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As a framework for analyzing the e�ects of task structures in problem solving, a

probabilistic model of problem solving is formulated by introducing \probabilities of

using problem representations." The e�ects of \undermining hypotheses by data (or

evidence)" in probability updating tasks are experimentally examined by measuring

the probabilities of using problem representations. \Undermining" here means both

\direct undermining by data" and \indirect undermining via the likelihood function of

which value is zero." The experimental analysis shows that (1) undermining is a strong

obstacle to the Bayesian solutions of the probability updating tasks, and (2) there exist

di�erences between the direct and the indirect undermining e�ects. A mathematical

model, named \Probability Flow Model," is made which expresses how the probabilities

of using problem representations depend upon the general tendencies of human infor-

mation use. This Probability Flow Model is experimentally validated. The di�erences

between the direct and the indirect undermining e�ects are examined on the basis of

the Probability Flow Model. The analysis shows that the di�erences are due to the dif-

ferences in the degree of realization of the general tendencies of human information use.

An interpretation of the di�erences in the degree of realization of the general tenden-

cies is given from the viewpoint of how to relate a datum to hypotheses in solving the

probability updating tasks. A new approach to human inductive reasoning, in which

there has been no theoretical progress during the last two decades, is also suggested

from the viewpoint of belief �xation and belief perseverance. It is an old custom that

the classical statistics in Neyman-Pearson school is used in psychological data analyses,

although its application to them is unreasonable. In this paper, Bayesian statistics is

adopted because of its appropriateness to psychological data.

Keywords: problem solving(Ò÷ú!), probability updating(ý)Db), inductive rea-
soning(�~f4), general tendencies of human information use(d�¾\�¢Ý¾0�Ñ
�@), Bayesian statistics (ðÝäp þ)
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H 1 ²6]$

Table 1 Experimental conditions

]$ i Íà�Ï �à�Ï
1 Ö Ö
2 Î Ö
3 Î Î

3. g&

`�*�¬8×:\ò¤Ún ú
>�18`^ A, B, C *$@, ,B?8�_

X@P(A), P(B), P(C) *V'?B2%A;

D=C�H fD;+ Dg*$@, S�P(DjA),

P(DjB), P(DjC), P(+ DjA), P(+ DjB),

P(+ DjC) *V'?B2%A;D=CD *�

D/A;,84+, `^A, B, C8X@8M9

5&6A)<? 4)

`����\òØß�±¢�� M��gÃ
62¤Ún  (U 1)ú

( 1 ) �ÿÿD �� UÐ B ��Î�L�
(��ÎL���:Å| )

( 2 ) �ÿÿD �� , «� (P (DjB) = 0)¤
,²z��, UÐ B �¹Î�L� (�¹
ÎL���:Å| )

�ÎL�qæì| 3à��RÕ��¹ÎL�
�æì| w���Dz�mú
gÃ�¸l�\ò�f¬�ZG B�Åë|

 ú\ò i�gÃ62 i�ìRz�l úgÃ
62 1, gÃ62 2, gÃ62 3¤, «þ, �Î
L�62, ¹ÎL�62, L��z62, ��
UÅ| úÖ��62�ol� P (A) = 0:2,

P (B) = 0:1, P (C) = 0:7, P (DjA) = 0:5,

P (DjC) = 1�k úw¡��\ò��`��
�qk ú
� \ò 1�\ò 3�\Ô¬8�UÆ�ÿ{�
X��¥k�¶E�k ú

� Ö��«�qµn�¡�l ú
� \ò 1�«��X��¥k�ã��k ú

4) P (A),å,P (+ DjC) � 2ÿ�ÊÔ�����~¢â

� \ò 2, 3�«��X��¥k�¶E�k
 ú

� \ò 2� 3�, «� P (DjB)����q
G�  (\ò 2ü P (DjB) = 0, \ò 3ü

P (DjB) = 0:4)ú

� �ì1¤DÈz�f¬��æìz�lú
� \ò 1���Jò�È��qæì| q,

\ò 2, 3��æìz�lú
� �,��Hþ���Z��Y¦¬x��æ
ìz�lú

\Ô¬8�\ò 2, 3�«���l�X��¥
kq¶E�UÆ¤é¸z�7²�, ¬8�X�
�¥kqã��k w�q¬8×:�Ù©¹N
���� �lmAö (1988)�1[�½�l
�l ú�ì1¤DÈz�f¬�æì���J
ò�È���lm\òØßq¬8×:�Ù©¹
N���� �lmSÑÐ (SÑ, 1988, 1989;

SÑû�i, 1992)�½�l�, Ôh�\òØß
¤|���\òp��(zùÎh�\òØß¤
\ò 2, 3p��(z�ú�,��fþ���Z
��Y¦¬x�¤�(z�7²�, �¡��æ
ì���¬ò�7¥q�v�¡, ��1[, ¬8
×:qÙ©x¡� �lmä�Ð (ä�, 1987)

�½�l�l ú

4. �&JO�'UY

`� 4qB���©½��¬òU1¤Ún
 ú j([m])¤§�� j(j = 1; :::; J = 4)�U
|ú
( 1 ) ��ÿÿ	\^U1� (j = 1)

� D&P (A)&P (B)&P (C)

� P (DjB)&P (A)&P (B)&P (C)

� D

� P (DjB)

� P (DjA)&P (DjB)&P (DjC)

� P (DjC)&P (C)

( 2 ) �\Ô¬8U1� (j = 2)

� P (A)&P (B)&P (C)
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( 3 ) �²ÖU1� (j = 3)

� P (A)&P (B)&P (C)&P (DjA)

&P (DjB)&P (DjC)

( 4 ) ���è�U1� (j = 4)

� (1)� (3)@¨�¬òU1
��ÿÿ	\^U1��D&P (A)&P (B)&

P (C)�, \ò 1�ºz�Çn�,�5�'pq
®I��B��
¡�p�����n� (D)�,

�����ûÿq 500PÙ]¤b�Â A�

¡ Y�Eq 20%�k  (P (A) = 20%)�,

�����ûÿq 500PÙ]¤b�Â B�

¡ Y�Eq 10%�k  (P (B) = 10%)�, o
��, �����ûÿq 500PÙ]¤b�Â C

�
¡ Y�Eq 70%�k  (P (C)=70%)�

q¬ò¥/�P¸x¡ 5l�k w�¤D¡
z�l ú��, P (DjB)�lm¬òU1�, \
ò 1�ºz�Çn�, �����ûÿq 500P
Ù]¤b�Â B�
¡�3à�, 5�'pq®
I��B��
¡�p�����n Y�Eq
0%�k  (P (DjB) = 0%)�q¬ò¥/�P
¸x¡ 5l�k w�¤D¡z�l ú��
è�¬òU1�ìz��ÿ·�k ú
�²ÖU1��, 
ñý�¬8×:\ò¤¥

/| ���R¹x^�5lq����P¸
x¡ p¤ã�| ���U1ó�ø�ÿ�k
 ú¬8×:\ò�¥/�ou ½���5l
�k ��ÿÿ�q, è�\^��5l���
(��ÿÿ����3à�»�)P¸x¡ ��
¤ã�| �����ÿÿ	\^U1�� U
1ó�ø�ÿ¤Ï�z�ú��, �\Ô¬8U
1��, ¬8×:\ò¤¬8�×:��ân�
l, ´Ç| �, ��ÿÿ�qP¸x¡�l��
¤ã�| ���U1ó�ø�ÿ�k ú
2Å�«¬òU1p�IFY��¥wà�S

Å��o��k úw�¥wà S([m])¤§�
� S(j)�U|ú [ ]��ìR| ¬òU1¤a
|úw¡��¥wà¤�ÿÿ�z�¸l ú¥
wà�¹×�� ¥ (@Î, �¹×¥��Ë�)

��Ê�ZG C�Åë| ú
( 1 ) ��ÿÿ	\^¥� (S(1))

w¡���ÿÿ	\^U1�p�IFY��¥
wà�k ú
� øM8¥ [D&P (A)&P (B)&P (C) k l
� P (DjB)&P (A)&P (B)&P (C)]

� �^¥ [D&P (A)&P (B)&P (C) k l�
P (DjB)&P (A)&P (B)&P (C)]

� 3à¥ [D k l� P (DjB)]

� «�¥ [P (DjA)&P (DjB)&P (DjC)]

� \^Yf¥ [P (DjC)&P (C)]

( 2 ) �Yf¥� (S(2))

w¡��\Ô¬8U1�p�IFY��¥�k
 ú
� Yf¥

( 3 ) �úà¥� (S(3))

w¡��²ÖU1�p�IFY��¥wà�k
 ú
� O
ñý�úà¥
� 
ñý¥

( 4 ) ���è�¥� (S(4))

w¡����è�U1�p�IFY��¥wà
�k ú
� (1)� (3)@¨�¥

5. TV

�º\��ol�97®�ÝÊ¤rÝz�l
 ®vOð®� 127¤�ð®Iqw�gÃ�N
Ãh�z�NXz�ú62 1� 3¤NÃh¹6
2�z�, «62 (A4��¸Y�MKz�\ò
�f¬)¤�����NÃh�°�÷��ú�
�1[, �ÎL�62 (62 1)�NÃhB� 45

¤, ¹ÎL�62 (62 2)�L��z62 (6

2 3)�«þ 41¤����ú
¹×¥�ÿ�½�¤Ï�z�, 2?�V�h

q�9�ÿ�z, ÿ�qL�z�p��¦ù�
�Ëz�/�z�ú�ÎL�62 (62 1)�ÿ
��L�8� 0:889, ¹ÎL�62 (62 2)�
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H 2 Þèú¾�0": `xija
Table 2 Classi�cation of elementary solutions

62 i �ÿÿ	\^¥S(1) Yf¥S(2) úà¥S(3) ��è�¥S(4) -
1 30 4 5 6 45

2 16 9 11 5 41

3 2 17 12 10 41

L��z62 (62 3)�«þ 0:927 �k��ú
¹×¥�^B1[ («62�ou «¥wà�
ä| ¸ã�B xij)¤U 2�a|ú¹×¥�
ÿ�½��ZGD�Åë| ú«62�ou
 ¹×¥�¸ã�B�ZG E�Åë| ú
U 2��ÿÿ��`��m�(Òq
��¡

 ú��ÿÿ	\^¥� S(1)¤¦ùz�NÃ
hB��ÎL�62 (62 1)!¹ÎL�62
(62 2)!L��z62 (62 3)�!�Å*z
�l ú�t�, L��z62 (62 3)���
�*�lúLn, �Yf¥� S(2)��ÎL�6
2 (62 1)!¹ÎL�62 (62 2)!L��
z62 (62 3)�!�ÞXz�l ú�t�,

L��z62 (62 3)����élúw¡�
�Yf¥���Æ¹N��Jò�È��Ð (S

Ñ, 1989; SÑû�i, 1992)�ìz�L�
��/��k�, �¬8ª��X��¥k�Ð
(JÄ, 1988)�ìz�Û���/��k w
�¤aåz�l ú0ê� 6.4�}� ú�ú
à¥� S(3)��l��, �ÎL�62 (62 1)

�*�t, ¹ÎL�62 (62 2)�L��z6
2 (62 3)�ÿ���ét���l ú���
è�¥� S(4)��ÎL�62 (62 1)�¹Î
L�62 (62 2)�ÿ���*�t, L��z
62 (62 3)�ét���l ú

6. �&JO�S 2�L"


ñýú-®�no¤¸l�¬òU1�P¸
8�62��º'¤^Ì| ú

6.1 P\Q


ñýú-®��, ^Ìì1�k ��
ÿ
ÿ (�H_��, ¬òU1�P¸8 P (jji))�\
Ô^[����, ^ÌhqgÃ¤| Ô�^�
�l m¸�\Ô5l¤UÆ| úLn, g

Ã�������x¡ 
¸�5l (�H_�
�, U 2��ÿÿ�»�¡�l )�, w���

ÿÿ�«� (�ÿÿ�I���)���UÆ
| ú�z�, w¡�� 2qB�5l¤
ñý
��7�úàz, w���
ÿÿ�\Î^[�
z�UÆz, w¡�½�l��ÿÿ^Ì¤Üm
(��, 1985)ú

62 i�����¬òU1 j�P¸8 P (jji)

�\Î^[¤�� ����, (1)U 2��ÿÿ
��I���¤��| w�, o��, (2)\Ô
^[¤��| w�qR¹�k ú
�ÿÿ�I����z��, �gÃ��ùñ

�p�`c�ÚdéÞ���qê÷�k  (+

�, 1988; j�, 1982)ú

Prob(:::; xij ; :::j:::; P (jji); :::)

=
IY

i=1

Ni!QJ

j=1 xij !

JY

j=1

P (jji)xij

(11)

ww�, Iü62�ÝB (3), Jü¬òU1�ÝB
(4), xijü¸ã�B, Ni =

PJ

j=1 xijü62 i�
NÃhBú
\Ô^[�z��, (11)c¤ P (jji)�ºB�

6�¬òU1�P¸8�«�ºB�ì| bÕ
�®\Ô^[�k SÅ�ÚdDirichlet^[
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¤é¸|  (Box & Tiao, 1973; Epstein &

Fienberg, 1992)ú

�(:::; P (jji); :::j:::;Ki; �ij ; :::)

=

QI

i=1 �(Ki)QI

i=1

QJ

j=1 �(Ki�ij)

�

IY

i=1

JY

j=1

P (jji)(Ki�ij�1) (12)

ww�, �( ) �ô��ºB, Ki; �ij >

0;
PJ

j=1 �ij = 1ú

ÿ_\Î^[�k  (16)cp�^p �m
�, Ki �\ÔT�B, Ki�ij �\ÔÀí�B
�¥k�r ú �ij � P (jji)�\ÔÀí��k
 úw�\Ô^[�, \Ô5l¤U|Ki; �ij �
��Cæz�·þ�+î¤� q, �H_��
gÃp���¡ 5l¤çðÈ�çz| ��
�, �9��\Ô^[¤é¸| úzpz, Æì

�
ñýú-®���9��\Ô^[�/��
qæìz�l��, SÅ� 3qB��9��\
Ô^[�ì| \Î^[¤M­z�, \Ô^[
�ì| \Î^[�¼3E¤¬
| úw¡�
�\Ô^[�� ^Ì1[qgf��ÿ{�k
 ���, ^Ì1[�gÃp���¡�
¸�
5l�½�t���k �¥k�r ú
( 1 ) L·\Ô^[

Ki�ij = 1 (13)

w��r, Ki = J , �ij = 1=J �k ú
( 2 ) Je�reys�¢5l\Ô^[ (Box & Tiao,

1973)

Ki�ij = 0:5 (14)

w��r, Ki = J=2, �ij = 1=J �k
 ú

( 3 ) Ki ! 0�z�ÖÊ\Ô^[5)

Ki�ij ! 0 (15)

5) Ki�Û���ño�Èß��¢��, Ki = 0�ôÛ�
h��!���t�~¢â

(11)c, (12)co��
ñý��7¤¸l 
�P¸8�ÿ_\Î^[�`c�Úd Dirich-

let^[�� ú

f (:::; P (jji); :::j:::;Ki; �ij ; Ni; xij ; :::)

=

QI

i=1 �(Ki +Ni)QI

i=1

QJ

j=1 �(Ki�ij + xij)

�

IY

i=1

JY

j=1

P (jji)(Ki�ij+xij�1)

(16)

P (jji)�\Î^[� (16)c�ug^[�k�,

�¡�`� Beta^[ (��, 1985)�k ú

f(P (jji)jaij ; bij)

=
�(aij + bij)

�(aij)�(bij)

�P (jji)(aij�1)(1� P (jji))(bij�1)

(17)

ww�,

aij = Ki�ij + xij > 0

bij = Ki +Ni � (Ki�ij + xij) > 0

aij + bij = Ki +Niú

P (jji) �\ÎÀí��`c��m�\ÔÀí
� �ij �T��M8 xij=Ni �Xz`��Ux
¡ ú

E [P (jji)jaij ; bij ]

=
aij

aij + bij

=
Ki

Ni +Ki

�ij +
Ni

Ni +Ki

xij
Ni

(18)
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Fig. 1 Posterior densities for probabilities of

using \Data-Partial Representation"
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Fig. 2 Posterior densities for probabilities of

using \Porior Probabilities Represen-

tation"

6.2 �W@ P (jji) 8�_PO, �EPO(

>:�E[b�

@ 1�@ 4�L·\Ô^[�3à� P (jji)

�\Î^[�k úè�\Ô^[�ìz��ÿ
·�1[q��¡�úw¡��@p�«¬òU
1�P¸8�Öë��62CæE¤��� w
�q�r 6)ú

P¸8�\ÎÀí�¤¸l w����P¸
8�62CæE¤·0�UÆ| w�q�r
 ú@ 5(Data-Partialü��ÿÿ	\^U1�,

6) Ûu����¡Þr��� �òé«¯®ã¨�è�Î
�¢���h�¥�t��¢���­¦§³ÄË�!��ë
d�~¢â
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Fig. 3 Posterior densities for probabilities of

using \Perfect Representation"
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Fig. 4 Posterior densities for probabilities of

using \Other Representations"

Priorü�\Ô¬8U1�, Perfectü�²ÖU
1�, Otherü���è�U1�)�L·\Ô^
[�3à�P¸8�\ÎÀí��62��º'
�k úè�\Ô^[�ºz��ÿ·�1[q
��¡�ú@ 1�@ 5p�P¸8�62CæE
�ºz�`�w�q���¡ ú
( 1 ) ��ÿÿ	\^U1���\Ô¬8U

1��P¸8� 362¹�¦>�G���l
 ú
( 2 ) ��ÿÿ	\^U1��P¸8��Î

L�62 (62 1)!¹ÎL�62 (62 2) !

L��z62 (62 3)�!�)xt���l
 ú62 1�62 3�ou P¸8�\ÎÀí
��, «þ, 0:633, 0:378o�� 0:067 �k ú



10 zÇ9þ Jan. 1995

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 2 3
Condition i

Data-Partial

Prior       

P
os

te
ri

or
 M

ea
ns Perfect

Other

k 5 Ò÷�Y¾¢Ý)¾­;�òÆ
Fig. 5 Posterior expectations of probabilities

of using problem representations

( 3 ) �\Ô¬8U1��P¸8��ÎL�
62 (62 1)!¹ÎL�62 (62 2)!L�
�z62 (62 3)�!�ðrt���l ú6
2 1�62 3�ou P¸8�\ÎÀí��,

«þ, 0:102, 0:222o�� 0:400�k ú
( 4 ) �²ÖU1��P¸8�¹ÎL�62

(62 2)�L��z62 (62 3)����ÿ{
�k q, �ÎL�62 (62 1)��¦>�G
���l ú
( 5 ) �ÎL�62 (62 1)�ou �²Ö

U1��P¸8�¹ÎL�62 (62 2)�L�
�z62 (62 3)��¡��)xlú62 1�

62 3�ou P¸8�\ÎÀí��, «þ,

0:122, 0:267o�� 0:280�k ú
( 6 ) ���è�U1��P¸8�, �ÎL

�62 (62 1)�¹ÎL�62 (62 2)��
��ÿ{�k q, L��z62 (62 3)��
¦>�G���l ú
( 7 ) L��z62 (62 3)�ou ���

è�U1��P¸8��ÎL�62 (62 1)�
¹ÎL�62 (62 2)��¡��ðrlú6
2 1�62 3�ou P¸8�\ÎÀí��,

«þ, 0:143, 0:133o�� 0:244�k ú
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Fig. 6 Posterior densities for di�erences

between probabilities of using

\Data-Partial Representation"

6.3 P (jji) � P (jji = 1)8�EPO4

P (jji) > P (jji0)8�EX@

P¸8�æ�\Î^[7)���, P¸8�ð
)º'�62CæE¤¬8��VW| w�q
�r 8)ú@ 6�@ 9� P (jji)�P (jji = 1)�
\Î^[�k úU 3� P (jji) > P (jji0)(i 6=

i0)�\Î¬8¤a|úw¡��L·\Ô^[
�3à����k qè�\Ô^[�ºz��
ÿ·�1[q��¡�úw¡��@Up�`�
w�q���¡ ú
( 1 ) ��ÿÿ	\^U1 (j = 1)��P

¸8ü�ÎL�62 (62 1)�M­z�¹ÎL
�62 (62 2), L��z62 (62 3)�nq
ðrlw��\Î¬8 (¬8���, degree of

belief)����)xlú¹ÎL�62 (62 2)

�M­z�L��z62 (62 3)�nqðrl
w��\Î¬8����)xlú
( 2 ) �\Ô¬8U1 (j = 2)��P¸8ü

�ÎL�62 (62 1)�M­z�¹ÎL�62
(62 2), L��z62 (62 3)�nqðrl
w��\Î¬8����ðrlú¹ÎL�62
7) ÊÔ�o�z�ÊÔ���¼�������÷� (1990,
p.31)¥Ç�â
8) �����dù�ªã¨�Ï��ÊÔî�&�'º�~
¢���­¦§³ÄË���!��ëd�~¢â
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H 3 P (jji) > P (jji0)º¦È¯»¾­;ý)
Table 3 Posterior probabilities of P (jji) > P (jji0)

U1 j P (jji = 2) > P (jji0 = 1) P (jji = 3) > P (jji0 = 1) P (jji = 3) > P (jji0 = 2)

1 0:006 0:000 0:000

2 0:949 1:000 0:968

3 0:966 0:980 0:594

4 0:433 0:899 0:917
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Fig. 7 Posterior densities for di�erences

between probabilities of using

\Prior Probabilities Representation"

(62 2)�M­z�L��z62 (62 3)�n
qðrlw��\Î¬8����ðrlú
( 3 ) �²ÖU1 (j = 3)��P¸8ü�Î

L�62 (62 1)�M­z�¹ÎL�62 (6

2 2), L��z62 (62 3)�nqðrlw�
�\Î¬8����ðrlú¹ÎL�62 (6

2 2)�L��z62 (62 3)��æq�lú
( 4 ) ���è�U1 (j = 4)��P¸8ü

�ÎL�62 (62 1)�¹ÎL�62 (62 2)

��æq�lú�ÎL�62 (62 1), ¹ÎL
�62 (62 2)�M­z�L��z62 (62
3)�nqðrlw��\Î¬8�ðrlú

6.4 ma
@2�^Ì���, ��ÿÿ�� UÐ�

L���Ñ[��l�`�w�q¦�p���
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Fig. 8 Posterior densities for di�erences

between probabilities of using

\Perfect Representation"

�ú
( 1 ) ��ÿÿ�� UÐ��Îo��¹Î

L��qæì| ���ÿÿ	\^U1��P
¸8qðrt��, ��1[, 
ñý�¬8×:
¤Ù©| ¹N�z�ýtú
( 2 ) �ÎL��¹ÎL��Ñ[��æGq

k úÔh�î(���\Ô¬8U1���²
ÖU1��P¸8q��ÞXz, ���è�
U1��P¸8�Yf�k úLn, Îh�î
(���²ÖU1��P¸8�Yf�k q,

�\Ô¬8U1�����è�U1��P¸8
�ðrtÞX| ú
( 3 ) ��ÿÿ�� UÐ�L���lm\

òØßqî(x¡ �, �\Ô¬8U1��P
¸8qÞX| ú�t�, w�Æ1�L��z
62�Â��k ú



12 zÇ9þ Jan. 1995

1

2

3

4

5

6

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 10

P
os

te
ri

or
  D

en
si

ti
es

P(j=4|i) - P(j=4|i=1)

i = 2

i = 3

k 9 bµ¾ï¾�Yc¾¢Ý)¾L¾­;��
Fig. 9 Posterior densities for di�erences

between probabilities of using

\Other Representations"

( 4 ) �Yf¥���Æ¹N�z���Jò
�È��Ð��L���, �¬8ª��X��
¥k�Ð��Û���1[q��¡�ú��ÿ
ÿ�� UÐ�L��qî(x¡ �, �\

Ô¬8U1��P¸8qðrt� w�q¦�
p����q, w¡���ÿÿ�� UÐ�L
���lm\òØßqæìz�l3à��, \

Ô¬8¤�ÿÿ�5l�×:z�l�Yf¥�
��Æ8qðrlw�¤D¡z�l úYf¥
��Æ¹N�z�, (1)�ì1¤DÈz�f¬
�æì�Ð (SÑ, 1988, 1989)k l��Jò
�È��Ð (SÑû�i, 1992)(SÑ�X8��
¡�, w¡��ÿ{m��dUÆ�k úzp
zù�Jò�È��Ð�nq��L���m�
�k �Ún�¡ ), o��, (2)�¬8ª��
X��¥k�Ð (JÄ, 1988; ß�ûJÄ, 1991)

q�?x¡�l úÔh�gf��¶�, ��
n�, UÐA¤ì1¨�z, ��è�UÐ B, C

�DÈz�Jò�f¬qæì|  (��z, UÐ
B, C�m�*�t��L��Ç�k �| )

62��, UÐA�\Î¬8���\Ô¬8�
ÿ{�� (Òq�l, �lmm��k úÎ
h�gf��¶�, ¬8�
¸�¥k�k X
��¥kqé¸x¡Et, p�, �ÿÿ�� U

Ð�L�qll�lm62��, «UÐ�\Î
¬8���UÐ�\Ô¬8�ÿ{�� (Òq
�l, �lmm��k úYf¥��Æ8qç
)��ÎL�62���Jò�È��qæì|
 úYf¥��Æ8q�B�¹ÎL�62�ç
ð�L��z62���ì1¤DÈz�f¬�
��Jò�È���æìz�lúw¡��\g
��Jò�È��Ð�ìz�L���k úL
n, �ÎL�62, ¹ÎL�62, L��z62
�!�, �ÿÿ�� UÐ�L��lt� ú
�ÎL�62��«��X��¥k�ã��k
 q, ¹ÎL�62�L��z62�«��X
��¥k�¶E�k ú 362�\Ô¬8�U
Æ�ÿ{�X��¥k�¶E�k ú�z�,

�ÎL�62, ¹ÎL�62, L��z62�!
��Yf¥���Æ8qÞXz�l úw¡�
�\g��¬8ª��X��¥k�Ð�ìz�
Û���k ú

7. n#Io�+#Io�Wf�Ze�
7q6L"

¬òU1�P¸8�62¹�Cæº'¤�5
lP¸�º| ?¹�L��(Ò���¤z�
UÆ| B7���¤íFz�, �ÎL��¹
ÎL�q¬8×:\ò�¥/���|Ñ[�æ
G�ÄN¤�@��^Ì| úw�B7���
¤�¬8;�����Ë�ú

7.1 D=CP\80=8`�
�¬8;�����½�t�ÎL��¹ÎL

��Ñ[�æG�ÄN�4û¤Y��| ��
�`�w�¤U�| ú
( 1 ) NÃhw��º| U�
«62�NÃhw��ou 5lP¸�(Ò�
ÿ{�U�| úw�U�¤�NÃhw���
fE�U���Ë�úw�U��, \òØß�
Ñ[¤5lP¸�(Ò�ºEZu�ÚL| w
�¤Y��| ���R¹�k ú
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( 2 ) 5lP¸�º| U�
¬ò¥/�ou 5lP¸�ºz�`�M��
(Ò�æì¤U�| ú
lG 1 \^��5l�"7�� \^��¥
/¤Y��| ¹Nqæì| 3à��,

\^��5l¤P¸| (Òqk ú�
�, w�(Ò�w��m�¹N�Bqél
��lú

lG 2 \^��¥/¤Y��| ¹Nq*�
l3à��, 5l"7@ (5l¤� ���
"7@��¡�ì| QO�"7@)q�
�*�l��*B�qB�5l¤P¸z�
m�| (Òqk úw�(Ò�w��m
�¹Nq*�l��lú

lG 3 \^��¥/¤Y��| ¹Nq*�
l3à��, ¬ò¥/�ºE�k ��é
t�qB�5l¤P¸z�m�| (Òq
k úw�(Ò�w��m�¹Nq*�l
��lú

( 3 ) ¬òU1�P¸8�º| U�
�ÎL�62 (¹ÎL�62)�ou �\Ô
¬8U1�, �²ÖU1�o�����è�U
1��P¸8�, ¹ÎL�62 (L��z62)

�ol��iæ�x¡ úNÃh�Üþ�áz
�Çn�, �ÎL�62 (¹ÎL�62)�o
l��\Ô¬8U1�, �²ÖU1�k l�
���è�U1�¤P¸z�NÃh�, ¹Î
L�62 (L��z62)�ol��ÿ{¬ò
U1¤P¸| úw�U�¤�iæU���Ë
�ú
( 4 ) (Ò�¬8×:\ò���¸
¬8×:\ò�3à��\^��5l�"7�
� \^��¥/��, �ÿÿ�è�L\�5
l (��ÿÿ	\^U1�)¤P¸| ¥�ÿ
�| ú��ÿÿ	\^¥�
�øM8¥, �
^¥, 3à¥,«�¥, \^Yf¥�qw�¥
�k ú(Ò 2qÂìTz�3à�¥��Yf
¥�, (Ò 3qÂìTz�3à�¥��úà

¥��ÿ�| ú

7.2 X@AEDF8J#80=8�N

2�}��U� (1)� (4)�ê÷E¤�E�
�4û| ú
( 1 ) 5lP¸�(Ò 1�ÂìT��l�
��ÿÿ�� UÐ�L��� \òØßqæ
ì| ¬8×:\ò�3à�, (Ò 1¤ÂìT
| ð®Iqélw��w¡���gÃ1[p
�Aã�r ú��,�H_�gÃ�NXz�
NÃhw���(Ò 1¤ÂìT| NÃhqé
Bæì| w�qax¡�ú
( 2 ) \òØß�î(��m��ÿÿ	\^U
1��P¸8�fT
�ÎL��¹ÎL�q, \^��¥/¤Y��
| ¹N�k �U�| �, NÃhw���
fE�U�, (Ò 1o��iæU��, w¡��
¹Nqî(x¡ �z�ql, ���, �ÎL
�62 (62 1)!¹ÎL�62 (62 2) ! L
��z62 (62 3)�!�, ��ÿÿ	\^U
1��P¸8qÅ*| w�¤D¡z�l ú
w¡�gÃ1[�L�z�l ú
( 3 ) \òØß�î(��m�\Ô¬8U1�,

�²ÖU1�o�����è�U1��P¸8
�fT
�ÎL��¹ÎL�qæìz������ÿÿ
	\^U1��P¸8�¾µz��k¢mNÃ
h (�L\)q, w¡��\òØßqæìz�l
3à��, �\Ô¬8U1�, �²ÖU1�o�
����è�U1��P¸8�¾µ| �Ún
 úw�Ún�, �62¹�¬8�;¡�� 
��¤Û�| ���, `��m�UÆ| w
���r ú|�£�, ��ÿÿ	\^U1�
�P¸8 (�L\)q, \òØß�î(����
l, ���p�¬òU1�P¸8��;
�|
 úw��m�Ún �, NÃhw���fE
�U�, 5lP¸�(Ò�U�o��iæU�
�, �\Ô¬8U1�, �²ÖU1�o����
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�è�U1��P¸8q, �ÎL�62 (62
1)!¹ÎL�62 (62 2)!L��z62 (6

2 3)�!�, ÞX| pk l�Yf�� Y
�E�æì| q, Å*| Y�E��lw�
¤D¡z�l úw���gÃ1[�L�z�
l ú

7.3 X@AEDF

2Å�U��ê÷Eq�E��¬
�r��
�, ¬òU1�P¸8�62¹�Cæº'¤, 5

lP¸�L��(Ò��¤z�, �@��UÆ
| B7���¤íFz�mú
�ÎL�62 (62 1)�ou ��ÿÿ	\

^U1��P¸8 P (j = 1ji = 1)q, ¹ÎL
�62 (62 2)��,�\Ô¬8U1�,�²Ö
U1�o�����è�U1��P¸8��;

�| �Ún ú��, �ÎL�62 (62
1)�ou �\Ô¬8U1�, �²ÖU1�
o�����è�U1��P¸8�¹ÎL�6
2 (62 2)�ol��iæ�x¡ �Ún ú
¹ÎL�62 (62 2)�L��z62 (62 3)

��º'�ºz��ÿ·�Ún ú P (j = 1ji)

q P (j = 2ji+1), P (j = 3ji+1), P (j = 4ji+1)

�;
| °à¤, «þ, �i+1, �i+1, 
i+1 �|
  (i = 1; 2)úw¡�¤�;
8��Ë�ú;

8��SÅ�D¡qk ú
�2: �ÎL��î(��m(Ò 2�ÂìT�

��¤Uz�l ú
�2: �ÎL��î(��m(Ò 3�ÂìT�
��¤Uz�l 


2: �ÎL�¤î(z��(Ò 2�(Ò 3q
ÂìTz�l��¤Uz�l ú

�3: ¹ÎL��î(��m(Ò 2�ÂìT�
��¤Uz�l ú

�3: ¹ÎL��î(��m(Ò 3�ÂìT�
��¤Uz�l ú


3: ¹ÎL�¤î(z��(Ò 2�(Ò 3q
ÂìTz�l��¤Uz�l ú

;
8��SÅ�D¯qk ú
0 � �i+1; �i+1; 
i+1 � 1 (19)

0 < �i+1 + �i+1 + 
i+1 � 1 (20)

�i+1 + �i+1 + 
i+1 �, (Ò 1q»Dx¡ �
�¤Uz�l ú
w��m�Ún �, ¬òU1�P¸8�6

2¹�Cæº'�;
8¤�¤fB�z�¸l
�`c�Ux¡ úw¡q�¬8;�����
k ú

P (j = 1ji + 1) = P (j = 1ji)

� (�i+1 + �i+1 + 
i+1)

� P (j = 1ji)

P (j = 2ji + 1) = P (j = 2ji)

+ �i+1 � P (j = 1ji)

P (j = 3ji + 1) = P (j = 3ji)

+ �i+1 � P (j = 1ji)

P (j = 4ji + 1) = P (j = 4ji)

+ 
i+1 � P (j = 1ji)

(21)

z�q��, w�¬8;����¬òU1�P
¸8�º| SÅ�D¯¤»Dz�l  (i =

1; 2; j = 2; 3; 4)ú

0 �
P (jji + 1)� P (jji)

P (j = 1ji)
� 1 (22)

0 <
P (j = 1ji)� P (j = 1ji+ 1)

P (j = 1ji)
� 1

(23)

w�����D¯q�l3à��, (22)c�
(23)c�, `�Yøc�� ú
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�1 <
P (jji+ 1) � P (jji)

P (j = 1ji)
<1 (24)

�1 <
P (j = 1ji)� P (j = 1ji+ 1)

P (j = 1ji)
� 1

(25)

7.4 X@AEDF8P\

7.4.1 X@AEDF8ar"

U 2�gÃ���¡��ÿÿq (22)c� (23)

c�D¯62¤ �z�l pLp¤
ñý
�ï	�ÿ��¬8��VW| w����,

¬8;����ê÷E¤�@��VW| w
�q�r úw�¬8VW�, P (jji)(i =

1; 2; 3; j = 1; :::; 4)�ÿ_\Î^[q Dirichlet

^[�ymw�¤Á¸z�, ¬8fB�f´ (°

Ñ, 1990, p.33)¤gÜz,

�i+1 =
P (j = 2ji+ 1)� P (j = 2ji)

P (j = 1ji)
(26)

�i+1 =
P (j = 3ji+ 1)� P (j = 3ji)

P (j = 1ji)
(27)


i+1 =
P (j = 4ji+ 1)� P (j = 4ji)

P (j = 1ji)
(28)

�i+1 + �i+1 + 
i+1

=
P (j = 1ji)� P (j = 1ji+ 1)

P (j = 1ji)
(29)

�\Î^[¤�� w����Ümú
@ 10�@ 12�L·\Ô^[�ì| ;
8

���I�\Î^[�k úè��9��\Ô
^[�ìz��ÿ·�\Î^[q��¡�úU
4�U 5�, «þ, 0 � ;
8 � 1, 0 <

0.5
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Fig. 10 Posterior densities for 
ow rates
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Fig. 11 Posterior densities for 
ow rates

;
8�I � 1 �\Î¬8�k úU 6�
;
8���I�\ÎÀí��k  (;
8�
\ÎÀí�¤ �̂i; �̂i; 
̂i�U|)úw¡��U�
�NÚ���� 3qB�\Ô^[�ì| 1[
¤Åëz�úw¡��@Up�`�w�q^p
 ú
( 1 ) �2, �3, �2 , 
3, o��, �i + �i +


i(i = 2; 3) �¬8;����D¯ (19)c�
(20)c¤ �z�l úw¡��D¯q �x
¡ w��\Î¬8 (¬8��à degree of be-

lief)�, 3qB�\Ô^[�ìz�gf��æ
��t, 0:91��ðrl9)ú

9) Ö��, 0 � �1 � 1 �~¢���ÛuÊÔ�, �1 �Û
uÊÔóðÎo�ÀÍ 0 � �1 � 1��þ�è�~¢â
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H 5 0 < �i + �i + 
i � 1 º¦È¯»¾­;ý)
Table 5 Posterior probabilities of 0 < �i + �i + 
i � 1

62 i L·\Ô^[ Je�reys �¢5l\Ô^[ Ki ! 0 �ÖÊ\Ô^[
2 0:994 0:995 0:995

3 1:000 1:000 1:000

0
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7
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alpha i + beta i + gamma i

alpha 2 + beta 2 + gamma 2

alpha 3 + beta 3 + gamma 3

P
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te
ri

or
  D

en
si

ti
es

k 12 +x)¾5¾­;��
Fig. 12 Posterior densities for sum of


ow rates

H 4 0 � �i � 1; 0 � �i � 1; 0 � 
i � 1 ¾­;ý)
Table 4 Posterior probabilities of 0 � �i � 1;

0 � �i � 1; 0 � 
i � 1

(A) 0Ü­å��¾[H
]$ i �i �i 
i

2 0:949 0:966 0:443

3 0:941 0:594 0:913

(B) Je�reys ¾Î\�­å��¾[H
]$ i �i �i 
i

2 0:954 0:969 0:438

3 0:940 0:596 0:919

(C) Ki ! 0 ¾B�­å��¾[H
]$ i �i �i 
i

2 0:960 0:973 0:432

3 0:937 0:598 0:925

( 2 ) 
2, o�� , �3 q¬8;����D¯
(19)c¤ �|w��\Î¬8�, «þ, 0:4,

0:6�k úw¡��\Î¬8q 0:5� l7
²�, @ 10, @ 11, U 6p�^p �m�, ;

8�\ÎÀí�q 0 � t, p�, \Î^[

H 6 +x)»µ¾5¾­;�òÆ
Table 6 Posterior expectations of 
ow rates and

sum of 
ow rates

(A) 0Ü­å��¾[H
]$ i �̂i �̂i 
̂i �̂i + �̂i + 
̂i

2 0:189 0:227 �0:020 0:396

3 0:475 0:044 0:297 0:817

(B) Je�reys ¾Î\�­å��¾[H
]$ i �̂i �̂i 
̂i �̂i + �̂i + 
̂i

2 0:192 0:231 �0:021 0:402

3 0:490 0:046 0:307 0:842

(C) Ki ! 0 ¾B�­å��¾[H
]$ i �̂i �̂i 
̂i �̂i + �̂i + 
̂i

2 0:195 0:235 �0:022 0:408

3 0:506 0:047 0:317 0:870

q\ÎÀí��ºz�ì.�k ���k ú
z�q��, w¡��\Î¬8���D¯ (19)

c��£ ¤D¡z�l ����t, w¡�
�;
8q 0 � lw�¤az�l ú
@2��E�o���@�VW1[p�, ¬

8;������ÿÿ�� UÐ�L���Ñ
[¤-@| ¬òU1�P¸8��5lP¸�
º| ?¹�L���(Ò���CæE¤UÆ
| ê÷�����k �Ún�¡ ú

7.4.2 �]L�4Y]L�8Fa8I^8
C_

�ÎL��î(��l��ÿÿ	\^U1�
�P¸¤���NÃh&��ÎL��¹ÎL�
�B�8K 7s%9.=2��ÿÿ	\^U
1��P¸¤���NÃh&���, (Ò 2�
(Ò 3�ÂìT���qG� ���, �ÎL
��¹ÎL��Ñ[�æGqI{��lmY�
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EqÚn�¡ úw�´ÛqHzl���, �

ÎL��¹ÎL��Ñ[�æ�;
8�Æ£¡
�l �}�k úU 6p�w�´Û¤¬p�
 w�q�r ú|�£�, �ÎL��î(�
�, �̂2 ' 19%, �̂2 ' 23%�� úLn, ¹
ÎL��î(��, �̂3 ' 49%, �̂3 ' 5%��
 úw¡��ÎL��¹ÎL��Ñ[�æGq
(Ò 2�(Ò 3�ÂìT��� (Ôh� �,Îh

� � �Ux¡�l )�æ�ÆNz�l w�
¤az�l ú

8. XR

�ÎL��¹ÎL��Ñ[�æG�, 5lP
¸�(Ò�ÂìT�æG�ÆNz�l �6 
w�q�r w�q^p��ú��, ���, �

ÎL��î(�¹ÎL��î(��, 5lP¸
�(Ò�ÂìT�æGqI{ �pý���l
�, �ÿÿ�UÐ�ºEZu�¶Ex�¸�p
�Ún���mú
¬8×:\ò�¥/��, �ÿÿq~��l

 UÐ�º| 5l¤n�{|���, �ÿÿ

¤UÐ�ºEZu w�qR¹�k ú`��
��ºEZuoqÚn�¡ ú
( 1 ) �ÿÿ¤UÐ��ÎºEZu no (��

Îo��:Å| )

( 2 ) �ÿÿ¤UÐ�ìRz�«�¤�¤z�
¹Î��ºEZu no (�«��¤o��:
Å| )

�Îo�, �ÎL��3à�Y��k�, �ÿ

ÿq¬ò¥/h��D¤�ÎUÐ�³�| �
��, «��¤o�M��, P¸x¡�|lºE
Zuo�k �Ún�¡ ú«��¤o�, ¹
ÎL��3à�, P¸x¡�|l�Ún�¡ 
(ß�ûJÄ, 1991; JÄûß�, 1991b)ú

w¡¤\ò 1�\ò 3��¸| �`��m
�� ú
bc 1: �ÎoqP¸x¡�|lú
bc 2: �Îo�YY��, «� P (DjB) = 0

����¤x¡ «��¤oqP¸x¡�
|lú

bc 3: �Îo�«� P (DjB) = 0����
¤x¡ «��¤o�YY��k ú

\ò 1�ol��Îo��ÿÿ¤UÐ�ºE
Zu ¬ò¥/h�, «�¤¢Zz�|l�Ú
n�¡  (�¢Z��?¹�5l"7�¢Z�
r�lz¹����k )úLn, \ò 2�o
l�«� P (DjB) = 0����¤x¡ «�
�¤o��ÿÿ¤UÐ�ºEZu ¬ò¥/h
�, «� P (DjB) = 0�P¸�³�x¡�è�
«� P (DjA)�P (DjC)�P¸| (Òqk 
�Ún�¡ ú\ò 3��, \ò 1, 2�M­z
�, �ÿÿ¤UÐ�ºEZu ¶E�noqæ
ìz�l����ÿÿ�UÐ��ºEZu�ã
��k �Ún�¡ ú
�̂2 < �̂3 �, \ò 3��¶E�ºEZuoq

æìz�l���, �ÿÿ�UÐ�ºEZuq
mÁx¡�w�¤D¡z�l �¥k�r ú
�̂2 > �̂3 �, \ò 2�ou «� P (DjB) = 0

�P¸�³�x¡�«��¤o�P¸, \ò 3

�ou �ÿÿ�UÐ�ºEZu�mÁ¤D¡
z�l �¥k�r ú 
̂2 < 
̂3 �, \ò 3�
ol�, �ÿÿ�UÐ�ºEZuq¨Jx¡�
w�¤D¡z�l �¥k�r ú

9. �£¢�

��ÿÿ�� UÐ�L��q¬8×:\ò
�¥/���|Ñ[¤, ¬ò¥/�¬8��
��½�r, ¬òU1�P¸8�-@z
ñý
�ï	�ÿ��^Ìz�ú��1[, `�w�
q¦�p����ú|�£�, (1)��ÿÿ�
� UÐ�L�����ÿÿ	\^U1��P
¸8¤ðrt| , 
ñý�¬8×:�Â��
Ù©¹N�k ú (2)�ÎL��¹ÎL��Ñ
[��æGqk ú (3)��ÿÿ�� UÐ�
L���lm\òØßqî(x¡ �, �\Ô
¬8U1��P¸8qÞX| ú�t�, w�
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Æ1�L��z62�Â��k úo�� (4)

�Yf¥���Æ¹N�z���Jò�È��
Ð��L���, �¬8ª��X��¥k�Ð
��Û���1[q��¡�ú
¬òU1�P¸8�62¹�Cæº'¤�5

lP¸�º| ?¹�L���(Ò��ÂìT
��� (;
8)��¤z�UÆ| B7��
� (¬8;���)¤íFz, ��ê÷E¤
ñ
ý�ï	�ÿ��az�úw�¬8;����
½�r, �ÎL��¹ÎL��¬8×:\ò�
¥/���|Ñ[�æG¤^Ìz, �¡�5l
P¸�º| ?¹�L��(Ò�ÂìT�æG
�ÆNz�l �6 w�q�r w�¤az
�ú���, �ÎL��î(�¹ÎL��î(
��, 5lP¸�(Ò�ÂìT�æGqI{ 
�pý���l�, �ÿÿ�UÐ�ºEZu�
¶Ex�¸�p��¥k¤[��ú
�¬8ª��X��¥k�Ð��Yf¥��

Æ1¤Ð¦�r q, w�¸��L§��k 
�m�T£¡ úw¡�p��Â��Æ1��
���Öl¸�p�ân�|w�q��zlú
L��ïñ�ðï�, \Ô¬8¤UÐ�¬p
�zx��l��8��Ún, 8�Ì�� be-

lief perseverance(8�Ìd) (Nisbett & Ross,

1980; Ross &Anderson, 1982; Harman, 1986)

�¸�p�ân�|w��k úNisbett and

Ross (1980, p.192)� belief perseverance�Ò
ì�DÊ¤`��m�ân�l ú \People's

tendencies to persevere in their beliefs are so

striking as to raise the possibility that such

perseverance serves goals that may be more

fundamental and important than holding cor-

rect views of particular issues." w�¸�p�
�5���, (1)#À8��Ì���x¤Ä�|
 ¹N, (2):zl5l (�ÿÿ)�UÐ�ºE
Zu, (3):zl5l�½�l�8�¤f×| 
3à�f×z�l3à (Ìd)�62, (4)8�
�f×�Ìd�ÜþZ®�D¡, �º| ÚL

¤;� w�qR¹�� �k¢mú
w��m�ân�|w����, Gigerenzer

�, \[H]euristics that were proposed in the

early 1970s - such as availability and simi-

larity (or representativeness) - were promis-

ing but have failed to develop into a theory

of human reasoning. [...] [I]n the 20 years

of heuristics and biases research since then,

a lack of theoretical progress is possibly the

most striking result."(Mayer, 1992, p.112)�
��Ç£~�, w� 20�¹bè7��k , ?

¹�Ã�AH�º| 5��:����¤ôt
w�q�r ����lp�Ún�l úâÎ
��¡;l5�\ò�k ú
�H_���¡�^Ì1[�, ®vOð®�

�º\��97®¤rÝz�l ð®I¤NÃ
h�z�1[�k�, ��n�	��Öð®I
p�¢íF��{z�ð®IqNÃh���l
��, ^Ì1[��k ��e�qæì| �
���lp��ÉÊqk�� úw¡�ì| 

ñýú-®�¦ù��s��o��k ú

ñýú-®��, ^Ì�P¸|�r�ÿÿ��
l�;tÚLz, ^Ì�¸Lx¡��ÿÿ��
�½�t�r�k �lm�¶� Conditional-

ity Principle(Berger, 1985) �Ë�¡ Ä7¤
é¸z�l ú���, 
ñýú-®�½�t
^Ì1[�, gVz�gÃ, ��n�, gÃ�
NXz�NÃh�62Zu�¡����7¥|
�r�k úzpz, �¡��, e���l1
[��V�z����¡ ��k¢mp, �l
m÷Õ�É¬�ì| 
ñýú-®�¦ù�,


ñý��7�½�tà7��®vÂ�¤Á¸
z�, x�y��NÃh¤¸l�gÃ�1[¤
úà| w�������x¡ , �lm��
�k úz�q��, e���l1[¤� �
���, 97gÃ�º| Ð���ÿÿ
ÿü
�Ø�qR¹�� úw�[��I®ú-®�
^­���
ÿï��úü��¤�S�, |�
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�, gÜx¡�l ú
�Z®�ol��z¹
��ÿ��� �k¢mú

� �

\ò�íF�k��, ö�Õ�ð®��6Ô
W��RÈ|Ýà5�$�)Ä3QW�ðfo
CJ����úgÃ�gV�ºz��6W�A
¤oj�z�úww�Åz�iD¤U| ú
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