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@WP�Ý`Î�Í��b8FøZr��“Fó ”, �µAß¹�®�

WÝâß, |�ß¯��4�û��ß�L�1��ã�þ, -���4
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¡�
b°X�Î�|´bI.µAÝ�»A, ®`.úÝ£��`²Ý
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Ó»94O3`26^, Ý�¾¬ÈßÓ(È�X×�D5×°, Óxõ

¿�¬È�Ð�3¬�Ü�»��»�aK¡, ¬�½�yzÜ�î»

�ßó¾2705ûß, Ó
çJ-»�ßóøÄy0, ½Ss×�ýi
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J×��1Î5, ¶W4.99T5.0001K���ó.îÝ�Õ, Þ@Î�¥
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º�Ý;��9ÎY»j6§�.oÝó.�C�é.�, Ý@���[[[§§§

¡¡¡(chaos theory)ÝzzzÕÕÕ+++(Edward N. Lorenz), 3×Ss�y1963OÝ¡

Z�´�è��R�Î|�u(seagull)», y1972O�Ý×��ý�,
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Predictability�Does the Flap of a Butterfly Wings in Brazil
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BBB�, ùb“i5×�øë”Ý1°�£`�»ßù-π = 3���6`

�, ���ÃÃÃ{{{ÆÆÆ(Archimedes)JO�
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Ç3.1408 < π < 3.1429, ��óÏÞ�Ñ@�P��`ÝÞÞÞ]]]���(429-
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3.1415926 < π < 3.1415927,
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!ñ×è, 2002O9`, ^Í�³�.ÝHHHÑÑÑ���âââ(Yasumasa Kanada)}ÿ

Ý@~�à, O�π��ó1.2411���hóu|A4ü��, �'N°�

�4,000�, J63.10275 · 108°�A�N1,000°��W×�, ÞøÄ310

�, ËÎFZóC�
Þ]�XÕÝiø£, Î2àë»ëa`�, ���SSS(ß¿��, V�-
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�PX´z�
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«�õ, �`aX��Ý«���«Â�9	Qºb0-, u0-Âº

�½5v�Þ���, v���0, -�|��]�«�õ�Á§, �L

`aX��Ý«��9Ë����Þ@(A3 + 2), ���ßé0-, v¯

0-���0, ;ð©b&�^¨é�ðÿÕ�3�^¨é�, �X�`,
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0-ðp|�¹, 0-�º��Ý�µFFsß�9ì�×»�

»»»1. ^£�b×½(Ýéééhhh®®®ÞÞÞ(secretary problem)��'¯�«�|

Ãó×�éh�N«��×�, 3«�ì×�G, -��Í�T��Ý

X�, �v��/��ê�'¯E�«�ÄÝßó/��Í4��J

A¢Ãó��Ã�t·ï÷? àÌî, ãy��/�, Æh®Þ�º

b1Jó�t·ï��¯�¬u;A¢Ãó, º¸Ã�t·ïÝ^

£t�? Jh®Þ-b�Ý�Í�×��«�Ý¿�Kwa, ��

V1/e( .= 0.368)f»RÝ«�ï, ubfG«K?·Ýß, -Ãó�, Í

�e�QEóÝ9�ê�J�, 	«�ÝÀßón���∞, ºÃ�t

·ï�^£1/e�|«�30�», ãy30 × 0.368V11, X|wa

G10�;�Ï11�R,ubfG10�K?Ý,-Ãó��9Î��/���

µì, ºÃ�t·ï�^£t�Ý�¯�Ç¸Ah, 2àh�¯, ¬�1

J�Ã�t·ï, Ã�t·ï�^£�V0.368�ð�1, Vb0.632Ý

^£, ¯ÿ�Õt��Ý�

3î»�, 40Õt·ï�^£f0�Õt·ï�^£�, ¬9)Î

t·�¯�ð�1, 38!f�ì, u2Í��¯, ô&b`º�?,

×ÃµÃ�t·ï, ¬ufÃ�t·ï�^£, í�A»1�Xèº�]

°��:×»�

»»»2. ¹�7V×2ÑY�10,000g, Ng�¨Ñ«Îÿ1-, �¨D«J´

�1-��

Sn = X1 + · · ·+ Xn, n = 1, · · · , 10, 000,

�7Vng¡��Xÿ, Í�Xn�Ïng�Xÿ(1T−1)�{Sn, 1 ≤ n ≤
10, 000}�W×���^̂̂ÄÄÄ���(stochastic process), 9Ë©½Ý�^Ä�êÌ���

^̂̂���MMM(random walk)�µ�'{Xn, n ≥ 1}×ó��}ñvb�!5
µÝ�^�ó, v

P (X1 = 1) = P (X1 = −1) =
1
2�
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%1��6Íÿa%, U�n, Á�Sn, Í�Si > 0��Ïig7VÑ

«ór�, Si < 0J�D«ór���:�6Í%�-²���¯@îÇ

¸À7Vó���∞, %�)b���²�n → ∞`, Sn�Á§ô�D

3, 4QSn��TÂE(Sn) = 0, ∀n ≥ 1�9F�G�|5vO«�, @�
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��

»»»3. EyÎÍbÏ�n;Ý�¯ëý, ðÔ]&Æ×Þ�*^I*s
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CBÀod��`n;���AÀoCBÀoXèºÝÏ�n;@�£5

½99.9993%, C99.988%�Ào-í“��4t”ËßbÏ�n;�ã

y0-íÈ�, ° ½¾�ËßbÏ�n;�
4Q0-D3, ¬Ë�ÀoÝd���8	×l, ° �h¾�, 	¯
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ßÇ¸��, b`�Ê�îå��n¬�|, ô©?µ#åÝ�
9Ë¿àsß^£Ý��¼�X�, µs"����'''lll���(testing hy-

pothesis), ÎÙ��×Ë¥�ÝX�µA, Í�°�¢�?Z*(2005)×

Z�
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[/£]ÎÙ�5�Ý×¥�M»�&Æb`1Ýß|�Ã�, Í@

Ù��ð3�|||���ÃÃÃ���Ý�®�|X[/Õ�øÍ, EÒ��.£�4

Î|�Ã�, &Æ���ãøb��ôµÎ�TX[/ÕÝøÍ���Ò

��AhEÒ��.£, 0-���yH��A�[/ÕÝÎ�-�ÎÌ

��PÝøÍ, AhX�Ý.¡, 0-�-�����'×���bu

�Í�Ï����×øÝç¦CR¦�¨�£�ç¦ª���I¦Ýf

»�×Í��Ý]°Îã�u�Í(Ngã�¡�w/), ó::Í�ç¦

Xªf», |hf»¼£����ç¦Xªf»�9ø��×�Xf�

Î, ��Ý¦��)Ý�í8, ÇNgã¦, ��N×¦/�b8!Ý^

º�ã�, ôµÎ����^̂̂ãããøøø(random sampling), ÍJ£�-�ºHã�
.¦�)ÿ�í8�Æî«{´�|�9ì×Í:R¼v«Ý�µ

µ^£��|Ý�A¢¢ãÙ�£�iø£π? �×Ñ]�CÍ/6

i,iÝ�5'r�“�^2”Lì×°þj, �'bnÔþja
Ñ]

�/, Í�êbaÔa
i���afn�yi«��Ñ]�«��f�Ç

a
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=
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��
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�§¦TLþjÍ@�Õ�|, A�Î�§�ÎTß, µ?�|�Õ

�^ãøÝ�»A, �£�eo�b9K�e(N)�ã�u�f(k), �î

Br¡××w/; �“�^ ”ãu�f(n), Õ�Í�b�BrÝeó(l); �

ÏÞgã�Ýe�, b�BrÝf»(l/n), �yeo�b�BrÝe�f

»(k/N), ��N = nk/l, �o�eó�£�Â�h®Þ:R¼�G�

£�ç¦f»T£�iø£Ý®Þ«{Î!×v, ¬0-����9�A

�Ø°eb´|�ã�ÝH', T�ã�Ýe, .å�A�³��|��

ã�, Jk/N�l/n��-b��-²Ý��^ãø�1Î[/£]Ý×

ÃÍM», ¬=EeK�|�Õ, ?¢µÎE�§bnßÝ®Þ�#��

I5ÝßE“�^”Ý�Lðb0�, CW�^ãø@jî�|ðÕ, �¢

�?Z*(2004)×Z�
&Æ�:9ì×@»�
2002O11`, z»Âê2¥(BBC), Ez»(/×y0W¾�Ì¾, Ç

óbª|¼t��Ýè�z»ß�����´8Ý��«4(Ï×, ��

ÿV44.7%ÝÇ, �Er��ó.�CÎ§.�pñ(Issac Newton)J4

(Ï0�âO8`E�¦W¾X�ÝÇó, pñ�W4(Ï×, �21.6%Ý

Ç���«ÝÇJ3K,©ÿ16%, WÏÞ�Ç¸øÍó9¾y0, !×

Âê2¥ÝW¾�Ì¾, 3z»�3�¦, Í:°-²���EßÝ�ã

�1×'8	æp, ��1�!2 Ýß, Ç¸E!×Nß, �½�µÝ

;�, TØ°¯�Ýsß, K��Å(×°ßÝ�°�#��m�b�¢

æ., E!×Íß�Ëg�ã, ÍE!×�¯Ý:°K��b²�
9ì�×ãC�Freedman et al.(1991)½(ÝóÜ@», |�1�E

ßÝ�ã��|Þã�

»»»4. �-1936O, Y»111úúúÉÉÉ(Franklin D. Roosevelt)ÀÙãnó=

�, EWÎ���õçÝÎóß, ��úLÝL�   ñññ(Alfred Landon)�

ß�h`Y»Ñ�Bz�Áf(Great Depression)�Æh, 4�»)bÜ

y0´¼ßý, ßÓÝ@j[áf1929-1933£ð`�KÝVë5�×, ¬

�µÑ��?»� ñè�Å8Bz�iÝÅ�, �1úÉJÍP��
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�I5ÝÌDïíï?1úÉ�D|2=�, ¬Z.Z`(Literary

Digest)Ó*Qï? ñº|57%f43%�{1úÉ��ÆÎµA{¾

V2400	/�Ý®àX��ï?�Z.Z`3ÀÙóÜÝï?ô�Î

T,.�Æ�1916O���ï?|¼,�ÎýÄ,©Î9/yÝ�«[�ó

Ü��1úÉ|62.5%f37.5%�ÿDÅPÝ{¿�óÜ��ò, Z.Z

`ôµÓ®Ý�
Z.Z`ºb9�ÒHÝý0Î��ß�#Ý��á£¿{�1Îb

ª|¼t�Ý×gÓ�, /[Ý®àóô�9�£`��û(Gallup)2¥

�âWñ, G¸àÝ50,000ÍøÍ, -Ñ@2ï?1úÉºÎ, 4QÿÇ£

]«b°0-(ï?1úÉºÿ56%ÝÇ)�
Z.Z`¢|ºÙ9��Ýý? &Æ�¼:�ÆÎA¢ÃóøÍ�A

GX�, 3hø�ã�, øÍÝÃóÄ6�2Ñ, ���ÿb[Ý£

G�u3óøÄ��, b4t(T9ã)Ø×vøÍÝH', -ÌóóóCCC���

---(selection bias)�Z.Z`Ø�1û0	®à, �(C2ëÝ¼ÙÎ�Æ

Ý�V�é�'C×°Ë�IÝºõ��å�ÆÓ*ï, �QÎ×N©�

Ýß�ê31936O, é�$&£�ûC(¿íN°V�b×Ì)�h², ^

b¢��¢Ë�Iïô�4tÝ�ð�1, 9ËhøÄ�, b4tMß

ÝH'�31936O|G, 9ËóC�-Eyï?�^b��ÝÅ(, .	

`°ß�MßÝ7Ç�-²¬�H��¬31936O, .BzÝ.ô, C

WóÓÅ»H'b��Ý5M: Mß´9óC1úÉ, �°ßJH'Y¹

 ñ�óC�-ÎCWZ.Z`Ù9��ý0Ýx.�×�
	bóC�-`, øÍó49-��ÿbà�
Z.Z`�ÙÝ¨×�¥Ýý0: ×ËX�Ýå"(�, µ�¼æ�

�ÿ�ÆÝ��, 9I5�®�1Î{p��	ã�ÝøÍ�, bÄ9

^b/«T`�å", Þ��CW×�¥Ý-`, &ÆÌ����///���ÝÝÝ���

---(non-response bias)�b`�/�ï�/�ïÝ����b��Ý-

²�Ü»��, Z.Z`3þ�îXs�Ý®àó, �VÎþ�îóÓÝ

ë5�×, ��Û�9, ¬Í�/«ï�V20%�/[®à�, Y¹ ñÝ
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øÄ�ó�¬óÜ��, 1úÉ�ÿþ�îVë5�ÞÝóÇ�Z.Z`

E�»Xs�Ý1û0	®à�, ©bf»�{Ý24%Ý/«�924%/

«ïÝ��, ��ÿ����I�Ãó��óÓ�X|Z.Z`ÉÙÝó

C�-, êÙÝ�/�Ý�-ËËý, �ã��ºã@�Î�M�
×���, ±[á�{[áï, �/�®à�f»´{�ôµÎ/[

®à�, �[áïøÄ�b�f£���[áïÝ���{[áT±[á

ï, ��ÿ8!�ãyb9Ë/�Ý�-, ¨�Ó��ã^x, Ey¥�

ÈÞ, 3` CBz.ô�W®Þì, H'2à«", �&Ø®à�«

"W�£;ð�¾65%|î, �Ø®à�/[£ð�Õ25%��ÄÇ¸

2à«", �/�Ý�-�®Þ)QD3�£°«"`�3�ï, ���

«"`3�ï, êPb��-²: �®v½��1Ïµ�ãºeÿ�, �

°��ôµ�H8!�`�å"ïÝ�µôv«�?Ýhø�ã'�, º

ÑÚ�/��-Ý®Þ, �2à´»úÝ]°|'°¸��

3À.î, 
�×@�|[/óA, ??��E@�Ä��×°Ä�

Ý'��&Æ�×»Aì�

»»»5. Ó»94Ob×4�ã¼�, Vb°5�×Ý�.ßb�¥ÝÍì�

ï�:¼ÿÍì½Ýß�K, �Î×�¥Ýãº®Þ�Ø%<2¥�Ì

s�×Ë»Íì½Ý<, �A¢Ý£Í[�? 0×°ß¼�@�, ¯�

�º�Õ�^ý, ¬;ðTÞ#å@�ï5Ëà, ×à�àh±<, Ì

���§§§ààà(treatment group), ×àJ��àh±<, Ì���×××ààà(control

group)�#å@�ï�ò¢à, 2�^Ý]PX�, |�t²¼Ý�

-�A�^b�×à, A¢¾��àh<@@b[? ê@�ð2“ÞÞÞ¥¥¥

222������^̂̂;;;���×××'''���”(doubly blind randomized control experiment, �

ÌDBRC'�)�Ç#å@�ï, ��.lãæ\ï, í�á#å@�ï

�, ¢ï�§à, ¢ï�×à�X|�53�×àÝß, ô#å×Ë

:R¼	±<ÝHÏ�(placebo)�2DBRC'�, ��¹.xÌÝ�TC

��, �CWóAÝ�-���ulãïá¼ òy�§à, ����Æ
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2E�9ï)°��å?ïuá¼�Î3�§à, T���Ù"°, C

WÍì½bôÆÝH'�

@�'�Ý?û, Å(ÕX[/ÕÝ£]�`²�A�E<[Ý.¡,

XµAÝ@��ÎÃyDBRC'�, Í��??�ºH�ê�Ç¸0�9

Ýß¼#å@�, K��ÿÕ0-��Ý�¡�9]«ÝD¡, �¢�1

0�(1987)×Z�
[/ÕÝ£]uÎ�B��Ý�§, -
�5�, b`ºÿÕ�"°

Ý�¡�9ì×»�

»»»6. �-1972-1974O, z»
�×bnäÏ[»¼�TX¼Ý@~�Þ

èO¡�¡�Ý_·@~�Appleton et al.(1996)×ZEÍ�Í�hë�

i÷ÝóA�×°5�, I5óA�3�1, �hëï�i÷£��2´

{�BÙ�l�, ÿÕ�hëï�i÷£{yhëï�i÷£Ý.¡�

�1 Í�hë�i÷ÝóA

hë �hë Àó

i÷ 139 230 369

Dþ 443 502 945

Àó 582 732 1,314

i÷£ 23.88% 31.42%

9øÝ���Q��ß�#, ÀD×�ßÝ-á��ÄÙ�îÝ.¡,

©Î“J@ ”hë��hëËNßÝi÷£�!, v�hë£Nß�i÷

£´{, ¬ÎJ@hëÎCWi÷£´±Ýæ., hF�Ä�º�, �¢

�Simpson(1951)Eh]«Ý"D�
ãy�ûß(Simpson)´�¥�Õh®Þ, ¡¼EyËÍ�óÝn;,

.¨×�óÝ+á�DÄ¼, -ÙÌ���ûûûßßß���¡¡¡(Simpson’s paradox)�
A�~Þ5�óA, s¨b×¥�Ý�ó��E¯: Oë��g�ã

`, {ëï�´KÎhëÝ, æ.���ÎOS�Ýß, ´w�#åE�
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ôb¿Ý�È, hëï.�3K�&ÆEOë5N, �ÿ�2, Í�|“+

”�hë, “− ”��hë�

�2 EOë5N�hë�i÷ÝóA

Oë5N 18-24 25-34 35-44 45-54 55-64 65-74 ≥ 75

+ − + − + − + − + − + − + −
i÷ßó 2 1 3 5 14 7 27 12 51 40 29 101 13 64

Dþßó 53 61 121 152 95 114 103 66 64 81 7 28 0 0

BÄ20O, �¡ÎÍhë, OS�ÝÀÎ´|i÷�©�:�2�, 	

�75Ï|îï, 20O¡P×DþÇ�ÿá���:Ä�õ(1996)ÝÄFß

6B[?h�1(p. 380)ùë�yÄyÏ�.`, �W(kÚèO, 	O«

��ÄWÝß, �iÿ����, tî�P×ß�9ôÎv«Ý�µ�u

Þ�2�, 65Ï|î�£]�*, �ÿ�3�Jhëï�i÷£-{y�h

ëïÝ��BÄÙ�l�, ÞÿÕ��65ÏÝÍ��, hëï�i÷£´

{Ý.¡�

�3 ��65ÏÍ�hë�i÷ÝóA

hë �hë Àó

i÷ 97 65 162

Dþ 436 474 910

Àó 533 539 1, 072

i÷£ 18.20% 12.06%

îë»�î, £]Ý`²�·, ðº¸X�®ß��Ý0-�XÛóóó

AAAººº111���, ¬uXãÿæ�óA�`²-�·, TEóAÝ�§Ä�bH

��¶, #�EóAÝ�\b0, X1�Ý��Q�ºHÑ@�¨×]«,

Ey�^¨é, t&ÎEÒ�(A�t&Ýßý)�Iãø, ÍJµAãø

X�Ý.¡, �Ë@ÝÂb-², ¬����
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4 ßßßééé000---

3»2�&Æ:Õ}ñ�^�óX1, · · · , Xn, n ≥ 1, �õSn, ��ÿº

[e�ôµÎSn�º�½n�¦���ßé, Sn��º×à®��£b¢

&Æ�|ßéÕÝ÷? �^¬&��, ôÎb6µÇÝ°J�^£�b×

¥�Ý°J, µÎ���óóó°°°JJJ(law of large numbers), bËÍÌÍ, ×úúú���

óóó°°°JJJ, ×333���óóó°°°JJJ�ÍZ�&Æ©:“3”ÝÌÍ�
'X1, · · · , Xn, n ≥ 1, }ñvb�!5µ��^�ó, v'E(X1) =

µD3��øøøÍÍÍ¿¿¿ííí

Xn =
Sn

n
=

X1 + · · ·+ Xn

n
, n ≥ 1�

J n →∞`, Xnº^£[e�µ�Ç n →∞`, E∀ ε > 0,

P (|Xn − µ| > ε) −→ 0,(1)

T��21

P (|Xn − µ| ≤ ε) −→ 1�(2)

(1)P�în��`, Xn�µÝ-²øÄε�“^£”º���¥�, ¬Î1

JXn×��#�µ, �Î�#�µÝ^£��(Ç^£#�1)�
3»2�.E(X1) = 0, -bn →∞`, Sn/n^£[e�0�
ã�ó°J, &Æ§�Õ¢|£�`;ðXãÝøÍó�È��|

£�Y��¨Ñ«Ý^£»�7V×Y�, ÏnguÑ«�¨, J

�Xn = 1, ÍJ�Xn = 0�JE(Xn) = p, Í�p�Ñ«�¨�^£��

ó°J×å&Æ, |Xn�p�£�, 	n��`, h£��ºHÒH�
�Ä�Îá¼¯�|Xn − µ|Ý^£��, &Æ��)���, h^£~

bb9�? ���|£�?^£�¨×¥�Ý°J–���³³³ÁÁÁ§§§���§§§(central

limit theorem)º×å&Æ�
0-§¡Î�ó.�{{{úúú(Karl F. Gauss)E^£¡Ýx�Q¤�Ù�

�ð��£�, £�ºb0-, 0-Ý��A¢ßé? 3×°f�ì, {ú
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0�0-bðððVVV555µµµ�Æ»*^�à�-, {^Æ»10y¸, Û|{ú

ß	�üJî �½�Ý, �Î{úÍ�ó.îÝWµ, �Î×ðV5µ

Ý%��

- x
O µ

6
f(x)

f(x) = 1√
2πσ

e
−(x−µ)2

2σ2 , x ∈ R
1√
2πσ

%3. ðV5µN (µ, σ2)^£Û�Ðó%�

E∀n ≥ 1, 'X1, · · · , Xn}ñvb�!5µ��^�ó, ê'µ =

E(X1), σ =
√

Var(X1) > 0/D3��Xn =
∑n

i=1 Xi/n, n ≥ 1�J�³

Á§�§¼�, n��`, (Xn−µ)/(σ/
√

n)b�«ÝýýýãããðððVVV(|N (0, 1)�

�)5µ�Ç

lim
n→∞P (

Xn − µ

σ/
√

n
≤ z) = Φ(z), z ∈ R,(3)

Í�

Φ(z) =
∫ z

−∞

1√
2π

e−x2/2dx, z ∈ R�(4)

(3)P0l

lim
n→∞P (|Xn − µ| ≤ zσ/

√
n) = 2Φ(z)− 1, z > 0,(5)

v

lim
n→∞P (|Sn − nµ| ≤ zσ

√
n) = 2Φ(z)− 1, z > 0�(6)

Í�AGSn = X1 + · · · + Xn, n ≥ 1�ã(5)P, 	øÍón��, E8!

Ý^£, Xnºa3×�êÝ  �ã(6)P, E8!Ý^£, 	n��, øÍ

õSnºa3×�´Ý  �4n��`, øÍ¿íXn���º#��T

ÂE(X1) = µ, øÍõSnÅ��ÿº#�E(Sn) = nµ��v�½nÝ¦�,
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Sn�nµÝ-²b��Ý�T�5½ãz = 1, 2, 3, ãýãðV5µÝ^£

Â�, (5)P0l	øÍón��`,

P (Xn ∈ [µ− σ/
√

n, µ + σ/
√

n]) .= 0.6827,

P (Xn ∈ [µ− 2σ/
√

n, µ + 2σ/
√

n]) .= 0.9545,(7)

P (Xn ∈ [µ− 3σ/
√

n, µ + 3σ/
√

n]) .= 0.9973�

îëPê5½��y

P (Sn ∈ [nµ− σ
√

n, nµ + σ
√

n]) .= 0.6827,

P (Sn ∈ [nµ− 2σ
√

n, nµ + 2σ
√

n]) .= 0.9545,(8)

P (Sn ∈ [nµ− 3σ
√

n, nµ + 3σ
√

n]) .= 0.9973,

ê	σ�á, (7)PÇ5½���µÝ68.27%, 95.45%, 99.73%***äää      (confidence

interval):

P (µ ∈ [Xn − σ/
√

n, Xn + σ/
√

n]) .= 0.6827,

P (µ ∈ [Xn − 2σ/
√

n, Xn + 2σ/
√

n]) .= 0.9545,(9)

P (µ ∈ [Xn − 3σ/
√

n, Xn + 3σ/
√

n]) .= 0.9973�

ôµÎ�|Xn¼£�µ�¬u�á¼µ�la3£×  , J�|*

ä  ¼�î���*ä  , b4��ù�GzÝ�¤�»A, V

b0.9545Ý^£, µºa3  [Xn − 2σ/
√

n, Xn + 2σ/
√

n]�h  Ý�

5Tï1Eµ£�Ý0-2σ/
√

n, ;ð�T��H��3σ��ì, �3�

£�0-, µ©?êè{øÍónÝ�
/ÕÏ2;t¡XèÝ7VY�1y0g�»�
�Xn = 1�Ïng7V�¨Ñ«, Xn = 0�Ïng7V�¨D«,J

Sn = X1 + · · · + Xn, n ≥ 1, �ng7V�ÿ�Ñ«ó��'Y�2

Ñ, Jµ = E(X1) = 1/2, σ2 = Var(X1) = 1/4�Eyn = 1, 000, 000,

ã(8)P(Ý�-, Ñ«ó)|Sn��)

P (Sn ∈ [499,500, 500,500]) .= 0.6827,
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P (Sn ∈ [499,000, 501,000]) .= 0.9545,

P (Sn ∈ [498,500, 501,500]) .= 0.9973�

Vb0.3173Ý^£, Ñ«ó��TÂ500�-²øÄ500; Vb0.0455Ý^

£, Ñ«ó��TÂ500�-²øÄ1,000; Vb0.0027Ý^£, Ñ«ó�

�TÂ500�-²øÄ1,500�Ç¸7Vó{¾1y0, Ñ«ó¬&µ×�

�#��TÂ500�
t¡�ú�ÝÎ, 0-Õ9Õ��Î�, ð�øÍónbn, �&©:

0-�EÂÝ����ì»�

»»»7. 7V×Y�u�g, Ñ«ó�¨f£50.114%, Gf50%¯9×

°��®ÎÍ��|.�hY�2Ñ?

���. �¡¢�7Vónbn�&Æ�|ì�ÿl¼à�®Þ�'X1, · · · ,
Xn}ñvb�!5µ��^�ó, n ≥ 1, v'P (X1 = 1) = p =

1− P (X1 = 0)�Jµ = E(X1) = p, σ2 = Var(X1) = p(1− p)�&Æ�¾

\~bp = 0.5, �Îp > 0.5�àÌîXn´�, ÉA1Xn > c, Í�c×

ðó, µ´�8*p = 0.5, �#åp > 0.5�ã�³Á§�§, n��`,
√

n(Xn − p)√
p(1− p)

b�«ÝN (0, 1)5µ�

¨µÞ�Ì?ÕXn = 0.50114�
(1) 'n = 13, 000, 000�A�p = 0.5, J

P (Xn ≥ 0.50114)
.= P (Z ≥

√
13, 000, 000(0.50114− 0.5)√

0.5 · 0.5
)

.= P (Z ≥ 3605.55 · 0.00228)

.= P (Z ≥ 8.22)

.= 1.03 · 10−16,

Í�Z�b×N (0, 1)5µ��^�ó�P (Z ≥ 8.22)¬P°ãã��

ÿ, �ãx´�`, 1− Φ(x)��«2PO��«Â, 3h¯Ä�	p = 0.5,
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Xn ≥ 0.50114Ý^£�1�{Í��ð�1,3øÍó{¾13,000,000�

ì, up = 0.5, h`ºÌ?ÕXn = 0.50114Î���)§Ý¯�ÇT¾�

Y�¬&2Ñ�
(2) 'n = 1, 000, 000�A�p = 0.5, J

P (Xn ≥ 0.50114)
.= P (Z ≥

√
1, 000, 000(0.50114− 0.5)√

0.5 · 0.5
)

= P (Z ≥ 1, 000 · 0.00228)

= P (Z ≥ 2.28)
.= 0.0113�

h^£4��, �ÄVy5�×Ý^£ô�Î�ºsß�9`Ý¾\¢

µ�µÍß���
(3) �:n = 10, 000ºA¢(@jn���10,000, .XnÕ��óÏ5�)?

A�p = 0.5, J

P (Xn ≥ 0.50114)
.= P (Z ≥

√
10, 000(0.50114− 0.5)√

0.5 · 0.5
)

= P (Z ≥ 100 · 0.00228)

= P (Z ≥ 0.228)
.= 0.40978�

9��Ý^£, �1��|sß, ÕÎ�¿ð�E�I5Ýß��, ��

�º#åp = 0.5�

Ü|îë�µ», ��|1�50.114%�50%�-²ÎÍÈ�, Û�

7Vónbn�Çn��, h-²µ��È�, n´�`,h-²-���È

��A�ðË®°: Ñ«ófD«ó930,000ÎÍÈ9? h®Þº�\ï

��/��
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5 ���+++

Ù��ÝX�, ��ÿy5�y�ê, #�ð��ê, h�ó.�

!�3ó.�N×óCKæOÞã, 0-ÝD3ðÎp| åÝ�3Ù�

5��, ãy0-ÝD3, b°�.ïðº�¶ÎÍ�8*Ù��&ÆÄ

6Ñ@Ý�0-Ý/�, ô#å)§Ý0-�3�^Ýt&, ��2µA

Ù���Ý��¼�¾\�

¢¢¢ ��� ZZZ ¤¤¤

1. �õ(1996). ÄFß6B, ÏëÌ�Gø�Ìã, ¬��

2. ?Z*(2005). Ù��½P�ó.Fê��, �#å�

3. ?Z*(2004). �^�ÛD�ó.Fê��, 28(2), 3-17�

4. 10�(1987). y¹�×'�@�'��Tà�I.`�, Ï18à

Ï5�, 338-340�

5. Appleton, D.R., French, J.M. and Vanderpump, M.P.J.(1996). Ig-

noring a covariate: an example of Simpson’s paradox. The Ameri-

can Statistician, 50, 340-341.

6. Freedman, D., Pisani, R., Purves, R. and Adhikari, A.(1991). Statis-

tics, 2nd ed. W.W. Norton & Company, New York.

7. Simpson, E.H.(1951). The interpretation of interaction in contin-

gency tables. Journal of the Royal Statistical Society Series B, 13,

238-241.

18


