e O”NIIN e

mMvINN) N2

YN N21I710 N2'NAN 0NN NN 12V 1VIDINY NI7XY 7Y NDDIANN NIDINNT NN 02197
7V DYW7 {7010 .N217121D91 0NY TN 0'ODPL N1ANIPNN NID'YWAINPZ'ODILDDI NN YT :DP7N
NIRIT7'20121 NIRIDY NIIYA NNOD VIDIN NI'NAN qIDA .17 AX{PINN |NTA P70 72 N971 0T NI7230

N1'NAN P70 Y 7w NIwnNn

1310 nJan

(NPT 100) N'A1712'D9A 1NN NIL'YWAI NF'ODLLDI NN YT :JIUNI P7N

JIPT 30 :npooOn

(NPT 145) 117121091 DMYTN D'LDPL NIAN W P7N

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1NN NID'WAI NP'ODOLDA MANTYT 2 NIDINNT7 N1'N]

919122092 9NN MLIWAY NPPLDVLDA NIAN YT° PYNI PoN

mpT 100 23PN o

DN NYIDYN MORY 5910 PHNN . MONY 30 N»Nan v My pona

(MORY 21) 9pNn MYV NPPLDLVLDI MPOIYH MIRY - MTTI MORY N
,MZIDWUN W) ISP ININNT ONIDN IPNHNI MPOIWN MORY 10D DY DINAPN - MIIYN .2
(5100 70 MONY 6
(MONY 3) NIXPA DININNT DIPHNY YN THNNPIA NDYN MYNTI MORY - DIPNN NNPA D)

DN MIN2D DYDY .NWN NPIIVAN YIIN MYSIN 1ONR MINYND DNNX 930 1112 MONY §1 27-1 MONY

2V TOPNY W MVNN 1102 DORNND DIPNA 119010 NN YOO NONY D37 9912 HIINHND NIWDN
11 30-28 MONY .INNYO 2WN» NONYDY NNNX 2NN INY DY N0 7292 HNR N2IWD PO NI N0
MWD D DY OINNRD ITINI MIYD W ION NORY DY NN MONY

21N 0DY MWD DN MWD 1IN MIMDNN MNYD 1IN NYANNDN ,NINP NIYN HIAND
NYIPY MI2 T AN5) TA0a NYIaYN Nova

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

M2 MONRY

(T,y) Y1 X DINWNN MY P2 NP ORDID IWIN- .1
11, ~2 MY RPN DINID DDRNNIN NPN DY 1Y

y 9W DAVN INOPY TPRNTNIDIIV P X DY JPNN N P2 N0 OXDND - (1)

y 2UPNN PN P X DY TPDODY IO TPNNNADITY P POV OXRNND - (2)

TINOPY TPINNIDIIY P X DY IO TINOPD 7PXNNDIIV P POV ORDND - (3)
y DU W0V

THINOPD TINNNODITV P X DY MAPN TPINDY 7PINNADIIV P2 POV DX (4)
y S¥ mavn

1287 (b > 0) DAND 51T D9IIN NIV TPXNNADIIV NI TAVPN IR 7PINTNADIN0 :NIYN
(b <0) DONND YOP 29IN NAY PXNMADIIV NI TPDDY MNP 7PXNNADIIV

DNIM-IT NDN TIVNI IVIAPNNY IPNN DY MINXIN INDHN DWIN DN .2

IPNNT MNIIN DN NTID2 INDND DONIN OMIVINN NN

SSA=SSB (1)
SSA+SSB=0 (2)

SSA + SSB > SSAXB  (3)
SSA + SSB =SSAxB  (4)

X=10 ,8,=5,5=100 ,8,=10 :pm .3

L1 NI X090 y 91200 TIWONIN DN P IOV I T )0 0D
7y 99 X 91252 N0 MNVYN HINX N

25% (1)
38% (2)
64%  (3)

5% (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

NI .WIDN DOV VIS WITIN Y3 TWN Dy (features) NPNON NN DY NYIVNN DN PT1 9PN .4
IYYI NNNYIY AWNNH MININA NOPN NYPRY 172NN TAWTL.§ = bx +a MONI P M NDN Ny
STYN D90 7)Y NPAYN 50 DYNSN IPIND 1NY NPAON 50 MNDN2 TYN 920 190N NOPNN APy 0NN
PDNIN P DN WTNN 2w

b-) a , Dm0 PPN Mapya

N ; mnwy (1)
N XD Y (2)
MNw ; MDY XY (3)

N ND 3 N ND (4)

YIOW P2 V1AW TIANN MDY MYY 900D DDTINN NPT MDIN-TN MNY MM TV 9PN .5
.DOPT2I SV MY 1901 1PN N¥AP Y92 .40 2y 30 »2,20 N3 D mxap

27 NP D22 MDY MYY 190N DY MNIWN NNDINN PPnD

mhow 40 5 mhoY 30 5% mnOY 20 5%
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
AN MY MYV N MY Myw MO MY Myw

10 yaxnn XN :20-1 12 501 DY AN MY MYV TITPI MYV 1293 ¥ IPINY 172NN TAY T2
6 DY M1ava Mmyv

172123, MYV PPN INND IPIND TIOY MNYD NI MINSIND DYNIN DINID NNYLIN N
_ MSB-y,___ MSW ,myvn Npen nnD

2TV (1)
2TV ;0T (2)
JOPY INX DTN ON NYTD 1 KD TN ,INY 510> (3)
JOPY IN DT ON NYTO 1P XD TN ,MNY 5 0T (4)

DOND NP OINY DNNY NP DDYTR MNP DOV L6

- DN NNYTND 72PN NOVNA DAPNAY TV NPPN YHY NDLNA DAPHNY D¥IIYN DIID

2PN 0PI POV ORNNMY , 0N (1)
Y20 DA POV OXNMY ,OMON  (2)
21N DI POPH OXNNMY ,DMON->NYa  (3)
Y2P0¥ DN POV OXNDY ,DMON->ND1  (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

DWNIN 272,090 500 HY 710N NTOPNN NMYVL 10N THD-I2 NNI NNIAD vpd pn .7
INIWY DNTOPN

TN 925 .000N 0NTOP 50 OXT 1991, NPIYYL NN NIV XN INY NONN YTOPY DI0W Y1 IpINn
VDI 3 71PN DNTOPN DY NMIYLN YXIND I NXN) .DTOPND THDN IMN N XN ONTOPIN
.0.99 5¥ NNV NHNI2 THD-72 NNI IPIND M IOX DNN) TAD DY .Y 1.4 - Jpnn

(DXDNN DNTOP PRI IDIVIINT DITOPN DD TINN INIPN J9INT DN TOPN NN IPIND OXT IO
DMLY PR WIND THON NNI DI WD NNINN _ THD-I2 NN DAPNn v 0D PID
AW NN

WRNWY 5 I8 (1)
WD ;I (2)
YNAYD ;AN (3)
WD ;AN (4)

ANTD INNRD THH MTON DY AR TN T77) IPpNna - .8

DTPNRD ANA TNND DNINN NIVYYD MDD TIY NN ATTIN PYINY N0 X IPIN
2NN TNINND DIVDVI0 VI M) INX TII TIY INIPX JOIND AN ATTON PYINY IV 1 PN
DTPNND

PYOND DIPAN IR PNXIIPINONXY,_ PYIND DNDYIN IN PTIN X IPIN DX

DY) NIPN 5 IO PN (1)
YO ; DAY PN (2)
NI PN ; IO (3)

nygY; Nyay (4)

DRI NNY D¥NND DY NYXINNN MIXINOVINT NN ON PITAD 2T IPNN WY NN DN DOVITIVDH .9
M) DXNNN DY TPSINOVIND NNIY NIYY DN Tiva .IMDIDIINT DYSINNDN ISINOVIND
SN .PAR-YT DIYYN WY PV NID 19D DNDDIAN TPNNN NN KD YNIND ,1PDIVIIND YININ
INIWYN DN DT DN TON DI PMINXIN DX NN 0NN NXIAPY D0 JNAN 1Y YN
5% Sv Mpnn NNt L,z JNANA

YDON,TPODIN NMDIVIIND TPXINVVIND NNI PAD DXNND DY PXINDVLINRD INI PA DTN PRY NP2
711)10) 99N MINID MIYLIN

DAND NIWYN IN MNTD YNNI INY 13T NP0 v OoND - (1)
DOND NI IN MNTY HNIND INY DY) NP0 W HONND - (2)
NN INT MWD 0) ,DOND NIWYYN DX INT OMWNN TN OX - (3)
DYV DANT MIYYN DN MNTO MY N0 ¥ DVITIVDN YD (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1NN NID'WAI NP'ODOLDA MANTYT 2 NIDINNT7 N1'N]

(X) Y8101 :DXNIN 1IN OTTH IN DOWIND YNNI NNYONND MY 2w N PN .10
(MR) nnvn ysnx n1pn (Mo) noow ,(Md) 130

fx)

YTTN DY MPANNN NIDIND NNONY NYIVNID MYINT ,NININ NNIYOLIN N X; TANN 190N NNOINMY
7712123 YV NOT 1IN

Mo 5¥ 129y Yavin T8I MI1IPY WIN-NI DT X TW, X, =Md ox (1)
VP Mo 7MW 5T X 7w, x,=MR ox  (2)
Md 5w 109y yowin T8I M1IPY WIN-INY IOP X TW, X;=Mo DN (3)
VP MR 7w 5T Md 79, X, =X DN (4)

P OV NIV DDPY INNWNID X TNIVHND y MINYND 21T 71P0NI P DY IRNYN 11NN o1p T .11
LDOON MY OMIN

DY TIONN PONVIN IPY PXOND J0V M TY OTI NPYaDN DININ DINMNIN NN DY 1NN
1X-71 PN

DAON MY DONVYNH MY P ORDINDND - (1)
DON MV y MNYND DWW (2)
DAN NNV X MDVNN ysmn - (3)
DAON MY y MDVND Y8mn - (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

DN 9Y 191 INKD PR DY DPANNIY NS A MDY Y >NIM-TN MNY M T PN .12
PN B SY LPONT MIM-ITA MIMIT 23 N¥DY MNWD MNNY B Mnwn NN 3pInn o ,0omn

e SSWoOw LTI, SSA Sv 0T pNnIM-YTn Mnma

OPr 5 MY (1)
OTN 5 MY»  (2)
OPY 5 MY RS (3)
9TV MYN NO (4)

NYaYn Pa MON Y ywn NI .IPN9 %9pNN DY DMNIY NNNSNY MNY 02772 PHyIN 9PN .13
NPT TNXY .D9PNNN MNIY DY H>N1T D19V DY MPTNN DYV 121 XNNIN DIV DY 10N
D9NNYNI DONPN IYIVWN TN 19190 DDAPN DXPTIA 1) ,IPNN TIVH IPINN M2 NIYYNN
DMYPTN YIDWH NNND ONOT 51903

- NINDD IPIND DY INIWYN DN WYUNRD >T

MIIAPN DNX DI DINMVAIDI MNYIY P XNTN NPV MPTN P PN POV OXNND - (1)
YNIND NPV

AT IDVY SNNIN NPV PI MOIN-IND X NN PN LPIN  (2)

MIN-IT MNY MDA PN PIPRIVIN VPAIR  (3)

MIPTN MNYN DY DNX 1D TINA XNNIND NIV NN MNYND DY MNIN PA PN VDILVIP  (4)
MNTN DI9VN

X-Dy NI Y =2x -2 ORI INNWH NN .14

IINNYNNN NN Y1) DONIND NN

x>y (1)
y>X (2
Si>S; (3)

Sy>S; (@)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1NN NID'WAI NP'ODOLDA MANTYT 2 NIDINNT7 N1'N]

30 591 25 5% 9t MTMIPI DY NDIWNN NNV 90N 195 MAIN AXN N2)Y PN IP W N Ipin .15
NI 80 OW MNONN PN NDIVIN NIV OV JPNN 1N THD DY 12N PDNIN MNP MY

MNYY DININ DDOWININ AVN ,NNT 71PN DXPTIIN DY MIN 23D YSIND Y3 MTIPI YNvay nnina
AVINY 71PONIN MNP DIN INMD

1 DY N DVIN
M 28N M9 28N
-
“;x’ - \
=+ T N\
- - - \~
N
nYown Nv % noovn nav
. \
AN
N\
N\
7 DOVYIN ) DYID
M7 280 M9 28N
X — nYovUn NNV - nYovun NNV
- - - -
Rt - =~ -~
= *
......... 25 99
- = =305

NOWIN (1)
10w (2)
Y OOvwIn  (3)
TOWVIN (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

NPIVN NN MYN-ND2 MINWN IMNI WNNIVD DY ONIN-TN MNY M 1097y DIPIN NY .16
2 99N 0P 72) 30 DY DXTHA WHNWN X IPIN I0N MNYN IMNXD MDN->N0a0 MNWNN DY Mnad
.DYIPNN MW TIVN IMN 7D (MINIVDION NIONM) p-value-N .0°pT2) 300 DY DYTHI wHNWN

23 POONY 1D
DNMYNIN/Y, AN DY DXTNIN _ MXIIAPN P2 MY X 3PN DY DX THa
APINOV OXYTNIN X IPIN DY DYTHI DPNSIIP-TINN

oYY O (1)
MoP ; MYP  (2)
oP ;I (3)
OYTY 5 Mvp (4)

DYIPNN MY PN MNP SNV P2 DTINN NPYTAD DONY DXIPNND MY VY IPNHD MTAyn >nva 17
ND 2 9PNNDY ,IPNNNT MNP PNV P PN DTN N8N X IPNNA .(95%) PNvIa NN IMIN DY)
PN DTAN NN

99 ,(95% 5v PNV NHNI2) MONIND YIOND THO-92 NN DI 1AYIN MTAYNN YNV IPNNRN SINY
ANTIYNI TIY IPNNN NN 2D TN

N DIDIIND MZNIND WA DX 91D N IPNNA AWINY THDN NN MIINDNN
N TDIVOINT MIMNN WION NN DIV 2 9pNNA AWINY THON NNIY MIANONMN

5% ;5% (1)
5% ;95% (2)
95% ; 5%  (3)

95% ; 95%  (4)

IPAND T TIY QDNNN OXNND WON INND 1= 1-w N3N N»asn 30 Yy avin oo oxnn .18
DPOXNN 99 THD HY 2wIiN wIN NDPO ONXNNI

- NPANNN T NADIN MIAPYIV 19N ND

NNYY XD NNOIDI PO OXNN DY VIMND TN (1)

MINY XD NMID TN MINY POV OXNN DY VOMNN TN (2)
0-5 MY M wINN NOPA ONDN (3)

1IN NDOD TN MINYY XD NDPH OXNND DY VONINN DI (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

NV IVLIONN Y MNWNN DY (4, 2y, a3) A MINVN DY MNI YDV DV INyavin 12 NpTav Ipnna .19
2 9PN N, NINY NI MYYD VYN N IPIN .33 NT DY 1IN DINMN DN NMD DIPIN
PNOY DMINNNN DVLDIVIPN NY NN MYYD VIONN

cl=a1—a2

1 1
02 = 33—732—731

DYVDIVIIPI MPNIN P N IPIN DY MNYD NI MPNIN P WPD MYIND NNYL SNV DN
22990 SY

PN MNYD MMIY 121 ,DPNMN DN DOOLDILNIPN MY DX D) 2N NIYV
.07 D) DPNAIN DPN DXVDIVNP MY PN 1PN MNWI MM DN :2 MYV
12 DONINND N

72123 PN 2 MIYOY NN X YO (1)

712123 2 YOI NN APN N YO (2)

MmN MIyvLN DY (3)
NI AN NMIYLN NV (4)

NI AMIYN 09D NP TNSY NN DT WYN TIN :DINWN 7Y P2 WP PRYNI 3PN .20
T2 DONMN DY TPINNODIIO VY

WY TN
WYN TIN OV 1PN DMLY

= VTN WY TN

P NINN

= VTN MNINN
PNONN DY JPNN 1ML

NOMYNI MNYN DX DOWTNN DINYNT P POV DRNN NN IPIND YN 7PXNNIDIIVN INND
132YINY NAMWNT MNYN YY) NOPY DRNN DY I 1NN N1 .0NYY (covariance)

N9 N MY DY PP O (1)

0-5 DMIY DNY DOWTNN DINVNN SYSIND ONX PI MY 1T ONY »id 0N (2)

DOV NAMWNI MNYNN NIINA DY P DOWTNN DNNWNN P POV OXND - (3)
DA POV DNNNN NIDNA NDITHY PN DOWTNN DINWNNI DY NOMUNI Mnvn  (4)

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

Ry, =0.68 qm .21
RZ, =0.68

- NI Z P27y PAOIWANRD POV OXDN NNV ,0»IPN Z-)1 Y X P DNRNNIY NNINa

O<r,<06 (1
v0.68 (2)

06<r,<1 (3

/068 <1, <1 (@)

O<ryzs

MMIUN
LMORY NI PINKRDY PN DY NN DIDYN D02 . MINY DY MDIDWN MY 0INID

H5N5Y PNNY MM 24-22 MHNY

80 qUN NIN .0121D XY DN 0XI21D DI ANV NN DX2NN DTN NI DX PITAY 18I IPIN
AN NI, NVNY DNY NPNIND D) DY 17 1901NY DXPTa)

.D>1217 XY DMXNNI L0121 P NN D32 0NN MXNN

NAXIY DY DNNX 1992 27 GUNI PT72) D21 - 11 1003 ,71010) :MNY MNXIY YIDYI NXIN 0190010
RARD!

DTIP QUNI PT72) DOV 19INI ,DXPID2N DY VAP 1TD) TNN 21922 NN DNNN DI DN )0 1D
NI MDY, DD 191 INND ,MNNN DY PI1vaY

DNN AYNND NIINKN "N2ANND NONP2 DINNI NWN TN DY XINDD PTIIN WPIAND 1M 9D NIy
SV DNV T NMYY 010 7100 NN INYTO OX PR T NNRYA NN Wpnn DY N vpann pTamn

121 K2 70 M9 DN ORNDYN Wpnn

13 57210 NDY 027101 XD D170 JWND D101 0110 INY 10D 1210 DPTNY N8N IPIND
ANV A2YT NN OYPIN DDXIYY D3I DT T LPARY NN NI 1D 10D .MV NPNIND

- DV TN XN PN TN .22

3x3 (1)
3x2x2  (2)
3x3x2 (3

Ix3Ix2x2 (4

770103, IPNNT MNIIN T ONNY ,NINID NPOMDIN DIYLIN VN .23

NN DY MDD P NINID T P THINNP MYSHNNA 12000 117 (1)
YPTA-TIN NI PPTII-PA NI NN DHXWY DIMNY DN JWIND 1M XD (2)

MINN NNXIY P NPNNIND NS ITO P DIXPNIVINR MYSHNNI 1PA0AD 1) (3)
7252 NNN NNINNND TAN DI DXA2NNN DOPIVAD YWD DY W90 1M XD (4)

10

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1NN NID'WAI NP'ODOLDA MANTYT 2 NIDINNT7 N1'N]

MDNN MNRNIN NNOND NP2 OIRNND XN DININ DDYINTN NON .24

1 DY N DV
600- 600-
500 500
8 5
2 4007 [ & 400
a a
= -
Z 3001 Z 300
2 a
a z
5 2007 5 2001
& g
1001 100
XY o -
1990 N3 ama D 191) ™M’ amay N
T DOVIN ) DWAN
600- 600-
500 500
2 400 & 4004
a a —
- =
Z 300 Z 300+
2 a
B z
5 200 5 200
& g
100 100+
NIy 0 Xy
191 N3 amay N 1990) ™M’ Amy N

B owom
[ ] omxonm

NDWIN (1)
10vwIN (2)
Y DwIn  (3)
TOoVwIN (4




1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

H9N5Y 9PNNY MY 27-25 MHNY

N2A0 P2 WPN DN PITID XTI AT DTND MY DT DNIND DY DNIINA DTINT NIMYNN INY 9119
973 DINDD IO TAN TN 19T NOY DX DIIND DN’ ONTY TVIYNN NI ,D N NIYY MNDID DY 1)IN
19P2 D) DN, NYNRYA D) NPIYNN INY 79199 .ININ DNAYNI DT YN DINDD ,1MN21IN INNaVD DY

DN I8N 12D (DXWN D)) DN MYY DOV DY 1MNDN DI DY DMND) P2 DTN NN DIDIND
DYPTIN .NAPY PHN DIDIND DNMIT - DY XN ,I1IT PHN DIDIND N 1N DNXT NOIY DINDINDD
IO PO DXPTAIN IN WP PIDNN ITNHD DN INRD . MIAP DI DIDD DR NIV NYLN IOYN
Y2, TPNDN NNIANNA YIW-INID YIND YT D IYITTY DPADI NN DOPTAINN Wpda 0NN TN DN
PIDIY NYY DIND 92 DY MNDIN DN P72 IPNNRN INN IPNHND TIVHD DINYP DIYDINY W DIPTINY
APT200 MY DOPYN 19D1) NIDIN

:DONIN DYINI NNXIN WIAPNIY MINXIND

PINMIRDD NN NP DINNN NN NP
DYPWN 19010 DYPYN 90N
MINWY NIMY
10 10
9 9
8 8
74 74
6_ o
] .
N N .uu“““
34 3] e,
2 2
14 1
0 I I 0 I I
D) mMD) PD) D)

----------- MININ MNAIWN
D»NOP DNN

1PN IPN DININ DXOPINA I NHN ,DXPNN DIIWINI DONVN DYTANN Yavw NMNa .25

DINDD PR MIPY VPIN (1)

2YTHN NIADY MY LPIN  (2)

PIDIN PO DITHN NDAD P PIPRIVIN VPON (3)
PYOIN PO DINDD PO P TPIPRIVIN OPIN (4)

12 © © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



1NN NID'WAI NP'ODOLDA MANTYT 2 NIDINNT7 N1'N]

DININDD MINT NXIAP 1N DIDINDD DT NXIAP 31 :IPNND TIVNI Py 20 OV IPNHND MY TN .26
YN DNORN DININ DXAPNIN NIPN DY .1MDIY IMYD WPIANIY 92 PIDI0 MYY NN Wpanin
79PNNN MY NNNY

a0 99 (1)
MNP (2)
MM 4N (3)

PN apn (4)

TWHNN M NINYND DX NP0, MNINDD DNIND P2 TI9N2 XOY NIPIND NN )Y NavnNna .27

ApNnn
YOI IMIT  5YTIN N0 MINVN DY IMPNIN NP>Taa ,DINDN PR MNYN NI00 INND
YN NA0 MNwN O DY (nz) N0 MNVA NNX ) pLIMNMDIN MYLN DI DV

5T 0T (1)
MNW NO 0T (2)
MY RO ; NOP> - (3)

o7V NOP (4)

D29PNN NNPa

290 0N IPOINY DPDNI IPNN DY XD NNON NONY 971 .0°IPNN NNPYaa Mpoiy 30-28 mONy

L IPNNN TV YA DWND [ IPNND DY DONNTINDN DVDND NYNIN 1Py N2 DXNNONIN THX
PPN IO IPOINY NIPDNA ,IPNNI D1VLDILVLDN DI YINOWI ,NNNTN TONN ,NIPNNN MINNIMINI
17N .1997D DY ,ININ ROV 0N DI 0 INNN IPNNI MNONA DIDDIIN DOVIFY NNYP 1PYAN .INYITI)
.T252 NN PYA PIXY ITOPN DNV DN NIXP PN IPNNA NN 1Py N

NN ,NIXP N2IWD 12N . MAWDN 11D OV ONNND IS NIYD ¥ ION NIONY DY :0592517Y
792 T 2N52) 7292 NIV DAY 2INDD DIOYY MWD DN MWD 11D NNMDHNT MNYD NINNA
NI

IPING DXT MYV NPITAD SN MDI NI 71PDY0 NHIN TPPN MNA D1I2IY ISNY WL PN .28
DMD DN TTA IPIND 1PN NIHNID WNNY DXI2IY NXIIPY , 11N MNAY WO DIVY DI2DY NXIAP
PN MNIY PIXON NIN IO NPIT MXIIAPN YNV P PNIN DTN N3N 011200 DY O»ain
.D°720Y DY AN DM DYDY NN

19001 NN DNINI) NITNHI DAWNIIPRN DIITPIN DI ININD VNOD NIN TIPXIN NTAND NPT .29
PTIVD NOMIN ,NONNN .20 1PN NMLDY ,50-150 SY NNV TN DNOINN MIVIY 921 NINI
TNY NNONINAY PTIVDA DTN NN DMNDNN DIITPIN DY DNPXN YXINNY IV, TIiPdID
02129 20 >IP1 19INA NN NNAXT DYV NPXTA TNND .APTNI DTPIN INY DY DNV YXINDD
92 DY DNVXN YXINND DNOY NINDNN NN NPN YSINHD DX NNV ,NDY PTIVDNIN DONSPN
T2 PN HTAN NXNI XD NPITI TN YINND t NN MYSNNI NPTNI DONINPHNN OITPIN
INY DY YXIDNNIN DNY NOY PTIVDA DO TPIN DY DIVNN YINNY TI0 MTY PRY ORI NPI0N
PTHA DONINPHRN DITPIN

13

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



14

1PND NIL'WAI NE'vo'OLD] NN VT ° 2 NIDINN7 n1'NA

2V DOVINIIN DX WD NYNNN 22 7PXVITH DN DX P17 DOP9NN 102NN N2 INY” MINNI .30
MNP DYDY ONIPN J9INT DMN NPT 0191 100 191 19INT 1I)HT 7D DWH .IYNNN Nya DI
WY DNX ISP YT .MIAPIW MYNN YNYIA MIDNT TNSD JNINY PY Y32 WPINH 0XINTD
IYN NXIAPN XIAT .99 NNINT IMIVN ONYNN NXRIPY 1PN ,NINYNIN NYNNN N0 IXVITH
NPT MYNNN SNY IV NYNNN A0 TIXVITH WY, AINYNIN DYND DRIPD 993 1NNINN
TPSVITH VY DXPTIN IWNRIY XY .10-1 DY 0NV 02D DXINTN ONINT NN DNNID DIVNY
DONPTI YN 7P YN 92399 NNOND WK 9.9 DNOYW DINPTN YXINND 7PN DY NI
SNINY TID MTY PRY DP29NN 10N 120 PN N3N KDY P12 DOYXINND Pa DTa0Nn 9.7 ondv
DN DY DININIAN NN WD YN NAD TPIXVITH

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



15

N1712'D92 0MYTH D'DDPL N1AN ¢ 2 NIDINNT7 N1'NA

NIV DIYTN DXVOPV NIAN VY PON

mMpT 145 :a3pmn yn

MONYY 11721092 YT IR DY DDIANN NIRIP YOP 9910 PI9 D5 .0¥pI3 NYIDY N»NIAN DY Mt PoN3a
Y50 YT D) ,YOPN MAND QDN ,MIIND MONYN DY YLD YOPN MAN IX MPTIAN ,1PINN MY NNY
NN MMNNI

2D DPMIVON YIIN MYIIN NORY 920 (779 902 NONY 15-12) N2 mdrw 40 0y pona
MVNN DN DONDND DIPHNA N1790N NX JIDDY NORY 525 9N1%a NHIRNND NIWND DX NNAD ¥
NNV VN NORYD DNN NIWDN INY DY NDD 72021 HNR NIWD 2D NI NDY0 DY TP v

WD DN TIN PN TYPN P9 Y2 MONYD 29 1Y

© © ¢ 0 0 000 0000000000000 00000000000 0000000000 0000000000000 0000000000000 00000000 O



16

N1712'D92 0MYTH D'DDPL N1AN ¢ 2 NIDINNT7 N1'NA

1999

YOPN MAN NN MPTI2 12-1 MONXY PINKY MIONYN DY 1N PV PONOYW INIPN YOP NN INIP

MYYNNND ONNN PN .1PNDIDDAN MMINNA D5 YT O) ,YOPN MIAND G0N, MI>INN 15-13 MONRY

ey

(&)

(10)

5)

(20)

(25)

STmyn PDNH MHI0IN N
:(2007) Journal of child psychotherapy T/nn MMND DY DDIAN POV YOPIN

The Narcissism of Depression or the Depression of
Narcissism and Adolescence

D. Anastasopoulos

The role of narcissism in depression has long been the focus of attention albeit' in different
contexts. Freud used it to explain the mechanism of depression itself, where there is narcissistic
identification with the object that is lost and subsequent internal emptiness resulting from the
loss. Deutsch referred to elements of narcissism and oral incorporation? and identification with
the ideal of the ego in depression. Fenichel also argued that in depression narcissism is of an
oral nature, with a "demandingness" as well as greed for being loved and with a reduction of
self-respect. Klein called attention to the pre-genital® roots of depression. The subject identifies
with the object, wishes to control it omnipotently and gains sadistic satisfaction from this. Klein
pointed out that the search for the ideal object and increased envy towards the idealized qualities
invested in the object, is experienced as persecuting* through projective identification’.

For a long time the literature treated depression as a homogeneous genital-neurotic entity,
although there were a few authors who referred to the narcissistic basis of depression either
explicitly or implicitly. As time went on, the narcissistic elements of depression increasingly
became the focus of attention, either through the developing interest about narcissistic
pathologies or through the identification of shame as a fundamental aspect of life and
psychopathology. In addition to the superego depression involving guilt, the literature started to
focus on and understand the different types of depression as being based mostly on the feeling
of shame connected with the ego-ideal and, therefore, with an earlier narcissistic pathology.

In an enlightening article, Bleichmar illustrates the paths that depression might take as it
develops, taking into account internal as well as environmental factors. Bleichmar provides a
table showing how most paths end up in narcissistic traumata and deficiencies that result in
narcissistic rather than guilt-based forms of depression. In another article, Milrod concluded that
"in depression there is always a disturbance in the field of narcissism".

Blatt and Zuroff reviewed recent research on depression from different schools of thought and
concluded that there are two main forms of depression. There is "Dependent" depression in
which the primary issues are loss and abandonment®, and "Introverted" depression in which the
primary issues are failure, guilt, and a disturbed sense of autonomy and self worth. Dependent

>3 ON - albeit 1

(N1NI191 HY NPVII NNN) MNIYN TIN DN VPMIINT NYHA - incorporation 2
D»HVN-NI9N DXAOYY OV - pre-genital 3

9T - persecuting
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depression is characterized by loneliness, helplessness, weakness, difficulty in expressing anger
for fear of additional loss and mechanisms of denial and a search for a better (mainly object
directed) substitute object. Introverted depression is characterized by self-judgment, feelings of
worthlessness, inferiority, failure and guilt. People with this kind of depression constantly strive
for perfection and accomplishments and might be judgmental and aggressive towards others.
Elements of the ideal ego and narcissism are identifiable.

Although adolescent and adult depressive reactions are often considered identical, there are
actually some differences in clinical presentation and treatment. Depressed adolescents might
not display classic symptoms but may rather appear lazy, bored, underachievers, dropouts and
possibly involved in minor delinquency’. They may also present with signs of confused ego
identity and a fragile self-esteem, which is easily hurt by the slightest suspicion of criticism.

At this point, it is important to remember that the ego-ideal is formed early on and originates
from the ideal ego of early age, which is dominated by fantasies of omnipotence. It develops

as an identification through the introjection of the real and imaginary expectations of primary
objects regarding everything the person ought to accomplish. Failure to achieve this impossible
narcissistic goal results in feelings of shame, humiliation and dishonour that can be extremely
intense and are usually of a pre-genital type. The superego develops in relation to the real or
imaginary prohibitions that are established concerning things that should not be done or thought.
Failure to respond to the demands of the superego results in feelings of guilt. In brief, shame
concerns everything the individual ought to have done but did not, while guilt concerns what he
or she should not have done but did. Shame can give rise to rage against the undervalued self,
the desire for the subject to disappear and become invisible, and fight or flight tendencies.

In defining the narcissistic origin of depression, there are a number of issues we need to look
at more closely, including the significance of the link between elements of the ego-ideal with a
feeling of shame and, consequently, the need for reassurance by others, and the use of defence
mechanisms that are mostly primitive, such as projective identification, acting out, reaction
formation and denial. Very often, there is a rigid maladjusted ego with little tolerance for
frustration and intense envy towards anything good that others have. When you are narcissistic,
you want it all and when you cannot have it, the unfulfilled desire, the feeling of weakness and
inadequate coping skills motivate envious rage. Envy generally involves two individuals where
one is the idealized object that is experienced as unfair, depriving the other of whatever he or she
does not have. This leads to destructive aggression and is developmentally related to the
paranoid schizoid position.

It is generally agreed that in depression there is a tendency for splitting and projection of the
good parts onto the idealized object, leading to impoverishment® of the self. We can distinguish
between two conditions. First there is depression functioning at the level of object constancy,
which characterizes Klein's depressive position. Here the real or imaginary loss is experienced
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in the context of the relationship to a whole object. Guilt anxiety is mobilized in relation to the
voluntary or involuntary damage that might have been caused to the object. The extent

of depression will depend upon the overall organisation of the subject’s mental life and in
particular the severity of recent losses, which in turn will depend on how successfully early
losses have been dealt with. It should be noted that there is always a relative degree of
narcissistic damage and psychic imbalance. Reparation® processes, however, are potentially
active and supported by relatively advanced defence mechanisms and the subject’s ability to
relate reciprocally'® with external objects. This type of situation can be characterized by the
involvement of some narcissistic elements but at the core, there is a more advanced level of
object relations with a whole object. This is narcissism of depression. Secondly, there is the
depression that an individual with a narcissistic personality structure or narcissistic disorder
might display. Narcissistic individuals are very vulnerable to depression because their self-worth
is dependent upon constant external affirmation. Their realistic self is often neglected in favour
of an image they feel they have to defend and because they feel intense envy towards those who
have what they themselves desire and cannot achieve. The loss here is taken as a structural

one that threatens the whole of the individual’s psychic cohesion. The mechanisms that are
mobilised aim to:

1. Restore the value of the narcissistically cathected object'!, the underevaluation of which
inevitabely results in underevaluation of the self.
2. Project negative contents at the price of persecution anxiety and impoverishment of the
functions of the ego and the image of the self.
Where both are weak, there is an unbearable sense of loss and annihilation'? anxiety which often
leads to suicide attempts in order to alleviate'” the anxieties. In these situations, we can speak of
narcissistic depression.

Adolescence: narcissism and depression

Nowadays, the close-knit social groups that at one time surrounded and supported the individual
are lacking. Equally lacking in post-modern society are clear-cut perspectives of adulthood for
the adolescent to see. The search for identity has become harder for the adolescent. They may,
therefore, sometimes resort to extremist groups that will give them a grandiose identity and
self-worth, especially when they are confronted with the demands of an ideal ego. This becomes
especially pressing when they abandon the world of dependency upon their parents. Coming
into contact with reality, without the sense of parental support, the adolescent suffers narcissistic
injury, experiencing weakness because he has been stripped of fantasies of omnipotence.

Under certain conditions of internal or external pressure, it is often exceptionally hard for the
adolescent, who is already under pressure caused by the mental pain of disharmony between the
real and the ideal self, to construct a self image.

Adolescents are more prone to depressive reactions, precisely because of their narcissistic
vulnerability. Although the incidence of major depressive disorder is no higher amongst
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adolescents than adults, depression in adolescence is associated with higher rates of suicide and
serious psychosocial deficits. It also greatly increases the probability of depression or substance
abuse during young adulthood. Adolescents are subjected to instinctual and environmental
demands at the same time as losing parental protection and moving towards forming external
object relations. It might not be irrelevant that at this age we see a more severe picture without
the prognostic consequences that the same clinical picture would have in adulthood. In
addition, there are narcissistic demands from parents that implicitly or explicitly, consciously or
unconsciously, tend to idealise their children, impelling them to achieve more and more.

In adolescents we often see the hedonistic, self-destructive characteristics that their narcissistic
type of depression might take on. These are the moments when, through acting out, they feel
they become grandiose, tragic heroes because they cannot be the heroes that the ego-ideal is
pressing them to be.

Lorand emphasizes the formation of ego-ideal disturbances in the development of depressive
conditions in adolescents and the effect this has on the construction of an identity. In the
depressed adolescent, we see a connection between the confused identity of self and the early
identifications, which play a decisive part in the quality of the ideal of the ego as it is being
formed.

Anthony distinguishes two types of depression in adolescence:

1. Mostly pre-Oedipal psychopathology with a disharmony of the ego and ideal of the ego
and the consequential effects on self-esteem, shame, inferiority, insufficiency, weakness
and narcissistic object relations, orality and dependency (narcissistic depression in
nature).

2.  Mostly Oedipal with guilt and moral masochism, linked to the punishing superego,
introverted aggression and hatred (neurotic depression in nature).

When dealing with depression, the experience of the patient is almost always that he is suffering
some sort of narcissistic damage. Perhaps the crucial structural question is whether concern with
the state of the object dominates, or concern with the worth of the self. In the first case, in the
realm of the depressive position, guilt from the destructive attacks that the object experiences

in fantasy dominates and there is additional concern about the failure to live up to narcissistic
demands. This is the essence of neurotic depression. In the second case, aggression is enviously
turned against the external objects, towards which, however, possessive relationships apply. This
means that the depreciation' of their value and their underestimation results in undervaluation
of the self, emotional deprivation, narcissistic void and depression. In this case, whenever
counterbalancing mechanisms are mobilized they seek to restore the value of the subject,
without caring about the object, which is sought as a narcissistic supplement. In these situations,
we speak of narcissistic depression.
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Technical consequences

Some of the main characteristics of adolescence are: intense narcissism, with its oscillating'
grandiosity and self-denigration'® with dominance of the ego-ideal over the superego, the
regression to narcissistic use of objects, the weakness of the ego in containing extremely intense
anxiety and the tendency to project and act out. With these elements it is to be expected that the
proportional incidence of narcissistic depression will be high, something which is not generally
taken into consideration. The existence of a narcissistic type of depression in an adolescent does
not necessarily predict a personality disorder, as might be expected in an adult. The narcissistic
background in the majority of cases of adolescent depression is constructed by developmental
dynamics.

Clarifying what sort of depression we are working with helps us to define roughly the severity of
the situation and so organize our therapeutic strategy. Most adolescent depressions are ruled by
shame and early defence mechanisms. It is my opinion that focusing on the feelings of

shame and the ideal of the ego offers a more valid access to the core of the problem. In contrast,
focusing on the detection of guilt and superego elements can either have little response or be
used by the patient as a defence against dealing with early narcissistic anxiety. I believe that this
way we come into contact with the core of the adolescent’s pathology, significantly aiding in
alleviating the persecutory anxiety and relieving the intolerable and unapproachable loneliness
of narcissism. Any other approach runs the risk of trying to treat something quite different to the
core of the adolescent’s problem. At best we might end up with an interminable therapy'’ or a
failure to "match" therapist and patient who are "speaking a different language".

The therapist needs to be able to accept projections and assimilate them and to accept becoming
the ideal and envied object in order to understand and so help the adolescent to appreciate

what is going on inside himself, this means increased countertransference'® capacities. As I
mentioned in a previous paper, the psychic area where we (the therapists) have been emotionally
traumatized and have managed to repair the damage, is the area in which we can function most
effectively in psychoanalytic psychotherapy. A psychotherapist who is treating adolescents
should allow himself to experience fully everything that the therapeutic relationship

and countertransference evokes. In this way, the therapist who is open to complementary
identification, who offers himself for projective identifications and allows himself to experience
them, might have a certain advantage in terms of approaching and resolving the conflict.
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Altruistic Punishment in Humans

E. Fehr and S. Gichter

Introduction

Throughout evolution, crucial human activities like hunting big animals, sharing meat,
conserving common property resources, and warfare constituted a public good'. In situations
like these, every member of the group benefits from the 'good’, including those who did not pay
any costs of providing the good. This raises the question of why people regularly participate in
costly cooperative activities like warfare and big-animal hunting. Several theories have been
proposed to explain the evolution of human cooperation. The theory of kin? selection focuses on
cooperation among individuals that are genetically closely related, whereas theories of direct
reciprocity? focus on the selfish incentives* for cooperation in bilateral long-term interactions.
The theories of indirect reciprocity and costly signalling show how cooperation in larger groups
can emerge when the cooperators can build a reputation. Yet these theories do not readily
explain why cooperation is frequent among genetically unrelated people, in non-repeated
interactions, when gains from reputation are small or absent.

Punishment provides a solution to this problem. If those who free ride® on the cooperation of
others are punished, cooperation may pay. Yet this 'solution' begs the question of who will bear
the cost of punishing the free riders. Everybody in the group will be better off if free riding is
deterred®, but nobody has an incentive to punish the free riders. Thus, the punishment of free
riders constitutes a second-order public good. The problem of second-order public goods can be
solved if enough humans have a tendency for altruistic punishment, that is, if they are motivated
to punish free riders even though it is costly and yields no material benefits for the punishers.

Method

We examined the question of whether humans engage in altruistic punishment and how this
inclination’ affects the ability of achieving and sustaining cooperation. A total of 240 students
(31% females, 69% males) from the University of Ziirich and the Federal Institute of
Technology (ETH) voluntarily participated in a 'public goods' experiment with real monetary®
stakes and two treatment conditions: punishment and no punishment. Special care was exerted
to recruit students from many different disciplines to maximize the chances that the subjects had
never met before.
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Ten experimental sessions took place, with 24 subjects participating in each session. In each of
the experimental sessions the subjects played two 6-period public goods games: a game without
a punishment opportunity and a game with a punishment opportunity. In each period of a
session, the 24 subjects were randomly allocated to six groups of four subjects. The allocation
of subjects to the groups ensured that, within a given treatment, no one ever met the same person
more than once. All participants participated in both treatment conditions: punishment and no
punishment. In both conditions, groups with four members played the following public goods
game. In each period each member received an endowment’ of 20 money units (MUs) and each
one could contribute between 0 and 20 MUs to a group project. Subjects could keep the money
that they did not contribute to the project. For every MU invested in the project, each of the four
group members, including those who invested little or nothing, earned 0.4 MUs. Thus, the
investor's return from investing one additional MU in the project was 0.4 MUs, whereas the
group return was 1.6 MUs. Because the cost of investing 1 MU in the project was exactly 1 MU,
whereas the private return was only 0.4 MUs, it was always in the material self-interest of any
subject to keep all MUs privately - irrespective of how much the other three subjects
contributed. Yet, if all group members kept all MUs privately, each subject earned only 20 MUs,
whereas if all of them invested their 20 MUs each subject would earn 0.4x80 = 32 MUs.

In five sessions, subjects first played the punishment treatment and then the no-punishment
treatment; in the other five sessions, the treatment sequence was reversed. At the beginning
subjects were informed that the experiment would last for six periods. After period 6, they were
told that another six-period experiment would take place and that thereafter the whole session
would be over. Thus, when subjects played the first six-period game, they did not know that
another game would take place after period 6.

In every period, the group members knew nothing about the previous cooperation and
punishment decisions of the others in the group. At the end of each period, subjects were
informed about their own decisions, the decisions of the other group members, and their
monetary pay-off in the current period.

All the interactions in the experiment took place anonymously. Members were not informed of
the identity of the others in the group. Subjects made their investment decisions simultaneously
and, once the decisions were made, they were informed about the investments of the other group
members. The only difference between the two conditions was that in the punishment condition,
subjects could punish each of the other group members after they were informed about the
others' investments. A punishment decision was implemented'® by assigning between 0 and 10
points to the punished member. Each point assigned cost the punished member 3 MUs and the
punishing member 1 MU. All the punishment decisions were also made simultaneously.

oooooo

PN - endowment 9

Dw»Y - to implement 10

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



(65)

(70)

N1712'DO2 0"YTN D'ODPL NAN 2 NIDINNT N1'NA

We conjectured!! that the opportunity for punishing would have a larger impact if subjects could
learn about the behaviour of other group members. To examine this hypothesis, we repeated the
basic public goods game - with and without punishment opportunity, depending on the
treatment - for six periods. The group composition changed from period to period such that no
subject ever met another subject more than once.

Results

Altruistic punishment took place frequently. In the ten sessions, subjects punished other group
members a total of 1,270 times; 84.3% of the subjects punished at least once, 34.3% punished
more than five times during the six periods, and 9.3% punished even more than ten times.
Punishment also followed a clear pattern. Most (74.2%) acts of punishment were imposed on
defectors (that is, below-average contributors) and were executed by cooperators (that is,
above-average contributors), and punishment of the defectors was harsh (Figure 1).

For example, if a subject invested 14-20 MUs less than the average investment of the other
group members during periods 5 and 6, the total group expenditures'? for punishing

107 . 26 .
3.1 . Periods 1-4
9 .
50 D Periods 5 and 6
£ 8 ;
2 - Period 6
S D 74
= 7.5
2 % 4.9
2 6 2
e 2
2E O]
- p— v
% g 44 14813
2 = 2
9 g 3
o &b
s
§ 2 403 14
1 267 39.4 329 319 784455
0_ T T T T T 1
-20 to -14 -14 to -8 -8to -2 -2t02 2t08 8to 14

Deviation from the mean cooperation level of the other group members

Figure 1: Mean expenditure on punishment during different time intervals as a function of the
deviation of the cooperation of the punished group member from the mean cooperation of the

other members. Each money unit (MU) spent on punishment reduced the income of the punished
member by 3 MUs. The numbers above the bars indicate the relative frequency of the observations
underlying the bars. For example, during periods 1-4, individual group members deviated between -20
and -14 MUs from the average cooperation of other group members in 3.1% of all cases.
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this subject were almost 10 MUs. Moreover, the more a subject's investment fell short of the
average investment of the other three group members, the more the subject was punished. The
pattern and strength of punishment was also stable across time (see period variable in Figure 1).

We examined how the group expenditures for the punishment of members varied with the
positive and the negative deviation of cooperation of any given 'member i', from the average
cooperation of the others. The regression coefficient on 'negative deviation' is 0.622 and the
coefficient on 'positive deviation' is -0.149. The average cooperation of other group members, if
added as an explanatory variable to the regression, is insignificant. This analysis indicates a
punishment pattern which led to a hump-shaped" relation between an individual's income and
the deviation from the average cooperation of the other group members. The income pattern
follows the same trend. Income was highest when the individual's investment was close to the
average investment of the others. Both positive and negative deviations from the average
investment decreased an individual's income.

The punishment of non-cooperators substantially increased the amount that subjects invested in
the public good. In the five sessions where the punishment condition was the first treatment
(Fig. 2a), the average cooperation level was much higher in the punishment condition. The
average investment of 94.2% of the subjects was higher in the punishment condition. In fact, the
average investment in the punishment condition was higher in each session and in each period
than the average investment in any of the periods and sessions of the no-punishment condition.
The time trend of the average investment was also rather different in the two conditions

(Fig. 2a). Although cooperation increased over time in the punishment condition, it sharply
decreased in the no-punishment condition. In the final period of the punishment condition,
38.9% of the subjects contributed their whole endowment and 77.8% contributed 15 MUs or
more. In the final period of the no-punishment condition, 58.9% of the subjects contributed
nothing and 75.6% contributed 5 MUs or less.

A very similar pattern emerged in the sessions where the no-punishment condition came

first (Fig. 2b). The average cooperation again was much higher in the punishment condition. In
the punishment condition, 91.4% of the subjects contributed more than in the no-punishment
condition. In addition, although the average investment decreased in the no-punishment
condition, it increased sharply in the punishment condition. Moreover, Fig. 2b indicates that the
punishment threat was immediately effective because there was a large upwards jump in
investments when the punishment opportunity was made available to the subjects. It also turns
out that the sequence of the treatments had no effect on cooperation. Investments in the
punishment condition were similar, irrespective of whether this condition came first or second in
a session. The same held for the no-punishment condition. Thus, we can use the data of all ten
sessions to compare the average investments across conditions so that the differences are
significant at a much higher level.
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Figure 2: Time trend of mean cooperation together with the 95% confidence interval.

a. During the first six periods, subjects have the opportunity to punish the other group members.
Afterwards, the punishment opportunity is removed. b. During the first six periods, punishment of
other group members is ruled out. Afterwards, punishment is possible.

It is not only the punishment opportunity (that is, the non-executed punishment threat) but also
the actual punishment that raised cooperation levels. When a subject was punished before period
6, that subject raised investment in the next period on average by 1.62 MUs. Note, however, that
this does not constitute an indirect material benefit of the act of punishment for an individual
punisher, because the punishing subject never meets the same subjects again. The act of
punishment does provide a material benefit for the future interaction partners of the punished
subject but not for the punisher. Thus, the act of punishment, although costly for the punisher,
provides a benefit to other members of the population by inducing potential non-cooperators to
increase their investments. For this reason, the act of punishment is an altruistic act.

Emotions as a proximate'* mechanism

Given the pattern of punishment, the investment behaviour of subjects seems quite rational. To
avoid punishment, subjects invested in accordance with the group norm. But we wondered why
subjects punish free riders in a one-shot context when this is costly. With regard to the proximate
source of the punishment, negative emotions may provide an explanation. Free riding may cause
strong negative emotions among the cooperators and these emotions, in turn, may trigger their
willingness to punish the free riders. If this conjecture is correct, we should observe particular
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emotional patterns in response to free riding. To elicit!® these patterns, the participants were
confronted with the following two hypothetical investment scenarios after the final period of the
experiment (the numbers in brackets relate to the second scenario):

"You decide to invest 16 [5] francs in the project. The second group member invests 14 [3] and
the third 18 [7] francs. Suppose the fourth member invests 2 francs in the project. You now
accidentally meet this member. Please indicate your feeling towards this person."

After they had read a scenario, subjects had to indicate the intensity of their anger and
annoyance towards the fourth person (the free rider) on a seven-point scale (1 = 'not at all' to

7 ='very much'). The difference between scenarios 1 and 2 is that the other three persons in the
group contribute relatively much in scenario 1 and relatively little in scenario 2. It turns out that
a free rider triggered much anger among the other subjects if these subjects contributed a lot
relative to the free rider (scenario 1). 47% of the subjects indicated an anger level of 6 or 7 and
another 37% indicated an anger level of 5. If the deviation of the free rider's contribution from
the other members' contribution was relatively small (scenario 2), the anger level was
significantly lower but still considerable. In this case (scenario 2), 17.4% of the subjects
indicated an anger level of 6 or 7 and 80.5% indicated a level of 4 or 5. This shows that the
intensity of negative emotions towards a free rider varies with the deviation from the others'
average contribution.

Because we were also interested in the free riders' expectation of the other members' anger, we
confronted subjects with a third and a fourth hypothetical scenario (numbers in brackets relate to
scenario 4):

"Imagine that the other three group members invest 14, 16 and 18 [3, 5 and 7] francs to the
project. You invest 2 francs to the project and the others know this. You now accidentally
meet one of the other members. Please indicate the feelings you expect from this member
towards you."

In scenarios 3 and 4, the hypothetical free rider had to indicate the expected anger of the

others on a seven-point scale. The anger that was expected by the free riders in scenario 3 was
even greater than the actually expressed anger according to scenario 1. In scenario 3, 74.5% of
the subjects expected the anger level of others to be 6 or 7, and 22.5% expected an anger level of
5. In scenario 4, the deviation of the hypothetical free rider from the others' contribution was
smaller than in scenario 3. This decrease in the deviation from the others caused significant
differences in expected anger levels between scenarios 3 and 4. Only 17.8% of the hypothetical
free riders expected anger levels of 6 or 7 in scenario 4 and 80% expected levels of 4 or 5.
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The low contributors in the no-punishment condition expected a higher intensity of negative
emotions than the high contributors. This probably reflects the fact that the low contributors in
the no-punishment condition experienced more sanctions in the punishment condition.

The same four scenarios were presented to 33 subjects that had not previously participated in
our experiments, to check whether participating in the experiment affects the elicited emotions.
The same emotional patterns that were expressed by our 240 experimental subjects were
expressed by the 33 subjects who did not participate in our games.

Conclusions

Our results suggest that free riding causes strong negative emotions and that most people

expect these emotions. Moreover, the above emotional pattern is consistent with the hypothesis
that emotions trigger punishment for the following reasons. First, if negative emotions trigger
punishment, most punishment acts would be expected to be executed by above-average
contributors and imposed on below-average contributors. This is clearly the case in our
experiments: 74.2% of all punishment acts follow this pattern. Second, punishment increased
with the deviation of the free rider from the average investment of the other members. This is
exactly what would be expected if negative emotions are the proximate cause of the punishment,
because negative emotions became more intense as the free rider deviated further from the
others' average investment. Third, if negative emotions cause punishment, the punishment threat
is rendered'® immediately credible'” because most people are well aware that they trigger strong
negative emotions when they free ride. Therefore, we should detect an immediate impact of the
punishment opportunity on contributions at the switch points between the punishment and the
no-punishment condition. This is what we observed. The introduction (or elimination) of the
punishment opportunity led to an immediate rise (or fall) in investment (see Fig. 2). Taken
together, these observations are consistent with the view that emotions are an important
proximate factor behind altruistic punishment.

Our evidence has profound implications for the evolutionary study of human behaviour.

In the past, human cooperation has mainly been explained in terms of kin selection, reciprocal
altruism, indirect reciprocity and costly signalling. By showing that altruistic punishment is a
key force in the establishment of human cooperation, our study indicates that there is more at
work in sustaining human cooperation than is suggested by these theories. Thus, our evidence
suggests that the evolutionary study of human cooperation in large groups of unrelated
individuals should include a focus on explaining altruistic punishment. Moreover, because
altruistic punishment occurs among genetically unrelated individuals and under conditions that
rule out direct reciprocity and reputation formation, the above-mentioned theories do not readily
account for altruistic punishment.
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Changes in Brain Activity Related to Eating Chocolate: From Pleasure
to Aversion

D.M. Small, R.J. Zatorre, A. Dagher, A.C. Evans, and M. Jones-Gotman

Introduction

Unlike visual, auditory and somatosensory information, which is represented in the unimodal
neocortex, cortical representations of the chemical senses (taste and smell) are in the limbic and
paralimbic cortex. This is true in primates and in humans. Thus, the representations of taste and
smell are in regions of the brain that are thought to be important for processing the internal and
motivational state as well as the affective significance of external objects. Many neuroimaging
studies have investigated brain activity evoked by affective stimuli, including chemosensory
stimuli. Stimulations with taste and smell have been shown in neuroimaging studies to be potent
elicitors' of brain activity in limbic regions such as the amygdala, insula, orbitofrontal cortex,
cingulate cortex and basal forebrain. However, in each case, different stimuli, or different
stimulus intensities, had to be used to represent different hedonic? valences®. Recently O'Doherty
and colleagues modulated the reward value of banana odour by having subjects eat bananas to
satiety*. Functional MRI was used to measure brain activity evoked by the same banana odour
before and after feeding. Activity in the medial orbitofrontal cortex (OFC) decreased after satiety
in response to the banana odour but not in response to vanilla odour. This suggests that the
medial OFC is preferentially activated to odours when they are rewarding. However, in this
experiment the affective value was manipulated only from pleasant to neutral, leaving aversive
unexplored. Furthermore, to our knowledge, no study has investigated the neuronal correlates of
changes in the reward value of food produced by eating. Thus, despite the fact that much of the
non-human animal literature of reward and stimulus—-reward association learning is based upon
feeding, the neural substrates® of the affective and motivational components of feeding in humans
remain relatively unexplored.

To investigate brain activity related to affective changes associated with feeding, we

performed successive® PET scans on volunteers as they ate chocolate to beyond satiety. Thus the
sensory stimulus was held constant, while its reward value, measured by affective ratings (see
Figure 1), was manipulated by feeding. This paradigm is unique in that changes in regional
cerebral blood flow (rCBF) can be attributed to changing reward value, independent of sensory
input and behaviour (eating). Importantly, at the beginning of the experiment, eating the
chocolate is consistent with the subjects' motivation, but as the chocolate is eaten to beyond
satiety, behaviour comes to be inconsistent with subjects' motivation. Thus, the same act (eating)
is both rewarding and punishing within this paradigm. However, because the change in reward
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value and motivational state necessarily occurs over time, the effects of order almost certainly
contribute to neural activity. Additionally, non-specific effects, such as autonomic and
visceromotor’ changes, which are intrinsic to both eating and modulation of the reward

value of food, were not assessed and thus cannot be disentangled from the overall neural
response.

Rating scale

IlllllIlllllIlllllIlllllI

-10 -5 0 5 10
eating more would I do not want another piece I really want
makemesick __ toeatanymore  neutral would be nice  another piece

awful unpleasant pleasant delicious

Figure 1: Rating scale. Subjects used the rating scale to rspond to two questions
following ingestion of each piece of chocolate: (i) How pleasant or unpleasant was the
piece of chocolate you just ate? (ii) How much would you like or not like another piece
of chocolate?

We predicted that rCBF would be modulated by the reward value of the stimulus in
chemosensory regions. Additionally, we expected that structures proposed to be involved in the
initiation of feeding would be selectively active when subjects were motivated to eat chocolate
and that the prefrontal cortex, which has been proposed to be involved in the decision to
terminate eating, would become increasingly active as subjects became increasingly motivated
not to eat. Finally, we studied positive or negative changes in rCBF in specific brain regions as
an indication of the extent to which that region is either preferentially activated by eating
chocolate when it is 'pleasant and rewarding' versus 'unpleasant and punishing' or vice versa.

Method
Subjects

Nine healthy, right-handed volunteers who claimed to be chocolate-lovers participated in this
study. Status as a chocolate-lover was determined by rating the subject on a scale from 1 to 10,
where 10 referred to 'chocoholic' and zero was neutral; all subjects' ratings fell between 8 and 10.
Five were women and four were men. All had eaten breakfast approximately 4.5 hours prior to
scanning, which took place in the early afternoon (12.30 p.m.). Hunger ratings, made on a scale
of 1-10, where 10 corresponded to starving, O to very full and 5 to neither hungry nor full,
indicated that subjects were in the range of not hungry to mildly hungry (ratings between 5

and 7) at the beginning of the experiment.

PET study

Subjects underwent seven 'chocolate scans' (chocolate scans no. 1-7). The first scan was
performed while the subjects ate their first square of chocolate. After the scan the subjects were
asked to indicate how pleasant or unpleasant they found that piece of chocolate [question (1)]
and how much they would like or not like to have another piece [question (ii)], using the rating
scale shown in Figure 1. After answering both questions the subjects were fed more chocolate,
one square at a time, and repeated both ratings after eating each square. When the rating dropped
by at least two points, the subjects were given an additional square and the second scan took
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place. After this scan, the subjects were asked to rate the last square they ate. This last rating was
followed by a rest period of at least 5 minutes. This procedure was repeated five more times
(third to seventh chocolate scans). The two-point-decline was used to determine each subject's
level of satiety. This way, all subjects underwent seven identical scans, but each subject ate
chocolate beyond his/her individual satiety value.

In total, subjects ate between 16 and 74 squares of chocolate, corresponding to between half and
two-and-a-half 85 g bars of chocolate.

In addition to the chocolate scans, we included three control scans to address potential order
effects. Specifically, one 'water scan' (5 ml of water was injected slowly into the subject's mouth
over the course of the scan) was included before the first ('water-pre') and after the last (‘'water-
post') chocolate scan. In the final scan, subjects were asked to move their tongue as though they
had chocolate in their mouth, making a total of 10 scans.

Results

Repeated measures analysis of variance (ANOVA) of the psychophysical data revealed a
significant interaction, indicating that the difference in slope between the ratings given in
response to question (i) and question (ii) was significant. Thus, motivation to eat declined more
rapidly and to a greater extent than evaluation of pleasantness (Figure 2). While these scales are
only ordinal, it was nevertheless clear that there were points during the experiment when subjects
did not want to eat chocolate but still found the chocolate pleasant.

—
(=]
1

— Motivation

— — — Pleasantness

Rating
o & b L o v B o ®
I

| \ | \ |
1 2 3 4 5 6 7

Chocolate scan

'
(=]

Figure 2: Average affective rating to questions (i) and (ii) across the seven chocolate
scans. Dotted line depicts ratings to question (i) (Pleasantness) and the solid line
represents ratings to question (ii) (Motivation).

Another repeated measures ANOVA was carried out to compare data from nine pilot subjects
who had undergone the experiment but who were sitting at a table as opposed to lying in a
scanner with the data from subjects who participated in the PET study. There was no difference
in the affective ratings between the groups. Consequently it is unlikely that there was an
interaction between the increasing unpleasantness of lying in the scanner and the increasing
unpleasantness of the chocolate.
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Analysis of the PET data revealed a significant rCBF decrease as rating changed from positive to
negative in the subcallosal region (i.e., the region inferior to the corpus callosum), bilateral insula
and medial OFC. On the contrary, rCBF in the lateral OFC on both sides increased as ratings
decreased. We also compared rCBF in scans with corresponding rating that differed the most
from neutral (i.e., Choc scan 1 and Choc scan 7) with rCBF in scans where ratings were near
neutral (i.e., Choc scan 4, water-pre scan and water-post scan). An rCBF peak located in the
posterior cingulate cortex was present in both affective chocolate scans (Choc scan 1 and Choc
scan 7), compared to the three base lines.

Discussion

Eating chocolate while its reward value was manipulated by feeding resulted in differential
engagement of the limbic, neocortical and chemosensory areas. Thus, different groups of
structures were recruited selectively, depending on whether subjects were eating chocolate when
they were highly motivated to eat and rated the chocolate as very pleasant or whether they ate
chocolate despite being satiated.

The cortical chemosensory areas

As predicted, activity in regions that probably correspond to the cortical gustatory® areas was
modulated by changes in the reward value of the chocolate, suggesting overlapping
representation of sensory and affective processing of taste in humans. Specifically, as the reward
value of the chocolate decreased, rCBF decreased bilaterally in regions of the insula which were
found by previous neuroimaging studies to represent the primary gustatory area. In contrast,
rCBF increased with decreasing reward value in a region of the lateral OFC, which has been
implicated in gustatory processing in humans and has been suggested to represent a secondary
gustatory area.

We speculate that one reason for the integrated relationship between sensory and limbic
processing of taste is that the brain regions involved in the processing of sensory stimuli that are
primarily reinforcing, such as tastes and pain, developed in tandem’ with the limbic structures for
the common purpose of avoiding danger (i.e., toxins and bodily harm) and incorporating
nutrients for survival. This integrated relationship may account for phenomena such as single-
trial conditioned taste aversion learning, in which the insula has been implicated and for which
there are clear adaptive advantages. It may also support addictive ingestive behaviour, including
overeating and drug abuse, as well as the generation of drive and craving states (e.g., hunger and
addiction). For example, Wise suggests that the brain circuitry underlying addiction originally
developed to subserve'® feeding behaviour. Our results support this hypothesis, as the structures
selectively active when ratings indicated that the chocolate had a strong positive valence overlap
considerably with areas where increases in rTCBF were evoked by cocaine versus saline injection.
Moreover, in addition to hunger and thirst, both the insula and the OFC have been implicated in
drug cravings. In the present study, both the insula and the medial OFC were active only when
subjects were highly motivated to eat the chocolate. Interestingly, chocolate has been identified
as the single most craved food in studies of food cravings, and chocolate addiction has been
described.

DyvN YIN DY - gustatory 8
7M*2 - in tandem 9
NS - to subserve 10
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Affective evaluation

Subcallosal region

The largest area of rCBF change observed in our study was in the subcallosal region (SCr). This
was also the most robustly activated region in a similarly designed study using musical
dissonance to modulate the affective valence of a tune. Both studies revealed that rTCBF
decreased as pleasantness decreased, as a function of either increasing satiety or increasing
dissonance. Clinical evidence indicates that damage to this region results in disruption of goal-
directed actions, which are guided by motivational and emotional factors. Together, these results
suggest that the SCr subserves a variety of behaviours guided by motivational and emotional
factors, including feeding. rCBF in the medial OFC also followed this pattern of activity (i.e.,
rCBF decreased with increasing satiety or dissonance), which is consistent with the postulated
involvement of this area in stimulus-reward association learning.

Medial versus lateral OFC activity

The opposite pattern of rCBF was observed in the medial compared with the lateral OFC. As
eating chocolate changed from rewarding to aversive, TCBF decreased in the medial OFC and
increased in the immediately adjacent lateral OFC. We interpreted these results in relation to the
chemosensory literature and our specific predictions regarding feeding. However, the same
region of the OFC that is implicated in taste and smell is thought to be involved in stimulus—
reward association learning in monkeys, and human neuroimaging studies of emotional state,
reward, punishment and the affective evaluation of non-chemosensory stimuli consistently report
OFC activation. Moreover, since food is often used as the primary reinforcer in stimulus-reward
association learning paradigms, Carmichael and Prince have suggested that higher-order
processing of the sensory attributes of food in the OFC may provide the sort of hedonic
representation that underlies much of what is meant by the term 'reward'. Hence, the medial OFC
is active when subjects report that eating chocolate is rewarding. During this time, their behavior
is in accordance with their will. As their desire to eat decreases and their behavior (eating) comes
to be inconsistent with their will (indicated by their affective ratings), the medial OFC activity
decreases and the lateral OFC activates. Thus, in the present study, lateral OFC activity occurs
when the desire to stop eating must be suppressed in order to conform to the demands of the
experiment.

Posterior cingulate cortex

rCBF in the posterior cingulate cortex was higher when subjects rated chocolate as highly
pleasant or highly unpleasant than when they rated it as neutral, and also compared with the
neutral water scans. Our finding suggests at least some overlap between the brain regions
involved in processing positive and negative valenced stimuli. However, since this is the only
region we observed with such an rCBF response profile, our study supports the notion that
different neural substrates underlie two motivation systems, one dealing with positive/appetitive
stimuli and a second dealing with negative/aversive stimuli.
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Limitation of the present study

(155) The major limitation of this paradigm is that, since affective changes associated with feeding
occur over time, order effects almost certainly contributed to our results. However, time — and
thus order — effects are inherent to the process of affective change associated with eating to
satiety (and beyond). We attempted to address order effects by including 'control’ water and
tongue-movement scans at the beginning and at the end of the experiment. Nevertheless, we

(160) acknowledge that this does not control for order completely. Additionally, non-specific effects,
such as autonomic and visceromotor changes, which are intrinsic to both eating and the
modulation of the reward value of food, were not assessed and thus cannot be disentangled from
the overall neural response.

Conclusions

We observed differential recruitment of brain regions depending on whether subjects ate
(165) chocolate when they were highly motivated to eat and rated the chocolate as pleasant, or
whether they were highly motivated not to eat and rated the chocolate as unpleasant. The only
brain region that was active during both positive and negative compared with neutral conditions
was the posterior cingulate cortex. Thus, the present study supports the hypothesis that different
neural substrates underlie two motivation systems, one dealing with positive/appetitive stimuli
(170) and a second with negative/aversive stimuli.

As predicted, modulation was seen in cortical chemosensory areas including the insula and OFC,
suggesting that these chemosensory regions contribute to feeding behaviour by encoding changes
in the value of food reward in addition to sensory processing. This result is important because it
demands a reconceptualization of these regions as heteromodal'' ingestive cortices with

(175) overlapping representations of sensory and affective processing of taste and smell, which departs
from classical notions of primary and secondary sensory areas. Additionally, we observed
activity in several brain regions previously implicated in feeding by studies with non-human
animals including the striatum, midbrain and OFC. These results provide a reference against
which future studies of eating disorders and obesity in humans may be compared.

mMa7 vin DPNIN YV - heteromodal 11
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