— AR RN B SN RRIER

Exr' L’

HRENAT Y BEA T E N BRI REERTER  RESIF AT ENEREWE L  AEERE
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BB AT AR e AW
E ~ #HHEE - HE Kaplan-Meier Fi:8L Cox iHiRZE
HAREE - BARRERFIR IR BEHAEEYH—
frigtEt8 A ( General Linear Model, GLM ) #iAAGE
B REEBIRERNRRT L - FERIL - BM%
FEEEERFHANAE LM B ERRS H GLM K
RR— B RN ERMNENERNRR 5o

(repeated measures anova ) * ;EIGEIR (missing data )
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TEngeiE A SPSS HIRS » TIRER LB BMHEA - SR
TERRA R EGETE AR -

GLM B - FE R BS54 (anova) RIRAER
HRMIELBRAEN ARREBER - HE
HiFETHIRARSY (statistical assumptions ) U1HHE i
EHFENE > A CREETO - BREER
#HER (183+3.1vs253+1.5,P=0.024) - FAIEHE
IR AT LA GLM ZRaHTHY - 205R(ER SPSS V10
B VIl WEE  FEAT “GIM” % - R

“Univariate” -+ R0 " BEERE | OB (HIR—
AT ARE ) A “Dependent Variable” (A~ 455! |
A “Fixed Factor(s)” 4 » % “OK” {#Hd] » H#E
FHREERMATINR - - R BFRIFERER

T#R , W9 P-EES 0.024 » B t-RERISR K -

ER > U ERE—EFIF » Y TERIEHERL
B (HAxNS B AR RN B RE
WAITEE AT SRS  FRBVHEEBTET
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P AT LA 48 B 32 BH SPSS GLM Wy A= -

“GLM-Univariate” AW E—HZEZTHAEFHFES

“Dependent Variable” - ERITEHMESL- 14090 » R
FTEEERE - ERE_MEQRTEE “Fixed
Factor(s)” » #AFrPHIET (factor) » HEFHH
JEERR E#IE (independent variable) FH¥E{L - (HE
SISy AT DU EEHEAY (continuous ) BYIR - ]
PIREERIARY (categorical ) BB » MEAFRIRARILIE
AR - ERERFRAMESENEE (k-
BEZ0) » BIERMEREMEER (levels) - ERFT
B TEE, (fixed) BF » REEEFIERERKR
2R T AR TSR - S ARIEIF MR
HERBHEZA  EREEHERNERT - BF
FHEEREWRN » HREERT  RMOAANESES
AR > Nk —ThEy THERT o TeERHEEET IR
TREZERAFENEY—& > TReBE L ECrEES
& - BERANL - BEE—ERFEDERMARFLETMEE
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A REHERMARER

RS A1 ABt Hibe BER
1 0 15 18 23
2 0 19 23 27
3 0 21 26 28
4 1 24 25 30
5 1 25 29 33
6 1 27 32 38
A= A GLM #TH - R8BS @344 SPSS A MK
Dependent Variable: A%

Source Type Il Sum of Squares df  Mean Square F Sig.
Corrected Model 73.500 1 73.500 12.600 .024
Intercept 2860.167 1 2860.167 490.314 .000
51 73.500 1 73.500 12.600 .024
Error 23.333 4 5.833
Total 2957.000 6

ERAERIRE > B T AR L fEEER R ER —
EEERT - FR—ET - ERENBFEALEE.
HHWES " FhE HEZEER > 258

“65-74" -~ “75-84" R "85+ - BESKERREAER £
g RIS 65 BLLT » (HRRER—EHEEAR
W R E=EEREaE TRER TSR
HEREEERRETEE —ERER T - fEFih
[EEERIT » RELREBETREHCREIER—F 7T
R EEERFREMESEHRE  GLM-Univariate
- EER  MEEER A =R LR
GLM-Univariate {Hi 58 54547 (anova) T - {EIL
B A AR E BB AT B EEREH
e 2= 4E A ( BIFTEERY. equal variance assumption ) »
{H{FF GLM Ff - 8 SR T] LALE SPSS B3 “Options”
$R7% “Homegeneity tests” » LURE RSB RBES
I » {8 SPSS 7E31H P-{EAERE & B EifEE &
BV RN » E BT AT ARE - HHEP

“Levene’s Test of Equality of Error Variances” —##

(K FRE—H D) /B P-{E<0.05 - {3k
W TAEE R EAIEE AR RS RECHE
BB R AR E - BNSERE AR RANE
BT EETSR G - IR FERE i
TEHERIE © L SPSS GLM-Univariate HEFYH T2 H
£ “Random Factor(s)” - “Covariate(s)” ...
F) BM1EE T AR -

GLM 812141888 (MLR) RIBAER
BB RMFEAELRERIABREERSR
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B AR R B2 —E s BB
APt B E A IR SR BT B - ARS8
2@ "EM|E , (continuous) B{HR > FIERAKRNE
PUERRRETEBST (BIBKER  RITEENER
IR R E B - MR R R E ST
RIE (BRI E B A ERT R AUER - BEEL RS
METETEMESTS ) » H SPSS ZisEBmHTINE=
(1) - HEEESTERTLIA GLM REgEHEl » £
FEANT SPSS Y “GLM” 1% > EE “Univariate” - if
0B ) B8O “Dependent Variable” T 43
Al 5 A “Fixed Factor(s)” " ABE , LA
“Covariate(s)” N > ¥ “OK” En] » HiFEHE
E|HyRER= (1D - KEAFEIR= (1) RER=
(1) ©ART, ¥ P-ER—FAY » BifEsRA A
B P-{ELER—1% - ARSI RERE GEE -
R - NEFEEH ) SPSS AR GLM Him] DI H
MLR » HESOATE " 35 E! | (categorical ) H BRI
A “Fixed Factor(s)” ~TEMHEE K BREMKA
“Covariate(s)” ] - {E{FFAETEE £ H GLM
¥ MLR B FrARY " 22 B ER 58 H (interaction
terms ) FIAEELAEE “Model” A2 “Custom” K€
o AEKLEL “Transform” K “Compute” 2RELERT
HOBE > FHE S BIEN A “Covariate(s)” ARAX
TR EMaTE S - M E MR SPSS J GLM B MLR
R HERR kR —R -
SEPRANEE - 55 GLM 2kE1 MLR 45 HERES -
EERTHER:  BEREARHELS =M (1
=) EHEEA MLR » BT/ " EERIE
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REZ - RARGERERENNRET B4 By SPSS &k b

() 4 AMLR
Unstandardized Coefficients B Std. Error t Sig.
ABE 1.500 263 5.708 .011
b -4.167 2.111 -1.974 143
Dependent Variable: i} %
(1) 4# A GLM-Univariate
Source Type I Sum of Squares df Mean Square F Sig.
N 52.500 1 52.500 32.586 011
AN 6.275 1 6.275 3.895 .143
Error 4.833 "3
Total 4019.000 6
Corrected Total 117.500 5
Dependent Variable: Kz
Ao -ER-afdnayshza
RIS AEAY Abe Hibe RHE— B —
1 0 15 18 0 0
2 0 19 23 0 0
3 1 21 26 1 0
4 1 24 25 1 0
5 2 25 29 0 1
6 2 27 32 0 1

( dummy BY, indicator variables ; A[IFRMUA 7 S —K
MEHE ) RAEER  ER—AERE 1" HEE
“0" fztE® > MEE _RIREE 27 HEE
0" fHZLLEL SPSS Z HMEFRBHSIRRA (D)
il GLM #RmbRIFIRERR (1) - " ARE , 98
# PE/EE RS RRRIE 0.278 » 1HHI B
THRRI SR EREKAEETFE £ MLR Rt
HEEER —RER_ P& JREIBES A =fHtBe
P-E - IR FE 2" MHEE 17 HEe PE (F
DENCHEERE - HEIE—R MLR FuRE(H
P-ff) - GLM B RHNE RTR TS » 78 T4HB1
hR]DUERIZiHIE® 2 P-{E (P= 0.754, df= 2) - &
“Contrast Results” (£ GLM-Univariate A %53
“Contrasts” » &I “Simple” Mi%Z “Change” &
o > (EREEEE “Fist” 8 “Last” £ “Reference
Category” ) B7RAIDIEZI=ERMRLILEZ PE (3
LB S TR ETHSEILR) - /RIS - E58
TEP R RYEUE - T B BB TE A = EE L BB R
(levels ; ZREI5M4E) B - MLR R AR
HEINEE GLM #5258 - [ SPSS 2 MLR Hy{FE5RI
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TEREELGERE “Stepwise” (¥ “Forward” -
“Backward” ...) %A1k {HGLM RIBERIE M
HARZHRE “Enter” ( BIES0 B BIEIS AR
W) - EERSERE  EAHERHAR (X
BEHRSHABRFRN BRI RER)
BH “Stepwise” NREBIHHRBFEBH L
“Stepwise” FFCITIEVISBE » Bl —BIEHE
FREEERNVERE > KHItESER LR HE -

B GLM EfTEA SR (repeated meas-
ures anova ) »
HEFIR-NER - ERMAVEORLE " A
Beo o~ THibe R TBER ) SE=ERBR D BETES -
AR O -

(—) FTEE "#H3), 2Hk#&
£ A “GLM-Repeated Measures” #% @ EHE]—
{# * Within-Subject Factor” B » £ —4H
“Within-Subject Factor” £H={EG R (levels )--" A
Bt~ THBk, R TBE, -BRMGEABEME
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AE - BARYHREHAY (£Z8) RS H K3y SPSS & i

(I) 1€ AMLR
Unstandardized Coefficients B Std. Error t Sig.
N 793 538 1.475 278
EfE— .638 3.59¢6 177 876
i 2.862 5.253 545 640
Dependent Variable: & %
(1) & A GLM - Univariate
Source Type III Sum of Squares df Mean Square F Sig.
N 9.121 1 9.121 2.177 278
HAY 2.729 2 1.365 326 754
Error 8.379 2 4.190
Total 4019.000 6
Corrected Total 117.500 5
Contrast Results
H1vs $H 0 Contrast Estimate .638
Std. Error 3.596
Sig. .876
#H2vs$H O Contrast Estimate 2.862
Std. Error 5.253
Sig. .640
fH 2vs #H 1 Contrast Estimate 2.224
Std. Error 2.780
Sig. .508

Dependent Variable: & Iz

“Within-Subject Factor” £ K] »BEfE “Number of
Levels” @M A “3" -~ RRIX “Add" 2%
“Define” ~ i " ARz~ " Hibe s K TiBRER, A
AER=ME 2 " EBERMIRERE TR, 2
HEMRESE  EIFFERE “OK” - B3 TR,
BATESR RMEFELE—SRFERER " AR, #H
Tkt BMETER IR T AR #HTEBRLH
Mat=R - . FEREE  EHEHET T HEL, (contrast)
53T o FE “Define” AEEL “Contrasts” - WHE¥IEL
R E “Simple” (HE:ZEFEHEMILAZEA
“Polynomial” - *“Difference” ZE#HZE S - {Ha{E]
BRI B —EETAER AT KT BR
EHEER ) BB “First” BY “Last” & “Reference
Category” 7] (& : TEEMEBIFH > “First” HIT A
Bt BEEERREILE: i “Last” RIS MiBREE  BHH
EERILE) - |MEFIRES -
FRHEREARR 5o - 5 —ERsTaER
3% FBES “Sphericity” -+ EHIBEE R NHEI
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i MAGESHENER & "AREERNEE" &
“HPTELBERRIEE" RIE AR R - RREE
— &Ry “Mauchly's Test of Sphericity” #J P-{HE
0.081 » FKEMETES » REEHEM “Sphericity” F{H
e r HEEEAFERANE ZSMH “Tests of
Within-Subjects Effects” ( BILL# " ABe ;- " Hibe | -
TEE ZENENEREERSEREER ) R
&5 —1T “Sphericity Assumed” RYFERE T BT
Y P-E P<0.001 » ={ERFERAIT IR B IEE 2
—8% - TR 32 » &5 “Test of Sphericity” HJ
P-EZEMAER  AIXRAANE_FmarfEH

“Greenhouse-Geisser” T “Huynh-Feldt” AUFSE -
NAB=ERBRYTFEBETBUIET S —

B FTLARMIEAEREAE =525 “Contrasts”
HYBRHY o Levell ~ 2~ 3 53R " ART - THiBE , &
FIBER ) B ER AR LR R =R - It
Sh o WA EMTEE  HFIHM T RIZT SPSS--43RILL
“First” K “Last” £ “Reference Category” --Ffg
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AN A GIM T EARNERF 546 SPSS #A#H

Mauchly's Test of Sphericity

Mauchly's W Approx. Chi-Square df Sig.
ST .285 5.026 2 .081
Tests of Within-Subjects Effects
Source Type 11T Sum of Squares df Mean Square F Sig.
S| Sphericity Assumed 2187.111 2 1093.556 173.887 .000
Greenhouse-Geisser 2187.111 1.166 1875.835 173.887 .000
Huynh-Feldt 2187.111 1.303 1678.567 173.887 .000
Lower-bound 2187.111 1.000 2187.111 173.887 .000
Tests of Within-Subjects Contrasts
Source TIME Type III Sum of Squares df Mean Square F Sig.
Level 2 vs. Level 1 2730.667 1 2730.667 176.552 .000
S| Level 3 vs. Level 1 3750.000 1 3750.000 187.500 .000
Level 2 vs. Level 3 80.667 1 80.667 35.588 .002
e Rz a4
Source Type III Sum of Squares df Mean Square F Sig.
58] Sphericity Assumed 192.444 2 96.222 75.304 .000
i * #0810  Sphericity Assumed 1.333 2 .667 522 612
#2591 73.500 1 73.500 7.531 052

EE=-"HERVWERAMAEELE BZEWRT

“Within-Subject Factor” B INE B X (B
Z) BYAJFE “Define” P " AR T Hib% ) TiBER
—, Rk TEEZ ) BAEENNME C_?_ " KHE&
[EREFRRFEHA » BERER  FRARFES "H
B T AR TBER— R TIEBEET o B T HRE
R “Level 17 - AU LERARKZHER
SPSS  {FR[UZFTH BRI LLERIRE S -

(Z) & "85, ZH#&

R A A EAE BB R R RERRT L
METE RS » SBEHE T 4B A “Between-Subjects
Factor(s)” ZEi% N - EFERBIARKE » SPSS

“GLM-Repeated Measures” Z “Between-Subjects
Factor(s)” B2 “GLM-Univariate” 2 “Fixed Fac-
tor(s)” EFSHTE—H - BEUSERLEM

“GLM HE t-heE RSB 5 RIBRR" AR “Fixed
Factor(s)" fJaRHEH -

A TR ) B2 RS RV IARAHIREZE
17> AfS “Test of Sphericity” HIFRAREMESE -
HHFMARE “Sphericity Assumed” BIESSE - HEk
0 “Greenhouse-Geisser” - “Huynh-Feldt” {7315
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FTHE - SRR —EREERNEE - B3
AL "R L WU ESER (interaction) + &
H P-fE/NABEZE /KD (significance level; —f& £ 0.05)
K REFHBE K AERANEE KBRS &

TEEREMEEY ) B PAERREEKE  ERTEEA
REHETES - (HEEREERIE ? AT mit
Bl - ZERE/ER » BN " AT,
BT b B DB RO e R AR
{EERETRIASes - 2= RAEMEREYERE > Y
LA “Contrasts” ZGE—H 47 - TiRRAN "
*HB , B PAERS 0.612 0 RAMFRAREFRTER &
MR ERSR AR E SR (REFEE 2

Nod | WEER  WEKHEEREER)  FH
B3 H & #8E AmAE E — R S —
HBE -

A GLM RI2H &K E,  (missingdata) 28
mERS 2

RS FREEE AT RE | 7R EHR A raigd
TREERE  BERERELRANFEER M
ELET T EREBE, - BHER  BEERRALE T8
BE B R AR AL By AT SRS
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o

Rt -mEEIRAREL | 5 H“GLM ~ Univariate” 7 & 698 A F &,

TRRES REA PR

AR

AN N LE DR W WNDNR - —
—rm e e e ket e = O OO O OO OO

W — W W N W =W —

15
18
23
19
23
27
21
26
24
25
30
25
33
27
32
38

* R 1=AR2=HMK 3=
BiR—dry “28" Kk 29" HEREE B2ZAH -
FERBENW B SR “GLM-Repeated Meas-
ures” KGRI > SPSS (BUEH FRAATEES) e
ESRISCHE=SR A R AR A ST 28k - Bl ERT
LR HEUESE (=258 AR AR ELE: : B
TR AR AR REHEE) AR » SRR AR
B AHIERES B (5T 8 /7 (statistical power ) T »
ER TR DRTR SR IREER AN - BIREE
MEBTEAFRE  HP —EEL
“GLM-Univariate” ¥ » {B{H &R » SE%
BRI A AR B FEIMARTRIINRE -

(=) TEE "85, ZH®K

7 “GLM-Univariate” - 253 THEREE B
“Dependent Variable” - FRESRLLBMF] - BLA
“Fixed Factor(s)” RE ErE | (BEYE “Fixed
Factor” RBTEEWFET » BIMMERZLLEA - 1Bt
BEM = EEFE) - 4 | THRER L A
“Random Factor(s)” N - FEi2 R ME —XRF
GLM A “Random Factor” - BEHZLEEHE - A
“Random Factor(s)” WZ K FHEREHZ L
B BIER  EEMESITFH - TRESE, HEERT
FE—EEE HNEE  BAR—AZAERAES
{38 (population) Wik —EMEAE (HiR LT
LABBRS 7 =0 - (HEE B8 HERKIEEER
B W3k TERF L RA T B RS RAE5
FIHAE —FREREA 0 T RESE ) HItIEIE “Fixed

factor” ffi® “Random Factor” -
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Fr 253 “Fixed factor” J “Random Factor”

% FEEA “Model” N~ FELHE “Custom” - 2R

®BiE TRREE , K TR S BIRAATE “Model”
HYZEREN » F#Z “Continue” K “OK” - HE&HMR
AN (1) Z8F - BEFEER/\ANLEE “Mauchly's
Test of Sphericity” -+ RS REEARLEALEE
“Sphericity” - HEREENVEITRE - HIRERE
“Greenhouse-Geisser” T “Huynh-Feldt” 2513

RIE - FHFRAETBRSITRIE “Sphericity” - fETHE

{FREMERE AN - B "R | FHETESR - A%KE
TEMEA “Contrast” RWFIZREHE - BREE
FHEET “GLM-Repeated Measures” F¥+4338
{4 > BAESAT - 14 - TR ) B PEERSE
RREFERRESA 1 —BKREARE  #1H
PEEFEEMAE SR  Ht PELREFEERE &
REFARRENEESIEEEES  BRTEEE
U PIRRERRY T RFER ) SMANUESER - (BB ES
REARGEARMERIRE -

(Z) =% "85, ZHE®

BRI B A R —i% (25 B
A “Fixed Factor(s)” A @ [l BfE “Model” & »
Tohe TREEE - TAHAN ) TREBYERT, 2R ESE
Rk TAEBIMRESE ) BUAGE “Model” HIZERRA -
HRFINFER/A (D) - T HBIHES: , & P-EM2
EAREEREZRE T, BT TR ) EE
¥l FEthFERE -
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AN~ £ “GLM - Univariate” i#47 & AR &% 5 5 # &) SPSS #&A# &
OAFRE "@an ), 2t
Tests of Between-Subjects Effects
Dependent Variable: & &

AR B TSR

Source Type III Sum of Squares df  Mean Square F Sig.
i=JE4 Hypothesis 181.369 90.684 79.449 .000
Error 9.131 1.141
SR ESR Hypothesis 321.302 64.260 56.299 .000
Error 9.131 1.141
(I) A& "@an, i
Source Type III Sum of Squares df Mean Square F Sig.
RPEY Hypothesis 173.692 2 86.846 63.805  .000
Error 8.167 6 1.361
£HABN Hypothesis 160.000 1 160.000 5.888  .072
Error 109.134 4.01 27.174
6
RFER* 4 Hypothesis .965 2 482 354 715
Error 8.167 6 1.361
HA*EEESE  Hypothesis 113.000 4 28.250 20.755  .001
Error 8.167 6 1.361
sa 82
o s “£34

—REiE R ERERE (B RSEEY
T BEBERRELURDANCE R TH &
FIFHLEEBIERCAF T EARIREE - BEFIL
HoRiR o HBHRARa S T LERE  NEERE
Mgy | ARG HEER (FEIAEFeERe « ey
B R RrE 2R AR MR BB
F—HRAEE > HORE T 1R, (ERTER—(E T 38 |
B TR, TR AR FrocE - 35 IR |
R e EAHERE > TR, RIE TSR
BRI Ao - EEE—{E KRR oot s S
H) 'GIM EAAEE  WEEBEZEHER
“Generalized Estimating Equation” (f&f§ GEE) -
EEEFHISE T HERMH R e T -
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On the Use of General Linear Models in Medical Research
Sing Kai Lo’, Daniel T.S. Tsou’

General Linear Model (GLM) is a statistical method that can be applied to analyze data generated from different
fields of medical research. However, accordingly to our consulting experience, bio-medical researchers do not possess
adequate understanding of the technique. Therefore, we present a hypothetical data set similar to those generated by
intervention studies to illustrate the use of GLM for various analyses such as repeated measures of analysis of variance.
We also examine the usefulness of GLM when there are missing observations in the data set, a problem widely en-
countered in follow-up studies. Throughout the article, we demonstrate the procedures required to run GLM using the
commonly available statistical software package, SPSS, and explain how the outputs should be interpreted. Readers
will be equipped with the basic skills to analyze their own research data using GLM after reading this manuscript.
(Changhua J Med 2002;7:193-200)

Key words: general linear model, missing data, fixed and random effect

'Institute for International Health, University of Sydney, Australia; *Graduate Institute of Statistics, National Central
University, Taiwan

Reprint requests and correspondence to: Dr. Sing Kai Lo, Institute for International Health, University of Sydney, 144
Burren Street, Newtown, NSW, Australia 2042

200 Changhua J Med 2002 » Vol 7 * No 4



