPOP Ba B aa Uap U Yaa
AUSFTT1IPT JO GSPOUBM 3FH 0 % (- &P aa&.
4USFTT1IPT JODFOUSBM 3FHRIPA% % & BAMK.
4USFTTLIPTJO QBSJFUBM 3FA BRM6 % (8B4 &.

60BM AUSFTTI1PT Y Y& &R ay V00U U aaa
3FHJPO b Ra Ya ay UUU U aaa
AUSFTTL1PT "3FHJPOP R& b Ya vyaa U vyUP

5P TVNVQ UIF &31 SFTVMUT SFWFBMFE QPTJUJWJUZ FOFD

JOSFMBUJPO UPUIFDPSSFDUTUSFTTDPOEJUJPO 5JNF XJQ
BSFDPSSFMBUFE XJUIUIFQPTJUJPOPGBTUSFTTFETZMMB(
TZMMBCMFBQQFBSTJOBXPSE UIFFBSMJFSUIFPDDVSSFOD
NPSF BDPNQBSJTPOPGBNQMJUVEFT SFWFBMFE UIBU UIF Q
TUSFOHUI 4USFTTFTSFBMJ[FEPOGPPUIFBETIBWFMFTTQS
UIPTF SFBMJ[FEJO OPO IFBEQPTJUJPOT

$PODMVTJIPO

5IFTUVEZPOQFOUBTZMMBCJD (FSNBO XPSETFYUFOEFE QS
TZMMBCJD XPSET TFFDIBQUFS'" 1PTJUJWJUZ FOFDUT 1(T
NFOUXFSFGPVOE UIBUBSFUJNF MPDLFEUPUIFPDDVSSFO
.PSFPWFS UIFQPTIJUIJWIJUJFT SF+-FDUIPXFBTIMZQSPTPEJD
"DPNQBSJTPO PG BNQMJUVEFT PG QPTJUJWF EF+-FDUJPOT .



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

EJOFS JO TUSFOHUI *G TUSFTT JT TIJgFE UP B GPPU IFB
OPVODFE UIBO XJUI TIJgT UP B OPO IFBE QPTJUJPO #F|
UIBUFTQFDJBMMZ UIF8STUTZMMBCMF JT B QSFGFSSFE |
41J6T PG NBJO TUSFTTJOEJDBUF XIFSFUIF SFBMJ[BUJF
XFMMGPSNFE 5IF QIPOFUJD SFBMJ[BUJPO PG TFDPOEB¢
BOEEFQFOEPOWBSJPVTFYUFSOBM GBDUPST MJLF TQFF
*G TFDPOEBSZ TUSFTTJT SFBMJ[FE IPXFWFS JUJT QMB
JF POBGPPUIFBE 1SFTVNBCMZ UIJTJTUIF6STU TZM]
)FODF TFDPOEBSZ TUSFTT QPTJUJPOT BSF QSJNBSJM
UFSOBM QSPTPEJD TUSVDUVSF *G UIF PWFSBMM QSPTF
PG XPSE JOUFSOBM QSPTPEJD TUSVDUVSF UIJT QSPDFT
DFTTJOHDPTUT DG FYQFSJNFOUBM T TUVEZ PG #PI1O FU B
BSZTUSFTTJTMFTTWBSJBCMFUIBOBTTVNFECZ F H [P
JTGVSUIFSEJTDVTTFE JODIBQUFS)BOE UIFQVCMJDBUJ
FUBM '%&& %PNBITFUBM UPBQQFBS

5IF SFTVMUT DPSSPCPSBUF UIF 60EJOH UIBU TUSFTT C
EJTUSJCVUFE XJUIJOUIFEPNBJOPG QSPTPEJD XPSET ,C
FUBM '%%- ,O0BVTBOE %PNBIT '%%. (FSNBOXPSET IB!
TUSVDUVSF 4USFTTNBOJQVMBUJPOTBSF IBSEFS UP QS
UP QSPTPEJDBMMZ TUSPOH QPTJUJPOT WJ[ GPPUIFBE
EFDJTJWF SPMFJO (FSNBO QFOUBTZMMBCJD XPSET &YC
UIBUUIF38STU UIFBOUFQFOVMUJNBUFBOE UIF380BM TZN\
XPSET TUSFTTFE PO UIF BOUFQFOVMU *O XPSET XJUI QF
TZMMBCMF BOE UIF QFOVMU BSF TUSPOH QPTJUJPOT 5
MJDFOTFE CZ UIF GRPIUWTUGR® Q¥OEBTZMMBCJID XPSET TL
UIF BOUFQFOVMU PS UIFGGA0OBM GRS MBEMFTBULSETTFE PO L
QFOVMU

*O UIF OFYU TFDUJPO UIFTF 80EJOHT XJMM TFSWF BT
SFMFWBOU PQUJNBMJUZ UIFPSFUJD DPOTUSBJOUT PO TF



05 DPOTUSBJOUT PO TFDPOEBSZ TUSFTTJO (FSNBO

05 DPOTUSBJOUT PO TFDPOEBSZ TUSFTT

*O ,0OBVT BOE %PNBIT "%%. TFF DIBQUFS' OOEJOHT GSPN
(FSNBOUSJTZMMBCJD XPSET XFSFVTFEGPSBOPQUJNBMJU
BOBMZTJT BCTUSBDUFE BXBZ GSPN UIF PQFO EFCBUF BCPV
MBCMF XFJHIU JO (FSNBO TFF EJTDVTTJPO JO ,OBVT BOE %
CZQSPWJEJOH B SBOLJOH UIBU GUUFE BMM QPTTJCMF DPN(
IFBWZ ) TZMMBCMFT '@ -

4vDIBOBQQSPBDI XPVME OPUCF GSVJUGVM GPS QFOUBTZ
TIFFSOVNCFS PG QPTTJCMFJOQVUT 'B (" BOEUIFFWFO M
TICMFGPPUQBSTIJOHT ,% XJUIJOUIFTFUPGDBOEJEBUFT
UIFTFJOQVUT XBTFYQFSIJNFOUBMMZ UFTUFE
*OUFSNTPGFYQFSINFOUBM EFTJHO TUJNVMJ EJOFSFE JC
MBCJD DPOTPOBOUT TDIXBTZMMBCMFT BOE NPSQIPMPHJD
TUFNDMBTTFT TPNFQSFOYBUJPOT BT XFMMBT T TVOYFT UIB
GFSFOUQSPTPEJD TUBUVT TFFQBHF,,BCPWF BOE XFSFOP
TZMMBCMF XFJHIU S5IF MBUUFSJTJO QBSUBMTP OPU DMFB S
QSFWJPVT QBSBHSBQI BOEJUJTVODFSUBJOJGBMMMPHJID
MJHIUBOE IFBWZTZMMBCMF SFBMMZ FYJTU

$SJUJDBM DPOEJUJPOT DPOTJTUFE POMZ PG XPSET DPSS
UISFFTZMMBCMFT "DPNQMFUF BOE SFTIMJFOU 05 BOBMZT
CBTFEPOFYQFSINFOUBM FWJEFODF XPVME BMTP OFFE UP E
0STUBOE UIF TFDPOETZMMBCMF XIJDI XFSFJODMVEFE PO/
OMMFS JUFNT

"MMPGUIFTFSFTUSJDUJPOT XFSFJOFWJUBCMF BT OFVSP
SFRVIJSF TUIJNVMJUP CFDPOUSPMMFE GPS B MBSHF OVNCF¢

>? 5lF OVNCFS PG QPTTJCMF QBSTJOHT PG VOBSZ CJOBSZ BOE VOQBST
GPMMPXT GPSBTUSJOHPG O6WF TZMMBCMFTF BG R (AZAMMBICWIRUTPOF EJ°
MFg UIBUDBO CF FJUIFS QBSTFEJOUP BVOBSZGPPUPSTUBZVOQBSTF
QPTTIJICMF QFSNVUBUJPOT IFSF 'PSUXPEJTZMMB®IDFGFFU UIFSF BSH
TZMMBCMF MFg UIBU DBO CF QBSTFEPS VOQBSTFE J F UIFSFBSF ("'
BSFPOMZVOBSZGFFUPSVOQBSTFETZMMBCMFT 'B (" QFSNVUBUJPO
UP (" + ( , 2 QFSNVUBUJPOT OGDPVSTF TPBRBGRSBTF DPVME CF FY
BOBMzZTJT FH BDPNQMFUFMZ VOQBSTFEDBOEJEBUF



AFDPOEBSZ XPSETUSFTTJO (FSNBO % GF

uJBM GBDUPST FH MFYJDBM GSFRVFODZ BOE FNPUJP(
"DIJFWIJOHB TFUPG TUIJNVMJUIBU XBT MBSHF FOPVHI GF
JNQMJIFE NBLJOH DPNQSPNJTFT $POTFRVFOUMZ UIF Q¢
FYQMPSBUPSZBOE TIPVME TIPX XIFUIFS UIF FYQFSJNFO
UPTFDPOEBSZ TUSFTT QPTJUJPOTBT XFMM o XI1JDI JU EJ
5IVT BEFOOJUIJWF BOBMZTIJT PG TUSFTT JO (FSNBO QF
CBTJTPGUIFFYQFSIJNFOUBMEBUBDBOOPUCFBDIJFWFE
TZMMBCMF XFJHIU BOE NPSQIPMPHJDBM TUSVDUVSF [/F
JOUFSFTUJOH SFTVMUT UIBUBMMPX GPS B EJTDVTTJPO
TUSBJOUTUIBUBSFJOWPMWFE JOUIFBTTJHONFOU PG Q
(FSNBO QFOUBTZMMBCJD XPSET

'JSTU UIFSFIJTFYQFSINFOUBMFWJEFODFGSPNCFIBW.
UIFJOJUJBM TZMMBCMF CFIOHB QSFGFSSFEMBOEJOH T
BQQSPBDIJOUFSNTPGPQUINBMIUZUIFPSZ XPVME FODPF
NFOUDPOTUSBJOU " 18 - .D$BSUIZBOE1SJODF &..(
QBHF ' XIJDI EFNBOET UIBU UIF MFg FEHF PG BOZ QSPT
XJulBGPPU JF UIBUBOZ XPSETUBSUT XJUIB GPPU *(
(FSNBO UIJTBMXBZTJIJNQMJFT UIBU UIF38STUTZMMBCME
DPNQSFIFOTIWF PQUJIJNBMJUZ UIFPSFUJD BOBMZTFT PO
BTTVNFEUIJTDPOTUSBJOUJOUIFJS SBOLJOHT UIPVHI X
"MCFS &..,B ," "MCFS &..,C . "MCFS &..- &' 'ISZ &..-
FYQFSIJNFOUBM SFTVMUTDBO CFJOUFSQSFUFEBT GVSU
#FZPOEUIFTQFDJBM TUBUVTPGUIFJOJUIJBMTZMMBCM
GFSFODFTPGUIFPCTFSWFEQPTJUJWJUZFOFDUT 0o BMUI
BDDPVOUBOEUIFVTFPGOPOTUBOEBSE QSPDFEVSFT XE
OPUBMM XPSE NFEJBM TZMMBCMFT BSF FRVBM DG O6HVS
BNQMJUVEF SF+FDU UIF FBTF PS UIFEJODVMUZ FWBMVBI
UFSO 5IFZBSF MBSHFS GPS TUSFTT SFBMJ[FE PO UIF XI
GPPUBOE TNBMMFS GPS TUSFTT SFBMJ[FEPOBOBTTVNF
TIJEFSFEBTBOJOEJDBUJPO GPS UIFFYJTUFODF PG GVSI
QSPWIJEF GVSUIFS QPUFOUJBM QPTJUJPOT GPS TFDPOEE
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'SPNBO PQUJIJNBMJUZ UIFPSFUJD QFSTQ¥DWIWF UIJT TUSH
TFF& &% XIJDISFRVJSFTFYIBVTUIJWFQBSTJOH "OFYIBVT
BUUIFMFg XPSEFEHFIBTCFFOTIPXOUPCFFOFDUFECZB SB
ly OGBOE MPXFS SBOLFE " ' - TFF & &, XIJDI SFRVJSFTB
PGGFFUUPCFBMJIJHOFE XJUIUIF MFg XPSE FEHF "MCFS &..
*OUIFEJTDVTTIJPO PG FYQFSIJNFOUBM SFTVMUT JO UIF QS
TUSVDUOYVS®FT GPSBOUFQFOVMUJNBURBIOEIOGOBIM TUSFTT BO
QFOVMUINBUF TUSFTT XFSF QSPQPTFE S5IFRVFTUJPO OPX I
UVSFTDBOCFQSPEVDFECZBOPQUJIJNBMJUZUIFPSFUJD HSB
UIF SBOLJOH JOUFSBDUJPOT PG TPNFDPOTUSBJOUT QPTTJ
PG DPOTUSBJOUT JT DPNQBUJCMF XJUI UIF POF QSPQPTFE
'%%. GSPN XIJDIUIF MPX SBBQEOH PG 49yT BEPQUFE
SIFOFXMZBEEFEDPOTUSBJOU " 18 -NVTUCFSBOLFEC
UP NBLF DPSSFDU QSFEJDUJPOT JO USJTZMMBCJD XPSE
FWFSZ SJHIUFEHF PGB QSPTPEJD XPSEUP CFBMJHOFE XJU
IFBE GPPU TFF & &. >@ *O XPSET XJUI UISFF MJHIUTZMMB
JOH XPVME TFMFDU-U{F-DBIQWEBEBYBOQBSTFE 60BM TZMMBCNM
NBJOTUSFTT PO UIFBOUFQFOXMU BIWIQOFBEBMGV-OQBSTFE T
MBCMFBOE NBJO TUSFTT PO UIFQFOVMU TFFTFDUJPO ' ' B(
BOE %PNBIT "%%. &)%% 5IFEJSFDUJPOBM DPVOUFSQBSU
JT " 18 3XIJDICMPDLT DBOEJEBUFT XJUI6OBM VOQBST
JT BEEFE UP UIF UBCMFBV UP SFWFBM UIF HFOFSBM JO+VFC
DPOTUSBJOUTJO UIF SBOLJOH
*UCFDPNFT PCWJPVT UIBU UIF FYIBVTUJWFMZ QBSTFE DB
DBVTF OP WJPMBUJPOT PUIFS UIBO UIPTF PG " ' - 4JODF
GSPNTZMMBCMF XFJHIU JO UIJT UBCMFBY DBOEJEBUFT XJ
oE BSFJOGFSJPS UP UIPTF XJUI FYIBVTUJWF QBSTJOH UIS
ly 0 .PSFPWFS UIF DBOEJEBUFT D BOE E TIPX UIBU OI

>@ 51JTIJTBOJNQPSUBOU EJOFSFODF CFUXFFOUIFBOBMZTJT PG "MCFS
BTTVNFT 3 EFNBOET UIBU FWFSZ SJHIUFEHFPGBQSPTPEJD XPSE
SJHIUFEHFPGUIFTZMMBCMF DBSSZJOH NBJO TUSFTT "MCFS JOUFSQ
SFDVSTIWFMZ BT NBJO TUSFTTFETZMMBCMF .ZJO9Q&EBQBFUBUJPO SFI
ilFBEPGBQSPTPEJD XPSEwBT  TUSPOHFTU GPPU TFFBMTP ,O0BVTBOE
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5SBCMFBV ( & &YIBVTUJWF GPPU QBSTJOH JO (FSNBO Q
JNQPSUBOU SBOLJOH JOUFSBDUJPOT CFUXFFO
JOWPMWEFE
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18 DPOTUSBJOU JT OFFEFE UP EFUFSNJOF BO PQUJNBI
POMZWJPMBUFEJG UIFJOJUJBM PS UIF6OBM TZMMBCMEF
JNQMJIFT BWJPMBUJPO PG UIF JO E F'Q¥ DBEWBWMOKPVGT M PXF
SBOLFE IyJT BMSFBEZ DSVDJBM JO UIJT SBOLJOH 8JUI |
! 18 3JTBMTP OPU EFDJTJWF BT JU BMXBZT JOGFS™
JOBT 3 X1IJDIJT OFFEFEJOEFQFOEFOUMZ GPS NBJ(
5IVT JG XFBTTVNF UIBU XPSEJOUFSOBM QSPTPEJD TUS
XPSETJTHFOFSBUFECZBOFYIBVTUJWFQBSTJOHPG TZNM
&31TBOEBNQMJUVEFEJOFSFODFT XJMMBMSFBEZCF FYC
UlBUEPFT OPUOFFEBEEJUJPOBM BMJHONFOU DPOTUSB

3FUVSOJOH UP UIF DBOEJEBUFT B F BOE G UIFDP
BSFOPUBCMFUP TFMFDU BO PQUJIJNBM PVUQVU CFUXFFC
DPOTUSBJOUT BSF OFFEFE UP BDIJFWF UIJT S5IFDPOTUS
,OBVTBOE %PNBIT '%%. JODMVEFTUIFIJHISBOLFE"' #
$vy & '* XI1JDI BSFBCMF UP EFUFSNJOF UIF PVUQVU DE
EJEBUFT F BOE G DPOUBJO VOBSZGFFUJO OPO 60BM
SFTUSJDUUIF PDDVSSFODFPGUIJTGPPUUZQF 60BSZC
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MBCMF J F EFHFOFSBUF GFFU BSKF BMXBZVWGB/SWEFE PVU CZ
GFFUDPOUBJOBIFBWZTZMMBCMF UIFZDBOGPSNBCJNPSB
DBVTFT B WIJPMBUJPO PG UIF DPOTUSBJOU $y BT XFBMX
IFBETJO DBOEJEBUFT XIFSFUIFVOBSZGPPUJT OPO 30BM >
BUF B UIF6OBMVOBSZGPPUEPFTOPUDBVTFB $y WJPMI
CZBOVOTUSFTTFETZMMBCMF JOUIF XFBLQBSUPGBGPPU
DIFFT GPMMPXFE CZB VOBSZ GPPU UIBUDBSSJFT NBJO TUS
AFDPOEBSZ TUSFTT DBO CF SFBMJ[FE PO UIF 6STU PS UIF BC
51JT TUSVDUVSFJT UIF POF QSFEJDUFE CZ UIF FYQFSJNFOU
XJUIDPSSFDUNBJO TUSFTT PO UIF30BM TZMMBCMF
8JUIUIF SBOLJOH QSPQPTFETP GBS PUIFSGPPU QBSTJOH
5OBMTZMMBCMFJTMJHIUBOEDBOOPUCFQBSTFEJOUPBVO
VTIFEJOUIFTUVEZ IBWFIFBWZ6OBMTZMMBCMFT 'PPUJOHT |
POUIFBOUFQFOVMUPS UIFQFOVMU NVTUUIFSFGPSF CF USF
IFSF

'PS BOUFQFOVMUJNBUF NBJO TUSFTT UIJT JT TUSBJHIUGH
QPTJUJPO XBTBMSFBEZ USFBUFE BT FYDFQUJPOBMJO UIF B
,OBVT BOE %PNBIT '%%. "HBJO FYDFQUJPOBMJUZ PG NE
DPVME CFEJSFDUMZFYQSFTTFECZ)Y .y y QSPQPTFECZ.
&-( BDPSSFTQPOEFODFDPOTUSBJOU UIBU SFRVJSFT UIBU
JOUIFJOQVU CF SFBMJ[FE JO UIF PVUQVU "O BUUSBDUJWF
UFSOBUJWF JT UIF BTTVNQUJPO PGB/ ' ¥ DPOTUSBJOU
C SFRVJSJOHUIBUBTUSPOH IFBE GPPUJT OPUGOBM JO
DPOTUSBJOU NVTU CF MFYJDBMMZ JOEFYFE GPS UIF HSPVQ
PO UIF BOUFQFOVMU -FYJDBM JOEFYBUJPO PG DPOTUSBJO
'%%% JO BO BOBMZTJT PG &OHMJITI TFDPOEBSZ TUSFTT BC

>A $y JTIJOUFSQSFUFEIFSFJOUIFXBZQSPQPTFEJO ,OBVTBOE %PNB|

FWBMVBUFT XIFUIFSIFBET PG GFFUBSFBEKBDFOUBGE BCTUSBDUT BX
TUSFTTJTBDUVBMMZ SFBMJ[FEBUUIFTFQPTJUJPOTPSOPU "OBMUEFS
FWBMVBHF BBBIB®RIJ[FE TUSFTTFT *O UIJT DBTF B GVSUIFS DPOTUSB.
SFRVIJSFTIFBWZ TZMMBCMFTUP CFTUSFTTFE TFF EF860OJUJPO & &' JT
3 BOE XPVMECFWJPMBUFE JG OFJUIFS QSIJNBSZOPS TFDPOEBSZ
UIFTF GFFU )PXFWFS TVDIWBSJBOUTJO SFBMJUBNBMIBEF IBSE UP B’
UIFPSZ
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BHFOFSBM NPEFM JO 1BUFS "%%, BOE 1BUFS "%&% *C
BMMZJOEFYFE/ ' vy DBOPOMZCFWJPMBUFECZOPO >
JOXPSETPGUIJT MFYJDBM HSPVQ BMM PUIFS XPSET WB
-PPLIOHBUUIFNPSQIPMPHIJIDBM TUSVDUVSF B MFYJDBWM
XPSEJ8OBM TVOYFT JO UIF FYQFSIJNFOUBM TUJNVMJ OFW
OPO JOEFYFEWFSTJPO PG UIFDPOTUSBJOUJT QMBDFE |
OPUDIBOHFUIFOPSNBMPVUDPNF XJUIBOBM TUSFTT 1M
PGUIFDPOTUSBJOU BCPWF 3 ZIJFMET BO PQUJNBM
UIJNBUF NBJO TUSFTT BOE TFDPOEBSZ TUSFTT PO UIF 06S~
QPTJUJPOBUUIF6OBM TZMMBCMF TFFUBCMFBYV ('

5BCMFBV (' 1BSUJBM SBOLJOH T,IRXUGK BTBBO/UFQFOVM
UJNBUF TUSFTT

T
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SIFGPPUQBUUFSOGPSQFOUBTZMMBCJD TUJNVMJ XJUI
OPUCFFYQMBJOFE XJUIPVU SFGFSFODF UP NPSQIPMPHJ
60OBM TVOYFT BMM IBWF UIF TIBQF PGB EJTZMMBCJD USF
JODPNCJOBUJPO JG UXP BOHIHT NB\ETF J O $\BPTM MAFTE $B UP
$JF SVOH $JT UJKIFS$IBRQPIFKTUBOZ LJOE PG DPOTP!
JODMVEJOH HMPUUBM TUPQ PS BHMJEF DG BQQFOEJY
TUSVDUVSBMMZ XFMMGPSNFE BOE NJHIU GPSN B MFYJDI
QPTTICMFFYQMBOBUJPO GPSUIF QFOVMUJNBUF QBUUF
QMBUFJTBMSFBEZ TQFDJOFE JO UIFJOQVU OODF NPSF



05 DPOTUSBJOUT PO TFDPOEBSZ TUSFTTJO (FSNBO

PQUJNBMJUZ UIFPSZ CZ JOUSPEVDJOH BDPSSFTQPOEFODF
B QSFTQFDJSFE QBUUFSO UP CF SFBMJ[FE JO UIF PVUQVU
USPDIFF 4VDIDPOTUSBJOUTBSF TVHHFTUFECZ 1BUFS &..
"MCFS &..- 1, .y #0 UIFTUSFTTQFBLJOUIFECBTFIBTBDI
JOUIFPVUQVU BOE,BHFS &...C )y .y #0 "TBOBMUFS
JTDPOTJTUFOU XJUIUIF QSPDFEVSF TP GBS *QSPQPTF B W|
DPOTUSBJOU JOEFYFE GPS UIF HSPVQ PG QFOVMUJNBUF
EFNBOET UIBU B QSPTPEJD IFBE JT OPU SEBMJ[FE PO UIF 60
TEFFEF60JUJPO & ,B 51JTSFDVSTJWFJOUFSQSFUBUJPOP
IFBE PG B QSPTPEJD XPSE JT UIF IFBE PG UIF IFBE GPPU SB
GPPUPOMZ JTDSVDJBM GPSUIFHFOFSBUJPO PG UIFFYDFQ
X1JDIDPOTJTUTPGBOJOJUJBMBOEBGOBMEJTZMMBCJD US|
TZMMBCMF TFF UBCMFBV ( ( 5IFDPOTU$BIONWI OBNFE /
PMBUFE CZ UIF DBOEJEBUF C XJUISOBM TUSFTT >B 3
EJEBUFT B BOE E XIJDIEPOPUSFBMJ[FNBJOTUSFTTPOB
-PXFTUSBOLFE" ' -EFTJHOBUFTDBOEJEBUF D BTPQUJI
UIJT DBOEJEBUF IBTJUT JOJUJBM GPPU BMJHOFEE XJUI UIE N
POMZ QPTTJCMF QPTJUJPO GPS TFDPOEBSZ TUSFTTJT UIF JC
VMUJNBUF QBUUFSO JT UIF POMZ POF UIBU EFWJBUFT GSPN
NJOJNBM EFWJBUJPO JTBO FOFDUPG MEYJDBM JOEFYBUJPOC
*OTVNNBSZ UIFGPPUTUSVDUVSFTJOEJDBUFECZUIFEYQF
EFSJWFECZBSBOLJOHUIBUBTTVNFTFYIBVTUJWF QBSTJOF
BNQMJUVEF EJOFSFODFT GPVOE BSF JOUFSQSFUFE BT JOEJ
JDBMMZ XFBLPS TUSPOH QPTJUJPOTJOB XPSE JF IFBETF
XJUIJO GFFU
5/F GPPU TUSNVDIWVISGPS XPSET XJUIDPSSFDU 6OBM TUSFT"
EJSFDUMZ GSPN UIFDPOTUSBJOU SBOLJOH BMSFBEZ QSPQF
'%%. 5IFDPOTUSBJOU $y FWFOUVBMMZJODPNCJOBUJI
&) QMBZTBO JNQPSUBOU SVMFJO TFMFDUJOH UIF FYQFSJN
BNPOH UIFQPTTJCMF FYIBVTUJWFE QBSTIDHGPSIF GPPU TUS

>B"OBQQSPBDIUIBUBMTP VTFT EJOFSFOU /PO'JOBMIJUR DPOTUSBJOUT
TZMMBCMF MFWFMJT QSFTFOUFECZ"MCFS &..,B &*% &,,

. %
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DPSSFDUBOUFQFQMMUWNBUFBOF DU QFOVMUINBUF TUS
KFDU UP MFYJDBM QSFTQFDJ3DBUJPO FYQSFTTFE CZ MF
DPOTUSBJOUT $SVDJBMMZ UIFMFYJDBM QSFTQFDJG&DB
UVSFT UIBU NBZ CF JOEFYFE GPS HSPVQT PG NPSQIFNFT
FTUBCMJTIFEJTMFg PQFO GPSGVSUIFSTUVEJFTUIBU DF
UVSF BOE FYBNJOF DPNQBSBCMF TVCTFUT "DPNQMFUF
IBWF UP GPDVT PO UIFEFUBJMT PG NPSQIPQIPOPMPHJDB

$POUSBSZUPUIFJOJUJBMBTTVNQUJPO " 18 -JTO
UIFQSFGFSFODF GPS TFDPOEBSZ TUSFTT PO UIFJOJUJBI]
-BMSFBEZ BDDPVOU GPS FYIBVTUJWF QBSTJOH XIJDI B-
UIF JOJUJBM TZMMBCMF JT BMXBZT UIF IFBE PG B GPPU |
TFDPOEBSZ TUSFTT 51JT60EJOHJTEFSJWFE JOEFQFOE
BCTFODFPGBOBDPVTUJD DPSSFMBUF

5/F FYQFSJNFOUBM 80EJOHT RVFTUJPO BQQSPBDIFT »
UFSOBM TZMMBCMFT UP CF MBSHFMZ VOQBSTFE EVF UP I
OFTTMJILF*y py5 yy y-y FH "MCFS &..,C 5IFDVSSF¢(
PVUDPNF JT IPXFWFS OPU DBQBCMF PG EJTQSPWJOH N
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QMFUFMZ BTJUUFTUFEPOMZBTVCTFUPGBMMQPTTIJCMF T
BXBZGSPNPQFORVFTUJPOTBCPVUTZMMBCMF XFJHIU

5[FTUVEZPOQFOUBTZMMBCJD XPSETPOFSTUGVSUIFS FWJE
SJDBM TUSVDUVSF JO UIF QSPDFTTJOH PG XPSE TUSFTT JO
JOEJDBUFTUIFEJTUSJCVUIJPOPG TFDPOEBSZTUSFTTFT JO
FWBOUGPSNBJOTUSFTTBOETFDPOEBSZTUSFTTBTTJHONF
OQUIJNBMJUZUIFPSZIJTBTVIJUBCMFGSBNFXPSLGPSBOBOB|
FODJFT



SFMBUJPOT PG XPSE TUSFT
QSPTPEJD MFWFMT

*OUIF QSFWIPVT DIBQUFS FYQFSINFOUBM FWJEFODF GF
JO (FSNBO XPSET XBT TIPXO *U XBT SFWFBMFE UIBU TFL
PO GPPUTUSVDUVSF )PXFWFS UIFTUVEJFT QSFTFOUFE
GSPNJO+VFODFT PG IJHIFS QSPTPEJD MFWFMT PO XPSE
ESFTTFEJOUXP TUVEJFT ,OBVTFUBM '%&& %PNBITFU
CSJF+ZTVNNBSJ[FEBOEEJTDVTTFEJO UIF GPMMPXJOH

*OOVFODFT PG QSPTPEJD DPOUFYU PO
GPPU QBSTJOH

5P JOWFTUJHBUF UIF JO+VFODF PG JNNFEJBUF QSPTPEJ
,OBVT FUBM '%&& DPOEVDUFEBTUVEZUIBU GPDVTFEF
DPNQPVOET SIFTUSFTT FWBMVBUJPO QBSBEJHN FTUBC
DIBQUFST ' 'BOE( XBTOPXBQQMJFEUP OFXMZNBEFVQD
PGBUSJTZMMBCJD 6STUBOEB QFOUBTZMMBCJD TFDPOL
*OCPUIDPOTUJUVFOUT PG UIFDPNQPVOET DPSSFDUT
UIFQFOVMUJNBUF PSUIFOOBM TZMMBCMF 8IJMF UIF 0S
TUSFTTFE DPSSFDUMZ UIF TFDPOE DPOTUJUVFOU XBT F
NBJO TUSFTT PS XJUITUSFTTTIJgFEUP UIF3STUPS UIF T

>C5IF DPNQPVOET XFSF QPTTJCMF (FSNBO XPSET UIBU XFSF DBSF(
BUFMZVOEFSTUBOEBCMF "MUIPVHIUIFTF XPSETBSFQSPCBCMZ O
NBZCF PSFWFONBZIBWFCFFO QSPEVDFECZ (FSNBO OBUVSBM T



*O+VFODFT PG QSPTPEJD DPOUFYU PO XPSETUSFTT BOE GPI

VMVTEFTJHO HFOFSBUFEBO BEEJUJPOBM DPOUSBTU CFUXF
TUSFTTDMBTIBUUIFDPOTUJUVFOUCPVOEBSZ 80BM  TUSFT
UIF TFDPOE DPOTUJUVFOU PS OPU QFOVMUJNBUF TUSFTT.
UIF TFDPOE DPOTUJUVFOU 5I1JTNBEFJUQPTTJCMF UP UFT
PEJDBMMZ XFBL QPTJUJPO JF UPUIFTFDPOE TZMMBCMF
UPBGPPUIFBEQPTJUJPO JF UPUIFJOJUJBMTZMMBCMF
51F SFTVMUTDPOGSSNUIF80EJOHT PG UIFTUVEZPO TJOHM]

TFFDIBQUFS ( "HBJO 1(C FOFDUT GPS UIF TUSFTT WJPMB
QBSJTPO UP UIF DPSSFDU TUSFTT DPOEJUJPOT XFSF SFWFE
QSPOPVODFE GPS XPSET XJUI @QEOVMBIINBOEMUSFTT F H
TIJBTNw PSBCTFOU GPS XPSREFRJDREIBNGIT USFT JU E W
JG TUSFTT XBT TIJgFE UP UIFJOJUJBM TZMMBCMF 41JgT UP
QFOUBTZMMBCJD DPOTUJUVFOU FWPLFE QSPOPVODFE QPT
UJPOT $SVDJBMMZ UIFFOFDUTBQQFBSFEUISPVHIPVUBMM
BOE UIF NPSQIPMPHJDBM TIBQF PG FBDI FOFDU XBT WFSZ TJ1

)FODF UIF TUVEZ PODF NPSF SFWFBMFE UIBUTUSFTT TIJg
BSFIBSEFS UP FWBMVBUF UIBO TIJgT UP UIF TFDPOE TZMME
WJFX UBLFOJODIBQUFS ( UIBUUIFSFJTBEJTZMMBCJD USH
JOJUJBM TZMMBCMF UIVTIBTB TQFDJBM TUBUVT JUJT UIF C
J[BUJPO PG TFDPOEBSZ TUSFTT 5IJTTUSVDUVSBM QSFGFS
FODFE CZ TUSFTT DMBTIFT PDDVSSJOH JO BO JNNFEJBUF Q
BWPJEBODFEPFT OPUQMBZB SPMFBU UIF MFWFM PG TFDPO

5/F MBDL PG SIZUINJDBM SFQBJS TUSBUFHJFT XJUIJO DPN
XPSE JOUFSOBM QSPTPEJD TUSVDUVSF JT CVIJMU VQ JOEFQ!
QSPTPEJDTUSVDUVSF 51JTTVQQPSUTUIFJOUFSQSFUBUJP
QISBTFT SBUIFSUIBO QSPTPEJD XPSET 8JFTF '%%%

*O DPNQBSJTPO UP UIF 60EJOHT PO TJOHMF QFOUBTZMME
CFUXFFO TIJgT UP IFBE BOE OPO IFBE QPTJUJPOT PG B GPF
DMFBSMZ XI1JDI XBT USVF GPS UIF TUSFOHUI PG UIF QPTJUJ
UIF CFIBWJPSBM EBUB " QPTTJCMF SFBTPO GPS UIJT NJHIU
EFTJHO XBT CBMBODFE 0 QBSUJDJQBOUT IBE UP QSPDFTTB |



SFMBUJPOT PG XPSETUSFTT BOE IJH

cvu PWFSBMM SFMBUJWFMZ TVCUJMF TUSFTT WJPMBUJ|
SFWFBM NPSF EJOFSFOUJBUFE FOFDUT

"T SFHBSET UIF TIJgT UP UIF JOJUJBM TZMMBCMF XPSI
QSPKFDUFE OP QPTJUJIJWJUZ BUBMM XIFSFBT XPSET XJL
FWPLFEB TJHOJODBOU CVU MFTT QSPOPVODFE QPTJUJW
UP UIF TFDPOE TZMMBCMF 5IJT EJOFSFODF DPVME QPT"
EJTUBODFPGNBJOTUSFTTUPUIFXPSECPVOEBSZ JO XPE¢
SIFFYQFDUBUJPO PGB GVSUIFS TFDPOEBSZ TUSFTT NE
XJUI DPSSFDU QFOVMUJNBUF TUSFTT FTQFDJBMMZ JG X
FYIBVTUIJWF QBSTJOHBTJUJTTVHHFTUFE JODIBQUFS (
-PPLIOHBUJO+VFODFT PG TFOUFODF MFWFM QSPTPEZ
DPOEVDUFEBTUVEZUIBUJOWFTUJHBUFEPOUSJTZMMB(
QPTJUJPO XJUIJO B TFOUFODF S5IF FYQFSIJNFOUBM QBS
DFEVSFT XFSFBEPQUFE GSPNUIFQSFWJIPVT TUVEJFT TI
'‘%%- J F XPSETDPSSFDUMZTUSFTTFEPOUIFBOUFQFC(
XIFSFQSFTFOUFE XJUI DPSSFDU TUSFTT PS TUSFTT TlJg
TZMMBCMFT *ODPOUSBTUUPUIFFBSMIJFS TUVEJFT UIF
EJOFSFOUTFOUFODFT *O POF PG UIFTFOUFODFTUIFDS
GPDVT QPTJUJPO JOUIFPUIFSPOFJUGPMMPXFE UIF OV
OWFSBMM DPNQBSBCMF &31FOFDUT GPS XPSETJO GPD
XFSF GPVOE "MUIPVHIMFTT QSPOPVODFE JO OPO GPDV
QPTJUJIJWJIUJFT FWPLFE CZ FWBMVBUJPOT PG EJOFSFOU
GPS CPUIDPOUFYUTJO UIFNBKPSJUZPGDBTFT
J)PXFWFS TPNFPGUIF FOFDUT EJE OPUTIPX VQ XIFO UIF
UFEJOOPO GPDVTQPTJUJPO 4USFTTTIJgTUPUIFBOUF
QFOVMUJIJNBUF TUSFTT BOE UIF PQQPTJUF DPOUSBTU NI
QFOVMU JO XPSET XJUI DPSSFDU BOUFQFOVMUJNBUF TL
SIVT TUSFTTDPOEJUJPOT XIFSFFJUIFSUIFDPSSFDUPS
QFBSFEBU XPSEPOTFU XFSF OPU FWBMVBUFE BT FYQFDI
BCMFJG QIPOFUJD QBSBNFUFST PG XPSE TUSFTT BSFDP
JOJuJBM TZMMBCMFT QJUDIJT B EFDJTIWF QBSBNFUFS
GPSNBUJPOJTEJTUVSCFE FWBMVBUJPOPGDPSSFDU BC(



1vCMJDBUJPOT ,0BVTFUBM yypp BOE %PNBITFUBM UPI

FSSPST 51JT XBT UIFDBTFJO UIF OPO GPDVT DPOEJUJPO
GPMMPX B QJUDISJTFJOTFOUFODFJOUPOBUJPO

5|lF 60OEJOHT PG UIF TUVEZ PG %PNBIT FUBM UPBQQFBS
BOETFOUFODF QSPTPEZBSFTUSVDUVSBMMZ TFQBSBUF MF
EFQFOEFOU CPUUPN VQ QSPDFTT TUBSUJOH XJUIUIF DPOT
UIFMFTT I1JHIFS MFWFM QSPTPEZ DBO IBWFBO JO+VFODF PC
BOEQSPDFTTJOH JOQBSUJDVMBS XIFOCPUINBLFVTFPGU
NFUFST

1VCMJDBUJPOT ,0BVTFUBM BOE %
FUBM UPBQQFBS

TFFOFYU QBHF
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SECONDARY STRESS IS DISTRIBUTED RHYTHMICALLY
WITHIN WORDS: AN EEG STUDY ON GERMAN
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ABSTRACT possible positions of secondary stress, and which
are the preferred ones? Alternatively, one could
doubt the existence of secondary stress at all in
German loanwords [6]?

Generally, the paper addresses the following
questions: is secondary stress derived from within
the structure of the word, from the context of this
word (here, a compound), or from both?

The present paper report results of an ERP-study
on German noun-noun compounds in which the
influence of stress clash on stress positions within
compounds is tested. In particular, it is examined
whether secondary stress within a second constitu-
ent is affected by the stress pattern of a first con-
stituent as well as by the main stress position of the
second constitqent. Stimuli useq werg polysyllabic 2. AN EEG STUDY ON GERMAN
compounds which allowed manipulating the stress COMPOUND STRESS
positions such that alternative hypotheses about i i
foot structure and its constraints could be tested. 10 shed light on these questions we conducted a

The main result is that the preferred position for neurolinguistic experiment on stress in complex
secondary stress in German is the initial syllable. G€'man words. Previous EEG-studies on the
Furthermore, the distribution of secondary stresses Processing of word stress in German [2, 5] have
is computed within words, not within larger con- shown _the s_ensmwty of this experimental _met_hod
texts: Stress clashes caused by these contexts dd0 manipulations of word stress: stress violations
not influence the distribution of stresses. leading to illformed or dispreferred structures (e.g.

*Vi( ta.min) instead of (Vi.ta)(min). (LL)( H)
* becomes L[H)) produce significantly stronger
electrophysiological effects (P3b) than violations

1. INTRODUCTION maintaining the foot structure(*( Vi.ta)(min):
(LL)( H) becomes [L)(H)). Thus, the studies
show the grouping of syllables into feet, and the
potential stress positions in German words
irrespective of main or secondary stress positions.
Manipulations of main stress can therefore be used
as a diagnostic tool to identify secondary stress
positions. It is noteworthy that to date no explicit
phonetic correlate of secondary stress has been
found.

In the current experiment, participants (22
German monolinguals, 12 women) were presented
with correctly and incorrectly stressed compounds

Keywords: German, word stress, secondary stress
compounds, ERP

The present paper deals with the questions how
word stress and stress on higher levels of the
prosodic hierarchy are related, and what the pre-
ferred positions of secondary stress in German are.
Within the relevant literature, there are conflict-
ing assumptions on the relation of word stress and
higher level stress. Some accounts (e.g. [8, 9])
claim that secondary stress is variable and depends
on the rhythmical structure of the sentence in
which they occur. Which syllable receives stress
then is determined by the interplay of primary and
second.ary str'esses Qf words in a sentence ContEXt'embedded in a carrier sentencer (soll nun
Accordingly, interactions of word stress patterns . o
and rhythmical preferences should have a strong (Eu ropa) fenthusasmus) sagenHe is supposed
influence on stress placement. A second approach WR VD\ « 7KH WDVN ZDV WR
(e.g. [4, 7]) argues that stresses are determined bycritical word was stressed correctly or not (by
the internal structure of a word, i.e. its feet and Pressing a button). The material was selected such
syllables. This internal structure is built up that it allowed for the evaluation of metrical
independent of higher-level prosodic structures.  Structure and their conditioning factors.
Empirical data on the distribution of secondary
stresses is sparse and contradictory [3]. What are
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2.1. Method

x Stimuli were naturally spoken German noun-
noun compounds, comprising a trisyllabic first
part and a pentasyllabic second part, recorded at
44 kHz sampling rate, 16 bit (mono) using
Amadeus PrdHairerSoft) and a Beyerdynamic
MC 930 electret microphone.

X The design of the stimuli is illustrated in Figure
1. The trisyllabic first constituent of the critical
items was stressed either on the penult or the
final syllable. These first parts were always
stressed correctly. In the pentasyllabic second
constituent, correct main stress appeared on the
penult or the final syllable. These constituents
were derived words, all comprising main and
(supposed) secondary stresses. Following the
rationale explicated in [2], possible secondary
stress positions should be identifiable via main
stress shifts. Therefore, manipulations are
applied only to the second constituent in which
main stress was shifted from the correct position
to the initial or the second syllable. Compound
main stress lies on the first part and our manipu-
lations do not affect compound stress but word
stress of the second constituent. The use of
morphologically complex noun stimuli could not
be avoided because of a lack of suitably long
monomorphemic nouns.

Figure 1. Overview of the 8mulus design and the 12
experimental conditions (2x2x3).

Sirst part second part

correct stress on penult

correct stress on penult incorrect stress on initial syllable

incorrect stress on second syllable

correct stress on final syllable
correct stress

on final syllable — incorrect stress on initial syllable

incorrect stress on second syllable

X This experimental design (Fig. 1) allowed us to
investigate whether the stress shifts within the
second part of the compound indicate possible
secondary stress positions (i.e. heads of feet) and
whether the position of main stress in the first
part of the compound (stress context) has an
influence on the processing of these stress shifts
(i.e. clash avoidance effects, cf. [10]). For an
example of each of the cases, see Figure 2.
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X The set of stimuli consisted of 15 stimuli per
condition, presented twice. Each pentasyllabic
constituent appeared in each of the experimental
conditions (i.e. once with stress in the correct
position, and twice with stress in incorrect
positions).

x In order to balance the number of correctly and
incorrectly stressed words the stimulus set in-
cluded also 30 filler items with stress on the first
and second syllable each.

x EEGs were measured via 22 AgAgCI electrodes
(C2 as ground, reference placed at left mastoid)
and aBrainvision amplifier. Impedances were
NHSW EHORZ N ((* (2dwithiUH
a sampling rate of 250 Hz, filtered offline with a
0.3-20 Hz bandpass filter.

X Averages were calculated from the onset of the
second part of the compounds up to 1900 ms
post onset.

x For comparison of mean voltage differences
between correct and incorrect conditions, two
time windows were selected by means of visual
inspection (from 330 to 580 ms for shift to the
first syllable and from 500 to 900 ms for shift to
the second syllable).

X ANOVAs were calculated for TRESSOSITION
(correct vs. initial or second syllable) over three
BRAINREGIONS (frontal: F3, Fz, F4; central: C3,
Cz, C4; parietal: P3, Pz, P4).

2.2. Results
2.2.1.Behavioral data

Reaction times are not analyzed here, as partici-
pants had to react with a delay after the offset of
the carrier sentence to avoid movement artifacts.
Error rateswere below 9% for most conditions,
whereas the error rates for stress shifts to the first
syllable ranged from 41% to 50%. Crucially, there
were no differences between the stress contexts
provided by the differently stressed first parts of
the compounds.

2.2.2.ERP data

A comparison of the averaged EEG data of the
correct conditions with the two conditions contain-
ing stress violations in the second part of the com-
pounds revealed positivity effects (see Figure 2).
In the following, it is outlined how stress context
and main stress position of the second constituent
modulate the positivity effects.

UH
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Figure 2: Grand average plots (midline electrodes) of correctly stressed pentasytatig(solid lines) and the same words
with incorrect stress on the first syllable (dotted lines) and incorrect stress sectind syllable (dashed lines).

-5 pv

FZ

FZ

\
\
W

Parlenents-Enthusasmus
* Parlments-Enthusiasmus

"enthusiasm for Europe"

Shifts within the second constituent with pen-
ultimate stress Shifts from the penultimate
syllable to the initial syllable evoked, irrespective
of stress contexts (e.g.Etiropa-Enthusiasmus
and *ParlamentsEnthusiasmys a positivity
effect between 330 to 580 ms post stimulus onset
(F(1,21)=16.98, p<.001 and F(1,21)=7.52, p<.012).
Stress shifts to the second sylefEnthusiamus)
revealed an even larger positivity effects in both
stress contexts Buropa-Enthusiasmusnd *Par-
la mentsEnthusiasmup between 500 and 900 ms
post onset (F(1,21)=27.76, p<.000 aR(l,21}
41.31, p<.000).

Shifts within the second constituent with final
stress Violations evoke asymmetrical effects.
Stress shifts to the initial syllable evoke no positiv-
ity effect in neither stress context (egroma-
Sensibilitatand *Aggressions-Sensiditat) meas-
ured again within 330 to 580 ms (F(1,21)= 3.07,
p=.094 and F(1,21)>1). In contrast, stress shifts to
the second syllable produce enhanced positivity
effects in both contexts &roma-Sersibilitat and
* Aggressions-Semibilitat), again between 500
and 900 ms (F(1,21)=35.46, p<.000 and
F(1,21)=36.15, p<.000).
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"enthusiasm for the parliament”

Fz FZ

Aoma-Sensibiltét
* Aoma-Sensibilitat

"sensitivity to flavours" "sensitivity to aggression”

2.3. Discussion

The present study aimed at finding evidence for
potential secondary stress positions in derived
German loanwords and, in addition, the factors
which influence secondary stress positions. It is
suggested that words bear initial secondary stress
in multisyllabic words whose main stress allow for
further  prominent syllables (e.g. [1]).
Alternatively, it has been suggested that secondary
stresses of words are influenced by rhythmical
alternations at the sentence level (e.g. [8]).

The present study replicates findings from
earlier experiments on stress perception using a
stress evaluation paradigm, as the electrophysio-
logical effects obtained are again positivity effects,
interpreted as instances of a P3b reflecting a task-
specific process in [2, 4]. Again the occurrence and
non-occurrence of the P3b tells us how stress pos-
itions are rhythmically distributed by means of feet
within the domain of prosodic words. The first
crucial result is that for neither analysis the stress
context played a role. We did not find a greater
acceptance of stress shifts to the second syllable in
words with finally stressed first constituent than in
stress contexts with penultimate stress.

The evaluation of stress shifts and the obtained
ERP-results strongly suggest that the initial syl-
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lable is the preferred secondary stress position in the parsing is quantity-sensitive or not is unsolved
German. In this respect, it is noteworthy that shifts so far and has to be addressed in future studies.
to the initial syllable produce no positivity at all in  Rhythmical preferences within larger domains, for
pentasyllabic words with final canonical stress. example within a compound, do not override this
This shows a high acceptance of initial stress irre- foot placement.

spective of the stress context. Clash contexts have

no influence on the processing of the initial syl- 3. CONCLUSIONS

lable. Thus, clash avoidance in words like The preferred position for secondary stress in
*Aggressions-Sensibilitatdoes not play a major  (pentasyllabic) German words is demonstrated to
role in the prosodic processing of the critical items. be the word-initial syllable. Stress clashes resulting
The suggestion is not that clash avoidance does notfrom immediate context do not influence this
play a role in prosodic processing at all, but that overall preference. Within the constituents of a
the level of secondary stress is not affected by the compound prosodic structures are built up in-
level of compound stress. Feet are constructed dependently of each other. This supports the idea
within words independently of the phrasal context. that compounds are a special case of prosodic
This finding is corroborated by the analysis of the phrases rather than prosodic words [11].
behavioural data. Shifts to the second syllable had  In both clash and non-clash contexts, a stress
significantly lower error rates, i.e., they were easier shift to the initial syllable is tolerated, while shifts
to detect, while shifts to the first syllable produced to the second syllable always are detected as in-

up to 50% error rates, i.e., participants were un-
certain about the correctness of this stress position.

As regards stress shifts to initial syllables we
find asymmetrical results for pentasyllabic words
with final and penultimate stress. Whereas in the
former case no P3b was obtained, the latter case
produced a significant effect though not as pro- [y
nounced as in shifts to second syllables. Our
interpretation of the differentiated results is that a
possible realization of secondary stress in finally 2]
stressed pentasyllabic words is expected more than
in words with penultimate stress. This might be
due to the distance between main stress and the left
word boundary(( Sen.si)(bi.li)¢at) vs. ( En.thu)-
si(as.mus))pr due to the better parsing conditions
in finally stressed words opposed to words with
penultimate stress.

Finally, our data provide evidence for the
parsing routine underlying assignment of second- [3]
ary stress. In linguistic theory, it is under debate
whether main and secondary stresses result fromg)
the same parsing procedure or whether main stress
is aligned to the right word edge and secondary [7]
stress to the left edge. For the alternative foot 8]
analyses see the following examples.

x “En.(thu.si).(as.mus)

X (En.thu).si.(as.mus)

The less pronounced violation effect for words
with stress shift to the first syllable as well as the
high acceptance of initial stress in the judgements ;g
speak in favour of the second option with an ini-
tially parsed syllable; secondary stresses are
aligned with the left edge of words [1]. Whether

(3]

(4]

9]

(11]
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correct. The lack of clash avoidance effects across
word boundaries argues for the view that word
prosody and prosody above the word are separate
levels of prosodic structure and processing.
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Abstract

In the present paper, the online processing of stress manipulationsmarGeords embed-
ded in either focus or non-focus position within a sentence was invedtiglising event-
related potentials. In particular, the aim was to find out how vao sentence prosody are
related and whether the word level constitutes an autonomous structural domain.

As a major result, it was shown that evaluations of differentsstrigdations produced
comparable electrophysiological effects for words embedded in focus and non-fatogs.pos
However, some effects observable in focus position failed to be piasamton-focus posi-
tion in which the critical words were preceded by a pitch rispeEially elements immedi-
ately following high tone elements as parts of pitch accse#m to be prone to being misin-
terpreted according to their prosodic status as either stressedressed. The reason for the
impact of pitch accents on initial syllables seems to bevidlaes of phonetic parameters as
cues for word stress vary across word positions: initial stress andy maalised by pitch,
medial stress by pitch and length, and final stress mainly byhlefiQus, initial syllables are
prone to being misinterpreted as stressed or unstressed in tesedivey follow a pitch rise
in intonation as the stress information here relies mainly on jpifotmation. However, other
aspects of words prosody seemed to be processed independently from higher fosisdic

namely length distinctions in stressed and unstressed syllables.

Keywords: sentence prosody, word stress, ERPs, processing of rhythm, P300
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1. Introduction

Rhythm is described in terms of differences in prominence between phonblagisaon
various levels of the prosodic hierarchy, e.g. word or phrasal stress. Wdhdestress is de-
termined by the internal structure of a word, i.e., by the grouping of sylatile feet (e.qg.
Liberman & Prince 1977; Hayes 1995), sentence prosody results from the strucfleiag
ments higher up in the prosodic hierarchy. In contrast to the positioordfsiress, the posi-
tion of sentence stress is influenced by syntactic, semanticpraggnatic factors, and is
therefore displays more flexible variation.

Yet it is still an open question, how word stress and rhythm abowsdit are related.
Opinions about the status of word stress differ on the question wheitheependent of sen-
tence rhythm (e.g. Vennemann 1995; Noel Aziz Hanna 2003) or not (e.g. Nespor & Voge
1986; Knaus & Domahs 2009). In the former account, word stress assignmeyas(aiot
secondary stress) is supposed to be variable and to result from titeutitist of stresses
within a phrase or sentence. In this respect, default metricarmatand the avoidance of
stress clashes might be responsible for the variation in prosodic strusftwesds. In the
latter account, phonological words are assumed to display a prosodiarstroictheir own,
i.e, they consist of feet, which are derived by constraints apgliaetd phonology. Hence,
prosodic word structures are built up prior to structures of higher level prosddyrethere-
fore autonomous entities.

In the following introductory sections, we give a short overview over thedretmea
proaches to the prosodic structure of words and sentences and review previoursguéstiol

findings on word and sentence prosody.

1.1 Prosodic hierarchy

Since the seminal paper on linguistic rhythm by Liberman and Prince (19i87assumed in
generative grammar that rhythmic properties derive from prominence relatione bhestylia-
bles, feet, prosodic words or prosodic phrases which are seen to be arganisgerarchical
layers of prosodic constituents. In this respect, the most influentiallmodke prosodic hi-
erarchy has been proposed by Nespor and Vogel (1986), in which seven prosediale
postulated (see figure 1 below). In Nespor & VogelOs terms, the phonolegidas defined

3
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to include the prosodic entities of syllable and foot and is part dfigiver levels clitic group,
phonological phrase, intonational phrase and phonological utterance. AccordingStmidhe
Layer Hypothesis (Selkirk 1984), each foot must be parsed into the next tagbgory pho-

nological word () and each syllable of a foot must belong to the same phonological word.

phonological utterance (U)

intonational phrase (/)

phonological phrase (¢)

clitic group (C)

phonological word (w)

foot (X)

syllable (o)

Figure 1: The prosodic hierarchy (with constituents according to Nespor & Vogel 1986)

On the word level, it is rather uncontroversial that trochaic featarstructed from the right
word edge to the left (e.g. Giegerich 1985; FZry 1998; Jan§en 2003; JesselViE3®9;
2000). However, it is less clear whether syllable weight playseafoolfoot parsing. There is
some evidence that heavy (i.e., closed) final syllables build monosylesii¢Jan8en 2003;
Alber 2005; Domahs et al. 2008; Jan8en & Domahs 2008; Knaus & Domahs 2008)atand
the rightmost foot within a word receives main stress (Alber 2005; F98; Giegerich
1985; Knaus & Domahs 2009; Wiese 2000). With respect to secondary stréssnian
words, it has been proposed that syllables of words are fully parsddentnd that the posi-
tions of main and secondary stress depend on this foot structure (Alber K% &

Domahs 2009). However, alternative approaches assume that secondaratsieestepends
4
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on the rhythmical distribution of strong syllables within a two-stepegsyshvolving main
stress assignment followed by rhythmically-based assignment of secotréases (see the
Primary-Accent-First Theory; van der Hulst 1996, 1997, 2009) or on rhythmical propdrties
higher-level prosody (see Noel Aziz Hanna 2003). According to Noel Aziz HEUES8),
secondary stress positions in German complex words depend mainly iyttivaical con-
text of the sentence in which they occur, i.e., words following a stsghgble tend to be
stressed on the second syllable (éngein OpHthalmdloge, Omy ophthalmologist®) whereas
words following one or two weak syllable(s) on the first syllable (@im!junger?jYngerer
"Ophthalmdloge, Oa young/younger ophthalmologistO).

Sentence prosody largely consists of intonational patterns that ingérege units, which
have been described as melody contours over sentences or parts of rieefortt@r charac-
teristic of intonational phrases is a high or low boundary tone indicétengrid of an intona-
tion contour. A neutral intonational pattern of declaratives has nutlesss realised in focus
position, i.e., the new information within a sense unit, and often shdeclaation towards
the end of the intonational phrase. The nuclear syllable is the nuestted syllable that can
be phonetically implemented by different accent types. In (1), sonfegitent types occur-
ring in German declaratives are depicted (according the convention Gethean Tones and

Break Indices (GToBI, Grice et al. 1996; Reyelt et al. 1996).

(2) a) H*+ L-%
Mein ZAHN tut WEH. (Grice & Baumann 2002:19)

(My TOOTH hurts.)

b) L*+H L-%
Das WEISS ich SCHON! (Grice & Baumann 2002:19)

(I KNOW that already.)

So far, word level and sentence level prosody have mainly been gatedtiseparately from
each other. The main objective of the present study is to exdnmmeavord level prosody is
affected by higher level prosody. To this end, ERPs (event-related pitseptroked by ma-

nipulations of word stress will be investigated in focus and non-focus position.
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1.2 EEG studies on prosodic processing
In the ERP literature, some work has been devoted to the prosodic structure of wgrds (e
Friedrich, Kotz, Friederici, & Alter, 2004; Magne et al., 2007; Domahal.e 2008; Marie,
Magne, & Besson 2011; Domahs et al., to appear) and to the procespiugodic phrases
and intonation (e.g. Steinhauer, Alter, & Friederici, 1999; Schmidtd¢ass Kotz, 2009a/
2009b; Rothermich, Schmidt-Kassow, Schwartze, & Kotz, 2010). However, drpelay of
word and sentence prosody has to our knowledge not been investigatedhyetfoliowing,
we will discuss some ERP-components correlated with prosodic processing at different levels.

In an experiment investigating metrical violations presented in jalolo&pwvsentences
(e.g.!SchlopfzuhStte! Fligme !peile |dSgent n&PEN !sollen the metrical violation given in
bold letters),Rothermich, Schmidt-Kassow, Schwartze, and Kotz (2@b3erved a frontal
negativity between 200 and 350 ms which was interpreted as andastf a general error
detection mechanism. In other domains of cognitive processing, suchparoemh has also
been labelled RAN (right anterior negativity) and was found for instangéytrmical viola-
tions during the processing of music (e.g. Koelsch, Gunter, Friederici, & Schrsger, 2000).

In studies investigating the lexical status of word stress informatiohM400-like compo-
nent was found for the processing of ill-stressed words (Knaus, Wieks&en, 2007). Fur-
thermore, priming experiments using pitch contours as primes revealed addRfE0 for
targets that were primed by a matching pitch contour (Friedrich, Koizderici. & Alter,
2004).

Another component associated with stimulus related attentibe B300b. This positivity

was modulated by the violation of predicted stress patterns (Knaese W& Domahs, 2007;

1n studies using ERPs, electrophysiological brain responses (small changes in mean voltage) are
measured time-locked with a predefined type of stimulus via electrodes fixed on the scalp. By means
of several averaging procedures, different types of event-related potentials (ERPs) can be detected.
These so called ERP-components are negative or positive deflections of the electrophysiological
signal associated with certain types of sensory or cognitive processes. ERPs allow for a very high
temporal resolution and are qualitatively distinct for different types of cognitive processes (e.qg.
language processes). They are classified according to their polarity, to their latency kiedealdh
the stimulus onset, and to their topography, i.e., where they are measured on the scalp. In general, not
the absolute values of voltage changes induced by a critical condition are interpreted, but voltage
differences between two critical conditions (for a detailed description of the methodology seetKuta
al., 2006). Frequently reported ERP components include the N400, a negative deflection at around 400
ms post stimulus onset reflecting deviations from expectations, or the P600, a late positive component
evident, e.g., in syntactic processes.

6
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Domahs et al., 2008), by the presentation of duration deviations of syl{dbdeme et al.,
2007; Marie et al., 2010), and by the temporal predictability of tones (8tKmssow,
Schubotz, and Kotz, 2009). In the ERP study by Domahs et al. (2008), paricigaatcon-
fronted with correctly and incorrectly stressed trisyllabic words/atier ones leading to a
change in prosodic structure. The aim was to investigate whether nliftgpes of stress
violations/prosodic changes would produce different ERP effects, which migtatadjuali-
tatively distinct processes in the parsing of diverse stress patieromparison between cor-
rect and incorrect conditions revealed that different types of foot structliatioms produced
different ERP effects (for more details about the experimental setuphananalyses see
Domahs et al. (2008) and Knaus et al. (2007)). Similarly, Magne @08&I7) and Marie et al.
(2010) manipulated the length of initial syllables in trisyllabic Frewords and found com-
parable positivity effects that were interpreted to reflect the pome®f unexpected pho-
netic parameters.

In studies investigating the processing of phrasal or sentence prosadyaGee, Alter, &
Friederici (1999), Friederici et al. (2004), as well as Pannekamp, Todpesl, ahne, &
Friederici (2005) observed a late positivity effect at intonational pHragedaries (Closure
Positive Shift, henceforth called CPS) indicating a Ospecific orbiia response to pro-
sodic processingO (Steinhauer, Alter, & Friederici 1999:191). In a sefdFoéxperiments
with either natural sentences, jabberwocky sentences, delexdcabsgences, or hummed
intonation contours, the authors observed a positive deflection of EEG sigmedkcked
with the processing of a prosodic boundary, irrespective of the syntactatuse of the
phrase. Intonational phrase boundaries which were not indicated by a pausestigtfested
that the CPS rather reflects the processing of prosodic contour pattengsdriglling of the
pitch contour within a phrase) than an acoustic marking of the boundary.

All these components were obtained in studies on linguistic procesfsprgsodic infor-
mation, but the findings are confounded by general cognitive processes influenueddsy
ing, temporal predictability and error detection mechanisms. Howtnergh these compo-
nents are not likely to reflect linguistic processing directly, they measures to investigate

which metrical properties play a role in language processing.
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The aim of the present paper is to identify ERP effects thavearaced back to the inter-
action between nuclear and word stress. For this purpose, the expatioesign used by
Domahs et al. (2008) was modifiedle performed an experiment in which words in focus
and non-focus position were manipulated with respect to main strasrssrhe modula-
tion of the P300 component was predicted to tell us how the perceptiarrefstress can be

influenced by prosodic entities higher up in the prosodic hierarchy.

2. ERP-study on the relation between word prosody and sentence rhythm

Measuring electrophysiological responses to correctly and incorrectlysextresords,
Domahs et al. (2008) identified a late positive component (also repartddSdker,
Bastiaansen, Vroomen, Brunia, & De Gelder (1999) in a stress mateskpwhich the
authors functionally classified as an instance of a P300 componeran(R@92; Verleger
1988), and which indicates the degree of mismatch between an ekpeets position and
its deviation. The major result of this work was to show that theepsireg of main stress in
German words is strongly related to the processing of the prosodic stroictiieephonologi-
cal word. More specifically, it could be shown that stress shifts peadanhanced P300 ef-
fects only in those cases where the shift led to a change intfoctuse. So far, these results
have been taken as evidence for the internal structure of words, i.be foetarchical order-
ing of syllables into feet and of feet into prosodic words. Howevergtitieal words ap-
peared in prominent (= focus) position of the carrier sentence. There&oexperimental
manipulation was not only restricted to the domain of word prosody, et raffected word
and sentence prosody alike. The question will be addressed whetbearliberesults are in-
deed capable to identify the foot level of phonological words, or whethgentbeely offer a

window into the rhythmical structure of intonational phrases.

2.1 Method

2.1.1 Material

In the present study, we adopted the methodological procedure reported in Detnzdhs
(2008), see section 1.2 above: the experimental manipulation as vred stimulus material

were identical. Stimuli were trisyllabic, monomorphemic nouns of Genmmgémstress either
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on the antepenultimate, penultimate or final syllable, accentedadmothe correct syllable
(e.g. Kalsing OcasinoO) and on the two syllables leading to stress viol@igng Kasino
and*Kasi!'no; for more details on the word properties see Domahs et al., 2008)ersb i
were controlled for syllable structure, segmental properties and word frequency.

The experiment differed from the earlier study in that each worcemégdded in two differ-
ent sentences: i) a sentence in which the position of manipwatedstress coincided with
the position of the nuclear stress of a sentence, i.e., the mosnpndrayllable of this sen-
tence, and ii) a sentence in which both stresses were cealisdifferent and non-adjacent

positions within the sentence. The examples in (2a) and (2b) illustxamples of the critical

conditions.
(2a) H* nuclear stress of the sentence
X word stress
Ersollnun  Bik'ni sagen. OHe is supposed to say BikiniO
(2b) L*H nuclear stress of the sentence
X word stress
Er hat nur noch Bik’'ni gesagt. OHe said nothing but BikiniO

Ninety words embedded in each sentence type were recorded withtessshpattern (90 2

" 3), and also 180 additional filler words to keep the number of corrantlyincorrectly
stressed words balanced. In total, 720 stimuli (critical and filler) were recorded.

For data analysis, only the electrophysiological responses to theatrisydtitical words were
considered. Note that the slightly different lexical contents of tbesemtences had no impact
on the semantics of the critical words, because both sentencegembmgi® pronounef
Ohe0), a modal/an auxiliary vestll (Oshould®at OhavesO), one or two particleaun
Onow®ur nochOjust onlyd), and as the only content word the infinitive or past padiciple
the verbsagen(Oto sayO). Moreover, the critical words appear in a citation-liketéoriieth
sentences, indicated by a sentence internal prosodic pause withoutapi{skee Figure 2a
and 2b).
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Figure 2a: Oscillogram, pitch and intensity contours of a sentence with a critical item in focus posi-

tion. (Er soll nun Kasino sagen.)
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Figure 2b: Oscillogram, pitch and intensity contours of a sentence with a critical item in non-focus

position. (Er hat nur noch Kasino gesagt.)

Sentences were recorded by a female, linguistically trained speaker of German. Stimuli were
recorded digitally at 44 kHz in 16 bit (mono), using Amadeus Pro sound editor software
(Hairersoft, version 1.5.2) and an electret microphone (Beyerdynamic MC 930). Each critical
word was recorded embedded in both carrier sentences. After recording, each stimulus was
spliced into the identical realisation of each of the two carrier sentences with a defined pause
before (70 ms) and after (100 ms) the critical item. This was done in order to be able to de-
termine the onsets of the critical items and to avoid different contextual inferences to the criti-
cal items. Additionally, it was ensured that the combinations of carrier sentence and critical
item sounded naturally and did not violate the pitch contour of the carrier sentences. Figure 2a
and 2b exemplify a spectrogram and phonetic parameters for both sentence types.
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A post hoc analysis of the phonetic parameters realised in the/pes of sentences re-
vealed that the phonetic parameters of syllables varied with réspsoess position only, but
not in correlation with the correctness of stress position (sastistatn Table 1). The analy-
sis of the phonetic parameters fundamental frequency, duration, and intessiperformed
by usingPraat (version 5.1.45, Boersma & Weenink 2010).

As can be seen from the phonetic values presented in Table 1, inctresst patterns
were not spoken with exaggerated or atypical phonetic values, butlestobssed word was
produced with similar phonetic values comparable to the correct tealisd the same stress

pattern (e.g. #ikini comparable t&Alibi).

Table 1 B Mean values of phonetic parameters for each stress pattern:

Overview over mean values (SD) of the parameters duration, fundamenqtsricy, and intensity for
the stressed syllables of each word condition. The parameters adssestrsyllables are not listed due
to place limitations but have been considered in the statistical semly(Correct conditions are
shaded)

sentence 1: critical items in focus position

target stress cntext

phonetic

antepenul penult  final statistics
parameter

length (ms| 201.5 227.6 2132 [F(2,58)=8.487, p=.01
antepenultimatepitch (Hz) 250.44 244.62 243.65 F (2,58)=12.626, p= 0C(
intensity (dB) 42.75  44.33 42.72 |F(2,58) =1.525, p=.2¢
realised length (ms| 2355 242.6 236.6 |F(2,58)=35.188, p=0(

stress |penultimate pitch (Hz) 244.07 242.45 24453 [F(2,58)<1
pattern intensity (dB) 43.56  42.94 43.30 |F(2,58)=1.196, p=.1(
length  (ms] 337.0 289.1 390.3 |[F(2,58)=8.044, p=.01]

final pitch  (Hz) 225.94 227.22 227.30 [F(2,58)<1
intensity (dB) 40.84 4291 39.52 |[F(2,58)=3.259, p=.]
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sentence 2: critical items in non-focus position

target stress cntext

phonetic

parameter

length  (ms] 188.3 203.0 1935 |F(2,58)=14.314, p=0(
antepenultimatepitch (Hz) 274.05 261.39 259.42 |[F (2,58)=5.245, p=.0¢
intensity (dB] 43.21  45.12  44.07 |F(2,58)=1.503, p=.31

antepenul penult  final statistics

realised length (ms| 216.0 218.8 2199 |[F(2,58)=18.191, p=00
stress |penultimate pitch (Hz) 252.29 249.96 247.69 |F(2,58)<1

pattern intensity (dB] 44.64 4458 44.66 |F(2,58)=2.495, p=.9¢

length  (ms] 3345 2980 386.2 |[F(2,58)=8.791, p=.0(

final pitch (Hz) 244.72 240.54 239.79 |F (2,58)=3.696, p=.31

intensity (dB) 42.94 4497 4172 [F(2,58)=2.722, p=.71

2.1.2 Participants

Eighteen out of 24 right-handed native speakers of German (10 women) withl rmrm
corrected-to-normal vision and without hearing deficits were included idettaeanalysis. Six
participants had to be excluded due to high drop out rates caused by enbestafacts re-
ducing the number of analysable events per condition to less than 2theHmeage of the
analysable group was 25 years (ranging from 19 to 30 years). Each particiisapéid for

participation.

2.1.3 Procedure

Participants were comfortably seated in front of a computer screandimly illuminated
room. The experimental stimuli were presented auditorily via loudspeak@rtha partici-
pantsO task was to decide as accurately as possible whethréictilevord within each sen-
tence was stressed correctly or not. To exclude effects of llericgval, the critical items
were given visually on a computer screen prior to auditory presentation.

Each trial started with a fixation cross that appeared for 500 hes, a critical item was
presented visually for 500 ms followed by a blank screen of 250 ms lefoaiditory pres-
entation of the stimulus embedded in one of the two carrier sentetaréed (see Figure 3).
The mean duration was 2349 ms for sentence 1 and 2497 ms for sentsiteetBe offset of
each sentence, a question mark appeared and remained on théosc2660 ms. Participants

were instructed to press a yes- or no-button with their thumbs asasabe question mark

13
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appeared. All responses were given with a delay after offset dfritieal items to avoid
movement artefacts. The assignment of thumbs to the yes- and no-buttorsumgerbal-
anced across participants. The appearance of the question mark furtbeteohdhat partici-
pants were allowed to blink and rest their eyes. After an-inginterval of 2000 ms the

next trial started.

+2349 — sentence 1, +2497 — sentence 2

ms

Figure 3: Procedure

The 720 stimuli were presented in 10 experimental blocks precedeshoytaractice phase.
Experimental and filler items were presented in a pseudo-randomised eaderword ap-
pearing only once within each block. In order to avoid sequence effeetqirder of the
blocks was varied for each participant. The entire duration of an expeahsession was

approximately 90 minutes.

2.1.4 ERP measurements
The EEG (electroencephalogram) was recorded by means of 22 Ag/AgCGbadsctia a
Brainvision amplifier with the C2 electrode serving as ground electrduerdference elec-

trode during recording was placed at the left mastoid. EEGs were reacefdroff-line to
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both mastoids. To control for eye-movement artefacts, vertical eye moteemere recorded

by electrodes above and below the participantOs left eye, and horigentabeements by
two electrodes fixed to the outer canthus of both eyes (electrooculog@@). Electrode
impedances were kept below $ KEEGs and EOGs were recorded continuously with a dig-
itisation rate of 250 Hz, and filtered offline with a bandpass filter from 0.3 to 20 Hz.

ERPs were computed for each participant, condition and electrode. Wiihleye move-
ment artefacts and incorrect responses were removed from the data (apphp6ria¥e of
trials). Averages were calculated starting at the onset of ttieatrord up to 1500 ms there-
after. We compared each incorrect condition with the respective correct condition.

In a repeated measurements design, the fackESIPOSITION (antepenultimate, penulti-
mate, ultimate) was considered for ea@NENCETYPE (focus, non-focus) and @RDTYPE
(words with canonical antepenultimate, penultimate, final stregsraely. The time-
windows were chosen on the basis of visual inspection. Since theyait effects strongly
depends on the word stress position (see Domahs et al. 2008), differentitidows were
identified for different stress violations (see Table 3 for an overview towe-windows and
statistical results). The ANOVA was calculated for electranfgsarticular regions (RGION)
defined as frontal (electrodes F3, FZ, F4), central (electrodes C3, CArtdarietal (elec-
trodes P3, PZ, P4).

2.2 Results

2.2.1 Behavioural Data

Reaction times are not meaningful and are therefore not reported herg, @erdheneasured

from the offset of sentence presentation and not from the beginning of the critical words.
Error rates, however, were analysed in order to control for the acofratyess percep-

tion. An overview of the error rates is depicted in Tables 2a and 2b.
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Table 2a: Mean accuracy scores (in %) and standard deviations (in parentheses)tial @onditi-

onsb words in focus position

target stress cctext

realised stress
pattern

antepenult  penult final syllable
antepenultimate stres Zzgoé’ 2320{40 58d?1310/07
penultimate stress 232%‘3’ 223‘20 2330/8
final stress 5%712;%1 23?"/1) 2230/;

Table 2b: Mean accuracy scores (in %) and standard deviations (in parentheses)tical @onditi-

onsb words in non-focus position

target stress cctext

realised stress
pattern

antepenult ~ penult  final syllable
antepenultimate stres 2220/8 s?d216(())/00 583162@0
penultimate stress 2(11?{2 231"2 285;%)
final stress 38;172(;%9 23?"? S;gg(ﬁ;

A generalised ANOVA over the factor&$reNCETYPE (stress manipulation in focus and non-

focus context), WBRDTYPE (words with canonical antepenultimate, penultimate, and final

stress), as well asTBESFOSITION (antepenult, penult, final) revealed a main effect for each

factor and each possible interaction (see Table 2c).

Table 2c: Generalised Anova on accuracy scores calculated on the factewSESCHYPE,

WORDTYPE, and SRESHOSITION

Factors Contrasts spanned by subjects Contrasts spanned by items
SENTENCETYPE F(,17)= 5.69, "'p=.029 F(1,29)= 4.79;p=.037
WORDTYPE F(2,34)= 25.36,”"p=.000 F(2,58)=11.097"p=.000
STRESSPOSITION F(2,34)= 8.45, "p=.002 F(2,58)=4.98,p=.010
SENTENCETYPE vS. WORDTYPE F(2,34)= 4.54, "'p=.023 F(2,58)=1.64p=.206
SENTENCETYPE F(2,34)= 4.73, 'p=.019 F(2,58)=2.15p=.125

VS. SRESFOSITION

WORDTYPE vs. SRESFOSITION F(4,68)= 8.01, "p=.004 F(4,116) = 13.47," p=.000
SENTENCETYPE vs. WORDTYPE F(4,68) = 7.36,” p=.000 F(4,116) = 5.45)" p=.001

VvS. SSIRESSPOSITION
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Table 2d: Pairwise comparisons of error-rates (t-tests) for each condition witientwo &NTENCE-

TyPES p-values are Bonferroni corrected (corrected p < .0056).

Conditions

Contrasts spanned by subjects

Contrasts spanned by items

APU corr.

PU incorr. in APU
U incorr. in APU
APU incorr. in PU
PU corr.

U incorr. in PU
APU incorr. in U
PU incorr. in U

U corr.

T (17) = -3.69p = .003
T (17)=2.0;p = .061
T (17) = 1.05; p = .307
T (17) = 2.96p = .008
T(17)=-1.72; p =.103
T (17) =.00; p = 1.00
T(17)=1.91; p=.072
T (17) = 4.15p = .002
T(17)=.143;p=.171

T (29) =-2.22; p=.033
T(29) =1.55; p=.133
T (29) =1.15; p=.260
T(29)=1.78; p=.084
T(29)=-.89; p=.382

T (29) =.00, p=1.00

T(29)=1.63;p=.114
T (29) = 2.55; p=.015
T (29) =-1.20; p = .238

Table 2e: Pairwise comparisons of error-rates (t-tests) between each correct@mnelsponding in-

correct stress pattern (e.¢gl.exikon vs. *Lé&xikon). p-values are Bonferroni corrected (corrected p <

.008)

Factors Contrasts spannel by subjects Contrasts spanneday items
Words in focus  Words in non-focus Words in focus Words in non-focus
position position position position

APU corr. vsT(17) = -.43; T(17) = 2.77, T(29) = -.37, T(29) = 3.2,

PU incorr. p=.670 ‘p=.014 p=.714 "p=.003

APU corr. veT(17) = 1.79, T(17) = 2.65, T(29) = 1.8, T(29) = 5.1,

Uincorr. p=.092 p=.017 p=.082 ™ p=.001

PU corr. vs. T(17) = -1.17, T(17) = -2.68, T(29) = -2.26, T(29) = -2.88,

APU incorr. p=.258 p=.016 p=.031 ™p=.007

PU corr. vs. T(17) = -2.10, T(17) =-1.12, T(29) =-1.87, T(29) = -1.03,

U incorr. p=.051 p=.279 p=.072 p=.313

U corr.vs. T(17) =-3.59, T(17) = -4.08, T(29) = -4.04, T(29) = -5.0,

APU incorr. “p=.002 " p=.001 ' p=.001 *p=.001

U corr.vs. T(17)=1.19, T(17) = -3.97, T(29) = 1.18, T(29) = -2.62,

PUincorr. p=.251 ™ p=.001 p = .247 p=.014

A post hoc analysis using pairwise comparisons of correct and incorrectimasdit both

SENTENCETYPES(see Table 2d) showed in particular that the evaluation of corresgieamtl-

timate stress, of stress violations with antepenultimate stregsrds with canonical penulti-

mate stress, and of stress violations with penultimate stmes®rnds with canonical final

stress are more error-prone when presented in non-focus than in focus positien git-
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jectsO analyses). In contrast, words with final stress (eithertaariacorrect) yielded com-
parable correctness scores in both contexts. Furthermore, the pairwiseisongpaf each
correct and corresponding incorrect condition peNTENCETYPE (see Table 2e) show that
incorrect antepenultimate stress in words with final stress ledhijectsO analyses to a mean-
ingful increase in error rates in both sentence contexts, while in non-doatesxt this was
only the case for incorrect penultimate stress in words with fineésstThe itemsO analyses
revealed an increase of error-rates for penultimate and final strasgeipenultimate words,
and for antepenultimate stress in penultimate words, all in non-focusopodihe behav-
ioural data suggest that to some extent the evaluation of stregsutatians depends on the
embedding of a word within the intonation contour. The asymmetricaksdsulviolations
with antepenultimate and penultimate stress in comparison tagierdawith final stress will

be examined in more detail in the discussion section 3.1.

2.2.2 ERP Data

In Figure 4, ERP plots for midline electrodes of words in focus positiodegieted. For the
analysis of the mean voltage changes, comparisons between corredtig@anelctly stressed
words were calculated for each word position and word type sepaFatdlyermore, for each

word type two time-windows were chosen to identify violation effects.
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Panel A Panel B Panel C

Words in focus position

Legend Legend Legend
APU corr. PU corr. U corr.
PU incorr. APU incorr. APU incorr.
Uincorr. U incorr. - PUincorr.

Figure 4: Grand Averages of event-related potentials (ERPs) measured at the midline electrodes (Fz,
Cz, Pz) obtained for words with antepenultimate stress (e.g. 'Lexikon, panel A), penultimate stress
(e.g. Bi'kini, panel B), and final stress (e.g. Vita 'min, panel C). The correct conditions (solid lines) are
plotted against the incorrect conditions (dashed and dotted lines). In panel A violations with penulti-
mate stress yield a positivity effect between 450 to 1000 ms post word onset and violations with final
stress between 630 to 1200 ms. In panel B violations with final stress produce a positivity between 640

to 1130 ms, and in panel C violations with penultimate stress between 470 to 710 ms.

As shown by the grand average plots by the statistical analyses summarised in Table 3, incor-
rectly stressed words evoke late positive components as found in Knaus et al. (2007) and
Domahs et al. (2008). For words with canonical antepenultimate stress (panel A), we observe
that both violations with penultimate and final stress produce a positivity effect (for statistical
analyses see Table 3). In words with canonical penultimate stress (panel B) only violations

with final stress yield a positivity effect. Also in words with canonical final stress (panel C),
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asymmetrical results are obtained for the two violation conditions;inotyrect penultimate

stress evoked a positivity.

Table 3: Results of statistical analyses of mean voltage changes with the acttacttes SRes®O-
SITION (antepenult, penult and final) ande®onN (frontal: F3, Fz, F4; central: C3, Cz, C4; parietal:
P3, Pz, P4)P-values are Huynh-Feldt-corrected.

Comparisons for words in focus positbn

Compared conditions Time window Factor Statistics
antepenult corr. 450 B 1000 m:STRESSOSITION F(1,17) = 4.38, p=.052
penult incorr. POSMY Recion F(2,34)= 134.08," p=.000
STRESSPOSITION! REGION F(2, 34) = 7.48, " p =.009
frontal F(1,17)<1
central F(1, 17) = 4.67, 'p=.045
parietal F(1, 17) = 8.53, "p=.010
antepenult corr. 630 B 1200 m:STRESSPOSITION F(1,17)= 11.40, "p=.004
foal syllable incor. oY Resion F(2,34)= 45.96,™ p=.000
STRESPPOSITION! REGION F(2, 34) = 497, "p=.034
frontal F(1,17) = 430, p=.054
central F(1, 17) = 9.99, "p=.006
parietal F(1,17) = 14.31, "p=.002
penult corr. 300 b 540 ms STRESEOSITION F(1,17)<1
wrepenuitincor. oY Resion F(2,34)= 5041, p=.000
STRESPOSITION! ReGION F(2, 34) = 7.29, "p=.009

frontal F(1,17)<1
central F(1,17)<1

parietal F(1, 17) = 3.09, p=.097
penult corr. 640 B 1130 m:STRESFOSITION F(1,17) = 7.68, "'p=.013
VS. Positivit
final syllable incorr. d REGION F(2,34)= 105.71," p=.000

STRESFPOSITION! REGION F(2,34)=  30.10, ™ p=.000
frontal F(1,17)<1
central F(1,17)=  10.09, "p=.006
parietal F(1,17) =  33.96, ™ p =.000

final syllable corr. 160 B 520 ms STRESSPOSITION F(1,17)<1

VS. Positivity _ -

antepenult incorr. REGION F(2,34)= 27.01,™ p=.000
STRESSPOSITION! REGION F(2, 34) = 2.93, p=.090

20



to appear in Vogel and van de Vijver (eds.) Rhythm in phonetics, grammar and cognition

final syllable corr. 470 B 710 ms STRESSOSITION F(1,17) = 1.25, p=.279
penult incorr. POSMY Recion F(2,34)=  89.43," p=.000
STRESSPOSITION! REGION F(2,34)=  17.66, ™ p=.000
frontal F(1,17)<1
central F(1, 17) = 1.62, p=.220
parietal F(1, 17) = 6.63, “p=.020
Comparisons for words in non-focus position
Compared conditions Time window Factor Statistics
antepenult corr. 360 D 590 ms STRESSOSITION F(1,17)<1
penult incorr. POSMY Recion F(2,34)=  79.79," p=.000
STRESPOSITION! REGION F(2, 34) = 229, p=.137
antepenult corr. 870 B 1180 m<STRESSPOSITION F(1,17)=  10.43, "p=.005
il syllable incor. oY Reion F2,34)= 18.11,"p=.000
STRESPPOSITION! REGION F(2,34)<1
penult corr. 550 D 800 ms STRESSOSITION F(1,17)<1
amepenuttincor. oY Resion F(2,34)= 172.60,” p=.000
STRESPOSITION! REGION F(2, 34) = 2.30, p=.142
frontal F(1, 17) = 1.78, =.200
central F(1,17)<1
parietal F(1,17) <1
penult corr. 590 B 1180 M<STRESFOSITION F(1,17)= 30.32," p=.000
il syllable incor. oY Resion F(2,34)= 11223, p=.000
STRESHPOSITION! REGION F(2, 34) = 8.53, "p=.008
frontal F(1,17) = 5.04, *p=.038
central F(1,17)=  30.53,” p=.000
parietal F(1,17)=  63.57,"” p=.000
final syllable corr. 740 D 1020 m:STRESSOSITION F(1,17)<1
wepenuitincor. oY Resion F(2,34)=  30.26,"p=.000
STRESFOSITION! REGION F(2,34)< 1
final syllable corr. 500 B 750 ms STRESSPOSITION F(1,17) = 253, p=.130
penult incorr. POSIVY  Recion F(2,34)= 6281, p=.000
STRESPPOSITION! REGION F(2,34)< 1
frontal F(1, 17) = 1.47, p=.242
central F(1,17) = 212, p=.164
parietal F(1, 17) = 249, p=.183
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580 D 980 ms STRESFOSITION F(1,17)<1
POSIVIY  pecion F(2,34)=  94.88,™ p=.000
STRESSPOSITION! REGION F(2, 34) = 11.93, "p=.002

frontal F(1,17)<1
central F(1,17)<1

parietal F(1, 17) = 4.88, "'p=.041

700 D 1100 m:STRESFPOSITION F(1,17)<1
POSIVIY  pecion F(2,34)=  54.81,™ p=.000
STRESFPOSITION! REGION F(2, 34) = 11.84, "p=.002
frontal F(1,17) = 1.74, p=.206

central F(1,17)<1
parietal F(1, 17) = 2.84, p=.110

As for words in non-focus position, the midline electrodes presented in Fglemonstrate
that the effect size is generally smaller in comparisonféxtsfevoked by violations of words
in focus position. Besides the overall decrease of mean voltage cheaintin effects do
not necessarily occur for all conditions that produced effects when mésanfocus posi-
tion. For words with canonical antepenultimate stress (panel A), ag&inincorrect final
stress produced a positivity effect. The same is observed for wotdsamibnical penultimate
stress (panel B). In words with canonical final stress (panel C), a magena¢tal effect is
found for penultimate stress between 580 to 980 ms.

Although the violation-to-expectation effects are less pronounced for words in nan-foc
position, the effect patterns observed in both sentence types are gecmrgiarable. How-
ever, the fact that participants had to cope with two differeabaiton patterns seems to have
distracted their attention from the actual task to judge wordsspagerns. Given the error
rates and the brain responses to different stress violations, thimdietde that some errors
were more salient to the participants than others. Words incorraethgatl on the antepenult
or penult were more error-prone and produced fewer and only moderate effentgigrison
to words with incorrect final stress. This holds in particular for timt& involving antepe-
nultimate and penultimate stress in non-focus position. An analysisooBtion contours and
phonetic parameters suggest that tonal patterns and the different phorisatiora of the

three tested stress patterns might be responsible for the observed effects.

22



to appear in Vogel and van de Vijver (eds.) Rhythm in phonetics, grammar and cognition

Panel A Panel B Panel C

Words in non-focus position

Legend Legend Legend

APU corr. PU corr. U corr.
------- PU incorr. +======APUincorr. +======APU incorr.
................. U incorr_ sesesseneasssanes U incorr. seeesssrssseeenes PU incorr_

Figure 5: Grand Averages of event-related potentials (ERPs) measured at the midline electrodes (Fz,

Cz, Pz) obtained for words with antepenultimate stress (e.g. 'Lexikon, panel A), penultimate stress
(e.g. Bi'kini, panel B), and final stress (e.g. Vita 'min, panel C). The correct conditions (solid lines) are
plotted against the incorrect conditions (dashed and dotted lines). In panel A, violations with final
stress yield a positivity effect between 870 to 1180 ms post word onset, in panel B, violations with final
stress between 590 to 1180 ms, and in panel C violations with penultimate stress between 580 to 980

ms.

3. Discussion

The experiment reported in this article addressed the question whether and to what extent
stress positions within words depend on the overall rhythmical distribution of stresses in sen-
tences. To test this, stress manipulations of words were contrasted in two different positions
within sentences: i) in focus position and ii) in non-focus position. A comparison of ERPs re-
vealed that, irrespective of the position of the manipulated words, similar patterns of positiv-

ity effects occur. As in similar earlier experiments (Magne et al., 2007; Domabhs et al., 2008;
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Marie et al., 2010), we found positivity effects for stress violations\wlese related to the
evaluation of stress patterns. In Domahs et al. (2008), such a pasithyEgnent was inter-
preted to reflect an evaluation process, indicating to what eatepecific expectation was
violated, and how easily participants could reject an incorrectsspiasern. The evaluation
process produces enhanced positivity effects in conditions with astless violation. This is
the case in violations involving the reorganisation of syllables ingd (e.g. bi(ki.niy
changed to *(bi.kijw(ni)rs) However, in the present study some of the effects patterned differ
ently. In the following two sections the role of the intonation contaurthé evaluation of
word stress manipulations will be examined in detail. This pvidvide answers to the ques-
tion why some of the results found are different from the ones reported imH3oet al.

(2008).

3.1. Comparison of stress shifts in focus and non-focus positions

Word stress manipulations yield violation effects in focus and non-focusopodbr final
stress in words with antepenultimate stress (d.gxitkon), for final stress in words with pe-
nultimate stress (e.g.Bfkilni), and for penultimate stress in words with final stress (e.g.
*Viltamin). Furthermore, violations presented in focus position yield an additi@08l &fect

in the condition in which stress was shifted from antepenultimaiggooto penultimate po-
sition (e.g#exikonchanged to kel xikon). The strong overlap of effect patterns and the simi-
lar effect sizes and effect distributions between both sentgpes $uggest that the identifica-
tion of stress violations is mostly independent from the intonationatpsitiee critical words
are embedded in. In this respect word prosodic aspects of speech pop@essiargely
autonomous from higher prosodic properties. However, the stress shift from antepeeult
nult evoked a positivity in focus position only. Thus, in this casmational properties influ-
ence the word processing. Why does this happen in this specific context?

A comparison of the mean phonetic values for duration, FO, and intensityefantepe-
nultimate and penultimate syllables in both intonational contexts Isethe the differences
(99 in duration are less pronounced in the second sentence compare@iras tre. Figure 6
shows these differences grouped according to the relevant stress condlipamed t-test on

the durational difference of antepenultimate and penultimate syllaliteus and non-focus
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context confirms the visual impression. In most conditions with antepeatdtiamd penulti-
mate stress, the length differences between first and seconblesydla significantly larger
when presented in focus position in comparison to non-focus position (apu(20jr= 3.11,
p < .004; pu corr.: t(29) = 2.67, p < .012; pu incorr.: t(29) = 1.93, p = .064).

Figure 6: Differences of antepenultimate and penultimate syllables for expgahwonditions with

correct antepenultimate stress (apu corr.), incorrect penultimatesssigifted from the antepenult (apu
incorr.), correct penultimate stress (pu corr.), and incorrect antepenaté stress shifted from the
penult (pu incorr.). Light bars indicate sentence 1 (focus), dark bars sentence 2 (non-focus).

Since such differences in the phonetic parameter duration are smather second intona-
tional context compared to the first, participants may have diffisuloereject the incorrect
pattern. This is confirmed by the error rates for incorrectly stressetbwn the antepenult in
words with canonical penultimate stress: such words led to indrease-rates in the second
sentence type compared with the first one (see Table 2a and b).

Note further that in non-focus context (see Figure 2b), the critical worddedweé by an
L*H accent (realised overnOr nocl®) whereby the high pitch level might be perceptually

aligned with the onset of the critical word. In conditions with asstshift from the antepe-
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nultimate syllable to the penultimate syllable, the destressitigeofirst syllable may there-
fore be less perceivable due to the fact that a high tone precedemalyss of the phonetic
parameters summarised in Table 1 shows that the three differesst gatéerns in the critical
words are realised by different phonetic parameters. For instance, raftiepgte stress is
mainly expressed by a relatively high pitch value in comparisgdhedwo other syllables,
penultimate stress by pitch rise and increased duration, and figed stainly by an increase
of duration. Taken these phonetic properties of stress in certain pgsitiors with an ill-
formed destressed antepenultimate in non-focus position, which are préegetiecpitch rise
of the L*H nuclear stress (see intonation contour of the second seimericgire 2b), could
be perceived as stressed initially, i.e., correctly.

The present example shows that the serialisation of pitch acuéni@ad stress can lead
to interferences of phonetic properties within different prosodic domains. licytart the
pitch rise of an L*H accent appears to extend its pitch valudddollowing element and
makes the destressing of the initial syllable of the following wess Iperceivable than in
other pitch contexts. Thus, rhythm beyond the word level has the cafmoigrride actual

prominence relations measured at the word level.

3.2 How do the present results relate to previous findings?

The stress manipulations presented in focus position are analogous pulatams studied
in previous experiments (Domahs et al. 2008) and yield similar comporEwgver, com-
paring the effect patterns for words in focus position, the question afisesome violation
effects for manipulations that produced enhanced positivity effectleirptevious study
(Domahs et al., 2008) were not found in the present study. In particuais thie case for
incorrect antepenultimate stress in words with canonical penultistiess (e.g. #Bikini).
The previous experiment suggested that the enhanced P300 reflects astseernal viola-
tion because both stress patterns call for different internal foot paesigpgbigki.ni) vs.
*(#bi.ki)(ni:) and *(bi.ki)¢hi:)). However, in the present experiment we find only a marginal
parietal positivity effect for violations with antepenultimate s@q1, 17), p = .097). In ad-
dition, for a manipulation that did not evoke a positivity in the previepgmment, an effect

occurs presently. This is the case for violations with final streg®rds with canonical ante-
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penultimate stress. The absence of this effect in the previous egperxiras interpreted as a
consequence of an identical foot parsing underlying both stress patterngdecig(kon) vs.
*(le.xi)(#on)). Does the failure to replicate the previous result mean that theyseuier-
pretation was premature and not appropriate?

In the present study a very general effect pattern occurs: violatiodmsamigpenultimate
stress produce less pronounced effects and violations with final stressepstidunger effects
than in the experiment reported by Domahs et al (2008). A comparison of phatneds re-
alisations (see Table 1) with those in Domahs et al. (2008) reedlthe speaker of the pre-
sent experimental stimuli produced generally shorter syllables thapdadéer of the previ-
ous experiment. Especially the length contrast between first anddseyllables in words
with incorrect antepenultimate stress is less pronounced in the pesgentment compared
to the previous oneAPU in mean7 ms shorter than PU (236 ms vs. 243 ms) in the present
experiment andPU in mean 35 ms longer than PU (289 ms vs. 254 ms) in the presious
periment; see also the reduced length contrast for incorrect APOrdswith target penulti-
mate stress in Figure 6), whereas final syllables are longer. Prephongtic analyses of
German word stress showed duration to be the crucial phonetic parameted stress (Do-
gil & Williams 1999) It is likely that the positivity effect for incorrect antepenultimatress
failed to occur in the present experiment due to the lack of the duration cue.

The pronounced P300 effect for final stress, in contrast, indicatethihgiattern can be
identified as incorrect more easily than the other patterns. NdtehehR300 component does
not directly reflect the acceptability of a certain stress patbeit rather how easy it is to
judge a perceived pattern as correct or incorrect. In the present expetimeRB800 effect

seems to be most pronounced for words with clear stress patterns, i.e., with final stress.

3.3 Interplay between word and sentence prosody

Domahs et al. (2008) report separate ERP effects for distinct strea8ovis] namely pro-
nounced P300 effects for violations involving restructuring of feet and no oreakdRR00
effects for violations maintaining the foot structure. In this respkeetparsing of syllables
into feet determines which syllables of a word are stressablevlaicth are not. The current

findings support this interpretation and add that the perceptual saliemiglaifons is fur-
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thermore modulated by the position of words within higher prosodic structoiwig the
present findings, the placement of manipulated words into focus positinis seée the most
promising prerequisite for the investigation of word prosodic structures. A funtipertant
observation is that individual phonetic realisations of prominence relatiapsead to differ-
ent results in stress perception.

Coming back to the question raised in the introduction whether wordsnapéy part of
the overall rhythmical pattern of sentences (e.g. van der Hulst 1996, 1997 N2@0%ziz
Hanna 2003) or have their own prosodic structure determining primary and secstnessy
positions (Liberman & Prince 1977; Nespor & Vogel 1986; Hayes 1995; Alber 2005isKna
& Domahs 2009), we come to the following conclusion.

The overlap of effect patterns in focus and non-focus position supports theptsauirat
words have their own structure irrespective of their contextual embeddingvidpvas the
asymmetrical effects between focus and non-focus position show, pishte.of higher pro-
sodic units can interfere with the prominence relations within prosodic worgmrticular,
word onsets are prone to be misinterpreted both as unstressed (iedbeskift from penul-
timate to antepenultimate syllabBi'kini to *!Bikini) or stressed (in the stress shift from an-
tepenultimate to penultimate syllabiexikonto *Le!xikon). In such cases the local promi-
nence relations B which have been shown to produce enhanced P30(f &ftdated in pre-
vious experiments D are levelled in perception. Hence, the basicspodstess assignment
proceeds bottom-up starting with foot construction, but can be influenced by-legblepro-

sodic cues.

4. Conclusion

Taken together, our findings suggest that rhythm above the word level caarhswpact on

the perception of prominence relations between elements at wordThigls especially the
case when the word-internal prosodic structure on the one hand and higher prtoscidices
on the other hand are not congruent or even conflicting, as for examplekirsy¥edles of

words immediately following high tone elements at the intonational.|®mete phonetic pa-

rameters as cues for word stress vary across the word (initial Isyregsh, medial stress by
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pitch and length, and final stress by length mainly), initial sydéialalre prone for being misin-
terpreted as stressed in cases where they follow a pitch rise in intonation.

The present findings are important for psycho- and neurolinguistic research opresr+d
ody in showing that word-prosodic aspects have to be carefully controlledeforiritona-

tional embedding.
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*. 8JEFSTQSaDIMJIDILFIU SMMFSS QPTHITEMMEIHVOH 6MMFS TFDPOE
% VWESTJIDIUMJIDILFIU SMMARSyBITENKMMFIu 6MMFS TFDPOE TZMI
*& "NPSBMJTNVT OMMFS 03JU.{4MM-S|BOEMVOH 6MMFS TFDPOE TZM
+' (SFO[FOMPTJHLFJU 6MMRS ASAIOLAMMCBSLFIJU 6MMFS TEFDPOE TZ
+( ACFSEPTJFSVOH 6MMFS ' 3$FWEMPMMIHLFIU 8MMFS TFDPOE TZMM
+) 6SQSPEVLUJPO OMMFS JSTWIIMHWGaAaHIHLFIU 8MMFS TFDPOE TZMI
+* "VGHFCMBTFOIFJU 6MMPS :¥SRUFEMOMTUFMMVOH 6MMFS TFDPOE T
++ OCEBDIMPTJHLFJU 8MMFS BGTRIOEZAASW IJDILFJU 6MMFS TFDPOE TZN
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"QQFOEJY

.+ 7FSEOEFSMJDILFJU 8MMF$ SRORBGE MIWMIMFSVOH 6MMFS QFOVNM

., 7FSJOOFSMJDIVOH 86MMRS* THRPRMPHIINWT 6MMFS QFOVMU

.- &SGPMHMPTJHLFJU O6MM&S TEBBOBAZIWDH 6MMFS QFOVMU
#FEXVTTUMPTIHLFIU OMMEFES MFRPEOEITIMEVOH 6MMFS QFOVMU

&%% #FOBDIUFIJMJHVOH S6MMFS | TRRRUBTUAPMMG6MMES QFOVMU

&%& #FFJO=VTTCBSLFJU OMMFSg+PPFrisAMMi sMMFS QFovMu

&%'
&% (
&%)
&% *
&% +
&%,
&% -
&%.

/FSVOSFJOJHVOH OMME & TRREFFEB 5HNvT smMMFs QFovmu
(FTEFU[NE-JHLFJU OMMES, TEDRPOGTZMM s sMMFS QFoVMU

#ESADLTIDIUIHVOH OMMES R FOE JEMMbH sMMEs QrovmMu

7FSUOFOUMJIDIVOH 8MMFS TFDPOETZ
F( OSHBOJTBUPgl 8MMFS QFOVMU

"OUJTFQUJLVN 86MMFS BOUFQFOV
&() /P NBMJTJFSVOH OMMFS QFOVMU

ACFSTUFVFSVOH 8MMFS BOUFQFOVMU
&(* BQJUBMJTNVT OMMFS QFOVMU

60OBCXFOECBSLFJU 8MMFS BOUFQFOVMU
&(+ -HZQUPM J GMMFS 600BMTZMM
60BVTTUFIMJDILFJU 6MMFS BOUFQFO
&(, -FYJLPMPHJF 6MMFS 60BM TZMM
&&% 60OFSLMESCBSLFJU 8MMFS BOUFQFOVMU

&&&
&&"
&&(
&&)
&&*
& &+
&&,
&&-
&&.
&'%
&'&
&
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&(- "NCJHVJUEU 8MMFS 60BM TZMM
60OHFOJF<CBSLFJU 6MMES BOUFQFOVMU
BLUJ

&(. S WJUEU 6MMFS 60BM TZM
ACFSUSJFCFOIFJU 86MMFS BOUFQFOVMU

&)% [JUSPHMZ FSJO OMMFS 60BM TZM
60OFOUCFISMJDILFJU 6MMFS BOUFQFOVMU

AcFssvNQFMvoH smmESEsBUERROIRMFMFI SMMES 60BM TZI

ACFSTFU[FSJo oMMFs *BoJEYPYINQUEY OMMFES 60BM TZMM
60FSCJUUMIDILFIU oMMES'ESCRBRBYME OMMFS GOBM TZMAM
ACFSMBHFSVOH sMMF$IBFUEYFEUMBRIIF OMMES GOBM TZMI
ACFSGPSEFSVOH 6MMFI BdYMEMIVEY OMMFS 60BM TZMM

"SJTUPUFMFT 3MMFS BOHFOFIVMYIWIUEU GMMFS 60BM TZN
ACFSMJFGFSVOH 6MMFs) BOUHMIMIMEU SMMFS 60BM TZMM
"CSBLBEBCSB 6MMFS GHOWRMJIEBSJUEU 6MMFS 60BM TZMM
"MLPIPMJTNVT 6MMFS GHOBMUWFSTIUEU GMMFS 60BM TZMM
AVCTUBOUJWJIFSVOH 5MMES" QFDOMQIPCIF 6MMFS 60BM TZM
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Pitch (Hz)

100 150 200 250

50

100 150 200 250

50

4USFTT SFBMJ[BUJPOTJO QFOUBTZMMBCJD XPSET o QMI

.FBO QJUDI QFS TZMMBCMF

stress realization: first syllable

stress pattern

=+ antepenult

- =A- penult

-4 final syllable
filler (correct)

Syllable

stress realization: penult

7 L-—-r—i-ﬁ*_-_a_s'-#\

stress pattern

=+ antepenult

- =A- penult (correct)

-4 final syllable
filler (correct)

Syllable

100 150 200 250

50

100 150 200 250

50

stress realization: second syllable

stress pattern

=+— antepenult

-A

B

= penult
final syllable
filler (correct)

l.
|

Syllable

stress realization: final syllable

.A/*

»

stress pattern
== antepenult

=A- penult
-+ final syllable (correct)
filler (correct)
r T T T 1
1 2 3 4 5
Syllable

100 150 200 250

50

et

stress realization: antepenult

‘L&’

stress pattern
=+ antepenult (correct)
=A- penult
-+ final syllable

filler (correct)

Syllable

ACIO400.



% ¥

Intensity (dB)

60

55

50

45

40

35

30

35 40 45 50 55 60

30

.FBOJOUFOTJUZQFS TZMMBCMEF

stress realization: first syllable

stress pattern

=+ antepenult
=A- penult

™

final syllable
filler (correct)

1 2 3
Syllable
stress realization: penult
+ < ——

~ -

A

stress pattern

=+ antepenult
<A~ penult (correct)

o de

final syllable
filler (correct)

Syllable

60

55

50

45

40

35

30

60

55

50

45

40

35

30

stress realization: second syllable

ae _ 4.
r’-'_)—a-—-h

stress pattern
=+— antepenult
=A- penult
-4+ final syllable
filler (correct)

Syllable

stress realization: final syllable

A%l_l t
-'f-----*-'t:_w-..—_ﬁf'. = A= - _a
\. ol

stress pattern \

=+— antepenult

<A~ penult

-+ final syllable (correct)
filler (correct)

T T T T 1
1 2 3 4 5

Syllable

60

55

50

45

40

35

30

stress realization: antepenult

Tk

stress pattern

+
antepenult (correct) \

penult
final syllable
filler (correct)

T T T 1
2 3 4 5

Syllable

LINdANO 0 13SdX Arogdnwinzidno40 0or 1odrndlcriNngds LLd4Sny



¥

Length (seconds)

01 02 03 04 05 06

0.0

02 03 04 05 06

0.1

0.0

.FBO MFOHUI QFS TZMMBCMF

stress realization: first syllable

stress pal

ttern

== antepenult

=A- penult

-4 final syllable
filler (correct)

i [}

“:7‘:;{ &

T T T

1 2 3
Syllable

stress realization: penult

stress pattern

=+ antepenult

=A- penult

+ 4 final syllable
filler (correct)

(correct)

+ ...
T T
1 2

Syllable

01 02 03 04 05 06

0.0

02 03 04 05 06

0.1

0.0

stress realization: second syllable

stress pattern

—f—
—A-

antepenult
penult

final syllable
filler (correct)

stress realization: final syllable

-+
—A-
. +.

Syllable

stress pattern

antepenult

penult

final syllable (correct)
filler (correct)

Syllable

0.6

0.5

01 02 03 04

0.0

stress realization: antepenult

stress pattern

antepenult (correct)
penult

final syllable

filler (correct)

Syllable

ACIO400.
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(SBOEBWFSBHF &31 1MPUT PG QFOUBTZMMBCJD XBSET

w
$PSSFDUBOUFQFOVMUJNBUF TUSFTTWT TIJOFE UP 6STU TZl_Cl}I\/IMBC

05 10 15 20

P3 P P4
Legend:
— antepen. (correct) L\/W | ,/T-l\ 7, L\/W | ,/':"j\/; (\/- \ ’.:“ | l’,:-,/\ 7/

""" antepen. (shift to 1st syll.) \ - 3 ! \ ad

13SdX ArodWiNzL19n0o40 9d INdWT TE® dHES4M4d



)«

$PSSFDUBOUFQFOVMUJNBUF TUSFTTWT TIJOFEUP TFDPOE TZMM

05 10 15 20

Legend:

— antepen. (correct) L\)W , L

F F T F

',\I“\n "=

------ antepen. (shift to 2nd syll.)

ACIO400.



$PSSFDUBOUFQFOVMUJNBUF TUSFTTWT TIJOFEUP QFOVM{ZJINBU|

F F F

05 10 15 20

Legend:

— antepen. (correct)

------ antepen. (shift to penult)

13SdX ArodWinNzL19n040 9d INdWNT TE® 4HIdS4Mg 3049
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$PSSFDUBOUFQFOVMUJNBUF TUSFTTWT TIJOFEUP 8OBMTZMMBC

F

05 10 15 20

Legend:

— antepen. (correct)

------ antepen. (shift to final syll.)

F

F

ACIO400.
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$PSSFDU QFOVMUJNBUF TUSFTTWT TIJOFEUP3STUTZMMBGMF

05 10 15 20

Legend:

— penult (correct)

------ penult (shift to 1st syll.)

| 22

| &

P3 PZ P4
A ’AI A
7, -~
A =N A b / - ~r~
/ - /
,\‘W\ A\t i NW ! + NW ,’ + .
\ Ir’ N\ AN /
\\‘- \ \ vy

13SdX ArodWinNzL19n040 9d INdWNT TE® 4HIdS4Mg 3049
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$PSSFDU QFOVMUJNBUF TUSFTTWT TIJOFEUP TFDPOETZMMBCMF

05 10 15 20

Legend:

— penult (correct)

------ penult (shift to 2nd syll.)

ACIO400.



$PSSFDU QFOVMUJNBUF TUSFTTWT TIJOFEUP BOUFQFOVM{ZJINBU|

05 10 15 20

Legend:

— penult (correct)

------ penult (shift to antepenult)

13SdX ArodWinNzL19n040 9d INdWNT TE® 4HIdS4Mg 3049



T

$PSSFDUQFOVMUJNBUF TUSFTTWT TIJOFEUP 8OBMTZMMBCMF

05 10 15 20

Legend:

— penult (correct)

------ penult (shift to final syll.)

ACIO400.



$PSSFDUOJSOBMTUSFTT WT

%+ 7%

05 10 15 20

Legend:

— final syll. (correct)

""" final syll. (shift to 1st syll.)

TIJOFEUPOSTUTZMMBCMF

13SdX AarogdnNmnNzLdnNo40 9d INdWNT TE€® 4HISdMdg 309S)



+®

$PSSFDUJOBMTUSFTTWT TIJOFEUP  TFDPOETZMMBCMF

05 10 15 20

Legend:

— final syll. (correct)
------ final syll. (shift to 2nd syll.)

ACIO400.
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$PSSFDUJOBM TUSFTTWT TIJOFEUP BOUFQFOVMUJNBUF TZMMB

|

| <&

05 10 15 20

Legend:

— final syll. (correct)

------ final syll. (shift to antepenult)

13SdX ArodWinNzL19n040 9d INdWNT TE® 4HIdS4Mg 3049
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$PSSFDUJOBM TUSFTTWT TIJOFEUP QFOVMUJNBUF TZMMBCMF

| Z2

05 10 15 20

Legend:

— final syll. (correct)

------ final syll. (shift to penult)

ACIO400.



-JTUFEFSJO EFS %JTTFSUBUJPO w-PPLJOH BU GFFU "OFVSPMJOHVJTL
BOBMZTJT PG (FSNBO XPSE TUSFTTw WPO +PIBOOFT ,0BVT FOUIBMUFOF
%BSTUFMMVOHEFT &JHFOBOUFJMT

,OBVT +PIBOOFT 3JDIBSE 8JFTF BOE 6MSJLF +BOFUSPI%, &IF TQUOHMHDIFTTBOH PG XPSE
UBTL SFMBUFE DPNQPOFOUT *O +aSHFO 5SPVSWHIRFBOEHUI MG IBRN p WBOIF FEFUIPOBM 4
HSFTT PG 1IPOFUJD 4D JIFBOIHAST * %$& 1% 974BBSCSaDLFO 60JWFSTJUEU EFT 4BBSMBOEFT
IlUUQ XXX JDQIT'%%, EF DPOGFSFODF 1BQFST &%. & %. QEG

7TFSBOUXPSUMJDI GasS EJF "VTXFSUVOH VOE %VSDIGalS$6BRUXBEUIMUDTBIFSEOBMZTFO N
*OUFSQSFUBUJPO EFS &SHFCOJTTF EBT &STUFMMFO EFT .BOVTLSJQUT VOEEFTTFO &0OES

,OBVT +PIBOOFTBOE 6MSJLF %PNBIT '%%. &YQFSINFOUBRMEWTIBESODEGSES PQUJINBM BOE
(FSNBO XPSE Q3O F®BZ 82.+08&)&( EPJ &% &%&+ K MIJOHVB '%%- %) %%

60UFS ;VHSVOEFMFHVOH EFS FYQFSIJNFOUFMMFO 4 UB/EU KRG S/ ONEJPR SSRGS "EIFMSTTRUNR Bl HFC M
MVOHEFSEFO ,FSOEFS1VCMJLBUJPOEBSTUFMMFO EFPR®INE ¥ F VMW MROAHVITTIFOD'IGEBMZTF
5IFPSJFO

%PNBIT 6MSJLF 3JDIBSE 8JFTF BOE +PIBOOFT ,OBFP\DIVTUPBRQFB8SGBRBSE QBPITBERZQI O G
"O &31 TUVEZ PO UIF JOUFSQMBZ PG QSPTPEJD EPNBJOT *O 3BKWG NRKFM BOE 3VCFO WB(
QIPOFUJDT HSBNNEFBEE DO HOOWNPTUIDT 4UVEJFTBOE .POPHSBQIT .PVUPO EF (SVZUFS

.B*HFCMJDIWFSBOUXPSUMJIDI GaS EJF ,PO[FQUJP & ¥ §E B 4G B Y HE FESFOTAPBICFSFITDAG & V O
"VTXFSUVOH VOE "OBMZTF TPXJF EFS *OUFSQSFUBUTPB(EFSL&3QBTVYIOHENIOEFEBT &STUF
&OESFEBLUJPO

,OBVT +PIBOOFT 3JDIBSE 8JFTF BOE 6MSJLF %PNBNUF%® &&Z Y FNDPOICEEMBNMGZ XUBIBDT JT EJTU
XPSET "O &&( TUVEZ PO (FSNBO *O 8BJ 4VN 1P BOEEI®IIT ;FE WFETp Ul *OUFSOBUJPOBM ¢
HSFTT PG 1IPOFUJD 4DJFPOW TPOH I4I9DB $JUZ 60IJWFSTIJUZ PG )POH ,POH &&&)0&&&,
IlUUQ XXX JDQIT'%&& IL SFTPVSDFT OOMJOF1SPDFFEJOHT 3FHVMBS4FTTJPO ,0BVT ,0OB

.B*HFCMJDIWFSBOUXPSUMJDI GaS EJF ,PO[FQUJP @ ¥ &b MGJM B ¥ H FSHFOTAPBICFSFITDI6 8 VO
"VTXFSUVOH VOE "OBMZTF TPXJF EFS *OUFSQSFUBUTPBCEFISL&3QBTYDEH ENTOHF BT &STUF
&OESFEBLUJPO



&SLMESVOH

YJJFSEVSDIFSLMESF JDI

EBTTIJDINFIOF %JTTFSUBUJPOV-PPLIJOHBUGFFU "OFVSPMJOHVJT
PG (FSNBO XPSE TUSFTTi

TFMCTUEOEJHPIOFVOFSMBVCUF)JMGF BOHFGFSUJHU LFJOF BOEF
WFSXFOEFU VOE BMMF 4UFMMFO EJF BOEFSFO 2VFMMFO EFN 4J0O
"OHBCFEFS)FSLVOg LFOOUMJDIHFNBDIUIBCF "MMFXD$SUMJIDI FOU
BMT;JUBUF HFLFOO[FJDIOFU

%JF %JTTFSUBUJPO IBU JO JISFS KFU[JHFO PEFS FIJOF®EIOMJDIFO '
FIJOFSJO PEFSBVTMEOEJTDIFO )PDITDIVMF [V 1SaAaGVOHT[XFDLFO W

.BSCVSH EFO &% +VMJ '%&(

60O0UFSTDISJg
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