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Sex | Treatment | Response | Count |

| Male Mo Yes 4

2 Male No No 3

3 Male Yes Yes g

4 Male Yes Mo ]

B Female No Yes 2

B Female No No 3

{ Female Yes Yes 12

G Female Yes Mo 15
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* T—XDANT;

data test;

length Sex Treatment Response
$20.;

input Sex $ Treatment $ Response
$ Count;

datalines;

Male No Yes 4

Male No No 3

Male Yes Yes 8

Male Yes No 5

Female No Yes 2

Female No No 3

Female Yes Yes 12
Female Yes No 15

’

run;

HERIRIC RIS

title "MABIICR/IEERE L AR Y ZDER;
proc sql;
select Sex, Treatment,
sum (case when Response="Yes" then Count else 0 end) as Response,
sum (case when Response="No" then Count else 0 end) as NoResponse,
calculated Response / (calculated Response + calculated NoResponse) as ResponseRate
format=percent8.2
from test
group by Sex, Treatment;

quit;
title '@ TRIBEREEFOBERK";
proc sql;

select Treatment,
sum (case when Response="Yes" then Count else 0 end) as Response,
sum (case when Response="No" then Count else 0 end) as NoResponse,
calculated Response / (calculated Response + calculated NoResponse) as ResponseRate
format=percent8.2
from test
group by Treatment;
quit;

FEL AR AORE R SR TRI-SEEEL R 2AORR

Sex Treatment Response NoResponse ResponseRate

Fermale MNo
Female Yes
Male Mo
Male Yes

Treatment Response MNoResponse ResponseRate
2 3 40 00%

Mo 5] 3] 50.00%
12 15 44 44%

Y 00%
A 3 =7 14% es 20 20 50.00

o S 01.54%



HERIBIC RIC Bk L AR AOE#R

TEicDOL
%‘:*{Ig ff) g, ;) ;Cj_ aNE3V) KA (4 0.00<4 0.44) Sex Treatment Response MNoResponse ResponseRate
B Z DT Female No 2 3 40.00%
BEH Y OANEHEASW(57.14<61.55) Female Yes 12 15 44 44%
hale No 2 3 57.14%
l Male Yes 8 o 61.54%

XIS, BED Y OALPEMENF L

SR TRICEEEL R AORE R

2 THhB L . \ Treatment Response MNoResponse ResponseRate
AEAEICK D EMEROEITL L
(50.00 = 50.00) Mo 5 6 50.00%

Yes 20 20 50.00%



v 7y dRT Ky 7 X (Simpson's paradox)
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Attractiveness
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Talent

1. Talent vs. Attractiveness (37 ) 2 BIRNAT7AHA® (Talent + Attractiveness > 1)

Talent
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IN—2)vD/NT7 Ky 2 X (Berkson's paradox)
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[MIAEZNIE, ZOHRICEEADE—D2A (UE) BVBHERD, 50%&EZX SH7?]

O
ZOBRNDEX FEBNICIE 2INEDTTR, ZNASBADEBIIRT S E NS5 Ry & 2

2/\@75*‘1}\E<‘:£fotofb\ HLEHTH HMERIL, 364/365 .
RIZ, SAEPIAB2ABEREL SH3EH TH ML 363/360 TH D
nANB % (365-n+1)/36b £ 4b, DX, nAOHEBNETERDIEREZZEZT, ThzlhoslLWTHES

* 1~ ¥ El BH *
c/iati bl [J)fot/h\doil E p]'f_of: H+§_ / Probability of at least one shared birthday in a group
1 Y 23
don =1 to 100;
p_no match = 1;
do k =1 to n-1;

p no match = p no match * (1 - k / 365); 08
end;
p match = 1 - p no match; .
output; 2 o
end; 5 -
7Y S 2 E 3
proc sgplot data=birthday plot; g ™
series x=n y=p match / lineattrs=(color=red thickness=2);
refline 0.5 / axis=y lineattrs=(pattern=shortdash) label="50%";
refline 23 / axis=x lineattrs=(pattern=shortdash) label="23"; o
xaxis label="Number of people" grid;
yaxis label="Probability of a pair" grid;
title "Probability of at least one shared birthday in a group"; 000 2 m 5 % 00

run; Number of people



$let group size = 23; /* TI—=T DN */ T 7AHB - Ialb—23 > C, 5@1'2 Lf:gﬁia

$let n sim = 10000; Jx Tal—vayoEE </ (RFEHL»W) ZHD23ANEEHT BARLHEAE

data birthday sim; HAWB D ZHEFET 5> TEX =1 oEREY :l}ZL’C, L7z
call streaminit(123); /* AT (BEBHo®) + [BIEZ 1A TH-> T, Rz L THD, BimiiZiEn

do sim = 1 to &n_sim; 50.7% 2725139 7=h, EREHEZ??
array bday[&group size];
do 1 = 1 to &group size;
bday[i] = ceil (365 * rand("uniform")); /* 1~365DFLAEH */
end;

/* BEEFTv T */

same_birthday = 0; | | 50.8% & 7Y, 1FIFEMREL Y OREE
do 1 = 1 to &group size-1 until (same birthday = 1);
do j = i+l to &group size;
if bday[i] = bday[j] then same birthday = 1-
end; A AD— I HHEI(23 A. 10000 OOzl —r32)
end;
MEANS O/ ¢
output;
end; Sir FEEY - same birthday
run; Fiy

05082000
proc means data=birthday sim mean;
var same birthday;
title "HLA BN —ET 58X (sgroup size AP, &n sim BOY Izl —3v) ",
run;
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J* T al— 3 vEE */
slet num simulations = 1000000;
data monty hall simulation;
do simulation id = 1 to &num simulations;
/* 1. BORT7E2IVELISRE (1, 2, 3) */

car door = ceil(3 * ranuni(0));

/* 2. SMEDPEMICEIRNTZ2 T VR LITRE */

initial choice = ceil(3 * ranuni(0));

/* 3. BEVTADNVYIFORTEREITS */
/* SINEOBIREFED R T7UND K T7E2ER */

do monty opens = 1 to 3 until (monty opens ne initial choice and monty opens ne car door);
end;

/* 4. RT7EBEET HiGE0ER */
/ * ﬂﬂwuﬁt%/74bﬁﬁ [T7= R 7LD RT7 A ER */

do switch choice = 1 to 3 until (switch choice ne initial choice and switch choice ne monty opens);

end;
output;
end; proc sql ;
" < A A=RCAN R 3w .
keep initial choice switch choice car door; title "F7ZREL7HEOHHER";
select mean(switch choice = car door)

run;
into :win rate switch

from monty hall simulation;

title "RT7ZZEE LB WGEEDOHHE";
select mean(initial choice = car door)
into :win rate stay
from mont?_hali_simulation;
quit;
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=& ZIE, B4y FEREICEITABREZNZEL TR LI-WIEEEZEZ 5
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data weight_data; Eigh VIEWTABLE: Work.Weight_data
lengtklilsei $20:; (67890, sex | pre_weight | post_weight | diff_weight |
e shreamERs ' I |Male 66.282817254 §9.895898334  2.61308108
S T gL 2 |Male 71.539042141 69.486584605 -2.052457536
Jx BELN—T x) 3 | Male 75.263995645  72.27089341 -2.993102435
do sex = "Male"; 4 |Male 78.296556591 76.701380054 -1.595176537
do i =1 to 100; 5 |Male 72.438166599 73.982077541 1.4939109413
/* PretPostldiiBI0.eNEEBIERNMICHS */ B |Male 70958265535 72.053336986 1.0956714511
z1 = rand ('NORMAL', 0, 1); 7 | Male 66.700757509 66.855978706 0.1562211974
22 = rand ('NORMAL', 0, 1); . 8 |Male 66.596821253 70.761912026 4.1650907728
pre_weight = 70 + 5 * zli /X Bre: HEI0kg. D=8 e er 3 |Male 72.847174226 78.798112195 5.9509379696
i12kg. BET s 0T (0BT L v sarel = 0.87mR) ey /7 ost: 10 |Male 70.038464431 69493433794 -1.539030638
it weiqht = post weight — pre weight; 11 | Male 77.698769422 77.342872205 -0.355897217
outpnt; - - 12 |Male 77.361840524  78.0744381 0.7125975759
end; 13 |Male 67.366496507 68.777560981 1.4110644736
end; 14 |Male 69.923458532 78.672037819 3.7485792875
15 | Male 73.939132775 71.742952566 -2.196180209
/x BRFIN—=T */ 16 |HMale 72.141802723 78.669125439  6.527322776
do sex = "Female"; 17 | Male £9.98821047 72.131772261 2.1436617913
do i =1 to 1007 _ 18 |Male §7.856243022 91.635961114 3.7777180919
I o g: 0 19 |Male B6.844128763 £9.288986262  1.444857519
e vesont 80 5 5 o 21, /4 pre: Fsona. 505 ¢/ 20| wale TILO2SIZA4 T.355845TE 4.3370021817

post weight = 62 + 5 * (0.8 * z1 + sqrt(l - 0.8**2) * z2); /* Post:

F962kg. 1EBI0.8 */

diff weight = post weight - pre weight;
output;

end;

end;

drop zl1 z2 i;

run;
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/* DT ZEDOR (REZ(LDLE)  */
proc ttest data=weight data;

class sex;

var diff weilght;

title '"ZEZDOON  EAEZI (Post - Pre) DT IIL—JEILLER;
run;

/* P2 T OB (ancova)  x/
proc glm data=weight data;
class sex;
model post weight = sex pre weight / solution;
lsmeans sex / adjust=tukey;
title "HOEOHN  PrezHELE L L7zPostD 7 I/IL— 7L ;
run;
quit;




sex FiE ¥y os5% {StA
Female 1.7568 1.1402
Male 19816 1.3806

Diff (1-2) Pooled -0.2243 -1.0805
Diff (1-2) Satterthwaite  —-02248 -1.0805

)]
kT SEERE

23734 3.1075
25826 3.0290
06310 3.0685
06310

Fik P  HHE t{@E Pr |t
Pooled Equal 198 -052 06051

Satterthwaite Unequal 1978

7 -052 06051

HO DT
Type M
L-153 BHE Fh#  FHFA F{E Prd>F
sex 1 78.754914 78754914 898 0.0031
pre weight 1 4044783812 4044783812 461.04 <0001
HoA—R EEl EHERE t{E Prd>|t]
Intercept 1282130742 B 2769493656 463 <0001
sex Female -166768321 B 055661126 -3.00 0.0031
sex Male 0.00000000 B
pre_meight  0.54506914 003935699 2147 <0001

EERED
o5% SR

27284 36099
26594 35187
27937 34035

post_weight

70

20

H—teor

30

20

K=tk

10

sex

HS S H - post_weight

sex

70 80
pre_weight

—=o&—— Female —o—— Male

S - diff_weight

Y




O— RKo/XZ Ky 27X (Lord's paradox )
SHEETILTY vy Y —--0—F, 1967%
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1000ADEMFEIZOWVWT, HHEMEL T, XaA7%#&YFT (FOTHMDOAFEIZI00T, EERET
15728 LET) . AHLBoT, BEZEIC, ZOADEFEORATIZ/AZXNRADLELFT

Bonf-Xa705b, IAIBEOXAT7 T, EA%OSBSERE TULHDEESESERZERL THAFET

$let n = 1000;
/* EORAT E/ A X=ERL, 1[EIB £2BIB D& X7 %

£ */
data regression to mean; /* BAMED/X—t v AL (55&£95%) ZatHE */
call streaminit(123); proc univariate data=regression to mean noprint;
do id = 1 to é&n; var observedl;
output out=percentiles pctlpre=P pctlpts=5
/* EOZX7 (FH100, sp=15) */ 95;
true score = rand("normal", 100, 15); run;
/*x /A XEMMAT-1EIR L2RIB DR */ data regression to mean;
noisel = rand("normal", 0, 10); if n = 1 then set percentiles;
observedl = true score + noisel; set regression to mean;
noise?2 = rand("normal", 0, 10); if observedl >= P 95 then high = 1;
observed2 = true score + noise2; else high = 0;
output; 1f observedl <= P 5 then low = 1;
end; else low = 0;

run; run;



#7118 vs 2018 : FHOND lEO R EL WMZA71E B vs 26 B : FHADEROREL
1[0 B @5 S%MH

150
MEANS JO 3 ¢
high Obs & T F1y
1 50 observedl 13753 0

observed? 12358

2B BORO7

HWNAT71ER vs 201 H - FIHNOEIRORELL
1[0 B {E5 S %] .

MEANS O3 ¢

low Obs B T F¥y

1 50 observedl 62.71

observed2 76.74 0 50 100 150
1BEMARa7

® observed2

IMBEDXA708BHAEMAO2EBBEOT X MIaid YIEL &)
IPBOXaAT7OEEAEFO2EEOT X FIEIL Y EL KRS

72 70RFBERIZ. TR y=Xx ODBERLVEEHI/NE L, I [TRELEIFEHICES ] EmE L
TW3
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VIEWTABLE: Work.Initial .
= Initial Group Means

Group ‘ Score ‘
1 A 40
) A 45 MEANS 0059 ¢
i : :g AlZHITAH X760

ADT & ) 5 <

5 A 80 En
B B g5 B@qzi/;jJ: U /J\é LY ﬁﬁiﬁ : Score
! d 0 Group Obs $I F#4
i3 DA SBICENC &
0 |B or  MEEDFHATH S A 5 50.0000000

B 5 750000000
/* FEDHET (WHPRRE)  */

proc means data=initial mean;
class Group;
var Score;

title "Tnitial Group Means"; Group Means After Moving Score=60 from A to B

TRy Step 2: XTAT7A 60 DA% Group A A5 B ([CHE) */ MEANS J009 ¢
data moved;
éet lnltlal,’ ﬁﬁxﬁ: Score
if Group="A" and Score=60 then Group="B";
run; Group Obs & SR
A 4 475000000

/* O (BEhHE) */
proc means data=moved mean;

class Group;

var Score;

title "Group Means After Moving Score=60 from A to B";
run;

B b 725000000
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E VIEWTABLE: Work.Patients_initial

Group | Lifespan | N s
i Hea |t hy a0 ﬁ/l—ﬁ%aﬁb %E LT
> Hea | Lhy 9 2D, SEFTREBAKWE > /-FambbFEDEEN
BEELHTIND LD IR ->1-5E
3 Hea | thy 78
4 Hea lthy ki HTFTY—DFFIFERICL-T
[ 5 THealthy 65| BEADL, BEEL THESSLOS
b Cancer b
7 Cancer 58 ICHZEDH>TREWVWDIZ, BREBELNHN 7721 T
8 Cancer 56 5?} SAMEN TWASEE AT T
g Lancer D
10 Cancer bl




Initial Mean Lifespan by Group

MEANS JO02/3 ¢

S EEY - Lifespan

Group Obs & F15
Cancer b Bb.000D0ODO
Healthy 5 J76.0000000

Mean Lifespan After Reclassification of Transitional Case

MEANS O3 %

P ESL - Lifespan

Group Obs HI F15
Cancer i H6.6666667
Healthy 4 78.7500000
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/x B ) VDART Yy THEAE: FTXLANBOWUEBICEZET SE */

data zeno steps;

/* WERSEE */

v a = 10;
vt =1;
d = 100;

/* RPDISAT Y T %
do step = 0 to 15;

AR </

/* ATy 7nTORM: t n=d/ (va-vt) * (1-

(v_t/v_a)’*n) */

time = (d / (v.a - v t)) * (1L - (v.t / v a)**step);
/* TH*RLADAE */
achilles pos = v _a * time;

/* BOLME */

tortoise pos = d

+ v t * time;

J*T XL REBDOIEH*/

diff=tortoise pos-achilles pos;

output;
end;
format diff 30.28;

run;



step I time | achilles_pos | tortoise_pos | diff

0 0 0 100 100.00000000000000000000000000
1 10 100 110 10.000000000000000000000000000
2 11 10 111 1.0000000000000000000000000000
3 1.1 111 111.1 0.0833333333333300000000000000
4 11.11 111.1 111.11 0.0100000000000051000000000000
5 11.111 111.11 111,111 0.0003333333333305600000000000
B 111111 111111 111111 0.0001000000000033130000000000
7 111111 111111 (ARPRRRRR 0.0000100000000031741000000000
8 (AFRRRRRR (ARPRRRRR AAFRARARE 0.0000003333333374752400000000
3 (AFRARARRR AAFRRRRAR (RAPRRRARAR! 0.0000000333333340631820000000
10 IRPRRRRRRRE IRRPRRRRRRR (RRPRRRRRRRR 0.0000000100000073328310000000
11 (RPRRRRRRRRE IRRPRRRRRRRR IRRPRRRRRRRE 0.0000000010000036354540500000
12 (RPRRRRRRRRE (RRPRRRRRRRE (RRPRRRRRRRR 0.0000000001000017346308760000
13 (RPRRRRRRRRE IRRPRRRRRRRR (RRPRRRRRRRR 0.0000000000100186525742174000
14 [RPRRRRRRRRN [RRPRRRRRRRR (RRPRRRRRRRE 0. 0000000000009947538300R41400
15 (RPRRRRRRRRE (AR RRRRRRN (AR RRRRRRN 0.0000000000000394753830064140

RYZE< 01ISZEDLKA, T- L THERTERL
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/x> T—Rty FOER: BRZEDTFLREEDAE */

Zeno's Paradox: Achilles and Tortoise

data Zeno_paradOX; 120 * Achilles Steps e Tortoise Steps -
/* AEASAE +/
v.a=10; /* T¥LRDRERE (m/s) */ O [— e .
vt =1; /* BOERE (m/s) */
d = 100; /* BOWHLLE (m) */ .
T .-"/.
/* BEREE: oW S12WE T 1MAIH */ § o~
do time = 0 to 12 by 0.1; 5 " o
/* TXLADAE: x a = v a * time */ & .//
achilles pos = v _a * time; “ _,-'"'
/* BOMIE: x t = d + v t * time */ -’
tortoise pos = d + v.t * time; 20
output;
end; 0

run; 0 2 4 6 8 10 12

Time (seconds)



WBENLGEEEDORA b
€/ DT Ry 7RI, EROBIRCER LD BERRERENRN > KRS, EBPoE O~
AIBEM Z R T 5 7c D ITFo e, TN IFRAMFE - MEFTROL D ICHEINSD

1LERBRBOYCR: ERICHE SN/ ERECHKE L. BHENICHROEICINRT 2,
2. WESE: ERNDOERZIR D T &£ T, ERNGZE( T EHEICERRIR,
3.2 & R 0&ERE: MEFRIC, ZME & EHEITERDEI OB % 8 2 TERNICFE,

R ORI ERE DR TITHhN 5 |

QZoEBICIEEANLWVWHES (bE&E) BARICHAEETWEEA TONRT Ry I RAEZRIESETWDS




s Tt~ D T




BatiyBE DFEL
NI Ry 7 REBRT DT, [HF] 120THES, TOERVCEEEZERT 2MANEENEDND

HMENFIHOFER £

NZ7Ey 7 XR%2BLT, AT —EDOERIBICEZZDN?] LW HIRERINELND

AR - R - EROMIR OLWITNAICERBCRZE LYW A EEZDS I L E

FEthostEEFE, EEERE, BROZE CLOBRREICEVWTIHEEICLS
HEPERE~DIH

NT Ry 7 RE, NFEDLPOFMARETRILIEZASFERY 25
JAZXERTEAT S ETHEHKEZRZ, 7—2D [BHK] ZRCEBREI L -0FIC4 D



k—/IﬂH/uZ;) U 75§\t :) Zjé\\kf\g

/7 \1



	Slide 1: 統計解析・確率論に関連するパラドックス
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

