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ool we I s RS, Aeh Az e LGS FOI5A ke Ao vehge
W, Aoles £5& YA 15 Yol Aolayu 4AW 159 S HTE FU EHAQ

1. AE

o3, oFsh @ AR} o} SolA Aol BE 5 tes AU ANs: 4%, 2 AAE
gaon MEAow ke 2R U oAt ARE WHIAAR}T BT WRIAAR) 2
AR ol AIE R 7o obd 4 BA9] Aol EAsHH, o3 dAlE TS FEY F
i 2R 2@Enh FRATFEY vget fetddel v A8 AEE 4] AsiMe ERRF S
2 1Rl Aok 2ol BLR AT 2 249 Eaol 48 AR ASEe) BAANE g 5
ewl, 7 AF BRE Aelane 3% £26 2 5 Ak THRIE olgdel MEAFARE
=43 F3E-2 Brown (1999), Diggle (1989), Fitzmaurice (2004), Verbeke (2000) 5-©] ¢

o] =AM AlSaTol e HESH APS AAIT F, EFRF o FAst] AP TR T
2R RuA Bt Aol@ust 250] Al VAL Erhel BAY =B FLA) (1997), 3
27 (1999) 5ol low, FAH AR T8 2o,

Hol2RT 25 YA A (ol3h Hel A)gt Aol aw AASHE He (o5
oA ALl AFFHE 258 ol S R FANE 279 180
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7o 43 APHHE A3tk WSWEL 27, 45, 65, 85 F YES W¥E
om, AWAFRE AEH(AF AN A AFR), A, A, Te A AR BEH
sgon, EgEyoz £A5] A% 7AA A@eolHE F5e S5 ssch
£ ThRe FRAFH FoIA o] Aol 7MY AP FRAFHE RS T, 4%
713k

L Ael, A7, Azt Az ko] mEEge] E3ksh A

e AsdE ae sAHCR EA%ta P ot

o

2.1. Egwgel 44
BEzyg 2le] EFEYS 0reT} 2uh

Yi = p+ouzin + ooz + -+ opTip + B12i1 + Boziz + -+ Bezig + €, 1 =1,2,---,n (2.1
n N #EA 7L FAFE w] FEFE 2 FAISE 3 2ok

AZIN y = (y1, 2, - ,yn) & n x 19] FZX WE, XE n x pA7|Y E4ARREQ] gkl

& (design matrix), a = (g, a1, a2, - ,0p) = ZFAR} Alg WE, ZE n x ¢27]9] WAz &

OzRl Y, B = (81, Ba, -, 0y) & BF 0, B4 EAEE G this A EEE sk q X QQEJ
nx1

QA7 A% ME, 22T ek BF 0, BATEARY RY ThUI ATREE S
Folth. wehd yo BaBEARd V £ teaw 2

R (2.3)

J’_
o] RYPoX BFE BPAA} Ag o &F WEAA A g & F437] A% =T (likelihood
function)+ TH>3 2t} Brown (1999).

1
L= (2r)” M2 v |7/ exp —5 (Y = Xa) VLY - Xa) (2.4)

| =

log (L) = —glog (27) = 5 [log IV| + (v = Xa)' V7! (¥ - Xa)] (2.5)

o] &35 U 7= At H--FA W (REML : Restricted Maximum Likelihood) ©f ¢]3}
of BpARL Al o oF WERIAF AS 5 & thadt o] 49

v = (X'VTIX) T XV (2.6)

B=GZ'V7(y—Xa) (2.7)

olw & (o B theF} 2k
var (&) = (X' V_IX) !

var (B) =62/ [V v X (xVX) T X'V 26
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2.2. WEEPAR FEAY

SR 2R A AAE el BRlo] glovk, 7 el ARE Tl Aeae] EATTH mebA
nx 3719 LA FRAGD RS 74 AN vl ARE 19 FRAGL R, & HAFOR
A, HIE 4GS AAS 2] Al EATA OB 04YR ol FolAth of W A F
AR R, = 2 AR v x vA7)9) SHARE o] FRAWLolW, et A FRAWY R
R, 0 0
R=|y o gy ..|=Rel (2.8)

2 ZIAE F Jon, AAe F24RE Ri7t ol FEE ZHA =l b 2Ad T R = A2
AL MAS] TR E T e R o fAe] st E R FRE
Aol BAYE NA TRAAFEL ZE A F2AE R7F 22 o—rolﬂi SR E (sim-
)

ple), ST
$AloH Gaussian), E¥H FE| (unstructured) 52 thFs ez FAAE W, X%E]Bﬂi o2 AR F
g, el deFE, A 534, A2 AR(1), A2 Toeplitz F&) 5ol St} o]
=
3

2 (confound symmetry), AR(1), Toeplitz, B el (power), A4~ E] (exponential), 7}

FoAEs =g, B33 A, AR(1), Toeplitz, Toeplitz(2)2} x2|¥ Td<=dE)], A2 B33
, A= AR(1), * ﬂ%‘iToephtZ, A Toeplitz(2)9] & 10744 A5 A5zt gt Brown

Soln, BEFNAAGL SHAIAE 7k 7HE O BAGle] T2 AP AddAE p olH, AR(1)2 1
Z}713) 9 (1% order autoregressive
st Toeplitz FE} & 5S4 A1719] 1HE
Fel= 5474 0] shbate] duft A=A o

fu
> ]
nzi
ri

FEfolH,
=) qom A0l 2 o] wle #¥ol fle FEjoltt
upeba A 2loll AA Qe A TR En A e o A E S #2310 Atk

2.3. 239 AP AP o4 2
2P A e 4 (24)9 Lol E 2P| 2 myo] w3 duiHoz A
0%t —2log (L)€ AHE3HH, o glo] A2 AFPe RYoleta ArkArh
B o8 324 Yehe) 2471 HE 3Rl ARLO2 Y (Nested) 3
-

3. Aole WAz AFEA

AR T2 FE Ri= Ao dAgle FEEES A s b g E FEEY, 3
AEE AL Aol AAF 25, 4F, 65, 852 47 A elth o] =FolMe tgE FEA
dIE) FolA Helol BAE ST FE2AF L 5714 FEjet Aepdr FE4to] e A2
57bA FElE AEsto] Zhzke] g4t FEE FAshe] &3.100 A28kt
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()e<=gE
1 0 0 0
01 0 0
527 —
Ri=6"1=3553| - . | |
0 0 0 1
(i) B A
ri1 p p p 1 0.751 0.751 0.751
ol p 1 p p 0.751 1 0.751 0.751
;= 0 b | =3.64
Ri=2¢ p p 1 p 364310 751 0.751 1 0.751
Lps p p 1 0.751 0.751 0.751 1
(i) AR(1)
1 5 p2 P 1 0.871 0.758 0.660
. p 1 p p? 0.871 1 0.871 0.758
Ri=62| % = 3.680
T2 s 1 p 0.758 0.871 1 0.871
L 72 52 5 1 0.660 0.758 0.871 1
(iv) Toeplitz
p1 P2 Ps 1 0.872 0.703 0.503
| A1 p pr | 0.872 1 0.872  0.703
Ri=o"1 G s 1 | T38| oq03 0872 1 0.872
ps P2 p1 1 0.503 0.703  0.872 1
(v)Toeplitz(2)
1 p 0 0 1 0.556 0 0
ol A1 1 p1 O 0.556 1 0.556 0
;= . . =2.912
Ri=¢ 0 p 1 p 9 0 0.556 1 0.556
0 0 p 1 0 0 0.556 1
(vi) A2 e
1 0 0 0 1 0 0 0
2 01 0 0 2 01 0 0
Rz(A) = O'AI = 4.558 0 0 1 0 5 Ri(B) = G'BI = 2.246 0 0 1 0
0 0 0 1 0 0 0 1
(vi)x eld B g4
T 1 pa pa  pa 1 0.745 0.745 0.745
o | Pa 1 pa pa 0.745 1 0.745  0.745
. — = 4.
Ricay =02 pa pa 1 pa 666 | 745 0.745 1 0.745
L pa  pa pa 1 0.745 0.745 0.745 1
T 1 ps pm  PB 1 0.764 0.764 0.764
R p 1 /pB pPB 0.764 1 0.764 0.764
Ry m =062 | PB = 2.309
B TIB | 5. s 1 pB 0.764 0.764 1 0.764
| b5 pB P 1 0.764 0.764 0.764 1
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(viti) A 28 AR(1)

1 pa P4 p";;, 1 0.891 0.793 0.706
. p 1 pa p 0.891 1 0.891 0.793
Riay =382 | P2 A | = 4.472
iA) = %4 P ha 1 pa 0.793 0.891 1 0.891
L A5 P4 pa 1 0.706  0.793 0.891 1
[ 1 ps  p% ,32;3 1 0.820 0.673 0.552
o | e 1 P PE 0.820 1 0.820 0.673
. = = 2.574
Ritp) =05 5% P 1 pm ST41 0673 0.820 1 0.820
L p% 5% pB 1 0.552 0.673 0.820 1
(ix)# 2] ¥ Toeplitz
o1 Preay  Pacay  Psca 1 0.874 0.583 0.195
N 5 1 b Poca 0.874 1 0.874 0.583
R, — 52 P1(A) 1(A) (A) — 4.295
WD T TAN s Ay Pia 1 puay 0.583 0.874 1  0.874
L Bacay  Pacay  Picay 1 0.195 0.583 0.874 1
o1 sy Py Ps(B) 1 0.797 0.730 0.751
| s 1 pup)  Pam) | _, 0.797 1 0.797 0.730
Ritp) =05 Pac)  Pi(m) 1 ) S081 0730 0.797 1 0.797
L pasy  Pamy  Pim) 1 0.751 0.730 0.797 1
(x)#] 8] ¥ Toeplitz(2)
o1 Prea) 0 0 1 0.574 0 0
N 5 1 p 0 0.574 1 0.574 0
R. a2 P1(A) 1(A) — 3.598
i(A4) = %4 0 pia 1 b 0 0574 1 0.574
L o 0 Pr(a) 1 0 0 0.574 1
o1 Pr(s) 0 0 1 0.511 0 0
o | hum 1 P1(m) 0 _y 0.511 1 0.511 0
Ri) =95 0 pus 1 pus 053 0 0511 1 0511
) 0 1By 1 0 0 0.511 1

el AP k7] SAsiel 9 A SRR T 2105 (1) % B2
A & 4 %] Toeplitz & FEATZHES 7IX]&= B3] 7P At A& ¢ 4 Aok
£ 3.2 ¥HE TN e AbE F
FEAE PE 249 & —2log (L)
(HE=3H 1 402.3
L E P 2 334.7
(i) AR(1) 2 306.6
(iv) Toeplitz 4 302.5
(v)Toeplitz(2) 2 342.5
vi)Hed g 2 396.9
(vii) 22 2goi A 4 328.6
(viii) A 2] AR(1) 4 305.2
(ix)# 2] ¥ Toeplitz 8 280.4
(x)#] 8] ¥ Toeplitz(2) 4 339.4
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FRAYRY mro] e 94 A5 AAT YolA TRHE 2P SEgH(L)} TR
230 $EZH(L2) e 73 &, x* = 2(log (L1) —log (L2)) & $x=H] AL AN} o] uff AfE
= F ]

Eﬁé*ﬂ H]E_C’ﬂ/ﬂ EL—B.]—Q X] \—6“15 e «] 7“ ]T/}-
: L3 = 23S APgste] S=H|
g4, AR(1), Toeplitz(2)

M B
w

w

rlo

H

o USL’
F[F

2!

ofl

<

A4e 4
o FEANY
L

H =
Hrh 1?1 Zgstm, Toeplitz = ST, Toeplitz(2) Hok B A3t RPo= Ueiyo. 22
AR(1)3} A2]¥ Toeplitz(2)e] TE4HE2 AR(1)3 Toeplitz(2) o FEAFIER T tfa 723}
A vepgten, X2 Toeplitz o] FEAFEE-2 Toeplitz o FFAFHETE thhs] {3t Zlog
A= At w}a}/\i ZF3ddoz AR(1)F A Toeplitz & AT 4 Jou} Ho} Fo3k 2
Toeplitz o] FE4IAHS £ 23 o2 AT}
£ 3.3 FEAYY 259 S 9
23t 2 23 2y e X2 ol g&
(i) S H YA ()<= E 1 67.6 < 0.0001
(iii) AR(1) ()= 2 95.7 < 0.0001
(iv) Toeplitz ()BT A 2 32.2 < 0.0001
(iv)Toeplitz (v)Toeplitz(2) 2 40.0 < 0.0001
(v)Toeplitz(2) ()< 1 59.8 < 0.0001
(vi)A e G E (e 1 73.7 < 0.0001
(vi) " gy 2y (11)16‘\4]7}]/“ 2 6.1 0.0474
(viii) d 28 AR(1) (iii) AR(1) 2 1.4 0.4966
(ix) ] 2] 8 Toeplitz (iv) Toeplitz 4 22.1 0.0002
(x)*] 2] Toeplitz(2) (v)Toeplitz(2) 2 3.1 0.28

3.2.3. A4 FEAPLRY IE
FRagEe) 494 497 fo4 AF AT, A2 Toeplitz FRHYY Fehk HAuPoz A
AHth. A2 Toeplitz o F-24H1E R+ th23 2tt
[ 1 pray P24y P 1 0.8739 0.5833 0.1947
Row—od | P L i By | o | 08739 1 08739 05833
TN b w1 b ' 0.5833 0.8739 1  0.8739
L psay  Paay Pray 1 0.1947 0.5833 0.8739 1
[ 1 pusy Pam) Pa) 1 0.7972  0.7301 0.7509
Rom —o2 | P11 ey ham) | _ggonn | 07972 1 07972 0.7301
TR by by 1 s ' 0.7301 07972 1 0.7972
L P3B) Py Pus) 1 0.7509 0.7301 0.7972 1

HEd BaboA] A A2 we] Babgk 6% = 4.2948= B X8 Q wjo] BAzE 64 = 2.3077 Hrt} A
o] 29} EH, A Ao EAAA 7bl FHBAEL ARl TWESE FEBAC 1, AHA
o7} BE AFAAATE W v, B AEoAe SAAHE ke AdddA= A1-Y Aol &ﬁl%‘ml
073-0.79 2 A= vt AAAAE A drh
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3.3. MRy Helazel gt A B4

Bpdzte] o] e BARA s #349 2tk 4 g3l7] A9 MEFS A=
Fh(base line)o.2 thekd] Foj5kn, 47) AHE Doz 4T3 FAFES BoAFAWL, Heis} Az
4

=
=
e WEHEe AL EANA R L+ ek

B EAo s ERO A{E F 3 o35
A A Ak 1 22 284.56 < 0.0001

A g 1 22 3.58 0.0719

Al ZE 3 69 13.26 < 0.0001
28 x AZk 3 69 1.16 0.3301

A A2 B A & Ajolof et GFJFEFL 0.072 & thh xfol7t glon, Aojawn £58
o (X2 A)Y AMFHA7E Aol AAYS wi(HE B)Y #AHEG 1.115 Kg o &37})
T+

£ 8.5 B5oae] Evel B RARAE

Aol Aol A  BE2X}  t P FIYITE
A-B -1.115 0.590 -1.89 0.072
4. 48
ASZLE AT Aolaidl dd RESPAAAEE s SPRFY F47He A-83t]
A A3, A= Toeplitz 7} 71 Ae FR4-Ed g o A= en, o] ¢ Aed £4t
= A AP wfo] Fabghel B A2 wjo] Rakgk Hok A 2uf Zhrke] Huf, A AEloAe] A
o] BABAAE AAAI7Y WSS AAEATE 11, B54F A4dAAZE W v, B A oAl
ZZAAE k] AHBAE AIR-S Afolel] FAgle] 073-0.79 & AR Bl gh AABAE Adcth
Ae]’ Toeplitz F@AFIE BYE A ste] £45 23, AolaWS 58317 A AFHiTd At &
The tie] foldt AaE HolFglovh Aok AR 7o) w2 A9 gl Ze® Uehgen,
Aol gt 55 HANUS W] A7t Aol AARES W] Mot Asds aHUt 1.115
Kg B &< & 5 Aok

1 A 165.5 64.9 62.8 63.1 63.6 63
2 A 154.8 59.1 57 55.3 55.4 54.9
3 A 158.1 62.7 60.9 59.1 58.7 57.5
4 A 161.6 61 58.8 58.1 59.3  58.2
5 A 158 57.5 56.9 55.1 54.5 53.6
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154.1 66.4 66.4 656 66.9 64.5
171.4 727 73.1 71.5 T72.1 71.9
157.6  58.3 57 56.4 56.3 56.3
161.7 625 61.1 60.8 59.5 59.5
157.5 69.1 68.6 67.8 67.6 67.7

6 A 168.3 752 73.2 703 70.2 69.9
7 A 163.2 721 699 655 63.6 61.2
8 A 153.5 57.5 55.8 55.3 56 55.2
9 A 1541 69.3 679 67 67.5 66.8
10 A 152.2 72,7 727 706 71.2 69.2
1 A 161.1 70.1 68.1 66.6 66.3 66.4
12 A 148.6 51.3 51.2 509 51.8 52.1
13 A 157.7 80.2 80.7 81.3 821 80.5
14 A 154.9 594 58 56.1 56.1 56.2
15 B 159.5 63.9 61.9 60.6 60.3 58.5
16 B 166 65.4 63.4 63.2 634 629
17 B 156.8 55 56.7  54.7 57 57.9
18 B 155.5 56.3 54.5 55.3 54 53.9
19 B 160.6 73.7 724 706 70.9 70.7
20 B 157.5 60.7 61.4 60.3 59.8 60.5
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Abstract

Twenty five female students in Seoul participated and were divided into two groups
in the experiment of weight loss effect of two treatments. Fourteen students(Treatment
A group), randomly chosen from the students, had fed on diet foods and exercised over
8 weeks, and the remaining students(Treatment B group) had fed on diet foods only
for the same periods. Weights of 25 students had been measured repeatedly four times
at an interval of two weeks during 8 weeks, It resulted from mixed model analysis of
repeated measurements data that separate Toeplitz pattern for each treatment group
was selected as the optimal covariance pattern. Based upon the optimal covariance
pattern model, the baseline effect and time effect were found to be highly significant,
but the treatment-time interaction effect was found to be insignificant. Finally, the
students with diet foods and exercises were more effective in losing weight than the

students with only diet foods were.

Keywords: Covariance pattern model, likelihood ratio test, mixed model, repeated mea-

sures data.
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