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Mode Effects on Response Design:
An Example of Qualify-of-Life Measures

Pei-Shan Liao™

ABSTRACT

Questionnaire design often differs among various survey modes
in order to obtain better data quality. Previous studies have indicated
that a higher number of response categories may perform better in
face-to-face surveys than in telephone surveys. Few have examined
the influence of response labels and unbalanced scale design on sur-
vey answers. This study aims to compare the responses between face-
to-face and telephone surveys with respect to response design of atti-
tudinal scales. Data used for this study are drawn from the 2010
Taiwan Social Change Survey and telephone surveys collected in
2010 and 2011 using a randomized experimental design to collect
data from representative samples aged 18 years or older. By measur-
ing the construct of individual quality of life (QoL), four types of
response scales with different combinations of response number and
response labels were examined to distinguish both the intensity and
direction of responses.

Individual characteristics between the two modes indicated that
the sub-samples were different in terms of monthly income and
working status. Results of the graded response model suggested that
the response design used in this study performed better in face-to-
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face surveys than in telephone surveys. Also, a balanced scale with
four response categories and less intense labels had the best discrimi-
nating ability among the four designs. When compared to respon-
dents to telephone surveys, respondents to face-to-face surveys were
less likely to provide strongly-labeled answers, which can be seen a
tendency of social desirability due to more interpersonal interactions.
Findings of linear regression on the IRT scores of QoL, however,
were in favor of telephone surveys, with higher values of chi-square.
An intertwining effect of response design and data collection mode
was also found. A discussion of the results is provided.

Keywords: mode effect, mid-point response, response labels, quality
of life
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HBEEFE YRR A e > F DT Bl s i i &
RO B 2 @ A B A B HE T HE - NI A dn' e H B
= AFLEE (Alwin 1997; Alwin and Krosnick 1991; Weng 2004 ) » [7]
IRF 0 A 5 1 1) B 2 fm) iR B B AH R 2 P (& R (balanced scale) %
ATHYRIAERA: o ARIMAEMERR AR SIR (ATRF) REZERR
W EIEE L G2 E A D R EGELIEDEEAS - TN
PRIGHEFE » DRI IEb DY {18 5 A {18 S8 TR 1 B A AR IRF IR (o P Y B RE%E

(Dawes 2008; Schaeffer and Charng 1991; Schaeffer and Presser 2003 ) °

BSETE B R AHRE Z W 72k - SE A PEEE (mid-point) )5 B
75 0 DUSAHS HE & SRIERDRZE (label) FURZ © BEARISURTEEC A
ANDIFFERER » SR ASERL —BUZ fld o @A AR
PR S 2 BCERMERR AR R B B Al 3 & B B T 70 A (Z85HE 2010) »
H B EE A S AR RN » AR AR ZE ARG Al BB 7 A 72
S HEMEERN S AR RBOR AR REE (BN TIRFF & 1) IR R
FUE (B TIERFTE 1) & BREIARE S S22 E HIRERE - (HAET&
ZIEIE BB S HRE - FF & H MR 2 (Es - i & RHsR ]
TARENFEE BRI © JRT - A — iR LI BRakat /7 AP e 2 S
SRERL > AIEEAEMR 2B (Liao 2014) 5 HAZEREGRHIEE
an (B0 TIRHREE 1) 2 REGALEERBIRA (a0 TIRIREE 1)
HEDRERIRIAM 2 » b — 5 R ELE LT A2 -

By T e BB AL 5 TR BB AR A T AN RIH & T RESS B RHE Y
OB SR SR RE H 22 PSR AR o ASHHE S LU IR AO RE H B g IE R
it RECECAN R BB SE T EE TSRS R (I A KA 5 B T AR IR )5 5
MEMAEL R P REA RIS » VARG T EBUEN A > A& HRR
AR AR B ROEETEPRGE S o AF5EH ] a0 TR E b
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Ak A TR AR B » ARG AR RE H BRI A T 2 5 T
TS IR AR B ARG A AR B D SR IR A T P ] REAE L RSP BE - LUSCA[R] S
Hagat (SHEMEREE) EREE RS E DEM R -
[ LRIRZE 15 HH ERARR AR B HE R N EA 2 - I8 —E
BRPRETTE » AT DR E B @ HECICE TR RS - LU
RGEIAZ (1) ] RERSEE -

+ 18RS RACIRA

(—) SEIHYE R B 3

HRHREE B RARET FIrR EnEREE AR CHH L BEN
Femblatéf (22 H Schaeffer and Presser 2003; E#ZH 2010) » fF &R
SRBELIMEERNFZRET » — BRSO D =
(Preston and Colman 2000 ) » 78 5 H HII AT 21 2 3 - — (A ¥ VHER
i (REEEHE 2010) o (HEEREARE B ENZEEM S » #@%
HEIE G RN 2 0 PR TARIR 22 52 o S 3 L [ 25 i PR i
(Holbrook et al. 2006) » Kt & it LA DB ARG T E R > DIse
BERIA - —MmE - P %é@@ifﬂﬂﬂhﬂZW 3T A
DLESERIB T A TR 72 RIEE 5 1A £ &3# (Hamby and
Levine 2016; Wakita et al. 2012) » [KE 8 &#k 2L HI| 5735 & BHEEF B
fig (perception) AN IERE o

b EHEE L F It ZEA R RY) R EEIE (middle
response ) FYFE{HLEL A3} 2 57 3/ 3 (Rl B R A B 43 A 2288 - DLRHR
BEIFEEEFR T OB RINIE 2B o hEEEFE A - 8
BT HAW B EE S RO EEBRAIAE ¢ DUE [a) B & o) #E I R
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FHEIR PR RN S - HEE 7 HEEE e AR R R w8
iy o HISCE AR AT e SR R 3R R T b 2 A -

DIRERE # 3R E RPN E R (Likert scale) ST EEANE » &
)_K'EI"]E?F'HEJ%IE/TA M2 JEEFEEANEE 1 (neither agree nor disagree )
g Mm% s ARmt— ':F'F'EIEJ EIHAREAMEARNEE : —REHE
ST (neutral) REJE — I 5 A A S ) N R ~ A L B A
1381 (Bishop 1987; Moors 2007; Raaijmakers et al. 2000; Schuman
and Presser 1981) o ¥ fi i) S TEAY [m] 25 4= S8 ] 138 Wi A A~ (] ) 2o i 86
BT LUfRRE » BB —FEa (b (optimal) » @i E ZIRIPRES)
=R RS ERER RS - AR EERNEE RS > Kt
5% i A UL I 7> 1S5 i 328 T 00 e g R ) — e o 8 A P G EESL B T
satisficing » AJfFS TENTHES ) (BGEER TEHANWE L » 2 HIZEHE
2010) » HEE Rz E (R EAME S E AR 5 > MFE PR
% FHEHE—H B R EIE Y T e o mAgaEe /1R E
HEEE P LARE (Krosnick et al. 2002; Tourangeau et al. 2000 )
PR32 A AT 7 I PR R TR S S 2 B i I o

A 1o P T TR A s R i B Y R TR B T e 310 5 > e E ST
ZR NG S ] 7 A R H R B 2 ) o 3 T AR AL E Y
o (Kroh 2007) » BRFHIEEEA HIEEC B HER - AN seaH
BB AR T B R I A AR B R RO H IR R - ER[A)
PR a8 m LI 32304 S i (B 2010; Bishop 1987;
Schuman and Presser 1981) 5 K5 N T EEE 23 & G 8 » DUk
A B Z R ] FE LR o AR - DLE Bt e TRy E AL LM
e R HIFE H » AEA EEIFE R DI EDL T > SR I — (el A LA
FHERR D > DIBUA A 5 (EREET 3 W 4 AR T it 3% 8 TE S 5 P S A

Ft
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FHhiEIBh .2 hReE (Liao 2014) o HIfS —fkHY B REEHEE EMA T4
FE L~ TR ) S5 S T > rP RS TR R & R PR B A 1 (1
Mo > K TETIES 1 B3 GRS e O R 32 3 & A R
[RLEEIRRYRIEAT R  HuG AT R EDE IR E A G am » PR H
a1 LU (i R ] 55 Y o re Bl 5 (][] o 7y i RS > DA
HIEERAE ANt - & H LT R [ A OBIRRERE » FIH IR 5 (0] 25 o3 AT
HIfmEE - T DA 8 rE & RUORERET (Kalmijn et al. 2011; Liao
2014) » REEESEEER - (ARREGEEME - KEEEER
A BE SR T 8 sz BRE H N B BURE KA &2 2 (Lam and
Stevens 1994 )

() EHEUREE

PR ER ZBRUENAS » BR 7 %28 HES ER HUiE
I s K2 I & IERSURGE < LIRS LAGEE R R B
HDHIEES 22 (psycholinguistics) WUEHEGAKTE » BINIMIH 2 E BT
s & R A AR R - Bl B P EER » (PR aE
N Z2% o Norman CIiff (1959) LIBETRREE & ~ S2AIRE JT#ERT K
B S GOEITE B A > ARERFTIE SR A [ I A BT 25l #H A T
MAEEER AR - IRBEIFE RIS THOR#E ) (multipliers) 2
o BIATAE TR BE B A SR EC Ze it SRAE B3 T E
P ESGASR » TARARAEER A Frad T BB B (Schaeffer and Charng
1991) o fEFRSCHIBHER ST - Sl (1998) HFAEIA.CHEEMZEH
A R EE G T 0 88 [RIIE DUE Beas s 5 T e Fr 2k
JE o TS S R S RS R ER A S AL 1 BER IR LA = E
R R AR 2SR > R T 2 BRI 2 BLA B A
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7 o HOEFTERARER - 1AS SRR R RS AR R SRR 5 4= 25 &l
AR L AR AR

B0 W SR B B AR LA i G 5 T PRAVEAE RS (response
continuum ) » B AS L 2 BUEEL TR - Z235# AR REERT A
BRI E T 5 B R EE » TR 2% S A M A R AR 5255 0y
7 (Lam and Klockars 1982; Schaeffer and Charng 1991) o A3 » & Z&Hf
gethfatt - MHERAE AR RN » FER 7 BUE B (5 0 R i
PR AR I LR D (1 523 B0 38 ] < [R5 53R (interval )
R ¥ (Hamby and Levine 2016; Schaeffer and Presser 2003 ) » ${F KM
TERE A » R GRGEE FRYEEE (Fox et al. 2007; Holbrook et al.
2006) > HHFRENE B sl DO EERIEIE SR (Weng 2004) -
BeAt - 8 RO IARIIG L & BUE B SO R - Bl S A E B BER
(ordinal) REE s fEE MY I » &8 RO EAE RS R 3 6 L (RS
4> > #F (Schaeffer and Charng 1991) » {H & M am{n fEHEL - HRER
A B B A [ G T SR 2 A F Y[R (Kroh 2007,
O’Muircheartaigh et al. 1995; Schwarz et al. 1991 ) °

WEATELLE Bkt [l e B R Byl - SRR S EI R aE B
EHTE R LR B3 AR %2 (Schaeffer and Charng 1991; Wildt
and Mazis 1978) » fifi R B & Ry (Rl Z AR AU e B 2 @ IHN R EE Pl
fEMEE s HATEr g %% (Wildt and Mazis 1978) » 5
SHIRIESE RIS U W S B ) SSE PR ASR B - At (R TR R G B A E Tt ]
FRETUA R > e H W i < S HLAD SR PR AR R SR A5 SRV B E
BJ71A)  JRER AR R4 (Lam and Klockars 1982) © BIA
HIERE M » (R EBRAMHEIRYIE T » AR & R i B
T IE A 3 RS I » BRI G REE(E I E 0 An H ke

(B
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HRE (EE5HE 2010) » [T 5@ FH A2 2% B LR RE 0 Be 7 IRGE AU LA AR
Ao FAEAHIRDEEBE AT - SRR EE A S o - (HERER
HIIES 5 JHIEL AT » (B0 0 A BLEEIEAE R o SO A RIS BRE » 20
HIs LR AT RERS B2 E BRI J71A] (Schaeffer and Charng 1991) ©

I

(=) SEIHERGHBLT LR

H A FE RS T B BRI - SEBEEG T NS g ez
OO > (S —FE R ERE AL BHIEM (Schaeffer and Presser
2003) » = HIERR AR HBTREAS (Rockwood et al. 1997) o ANt »
BIMSEAEAH R H BLEIERRETAGCE T - AFE R AT e 8 EL
AR RIZRER - FlA E RS REE 230 & B B & i H
ERIFTEEEAS > mEmHR (LLUNER THéh) 8 DR
RANHGERF R A MIESH - (B2 EES R (LU T8E)
A > {ERE BT B FTa R A KA E LA EE - kiR HE
B LA )7 B 2 B 23 A T A R I B A T 5 > HHIRIREEE
AR REE R 7 A A N RIR R -

BARC A B R A AR B B 3 2 Lk > TR 20 EFE B 52 Sk
e G (BEIEIR E#E 2007; Bowling 2005; de Leeuw and van der
Zouwen 1988; Diaz de Rada 2011; Holbrook et al. 2003) -« —f& = * 1A
IEAE R ANA S G & BEN X KB E ST AR
HIEEERRE ) (Bowling 2005) 5 5 EZE AT ik AE 23 ) FE BHG 323
HE o HIEBEERE A LB o HEREME - Wahnahab
BARAG » AL E A OB S B S E A oy B E R R iRlE
SRR 5 i B B 2 [R5 R R UIBALR (rapport) 5 [FIRFREAE
DAEIRE IR R BIERAHREE > BB R Rk S FAR R a5 4R
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A E TR BRI &5 (Bowling 2005; Holbrook et al. 2003;
Tourangeau et al. 2000) o ~ii#38 LL a1 EE, - thrTRes | i I
TEfRa5 (social desirability bias) HJRIRE » KB {EHFIHTEREH » 8
& BE) AR R ) A VIR R AT A L AR E R TEFEIER ]
JRENEBIZRE S AT R BLAR L A S At ARy T AR ) » B ]
S RREBE (FIE ~ FEYE 2012; Tourangeau and Smith 1996;
Tourangeau et al. 2000 ) °

FHETAER » FERE T TIR » B g5 &M B FEAE A KER
M sz s 5 77 A Rl A R e K ERVE R > TS A RERE
BRAEFFHCED © QL —2K » 523/ WIERAIERE rT RE & S IRF ] BE ) it s
MR - A2 tHE TETHESS ) WITETE « [AIF » 7ERFEGRRE LR
WA S EEHEIHYRFIEE (Holbrook et al. 2003; Voogt and Saris
2005) o ANid > (EHEE R ITRIRAKE - @R TeE & R
BRI JTUESUNE b > WS — B -

DUETEEET S » BRI RES LA EHEA S I~ - REiBhEh
FRIHETT - BRZAN B A RN B A AN - KT R A8
WIS B HEZSEEE (Alwin 1997; Alwin and Krosnick 1991; Weng 2004 ) 5
FHERM - BB A TR 230 & InBE I EC R A A nT ey 281 1% > BRI
E 0 2 HEEANME eGP ERYIREE (Dawes 2008; Schaeffer and
Charng 1991; Schaeffer and Presser 2003 ) » 1125 5 HH R K E LENE e AT
RRIIEH 25 (5 3E 1996; Bishop and Smith 2001) » {8 15 4H[R] ;%
TR ET HE (LRI B EE AT > AT RE T[] 20 KA AU /2 AR AN R R RS BESUR. -
TR LI TR B BE S 7% | SRR e &
FEATERIE R 5 1m) ~ FEARE Res i THakE ) =X (unfold) [ - LA
BEGHTURAES B AUE (G HE 1996; Bishop and Smith 2001; Schaeffer
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and Presser 2003 ) o ZRf » BIMsERER ] 1300 /720 » SRR EERYERE
TE T3] BB ARG R T REE P22 58 5 GEREAIAT R aRaE IR LRI
R it R R GEEE  (HRAAEEN R E N E (EEH
2010; Liao 2014 ) o A @ LRI FE TR SRR R EE A MHIE » /AR E
BEEIT RN B A A LU » RIS REE TR B (E AN R E RHE SR /7% By
TR T E 2 R B K -

= - tH3RERE

(—) BRASHR 5 B I e ]

B T HLBARIE RS TIE T - IR H LSRG Z R A
RS » AFFe LA 5 B a1 TRE R Ik < B Bl A T2k SR SR AR
B e BAFE RTINS 2010 £ 1-2 AEL2011 5 3-4 H RERHEEN -
LU RSB FE AR AN R4 (CATI) S5t m -+ Usk A H e
H L RSGETTRAM - A 0 [ MR BRif itk (stratified
systematic sampling) » FIHCEERS A FA FO 1% DY IS Ba i As 2 UM hivde 25
AR S REREHE Z R TP il - ARG E - iR
LTI o G CATI R AT BEHFEREH ~ ARSI 25 88 S
PHEBIIDIRE » LURHEEOERYITIE » 15323 E B IR EAN ] 1 3215
REHEH o [FIARE #E & /AN R IR IERG T - ARSI
BLTRGEORHH IR H BRI G T A PUAH AR A A T 04

B RAIRES 2010 5 TE#E B AR AR (LUME
f Mt Eshgdr ) W — K S EIRGTAR R T - AR5 DI BRRx
AT ZARE R - THEG BB E ) SRFET 2 KISl S
kA TR E WS £ - Doy ig —RE A FHEAR I Rhbkax
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gt SEHGEIE R L L RR R A B R R MR A (&
JHETE 2011) o IS LIMEASES T Z HHEH AL BT LA CATT fi% -
RIS BE R IR - R BUAE BRI TRAEET | > 2010 R4 dig
AL PAH A 2L 2 RS I DASZ 5 i S B e
IRAGEATRER IR » SOt IURERE - HAEH SLEEN A R
FHIE]

A AT b H ) = REAS B A v s L REAE - CERE AR R R F
N BE TAFEEECE ~ BUREE ~ KR AP ZRGT o BRE
BB AR E G RGNS > LURAEEIHGERE » I LGE
1T E 2t - B B R A VUM A R HLrh PSSR
BEMEARINERGESRGT  AORE SRy (SrhfElsesE) Bl
AR R IR o 1 303G RG@ R Bl 31 T 77 ZCAH TR - DL TR
) S ET S - RERE) 5 [FIRF > & REEGE A g+
BB M rh ISR IARG 523 & (USRESE o IEOL > ERRRN I L AR A R
YRk 2 N CIRERE TR - Filit Sesd i T R HERR A I 22 - i
R BB R LL T2 S B IIEE ) (raking) $TREThSEIRA
HETTIIRE » FLrP RS & KA SEA R RS 560 Z 2 635 5 - Ta/H]
5919 B2 1117 BAGE »

FEFTEUYIRE H #87y » 858 S {IA 2B i RH B EL T Rk B — [A]
RZEHEET oM E VERAGR - ¥TH CH AT A IS S E AN
B 70 TEE O H AR EEGR UM AW 71 ~ TETE C B R R
PRIGANIES 2 0~ TREBEAGER » RIS H AT H @S IRATREE? 1 - K
MR » B H BRI TR 2 108 (R
CE A A G a0 E ) AT T 70T o

DIEERE A TG S B EE R B - DURESRIEERE T /0 R AN » Horp
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A~ B fAEERRLRBHE Bt E e (7255 FA FIFB) »
C ~ D RIS RSB RS (SRR FC AIFD) 5 BRG]
PR LI 5/ P18 M IR TERR A T A » S0 HE 2010 282 2011 £
HIERE R (57 IFEES TA ~ TB ~ TC K TD) »
A TEVPEER (1) REE  (2) BRWE  (3) RITERE
AWE 5 (4) AKIWE 5 (5) RAWE -
B PUBRE R : (1) MR s (2) EEWE 5 (3) AKE : (4)
RAWE -
C. PUBEE A I : (1) FEH R s (2) Wl s (3) A s (4) FE
AN ©
D. A AEHEEER - (1) JERNE 5 (2) i (3) EEIWE
(4) W s (5) FER AW -

(=) BERP Bl

TEE R JTIH » Je DIBCRTERET AR R S 2 B [ & Rl - 2
TR HHRIR SRR A 2 3230 E N RS S AR 25 » AR LR
RECRESm AL [ B /Y 3 AR« FF AT E IR (item response the-
ory, IRT) W2 Jtatsr#A! (polytomous model) H » 3 FH iR IEF> KU
FR5E S ERR AR ( graded response model, GRM ) A& 5 A~ ][RI 2 4]
Ao THH e (sGER MR ER R FUOREREE 2009) YEEA
B =« (1) A ¥ — g (unidimentionality) ZFF
(2) &3~ (local independence ) ( Embretson and Reise 2000) » [A]
IRF Afr i 2E TR B SE R Y 5 TR e 3 R 2 m SR o0 A
AU > St 5 % e g T T T REAEAE R AHBRTE o

TEth SRR S IRT 26 rat B ry—Fd > FdE A ME A1 R

[
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B (BlanZEEE) 2R (Embretson and Reise 2000; Samejima
1969, 1997 ) » [FIRF SO 25 REPE B AN R & GG © £ GRM A »
(A REHE (i) AT — (R 228 (an) LU 2 38 [ g S s 67 1 22 B
(threshold parameter) (by > HrA1j=1 ... m) KFER o H—RIEEE
A28 a; (discrimination parameter) 3RHH | RETHEL il & & P A&
(construct) {RZ LTV BR (R AL » [RIIRE AT i S A4 REE ARV BT E 0 (195
A AR 2 323 ERIRE ST (Reeve and Fayers 2005) ©
T2 oy (SRR TRIRZ2E » 2RARRE 2009) HIZfEHE—(
AR RS RE (7 1E 5 AR 2 BUE SR R #E 8K > JRRNZ3G# (£
B Z) e —(EEIERS 2 S —(E 0 -

B 1 BT B — e B B o) AR S R (R O) > GRM R &
REVE AL [F'E 1% (homogeneous discrimination) HY{EE% o AU ERAC
s E 7 206 B B B A FE AR T - T FH DA RE 2 B {18 A e
HIRR (Reeve and Fayers 2005) » H A 323/ O [m] 25 B PR i s 24 T
BRATR » PLEE—GEAE R 1 BRI AR R - LB sE H R ith
#3 (item characteristic curve, ICC) 5 i LAEHFUEH#E (item informa-
tion curve » IIC) Fft 2 LAY IE H 3 5 B HI AT FH 2 8 1 R 2 28 E Y 4
o HS IRT BAVERCE A E - B a B A ey ~ 280 -
DAsASHUTER T e (AR EREE 2009) 5 ¥R SEMR S ERTAY » HifaT=%
SR LIMEEHE (likelihood estimate) (Samejima 1997) » gfESRIIE—1{5ET
BENZ T R EA AN S (Reise etal. 1993) e

B 7S f SO ALAY » oAt DL i BNEFPE R 2 % Jeat i
IRT 13 » 3B EE i1 (partial credit model, PCM ) ~ —fi%
5547317820 (general partial credit model, GPCM ) B 7€ & R AR
(rating scale model, RSM) %% (Baker et al. 2000; Bond and Fox 2007;
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Cook et al. 1999; Maydeu-Olivares et al. 1994; Ostini and Nering 2006 ) »
18 LERTRI S Rasch ZRIGHAY » Wi F3PRAli Al (divide-by-total model)
(4% 2009; Ostini and Nering 2006; Thissen and Steinberg 1986 ) » ilfi
HARF R 28R BIERFE: © [FRE > PCM A Fholl 5 2% S 8 7l 228
RSM RIIRR I S ERER IR AT (& s E e i iRal) s 7H M
[A] > 5 HIERLE A [RIFHIE

FHET S » GRM BRI PIENEE (Thurstone's law of categor-
ical judgement) FEEMA (Maydeu-Olivares et al. 1994) » J& A 7 FLiR
H (difference model) B ZFEIEA! (cumulative model) o Z¢#k I Y
HA BRI BOE > AER AR 23R # R R TERT E 0 HUfE 2252 »
[P REE A S HERE AR BRI ) (attraction) tHANF] 5 15234 R
HBCEEE R —RRIR eI G E - B ER R B BRI R Z A H
/2 FEXE A (all prior category attractions) » {HiZ ¥ AN ERMNATIE I T
(Ostini and Nering 2006 ) » EKI 372 S FERE 7 5GP L A RO SR NE
e HANRT SEERY o K > GRM 2 LLZ RIS KEL (cumulative
probability function) A5 EIHN S FULE » M AT A FE R B
FHASHRER] (Baker et al. 2000) 5 38 2EFF{2lBil Rasch SRR % TTat 70
TR FrAE] - R R S AHAR [ B AE A T W W b » HLE R
HRE RIS & -

% wLAA A A R ] B e RE ~ AR AR Y 7 5 LUK PR e Y RE S
(HERE) NP - AWFE2% a5 EEEaHER R ERE (A
Baker et al. 2000; Chen et al. 2013; Liao 2014; Orlando et al. 2000; Sijtsma
etal. 2008 ) » ¥RAEFHR S ERRAY » St {5 A7 e MULTILOG 7.3 (du
Toit 2003 ) ARAEIT o047 » HF|FBES i AME{LLZE  (marginal maximum
likelihood estimation algorithm ) A&{&E1228) » & REEIE  BUE 7 LIE
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Hmis > Limaraor TN TR B ) AGET 2 8UE Z3E -
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EIHELE HEAMER | PUBER T | UETER I | BT ER
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RAETREL (FA) (FB) (FC) (FD)
RS E 1.094 0.717 1.542 -0.531
B EGIRL 0.873 0.361 0.86 —0.341
R R 1.038 0.174 —0.229 0.1
TR 1.149 0.595 0.663 —0.243
Ty =NEs 1.275 0.601 0.895 —0.178

FHE 1R 2 | 2.083/0.906 | 2.203/0.859 | 2.102/0.947 |  2.039/0.927

fREEFRER (TA) (TB) (TC) (TD)
L A 0.764 0.45 0.51 0.397
B EGIRL 0.811 0.596 0.432 0.51
H R RR% (*(l):g(sé) 0.464 0.361 0.708
TR 0.961 0.601 0.653 0.46
o [ e 1.173 0.606 0.701 0.47

BRE 1 E M 2 | 2.517/0.774 | 2.133/0.904 | 2.593/0.758 |  2.772/0.761
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BRAKE - WA (FA) 78 MEEETESE ) ~ THREGRO K Tk
Gk ) S RETER AT — (A HEE 2 UE (b(1)-b(3)) HEFA (TA) H
& e —HE#E 2 (b@)) HIREHEARS : 52 Eil
ZRhE R EEN A SRS TEEREL R TAKEEL > [
IRF th A i = A R AR (BT PR ST T A TR A NI L 5 T T 25 523
HWE TRAWE ) WRESHILL B2 5 m o ot » I
R ] S T B AT T SR TR A 2 s LA K (BTb(2) FlTb(3)) »
b o [R5 P TR PR A B 8D B IR I B AR A A RN BRI
— IS s I TA AR THHRBRGR ) T B — R 2 3 2 [ 2
I > KBRS T AR S P AT 0 b o (S LR 2 b(2) F
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xR3 MBEALEERE] B2 IRT 28
TEVREE R HEG (FA)
i R —
%E&&E BRAEEWE | EEIRR | RERRR PRASRE | o
Est. |SE.| Est. |SE.| Est. |SE.| Est. |SE.| Est. | SE.
a 231 14| 11| 08 097] 08| 245| .15 | 087 .08
b(1) ~1.83| .14 | 2,67 | 26| —6.52| .16|-2.06| .16 | -3.84 | .43
b(2) —0.66 | .07 | —0.88 | 11| —329| .34|-0.98| .08 | —2.00 | .24
b(3) —0.44| .06 | —0.63 | .12| —225| 23|-0.55| .06 |-1.56| 21
b(4) 178 .07 | 2.24| 14| 156| 11| 149 .06 | 2.05| .16
AR  EY (TA)
i R .
ppr O H | BeERE | R | RBIR | DR | AR
Est. |SE.| Est. |SE.| Est. |SE.| Est. |S.E.| Est. | SE.
a 1.13] 08 | 058 05| 080] 06| 1.19] .08 | 095] .04
b(1) -325| 23 |-5.09 | 53| —6.60| .50|-3.47| 23 |-2.89| .20
b(2) -1.03| .15 |-1.66 | 27| —4.65| 28|-127| .16 |-1.10| .12
b(3) —0.88| .15 |-1.61 | 26| 123| .18|-1.20| .15 |-1.04| .12
b(4) 358| .17 | 372 29| — — | 290 .14 | 2.73| .13
-2 Log likelihood=—14119.5 % —24486.8 (AAKRHR)
PUBLE R L : [fiah (FB)
i R e e
;};ﬁha BHVEEME | RERY | BARBRGR TRESRE | b [
Est. |S.E.| Est. | S.E.| Est. S.E.| Est. | S.E.| Est. | S.E.
a 198 .12 | 143| 10| 120] 11| 3.04| 21 | 099 .09
b(1) —2.19| .14 | —2.63 | 21| —461| .55-237| .13 |-3.99 | .42
b(2) -1.15| .08 | —0.87 | .08| —291| 26|-1.37| .07 |-2.02| .20
b(3) 119 .08 | 141 | 11| 1.03] 12| 075] .05 | 124 .14
PUBfi R 1 EEG (TB)
g%ﬁga BRVREME | BN | IRBRGR TRESRE | R
Est. |S.E.| Est. | SSE.| Est. S.E.| Est. | S.E.| Est. | S.E.
a 090 .06 | 033| .04 028] 06| 111]|.10 | 037 .05
b(1) —4.16 | 27 | -8.77 | 1.06 | —17.66 | 3.04 | -3.96 | 22 | -9.11 | 1.17
b(2) -130| .19 |-3.32| 51| —885|133|-1.92| .17 | —445| 57
b(3) 399 26 | 542| 67 255| 47| 3.1 .18 | 4.68| .63

—2 Log likelihood=—-11089.3
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ARALRFE—TTIESLE /45 36 W]

PUEEE R 1T : JfiZE (FC)

HE , . 41 1= St
SO n | EERRE | GUBERE | ARMIR | DS | R
Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.
a 0.99 | .08 0.52| .04 0.49| 05| 156 .14 0.45| .04
b(1) —6.74 | 45 | —10.12| 99| —-14.49|2.55|—6.03 | 36 | —11.35|1.23
b(2) —-3.57| .16 | -3.60| 27| -7.79| .72|—-3.82| .12 | =5.71| 49
b(3) 492 24 691 | .54 5.89| 46| 4.04)| .14 6.81| .61
VUG R I &I (TC)
HE N - 1 1= T
% gf@a BAEGE | AR BV LR TREERE | IR A
Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.
a 073] .06 | 038] .04| 043 05| 1.75|.16 | 034] .04
b(1) —476| 38 | —9.52|1.28| —-11.91|1.91|-4.05| .17 | -10.65| .57
b(2) -1.50| .22 | -338| 49| —648| .77|-2.00]| .13 | —4.50| .67
b(3) 4.74 | .38 5.86| .77 424 57| 342] .16 6.84 | 1.01
—2 Log likelihood=-23219.0
HEAPEER e (FD)
o \ N e
oo H | BT | R | RS | DR | L
Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.
a 0.67 | .04 0.43| .03 049| .03 0.85] .05 0.50| .03
b(1) —-9.33| .78 | —10.44| 97| —12.96| 1.56 | —8.38 | .72 | —12.88 | 1.40
b(2) —5.44| 31 —5.15| 41| —890| .72|-497| 24 | —6.62| 47
b(3) 1.66 | .17 2.05] .25 0.77| .19| 0.61] .13 0.53 19
b(4) 6.26 | .39 8.11| .66 6.38| 47| 5.16| .28 7.00| .51
HEA P ER & (TD)
B \ N e
o O ERE | mER | KRR | RS | R
Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.| Est. |S.E.
a 056] .05 031] .05] 032] 04 231]20] 031] .06
b(1) —6.02 | .56 | —10.68 | 1.59 | —14.81 | 2.40 | —4.09 | .14 | —10.33 | 1.46
b(2) —2.57| .31 —421| 68| —9.24|131|-2.66] .11 —5.42| .78
b(3) 038] .23 | -032| 40| -3.76| .60| 0.09] .11 0.27 | .39
b(4) 5.511] .50 8.12 ] 1.16 493| 79| 3.55]| .13 7.57|1.07

2 Log likelihood=—16661.5
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