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Abstract

In the past 200 years, various scholars have made a great of
contribution for group decision making (GDM). However, the theo-
ry and method for GDM are not perfect as we expected, and many
questions in this area are still unsolved. For example, the lack of sys-
tematic and clear description for the concept of GDM, classification
and research methodology, the lack of efficient aggregation model on
some specific preference, the ignorance of ties in ranking for prefer-
ence aggregation and the lack of efficient resolution for the paradox of
fairness and efficiency the measurement and modification of the ex-
perts’ decision weight. In this dissertation, the methods of individual
preference aggregation for GDM and some relative problems are inves-
tigated.

Based on the property analysis of GDM, the dissertation builds
up a process model to describe the GDM, which differs from the
process of individual decision making (DM ). GDM process is de-
composed into two phases in our model; One is the interaction phase
and the other is the aggregation phase. The GDM process model com-
bines aspects of both mathematical and behavioral aggregation. The
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present dissertation shows three assumptions for GDM research, sums
up the main taxonomies and methodologies for GDM, and compares
the performances of GDM and IDM. We decide two ways of study ac-
cording to the following two rules of GDM: the maximum expected
utility of the group and the maximum preference consensus. In accord-
ance with ties preferences in the single rule, a compound rule for
GDM is developed. Employing the compound rule, a real problem of
GDM about determining the award of science and technology research
by multi-experts (jury) is successfully solved.

The procedures and approaches of preference aggregation based
on three kinds preference, i. e. probability Preference, fuzzy prefer-
ence and dichotomous preference are discussed, to obtain a group
consensus option following the Condorcet Jury Theorem, Bayesian Op-
timal Decision Rule and Young Maximum Likelihood Theorem, we re-
port several important models and formulas on aggregating individual
probability. The group polarization hypothesis that individual attitudes
tend to become more extreme is supported by one of the models. An
improved approach of realizing the combination of the nearness meas-
ure of KS model! and fuzzy set theory is developed. The dissertation
presents an analysis and simulation model for the dichotomous group
decision making using signal detection theory (SDT). It is a new
technology means of GDM research.

Several key problems of preference aggregation are investigated.
(1) To deal with the balance between fairness and efficiency from two
aspects. First, the dissertation decomposes the group decision into in-
ternal decision and external decision. The former is decision about
fairness, and the latter is decision about efficiency. Second, by intro-
ducing concepts of “disagreement cost” and “time cost”, the ap-
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proach captures the balance among the fairness, efficiency and effec-
tiveness by minimizing the total cost. (2) The measure, evaluation
and modification about experts’ decision competence coefficient are
presented from three aspects. The first is the power index of decision
makers. Based on the concept of the entropy of information, an index
of power is proposed, which measures the distribution of power among
the decision makers who commit themselves to a decision at different
stages in the hierarchical decision systems. The second is the weight
of decision makers. We get it according to their response to an incen-
tive. Third, the principle and repeated algorithm of the two-way ex-
treme decision weights are presented based on the principle of the sin-
gle extreme decision weights. The two-way extreme decision weights
can measure the experts’ competence more accurately. By applying
this method in the evaluation of dissertation, we make a suggestion on
the establishment of more scientific regulation on dissertation evalua-
tion. (3) The Borda-Kendall ( BK) method, because of its computa-
tional simplicity, is probably the most widely used technique in any
practical situation for determining a consensus ordering. The BK
method is modified in this dissertation, so that it allows ties. We use
the network model to describe the consensus problems of strict linear
ranking. The present dissertation shows that if one concentrates on
strict linear orderings ( no ties allowed in the consensus x), The KS
consensus formation problem can be modeled as a generalized net-
work. Since very efficient computer codes are available for such net-
work models, one can therefore now solve the much large consensus
problem quickly and efficiently.

The research in this dissertation has a great significance on aca-
demic research in this field as well as practical experience. It makes
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contributions to perfect the theory of GDM, to improve the method of
preference aggregation, to make a guide for the practical GDM and to

promote the level of practical social and economic decision making.



BLE I oo e
1.1 XHBEBSEHEEE e
111 HREZZ ARSI G ovvervesererarmcaeniineninnn,

L L2 {RIFEIBEELS -ooveeereeens
L1.3 WREMAFHESHRME -ooereeeee
11,4 BRESAUBIIIFE oreverrereremrriare i

1.2 HREBEHFRERE e
1.3 AR ABEEFFRAEIR coovverereremmnine e

gg:zgi 3¥ﬁkgEﬁEqugjgﬁgﬁk.“.“.“.“.“.“.“.“.“.“.“
- (12)
- (15)
- (16)
-~ (18)
fereere e (20)

ﬁﬁgd{%@f%‘ﬁ#%ﬂﬂ
-~ (23)

2.1 BEAERFEHBRA

2.2 BMKRAa %
BRI K K
AR SR o e AR
HERE T Eh

MONN NN
~N AN N AW

/J\%

BI3E BRBBEREN e,
. (24)

3.1 BMARKFIRHKR

(1)
(1)

- (2)
- (4)
- (6)

(7)

(9)

(11)

(21)

(24)



Bikpe HEiC 5 M A

3.2 BAREHXELE
3.3 BERAEFAEN

- (30)

3.3.2 BABKAHERN -

3.4 BAREEARIUERE e
et e e (35)

3.5 J\éf

BAE NMEBEEBIFEABBIIR oo
. N & 72

- (40)

e (41)
e (43)
. (43)

- (44)

. (44)

ce (46)

4.1 2% .

4.2 BERFELNELAHER
4.2.1 J~ ¥ Condorcet ¥ Hif; -
4.2.2 Bayesian B {5 5% H0 )

4.2.3  Young—Borda B KSR IR voveerereeens

4.3 IMEmERE
431 fntesess
4.3.2 FeRIMs

4.3.3 Bayes %% D I S R Y
certre e e (5])
4.4 ANKBIFEZE BB BRI oorrrvrrrereerrreiinns

4.3.4 Delphi } ¥ -

4.5 I

B5E EERRMBBE ZBKBE e
- (57)
- (59)
- (62)

e (64)
- (66)

5.1 5| =%

52 ZomEkRiE
53 EERMER
5.4 BAEKXREHEN
5.5 BEARSZHK
5.6 Nt

.2

- (26)
- (28)

(28)

(31)

(37)

(50)

(52)

(55)



6.2 ﬁﬁgﬁﬁ%%% beererti s e e (69)
6.2.3 AEMIS R - R I WA D)
6.3 ﬁﬁﬁ%;fg#ﬁmﬁgwiég NN ¢ 7))
6.3.1 MUKk 548 55 I HUMDEUT BB BA LR oooe oo eeeee (72)
6.3.2 BMRTFXLESEEBBBEBE ooooreeerereee (72)
6.3.3 HBREXRSIEBBRITIER ooooveremerrerennes (73)
6.3.4 HMIRIF LR SIEMBIEIBE - oovreeeeennnnes (73)
6.4 AKHMBA KA THBHIR oo (74)
6.4.1 BHTMEBMEREOBKIE - ooveverereeene (74)
6.4.2 BEORIEEMIBERE o (74)
6.4.3 BHRBIMIERESE oo (75)
6.4.4 BEKMEBIMIFILTR ooorrrrrrrrrerironeniniineian (75)
6.4.5 BT MBI RBAIBEIRIRE <oorvocererrrannes (76)
6.5 BHMBITEL FE o (77)
6.5.1 BEIEREHE  creverrerttttiiiittti ittt i e e (77)
6.5.2 BBLHLMBE oo cervvrvorereteririe it e e eee (80)
6.5.3 LM ceeerereeeesees e (82)
6.6 NEE e (84)

BIE ARBEEREO BT oo (56)
7.2 fﬁﬁ%m@ﬁ Sretesesereeii . (88)
721 TZIEHBR RIMIPER ~vroorvereeererroncononianinennenne,s (88)



BBt s N

7.2.3 (RIFELERBBER oovvererrerrereesiinnnann. (93)
7.3 3t Borda—Kendall 7 W& -oooorerererenees (94)
7.3.1 B/NHEBEHER oo (05)
7.3.2 BNFEFEMRM voeverrvrerenerereeeneni. (99)
T.4.1 MBEBEEMBEREL oo (103)
7.4.2 AETUARIFEERE --ooorverrrereerennenennine (104)
7.4.3 [RIEEMBEER ooeovermrerernnnneiine (106)

7.5 X — ﬁ&%ﬁﬁﬁﬁ RN @ (12}

B8H BARKANER. EREBE oo (114)
8.1 3% et cereeneneneenene (114)
g.2. 1 &*ﬁxﬁ%*%ﬁ*ﬁi......‘........‘................. (115)
8.2.2 BHEATRRHBAEALT -+ vvvvrrreermerernnnnenenennnnnns (117)
8.3 AAFHE oo (119)
8.3.1 Shapley—Shubik AL F7FEHL o+ rovvrvverrerenanenennns (120)
8.3.2 Banzhaf BUSHEEL voovvvervreersiininnnens (120)
8.4 HTREBMMAMAIEE o overrvrrmvmmmeninnen (121)
8.4.1 HRIEHIIGIUIIIGE - vvvreerrrrmnmnnennemnnennnns (122)
8.4.2 BEFIIPBMMALL «ooooreervmre e (123)
8.4.3 *Xﬁ*gﬁﬁgm% R T TR T P RN (125)
8.52 WAERMRIMASEHERE - ovrveereererreeens (129)
8.5.3 EH: ML EMBIFHEE oooreveereeerneeeee (134)



8.6 /J\% G4 estace tasuntese0eaatsssansu tnesnaasstoston TR sessEs

BOE BERRTHATFIEHE
9.1 Bl & - .

9.2.1 %W&%%rﬁ]@ﬁﬁ“““'““'“'””""“””””
9.2.2 npbﬂﬁﬁﬁ I T R TR I R S PU PR A
9.3 BB EWAEARMEEDNTH cooeereermrenieaenns
e (144)

9.3.1 Pareto B F

9.3.2 ﬁﬁ;y&%m/\?ﬂt....................................

: - (148)
- (151)
- (151)
- (153)
- (154)
- (155)

9.4 %44 -

9.5 BMEARKHRMERL -

9.5. 1 PRRKME RERA -
9.5.2  HER YLK WA E] A <ee oo

9.5.3 RHARRRIBMRBEIL oo

9.6 INEE e

ﬁ§10 g; gﬁ;ﬁﬁg e eesseeanaees st sactutatsaneans teenanasnonenna
- (157)
- (159)

101 XKFRXWEET#H A H
10.2 #— S WHXITH

M 1
k2

i

(137)

- (139)
- (139)

(140)
(141)
(143)
(144)

(147)

(157)

e (161)
- (164)
- (165)
- (178)




g5 1 e

1.1

XA B RIS SR KW

BEAEFERHRE R EEHN ZH#ATHERE, XRE
K, B, FAEROREERFBIEPIIRZANME, B
W, NAEMREMABRM, XRRBNZHZRRELERE R
MARKFTR, REHXELARVARRNZASHITHIER
H; B, AR RBERREREBEME L, BE—-TA
MEIR, 2%, BOMEENER, EELERHRKEEE
Mo BRRKTUESARIERZMAANGEE, BEHIRANEE
R AABMEREA R AT, BP0 38 F B 5L o
HEZFRENRFAARFEACFEENELRALE L,

“FERPLE” (group decision making) XM AREBEHR R R H
Black 7E 1948 SF iR, HE, BARBRWUHREHILH T 200
LR, BEHLE ¥ Borda (1781) Fi Condorcet (1785) 4p
FIRE T RAEX T REFHAN, WEREPHIEL, Black

(1948) B T @B FEF L B B 18 &, Farris & Sage
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(1975) . Mckelvey (1979) Sttt T #t—BRFFRMME . Bk
RPN ERORBRE Arrow (1951) 7 (HEEFESTA
ME) —BRREM AT ER, W% LIEHXNAERNS
BHMET, REMEMREIBEREAEN. S et E B E
PRI — D BEREE, ROABARREHRMERLS . BEK
— SE B 5% iR B E L 058 Arrow BB B SR T A5 H BT 0 B 2R
HHN (Kendall, 1962; Young, 1977; Cook, 1978) . 47y, B
RO RABHFR . @ %K. HSO0HE¥ER . BUREEMIR
KA I L 7] EOSER  BE T R,

Arrow AR REME B AR LG, #1530 K& E PR ITHR
H—-8BMHELEE R mE (Davis, 1972; Young, 1977; Ba-
charach, 1975), 20 t42 70 FR LG, BAERKHR 4 HEH
FARMBEEST: —FEERESOHEYFELLE FEW
A EEM (mutual influence) X (WEF) HBH
;5 fBRERRNMERFHETHREEL (mathemati-
cal methods of aggregation) (Planning, 1986) , XM R ERLAR
AR R B KRR R P A SRR, RPN IS B
(R, T TG ] B BT A 7E X JLAN 7 T 2 TAE, A7 mput
R PR, 5 AT R E MO 8],

LLlL RREZAMRERN

HEOHEZRHMREABECABSHAERE, MTREE
TR, RERE-HHER., FREW, BENKTE (inter-
active) XARGEHMBM BN AN E, HREETTRERTHWBR
H55H), Granovetter (1978) E 9 “fT R BER”  (behav-
ioral cbntagion model ) 5 —NiEBA B H .

L XEMERMEAE., BSXEXNEERRFALMRRER
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MERKENEME, Stoner (1968) ME R I, BAREZ LN
HEEmLMRRE R, Bit, —BHRGFBERFRERK (R
AEXAER) P, TEREEDT, BIEP, BHFEHNRK
MXERPERNN (BEF. FEHR, 19%a), 75— 25
REHA, BAZHEHKWZREABSEZRMAEKERE (Innami,
1994) . #ln, RASZENFERSMITEZRNEPHALER X
(Rogers & Kincaid, 1981); McGrath (1984) LT, WXt
M (face —to —face) XWMBHR=EMEIBHXNTEZE LD, RE
MESEFEHRHAE ZoR T HERKEATE SR (Panning,
1985; Grofman, 1980), RILGHIHIRF SR LIEZE LR
KiIBEEA Y (Vroom, 1969; Lewis, 1993), M2, BT H
TERE—ITHSOETRE, ZEHEREW, BT LARITEHE
Kob, BERARE. WEES . EEBEEOER, PTFRERIA
HITRAEGENZERE—EBEL, URDHBRESOCEEEN
PRI

2. FEMKHINT, KB SCERITIE T BE& KB (group judgement)
R, BEARHIMTRBFRESET B ERE (judgment accura-
cy) HIFE &, Grofman et al. (1983) AMbT T B b i 9 B 2
EAHEENEWE: BAMHABAEES (judgment competence) . £
#5342 (aggregation process) . BEAMIAE (group size) , BEMKHEHR
BER B B FI T BB /1 RO IE 14 pR %X (Shaw, 1976; Hoffman, 1979),
WEBEAEWER SRR, BR, MEEAMAN LK, BEKIMEY
ERAHMA, SBMA UMY K (Steiner, 1972), Bk
T E 8 JEE 5 I K S BTk 47 %)t (Einhorn, 1977; Hastie, 1986),
Henry X AT RBBIF, RTS8 B 0K 0 I v 58 B O I R 8
B MERMBAMSENB. Henry (1995) k¥, WLUHE
B ERBEBAR A B Bl . Sniezek & Henry (1989) 78 H %6
TR P O L0 1 BT B AT



