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F— ZHHED L AL
T—x BEEADKEFM (cf Godfrey-Smith, 2021)

T— XD DERIR
HErE - FIHE. BERE.

* E#Hnthk, BEE.
727 bBRMNITTL, BHEN.
REREEERET IV \
4 Rk
BEMP(D|6) F— 4D
W&IE - HER
E—Xv hE: ﬁZ%ZXi Xi~N(u,0%),0 = (u,0)

BE : JREREE  [6=0,]

BE T RLHTEE Oy =arg m@axP(Dle)

XA ZXPpHr:  P(6,D)=P(O)P(D|O). P(O|D) =P(6,D)/P(D)



N A X DEFER,

P(D; 0): /NI X—X0%5HL DT —XDDERERET L
P,(6) : IRNT A —=RODERD T (FFIHH)

P(6,D) = P,(0)P(D; 0) : [RIEFFEXR ST

H@=]P@DMD: R 47

=Hﬂﬂjmmam0=%w)

P(6,D) _ Py(6)P(D; 6)

PRI =56y == o)

= P(D; 0)



PCRIEE DIHE

FERBEE  P(BMIBERLE) P(Wi'#?%%)

Ay 0.7 0.3
JER A 0.01 0.99

BERAKFERELZ—7 2794 b [KRE] TRHLULNTULWREE
(https://www.hc.u-tokyo.ac.jp/covid-19/tests/, 2021.09)

2022.01
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INTAX—K < > REt=E
INT X —& E=
R S IER (&% f2E
L
e 0.3
JERE 0.01 1 0.99 |

RAED & E, WIHT 2REMERIE [F51E]
FBETHNIE, [BREETHD] EHE

FERFEDEE, WInT 2RERKRIT 2]
ETHNIE, [SERRRETHD] EHE

2022.01



VAN |
% T
L
R AE 0.7 0.3
JER 0.01 0.99

IRERER [FERERETH 2]

BREERD [HBE] o & BRERERD [l oL &
P(F51%|FEIRER) = 0.01 < 0.05 = 5% P(P2E |/ MREL) = 0.99 > 0.05 = 5%
BENKEq =5%T BEKEq =5%T

[efREr (GERRZEE) | =ZEH [EEREE GERZEE) | ZFHATEHL
plE= 0.01 = 1% plE= 0.99 = 99%

XNIARER [RAEETH 5]

BENP(GE|RREE) = 0.7 = 70%

2022.01 8



RIUE
_“
0.7 0.3

JER A 0.01 0.99
TERIEL(0|D) = P(D|6) 0 = (B, FEREE)

D = (B, &M
R IHEE

Ig%llig) t g @Z%%: arg méaXP(B’%'lile)

f2iED & & JERNFEE = arg meaxP(ﬁ/%\’T_&LIH)

2022.01



REE

(0.05) 0.7 0.3
FEREAE

(0.95) 0.01 0.99

Cf. X 7 —3 3 DIEIE : PCRIGM4EZ5%LL E

RIRFFEZP(0,D) = P(6)P(D|0)

ks i=gus 1TH0
s 0.7x0.05= | 0.3x0.05=
);y\,/jL
RRE 0.035 0.015 0.05
0.01x 0.95 = | 0.99% 0.95 =
R
RESE 0.0095 0.9405 0.95
FFIP(D) 0.0445 0.9555 1

2022.01
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P(8,D)

B 7 K N s
ERHEXR P(6ID) = — D
[BERE ERRE T
iks 0.7865 0.2135 1.0000
f2 it 0.0157 0.9843 1.0000

N A XM lZuncertainty & 3% 5

A.Gelman, J. Hill, & A. Vehtari (2021). “Regression and Other Stories”

2022.01
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N A XHTE DT

If, in fact, the sample size at the highest level is small, statistical inferences
may not be trustworthy, ... Bayesian methods provide a sensible alternative

approach in these cases.
S. Raudenbush & A. S. Bryk (2002). “Hierarchical Linear Models, 2. Ed.” p. 14.

Bayesian statistics suddenly became fashionable, opening new highways
for statistical research. Using MCMC, we can now set up and estimate
complicated models that describe and solve problems that could not be
with traditional methods.

l. Ntzoufras (2009). “Bayesian Modeling Using WinBUGS” p. 2.

Bayesian modeling has become standard and MCMC is well-understood

and trusted.
J. Gill (2015). “Bayesian Methods, 3™ ed.” p. xxv.



BRI & FIE

P(6,D) = P(O)P(D|6)

e

[ IRy e 3R

SROM

P(6,D) P(6)P(D|6)

N |
=T T —RERET I
TTE

P(O|D) =

P(D) P(D) Bayes’ rule
x P(8)P(D|6) P(D) E#
~ P(D|6) PO) =~ EFD L =
(— &5 %)
D7 —%

P(D|6) T —RERKET L
P(0) ER10

; P(6|D) &0

2022.01
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HFRICRRNT © EEERIOHA LY. RN A
% 1[G T L 03 HIA D 5.

)y KiE:T RNTXx— &%meVZMtd%u»@mo
£ 1o EERAMHEEDOIE IR > TWLWBIHE,
%@ﬁ%ﬁ;<%#6

MCMC (Markov chain Monte Carlo)

YTV T 0 an CEBTRE) &
B2, 3 V7 ko7& Y . B
NEEDOEF AR B,




SRR ¢ 2 BT DA A X

FRINFEZRN 0 . KIEXRA1—-—0TH 5 NE|OHIZAEATICHE LT,

BN BTHA e BAT

LETHAN — kEHT

21810 [P(klN, 0) = yC 01 — g)N kK }

P(0) =

P(8|D) < P(8)P(k|N,0) x 99+k=1(1 — g)B+N-k-1

X

P(6|D) o p(e

a-1¢1 _ p\p-1 —
B(a,ﬁ)e (1-6)

Beta(a + k,f + N — k)

Beta(a, B)

N— XN

[7) U Ba#%k

P(@)Ix. P(D|6)IZxt L TH% (conjugate) TH 3

2022.01
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A VAM=—ILDOFEIZODWTDOT T 7TH Ak

http://y-okamoto-psy1949.la.coocan.jp/Python/tips/UsingPython/

RBEBSRICHEICA VA M—ILT BBE:

http://y-okamoto-psy1949.la.coocan.jp/booksetc/Lec2022BysnPM/Simplelnstall/



Python® A > X k — )L

em >

Downloads Documentation

Success Stories News Events

> Launch Interactive Shell

Hello, I'm Python!

O | O Anacond|The Wor &,
& C A o P

O co g neyel @® ® 2}
_) ANACONDA.  Products - Pricing  Solutions «  Resources Partners Blog  Company

Data science technology for
human sensemaking.

A movement that brings together millions of data science practitioners, data-
driven enterprises, and the open source community.

P o R

https://www.python.org/
BHRAA VA N—ILTES

FATZ7)VDN— 300D
BIRG EITEE

https://www.anaconda.com/
B DPythonIRIENVHETE 5
Jupyter notebookHME 2. %

(EPNEE

Z DN A A

18



Anaconda
Individual Edition

Your data sclence
toolkit

With over 25 million users worldwide, the open-source Individual
Edition (Distribution) is the easiest way to perform Python/R data

science and machine learning on a single machine. Developed for

solo practitioners, |t is the toolkit that equips you to work with

thousands of open-source packages and libraries.

https://www.anaconda.com/products/individual
(2021.12)

19



PythonD /X — <0 5 > D FER
https://www.python.org/ H'HX 7> AO— K§ 355

IR7E (2021.12) D FRHhRPython 3.10& Y 1 DFEIPython 3.97°
JHIGLTWEZAT77UHEL RELTWS

https://www.python.org/downloads/ (2021.12)

Looking for a specific release?

Python releases by version number:

Release version Release date
Python 3.10.1 Dec. 6, 2021
Python 3.9.9 Nov. 15,2021
Python 3.9.8 Nov. 5, 2021

Python 3.10.0 Oct. 4, 2021

20



PythonD/N— 3 >~
AnacondaDiHaS

37 (2021.12) . Python3.9C—/h. RLEXAGLH>TH D

conda create —n py39 python=3.9

ZLDTA4T7 7Y DEREHFT 572 5. Python 3.8 L2 TH S

conda create —n py38 python=3.8



Python D{ELN 75

A\ VR77T747F—F
X EMTET
Zarv7k [>>>] o//AICATD LD
Enter¥ — %3 & TIN5,
X7 T RE—-FR
AV R T 7A4AILDELT
J77AILANDOR Y T rHAEFTIND,

Jupyter Notebook
A7) T hHEDELI-EILEMNTET



P3 publisher 2016

- F'ytl:mn 3.9

@
&

IDLE {Python 3.9 64-bit)

Python 3.9 (64-bit)

el

Python 3.2 Manuals (64-bit)
Python 3.9 Module Docs {64-bit)

FTHR

A |DLE Shell 3.9.9
File Edit Shell Debug Opticns Window Help

Python 3.9.9 (tags/v3.9.9:cchleba
0641] on win3?

Type "help”, “copyright”, "credit
x4+ 7

3

PPy oprint(CT + 2 =", 1 + 2)
1 +2 =3

P I

1V T47FE—F

23



X777 rE—F

# |DLE Shell 2.9.9 & ‘untitled
File Edit Format | Run @Options Window Help

File Edit Shell Debug Opticns i - i -
New File Ctri+N ' Terint("] zunﬂgmﬂe_Ed ;iﬂ :
Open.. Cirl+0 ~ un... Customiz ift+F5

COpen Module..  Alt+M Check Module Alt+X
Recent Files 3 Python Shell

| M, 317 |'.=:'.' oy - DufSampledsan pler

| File Edit Format Run Options Window Help

Iprint(C1 + 2 =7, 142)

@ |DLE Shell 2.9.9
File. Edit Shell Debug Options Window Help

Python 3.9.9 (tags/v3.9.9:ccbleba, Nov 15 2021, 18:08:5

064171 on win3?
Tvpe “help”, “copvyright”, “credits” or "licensel()” for

| 232
e L L e e e i e e i T TS REST'&RT: D:fSamplefSample_p'}f 3

24
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Jupyter notebook

: Jjupyter sample_jn Last Checkpoint: ##237 (autosaved)

File Edit View Insert Cell Kernel Widgets Help

“-I- = A » ¥ pPRun B C » Code

I T 1s | 1 + 2

Out[1]: 3

Li 2] O i = S M N e R
[ o= 2 =3

1

26
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XF (a~z. A~2) . TR () TREY.
OB EDXF. TH#R. BF (0~9) A <AL,
AXFENWXFIEXBEN D,

T — X OEAKR
EZ S0 YA RaxEEnnWETERIND,
ES31 EUF P eabRETRIND,
X5 '] . 7] TERL, 11THA,

[ | THEE, EEITICESZENTE B,

B HXFEDE W [7] B EFEDNF
STH B,



B R DB

>>>a=1
>>>p =2
>>> a+b

3
>>>a=1.0
>>> b = 2.
>>>Cc=.3
>>> a+b+c
3.3

>>>

>>>1+2

3

>>>1-2

-1

>>>2 *3

6

>>>5//2

2

>>>5/2

2.5
>>>1.0+3.0
4.0
>>>5.0-2.0
3.0
>>>2.0 % 3.0
6.0
>>>5.0/3.0
1.6666666666666667
>>>5.0//3.0
1.0
>>>5.0% 3.0
2.0
>>>59%3

2

>>>

B DB
>>>x ="A
>>>y ="BCD"
>>>z="""123""
>>> X+y+Z
'ABCD123'
>>>

>>> s = 'abc'
>>> s[0]

!

>>> s[2]

‘o

>>>



A Ninput

HFDANEXFI & L THROND

>>>a = input('a =")
a=1

>>> b =input('b=")
b=2

>>> a+b

117!

>>> int(a) + int(b)

3

>>>

H S print
BELI-EODEDOE NI
end/¥X 7 X — X TIETFE
end/X 7 X —XHHE W E FT (L,
end=¥n"& AL

>>> print(‘abc'); print('xyz')

abc

Xyz

>>> print(‘abc’, end ="); print('xyz')
abcxyz

>>> print(‘abc', end ='/'); print('xyz')
abc/xyz

>>>



2 7
(VRICEZ 3> <, TXY>T
IR

() IFELLTH LW

X7 ILANDIE X Z 5 178 L

>>>3a = (1, 2, 3)
>>> 3

(1, 2, 3)
>>b=1,2,3
>>> b

(1, 2, 3)

>>> a[0]

1

>>> b[2]

3

>>>a[0] =10
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not
support item assignment
>>>

Xk

[INICfEZ 3> ~, TREYI-T
WD,

UZ FANDEIREETE S

>>>x =[1, 2, 3]
>>> x[0]

1

>>>x[1] =10
>>> X

[1, 10, 3]

>>>



HE

(1R, [F—1E] OEZEIL~N?
F—DEAIBETLHZEICLY, WET 2ENGAHE S
F—ICWHIETENENDEEZEETSHIEHTES

>>>d ={1:"'A", 2: 'B', 3: 'C'}
>>>d

{1:'A', 2:'B', 3: 'C"}

>>> d[2]

B!

>>>d[3] =100

>>>d

{1: 'A", 2: 'B', 3: 100}

>>>



forx
for B in A X7 7L AT 7 b
24—k (suite) A4 — D EBOXHOEDBE =G
FTRIFICEYFEDS

samplel.py whileXX DY, 588
foriin[1, 2, 3]:
print(i) PS V:¥xxxxx¥Lecture 1> python samplel.py
1
2
3
while3Z
while Z&14:
A4 =k
Sample2.py
- PS V:¥xxxxx¥Lecture_1> python sample2.py
while i <= 3: ;
print(i) 3
i+=1 OK|

PS V:¥xxxxx¥Lecture_ 1>
print('OK!")



break X4 — FDONIZROET

continue X A — FDERFZE F TUEZRITT

Sample3.py
i=0 PS V:¥xxxxx¥Lecture_1> python sample3.py
while True: 1
i+=1 2
if i >15: 3
break 9
if3<iandi<9: 10
continue 11
print(i) 12
print('Good-bye!) 13
14
15
Good-bye!

PS V:¥xxxxx¥Lecture_1>



FATZ7UDA VA=
pipI~¥ v FDIFE
pip install 74 77V r—Z0W0

PS V:¥xxxxx¥Lecture_1> pip install numpy matplotlib scipy seaborn

condad~ > KDig4s
conda install 724 774 /XyFr—IZ0H 0

(base) PS V:¥xxxxx¥Lecture_1> conda install numpy matplotlib scipy seaborn



) Z k& numpyDBEFlndarray®y (n2XIchEC%!)

>>> 3 =[1,2,3]

>>>g * 3

[1,2,3,1,2,3,1, 2, 3]

>>> b = [5,6,7]

>>>a+b

[1,2,3,5,6,7]

>>> import numpy

>>> x = numpy.array([1,2,3])
>>>x * 3

array([3, 6, 9])

>>>y = numpy.array([5,6,7])
>>> X+

array([ 6, 8, 10])

>>> import numpy as np
>>> np.array([10,20,30]) * 2
array([20, 40, 60])

J X b

NdarrayZ! fic 5]



BEEOY TN T E

http://y-okamoto-psy1949.la.coocan.jp/Python/sampleprgs/SmplStat/
http://y-okamoto-psy1949.la.coocan.jp/Python/sampleprgs/DrawGraphs/
http://y-okamoto-psy1949.la.coocan.jp/Python/sampleprgs/KdeBoxViolin/

FARLZE [WE X SEITARULPYythonTT — X o] ALEHRR

STEOEZR, ODEYEZRFERDOPythonR 7 U 7 ME, #iFE
AL [ODBET—2o0 Rl SHEERE
D7 x7HYA b

http://y-okamoto-psy1949.la.coocan.jp/booksetc/pm2010/
ICHELTW3
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https://docs.python.org/3/

HAGE
https://docs.python.org/ja/3/



BEFENERAT © 2 DT DA O

FRINFEZRN 0 . KIEXRA1—-—0TH 5 NE|OHIZAEATICHE LT,

BN BTHA e BAT

LETHAN — kEHT

21810 [P(klN, 0) = yC 01 — g)N kK }

P(0) =

P(8|D) < P(8)P(k|N,0) x 99+k=1(1 — g)B+N-k-1

X

P(6|D) o p(e

a-1¢1 _ p\p-1 —
B(a,ﬁ)e (1-6)

Beta(a + k,f + N — k)

Beta(a, B)

N— XN

[7) U Ba#%k

P(@)Ix. P(D|6)IZxt L TH% (conjugate) TH 3

2022.01
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P(6) = 0°~1(1 — 6)F~* = Beta(a, B)

1
B(a,p)

import numpy as np
import matplotlib.pyplot as plt
import scipy.stats as ss

X_thetas = np.linspace(0.0, 1.0, 1001)
print(x_thetas[0], x_thetas[-1])
a=10;b=1.0

y_prior =[ss.beta.pdf(x_thetas, a, b)
plt.plot(x_thetas, y_prior, label="'a=1,b=1")
k=7, N=10

y_post = ss.beta.pdf(x_thetas,a +k, b + N - k)
plt.plot(x_thetas, y_post, label ='a+k = 1+7, b+N-k = 1+10-7')
plt.legend()

plt.title('beta(a, b)', fontsize = 14)

plt.savefig('Betas.png')

plt.show()




3.0

25 4

2.0 4

15 4

10 1

0.5 -

0.0 -

beta(a, b)

—a=1b=1
~— a+k =147, b+N-k = 1+10-7

0.0 0.2 04 0.6 08 10

2022.01
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3 2 ipEEE (Triangular Test)

3AFC Oddity Task
ity pilea
) BH
AN i T
e, b, T4, TR () N
Process
sTEOEFR
AIE

ZZA
e, LEFRRE

— Measurement

Representation by mathematics

2022.01
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3 mikplEEE (Triangular test/method)

/

RIBUEEIR B 24

3AFC Oddity Task
~ I

Alternative Forced Choice BRHHDIEEN?

B

ERL5bDlEEN?

U

PIERICIE A=A'#B

2022.01

42




3 2aplEExR (Triangular Test)
3AFC Oddity Task

2ODRCRFAEA. BLUODLELGLIRFBD 3 DORH =12
D2 D2 ELD 1 DEESR

A: X,~N(u,0?) A': X ~N(u,02) B: Xg~N(u+d',a0?%)

BHEIIND &=
1Xa =Xy | <|Xq—=Xg|l D2 |Xy— Xyl <|Xy — Xzl

X / X
‘0 XAo P XBo Ko A’
XAI XA XB XB XAI XA



F L <BAEITN BHERP,

Frijters et al. (1980). Perception & Psychophysics, 27, 176-178.

Pc=2 ) @ (—uv3+d'J2/3) + ®(—uV3 —d'\J2/3)| e /2% )\ 2 du
[ o (w3 + 2275) + & (-5 - 273)

P(Correct Response)

1.0+

0.9 A

0.8 -

0.7

Pc

0.6 |

0.5 A

0.4 1

0.3

2022.01 44



import numpy as np; import scipy.stats as ss; import scipy.integrate as si
import scipy.optimize as so; import matplotlib.pyplot as plt
CumPhi = ss.norm.cdf

class k_Pc:
def __init_ (self, d):
selfd=d
def f(self,u):
v = (CumPhi(-u*(3**0.5) + self.d * ((2/3)**0.5))
+ CumPhi(-u*(3**0.5) - self.d * ((2/3)**0.5))) ¥
* np.exp(-0.5 * (u**2)) / ((2.0*np.pi)**0.5)
returnv

def f_Pc(d):
int_k_Pc =k _Pc(d); v =si.quad(int_k_Pc.f, 0.0, +np.inf)
return v[0] * 2.0

plt.title('P(Correct Response)', fontsize = 20)

dvalues = np.arange(0.0, 10.0, 0.05)

PcValues = [f_Pc(d) for d in dvalues]

plt.plot(dvalues, PcValues, linewidth = 2)

plt.plot([0.0, 10.0], [1.0, 1.0], 'k--', label = 'Pc = 1')
plt.plot([0.0, 10.0,], [1/3, 1/3], 'k-.", label = 'Pc = 1/3')
plt.xlabel("d"", fontsize = 14)

plt.ylabel('Pc', fontsize = 14)

plt.legend(fontsize = 20); plt.savefig('FigTriPF.png'); plt.show()



INT A —RZDHETE

T — XN EEH K IFEHER P,
ZENH P(k|P;) = (’Z ) Pk (1 — PV

ESmHIER T A—&d (BEE)

Pc(d) = 2 joo [cb (—u\/§ + d’,/2/3)
0
+d (—u\/§ —d'y/ 2/3)] e~1/2%* I\ du

d == pc == P(k|Pc)=P(k|ld")

Jdlinl

=120t P(d'|k) < Py(d)P(k|d)



import numpy as np; import scipy.integrate as si
import scipy.stats as ss; import matplotlib.pyplot as plt
N =50; k = 30
class Triangular:
def _init_ (self, d_prime):
self.d prime = d_prime
def func(self, u):
v = ss.norm.cdf(-u * (3.0**0.5) + self.d_prime * ((2/3)**0.5)) + ¥
ss.norm.cdf(-u * (3.0**0.5) - self.d_prime * ((2/3)**0.5))
return v * np.exp(-0.5 * (u**2)) / ((2.0 * np.pi)**0.5)

def Pc_d_prime(d_prime):
d_func = Triangular(d_prime).func
return 2 * si.quad(d_func, 0.0, +np.inf)[0]

dprimes = np.linspace(0, 10, 1001)
postPdprime = np.empty(len(dprimes))
foriin range(len(dprimes)):
ifi % 100 == 0:
print("{0:}/{1:}  '.format(i, len(dprimes))) #, end = '¥r')
Pc = Pc_d_prime(dprimesli])
postPdprimeli] = (Pc ** k) * ((1 - Pc) ** (N - k))
postPdprime = (postPdprime / np.sum(postPdprime))

foriin range(len(dprimes)):

postPdprimeli] = (dprimesl[i] ** k) * ((1 - dprimesl[i]) ** (N - k))
postPdprime = (postPdprime / np.sum(postPdprime))

2022.01

47



N =50; k=30
P(d'|k) o« Py(d)P(k|d") Py(d") = const

foriin range(len(dprimes)):
ifi % 10 ==0:
plt.plot([dprimes]i], dprimes][i]], [0, postPdprimel[i]], c ='b")
plt.savefig('FigPostD_prime.png')
plt.show()

0.010
0.008 A
0.006 -
0.004

0.002 A

0.000 - ...I|||‘ hllh.

2022.01



foriin range(len(dprimes)):

plt.plot([dprimes]i], dprimes][i]], [0, postPdprimel[i]], c ='b")
plt.savefig('FigPostD_primeAll.png')
plt.show()

0.010 A

0.008 A1

0.006 -

0.004 A

0.002 A

0.000 A

2022.01



foriin range(len(dprimes)):

plt.plot([dprimes]i], dprimes][i]], [0, postPdprimel[i]], c ='b")

plt.plot(dprimes, postPdprime, c = 'r')

plt.savefig('FigPostD_primeline.png')
plt.show()

0.010 4

0.008 A

0.006 -

0.004 -

0.002 A

0.000 A

2022.01
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dprimes = np.linspace(0, 10, 1001)
Pc = np.empty(len(dprimes))
foriin range(len(dprimes)):
if i % 100 ==0:
print('{0:}/{1:} '.format(i, len(dprimes))) #, end = "¥r'")
Pc[i] = Pc_d_prime(dprimesli])
ks = [20, 40, 15, 30, 40, 49]
Ns =[50, 100, 50, 50, 50, 50]
for k, N in zip(ks, Ns):
postPdprime = np.empty(len(dprimes))
foriin range(len(dprimes)):
postPdprime[i] = (Pc[i] ** k) * ((1 - Pc[i]) ** (N - k))
postPdprime = (postPdprime / np.sum(postPdprime))
plt.plot(dprimes, postPdprime, label = f'k = {k}, N = {N}')
plt.legend(); plt.yticks([]); plt.xlabel("d"", fontsize = 14)
plt.title('S5%2 270", fontsize = 16); plt.savefig('PostMulti.png')
plt.show(); plt.yticks([]); plt.xlabel("d"", fontsize = 14)
plt.title('SE4& 070", fontsize = 16)
plt.savefig('PostMulti.png'); plt.show()
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