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Abstract

Recently, the industrial paradigm shift to the fourth industry has already begun, and the importance of
patents as intangible intellectual property in the fourth industry era is increasing day by day. Since the
technical valuation of a patent is calculated according to the opinion of experts, it is costly and time
consuming, and hence, the quality of the patent is judged based on subjective opinions of non-experts.
Therefore, it is necessary to develop an objective and rational evaluation system for the qualitative level of
patents. In this paper, we classify the valuation of patents into technicality, rights, and usability, and consider
the quantitative and objective evaluation modeling of patents using Bayesian structural equation model. In
particular, based on the data collected by the Korea Invention Promotion Association, we apply the Bayesian
approach, which is capable of stable modeling even under small samples by using prior information, and the
structural equation model, which is excellent for modeling and evaluating qualitative performance that is
difficult to measure directly, to develop a patent evaluation model.
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ARG R 229 A AR EAU AR 5 48 A Hohs 55, 4E, U4, A4E 53
2o wg AN be] FAht 21 A S s S4ak1 k. 1 sbed] Sal FRRL
dERd ARGz AAH 719 B F7he A% £E7 A4 ke 2R o) ARA AE
= F237 B85 9tk (Yoos} Jung, 2010). S5AL Az 714 Wwo] tiste] 9% 717 5
o1 wge] SHA AADE 2 ek AMAS B 4 97 Wl 7o) 2o FE3 99
QA e A3 B L3 (Kim 5, 2011a). 531 29 F A4S AX 550 59 299
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2 sl wAE AAA ool AW FALS A8 BAZAR sk it iAoz
skt 98 gL 712z A1es) AAE A4S dalel FA 2
go] 7125 71 543 AAA 298 7L e 7Ies MLt AY Flshke 47 FA k] 7HA
£ A 3= 9ottt (Ministry of Commerce, Industry and Energy, 2014). 3IX|% 7|& 71X 7=
$4, A4, BEACE TEIO AT AR e AF B AR 249}
B F £RAS A4S AN, AT B8 o1l wh2} A3 S ) e 93
2 wlgo] sukATh 18] whEel Sl 204 S8 W) ek

& 7H971E Saer nrhe 55 gane] 2849 Betel] w27 vl 5% 4
e QEANsl FaAa e Aie A, 5o A4 Sed B

_‘

=U|o] £33 7} Au]2E System to Measure, Analyze and Rate patent Technology 3 (SMART3);
Korea Institute of Patent Information (KIPI)-Patent Evaluation & Grading 2.1 (K-PEG2.1); Science
& Technology Information Anlaysis for R&D (STAR)-VALUE; PATENTPIA; FOCUST 5o] &4
Beh 7 F SMARTSE SSRANAN SHUSE 34300 716515 A0 AAste] 37200 oh
ARG 2207, 55 AR AAS Bojol 228 AN, FEAW, AYel AW 5 Bedo] A
£} A4 B ANE 95A0R Agstel DEAALARYE SIS opd 55 57 A7) A
2E A|F3tt} (Korea Invention Promotion Association, 2012). FE3H K-PEG2.12 ElA~Eujo]y 7]
Holl 71wtsle] A& 7hs 8ol =2 53E VX7 =2 552 HU1eke wola (Korea Institute
of Patent Information, 2013), STAR-VALUE+= £39] 7|9 d3F 553 A1 FEE o] &3t B7}
= A]2"lolt} (Korea Institute of Science and Technology Information, 2014).
B, A% 22} 7l FrAN2E 29 ele o2 Avshehs $AT U P2
o AH8Elo] g}, HEZAE 248 ARE Eo)w PRYAAL o83k Shin 5 (2009)
Haa Aul ol ojgk AAAE Aol gk A7E AW, Kim 5 (2004)% YA
Folo] 747198 ARAE5 A7 AL AR AE Aol ol AT £, Kim
(2011)8] BBATABE) &GS T2 AL AEAG e AT, Ham 5 (2004)9] ALEE
£ WApaE 2e el o A 5 heke Ropl A PRRAAL o189 BARdel tjg AT
7 dsith. Azole ARARE 2ol W B 4 g SH2 T 4RSS A RE B
Pol BT T 4 A= WMolAF A2HE PR A BN WL RYL ALeE ATE 3
At} AE Eof, Kim 5 (2016)2 #lo| x|t 224 4S 019“3}04 715821 EA ) sl AFsta L,
Fong3} Ho (2015)-& A5 2319 37} =3 thgt A+=
B AFoAE Aol At Y AT F2AAY £ <]

THE &8stazt sty 53] dslo] ARV ARRALE B9 2 53519 A H7 A A ﬁ°1
JHO Fa%o g A7 A A o] ARE EUIE, 53] F7tel 9
3 I s 487
B7F BEEE A B Al
A HIHS AHEL 3*“’1]/‘1—5— A AE7FEY AE A5 EY

gk Ao = B o] AFE g ok KA st}

Al o]

Flo oZi

Al
A=
A

N ol o > 52
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1A B o]E FEHoE Fdshe By
el JEe s = 3

A& 5 9lon o FEHFY 54X 3l
3l o] MeES AMSSte] 2 (construct)E o $F thy o] FRE0] o|EA
AFtrta 7P EAL o] uf AF AR Thgs o] 24 BES TS 5 Qa1 7 o8 A
TF3}H (quantitative) 7Hd AAS AAlstaL, #5549 Azl s 78 Agsitia ddE =
A& T2 WA 2] (structural equation modeling; SEM) ]2} 3ttt (Lee, 2007).

AY AFHAY SH3HA e TR ASHTES] A 299 A} AF 54
2 s Aok A (A )HS (exogenous variable)= =8 FAEgoly o2 AW

ko)

=
o

oftl
o
B
rlr

ok
oX,
1>
rlo

3] _g_\j;"/\

= T

IS T AETE gt WA (A )4 (endogenous variable) = F& ol A4
Aoz JFE W He Wolth. LA (error variable)= A F 7HAZ 72T 5 9

Ay
rE
4
et

|4 A= 225 UE= £ 2 XFH(measurement error) 2} FHA| ol 231

F(structural error) & Wpo] AZh & 4 Qlrh. ®E3F SEM-2 37424 (regression) 7
£ (path analysis; PA) Z18]3 34 Q9184 (confirmatory factor analysis; CFA)2] Al 7}A]
o 23k B4 wolnh. vhef SEMolA WA A7 vkl CFASE 2ol & & ot
FEUAAS Aos e th 2tk

(

-
N
to

fo

fu

Oodr oY fo do Y M4 o2
J;Lrlomgr{r N
=

n=Bn+T¢+(,
y=»7Ayn+e,
= A &+0.

A AA Aol WARARTE (0 x 1) ME n2 Uehiie] B o WAoo Ada
£ el 7 Aot 22a (g2 x 1) FE (= SARsE vehln T A3 a2t
netel AFBAE vl 7 Aot B3 (= WARA Sl e F2e S yehdn. o] 4]
< WARAUe} AN T2 MR SHolghs e WEstal ok F AR AolA y=
WA el thgh dS5Holnh. Ay WA e 2 AAAZS e e AR
SHa yoll vzt SALAE vepdoh. WAASAS yo s auielth. Al WA AollA 2= 94
FAE fol e A5t A+ AAFA A e 2AdRATE ey o 3a5H
T ol e SAAE vepdnh. AASUS 29 M geloltt. 99 Al 7HA] s4 S Edle &
SHeEo e 24 A FE S Adstar o] Add 24 A AE S AT R4S E (implied

covariance matrix)°]2}x stk

%
S
%

=

5(6) = AT+ WTTAT + O, AJITOAT + 0.5
- ALJITTTTAT 4+ O AN +0; )7

N=(I-B . E (ggT) -3, E (ggT) — U, E (eeT) -0, E (66T) -0

<
S|
—
o
S,
)\]
~—
|
@
A
=]

kel 98]71 714 Ryo] vfg Elgeitid AAR dolHERE A4 FEFEANELS AT
g dAsor & Aoty &, AFFEAAE S X(0)2te ot ZEFEAEES Setu st
191 |£(0) — S|E FAasKlor & Zojt}. dubdoz = o] Lo 3 Z

4 (discrepancy function)e}i 3] of YAHLE Haseto] RS 2ASE Ao] FERA
FFA] & Eolt} (Park, 2000). U= 374 ¥ (maximum likelihood estimation; MLE), 8] 7}5%]
2 A 35 (unweighted least square; ULS), 4wkl 2 A5+ 7 ¥ (generalized least square; GLS)
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Fo] tEAQ FoIT. AT WAL EA WG] Juke 27 PYe £AHe ool
2RI VT B2 A9 240] AP B4 A Gz A BESE HUY T AL &
t} (Loehlin, 1992)

2.2, PRLUHAIO| H|0|X|2H H2YH

TR o1 WolAt AL 4 2 HEe AR tha Ago] fAsT Tk A
ot HRE ATAEL WA AT olAe] A7) P AW HL ARAIEe] ANEL 2T 9
o Aotk Teih BEA A9 FRYRAIAE old AT DRSS AR ES By w)
o Se WAL e 2EPA L AR AT HUYRE LR A 2
AARHRE By vt AFFA R 7 Qioka el els FA R A APAE X (noninformative plrior)E 7+
Ao wodon s PAUAAL 2E3 ¢ 4 o £ WS BRS R o4 g
ok 712 WM e HUeE FHE M) 98 B 2EE 2= Sk SR wle| A%
S O WAL BT BAWG V200 FEGRE B2H 24 olee dTE Y von AL B
B $ONE 247071 AL (robust) AFE HAETh 22T AANSET 2ok Sl B4EL
Markov chain Monte Carlo (MCMCQC)o|A AAH AT EEZE 53| IFZZHA FAHo] 73ty S &
E2 Ml Bz 299 gEe /19 BEe BRAE APH0s & 5 A H1 AR AERE

£ +45ke) N B AFRES FE T 4 Yok

TFRPARAL FEFTE YT Jod S QoA EA7F WA "ot wetA] A mE2pof of
sk =271 o] gkom HA FES Ugl 0|22 IA FUAZ EREEd, dhies ZulFed 22
& Azlol gk o]2oln thE St BE 9} FARS v)gol thet o]2eltt. A R T+
Hutcheson3} Sofroniou (1999) 7} A ¢kt FH2 1507 o]Are] 7]1&3} Kline (2011) 9] 73+ 1007] <l
A 20071 Afole] 7= 5 1o Bentler?}t Chou (1987), Kline (2011) 5-o] £33t 32 9} FAHR
229] W ngo] 247 5:1, 10:1 oA olgls 7|Fo] EAISL). AW BAL AdYsl= Aluo TH
T 30700l BR dubHQl xR Ao EAdsirta & 4= 9ok whdol, wojA ¢t H HHS

T 2 A e g8 MCMC 3 S5t FASet B4EY AR XE AASEE &

rir ofl

ol Araglol A&l Ao b3t} (Lee, 2007).
2 AN A FolBHE (p-value) 2 7HAAR S dh= AL Wi AET =
7V 57 48 FREPY PSS Aok PP NA oS Wdshes B3 AA 35 B
o] Zthe= AFVME 714 W=7} FolA]7] wige|tt. &, B4V god 7pge Ry Ao
ol el ErEts AR TAZS 3ol vF A A= HEE folEEge]l vF A veA "t o
A =5 7] B2 g s E7stn Y-S A & 4 oA Dok webs AEFd 2%
Ao e bOYst APE AFER 2y APEE ddstn Yok AAE ot FAFE A goA
0.95 o] #X7F Uhgole B8t F9FF 32 0.01 vRte R 4% =+ 397 wry. =3 7}
4 AN ol A FIFES AT veke SA9 Hxeke Holth &, B¥ o] Bt
2 B Byo] YA E AR TAQ A7} oplth. {4 AR AL AFVMEE 7143
ool Rk AR oFetA] AR THd o] dnfut BFRAE Dot TARE ARSEA = HETE (Lee, 2007).
upxeto 2 o|#3st fojghE e e AT AFES AR TE o2 Wdde 2 BRY(dE £
o], ¥]-Z 2 (non-nested) )7} v E ) AHETE 5 glvy. 28U & B E EURE o8& 4

—l«‘o
o
7

-

m,d

Z3ol] QoM HREY A9 54 o)2o] B o2 WESE 2P Hrhs A2 e Jejg H)-
A% mgse] U A4L Baw Ak §Nu wol At PEIR AL e FREAA] 7}
A3 g Rl ek AR BAE AL 9A shek WolA gk PHeA L AR BhE b
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A7 shhe) mYow B58E 4 By BE MLE e Aow 4AuT. £ 9ed 4 4
4wl oljel ARs o] 914 ek BYEHe] vl A= = A0l 44 PHe AT vz vol
= 91x}H(Bayes factor)©]t}. o]l Hjo]= A} Fo A= H|o]A| ¢+ HK 7]=(Bayesian information
criterion; BIC)T Zro] dg] &#lx AJmEo] gou o|#dt WolA ¢ AFEL ALEE-E (posterior
probability) el thdt MCMCE Et)& A4bks o] At}
TR A WAt FE2 o 2ol vERE 4 ok

yYi=pu+ sz + €,

n; = I + T + 6;

yie WABSHE yo} JABSAE 22 ool p x 1MHo|Y, w, = (n],&)" = &(qle)ﬁ}
I L RS R E B
W AFEEE 7Pt olgd 7ME EWE oAt —7—5‘%‘7@
£ W5E FEUSE AU APIAASE
° 2 ; By A= e ~ N(0,¥c)0la AL
p~ N(po, Xo) olct. W0 Ak FxuAg A o] A3t 3d ¥, 2 ot 7‘01 vhehd 4 gl
( n-Hrer? + wm-" H1Fq>)

Z =
¢ orT-T )

0% A, 0,05, 1T, 05 74 w12} n452) et 3 23 2ARRE2 epd ot 2ok
(yilwi, 0) ~ N(p + Aws, V),
(wilyi, 0) ~ N (AT s, )

A7M, £F = B51 + ATU Aotk wte kWAl tiAAE ¢ ), Us9 kWAl o4 E
Y B S ot v te AREZE 47 YL ~ G(aoek Boek), Vi ~ G(awsk, Bosk) 2 2

I~

E

R ¥ (gamma distribution) o]t} #ZW9] A H (intercept) pd X FFEEZE w29 y ~
N(po,Zo)olth. &4 FAjme] BEab-gi2ak e I8 2Yo] ¢29 YAFE EE(Wishart
distribution)o]uq 1~ Wy (R, po)olth I F2EFT 2A3TF ¢ 3o tidk ALHR
27F FoRE wf 7 By AFEY] 2AFEEZE o Zo] YEhd £ itk A

o] kA Ego Apeta o FREZY AL A, = (ILT)Y kAR 3 AL =a sid 47
(Aklter) ~ N(Nok, Yek Hoyk )y (Awk|¥sk) ~ N(Aowk, YsrHowr) Z UERE 4= T

AFAE 7 AR EE ARAEEZZF 7H 224 (hyperparameter)of] o] & 5 9low AbdAE
of thet Aol wrhd 2ES,E AR Z Hois 7 A A7) Hs] 91225 (location
parameter)°]| S| Fd= 2RFEL] 7HE AARAA R 7PEA Fo sl H =X 4 (scale parameter) o]
af

et 2E4E Ao AAsiok Sk weel, AR A o] WolAAL & 4 gl Aol 91
R4 09 7P AERAol e 2nde AS 2 A4s] AAREE FARA AL )

<&
=
=
A & 4 9t} (Congdon, 2001). oA FREH S ASZQ FEEFo=w 7
i=]

A 4 glom Yam
Q(Glbbb sampling) ¥H-S Ba FAHLY B4ES At 242y ABREE By 22S 7

W 4 9k,

Hlo] A ¢F FEA AN E BYPE Frler] A% g A= A7t AN Heof 9len o] AJE A
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= 2yo 2a95d9 AlF =% (posterior predictive checks)E Al&38tc). o] 3 AlZ o=
o= BIC, #x}AKH 7]%(deviance information criterion; DIC), (2FZgkx-2AN) 2 #jo]= ©
((Laplace-approximated) log Bayes factor), d2] &85 +=% B 7]=(widely applicable information
criterion; WAIC) 5-©] 1t} (Merkle2} Rosseel, 2015). FA|HGof| A= ZHE 9] —2,—01 e W] 2o
AP} Z}ZH o] B3 oA AE FETTE /\}—9"5}01 Fol AANHSE HEHos =43
ot FAATE AREEUTE A3 AS3EC] FARES o B4 ARRREEE 4] AsiAE
FARTES FEHA AAT 4= drh 53] o] AFEXE BHS Frlete BAFCE 2 ALd
ot PR AL PR 7]'766]'7] o Eell A 2HE AR A AL £ Qi
BIC= Schwarz (1978)7} A|otst 7|& 02 APHERE| 2]&31A] b= 21 Ho|= QIxle] 2ithst ZA}
ki g = Qlth #lo]= ARM= Big = p(Y|M1)/p(Y|Mo)E VR H 2 B3 9] AL Hel HE53S
2 AR AT BE 20 1l (ratio) & SIWIRT gho] 245 R WA B RS 6 Z5A AARERE o
ujolt} (Kass2} Raftery, 1995). 23 ko tjgt BIC+= 1'4-3 A3} Zro] AArdE T

R

BIC), = —2logp (Y\@,ﬁ“, Mk) +dllogn

A71olA, 62 R k] B 60 et HFAFIY M B3 kS @tk div ¥ kY
B4 09 Adelm ne 2459 A7lelth. =3 BICio = 2[logp(Y |01, Mi) — log p(Y]65", Mo)] —
(d]' —di°)logn o & LJepd 5= 9l om BIC o2 2log Byoll 2AF3TE webA BICio7} 00 7742
vl st Abehs T REe Aol 7t S-S ojnldch

DICE AFEx B3] e e ¢3S 7o AdeH s %koltﬂ o] gholl 2¥9] B&4<
29 A4-E YA AAH R 7SS AHES) (Spiegelhalter 5, 2002). &, DICE AISREZ ‘:'Ei
A4E ZRES RIASEFFES FTH AAFEE ] Bl EH‘J E%‘#A Aol & e
H, o) e A3t el Axtdch

DIC = —2logp (0E|Y) + 2efppc,

A71el A, 07 AR Y BRE] BREEL, efppct BHY TEH 815
SE eugt. o /12 Arjge] 09 AR eSS FL RYS e W BEH mae)
As7k Z7HeHE Aok A o= BAREAEY glo] ANBE HBROR AT APE AFE o
vt

upR e 2 WAICE DICKHT} 1 o2 AlLkg 63k vhde DICKT) o ZHE Ho &
T Agrolt}). FHZof| B AME 25T 4 9= HEC] AAIE It (Vehtari 5, 2015). WAICE
AT RE AANAFE7ET 558 A%E Sl ASH A2 EEH A4le 2RI 58
A 150 AeE ARt AFEE Axtsith 53], A5 AuAds SHeE Ry 2adEAS
W gh4=2] 719 gk (expected log pointwise predictive density)& AR&-3to] Al AFstch, WAICS] A A4
< o3

N
N
B

%
1%

-

WAIC = —2lppd + 2efpyaic,
o7191A, Ippde 53 AAre] 2aPAASLEGFFOIN, efpyacs EEH 2542 7fgelnh. o
7|E2 Auigtol 00 7 s F2 2¥e vEhth

Al
=

A
ax

&
ME

OlX
Ha

53]l iste] A=Al Bt 712 AEE] flste] 27 thde® dato](Delphi) 7IH& &
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Table 3.1. Classification code and evaluation items by technology field and evaluation index (Invention Promotion

Society, 2017)

NEEopd FRIE

A71HAHT  38hute]

A B 1A e rhgn
PR FEIE
A8 7led 884
101 201 301 ST god dgete AR A IFE £
102 202 302 SHATY 2ovt grod dgete AR A FFS £
103 203 303 TEY 77 goy sgskes FrHAE E dF=Tt o
104 204 304 T4 Pgdolst 2oy sFetes AR A TS Erk
105 205 305 .., B73AD 5/t HOH AFse AR 54 9FE k-
106 206 306 — - ° Tyl o I FrA R =4 JEFL =0}
107 207 307 Lo Ao o7t A-E s gete G R =4 4¥FE Eot
A AAFT 537 G5 A AR =
108 208 308 e F4 597t wess slgee B R =
obc_a}:E ‘CE}'
el de) 7t BeE slDee ANz A
109 209 309 :E‘?‘]‘fazal ]’m‘ T Bﬂ ] ]’ ° ]’ ] o]] ]
3¢S Frt
110 210 310 IPC7} @o] D5 sigats JrA R =4 4L Fot
11 211 3811 271348 Bow dfFohs FrpAEd 24 IFE Erk
112 212 312 ALY TE Hod sFdets FrA R w4 4FE Foh
113 213 313 ANAAARTE Yo Gt FrEAF =4 FFS Foh
114 214 314 AANAET7 S AT B7HAE =4 4TS £
115 215 315, AR BEAF BT S gt FrA R =4 4F¥FE £k
116 216 316 " % 9A8E Bo] US4 E gt G R =4 JFE Frb
e 217 817 AN 24D Aolt 55 AFote BAAEA £/ F2 Foh
AYEA 5 =2 AG59571 G252 sFote AR =
118 218 318 oi?o 1‘6' 94_;1 O']T ]’wa‘l‘ —°ﬂ © ]’ ) ]‘ ] oﬂ 7'“
3¢S Frt
g EH F =5 EF] WoE Fgsls A AR
119 219 319 ’L] o - OT 9’]%'—'3:1—!_ ]' s= T = Ho ]' C] ]'] Oﬂ
A FFE £
AASEL o8 &5 sigste F7HA R =7
120 220 320 SEAR
o %S £t
121 221 321 27 B & A gets AR A 3T £
122 222 322 EE7I AR ST A5 s BEE BN E =/ 9FE Fo-
123 223 32 o, AAAAST BELF dFshs FrhAEe A S Fok
124 224 324 AR T BETE dete G R A4 9FE Eoh
125 225 325 8718 2d4A 0 e F Do AR =4 9FE £k
126 226 326 FEAW] e et FrHAEd 24 9¥FE £k
127 297 327 j’éé@%%ﬁiol e~ G ubsts WA Fo| =4 JIFS
ot
AZA AgHY ATt 9o WS4 E | Gst= FI7A R =
128 2928 328 ;‘"I;Iza]‘l‘] =4 o]a‘[‘—vﬁﬁo]' o]’] ] 7'”
obc_akE ‘CD}'
AR A He o Agt 7)1 zHHE} 2 B4R F Gt
129 229 329 B :‘"‘”‘;a]!:lﬁ:?};\: ]—“l‘]}ﬁ]']'b— T oHo]—
ABAE H7A R A ¥ Fo
130 230 330 NS fﬂ?%‘%i‘%ﬁi 71 Zve] W= s Bote F7pA El
= %L £k
AR ﬂ Ho i_}-g_klr‘;_]. Q__&.i ol A W4 ?%-_%AE S R =
131 231 331 #"1"'_‘7’]\3*] ~uo &3 3t Zat7t 5 sf gt
B7HA & EA TS £k
132 232 332 AT gEFE gt G R =4 4F¥FE £t
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£33tk duto] /UL A EFlax; Fhe EAl tidle] AEILENA e AEF] AL F3}
= ] A olth (Kang, 2008). ©]& E|& Table 3.14A4 HojxXo] AE7HEC] FT83Ich
3 Q7= 3271K]9] Bt FEE tete AE FEE A ey AFez AAA
71T, gfghalel e F 717 7|&Ropdz Rl dE4, 71€4, 8849 3711 AAUSE 7133}
AT} 32714 F7) FEEL dulo] 7S 5319 57 HEE EHE 5oty A8 Ay Hopd

2 357001n] o] AR E EvlE 55 Y7k RAYL Asto] wlol At TP At

3.1. 93y
53] 37t AE S SIS By SUAE, AANAE, SEARE, SSAE, ARARE 5 579 12 7
Aacle] & 5o B AEA AYA, 71E4, E8AolEe FA 80l AFS Frha e 24 T
291 By3} 22 A Ao] EAEHA] ki FrF A #e] AL AT EAFE GY FA L BYP] F
7HA] 2@ ol thsto] wloj x|k A Aol HFHatedrh. 3 AT, Sfstute] 2.9 274A] 4Fgd
2 37 38 o7 OE 5 7] wlRel VleRopies Zhze] 7} Ao tigted wo| x|t
zg Aol AFAA Byt AP 2| Mol A% APE A4t FHE A g EUE F+ P
28 A4E APgs Bk 23 QARFS YAASHSE S QARSATE EAEA g
FEEFo|th 23F 2R v} o] vehd 4= glok
yi=p+ A + e,
n: = & + 63,
(yilwi, 0) ~ N(p + Awi, Vo),
(wilyi, 0) ~ N (S7AT0 =),
o, 9 AL RS oy} 2k

blavaan 7] x]+= Muthen¥} Asparouhov (2012)7} At WPH-& wain glon o] W2 F431a
ZAskE FEA FEe £ BETV GHAZE RS 2R S Sho] BAE APREE AT A
3l i ot} (Merkle?} Rosseel, 2015). S3 2] AHo| tjdt AHEZE= U(1,5) 2 gy ol
F7F ol et A2 A7F 17014 53 Abeloll Al o= 7] wigelty. =3 FrAo 7] wet
B RS w2 st 3" FRAso] 05t 2o FrhA 2ol ofelFo] A7l ArAT

o

ol & AHEER U(0,2)8 AHESHITh T2 F5EEE A48 49 $3A = 2y At
Q7T Fope] A4 YR P} shstulol @ Hofe] AT 7164 dLdRPL

AEEZZ N(0,0.01)E AHE3IATH
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Table 3.2. Prior distribution of electronic, electrics & IT field and PSRF index

22 A=Y

B7HAE BEE 294 128 2218 91 ”

APHEEZ PSRF APHEEZ PSRF AFHEEZ PSRF

A101
A102 aqgAn U(0,2)  1.001 N(0,0.01)  1.000
A108 =% U(0,2)  1.000 N(0,0.01)  1.000
A109 U(0,2)  1.000 N(0,0.01)  1.000
A115 N(0,0.01)  1.000
A116 AANAR U(0,2)  1.001 U(0,2)  1.000 N(0,0.01)  1.000
A119 U(0,2)  1.000 N(0,0.01)  1.000
284 A120 SEAHR N(0,0.01)  1.000
A122 N(0,0.01)  1.000
A123 E3FAAE U(0,2) 1.000 U(0,2) 1.000 N(0,0.01) 1.001
Al124 U(0,2)  1.000 N(0,0.01)  1.000
A126 N(0,0.01)  1.000
A128 U(0,2 1.001 N(0,0.01)  1.000
A130 G U(0,2) 1001 UEO,Q; 1.001 Ngo,o.m; 1.001
A132 U(0,2)  1.000 N(0,0.01)  1.000

A201
A203 U(0,2)  1.000 U(0,2) 1.000
A205 AN U(0,2)  1.000 U(0,2) 1.000
A208 U(0,2)  1.001 U(0,2) 1.001
A209 U(0,2)  1.000 U(0,2) 1.000
A215 U(0,2) 1.000
A217 AR U0.2) 1001 U(,2)  1.002 U(0,2) 1.001
A218 Boe ’ : U(0,2)  1.001 U(0,2) 1.000
714 A219 U(0,2)  1.002 U(0,2)  1.001
A220 SEAQR U(0,2) 1.000
A222 U(0,2) 1.001
A223 Ed4E U(0,2) 1.000 U(0,2) 1.000 U(0,2) 1.000
A224 U(0,2)  1.000 U(0,2) 1.000
A226 U(0,2) 1.001
A228 AdA R U(0,2)  1.001 U(0,2)  1.002 U(0,2) 1.000
A130 U(0,2)  1.002 U(0,2) 1.000

A311
A312 A U(0,2)  1.001 U(0,2) 1.000
A315 U(0,2)  1.000 U(0,2) 1.000
A316 U(0,2)  1.000 U(0,2) 1.000
A320 SEAHR U(0,2) 1.000
A322 U(0,2) 1.001
A323 ~ U(0,2)  1.000 U(0,2) 1.000
52 A A324 SelddE U0.2) 1002 U(0,2)  1.000 U(0,2) 1.001
A325 U(0,2)  1.001 U(0,2) 1.001
A326 U(0,2) 1.001
A328 U(0,2)  1.000 U(0,2) 1.000
A329 AL U027 1001 U(0,2)  1.004 U(0,2) 1.000
A330 HTe ’ : U(0,2)  1.000 U(0,2) 1.002
A331 U(0,2)  1.004 U(0,2) 1.000
A332 U(0,2)  1.001 U(0,2) 1.000

PSRF = potential scale reduction factor.
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Table 3.3. Prior distribution of chemistry & biology field and PSRF index

22120123

F7HAE FEE 89 1222 2248 <1
AAEE PSRF AHARE PSRF AHAEE PSRF
B101
B103 U(0,2)  1.001 N(0,0.01)  1.003
B105 Zd9AKE U(0,2) 1.001 N(0,0.01) 1.002
B108 U(0,2)  1.001 N(0,0.01)  1.002
B109 U(0,2)  1.001 N(0,0.01)  1.002
A8 B116 AAPA H U(0,2)  1.001 N(0,0.01)  1.001
B120 TEAR N(0,0.01)  1.002
B122 . N(0,0.01)  1.001
B123 sHdzE U02) 1002 U(0,2)  1.000 NE0,0.0I; 1.002
B126 N(0,0.01)  1.002
B128 AR R U(0,2)  1.001 U(0,2)  1.002 N(0,0.01)  1.002
B130 U(0,2)  1.001 N(0,0.01)  1.001
B201
B208 Z9A4KR U(0,2)  1.000 N(0,0.01)  1.001
B209 U(0,2)  1.001 N(0,0.01)  1.001
B215 N(0,0.01)  1.001
P B216 AR ve©,2)  1.000 U(0,2)  1.001 N(0,0.01) 1.003
B220 TERR N(0,0.01)  1.000
B222 E3dAHZE U(0,2) 1.001 N(0,0.01) 1.001
B226 N(0,0.01)  1.001
B228 AR U(0,2)  1.001 U(0,2)  1.000 N(0,0.01)  1.002
B130 U(0,2)  1.000 N(0,0.01)  1.001
B305 .
B309 B U(0,2)  1.001 U(0,2) 1.000
B312 U(0,2 1.000
B315 AR v,z Loo U(0,2)  1.007 UEQ 2; 1.000
B320 TERR U(0,2) 1.000
. B322 U(0,2) 1.000
=°c B323  ES3PAFR U(0,2) 1.003 U(0,2)  1.002 U(0,2) 1.000
B325 U(0,2)  1.001 U(0,2) 1.000
B326 U(0,2) 1.000
B328 U(0,2 1.001 U(0,2 1.000
B330 HEAH v©,2) 1.002 UEO, 2; 1.000 UEO, 2; 1.000
B332 U(0,2)  1.001 U(0,2) 1.000

PSRF = potential scale reduction factor.

MCMC®] ¢4 AEE 9319 Gelman¥} Rubin (1992)¢] AJAI3 potential scale reduction factor
(PSRF)E AM&sgith. PSRF& 74 A|Qle] 24ke] a3 7z A dollA] 349 249 Bl st
Bato® R¥EE 384 @ N Folvy. 44HE B9 PSREZE BF 19 7FEAL 11Kt} Lo &}
W 2yl S8ty Sk @ 5 9t} (Gelman 5, 2004). ZF 2529 tj$t PSRF A<=+ Table 3.2%}
Table 3.30|4] €13 4= Qlt}.
EA0) &23 5A Az EY o] W #H&H T4 R version 3.3.09 A blavaan 3] 7] A] (Merkle2} Rosseel,
2015)E AR89 2™ blavaan 3]7]A]2] blavaan &5 ARESITE burn-out o]F %3 o nE
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Table 3.4. Goodness-of-fit index by model

Z|eHopd TR HUAE 29 Num of para. InL BIC DIC WAIC
A4 gddAZAR R 45 —374.891 908.469 827.694 835.832

2212 Q012 49 —377.798 928.388 824.739 829.658

ARFA ] NeA "4—‘01 A2 ?ll?—:é] 48 —293.418 756.101 664.514 684.123
22 L Q12 Y 52 —286.934 757.240 642.977 655.555

B84 Er;%_‘%‘xﬁ i ?_]_‘?_—53] 45 —396.209 951.105 868.460 895.593

2AFA AN QR Y 48 —388.719 946.703 843.658 862.226

A4 %_?zj?ngL{Effé 36 —384.934 896.816 832.022 857.594

2212 Q012 40 —394.085 929.224 844.591 864.314

shahilo] o e ESEECY ‘__‘,3_—?'703 33 —346.544 809.458 748.880 790.393
2R A QR 37 —333.051 796.577 715.165 743.601

Fa4 ‘a';?:_];g'xﬁﬁ?l_‘?_—%é 35 —413.262 949.946 880.501 899.835

2212 912 Y 40 —353.586 848.227 760.268 779.037

BIC = Bayesian information criterion; DIC = deviance information criterion; WAIC = widely applicable
information criterion.

o] & 10,0007 2 3}F 2 burn-in & ZTES] = 2,0007|& 3}Act. E3E blavaan 37| X +=
JAGS(Just Another Gibbs Sampling) 7]¥+ 2 2 Gibbs samplingS 43322 MCMC 2 7] G o A
MCMCE +3H& A8 AH85 = 284 (adaptive) 2 1,0007=2 A4 i3l A4 2L 4+
A9l burn-ing RAS =0} (Plummer, 2015). 22|31 84 A-S 93t AR Al (chain)9] 4=
= IHE St =49 ATY FAA8S EaMIRAAE EHE FAstglon R o]= A7}
1Rt 22 49 49 A7t Fol oA drha adstar Ryl A Al sttt

R4 A3 Table 3494 F & 5 9o, 24 ZAL BYY AFE A7t B FALY 2F
A A4RTE ANEOE Eth FAY AF AYE AFAE B AL 2P A
S7hE Eob 23 AL ARY Bt ohlet B LAY E Telsel L8 F7} 4
she Zlo] wid) @ Zlolth. Ropiw AW mw AAA7) Lokl : 144, DeA, BE
2 89 AYEr} $onR 764, ALyl AHEoR B Rolstt B/} 4 2
Alth. E Bshilol o ol 4= 7144, AL, B4 w2 B AR} $7 yehgon
2 7124, B4, B84 0= B7h A4E Folshe o) g & At

239 FANSY Ace 2700l wet 2 Boh FEE WA ST 5 Bt $5e) F5
A% Frha WA 248 A5 §2 wt o 2 wgstgon weel Feels A4 wg st
23 A0 BYS FAFEE0] FAE B7H FFOR RolA B4 WAL 45 §olsan
v, 7k wgol 23 AA S cle] T WAL Bote] AR FRES A5t WA B 54 23 WA
22 M S Y A YIS AL} ToAe A WA Aok A A Agiens @
9 AL By 7} Ao} wawstel 53 ALY oA viedste] ARSI B} Yol B4
£ Wl & elth

Table 3.5 8 4 g5tel, AT Lolol ) Aol A mE 2oIA AAFo) We
A sk delgel $7 IF2 Frhe) BARFe) Mg B A4V Ao 23 AL
Pol A SEAR A A 5RL 0o 84T Belgol 54 IFS Frhe] Fuo] A
WEe @9 Bgth ot $EAMeks 23 gLl ThE 85 skl FARRe] AR

O,

uN mlm

N rlo J}m
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Table 3.5. Score by evaluation item for electronic, electrics & IT field
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Table 3.6. Score by evaluation item for chemistry & biology field

_ _ s . . 2738023 Gdgry
B7F A% B 5 12r2.9 12k 898 A4 N o B arE A
B101 5 5
B103 5 9
B105 =94R 23 5 9
B108 5 9
B109 3 8
a8 B116 AANA R 25 25 7
B120 SE=A45 1 1 6
By FoRAE & i o
B126 7 12
B128 ATRAR 21 7 11
B130 7 10
B201 12 6
B208 2941 26 4 7
B209 9 7
B215 7 12
P B216 AR H 25 9 15
B220 SE2AR 1 1 6
B222 E3EAAR 35 35 13
B226 4 8
B228 AR 13 6
B130 5 8
— g A 21 :
—— aiax : ;
B320 TEAR 1 1
2a4 B322 ] 11 8
B323 E5ARR 23 9 7
B325 3 3
B326 9 11
B328 AgAn o 5 10
B330 4 6
B332 9 12

A FR3E A7) wiZoltt. shARt O AL ALY 234 FA QNS £F3HA] ¢87] w2l ‘AA}
=2 2 &5 Aol =4 42 A i TR kst
AAZIT #oke] 71e/d AZoNM e E57170 ST 255 sldshe 7z =4 9T
th el F5o] 7 RYA 7P = AEE T &84 AxolMe 4 Y vtk 7P w4 A= d
F7h FEol @aten 22 A2 Yo A9 273NE Jod dgehe FrARCd A 42
Tl {7t FEo], &d AL Y Ay S 2dd A =

of 7 9&Fe Fh e F7t FEo] =2 WS

=]
=
AA A PGS Aubzl oz pEdte] 23 A2 2y E= Td A

AN 2 ol
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BAAA Azl thste] AFH oz BRI LA AL FAA 2 Rz & 4 itk 53
9] 7HAE B 295 oS AW 2 £ glon w3 AFH R AYEE e dAV EAT
Zolth. I E B7ata SAHE 4 gl A 295 tiste] FRAA AAE FAste] AR
7HeY FREE T 5 e FRUAAL FEFd Aol & 4 ot
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ok 57HA 144 FA 291 2@sHE By 13} A gcle] gl v AL BEE 77 AA A
oA ¢t AFEE st FHE A4S EvE F7 A4S A A= A AollMe 24
FALA Bo] AmA oz Egtovt 24 AL BYL FrF FES Fubet 2= 14 AL
o] 2A1317] wjioll 1L 7t FEo] 9l FA 29 2o uste] Aujd oz A7 wigHT}. w3 oY
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