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Abstract
The study focuses on the Repeated Measurements Design (RMD) which observations are periodically made

for identical subjects within definite time periods. One of the purposes of this design is to monitor and keep
track of replicated records within regular period over years. This paper also presents the classification models
of RMD that is developed according to the number of factors in Between-Subject (BS) variates and
Within-Subject (WS) variates. The types of models belong to each number of factors: One factor is 0BS 1WS
Two factors are 1BS 1WS and 0BS 2WS. Three factors are 1BS 2WS and 2BS 1WS. Lastly, the four factors
In addition, the study explains the generation mechanism of models for RMD using Generalizability Design
(GD). GD is a useful method for practitioners to identify linear model of experimental design, since it generates

Lastly, the research develops three types of 1BS 2WS RMDs with crossed factors and nested factors. Those

are random models, mixed models and fixed models and they are presented by using Generalizability Design
(8: A < B)x C. Moreover, the example of applications and its implementation steps of models developed in the

(Health)

include model of 2BS 2WS
a Venn diagram.
study are presented for better comprehension.
Keywords : RMD, Classification Models, GD, 0BS 1WS, 1BS 1WS, 0BS 2WS, 1BS 2WS, 2BS 1WS, 2BS
2WS, Crossed and Nested Factors, Random Models, Mixed Models, Implementation Steps
1. A & kR =21 2184 A(Repeated Measurement Design
RMD)[2-49,11]%= H}o]2(Bio), ©18HMedical), 3~
AR AL Tke & FAKnowledge Ao dolslis A ARe digen dvdd
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196 dutsplss= HAlel o3 wiESA 434A9 29 A R &3 HA 2

o wgl 0BS 1WS, 1BS 1WS, 0BS 2WS, 1BS
2WS, 2BS 1WS, 2BS 2BW So2 J&Fth 18y
RMDE WSe 91zl Al7F 523= 7]17KTime, Period)2]
AR Ao =46 wEl BSY Subjectd wHE=A
F7] wjEel FEAF FZ(Covariance Structure)o] —+
FA(Sphericity) 27191 £} tA4d(Compound  Symmetry),
FEALe] =44 (Homogeneity of Covariance), <3+
(Circularity)o] WHSEIA] ¢k 49 #47 Mol &
ek ol A6, 7, 13, 141.

s lste  AAA(Generalizahility  DesignGDI1,211%=
Venn Diagramel] €J&l] dlo|8] 722 R3S 18 o= 47
Fdsk WE522(Source of Varation)S 740w et
g e ARo] Atk mESE QIRKFactor, Level, Facet,
Condition, Treatment)©] #4194 (Area of Interest)e] X+
228 dslst = 9l IR (Random Model)S 713
o7 ANRKFixed Factor), WARIZKCrossed Factor), A
IR (Nested Factor)s2F2] &3P 3 (Mixed and Comhined
Modd)e] A7do] frdaht mEgh Hrpids f1gh AaAg
o] 7% Hrle] A4S Gl(Generalizability Index)<} DI
(Dependability Index)'5-¢] A5 &84 H7pids &
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2.1 Subjectd F=x¢} QIAe] el 9%
33t

RMDE= £4 2ogl= Subject® 83K Stratification,
Classification, Grouping)dh= Between Subject(BS)<}

Subject H(Within Subject : WS)ollA #HE2-Z=A(Repeated
Measurement)sl= FEl= Ago] A€t weba RVD
o] Fsh= BSeF WSell &3l 2l 1ke] el whet 1
o1z} 0BS 1WS, 221z} 1BS 1WS, 0BS 2WS, 3214} 1BS
2WS, 2BS 1WS 4217} 2BS 2WS o2 HEFch

23 £F 49449 54

a7t 284 A(Split Plot Design @ SPD)[18]+= ¥
AAAA YA As}sH7] e JAAE FHWhole

Plot :‘WP)ell wix|a}A} ARs] 38t AEA g 4l
o] W& 2xE RA(Sub Plot :SP)ol|l wix|sh= ¢
EZ(Block) sk Plots AR8-8k= W olth

webA] HHESA A4 A(RMD) 2] Between Subject
(BS)E SPD9] Whole Plot(WP)ell siw-¥w, RMD
Within Subject(WS)+= SPD2] Sub Plot(SP)ell s
t}. SPD9] Sub Plot& AMlE8ts] Al #&sl= Split Split
Plot Design< RMD2] Within Subject(WS)2] <1x}2]
A=} BHo] it

gy AgAAH SPDS RMDe| 583 *jo]
S RMDE Within Subject(WS)€] 1xkA#]4<=2] <=
A7F AIZHTime, Period)#to] 4% o] lout SPDE
ANt AR FaEthe Holth xfe] T3t W
WMol wxl A A (Crossover Design)[19]E= WS ¢l
A ] ekl dds) A1 = LSD(Latin Square
Design) 2 484 898 do His 852 ARSF L

wba] A7EA] A A 5 RMD= Subject W]
A} Aol 44 20(Time Dependent, Time Varying)
A FZ(Covariance  Structure)7F A g EAo] 2
ks FA "ot FEAF 7271 24 (Homogeneity)
¥ 794 (Sphericity)= 271 #1855 tiRA
(Compound Symmetry), <3H3(Circularity)®] A4S
ASsHA F=t] wEoliel] wet di=r ANOVA(Univariate
ANOVA) == MANOVA(Multivariate ANOVA)E 4
gafjofF it

3. GDY ¢ RMD9] XA
3.1 SxA 9 93 0BS 1WS A4

BS(Between Subject)ell  S(Subject), WS(Within
Subject)ell AE HlA|EH= 0BS 1WS RMD(Repeated
Measurement Design)t® <19 1>3 & Sx 4 1
drede]  dHeole Ay =pts;tate;E
e;; = sa;;°|th. ANOVAS] BS:= 5, WS= 4, e =
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<Y 1> §x A9 dloE P24 2

21 = A S B
= = i A
7R 4= a 3 b

<aY 2> (§: A)x BE Hloly +x4 2¥

F(A)=MS,/MS,7} =¥ s Fyl= 78 Zar}
$1E olfii= Subjectt SHEEAY] Wlitel 3] F9
s

Ql A7}t 1o ] ol
3.2 (s: 4)x Bl 93 1BS 1WS A

BSell A, S, WSell BE #ix|sk= 1BS 1TWS RMD+=
<Y 29 28 (§: A) x B R Hlolg] 34
Yijr, = pta;+e; +b, +aby +e, = ey =8:a;.,
ey =sbray.; °Ith ANOVAS] BS:= A, e, WS+
B, AB, e,= SPD(Split Plot Design)® #e] 1719]
WP(Whole Plot)# 170¢] SP(Sub Plot)® T35
F(A)= MS,/MS,, Fle;)= MSe,/MSe,, F(B)=

MSy/MS,, F(AB)=MS,,/MS, 7} €tk

3.3 sx Ax Bl 93 0BS 2WS<¢] AA

BSel 5, Wsell A, BE Hixlsh= 0BS 2WS RMD+=
<a9 I B2 SXAXB IHEFPY Holy Fx
2] Yij = pts;ta;tby+aby, e e=sa;+sby,
+ sab;;; ©Itk. ANOVA®| BS&= S, WS A, B, AB.e

2, F(A)=MS,/MS.,F(B)= MSy/MS,, F(AB)
= MS, 5/ MS, 7} Bk

21 2} S A B
37 i i #
M s & b

<9 3> SXAX B 9 "eoly 7x4 29
34 (s:4)xBx ¢l 9% 1BS 2WS9] A

BSell 4,5, WSel B, C& Hix|sl= 1BS 2WS
RMDE <@ 4>9F 22 (§:A)xX BX C 185F
o] dlojg] x4
Yiju = pta; ey T b, +aby, +e, +¢tac; +

e;+bey +abe,tes = eg=s:a ey =sb:aj,.

Jiv J

€3 =8C: 0.4 €4 = sbe: ajkl:q‘,o]r/]'-

ANOVAS] BSE A, e;, WS, & B, AB, ey, WS,
C AC, ey W,= BC, ABC, e, % SSSPD(Split Split
Split Plot Design)®} 7Zo] 1719 WP(Whole Plot)¥} 3
71€] SP(Sub Plot)9} #2o] G- %t}

F(A) = MS,/MS, ,

Fle,) = MS, /MS,, F(B) = MSy/ MS,

F(AB)= MS,yMS,,  Fle,)=MS,/MS,,  F(C)=MS4MSs,,

(
F(AC) = M8,/ MS,, F(BO) = MSyd MS,,
(

FABC) = MS, 0/ MS,  ©]TF.

21 =} A S B (&
z=ld i k {
A @ 3 b ¢

<Y 4> (9: A)x Bx €9 "ol %4 23
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35 (S:axB)xcxDpo 93 2BS 2WS9
323

BSel 4, B, S, WSel C, D& Hix|sl= 2BS 2WS
RMDE <19 5>9F 22 (S:AXB)x CxD 173
o] dold 724y, —pta;+b;+ab;+e +
+ abd,

ijm

¢ tac;+bey+abey, +ey,+d, +ad;,, +bd

im im
+ ey +ecd, +acdy, + bcdﬂm +abed;y, Te 2 e =

ijlm
s:aby.ij, ey = sciaby. ;. e3 = sd:aby, . ;, €4 =

scd:aby, .1tk ANOVA®S] BS= A, B, AB ey,
WS, < C,AC, BC, ABC, ey, WS,= D, AD, BD,
ABD, ey, WS, CD, ACD, BCD, ABCD, e, = 34
Ay e SSSPDeF ZErh
F(B) = MSy MS, , F(AB)= MS,,/ MS,,

F(A)=MS,/MS,,
Fle,) = MS,/MS,
F(C) = MS/MS,,

F(AC)=MS,JMS,, F(BC)= MSp/MS,,

F(ABC) = MS, 3/ MS,, Fle,)=MS,/MS,, F(D)=MS,/MS,,
F(AD) = MS,p/ MS, F(BD) = M8,/ MS, , F(ABD)= MS,,,/ MS,
JFley) = MS, ,/ MS, ,F(CD) = MSqp/ MS,,, F(ACD) = MS,c/MS,,

F(BCD) = MSyy/ MS,, FIABCD) = MS, 500/ MS,  ©]Th.

A= A B s s D
2A g k i m
4 a b El e d

<a¥ 5> (§: AX B) X Cx D2 Holg T%2 23

4. (8:axB)xc ° 93 2BS 1WS &3

2y
41 2

411 Holg +xEF 44

WAL A X Bl A2 T Subject’b A o]
AL C AR wapEo] e (§: A X B)x C9
Venn Diagramell €]3F dlo|g] %2 EdL <1
6>} 2o
Yijw = Bt a; +b;+ ¢+ ab; +acy +bej + abe
+ s taby.;+ sctaby. ;01T

ijl

4.1.2 EMSel| 93+ 94 H7}

o] BE JAoA WA AAES AATE ARt
sietes A9 AREEE Wtk o] B3] digk EMS
= <& >3 Zom olF o] &3k FHl= <X 5>% 2
o™ A, C, ABE= A FAA(Approximate F Test) 2}
Satterthwaite A% DF & ot st} FA)Q] &
woll W DF = (MS, 5+ MS,o— MS, o)/
(MS3 ,/DF, s+ MS5 ./ DF, o+ MS? 5. | DFy 50)

ola wkek F(A)S] BN MS,,+ MS,o— MS, 57t
S5 Ue A 1ate] wE e MS, 505 FA)S]

21 Bro g F+= Cochran Z7(Cochran’s

Modification) < shojof EiR=N F(4)=
(MS, + MS, po)/ (MS, 5+ MS, ) o3l AL

DF = (MS, + MS, 50)*/ (MS? ;] DF , 5+ MS’ 5.,

/DF 30, Ho) DF = (MS, 5+ MS, )"/
(MS5 3/ DF, ,+ MS5 -/ DF, ) Itk
IARE (§: AXB)x O #AGge] &4 A

Frs =HAoE Aot e AG AREEE WY
o8 EMSe <3 2>¢ #Ath <G 2>°4 §:ABE=
RMD (Repeated Measurement Design)2] BS(Between
Subject)®] 2x29lo] ¥ SC: ABE WS(Within
Subject)9] 2xF2.%10] F|o] 2BS 1WSe] mgx} o}
A}k webd <E 6>9] FH|= SPD WP(Whole Plot),
SP(Sub Plot)2} #+o] Block3l® Plot® exfegloz
o] 79 Hck

TR (S: AX B)x C& AdeA A, BeF oL

<E 7oA Coll thek FH|E 78 A 2AF A
Satterthwaite AH+-=5 3ok 3t
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3k SS, DFE <34>¢} z2om 371#] REoA FE2] <E 4> (S: A= B)x C SS,DF
o7 AR Source EMS
A EXJ]ZZ(@/ R
<E D> WYRIH(S9: A X B)x C2 EMS _
C EZ;Z(V oY)
Source EMS t B
A bsco®, + sco’y + 0507 o+ 80 po T 0% 4 p T T80 A B ZE]};ZW. o)
C absa%,+bso’ o+ asog o+ 500 g0t 050 un AB ZZ/];Z(M,. R RS
2 2 2 2 2 _
B ascop + 800y + 80 pe T 5 apt Osciap AC 22;2(1/, Ui YY)
AB 50‘7?41;"'5‘7;243(7'*'0‘7;29: AUJ'_O%'C:AB - =
y y ) BC 2222(97.1./79.1..7?/...[+y)2
AC bsoy ot 50 et 50 an o
. Wejo i oY Y
BC 1150330"'5‘7%430'“72(7:443 ABC ZZXA:Z Vg Y- y: !
ABC 2 o2 Ty Yty oY)
S0 pcTOsc:AB
) s S:AB EZZ{]Z]](W. Y. )
S:AB 0. a5t 0sc:an T
CSIAB | o2 SC:AB EZ[:;Z(J/,/H*?/,,. B
: SC:AB :
<E 2> IARY(Y: Ax B)x C2 EMS <E 5> WYRF (5: A% B)x CY FH
Source EMS Source FH|
BS: A MS [ (MS, p+MS, ,— MS, )
A bsco’y + 0. 45+ 050 an c M,/ (MS , o+ MSy o~ MS 5.)
B asoa%, +wi‘:AB +Ui‘(r:AB B MS,/MS, ,
AB (sco® 4o  pt o2
N w . A ean AB MS, 5/ (MSj, 4+ M8,y = MSsc. 43)
SIAB O 4B +U.25'C:AB
WS AC MS o/ MS o
C abso%+ Tee. ap BC MSpc/ MS, 5
AC bso o+ 050 an ABC M8, 5o/ MSsc. 45
BC asgéc + ‘Ti'(x: AB SAB MS. 45/ MSs. 4
ABC $04pct O5cian CS:AB MSs0. 45
SCAB | 05

<IE 6> IARE (S: Ax B) x C¢ FH]

3 ek a=ic:| . o
<HE 3> EFEE(S: Ax B)x Y EMS Soree -
Source EMS BS:
BS: A MS,/MSs, 43
A bsaf_z4 + smiw + wéz ap T Orfgc: AB . A[SB/AJSS; .
B asoai-&-scail,-ﬁ-caiw:AB-&-UiW:AB B A[SAB/A[SS,:AB
AB Smiy*“i’:AuJ“”i‘c:Au
. ) ) S:AB MS. 45/ MSgc. 415
S:AB g ap T 050 an
WS:
W MS,/] MS,
C bsco2. - bsa? 4 asa>, .+ so 2 c 2ol H0sc: AB
aSCo T US04 0T ASO R T 504301 05¢: AB
AC bso® .+ o AC MS, o/ MSge. 45
AcT 050 aB
BC MS, ./ MS,,..
BC 5050+ 0se an o/ MSsc.ap
ABC 504 pot Os0 an ABC MS 5o/ MSsc. 4
SCAB | 0% SC:AB MS0: ap
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<E T EFEY (9: Ax B)x 09 FH
Source Fu]
BS:
AISA/A[SS': AB
B MS,/MS, ,
AB MS 5/ MSg. 45
S:AB MSg. 45/ MSep. 45
WS:
C MS/ (MS, o+ MSyo— MS, o)
AC MS, n/ MSs0. 4
BC AISBC/A[SSC: AB
ABC A[SABC‘/ MSsc. ap
SC:AB MSso. 45

<¥E &> #WERF (SA<B)x C9 EVC o2

Source EVC
A (MS, — MS, y — MS,, o+ MS, 5)/bsc
C MS,— MS, .~ MSy o+ MS, )/ abs

B (MS,— HS, ,)/asc

AB (MS, s — MS. 45— MA o+ MSse. 4/ 5¢
AC (MS, ,— MS, 5/ bs

BC (MSyy— MS, yo)/s

ABC | ( MSge. 45)/'s

S:AB ( MSse. ap)/e

CS:AB

MSypo—
MSy. 45—

MSsc. ap

4.1.3 bl &3t A=A B}

41244 ANOVAel °gt FAAL #7]8<lol€]
o2 agle] wetyfo] FErpdAvh= o Qith

;—z 1>~<X 3>9 3714 R&e] EMS(A)S =3

735 67}?@ 891, IR A9 A &

8%le] weEo] Qi) w

2hA] XV]UA £58 2219] EVC 25 T8I <E&~

=2

GE 102 2} RSP Evaa) = (MS, — MS, , — MS, .+
MS, ) [bse= IARE EVAA) = (MS, — MS, ,,)/bsc K.
O grol 2l Hof HAawrhE= vl uARES &

ko] gho] wejsEzhe wo] glrt.

HgRge] A5 D[:US:AE’/(U.S':/IE’-"_UZ(7§':AB/(7+U%1+O%?
Gl&= ddjext
U/i‘\“ 0?9 + UZBJr JEA\C/ch O'ZZ;C/C+ ch/c+ O'EC/C) = DI-OJ %Eoﬂ
A Ay SRR B DI=0% 50 csasle

+ 0% gt ool ct P polct aolctos/c) o]aL

+UA +UB+UAB+UAC/C+&?430/C+(;QBC/

ctoy/e)eli GIe Adlest of +o%+0%,5 DI

o)A Wl ok
T otE g Ag AbEHoR rboidAiel
Subjectst AERIAR] AxBE @akaglo] ohd A
(Universe) 21z #& 4 ) o] A$ WH=ry
DI=(c%+o%+oip+tos i)/ (04 +oh+a?,+
&fq;AB"‘&ic/C“‘&ZBC/C"‘&ZBC/C‘FUCS;AB/C"‘
o%/e)olal Gle Ao}t of/cE DIo RRolA )
Fu Ak ERRYe] A% DI= (64 + o+ oh 4+
&?9:AB+&ZC/C+&?40/C+&ZBC/C+&QBC/C
+oie aple)/@h+oh+oiptod iptoiidet
opeletayelct oty apletor/c)eli Gl Al
SolA] wijFH g,
7 et ghe ARSSlEE A

<% PuAEY (SIAXB)xC2] EVC ¢°
Source EVC
BS:

A (MS, — MSg, 4 )/bsc

B (MSy, — MSg. 1)/ bsc

(MS, ,— MSq, , )/ s¢
SIAB (M. 1y = MSsc. 4 )]

Ws:
C (MS,,— MSq. 4 )/ abs
AC (MS o= MSge, 413)/bs
BC (MSy .= MSge, 4 5)/as
ABC (MSAM MSg. ap)/s
SCAB | MSy.. 45
<E 10>EFEH (SA<B)*Ce EVC o?
Source EVC
BS:
A (MS, — MS, ;) /bsc
B (MSy, — MS, ;)/asc
AB (MS,,,— MSq, 4 )/ sc
S:AB (MSy. 4y — MSgp. 1)/
Ws:
C (MS,— MS ., — MSyp+ MS, ) /abs
AC (MS, . — MSgp. 4 5)/bs
BC (MSBC MSy. 4p)/as
ABC (MS  yo—MSge. 4 )/
SCAB | MSy. 45
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4.2 &2k

(SIAXB)xCell o]l A/d® 2BS IWSEFEL x4
7B (Organizational Development) H+= CDP(Career
Development Path)S 2] #FollA A g0 7}535ltt

2BS+ A, B, SIAXB=E 22112 A, Bell A &3]
2 +=(Nested) Subject® A&dA7F Aot wpabx A
= A, B g8, S« QA oAl Ag o
TNERA, Bi7IERA TIEd9TA T4 A
2 A a1 g dEddE 59 BIA A
gl dis A= o JAMARE e A gk
IWSE d&(Yean) & CoIA= 3ho] 19, 2, 3d
To 2 sto 54 QA it

\=Re} 2~
o= nn
of d=d WA " Haez A7 qdS A%
Al

v Ak Q14 7 gk QR A

o] 4 g}o](Optimal Timing)S 27] 93] AL
g 5 9tk

ATl et Byl vETEy ke <l

A5 2= AQAE giate s wsFde] gl H3

o2 o= Elo|dE Hotstaal et AfolE AR
g 9k

J
AZH A1 Zhell whet nA4 " =M= F8sjok 7] 1

il

ol Random3} €2 Hloju= whxje] IAwh A%
A doM= d=d bl od HA golds
= Bo] o] ARor X E ATHFEE ¢
gk 22 7)ol M o] &-go] 7hssith

2 Aol e A Gl Abgre] dd Ik
= = 9 gFsdE J7H] AREEE RHEES
ARMD)e] &8-S 3% Subject E=20%}
= Ak Jhret Fejel web 3 skskath
RS s 918 W= Venn

Diagramel] 2]t thefst dukshrls® A4 A(GD)E
& AASHATE

(S:AXB)xC GD E3& o]&sle 2BS 1WS
RVMD®] 314 wxap A 23 %,
g WAk AREY F 3 BES Adeta AE9
£ AAskaT

T ATEE AEEorRE AXEHIE 227N
2o gk FAF QD AR 2 ASATel] 3
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