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214710l o1l A Hotel digk AAIAR] TF 59 stue 493
(selected- response item format) AAE $F= sto] SAES A
i8] g FA H7PRSH, 3% 7Hperformance assessment)
1= sto] JNE St A Amsta xdskal Farskr] 97k A A
W7tz el Hdgho] o] Fojxal Uth= Folvk (W<, 2000). 3 7kl
3 B2 vigk SEluElnte] @ ofuth Ao o wTtE A

A AFEA Hrk BT ADN A9 PAE AGHT A2

m du
l
HE ofk

o,

Moo=

Fulol Wb WAL AEsn vk 71E9 Bh =rEE A 554
o g Feld AN

(W= 2007; Kane & Mitchell, 1996; Linn, 1994).
Yy A= 1990 %9 4133%7}9]' A sk 7HLﬂ°] 27N E R AL,

2]l 200078 Al e A7 S dg e A x - %%I’L%Oﬂ T3
P didos m=fEo] SR b WEkE A= -

dhe FER7E st dejelA Fr 289 3 2, Rt WA
1980 el el 7tE =ge wsollAE o & 99l F 99, Ee
=7F @9le] Hrbel &SR, =23, A, 143, 2017).
=] B¢ AFH7IE 71Nt w5708 (standard-based reform)€| 2o

4] California Learning and Assessment System(CLAS), Maryland

d

State Performance Assessment Program(MSPAP), Wyoming Body of
Evidence(BOE) &3 #& F @9 H7lo| FdH7ME =R L(Wei,
Pecheone, & Wilczak, 2014), o1& &3 stuw wfo & Ay 234

RS HAsAvEEed €, 2017).



WA, 2005 A=, 1996, W3], SHAEl, 1996). 1 al G333
7] oA 7HA] FEl F syl A3 =3 (constructed response item)
of w7t E AdAEFE WL ol e HAF(TOPIK), TOEFL (Test
Of English as a Foreign Language), TOEIC(Test Of English for
International ~ Communication)  Speaking and  Writing  Tests,
IELTS(International English Language Testing System),
GRE(Graduate Record Examination), t&A A A= H(K-CESA)
I 22 datE EEE A AR 8 Ea vk B3 gt 8
A FAE dar R FAH A Aol = FEFS w A, 200195 5 F
712 A= A 719 FHE 7H(Progress in International Reading
Literacy Study; ©]3} PIRLS), 1995 o|% 4d F7]2 AA I 9=
G838t AJFHE AH L A (the Third International Mathematics
and Science Study; ©]3t TIMSS) % wHFEA 3 (TIMSS Repeat;
TIMSS-R)Y+ OECD F#9¢] sdAdHAE = AH . A7 (Programme for
International Student Assessment; ©|3} PISA)9] AAI =% 43
T@de v E¥eta oA, 2T, 2004).

olel ol del &E&HL A= FAEE w¥oer A" HA AUt
SATGA SHeA AFES} BIEES 77 fsiA Addsojop &
2 A AA 25 Y AFAERTEH ATIHL A 53] 5H
Al SHeA 4y B3y BddE oy 7pA EAE] S AE ok
Sthe Tl AVIHAJATHEE S, 1995 FA5, 1998, WAA, FHA,
Y5, YvAE, Z5-f, 9h4dn], 2001; Engelhard,

1996; Engelhard & Wind, 2017; Hattie, Jaeger, & Bond, 1999; Lunz &
Stahl, 1990). 74 & & o] AL Aola B &S A= 574
& g AeA, 71 Aud &3 AHA vleE oA A2 23S 28

-
@ Fitel 9 TAHY BPOR ofold PAE i AdA YL
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S xR A3 AT steAS WA S+ flth 53
PIRLS, PISA, TIMSS$F #2 =AM x A+ feuyete] =7k45 ¢
AAAE Hrtol A o] FolA &= Uit SAAAE HAPI A= ol B3
g A2 AAlel tlste] FAE £ HF

gt A gE7 g% o8 497 2T & Ao 34
TIMSS 20117HA1%F stejete A|E HAAE AF ol &sto]l 7] A
WA o2 S WNPstHA Ao AFATE & HARA e EFFE 43

2 st 23S 7 AdetE AAYL(ESA 9, 2015), wite] 18}

Sl

wah AEAIL Fet wAAA ARSAY w2 Rek wa AEs} 9
o wAA Aol TAE B Ad AHYL ARG gde
ol

A% A AR Adse A4A were AW} FAY B

AR B o] AT JhsAdS Fole Aot 9, 2010;
Eckes, 2017). ©]+= Hattie et al.(1999), Engelhard et al.(2017) 5] AJA]
st uS HA Aol AlFEAd 9 gAY #3Es 571 T8 AHER] =

4 238 (measurement models), 7} &-8(use of assessments), 37} 7|

O:

HF(assessment development), ¥ 7} # 2] (administration of assessments),

W E} 3 7} (evaluation of assessments) & F7F /| SHAAQ] =3 o]
b & g ATk oo AR TEs A&stes AAANA dedE AFA
S IS =017 A= A AAE Aty el AHA F4
& Fote] ALY 5 AolE FHaiststa AHAN S Hois)
= HrE B Zdol A 3ol & Q3dth(Brennan, 2001; Eckes, 2017).

shAIRE H7F N, HUF we] SHolA Y w¥ sk Estar A
549 FFS s FASTIS AR EVFssitRelds, 2008;

Lunz & Stahl, 1990). u}&}A =) =} of w& ZolE mjAlstar Uut
Aoz HArkel HAQl AP T At FAES S A4

4 ogie B A4 540 GFS AAd] nAHE 54 2 Y

Jm
o,



o

SHolde] Hrol st agar AHA S wE dEFE AAS
|

7] feiA = 1A A B3 AN vEds AR S e
FEFS AEstA vhetst= Aol FolHt Aol

o3t ol 2 TAYE =T A Aol g £4 el A ¢
AAE wA HA3, aHPAe| o viES T dutsils i o] &
(Generalizability Theory)¥ w&wr§o]Eo vlEE F& t=w Zh4
23 (Many-Facet Rasch Model)= &-83t 50| &s] o] Fojxit)

(Engelhard et al., 2017). 18]31 HILol= o8 71A Q@A s3] &
Aol 7hsdk YA AFA 2 ¥ (Hierarchical Rater Model; ©]dF HRM)
S A& gt AFEe] A H At (Casabianca & Wolfe, 2017,
Casabianca, Junker, Nieto & Bond, 2017; DeCarlo, 2002; DeCarlo, 2005;
DeCarlo, 2008; DeCarlo, 2010; Kim, 2009; Kim 2013; Nieto &
Casabianca, 2019; Patz & Junker, 1999; Patz, Junker, Johnson &
Mariano, 2002).

HRMell B3t ArsolM = AeAed wdutsol& 7wke] Adx &
I oM FEH Fr tFo] oW AMA dAA EaolA o deolrt
Azl dad s FAEFE ZAA ol WA om A ZHE
YA AR, AEH A a3 B v AR A Ape] o &l

Holgh= 7Hd e AR 45 $toh 28y 748 %

e A7) viAEa (Briggs & Wilson, 2007), A ole] 744
q

E
-
ol upek BT APA FEAEe] Ael g ArE AW 2 A



H

Sl = Ak 20%E dolvt= 47 H v} (Shavelson, Webb, &
Rowley, 1989; 73k o]qF7l, 2008; A7, ¥z, 2019)+= HoA
Aakel w@de S 7P AA AmolAM FFHHY] A B2 7ol
2t e

DeCarlo, Kim, & Johnson(2011), Patterson(2013), Patterson, Wind,
& Engelhard(2017)¢] @ FolAE= AR 42 3o wet zhzh o=
A AAste Bt BAE AdsEAolE 7Rk AAA AR 2Y
(Hierarchical Rater Model based on Signal Detection Theory; ©]3}
HRM-SDT)ell &3t AHzatet 3o S84 7H8S AAT 2E Y
248§ 7heAd S BAFA AR A AT 3 AA Reess &85
= HRM-SDT9| Eg9 S A B Aes et He
F7F wel Al WA o soldn. AnrE AdAet £33 549
S 2UA B FrbA AR, MFaet A wor BY

2747 wRol FAdoFd B4k AUAA wolE BA7F £49

HAS 7FA4% HRM-SDT &8 AgoA = 57H HE A= i
2~47) ==y TS EHs=d 23 3(DeCarlo et al, 2011;
Patterson, 2013; Patterson et al., 2017), Atz o & wote] Zoj7p &L
thmo] FAE £ oz o]Fo]x PIRLS, TIMSS, PISA 59 Wit:
AAbel = A &38t7] g4 &

Hao TAE Faow olmold witk Al HRM Ade] A
g o] YetyeE AAHA-EY SHHAoR IF AR RS ZAS
A2 FA4 T A Atold B AFe U] H% AR 2
TAAME FAEH FHY FHS 7HK Patz et al.(2002)¢] HRM<
AA -3 =64 Aks stets WA oR ARSFEE RYPs At
th. Patz et al.(2002)¢] HRM-=2 AAAA-HFAAE AHHG2 EFE B3
of 3x3%tel+= DeCarlo(2002)2] HRM-SDTe| H|slo] AUy o=z kv
2ot} Patz et al.(2002)2] HRM-> DeCarlo(2002)2] HRM-SDT}
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o. o] &3 w7

AF Agel W B2 Aol ol A thekRE H o] o] F
oA LA AAO)|E] eSS T AXE E7 Cohen? Kappallt <uk

Hgrh5E olgol Mol ARA e BA goe AQA gl B At

dul} Ax it 5 3 gt wheha
o] AEEdAE AMA SHOR AF Aol MUA A F4o] 4
Aol ow e G mAEA sebaha, AdA Gurol WA P
A%9 SEAE FA49E Fvo B 4 ot FALE AT, o
of web AAA dFE BASAY NP 5 F4A o] vste] AR
dgom AF AolZ AFo wAsE PHow Lo E(item

response theory)ol] H}IES
2017; Linacre, 1989; o]& <, 2008)

o

= =
BFgS ol WS o ® ASHA il By AEstd g S uiE 2%

)

HE-S-(polytomous item response)oll gk e Aol A7 EHAa o

AL
rO
o -

Ao o&] o F3uk-go] Z(polytomous item response theory) &
o] ¥ o] grh(Samejima, 1969; Andrich, 1978; Masters, 1982; Bock,
1972; Muraki, 1992).

12 o Eddukgol2 23 o 2= Masters(1982)7F A ot3k F-H
28 (Partial Credit Molel;, PCM)¥ Andrich(1978)2] #HA =

=1
(Rating Scale Model;, RSM)e¢| tjz & o|t), RE2-dr-R3g -2 vlue] oii
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[23 [O-1] Patz et al.(2002)¢] HRM =&

S el ANE FFM AWATE 33 (R=3)0lkd 2 3
27he) §F) makel wketa, 2 Swel hstel 3we] APA A
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Aol g o e

o
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st i o4 WA p, s FABTT B 5 AT, polA ¥, 2
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AVl LA 4

ol M AA A

gtk skl AHA Hearol wE

o
A gEY AAE [29 O-2], [2¥8 O-3]3 2o

A Al 8} A T
i P(Y|n) i P(Y[n)
Y=0 | V=1 | V=2 | v=3 Y=0 | v=1 | V=2
0 | 9961 39 00| .00 0 | 9961 39 00
1 38 | 99.23 38| 00 1 38 | 9923 38
2 00 | 38| 9923 .38 2 00 | .39 | 9961
3 00 | 00| 39| 9961
(A1) 49, $=0, =03 (B1) 3=, ¢=0, ¢=0.3
P(Y|n) P(Y|n)
T VYm0 | ¥=1 | Y=2 | Y=3 T Tv=0 [ v=1 | v=2
0 | 9022 | 978 00| .00 0 | %022 | 978 00
i o1 | 9021 | 978 | .00 1 01 | 9021 | 978
2 00 01 | 9021 | 978 2 00 01 | 99,99
3 00| 00| 01| 9999
(A2) 445, $=0.3, =0.3 (B2) 3HZ, $=0.3, $=0.3
P(Y|n) P(Y|n)
T [Tv=0 | v=1 | v=2 | v=3 T [Tv=0 | v=1 | v=2
0 | 5000 | 5000 | 00| .00 0 | 5000 | 5000 | .00
1 00 | 5000 | 5000 | .00 1 00 | 5000 | 5000
2 00 | 00 | 5000 | 50.00 2 00 | .00 |10000
3 00| 00| .00 |10000
(A3) 44%, $=0.5, =0.3 (B3) 3HZ, $=0.5, p=0.3

[ O-2] AA 944 Baol w2 A4 gs
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& Qo SMsAE ARATL ol A gt e FFE
Bt 4ol dvkd AP 44 BeE onck 23, o AH g

urh we AR BAse 4% dvd A4 944 2eE ond
&

tt
ol

P(Y|n P(Y|n)
T "v=0 | ¥=1 | ¥=2 | v=3 T Mv=0 | v=1 | v=2
0 | %961 | 39| 00| .00 0 | 9961 | 39| .00
1 38 | 9923 | 38| .00 1 38 | 9923 | 38
2 00 | 38| 9923 .38 2 00 | 39 | 9961
3 00| 00| 39| 9961
(A1) 48, $=0, $=0.3 (B1) 3%, $=0, p=0.3
PVIn) PV
T ["v=0 [ v=1 | v=2 | v=3 " [Tv=0 [ v=1 | v=2
0 | 8805 | 1192 | 03| .00 0 | 8805 | 1192 | 03
1| 1065 | 7868 | 1065 | .03 1| 1065 | 7870 | 1065
2 03 | 1065 | 7868 | 10.65 2 03 | 1192 | 8305
3 00| 03| 1192 | 8805
(A2) 48, $=0, p=0.5 (B2) 3=, $=0, p=0.5
PV POY[)
T [Tv=0 | v=1 | v=2 | v=3 T [Tv=o [ v=1 | v=2
0 | 7260 | 2647 | 123 | O 0 | 7260 | 2647 | 123
1| 2074 | 5754 | 2074 | 97 1| 2095 | 5811 | 2095
2 97 | 2074 | 5754 | 2074 2 123 | 2617 | 7260
3 01 | 123 | 2617 | 7260
(A3) 4H1Z, ¢=0, §=0.7 (B3) 3HZ, $=0, y=0.7

(29 1-3] ARA B4 2ol W A4 s

WEIL 39 A(BL~3) BFAA BAY m5)
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1. & 97 di
7}. PIRLS 2006 & =&

PIRLSE= 8171 g&ol dig sAn A= TIMSS® &4 =4
F$4HAE B3 g (olst [EA)S A A+ F  stuolth. Boston
Collegeel $1x3F TIMSS % PIRLS =A] a7 AE e Fdo=z 2001
FE 5drnity AA o] 2 PIRLSE 48hd st 59 97] AFHAE FAE
BFrretth, FoF ulide] 43hd] ol f-& o] Al7IE ofdolel ¢}7] e
A A GAZ B 917 o] a1 (Mullis, Kennedy, Martin, &
Sainsbury, 2004), o] @AAA ¢17] AHAEE Hrlste] wSHe} A
Pl Al ARE AFsta NAHAES 2= o] PIRLSS| &2 ol

PIRLS 20060l = 4070 =roll Al 7,7627) stul w9l = 219,740 9] st &
o] FoatdliL, olF % /| FvteE AYGHER wE FAsAY 53dS
Hre] Uo7 71871 % stk (Mullis et al., 2004). A Frol=x =
23 o] A FRE S <F M-1>3 2o,
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Introducing h
Antarctica K& Sout Pl a)

What is Antarctica? 1

Antarctica is a continent that is right at the X /
south of the planet. (If you try to find it on a k
globe, you will see that it is at the bottom.) . /

It takes up one-tenth of the Earth's sur- N
face and is covered with a blanket of ice that A Map of Antarctica
can be as thick as 1,500 metres or more. The
South Pole is right in the middle of Antarctica.

Antarctica is the coldest continent, as well as the driest, the highest and
the windiest. Very few people live there all year round. Scientists stay there for
short perieds, living in specially built
research stations.

Summer in Antarctica is between
October and March. During this time
there is non-stop daylight. In winter,
April to September, the opposite hap-
pens and Antarctica is plunged imto six
months of constant darkness,

—

[29 I-1] PIRLS 2006 #3738 Antarctica A A& 45

(-

<3 IM-2> PIRLS 2006 =& ¥ Antarctica A A& #+&d £ L4
= 3 Ul-&

Think about what the article says about Antarctica. Give
RO11A04C  two reasons why most people who visit Antarctica choose
not to go there between April and September.

ROLLAO7C Give three ways penguins are able to keep warm in
Antarctica.

ROLLAOSC What are, two things you learn about food in Antarctica
from Sara's letter?
Think about whether you would like to visit Antarctica.

ROL1A09C Use what you have read in both Introducing Antarctica and

A Letter from Antarctica to explain why you would or
would not like to visit.

e

<3E M-2>0 AAE 35S Antarcticad] £33 117] £3F Sl A
g ke FAY FE2 37 F33(RO11A04C, RO11IA08C, RO11A09C)
4% 32, ROIIAO7C 32 0~389 47 WHF
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These responses demonstrate extensive comprehension by
identifying most of the ideas in the article from which
34 penguins’ ability to stay warm can be inferred. The response
describes at least three of the ways penguins are able to stay
warm listed below.

These responses demonstrate satisfactory comprehension by
identifying some of the ideas in the article from which
24 penguins’ ability to stay warm can be inferred. The response
describes two of the ways penguins are able to stay warm
listed below.

These responses demonstrate limited comprehension by

17 identifying one idea in the article from which penguins’ ability
v to stay warm can be inferred. The response describes only
one of the ways penguins are able to stay warm listed below.

<Ideas from Article Explaining how Penguins Stay Warm>

@D They have many feathers which overlap each other.

@ They have woolly down feathers.

@ They have feathers (only counts as a separate idea if neither of the first
two ideas about feathers is included in the response).

@ They have a thick layer of fat.

® They huddle together in groups.

3 ROI1AQ07CS Ee3F “Antarctica” w3782 PIRLS 20069 3
7F MEEAA FAstE 7 1Y 97l HAQd e A d(literary
experience), ‘AH 5 L ZF8(acquire and use information) F ol A

[e]

A A5 L B APes BRI webA o FFFIL A
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W 2ol oA F@ATE Heloks Aust Wasy, 2 A Aus

]_
Fetol galEAol meh Aehs] W] Jridon W

4831 5] g e
NEe AR @, BeH A6 ug BaEe AgolE BorEel

1Hs A= FA4d AH 715 (rubric) 2 <3

M-3>3 o] AN, AAASL oeldt 712 Faate NAAE
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o] AAF L, ‘FPAF FAQl Fel| Folstel Al AF, BF, A
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<3 IM-4> PIRLS 2006 &34 43 R0O11C10C 43 7]+

)

T 715 A

These responses demonstrate extensive comprehension by
integrating ideas from across the text to fully support an
interpretation of why the clay’s feelings changed during the
story. The response provides an appropriate description of the

3% clay's feelings at the beginning and at the end. It includes
information from the story to explain why they changed. In
the explanation the response demonstrates understanding of
one of the following aspects of the clay’s proud feelings about
itself at the end of the story: fulfillment, usefulness, or
beauty/aesthetics.

These responses demonstrate satisfactory comprehension by
integrating ideas from across the text to support an
interpretation of why the clay’s feelings changed during the
story. The response provides an appropriate description of the
clay’s feelings at the beginning and at the end. It includes
information from the story to explain why they changed.
However, the explanation for why they changed does not

24 demonstrate understanding of one of the following aspects of
the clay’s proud feelings about itself at the end of the story:
fulfillment, usefulness, or beauty/aesthetics.

Or, the response provides an appropriate explanation of his
feelings at the beginning or the end (but not both) and in the
explanation of that feeling demonstrates understanding of one
of the following aspects of the clay’s proud feelings about
itself at the end: fulfillment, usefulness, or beauty/aesthetics

17 These responses demonstrate limited comprehension of how
v the clay’'s feelings changed during the story. The response
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provides an appropriate description of the clay’s feelings at
the beginning or at the end, or both, but does not include
appropriate information from the story to explain why they
changed.

Or, the response provides an explanation of the change that
demonstrates feelings of fulfillment, usefulness, or aesthetics,
but does not describe his feelings at the beginning or the end.
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* M-6> &3 dAe & &3 7l=37
s N¥Ag HE# g%k 3t F=AA
RO11A04C 49,356 0 2 1.090 631
RO11A08C 49,381 0 2 1.430 696
RO11A09C 46,326 0 2 1.180 746
R0O11C08C 48,730 0 2 970 883
RO11C11C 45,733 0 2 1.120 703
RO11F07C 48,127 0 2 880 908
RO11F09C 49,339 0 2 1.500 747
RO11F12C 44,030 0 2 790 861
RO111.08C 45,636 0 2 800 707
RO11L10C 43,061 0 2 760 792
RO11L12C 41,210 0 2 890 680
RO21E05C 49,744 0 2 1.330 348
RO21E07C 49,214 0 2 1.160 807
RO21E09C 48,719 0 2 750 742
RO21E12C 44,623 0 2 1.040 787
RO21K01C 50,719 0 2 1.400 743
RO21K07C 45,393 0 2 1.110 815
RO21K10C 38,319 0 2 710 844
RO2IN03C 47,183 0 2 560 709
RO2IN11C 44,424 0 2 1.100 878
RO2IN12C 47,185 0 2 970 833
R021Y09C 48 475 0 2 1.460 761
R021Y12C 49,148 0 2 1.050 955
R021Y14C 47,945 0 2 910 901
RO11A07C 50,043 0 3 2.040 1.099
RO11C10C 45,832 0 3 1.600 1.179
RO11L.04C 48 597 0 3 1.250 913
R0O21K12C 42,560 0 3 1.800 1.075
R0O21Y13C 42585 0 3 1.330 1.055
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<E M-9> 4 Az AHAA-FF AA

R AAAE WA dgus AT
dinf= 464 361 77.8%
ZA] o} 348 348 100.0%% O
s F 348 348 100.0% O
71y 174 174 100.096 O
ool &= 319 316 99.1%
o} E v o} 290 218 75.29%
g] fFol o} 58 58 100.09% O
SEAR=3 232 208 89.7%
g a= 232 181 78.0%
TAE= 319 318 99.7%
=29 9] 406 406 100.0%% @)
Fuly o} 232 139 59.99
2] A] o} 58 58 100.0% O
< 2 ul7) o} 319 307 96.2%
< 2|y o} 261 218 83.5%
29 dl 406 406 100.0% O
vl A =4 o} 638 638 100.096 O
o) = 203 196 96.6%
= 203 163 80.3%
A2FEWNE= 174 147 84.5%
W 7)o (U d =0l A) 174 174 100.0% O
Wl 7] of| (3L 2~0] ) 232 232 100.096 O
olol & H=(5%d) 319 296 92.8%
=29 o] (58hd) 377 377 100.096 O

ARA-EF AN RE AP} BE B AWSE A9E
F WAR(EAL, 2, grbel, @Rohol, madel, elAlo}, e,

_42_

2] _k'.'!_]-]i &5k
-'-H.E Ii __| .II_ -I'I_



s E e}, Wole]-vh ko], Wole]-Leg o], w2 eo]-55hd)

o3, o] FAAEE AFA-EG Aol lolA ATHMA} o] FolH

WA= TFE0] A2 dAH= As Fdsdtt

A7 2Y T E-HRM= A5 24 H&8= 45, AdA-wdd
Aol o] FofA7] wEe APA-=FEE APAFE AL HaoA
o gL, Ao MAA-TF =AM A2 AMAFT o] 51

F74 124 24 3 44 54 54 9@
div}l= 11.9% 4.2% 4.4% 0.8% 1.1% 22.4%
Z Ao} - - 0.3% 1.1% 1.1% 2.6%
>3 - 0.99% - 1.1%% 5.5% 75%
3 7he] - - - - - -
sho] et . . . : : .
t} E H]o} 0.5% 1.49%% - - - 1.8%
2] Foh o} - - - - - -
SAR=E T 0.5% - - - - 0.5%
g e . T 06% 28% S 3%
TAHE 0.3% 1.9% 3.1% 4.49% 1.9% 11.6%
29 9] 0.5% 0.5% 1.29% 0.2% 0.5% 3.09%
Fulyo} 12.2% 0.7% 1.49% 0.7% - 15.1%
2] Ao} . - . - - -
&5 u7)o} - - T 8% S 1%
Z o} 1.8% - - 18% - 37%
P : . _ - . :
oh A ] o} - - 02% - 02%  03%
u] = — _ _ _ _ _




=7}

4.3%
3.4%

3.7%

3.4%

0.6%

A

7ol (Z 720

ofe] &

4.1%

0.7%

0.7%

2.1%

)

gyl

(5%
/o] (551d)

[e)
F

b}
o

=

;@ Folel, galel, 29, v

i)
)

7be, otol&

3

&

=

il
;OO

1

A A

ﬁo

g

2 24 A=

1 o] 22.4% = wj

Frtdel, pEA=T AL FE

G

A

T
N

;Oo

P

]
“

of glo} o

g

A

-

= A9 e,

A= E

&
=

1A AN = o

R} - x

3|
=

shA o 3]

"+ X (social network analysis)

il [ I-2]9F o] =43t 4 Slvh [2d M-2]eAM x4

9|

=
&

&

S
=

T
T

A (edge) ] #7]

s

Atolg A7

oA AR el 7}

_44_



©g

@
@ @ ®

(d) 2AEEZ|0}

[ m-2] A A aA S &

|
- E+=

(O]
@
@
®
@
@ @
(O] @
®
(O]
(c)elol=
©®
®®
@ ®
(O)
@
®@

(e) ol=4|A|o}

=

B 3E ALE FAA Az a

A= Mz 3 d245 7HA= As BAFAT & s 4L o
Ade 7= AA 545 Bolsa v whd (D (e)= e A
7F 7hal SRS FellM AZEHA Xste] EHoA A" e AE o}
S} A=Ulrjol Atgloltt. e AEol= F A U Hds o]Fo Hd
el Awt Add Fgola, J=dAols v AHAE0] A= A4
ol HAes olFal a2 AHAEES I Hde AZHA XKt

_45_

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



Aaes A = o
24 "3

7boHg AT 24

& AollA dAE #gE& A PIRLS 2006 #AF5ol thdh 42 144
234v o] AHAE A3 246735712 AW ARE IUMEE o
e

qahe wHoE AAsYn B BEW Fa AT ®

4
mae ARA-RY B9 AFE @] e FAHE

1
MIHRM) © A, zklni)OCeXp{—Td)Q [k:—(nﬂrgzﬁ,,)]Q}

r

1
M2(E-HRM) : P(}g,.zklni)ocexp{— o [k—(m+¢r)]2}
) 1 2
M3(th etz a) P(Y,;r=k:|n7;>ocexp{—2—¢2[k—(nﬁ%)] }
) 1 2
M4(t) ok 82) P(Krzklni)ocexp{— > (k= (n; + ;)] }

ol Fo] AA ANAA EFP] tist HAA FHAAoA = Ay oR

_46_



W o] x| ¢t = A 8H(Bayesian Statistics)oll 7|

W o H oo I NH = w = 1_.]
%.,lmA;%_szﬂmm%W VMATfrﬂExﬂud%%i
ﬁa & - EL 1% Y _zT < w o M 1 FL X M o o0 - ) 'y
m 5 o) Q N o) oF o T oF _ . O ©° N

woF 2 Mo S RE g5 WO = Y ) z° & oMo o -
e E o il . P BBE 4 ooBg gy "
— 2 8 x Ao Wy 3 o X T o ol oy
mwu@mufﬁu.m%wmﬂw #?%S%%@%M%M
w M 2 oo = do > S R R R T g

G BT R = I T o p Ny £
I R VT S R =S PI CR IO =
N m N s ik d i | M o ™o . H Mo A= =y \.Mm/ %

= =0 iy M o3 o= N X X g T
~ W B O T @ Bos & S WO % W g =
Sy FguEg BT ﬂmﬂ%;%ﬂ@ﬂe@_ _
Cm g 35w @ Wi o) o5 W ol ) A z < s
= W s ® N @ﬁ i N M= 4k 3 hmm o~ N m 10 <
ﬂor s ﬂﬂ” _zT o} o ,DF 1) w/ = = = O mml w Ton il Mu_l M ﬁi =2 |
s Xo® My 3E gy T WoN S oo o =2 -
;wm_dﬁ%@ﬁ%@?uﬂﬂo}%%?Hmﬁmw -0z =
2 7° Ev._._ I . o) O] ~ X - = —~ =~ = |
5 B JJ HL RCo@rom- oo B o) ¢ n oy S 4 X um M T AR g = N = S =

N o S o ol N — N SRS ! oo L
SR ESEE BE LSRRG SEE T DR
3 oy CU w5 g R = o O
o T i XA Ay = o Y e X o
om@mt%uom#_zr%E,K\ﬂnlw_@ﬁmuh?.%4%%
= = - Ao uy o ©° wo 9 ]| (Y N o A
g i H%meﬂ_fﬂo@mﬁﬂﬂ T 7 H g g
'z = > o o = 1+ GRS 7T WX ) O WS (= X W
S . O % A o Ao K = 0o W A ol =

) = = o W X B ch oo o

. D= WMy BN ﬂﬁrﬁﬂzyﬁi%%@m
=R T = W o O N ox N B 760 — A o
5 B = 2 T
S I S ST - B < O o oz M o
s = S = ! o O o X M o 2

™ W N m g m N e oF M % R = H AR MR m m



I
IR 3 E 9
o FARA AARTE BESAT, A7) wre] Ik FAH A
Bx 4L olge} 2

¢~ N(0,10)
log () ~ N (0,10)

MCMC F%9] wHE(iteration) 3t Ao <A E 913 burn-in
10,0001& 235t 20,000 o2 A A 31, s50 7] (thinning) §1©]
A & 10000709 HEES AdoA 6719 dAHE==ZFH  60,00071 <]

MCMC #&& F=3F3ATh

7" MCMC #REOoZHE Ry ¥gH HG9 AFEEIE 45
T AL, AAFREE B g4 &5tV offy] "W AASEE=R
HE 2o gk A FA X (point estimates)S A3 T AFFEFE 9
A FAANZ AMEHE UEfGoReE dubdo R xS 3 (posterior

mean), A} 59 Fk(posterior median), <AF AF$ W Zk(approximate
posterior mode) &©°] &&8Ht} A Patz et al.(2002)2] Aol = H
oAt FA4E& &&= IRT By AT E= e -t (symmetric
unimodal) ¥3¥ 9} 2 Ao]E Hol: A7l FF LAy uio] A
Hiroltp AFE =W xF(posterior deviation)E &-&3HA i AME
A@} A2 G-7H(credible interval)S tl3EFoZ 85T olE il

sto] ¥ AFelME £F Eaek A Rao] AREae] i A &
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AAZ AL TRES 8L, exe dEE EHole FE AR

M

o A gtely f8 X A7|(effective sample size), HEHIIEE
¥+ 2 %H(Monte Carlo standard error)E &3} t},

W, o8 B A= 07F N0,1)1 AT REE JPska gle
22 EAP(expected a priori) FAXE 8 EF9 UtisEgtoz ALEs)
A1, FTHEFY Q_i}i% SHERSY A% 353 X (posterior

standard deviations)&

ol ¢} o] MCMC
A FEEJA=AE
A g ATl Fe BAdd BE nlads A mart ofy 7],
@& A Bl disiA Rt Brhskdoh ¢
& Rubin(1996)°] Alotd R EAFS T893, Gelman &
Rubin(1996)°] #AAl & “<1.1” 7|&= 4

2y Hae] oAM= A4 E¥F O Deviance & AFF  Deviance
Information Criteria(¢]3} DIC) &AIZF<S AtEste] 2y 1he] Hluw s+
WS Z83Av. DICE devianceol E@e #F3& E F(effective
number of parameter)E 9 7|dli= pDE G A 42 AEH =4, o=
REe] ERxro] mE ddyE v Agd B 5 Ak oW &

24 4+ AIC(Akaike Information Criterion)t} BIC(BayeS Information

EE Nﬁ"
O{i
oL

grbete Aol Aas

Criterion)o| Al &&3= wa FTa2oA e} & w2 9
et Zlo] ofyal, R 3he] Adolu &GS Adhste] Y
AAAA BT B NAAE sk Aol

[

2]
WA o R pDE AFEShE WA Al 7HA] WRe] &&dY. WA
Spiegelhalter, Best, & Van Der Linde(2002)o14 A|A]gF #HF2] &

= D@)-D)ola, F WA WHLS Gelman, Carlin, Stern, &
Rubin(2004),  Sturtz, Ligges, &  Gelman(2005)°] A A A gk

(1A

pD=pV=var(D@)elth. 283 whAE e B A7eA MCMC
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FAo] &8s JAGS ZZaW /2] Plummer(2008)7} AlQrslk v
Mo g Az 7+ F-glo] &5 2] wAH(Kullback-Leibler divergences)2] 7]
RS FE3 pp AF Yotk aPd JAGS ZE e ¥y o
o] 7 fGA &8 S+ = Plummer(2008)2] WAl AW A
(noninformative) AFAEEZE AR A%, pD Fol 0oyt F3kof o
= AR = EAe] Y = Qo] AR Ego EAks 100= A

4 B AT EYdAe £8F 4 itk 3 Spiegelhalter et
al.(2002)9] WS JAGSAAM = Exe] AX Ay ZUE ol Fadt
ol Qo] HFEHom # AFolA = DIC Ab=el dolA Gelman et
al.(2004) ¢} Sturtz et al.(2005)7} A A3 pDE 83}
Ao &8 AZESO HEE S We|Ad
EXCEL 2019, SPSS 250 H#, R 363 H# & &8&3%3, MCMC
FAN= JAGS 430 WHHS AEsth 2o B4 An 4= Y
#AolE 98 R 363 64-bit 2ZE o] oA JAGSE AT F U=
2 wrapper functionS A Fstar, oz /e MCMC dE Ao 4
& & JEF A Y3 runjags packageE 83l MCMC 245 %

st

|

oAy A 2
20069 A7 E o
A A F Ade HAATY 20S S, AR 94 ¢
stol w2} E-HRM3¥} 7] HRM#e| zold S ==t Fohils
T o] H34 st
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AR, Het 7 ARAS el 29dd o fEw #dw By 5
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RO S Fa FAHE 24y FEAH
2} (Mean Square Error; ©]3F MSE), #|# % & (squared bias; ©]3}

SB), iAk(variance; ©lst VAR)S = H7bstivh. WA, S R

4& W (bias), Bt

J
i:qr
o

A= L

3 &elst 4= At (Hoogland & Boomsma, 1998). 18]1 E&8A L I
Ggko] drty d#HA FAHNEAE el FAz 2EAA
T Ae EElA H7E ¢ ok (Carsey & Harden, 2014). vFA| 2o
2 MSE+ SBe VAR® o= yetya, B4 FAge A4y &
E4& /A H7E 5 e #relth(Carsey & Harden, 2014; Lee &

Ban, 2010; & El%, A& <, 2015).
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A Aol AE A7 B4 AT Foowd 239

HRM¥ E-HRM3¥} H=o] F 7He] titRg7bA] & 4749 g

2 24
A FAE BAsel & oowel BAS Agstdt. AN T B
A Al e AL o]F VAA AAFYI, o FedAE 96W <
B4 ZaE dwdon muws wase 48 Aedn o4 s
He gEstn, 2 4 52 27 dol HAH ol melpeA @
59,

myde zhzbe]l w4 diste] 10,00071e] burnin o] %o EHHA
10,00071¢] MCMC x+9] 7 of&5 xde 43 7t 571 4 2yl
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e 32 L jﬁjg_ RS ;ii B ;ﬁj‘i
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Z A o} 116 1.000 452 951 452 931 788 943
5T 116 1.000 452  1.000 452 969 788 931
g7t 104 990 272 1.000 272 915 440 852

ofol&&t= 114 1000 419 1000 419 933 724 907
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<E V4> AhAg] 2 AP 944 244 549 1 &

ZHEET HRM E-HRM fetmall oot

1 961 1.000

2 1.000 1.000

3 1.000 1.000

4 1.000 953

5 959 808

6 1.000 781

7 925 875

8 915 915

9 9832 921

10 910 933

[11.15] 930 902

[16,20] 964 915

[21,.25] 952 904

[26,30] 970 932

[31,35] 958 837

[36,40] 947 934

[41,45] 972 939

[46,50] 937 840

[51,60] 9% 903

[61,70] 939 892

[71,80] 922 857

[81,90] 925 826

[91,100] 972 837

[101,200] 931 830

[201,300] 1.000 1.000 800 800
[301,400] 1.000 1.000
[401,500] 1.000 1.000
[501,600] 1.000 1.000
[601,700] 1.000 1.000
[701,800] 1.000 1.000
[801,900] 1.000 1.000
[901,1000] 1.000 1.000
[1001,10000] 989 1.000
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<HE V5> AdAGed mE A B4 25 a9 vE
AHAF . .
s HRM E-HRM el &1 ook &2

1 831 844

2 867 867

3 944 833

4 977 907

5 980 959

6 1.000 875

7 925 900

8 968 936

9 947 930

10 925 940

[11,15] 955 909

[16,20] 972 923

[21,25] 979 920

[26,30] 982 961

[31,35] 99 927

[36,40] 994 962

[41,45] 988 959

[46,50] 1.000 887

[51,60] 99 939

[61,70] 995 939

[71,80] 9% 890

[81,90] 1.000 894

[91,100] 1.000 930

[101,200] 987 923

[201,300] 1.000 1.000 889 867
[301,400] 1.000 880
[401,500] 1.000 909
[501,600] 1.000 913
[601,700] 1.000 1.000
[701,800] 1.000 941
[801,900] 1.000 1.000
[901,1000] 1.000 1.000
[1001,10000] 968 916
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et al, Wit d2el Wi Axs o ol AAEA i, HRM¥
E-HRMZ T4 o= =& I, 2 Aga 2 53 AH
A Eabd BEae] MCMC 44 el & d&o] v Ao® yerd
Re FAC Z8&E AHFE RJAdY Aol Fad HAA aQlo
= kg o golrt

2. B9 %=

Z7pE2 A7 2E HRM3 E-HRM®| #3}=E Hluwslr] $jste] =
7} 2 REEE Deviance FAH, pD TAFES AEFAIL, F AT
gite 2 DICE 53ttt 4749 dy= <E N-6>, <& NV-7>,
<E IV-8>°l AA8FA T

<3E IV-6> 28 Deviance =4 %

Deviance Deviance

=7 HRM E-HRM AA
Bl 1001.4 875.4 1.000
ZA]o} 8157.0 6756.8 <001
TF 2613.2 2289.5 676
71 11269 968.8 698
olo] &= 2504.5 2008.5 <.001
g} E B o} 5961.7 5091.5 <.001
2] ol o} 2827.8 2544.5 <.001
] 4140.1 3548.7 <.001
EIR=R= = 584.7 501.6 1.000
FAA= 5696.8 5033.9 <001
29 o] 7007.8 6003.6 <001
o} 9285 854.0 1.000
2 Al oF 1108.2 1010.2 <.001
& 27 o} 2769.2 2409.1 006
< ZH|yo} 1848.8 1598.0 025
EO el 5757.1 47887 <001
oA =4 o} 22675 2047.4 1.000
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Deviance Deviance
=7 HRM E-HRM A4
= 5717.3 5316.7 <001
EE 1429.7 1288.3 793
2~2FEANE 1604.1 1471.2 674
7)ol (g =0 H) 6590.4 5629.7 <001
H 7] of (g} 2~0] ) 1988.8 1742.8 150
olo] &&= (58hd) 2515.2 2141.0 <.001
2 9] o] (58hd) 6157.2 5196.9 <.001
<3 NV-7> 2389 pD FA%
pD
7 HRM E-HRM
cln} = 120.3 292.4
Z Ao} 3535.4 46355
T 549.8 665.1
371 155.3 176.3
ofo] & 3935 506.1
2} EH] o} 2016.0 2364.8
Folo} 447.0 4735
2= 1290.0 1198.2
EIR=1= A=t 497 87.2
FAA= 1390.6 1696.8
29 0] 2868.3 3544.4
Fuj o} 69.2 172.7
2] Al o} 102.3 1188
< 2 n}7)o} 544.2 624.5
< ZHyo} 340.4 320.0
29 dl 1791.8 2064.5
nA =y o} 606.0 1194.8
)=y 1292.5 1690.9
CEd 1377 259.0
~FEAE 286.0 289.0
7)ol (U g =0 ) 1909.4 3445 .4
Wl 7)o (e}~ o] ) 4797 295.9
olo] &gk (58Hd) 509.7 592.1
=290 (58hd) 2912.4 3630.3
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<% V-8 =¥d¥ DIC 747 % DIC H4 =¥

H

Deviance Information

27} Criteria DIC 2
HRM E-HRM -
I 1121.7 1167.8 HRM
Z Ao} 11692.4 11392.3 E-HRM
T 3162.9 2954.6 E-HRM
7+ 1282.2 11451 E-HRM
ofo] e 2898.0 2514.6 E-HRM
2} EH|o} 7977.8 7456.3 E-HRM
2] fF-of o} 3274.8 3018.1 E-HRM
EAR=H 5430.0 4746.9 E-HRM
1B/ === 634.4 588.8 E-HRM
TAA= 7087.4 6730.7 E-HRM
=29l 9876.0 9548.1 E-HRM
Fapy o} 997.7 1026.7 HRM
2 Al o} 1210.5 1129.0 E-HRM
& =70} 33134 3033.6 E-HRM
Z 2o} 2189.2 1917.9 E-HRM
29l 7548.9 6853.2 E-HRM
m}7) =1 o} 2873.6 3242.2 HRM
)= 7009.8 7007.6 E-HRM
SSEn 1567.5 1547.4 E-HRM
2FEWE 1890.1 1760.2 E-HRM
H 7)ol (Mg =0 ) 8499.8 9075.1 HRM
) 7] of| (e 20 ) 24685 2038.7 E-HRM
ofo] &&= (53hd) 3024.8 2733.1 E-HRM
=29 ol(58d) 9069.7 8827.2 E-HRM

WA <3 IV-6>9 Deviance T4 A%, 7 B3 1o WA A
7F ok BAA Aol 7hsstth. HRMC 49 E-HRMelA =& =}
A RS Aok m¥olmE HRMo] E-HRMO| WAlH= 23]
oo Deviance #AAS AAg A3 FoJaF 05904 157) = 7HE

+
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Aok, ofolEwE, #EH|oL FFolyol, SAREA, wHAE, w29
o], &Alol, E=up7lol, Ry o}, A, v, Wyl -vdgt=ol,
ofolEt=-58hd, mEgo]-58d)ol M E-HRMe|] 239 E4 F7h&
erst et HRMoY vlel] AH o2 Fo3 A °
= ‘%E}‘;kt‘r. stAwt o] 1570 =7k & E-HRM®

t *
ot
o
i
N
=
i
_O|L

-8>2] DIC A& =7F % 2= Hug 43, g 71
2 A% g E vt 240 = F AN(Rnt=, Fepy ol mpA R Y
of, Wrlo-vdgd=old) =7l5 AL 20/ =N EE EFEE &
M B ¢, 5 4% E-HRMO A% =7F 71& HRMol H]3A =
Aoz Yebyttl 3# ) DevianceZ 5B A& E It oA DIC A
DevianceE A ©eolA Eafjete] o Aol 2y A8 7
To2 sUldE Adtde] )

7P, REEE ZolE Hole AR AFE9 dds AFHew
AH R 95t AHEA @919 Deviance®E A S| EgTh AAA @
Deviancer= JAGS AZE9o] EAA BE AQd @9 e Deviance=

FEota, dd AFE T AYAE Iz dAlstol AHAHE

X

3|
Deviance A& < @i & 1F HluwgE Akt dA A2 o
gt Deviance &4 23 32 <FEE5x 1> AAsYG AL, A =1
= AAekd [2d V-3]9 2

HRM®] Deviance TA#H S x-5°% E-HRM®| Deviance &4 &S
y-Fo2 FAE [ IV-3leA divse AFAAES y=22 7|+A
ofbefol ¢ =8 2le] E-HRMoll A HRMY.th A #F2] Deviance % A %]

wadtel AR/t F4E AL B 5 A

A Apgol i o] AYg=rF &g Aol

o= EPo] FiteiA A

AT

ol
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M= XHH Deviance (HRM)

[29 IV-3] HRM % E-HRM ] &2 Deviance
o E-HRM¢] A=+ Deviance E A #o] =& vl &= 7+
= té = ‘T‘
zZpol 7 EAs = Aolmw AR AH Aol wdd wElAd uE
7He #deleEd #8% ARV 2 4 Ao

HRM tH#H] E-HRM Deviance H|&°l| uw}
o By E [19Y IV-A4]eF o] A AT
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0 1.0

.0 2 A .6 .8 1.0 1.2 1.4 1.6 1.8 2.0

HRM Deviance CHH| E-HRM Deviance H| &

[1¥] IV-4] HRM tHH] E-HRM Deviance H| &l W& &=} 414
B O

HRM tH] E-HRM Deviance Hl&°] 1& d& PRI} A0 3
ARk, o] AFAEAME A B FHUYgke]l A A Ve 5E
de 797 BA ekt dx 9 HRM thu] E-HRM Deviance H]&©]
1 olstz We7tiaA AiAEe 4 2y kel 58 de 4%
7F ml ok AL, =3 AIAIS oA FAME R FHUgivks A
SAANE AA B B ¢, S BT ugdtd o B B 2

7F A AR 7Ed 58 HE AS ER

ad [" V-3]olA y=x9 71 floll f1x& A
d IV-4]olA HRM th®] E-HRM Deviance Hl&°] 1& W& AAAE
T AR #EE + 9, o] AAAES HRMEY E-HRMAlA 237
Deviance & Al &o] oA Adr=7F vkl A= & 5 i, A

A 234 ARA F 448 ARATE mee] SR Astel AR O
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s myo] X3 JlsAoe] moldwdlE 383 Deviance F A Ho]
w7t vwkxlth o]@ A HRMRE th E-HRMol A A3 w7t o3}

S|
2]
g AHAE D A AA AHASS Deviance EAG Am o}

Hir

; _ . Deviance
=7} A7 =} A TN ECHRM
EIETET 1 230 42.0 56.8
3 257 0.3 76
6 585 8.2 61.9
8 226 3.0 185
11 1,131 114.1 1214
12 292 16.0 29.2
15 322 3.8 345
16 392 0.2 13.3
ZA]o} 12 328 206.4 215.3
T 11 236 0.3 12.2
12 563 0.7 12.1
712 4 1,888 1595 181.7
olo] &= 1 543 16 35.3
2} E H| o} 7 875 213.0 263.5
2= 3 1,498 591.1 616.4
EIR=R= = 1 551 20.3 575
2 1,198 46.0 64.9
5 269 0.6 8.8
FAA= 2 1,635 4529 468.6
10 334 54.4 66.5
Fujjo} 1 1,579 98.6 113.7
3 867 85.0 91.2
& 27 o} 5 903 425 90.4
6 1,081 315.9 331.9
1 941 118.8 135.6
9 379 20.6 40.6
n}7A &1 o} 4 480 112.2 124.0
11 283 479 116.8
14 309 14.6 24.3
15 393 29.8 33.6
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=

7}

Deviance

A A A=A

HRM E-HRM
17 389 0.1 47

18 323 0.1 5.4

19 300 11.7 12.3

20 293 2.9 55

)= 3 2,766 1047.1 1082.5

e 2 340 2.2 194

4 1,954 359.4 371.4

2~7EAE 1 1,182 274.0 292.9

5 1,140 51.0 72.4

Wl 7 o] (Z e} ~o] A 2 1,120 149.8 168.8
3 1,149 208.2 232.0

olo] &&= (58hd 5 771 191.1 199.6
9 1,315 369.5 379.3

10 1,178 204.6 205.5

A Y 2470 T 17l Al FH Ak 19 el A A= HRMKE T

E-HRMel A H&%=7F otstd Aoz veyta, Ay 29o= 714
Zotd mAIEYole} AHAI) 16 eR F O HAR Bokd drlIo s

212

8+ 2]

SRR

=
A¥Est otsty Ass wgoh olsh

o]

E-HRMo| A Deviance’} ¢}3ld ¥21S Zuxt o] AHAAES] Ad =

[e]
e

AAEH <3FE IV-10>3 2t}

Deviance A7 A5 A7 &2

=7k W g owe oA Y
Deviance

o} = 1 56.8 9.6 1 115

3 7.6 184 12 1.6

6 61.9 279 2 51

8 185 16.1 12 49

11 1214 39.0 13 7.2

12 29.2 10.8 1 3.6

15 345 134 1 43

16 13.3 14.0 1 8

ZA] o} 12 215.3 11.3 4 49
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Deviance AHAASF A EE

=7k A e ww o®e AW
Deviance

5T 11 122 8.1 5 3.3

12 12.1 194 8 2.6

712 4 181.7 65.1 51 9.7

olo] & 1 35.3 20.9 12 4.1

2 EH|o} 7 263.5 62.5 39 152

EARE4 3 616.4 51.7 12 9.7

(EIR=R= = 1 575 36.7 4 7.1

2 64.9 479 19 76

5 8.8 14.9 3 4.4

FAAE 2 468.6 56.4 43 72

10 66.5 115 1 6.5

Fujijo} 1 1137 54.4 1 10.7

3 91.2 61.9 1 10.4

& 2 7)o} 5 90.4 31.1 22 5.8

6 331.9 37.3 30 106

1 135.6 36.2 9 6.8

9 406 474 35 6.5

al A £ o} 4 124.0 16.6 10 6.6

11 116.8 9.8 7 3.8

14 24.3 10.7 8 56

15 336 13.6 9 7.0

17 47 134 10 1

18 5.4 11.1 3 2

19 12.3 10.3 8 42

20 55 10.1 7 4

)= 3 10825 9.4 69 16.0

e 2 19.4 189 9 29

4 371.4 67.4 8 13.1

275 1 292.9 514 6 9.1

5 724 60.0 36 8.2

W 7)ol (=0 ) 2 168.8 386 23 14.1

3 232.0 39.6 26 8.1

olo] &&= (58hd) 5 199.6 30.8 14 13.8

9 379.3 52.6 1 146

10 205.5 40.6 8 9.6

7Hg HA ol He 542 E-HRMolA AP =7F vkl 4495 20

o
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Hol E@dd Ay AT 202 oahlaL, 278w Y A AR
A7k 104 ofstel B-Avke Aolvh olek ol AMA—TT A
Ag7h A2 4%, MCMC 47F & 854 At MCMC a47}
TH HAdTsHSE A Tl Bas dashs H FAAR 5
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o] 88¢<ldl 3litel o] 7FA|= Deviance F A #o] 442 A
deviance®] 49.6%°l o]&t}. AlthrF 9981719 AMAATFE 7HA= vl
#= 25 A Deviance & A F? 501.69 1%°l 77t Hl&& 2Y
of m& $X(likelihood)7} St © 179 A Abd7F 2R g Aol
o] At#l ol <E IV-10>o14 AAE AHAES] @A 2NHo] 714
= A Deviance A ZFS A 162 P12, Hito] 7.042 MCMC F4
Ao ZxE UEd 52 A5E & AWeA XKk uEgoeR )
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of ez =7bd sl s 7]Ee] HRM3 & 7ol A Algtst
T E-HRM=S A&ste] 243 A4 asds AR dgomy
HRM#} #lste] E-HRMe] 7HA= 42 845 AlAshaar shop
i AA 749 @ A As oiF E-HRMO 48 7hed et Al
e s oS Skl 24705 & 30 =Svbel Fd Al
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& 2971 x AR 117) T 99.9%<20 F 31670 Aol xF o] iAo &+

-7 A JdoAX= AT A A (complete block design)ell 7t
7hg Ao, AAgE EE-AAAE AP <FFHE 2>A4 el
& Aok BE AA ER-AEA AA Aol AR Aol He AA
WAL oy ANl BE E¥E FE AFAAE FEA A= 7
BE7E dd H Ao vlart vhssta, e ARAAE A A3A
[ M-2]9 A #AG 2z ()l A = Adxo] AHA 3
o &% IAFAE 7HA= AHAA-JAA HAAE Sl AHA BF o
x

. HRM E-HRM
v o ﬂg ﬁ3 54 a 52 53 ﬁ4

1 12890 -2126  1.362 1309 -2111 1345

2 1.300 -2.408 087 1.245 -2.352 036

3 20 —444  1.072 41 -415  1.026

4 623 -.021 010 618 -026 -016

5 1.110  -.968 628 1.104  -983 607

6 803 S10 -1.177 831 530 -1.389

7 1.342 2428 -1.929 1333 -2494 -1.899

8 839  1.064 165 818 1.097 121

9 865 -438  1.815 381 -384  1.883

10 954 147 961 945 165 904

11 1.238 139 2.322 1.125 164 2.246
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240
065
145
067
070
076
165
388
071
072
072

062 -.018 -.300
048 -.096 -.171

.368
094
.340
449
.362
A85
.068
.069
098
.066
.365

sttt

10

.396
.066
A24
068
309
339
297
.066
530
.066
.069

357
062
149
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.066
048
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P11, 080 291 438 338 115 066 074 496 313 546 100
(P 062 060 .066 488 .076 .068 .071 074 422 068 .064
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1 2 3 4 5 6 7 8 9 10
47 1 =517 062 081 .380 070 067 072 070 .070 .149 .155
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3 =582 129 067 .123 070 461 437 457 3438 069 .393
4 -445 326 126 384 072 345 097 351 410 .104 .064
5 410 059 061 .073 336 .341 060 .059 .058 .058 .316
6 576 098 313 174 057 .060 056 .055 .362 .057 .3%6
7 -455 063 063 .152 327 .333 315 358 .396 062 .093
8 542 069 356 .068 056 361 473 355 .184 .063 .063
9 -405 .063 .235 397 301 .060 .330 .086 .062 .060 .062
10 -403 407 443 089 .373 441 432 394 069 .068 .060
11 468 371 134 261 444 353 410 061 156 .345 .402
12 -518 066 082 .069 .070 352 .377 408 .158 .066 .091
13 -497 359 365 412 393 344 395 372 367 342 .068
14 451 067 065 .342 363 .039 .085 .063 .201 .349 .064
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16 -418 357 226 085 .060 .060 .062 261 .068 .061 .103
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19 -537 333 066 404 .069 092 .193 .188 .068 .110 .364
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AN 1 096 073 332 072 476 298 234 384 774 400 .09
2 134 072 428 356 096 082 781 456 539 .141 .069
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10 -07% 116 368 304 484 422 861 570 938 .250 .387

AaA4- 1 -469 073 332 072 476 298 234 384 774 400 .09
ANE 2 S5M3 072 428 356 006 0s2) 481 4% 589 141 060
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200 250 1.000 2,500 996
100 500 1.000 5,000 996
100%
50 1,000 1.000 10,000 999
25 2000 1.000 20,000  1.000
200 250 992 2,500 996
100 500 1.000 5,000 997
E-HRM  70%
50 1,000 1.000 10,000 998
25 2000 1.000 20,000 994
200 250 996 2,500 998
100 500 1.000 5,000 999
40%
50 1,000 999 10,000 997
25 2,000 999 20,000 989
200 250 368 250 316
100 500 906 500 76
100%
50 1,000 980 1,000 950
25 2,000 998 2,000 984
200 250 824 250 184
100 500 942 500 904
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50 1,000 976 1,000 952
25 2,000 997 2,000 984
200 250 356 250 812
100 500 946 500 916
40%
50 1,000 931 1,000 964
25 2,000 999 2,000 987
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A AR 9A4 B By w5
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Me e BE S ZINE 255 2gus
200 250 944 2,500 944
10% 100 500 912 5,000 927
° 50 1,000 958 10,000 924
25 2,000 939 20,000 922
200 250 836 250 -
100 500 914 500 -
100%
50 1,000 897 1,000 -
29 2,000 922 2,000 -
200 250 760 250 -
100 500 74 500 -
HRM 70%
50 1,000 799 1,000 -
29 2,000 847 2,000 -
200 250 064 250 -
100 500 634 500 -
40%
50 1,000 28 1,000 -
25 2,000 193 2,000 -
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50 1,000 .001 10,000 -.028
25 2,000 -.006 20,000 -.012
200 250 .006 250 -
HRM 100%
100 500 .008 500 -
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.003
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.003
.004
006
010
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009
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023
027
035
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009
015
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6.959
65.591
005
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e AR AAY w4 oy wo
2g  AdY  BI T

H| & MEAS EF T VAR LR e VAR
200 250 012 250 003
100 500 018 500 003

70%
50 1000 022 1,000 005
%5 2000 .02 2,000 006
200 250 003 250 003
100 500 012 500 004

40%
50 1,000 015 1,000 005
25 2000 020 2,000 006
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70%’9F 40%" FAANAME ARASFIE 2007, 1001Y Aol HAH S
AR vE& 100% =713 Ao FUsk #%—91 VAR< Hold E-HRM
A Aot 50U FE AA ] AlFFete] 25700 A= wlg w2 e B
ok AUAA Z VARS 7Hd 7HsAe] =2 H4HE BRFsES A9,
FHE BZEE BAsdx 50743 257 =AM = 247t 6
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oIt}
add AAEY A v 70%, ARA-EFF AP AF7 507
499l VAR #tS AHE A3 199 25 T A9 10719 259
VAR(59592.6, 6324.9, 1577.9, 5722, 562.8, 335.8, 2875, 37.6, 36.1, 26.1)
o] VAR &3¢9 99.7%= 79 tF-&S AA ATt 18lal o] & A9
3 VAR 0242 w9 vr& FFolda, QA5 10049 F7 04
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25 2,000 017 20,000 .033
200 250 .004 2,500 011
100 500 .006 5,000 .015
70%
50 1,000 .010 10,000 6.976
25 2,000 015 20,000 65.649
200 250 .003 2,500 .010
100 500 .005 5,000 .021
40%
50 1,000 .008 10,000 3.413
25 2,000 014 20,000 237.565
200 250 .032 250 -
100 500 .030 500 -
10095
50 1,000 .039 1,000 -
25 2,000 048 2,000 -
200 250 020 250 -
100 500 .030 500 -
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50 1,000 .037 1,000 -
25 2,000 .044 2,000 -
200 250 .025 250 -
100 500 .029 500 -
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50 1,000 .032 1,000 -
25 2,000 .040 2,000 -
B FAAO F34e 2492 MSEE BE | 4 SB(.001~.130

He)E Y= VAR(003~237.436)2] 93S ¢ Lty
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9 499 160.6 128.7
10 1,133 394.0 336.4
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Deviance

57} AR AL

HRM E-HRM
11 236 3 12.2
12 o963 ¥ 12.1
7t 1 1,799 1514 121.5
2 1,797 289.0 205.9
3 1,840 153.0 137.1
4 1,888 159.5 181.7
5) 1,839 107.0 96.2
6 1,808 267.2 225.9
ofol &= 1 A3 1.6 35.3
2 1,115 386.3 317.8
3 975 339.9 214.1
4 857 208.9 208.6
5) 1,189 2614 236.2
6 474 196.1 165.3
7 orT 190.0 139.9
3 ! 207.8 154.2
9 689 226.1 207.0
10 1,049 2176.1 206.7
11 793 159.3 124.2
g EH|o} 1 2,016 997.7 347.0
2 1,337 642.0 518.0
3 1,088 537.0 459.6
4 387 193.7 186.1
o) 638 o4 489.0
6 1,860 793.2 704.1
7 875 213.0 263.5
8 240 4254 402.0
9 1,099 377.1 309.8
10 1,951 1240.1 912.1
2] fFof of 1 5,991 1354.4 1202.0
2 5,095 1473.7 1342.1
EAFEA 1 1,602 622.0 485.9
2 416 98.7 60.8
3 1,498 591.1 616.4
4 525 2314 198.1
5) 1,463 629.3 520.3
6 2,081 740.3 627.9
7 2,233 752.0 613.8
8 1,120 475.7 426.0
Hda= 1 ool 20.3 97.5
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A

3|

AF

A4

A~

Deviance

" HRM E-HRM
2 1,198 46.0 64.9
3 2,327 182.1 153.1
4 o381 30.9 24.3
5) 269 6 3.8
6 1,519 132.0 70.4
7 1,912 103.2 60.0
8 1,624 69.5 61.9

TANE 1 1,677 491.1 487.8
2 1,635 452.9 468.6
3 1,627 728.5 667.0
4 1,723 8274 826.3
5) 1,800 926.0 758.5
6 1,507 603.7 441.3
7 1,092 427.8 320.4
8 1,802 956.4 300.6
9 360 128.2 974
10 334 54.4 66.5
11 211 100.5 93.6

L= 1 723 4744 414.7
2 631 553.2 485.3
3 675 645.7 950.8
4 358 827.6 765.7
5) 730 o34.7 437.1
6 A3 432.9 309.5
7 308 256.3 2134
8 640 672.2 636.9
9 005 431.3 352.3
10 204 103.4 88.6
11 832 574.5 462.7
12 636 398.0 326.4
13 519 618.4 581.2
14 475 486.4 364.5

i o} 1 1,579 93.6 113.7
2 1,092 169.6 137.6
3 867 85.0 91.2
4 952 90.9 75.2
o) 1,705 161.6 158.3
6 1,705 164.4 140.1
7 885 105.8 89.2
8 971 52.7 48.3
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24 =

A4
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Deviance

HRM E-HRM
2] Al o} 1 6,017 647.0 o834
2 6,017 461.0 427.6
<=7l o} 1 780 1914 147.0
2 1,111 402.5 327.9
3 1,004 422.9 352.6
4 890 1974 134.2
5) 903 42.5 90.4
6 1,081 3159 331.9
7 802 234.9 209.1
8 1,072 298.0 204.7
9 887 240.2 214.4
10 966 241.3 184.1
11 407 182.6 163.6
s = HYo} 1 91 118.8 135.6
2 1,413 2339 199.3
3 1,674 426.1 321.6
4 1,387 74.8 61.1
5) 1,237 315.2 203.8
6 1,180 265.5 2354
7 932 176.9 156.9
8 1,872 216.0 188.4
9 379 20.6 40.6
29 1 872 341.0 318.5
2 348 601.6 026.3
3 365 4704 393.6
4 358 410.4 312.2
o) 834 352.3 201.7
6 861 442.8 366.4
7 341 472.1 429.7
8 836 369.8 272.7
9 837 2884 189.2
10 839 446.8 389.9
11 7196 269.0 2501.1
12 799 535.9 512.9
13 819 335.6 270.1
14 788 421.6 294.2
nkA £ of 1 648 60.6 98.7
2 716 266.7 2324
3 657 208.5 174.1
4 480 112.2 124.0
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Deviance

57} AR AL

HRM E-HRM
5) 550 207.6 171.1
6 665 159.2 149.6
7 o75 291.3 210.9
3 ol4 3294 316.8
9 292 109.2 98.2
10 280 104.1 32.8
11 283 479 116.8
12 280 197.3 135.3
13 319 14.4 12.7
14 309 14.6 24.3
15 393 29.8 33.6
16 354 29.1 17.0
17 389 1 47
18 323 1 5.4
19 300 11.7 12.3
20 293 2.9 0.0
21 325 38.8 35.9
22 392 32.2 3.9
] = 1 1,030 427.8 300.0
2 2,035 928.5 334.3
3 2,166 1047.1 1082.5
4 596 233.6 208.9
5) 2,059 995.7 952.3
6 2,380 1134.3 965.3
7 2,261 990.7 9722
F = 1 347 110.6 104.2
2 340 2.2 19.4
3 2,601 328.2 2764
4 1,954 3094 3714
5) 1,904 301.5 279.6
6 2,152 169.6 146.0
7 689 108.2 91.7
25N 1 1,182 274.0 2929
2 1,793 233.7 221.3
3 2,163 6386.2 589.5
4 1,491 274.5 238.1
5) 1,140 51.0 724
6 409 4.1 56.4
Wl 7] o] 1 2,042 1209.5 1104.3
(g &=ol) 2 1,930 1251.1 1207.3
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A4 72 Deviance

=7} A4

=T HRM E-HRM
3 1769 625 37,0
A 1.667 7575 512.2
E 2042 1302.0 10715
6 2037 1208.2 80.1
- 1 1.300 3413 261.1
R7lel (2ol ) 2 1.120 1498 163.8
3 1,149 2082 9320
A 1.252 2755 2970
5 1.346 270.8 2589
6 1311 232, 1879
7 1.253 3480 2489
8 1.294 168.2 1579
F=(Gard) 1 372 106.4 100.4
2 1122 4550 337.0
3 565 60.8 59.9
A 768 3159 2393
5 771 191.1 1996
6 1337 990.7 189.2
7 333 1497 1000
8 551 85 61.9
9 1315 3605 3793
10 1178 204.6 2055
11 1.457 3577 2682
w29 o] (5514) 1 3% 374 277.0
2 536 4610 10.1
3 333 4546 3983
A 439 5035 4259
5 707 530.0 4176
6 570 5115 3181
7 400 406.0 319.7
8 739 0377 8279
9 21 1738 136.6
10 509 273.0 266.2
11 797 5885 5318
12 649 4048 310.8
13 116 5576 4320
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HEE 2> oflgus BE-ARA AFAF A 4
e A
1 2 3 4 5 6 7 8 9 10
1 24 34 44 31 50 24 10 29 32 24
2 25 35 46 32 50 24 12 28 33 24
3 22 34 43 31 48 24 11 24 31 23
4 12 20 41 44 31 12 16 21 35 42
5 12 ol 39 40 29 11 15 20 30 40
6 21 39 338 42 35 10 35 20 31 33
7 22 39 40 42 37 10 35 21 32 33
3 19 35 36 37 35 9 29 18 30 30
9 19 22 33 45 28 27 14 17 19 37
10 18 19 28 40 25 20 11 14 18 32
11 15 13 24 30 22 20 11 3 11 26
12 43 50 13 15 ol 14 15 53 17 31
13 42 o3 14 15 o0 14 14 o3 15 34
14 41 52 14 15 50 13 13 58 15 34
15 36 48 14 15 46 12 12 23 13 32
16 16 49 28 16 o6 14 19 37 15 43
17 16 39 26 15 o3 11 18 32 13 42
18 14 32 18 14 H 12 16 27 12 29
19 - 29 45 23 o2 20 3 24 23 49
20 - 29 42 22 48 17 6 24 22 49
21 - 31 45 24 52 20 3 24 25 ol
22 13 44 42 34 35 13 48 15 31 M
23 15 45 41 34 36 15 49 15 32 43
24 14 45 41 34 36 14 49 15 32 43
25 24 33 46 32 ol 24 12 28 32 23
26 13 20 41 41 30 12 13 21 34 41
27 20 22 34 47 28 27 15 17 18 40
28 15 42 22 16 o0 14 19 31 11 37
29 12 41 37 31 31 12 44 14 27 40
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<HEER 3> Wel(ZFsold) S3- A A g A
g AR
1 2 3 4 5 6 7 8
1 46 36 41 56 51 41 42 56
2 A7 35 39 55 52 40 39 55
3 43 34 39 55 48 40 39 55
4 41 46 42 47 41 46 42 47
5 38 46 39 45 38 46 39 45
6 53 34 41 42 53 41 48 42
7 58 35 44 45 58 42 52 45
8 51 31 39 36 51 36 46 36
9 A7 23 31 47 48 37 39 A7
10 39 28 29 45 42 35 35 45
11 36 23 27 39 36 29 32 39
12 52 46 54 46 57 57 54 52
13 52 A7 55 46 57 58 55 52
14 51 44 52 47 56 54 52 52
15 46 37 46 39 49 45 47 44
16 39 61 36 38 40 61 35 38
17 37 45 32 38 38 45 31 38
18 34 30 27 27 35 30 26 27
19 36 45 26 42 37 53 33 42
20 39 42 29 39 40 51 38 39
21 39 45 31 42 40 54 38 42
22 55 41 56 41 54 53 63 47
23 54 40 53 41 53 55 64 46
24 53 33 52 40 52 53 62 44
25 A7 32 40 56 52 37 40 56
26 39 43 39 44 39 43 39 44
21 A7 30 35 51 48 39 43 51
23 33 A7 35 28 34 48 34 28
29 48 31 40 35 47 42 46 40
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off
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1 -013 069 .070 .072 .073
2 -.018 .07/ 076 .077 077
3 -014 075 074 073 074
4 -012 .070 074 .074 .072
5 -015 .07/ .07 .05 .076
6 .000 .065 .079 .063 .067
7 -005 .078 .075 .083 .073
8 .02 .058 .063 .082 .068
9 001 .068 .075 .074 .073
10 -.023 .057 .055 .238 .09
11 -.034 .062 .063 .246 .129
12 .020 315 .122 .064 .065
13 .020 .058 .320 .146 .09
14 -033 076 .084 .065 .108
15 001 .058 .062 .056 .058
16 035 28 .18 .120 .056
17 035 .059 243 .336 .066
18 002 .059 .061 .073 .336
19 -011 341 073 .077 .072
20 .064 069 .331 317 .057
21 006 357 .226 .085 .060
22 -014 063 .063 .064 .061
23 .03 .061 .067 .059 .059
24 -012 098 313 174 .057
20 -.066 .067 .0656 .342 .363
26 -.188 .067 .065 .264 .147
27 029 04 271 071 .058
28 -.002 .062 .081 .380 .070
29 .010 .066 .068 .069 .374
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1 2 3 4 5 6 7 8 9 10
30 078 064 065 259 .348 304 385 069 .120 152 310
31 060 068 070 070 .336 377 392 067 .067 .107 .129
32 045 126 099 061 .329 368 393 .108 .363 .060 .378
33 -007 367 339 147 242 061 117 326 395 059 062
34 063 063 063 152 .327 .333 315 358 396 062 .093
35 029 063 235 397 .301 060 .330 086 .062 .060 062
36 045 082 339 .3%2 061 062 065 302 404 061 .324
37 -057 333 066 404 .069 092 .193 .18 068 .110 .364
38 190 066 082 .069 .070 .352 377 408 .158 066 .091
39 067 326 .126 334 072 345 097 351 410 104 064
40 045 359 365 412 393 344 395 372 367 342 068
41 013 077 123 141 064 412 296 065 237 .062 .064
42 -048 071 325 140 069 070 414 065 401 .072 074
43 091 416 353 065 .063 070 .093 .119 412 311 .064
4 -046 069 070 115 190 420 251 387 .066 .068 .346
45 -010 358 .122 242 229 420 .184 375 120 .362 .150
46 -003 344 398 425 060 251 .336 .061 .168 059 .098
47 033 415 35 .163 .063 427 067 062 .063 .063 .063
48 -010 061 .060 .061 .180 .119 094 061 429 .381 .167
49 -011 078 .08 .060 .059 .100 .085 333 .431 .068 .083
50 003 432 068 .064 411 066 .066 068 .070 .327 .429
51 015 057 387 435 144 373 073 060 .400 059 063
52 010 370 062 072 .084 273 436 063 .108 .061 .065
53 -011 331 404 073 .087 408 430 059 437 .061 086
54 106 067 066 281 421 345 439 071 370 067 327
55 006 140 240 441 293 317 154 064 .147 059 433
56 013 407 443 089 .373 441 432 394 069 .068 .060
57 -074 430 363 139 444 074 .125 067 .068 .348 280
58 044 371 134 261 444 353 410 061 .156 345 402
59 122 065 339 379 070 446 075 076 .162 332 411
60 -.004 288 451 278 240 .336 .062 .060 .093 .064 .370
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o UE 9 ¥Y PP BY vY EY Y vY B vY B
1 2 3 4 5 6 7 8 9 10

61 046 073 457 075 071 084 080 085 .193 219 074
62 114 077 457 407 073 168 300 .157 132 152 290
63 007 061 .061 .06l 457 060 .081 330 .070 .064 .389
64 087 129 (067 123 070 461 437 457 348 069 .393
65 035 267 065 063 .066 074 .113 064 469 .388 417
66 -015 069 336 .068 .056 .361 473 355 .184 063 .063
67 -007 324 381 415 473 339 383 .165 420 .315 440
68 104 .145 394 475 092 447 334 066 318 067 415
69 018 477 .105 327 .073 076 .090 085 083 .070 443
70 092 321 399 369 440 479 416 372 378 .336 350
71084 067 075 329 419 420 355 205 485 180 .239
72048 094 340 449 362 485 068 069 .098 .066 .365
73006 061 207 48 .085 067 .121 396 .33 .076 .069
74 -035 082 281 341 407 491 427 066 273 .067 .069
75 131 070 .18 397 071 069 403 076 495 077 281
76 066 066 .146 356 129 346 402 314 065 499 445
77 -006 059 334 074 296 500 095 030 .063 474 064
78 037 500 420 320 067 059 067 .066 430 463 .068

97 1 517 062 081 .380 070 067 072 070 070 .149 .155
2 ~475 061 067 059 .059 088 062 352 362 .059 .151
3 -582 129 067 .123 070 461 437 457 348 069 .393
4 -445 326 126 384 072 345 097 351 410 .104 064
5 -410 059 061 073 336 341 060 059 058 .058 316
6 576 098 313 .174 057 060 056 .055 362 .057 .356
7 -455 063 063 .152 327 .333 315 358 396 062 .093
8 542 069 356 .068 .056 .361 473 355 .184 063 .063
9 ~405 063 235 397 .301 060 .330 .086 .062 .060 .062
10 -403 407 443 089 373 441 432 394 069 .068 .060
11 -468 371 134 261 444 353 410 061 .156 345 402
12 -518 066 .082 .069 070 352 377 408 .158 .066 .091
13 -497 359 365 412 393 344 395 372 367 342 068
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14 =451 .067 .0656 342 363 059 .085 .063 .201 .349 .064

15 -481 .066 .068 .069 .374 357 .380 .297 297 295 .060

16 -418 357 226 .08 .060 .060 .062 261 .068 .061 .103

17 =415 .069 .070 .115 .190 420 251 387 .066 .068 .346

18 =594 344 398 425 .060 251 336 .061 .168 .059 .098

19 =537 333 .066 .404 .069 .092 .193 .188 .068 .110 .364

20 =904 367 339 147 242 061 117 326 395 .059 .062

AME 1 .09 073 332 072 476 298 234 384 774 400 .095
134 072 428 356 096 082 78l 456 539 141 .069

3 007 370 663 577 494 500 814 109 550 093 .369

4 -017 406 .064 .088 .101 .140 .073 .072 831 .067 .344

5 .004 065 .646 .065 .068 .450 845 594 .078 .138 .065

6 126 .070 471 .092 371 533 .078 .078 950 .068 .503

7 055 .063 782 495 072 436 032 .101 939 506 .643

8 -.178 322 089 433 074 387 731 205 958 110 .499

9 119 070 152 086 110 902 303 964 .106 071 .11

10 -.075 116 368 .304 484 422 861 570 958 .250 .387

AA- 1 469 073 332 072 476 298 234 384 774 400 .095
AXE 2 -B43 072 428 356 096 082 781 456 539 .141 069
3 470 370 663 577 494 500 814 .109 550 .093 .369

4 =531 406 .064 .088 .101 .140 .073 .072 831 .067 .344

5 ~—463 .065 .646 .065 .068 450 845 594 .078 .138 .065

6 444 070 471 .092 371 533 .078 .078 950 .068 .503

7 =988 .063 782 495 .072 436 032 101 989 .506 .643

8 =980 322 089 433 074 387 731 295 958 .110 .499

9 =568 .070 .152 .086 .110 902 .303 964 .106 071 .111

10 -462 116 368 .304 434 422 86l 570 958 250 .387
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Abstract

Extension and Application of Hierarchical Rater Model

Using Bayesian Estimation

Minho Park
Department of Education
The Graduate School

Seoul National University

The purpose of the study was to propose an extended hierarchical
rater model(HRM) for identifying differential rater effects on rating
construction items of a large-scale test and evaluating its accuracy
and efficiency. Construction items, a simple performance evaluation
form used widely in recent years, are scored by the rater, so rating
reliability 1s crucial to their effectiveness. To ensure rating reliability,
the rubric must be clearly made during the test development process
so that they are not interpreted differently depending on the raters.
Since the raters must be professional, rigorous, and consistent, there
must be sufficient training prior to rating process. Despite the efforts
of these test development and rating process, it is difficult to
completely control the rater effects. Rater effect models including
HRM based on item response theory have emerged to eliminate rater
effects and accurately evaluate examinee performance.

Most item response theory models, from the traditional models to
HRM, assumed the influence of rater effect was constant regardless

of the items. It 1s however difficult to keep the rater—item
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independence assumption in reality, and it i1s frequently violated in
generalizability studies that use ANOVA. In this context, studies that
removed the contraint due to the assumption of rater-item
independence were performed on the Hierarchical Rater Signal
Detection Model(HRM-SDT), a method commonly used to analysis
rating data of essay-type items. However because of their
complexity, those studies were only used in a few essay-type items,
not in tests comprising a large number of construction items.

Thus, in this study, to explore the reparameterize model by
mitigating the rater-item independence constraints of HRM, which
has advantages in regards to parsimony, as the consistency of the
rater will be modeled as a random effect. Then application study and
simulation study were examined to verify the accuracy and efficiency
of the model. Instead of general research that develops, verifies, and
applies models, this study leverages an existing model and first
applies all possible models to actual data, following a mitigation of
the rater-item independence constraints, followed by a procedure to
verify accuracy and efficiency.

A total of four models were analyzed using the rater—item
independence constraints mitigation of rater severity parameters and
rater variability parameters included in HRM. By applying these
models to the PIRLS 2006 data, an international comparison
large—scale performance test, and using the Bayesian-based MCMC
method, the applicability of model was explored. In addition, the
simulation study was conducted to verify the accuracy and efficiency
of the proposed model.

Based on the results of the application study, E-HRM(Extended

HRM), assuming the rater’s consistency varies across items and

- 185 -



reducing the rater—item independence constraints only for the variance
parameters, showed the best results of convergence in MCMC chains
and interpretability. The analysis of E-HRM revealed that rater
effects could be inconsistent in certain items even though they seem
to be consistent on average in overall items. The analysis also found
that further meaningful information of differential rater effects on
each item can be acquired through E-HRM. In addition, E-HRM was
better for analyzing data consist of items with heterogeneous rating
distributions compared to HRM. However, even with MCMC, E-HRM
could not adequately converge without enough number of rating case
per item by rater.

In the simulation study, 12 conditions with two factors (normal
range rater’s rate, number of raters for each rater item) were
constructed to evaluate the accuracy and efficiency of E-HRM. The
simulation study revealed the following results. First, the study
showed that the parameter estimation was less accurate and efficient
when there were fewer number of rating per rater-item, as well as
larger errors. The proportion of rater severity parameters having true
values within the 95% confidence interval showed significantly high
accuracy, except for one simulation design condition. The proportion
of rater variability parameters having true values within the 95%
confidence interval is calculated under the conditions of the normal
range rater rate ‘100%’, ‘70%¢’, and ‘40%’, for number of rating per
rater-item ‘200 cases’ .953, .948, and .944 respectively, which is about
95%. Nevertheless, as the number of rating per rater—item decreased,
the corresponding rates for ‘100%’, ‘709’ and ‘40% decreased, at .881,
894, and 922, respectively.

Second, regarding the discriminate abnormal rating, E-HRM
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demonstrated high sensitivity on rater variability parameters. The
sensitivity and specificity of E-HRM by the number of rating per
rater-item were analyzed. The results showed that with 200 cases’,
sensitivity and specificity were .953 and 988, respectively, and
different properties between normal raters and abnormal raters could
be discerned with a high degree of probability. With ‘100 cases’, the
sensitivity and specificity were 903 and .985, indicating more than
90% accuracy in discrimination. However the sensitivity decreased as
the number of rating per rater—-item decreased. There was slightly
lower sensitivity for ‘B0 cases’ and 25 cases’ at .864 and .794,
respectively.

Last E-HRM demonstrated its capability to discriminate rater
effects clearly and to appropriately compensate for the effects of rater
severity or rater inconsistency on the accuracy and efficiency of
examinee and item parameters. Further, whereas HRM showed poor
convergence rate and accuracy due to the multimodal  posterior
distributions of the rater parameter estimates, E-HRM showed stable
estimation and better recovery of parameter than HRM.

The study i1s not without limitation. The evaluation of E-HRM
using Bayesian estimation was conducted only for an actual dataset
and covered limited simulation designs. However, the data from 24
countries of PIRLS 2006 with varying rating designs were analyzed
with E-HRM to confirm its performance and interpretability.
Moreover, through the simulation study, the accuracy and efficiency
of E-HRM were evaluated under specific conditions. Since the
usefulness of E-HRM has been confirmed, detailed information of
rater effects by each rater—item offers a benefit to raters in terms of

improving the professionality of raters and significantly reduce the
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cost, effort, and time of re-training and re-scoring in large-scale

tests.

* Keywords: hierarchical rater model, bayesian estimation, MCMC,

Gibbs sampling, rater effect

* Student Number: 2016-30397

- 188 -



	Ⅰ. 서론
	Ⅱ. 이론적 배경
	1. 고전적 채점자 모형
	2. 위계적 채점자 모형
	3. 위계적 채점자 모형의 확장

	Ⅲ. 연구방법
	1. 적용 연구 대상
	2. 적용 연구 분석 절차
	3. 모의실험 연구 절차

	Ⅳ. 적용 연구 결과: Overview
	1. 모형 수렴
	2. 모형 적합도

	Ⅴ. 연구 결과: 국가별 분석
	1. 아이슬란드
	2. 벨기에(프랑스어권)
	3. 덴마크

	Ⅵ. 모의실험 연구 결과
	1. 모의실험 채점자 모수
	2. 모형 수렴
	3. 모수 복원력

	Ⅶ. 결론
	1. 요약
	2. 논의

	참 고 문 헌


<startpage>13
Ⅰ. 서론 1
Ⅱ. 이론적 배경 8
 1. 고전적 채점자 모형 8
 2. 위계적 채점자 모형 15
 3. 위계적 채점자 모형의 확장 22
Ⅲ. 연구방법 29
 1. 적용 연구 대상 29
 2. 적용 연구 분석 절차 46
 3. 모의실험 연구 절차 50
Ⅳ. 적용 연구 결과: Overview 61
 1. 모형 수렴 61
 2. 모형 적합도 72
Ⅴ. 연구 결과: 국가별 분석 82
 1. 아이슬란드 82
 2. 벨기에(프랑스어권) 97
 3. 덴마크 107
Ⅵ. 모의실험 연구 결과 119
 1. 모의실험 채점자 모수 119
 2. 모형 수렴 121
 3. 모수 복원력 125
Ⅶ. 결론 145
 1. 요약 145
 2. 논의 150
참 고 문 헌 155
</body>

