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influential observations) f#7E ? - - - &% o
ETREN TR > KB4 5 FIEX
(informal) XIEZ (formal) FIAK[2] - RIE K
HLEE X FIARERAFRETREHE
% (pattern)FE# (abnormal) HE » #K
BERRFBAANLERE - B RHF
residuals plots, half-normal plots of residuals ,
C o GRS RERIRKHIBIE > TRAVEM
BIA MMEE (current model) HHEIM—IEHTHY
BIE R AR B B(parameter) > RIELT - E—H
HAMT : BRE—IERAZHA 6> T
0, RBIAREE! (current model) FHEREZHT
WIEZ 28 - AIER (formal) BAEAEFERK
%2 Z8ZE M (parameter space) » BIEHEZ
BRI PR B AT REE - TER 01
“BefEftstE > 6o RELE 6 R 0, LIHER
(testing)” WHTIE THR B A BHEHKE (improve)
BIA A (current model) o MBI B AR,
## added variable plots[3], partial residuals
plots[4] & constructed variable plots[5}5 e
O’Hara Hines and Carter[6] 3 B i 5 2t
# AR RIE B MR (generalized linear
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REMH

models) P E BB EE (high influential
observations) ° BT > Hall, Zeger and Bandeen-
Roche[7]E#% O’Hara Hines and Carter 7
BEEIMEIE » FIREIEARBE B (dependent
data) FEFLEES] (influence) RELAE (leverage)
HMRE - BEEFFATEERS ERERER
FPEEEEM > BXTWRREFTAZER
B > EFE BT B Y 2 SCF 1R B Bladded
variable plot FI 77 X% - HEALAEAEE
RALEFERAEELRE - HRHERER
¥ MR R FKIRER - F 204
NBEERRRE S Liang & Zeger ZHIE ©
Liang & Zeger[11R# EARB M —HBEME
(observations) & . —1# cluster AIHRIHAREIHY
Al — A2 2 EBEE IR B R —FKEHRHE
BRZEBREME FIEENE) > WiEd—@
JEHEH TAEM B 4E B (working correlation
matrix) SRACERLER — cluster REEERMHAE
Bt - R1% - FTE Lo B IR A A AT BT
R EZ TR (generalized estimating
equation > fii# GEE) # » DABU{ES I 7
PRI PR B R > B o BAT > b
FEATHF FRERA SAS/IML WK S-Plus
JRRE - HhEEEANEE - ERFA
SAS/IML &M —f Macro X > B5
GEE1.SAS - M4 7 4 2 i A s 4%
GEELDOC > AI2% - FFIRARFIEE
BRI SN > A EARE W A EL
EERHER - ATMAEAIR > Liang & Zeger Z
EEERZEHTE > ESNMRERRRNZ
TR -
AR > BN —EE S B
A > REERPERTEHEEBREMEN
M8 - RAUEFRS T RPE R EF R
&N - GEEl > BBURIMA ML —ThEE - JRfE
RAEEFTEIM—ME Argument REEEE T
4 > BPREYEAS BLE AL - 55 —Hi P RN
FRESEBLH L > REZWhaFlA
SCHTR T S E PRI ST R R
AEETHITERRAN—AER L > &5
FABAZ A s AR SR L H -
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—# %k (data set) F > WRAHE B
{H (observation) H1 ¥k EERE - SEAE
EHEREELRMEBEFE T ERWERK
g > W-BEERMBZAGLEBREME
(high influential observation) ° B EFEA Al >
—EEERMASRANERFEABKRE
B—EBEE A HE EREHEEE
B ZER RN - W EZR B HR/PRITEHR
RS BREN BRI KA -

HER  MeB8l—BHRANZEE
B FE I IR ERRENAE Cook’s dis-
tance[8] - BRIE A ZEHTERKBRERE
B HESRE Cook’s distance » KB AEH
GLIM, Genstat, SAS,x BMDP % (5] - {2
2> IS ERREREERS EE K
(independence) Z ¥} (data) » HRBIEH
(longitudinal data) % RESHH E B2 BE
AIARER -

HERBERZET > RMLHES
#8 Cook’s distance ° 75 & T 51l () 43 143 Bt ]
&

E(Y)=XB ; Var(Y) =01,

Ho Y £ n x1 BKETH (dependent
variable) BTEAIBE# A & (random vector) > X
5 nxp BRI (design matrix) » o? £33k
FISAY -1 B nxn KWEMER A B8
B/ HERHEEET & (least squares estimator)

B=(X"X)'X"Y.
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ih A A A A
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Ko RAZBRAENEZENBER - Rtz
S > R B B K 8 E B(variance) K
/N> IMEFIAE BRHER] - X > 2.1) > il
B —HE -

Belsley, Kuh, and Welsch[9]3} [ fEIR
RUEBLIMHFHE > 5 DFBETAS, - H&E

EWTF - . o
(DFBETAS,_)2=(ﬁ o P) ()Z;X)(ﬁ o Fo) 22)

i b ST - AR R A
BHREZEEINERABHR - BR
D, & DFBETAS, 1 Fi 76 4 4t ) 38 55 40 47
E-BREHEHTE > NFMHEREZA
BHIIAZE -

B &

BERBIERMER (ongitudinal data) Y
BHT > RER @ clusterWERERAME > Bt
MA RS EZ B (independence) » 3%
B, BFI BT BA(E - L GEEL Wk > BT
B EHEREER PR AR AR - T
By BEIREE i M8 cluster *138 j (BHBARIAL -
P GEE1 MTT PRz BHIfhEtE > i=1,
© Ky j=1, ,n, o BIERRE
ZEBRBEEZ R EI R
DFBETA@:/\/ ( ﬁg - i}g(m)T Vi ( ﬁAg(iﬁ) (Bg - ﬁg«j))

(3.1

e V1 (B,) BFI A GEE1 BATE
bl ﬁ Eigﬁf‘fﬁﬁﬁ@ (estimated covariance
matrlx o Bt V- (ﬂ ») * 1 Liang & Zeger[1]
BT %ﬁﬁ%*ﬂfﬁﬂ@lf/ﬁﬁﬁﬁﬁﬁ
(working correlation matrix) BH izt L2 5
#HE (robustness) ° 5 Z > BItft B
lﬁﬁZﬁ%ﬁ%ﬁﬁ-ﬁﬁ?ﬁZ“ﬁgﬁ” o [a] —
HERERR S0 T/EABERET - T8
BV (B, 18 ERBAK > AHREH
R -

EXERE > EORE LT -BEA
(observation) ) DFBETA ; » Ll DFBETA
RHEEEARE > T AR EEEM data set 1
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GEEZ 8BE M — R M R BEE

FHIKFF (order) AHEEE , S _F2EMW
scatter plots ° HTEEE T > EEXNERSE
ERREBIZEBEME UIERE—SHR
HIMR - B4 E > 3.1) RE .2 R\ > 8
B 3.1) XA A GEE1 W EKRE > 8f
B - e M RHER M AT AE
o

FRE > B {E GEEl FREZER > &
A% B2 A9 SAS/IML Macro 25, » GEE1 » Jil
Bk - MARIARHH DFBETA , Z{EKY)
#8 > A EERFEEAR > EER N oUT1
=xo” 28> DEHET 8 i GE
Ao Tt BRI FEERESEE T
T BRI —HER L -

EARER

BEE LT BRE > X HBA
R EE NERRREER S SRR
R B BE 'Ry > HERT —@
Bt ERE - BRRER— ABRZ
MEEREILH AR St L2 Bt - it
BB EL2ECER S

fEFLEAR (Pupil Diameter)
A28 = WEEER (Corneal Diameter) x100%

BRIELZ SN - AT B BN AR R B4Rt - MR
(SEX = 0 REH; 1 Rt ~ BRFHRSE OM
FB) RERFEERESH DR =1, 2, 3,
4) FRERABILSEBESMT ?» 4 > DR
=1 %7~ DM HRAHEFERE > DR = 2
%5 Background DR > DR = 3 % Preprolifera-
tive DR, Tl DR = 4% Proliferative DR

i bl > 4 A GEEl 77
%o BRAKWESRNEF—FIR - EBRERA
B> BERESITARA 234 A B4 AT
S ERRE > BRI MY e s
(dummy variables) » DR1 » DR2 > DR3 :
DR4 > R/RAFERREM DR {H (DR = 0 RIE
HH) > FWMER_FR o HlI0 : 2L (DR1, DRY,
DR3,DR4) =(1,0,0,0) % DR = 1 Z4H i
Ll (DR1, DR2, DR3, DR4) = ( 0,:1,.0,0) %
DR =2 24 » HEpEH -
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AEERIT - B REREEBREE
(factor) ¥ > B » A BASHEREXR
(p=0.1611) ; FRAIFBEEZER (2 = -2.19;
p = 0.0143) > B F¥HEHM—REILS8E
B 0.11% ;s BRFAKESEHZ B2
B2/ 6.06% » BEREWHER (2 =-6.92
;p=0) o HK » BHAE (adjust) DM FEBE
#% DR = | ZHAKTEFABILZEETY
BAZE /N 3.78% > DR = 2 HAIFHEZE /D
7.80% > {H DR = 3 & DR = 4 HIEFARF

R— HEAmAM R

NE| PR & BR8] £ DM
WEFRG4| 146|286 7 |41-86| 0-20
EEH 1021197 7 |40-85

¥4 BIBRE /D 13.26% & 13.68% (EZ) - &
1% > FRFTARAERY - TR - DMEBY R
DR=1>DR=2DR=3 X DR =4 &4
WIEH H 2 B2 BETFHEE/D 3.70% »
7.93 % > 13.38% K 13.84% (M) -
BURNZBUEERSBEZNE
R RE—SEHNEBRREZ BB
B —8iR - 55 135 $9W A DFBETA
ERREMRAZME - BAEEH - ARA
KEREHRES T Z BN ERREMITE
WA - Eit > ZER A GEE1 EfTEEM T Z
H#EF (inference) B > A BHFTHINEE -
REEMHAEH ERE > IEZEES
WER - EHRTEENR  ZRZEERE -
E - HRl - DMEBZERREEW R
X-{fHER > DR=1"DR=2>DR=3 XK
DR = 4 FHZERSRIERE -3.71% > -
8.23% > -12.35% K -12.99% - BE{HAE—RHK
2 H¥BEZ “s.e.-Robust™H > & DR1 %b >
BAOMRE - MFZ » ZRZABRENEZ

% — %% DRI, DR2, DR3, & DR4 £ £ fhsHEBERE - BRI AEKRSE 135 FBRA
HER % R ZEBRIFAE o BT EER
2 DFBETA HEH -
DR1 DR2 DR3 DR4
0 0 0 0 0 .
B OW
1 1 0 0 0
DR 2| 0 1 0 0 AXHRPER 2 R EEERR Y —
3 0 0 1 0 ﬁﬁﬁ?’@“ﬁ%ﬁ“%@ﬁ”kd\ﬁﬁ%%ﬁ
. 0 0 0 . %o BREEMERE > HFEXK GEElI W{EREM
S EFEFEY > W LER - BEk—
% = DR's &3 % (adjust) DM # 7% Z GEE1 @S9 & %
Estimate s.e.-Naive s.e.-Robust z-Robust
INT 46.442991 0.664 0.619 75.07
DM YEAR 0.085353 0.119 0.115 0.74
DRI -3.784426 1.232 1.244 -3.04
DR2 -7.800558 1.432 1.358 -5.75
DR3 -13.260000 1.645 1.654 -8.02
DR4 -13.684240 1.878 1.741 -7.86
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A  GEEl i 85474 R (FT A Data)

GEEZ BBEMT—HHRE R BRE

Estimate s.e.-Naive s.e.-Robust z-Robust
INT 48.839268 2.868 2.930 16.67
SEX 1.240548 0.854 0.834 1.49
AGE -0.052433 0.046 0.047 -1.11
DM YEAR 0.114860 0.120 0.116 0.99
DRI1 -3.704868 1.224 1.231 -3.01
DR2 -7.931709 1.421 1.350 -5.88
DR3 -13.380860 1.635 1.652 -8.10
DR4 -13.837910 1.869 1.734 -7.98
KA GEEl & 454r& R (&% # 135 Data)
Estimate s.e.-Naive s.e.-Robust z-Robust
INT 48.945861 2.873 2.924 16.74
SEX 1.210996 0.856 0.836 1.45
AGE -0.053974 0.046 0.047 -1.14
DM YEAR 0.116479 0.120 0.117 1.00
DRI1 -3.712319 1.225 1.232 -3.01
DR2 -8.228189 1.429 1.329 6.19
DR3 -12.352530 1.707 1.482 -8.33
DR4 -12.992000 1.909 1.673 -7.76
B —  Scatter Plot for Nodrug.dat
S @ #135
O #135
v
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o
‘g 4
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REM

B = Scatter Plot for Nodrug without #135

04 05

Dfbeta
0.3

0.1

0.0

RBARAXZERAERINERTE - #t#E2
% o 3 > GEE1-1.SAS » AJEERE -

77 : 52 Hall, Zeger and Bandeen-Roche
(7] » %8 HZB > FriRJT B L& > HZB HIJ7
ERSRT R A ERB R - EAMM51 A
T Added Variable Plots F#:& > BIFIAT
Score Test FIFRTELE - (HRRMERE WA
RENBERER - BR > BT ABRERERE
Sh o EBBRINA B E E AR
EAREFERE - BR > RMMEE HZB BA
BT BERELTEHNRY -

HZB B THE—BEERE L ZE W
f&5h > IREHE— cluster YE“ZE 151G - &
HE > AR EEFRINEREITAE
B2 ThEe - Bl » &% i M cluster B«

DFBETA, = 2, DFBETA,
Jj=1
SR#% % DFBETA ,i=1," -
scatter plots : ZRA] A AL ZIIEE -
54b  BERSCER[10)46 - BRI E
M ENARTRERA EE R - BB
A W] BE AR ELAERE (mask) HTHIZETT -

K fE

408

EHERPEEFAENWHE  AIAERSK
B EXFE > ERER—EBEE - 3
o Bl AARBREBERERSABEME
(multiple-case methods) ] BEBZ & - Bt
EERLR > PREEEFLER T RT
¥ o {6 multiple-case fJ 75 P Al . € FE A4 HoAth
HAERIE » Bl - BRERRRAME 22?3
BeREEE - HENBIAESERTH
o Em—E . BEMENEREEMN
FEFEE - HREE - ASCH LB R
TG c HE—RE_MERER > A
ERMUFAEFHE Lk masking FIFHIE -

Liang & Zeger[1]#E 2L “REAE AL (longitu-
dinal data) 538 > EHEREHECLIRIK
BEANEE - SEZBER AR %
e - FEBHEE > W EERRE
RE—FHEH - R > H—EEHECELE
25 5 A B E B (simulation study) 7R A]
FIAFZBETHIR - 75 > GEE HBURE S
WA RS MBEESERES > WiE+
B« AR B S TE A IR B R R T R
BREWBEERE 5% OEGRMAE
S ERREE -
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B #

EERHFEZENERRR > LHH
phEEEECAEEN NGB RS
BT B e R AT 3 T B B Ao o 8 P % B IR
REBEREER - AXFEBERIE NSC 84 -
2121 -M-001 -018 5HHEIMEBI T » FEM
—FEEa -

2 XM

1. Liang K-Y, Zeger SL. Longitudinal data
analysis using generalized linear models. Bi-
ometrika 1986; 73:13-22.

2. McCullagh P, Nelder J. Generalized linear
models, 2nd ed. London: Chapman and
Hall, 1989; 392.

3. Wang PC. Adding a variable in generalized
linear models. Technometrics 1985; 27:273-
276.

4. Landwehr JM, Pregibon D, Shoemaker AC.
Graphical methods for assessing logistic re-
gression models (with discussion). JASA
1984; 79:61-83.

5. Collett D. Modelling binary data. London;
Chapman and Hall 1991.

6. O’Hara Hines RJ, Carter EM. Improved
added variable and partial residual plots for
detection of influential observations in gen-
eralized linear models (with comment). Ap-
plied Statistics 1993; 42:3-20.

7. Hall CB, Zeger SL, Bandeen-Roche KJ.
Added variable plots for regression with de-
pendent data. Technical Report # P-792
1994; The Johns Hopkins Univ., School of
Hygiene and Public Health, Department of

Biostatistics.

shEEHEE 1996, Vol.15, No.5

10.

GEEZHBREMT—ENRE R BEHE

. Cook RD. Detection of influential observa-

tions in linear regression. Technometrics

1977; 19:15-18.

. Belsley DA, Kuh E, Welsch RE. Regression

diagnostics: identifying influential data and
sources of collinearity. New York 1980;
Wiley.

Weisberg S. Applied linear regression, 2nd
ed. New York 1985; Wiley:125.

Bfe&—

DATA ttt;
INFILE ’b:nodrugl.dat’;
INPUT ID age sex year osize cdiate dr dm;

int = 1;

order = n_;

ocratio = osize / cdiate * 100;

csex = 0;

if sex = 2 then csex = 1 ;

drl = 0; dr2 = 0; dr3 = 0; dr4 = 0;
if dr = 1 then drl = 1;

if dr = 2 then dr2 = 1;

if dr = 3 then dr3 = 1;

if dr = 4 then dr4 = 1;

1l

%INCLUDE ’b:gee 1 - 1 _pc.sas’;
%GEE ( DATA = ttt,

YVAR = ocratio,
XVAR = int csex age year drl dr2 dr3 dr4,
ID = 1D,

LINK =1,

VARI =1,

CORR =4, OUT1 = sss );
data uuu;

set sss;

file ’b:dfnod1.out’;
put order id noclu ocratio dfbete;

run;
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REM

SENSITIVITY ANALYSIS IN GEE—IDENTIFICATION OF HIGH
INFLUENTIAL OBSERVATIONS

Yue-CuNeE CHANG

The importance of identification of high
influential observations in the applications of
regression model is indubitable. There are a
lot of related papers published for the general
linear model and the generalized linear model
as well. However, for the longitudinal data
analysis, we haven't seen any literature pub-
lished yet. In this paper, we proposed a sim-
ple graphic method to handle this sensitivity
analysis problem. We also modified the origi-

nal longitudinal data analysis SAS/IML mac-
ro program, GEE]I, to include the proposed
graphic method. For those GEE1 user, the mod-
ified macro program is easy to use. We suc-
cessfully applied this graphic method to ana-
lyze a real data set which was conducted by
the Provincial Hsin-chu hospital in Taiwan.
(Chin J Public Health (Taipei): 1996; 15(5):
403-410)

Key words: sensitivity analysis, high influential observations, generalized linear models, longitudinal

data.
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