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717 3V REEE (Gescheider, 1997) . FEEREEZE (EERK - 87, 1998)
WX A7 3V 2557 3V (method of successive categories)
WXk (method of successive intervals) (B4, 1969)
REEMIENT WS,

7T ) REETIE, FEoEREE & 7T =) BROB{%IC Thurstone
D¥IMOFR-AETAZEHL AT 2V o EH] (The law of

categorical judgment; Torgerson, 1958) ZHWTHMT 35 LB TE
%

Gescheider, G. A. (1997). Psychophysics: The fundamentals, Third edition. Mahwah: Lawrence
Erlbaum Associations, Publishers.

hadik (1969) . B5& REMKE. /K& (&) HPRA () #EEO0HY:2
AFEROHEY. B RFEHIRE.

BERRE— B - SBPEE T (1998) . HORHMli D 72 D.LHEIERYHIE L. = v k.

Thurstone, L. L. (1927). A law of comparative judgment. Psychological Review, 34, 273-286.

Torgerson, W. S. (1958). Theory and methods of scaling. New York: John Wiley & Sons, Inc.
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0} o

EE%P(HS) — P(Ck—l < ¢ < Ck) = @(Ck - l/)) — @(M)

CO=—OO CK=-|—OO

Dynamic range = — & ;=0 Cpr_1=1
Teghtsoonian, R. (1971). “On the exponents in Stevens’ law and

the constant in Ekman’s law.” Psychological Review, 78, 71-80.

o, =a+b; —Y,) Cf. Tv o~ >D%H| % = const.

7t kF— Ay = const. g; = const.
P —Z b O—RHEGES — AV (NZHRAICED R L)

oi: free



data{ int NSt; intK; real Sts[NSt]; int Rs[NSt, K]; }
transformed data { vector[NSt+1] a_Psis; vector[K-2]a_C;
for (iin 1:(NSt+1)) { a_Psis[i]=1.0; }
for(iin 1:(K-2)){ a_Cli]=1.0; } }
parameters { simplex[NSt+1] prePsis; simplex[K-2] preC;
real<lower = 0.0> a; real<lower=0.0>b; }
transformed parameters { real Psis[NSt]; real sgms[NSt];
real C[K-1]; simplex[K] theta[NSt]; realv; v=0.0;
for (s in 1:NSt) { vV =V + prePsis[s]; Psis[s] = logit(v); }
for (s in 1:NSt) { sgms[s] =a+ b * (Psis[s] - Psis[1]); }
C[1] =0.0; C[K-1]1=1.0; v=0.0;
for (k in 2:(K-2)) { v =V + preC[k-1]; Clk]=C[1] +v; }
for (s in 1:NSt) { theta[s][1] = normal_cdf(C[1], Psis[s], sgms[s]);
theta[s][K] = 1.0 - normal_cdf(C[K-1], Psis[s], sgms[s]);
for (kin 2:(K-1)) { theta[s][k] = normal_cdf(C[k], Psis[s], sgms[s]) -
normal_cdf(C[k-1], Psis[s], sgms[s]); } } }
model { prePsis ~ dirichlet(a_Psis); preC ~ dirichlet(a_C);
a ~ exponential(0.001); b~ exponential(0.001);
for (sin 1:NSt) {  Rs[s] ~® multinomial(theta[s]); } }
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CSVT7 7 AL & L TIRE

b 5 Datal..csv - Excel

Tl H-h BA AL PIb B 74 BB BRE PRy Team U B U4 QHEF

020 * 5 %
A B s D E F G H | -
1 st R1 R2 R3 R R5 R6 RT
2 | 63 37 0 0 0 0
3|  1.668 33 65 0 0 0 0
4| 2783 18 67 15 0 0 0 0
5 | 4642 1 53 10 3 0 0 0
6| 7.743 3 28 56 13 0 0 0
7| 12915 1 13 45 30 11 0 0
g | 21.544 0 3 21 34 33 8 1 =
9 | 35938 0 0 8 20 36 25 11
10| 59.948 0 0 15 21 32 31
1 100 0 0 0 2 7 26 65
12
13 -
Datal () = 4] T 1
BERT £ 0 - 1 + 100%

2022.03



CSV (Comma Separated Values)

|| DataL.csv 1 AEEE fin_nm = input('Input file (*.csv) =)
with open(fin_nm, 'r') as f:
Data_in = [v for v in csv.reader(f)]

IR \EE 2RO EFRNV ALTH)
ot ,B1,RZ2,B3,R4,Ro,RE R/
1,63,37,0,0,0,0,0
155833552000,0
Z2.063,18,687,15



(py39) PS V:¥XXXXX¥Sigmalinear> python CategoryScalel.py
INFO:numexpr.utils:NumExpr defaulting to 8 threads.
Input file (*.csv) = Datal.csv

16337 000 0O

1.668 33 65 2 O

2.783 18 67 15 O

4642 4 53 40 3

7.743 3 28 56 13

12915 1 13 45 30 11 O O

21544 0 3 21 34 33 8 1

35938 0 0 8 20 36 25 11

59948 0 0 1 15 21 32 31

100 0 0 0 2 7 26 65
INFO:pystan:COMPILING THE C++ CODE FOR MODEL
anon_model 1d9b1507946c231a3d232412be5e37ee NOW.

O 0O
O 0O
O 0O
O 0O
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Maximum likelihood difference scaling (MLDS)

Maloney, L. T. & Yang, J. N. (2003). “Maximum likelihood difference scaling.”
Journal of Vision, 3, 573-585.

Kingdom, F. A. A. & Prins, N. (2016). “Psychophysics, 2" ed.” AP.

~A Rk

Bayesian Analysis for difference scaling (BADS)

ETILOFREICHIS L F WL



=D IR

<
>

Iij = | — ¥

fal

Yt SiDRE

Xijseo =SiESPBEDEELS ESDRERREDEDE

Xijysn~Nij — Ist, 0?)

: \ I;; — I
Plijy>(st) = P(Si £S;DE> S &S DE) = P(X(i jy(se) > 0) = q’( a )

2021 16



S;ES;DEES;ES,DEDTN; ;¢ [AIDELERIZH LT
S;ES;DEDHNS; ES;DEL Y KE W EHIBT I NIZBIEAD N jys 5B D & &

= ) NGijy>st) (1 — P - TNijse=Na@p>ese)
R = TNi,j,s,tCN(i,j)>(s,t)P(l,1)>(s,t) DG )(1 P(l,1)>(s,t))

fal

Y - S;DRE

0=y, < ~<yYy=1



data {
int N_data; int N_st;
int<lower = 1, upper = N_st>ID_i[N_data];
int<lower =1, upper = N_st>ID_j[N_data];
int<lower =1, upper = N_st>ID_s[N_data];
int<lower =1, upper = N_st>ID_t[N_data];
int<lower = 0> N[N_data]; int<lower = 1> TN[N_data];
}
parameters {
simplex[N_st - 1] theta; real<lower =0.0> sgm;
}
transformed parameters {
real psi[N_st]; psi[1] =0.0;
for (i in 2:N_st) psi[i] = psi[i - 1] + thetali - 1];
}
model {
for (i in 1:N_data)
N[i] ~ binomial(TNTi],
Phi((fabs(psi[ID_i[i]] - psi[ID_j[i]])
- fabs(psi[ID_s[i]] - psi[ID_t[i1])) / sgm));



= = Data.csv - Excel

Trdl AL A |R-3| 86 |75 |08 | Fx | PR | Tean| O @75 w0y Qs i

CSV7 7 1L
K26 - £ v
A B C D E F G H .‘
1 5
2 i j s t N TN
3| 1 2 3 4 13 30
4 1 2 3 5 30 fin_nm = input('Data(*.csv) =)
5 1 2 3 6 0 30 with open(fin_nm, 'r') as f:
6 1 2 4 5 14 30 raw_data =
7 1 2 4 6 6 30 .
e 5 > : " % = [v for v in csv.reader(f)]
9 1 3 4 5 28 30
10 1 3 4 6 14 30
1 1 3 5 6 29 30
12 1 4 5 6 29 30
13 2 3 4 5 14 30
14 2 3 4 6 6 30
15 2 3 5 6 15 30
16 2 4 5 6 25 30
17 3 4 5 6 13 30 =
18
19 :
Data # [«] b
EERT i mo- n + 100%

2022.03 19



(py39) PS V:¥XXXXX¥BA_Diff Scale> python BDS.py
INFO:numexpr.utils:NumExpr defaulting to 8 threads.
Data(*.csv) = Data.csv



Density

Sensation and Stimulus

10 1 — Median
——- 50% CI
08 |~ 95%CI
s
S 06 -
+—
©
0
§ 04 -
0.2 -
0.0
1 2 3 4 5 6
Stimulus
Posterior Distributions Posterir distribution of o
W .
| ==
— 3
—_—
—_— 6 2
a
| ma J 0_-“k J o_'s\ ] o'aK E 0125 0150 0175 0200 0225 0250 0275

v
2021 21



N/TN

Scattergram of (Prob_Model, Prop Data)
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Python & PyStan (PthonfStan) DA Y X b — LD = 7% A ~

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

Python & PyStan (PthonfBStan) iR

AL [WE X S5EITARWLPYythonTT — X o] ALEHRR



Stan

https://mc-stan.org/docs/2_28/functions-reference/index.html

scipy.stats

https://docs.scipy.org/doc/scipy/reference/stats.html#



— R

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

X[E[0, 1] C—EkD

s _size=20
P(U) = {1 0<U=<1 sample = ss.uniform.rvs(size = s_size)
0 Z Dfth plt.figure(figsize = (10, 5))
plt.subplot(1,2,1)

plt.hist(sample)
plt.title(f'Size = {s_size}', fontsize = 16)
X H[a, b] T—H 57
s_size =1000_000
5 1/(b — a) a<U<Db sample = ss.uniform.rvs(size = s_size)
(V) = { 0 Z Db plt.subplot(1,2,2)
plt.hist(sample)
plt.title(f'Size = {s_size}', fontsize = 16)
plt.savefig('Fig_unil.png')
plt.show()
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import scipy.stats as ss
import matplotlib.pyplot as plt
import numpy as np

s_size =1000_000

ul = ss.uniform.rvs(size = s_size)
u2 = ss.uniform.rvs(size = s_size)
sample = ul + u2
plt.hist(sample)

plt.title('ul + u2', fontsize = 16)
plt.savefig('Fig_uni2.png')
plt.show()
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import scipy.stats as ss
import matplotlib.pyplot as plt
import numpy as np

s_size =1000_000
us = np.empty((100, s_size))
foriin range(100):

us[i] = ss.uniform.rvs(size = s_size)
sample = np.sum(us,axis = 0)
plt.hist(sample, bins = 100, density = True)
plt.title('Sum of 100 uni.', fontsize = 16)
x_coord = np.linspace(30, 70, 100)
y_coord = ss.norm.pdf(x_coord, loc = 50, scale =5 / (3**0.5))
plt.plot(x_coord, y_coord)
plt.savefig('Fig_uni100.png')
plt.show()



Sum of 100 uni.

0.14 -

0.12 -

0.10 -

0.08 -

0.06 -

0.04 -

0.02 A

0.00

2022.03

65

70

30



=
o
ﬁ
3
=
~
3
=
Q
N
—
Il
—
Q
=
=
I
[ =
~—
=
I
=
~—
N
N~

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

x_coord = np.linspace(-4, 4, 1001)

y_coord = ss.norm.pdf(x_coord, loc = 0.0, scale = 1.0)

plt.plot(x_coord, y_coord)

plt.title('Normal Distribution, S¥mu$S =0, S¥sigma$ = 1.0', fontsize = 16)
plt.savefig('Fig_normal.png')

plt.show()



Normal Distribution, u =0, 0 = 1.0
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import scipy.stats as ss
import numpy as np
import matplotlib.pyplot as plt

p=0.7
s_size =1000_000

plt.figure(figsize = (10, 5))
fori, N in enumerate([10, 100]):
plt.subplot(1,2,i+1)
s = ss.binom.rvs(N, p, size = s_size)
plt.hist(s, bins = np.linspace(-0.5, N+0.5, N+2), density = True)
x_coord = np.linspace(0, N, 1001)
y_coord = ss.norm.pdf(x_coord, loc = p*N, scale = (p*(1-p)*N)**0.5)
plt.plot(x_coord, y_coord, label = 'normal’)
plt.title(f'N = {N}, p = {p}, fontsize = 16)
plt.legend()
plt.savefig('FigBin10.png')
plt.savefig('Figbinomials.png')
plt.show()
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B r'((v+1)/2) 1% — iy 2 ~(v+1)/2
_r(v/Z)m.c;(”‘( 5 ))

t, (x; 1, 0%) .

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

x_coord = np.linspace(-4, 4, 1001)
y_coord = ss.norm.pdf(x_coord, loc = 0.0, scale = 1.0)
plt.plot(x_coord, y_coord, label = 'normal’)
for df in [1,3,10]:

y_coord = ss.t.pdf(x_coord, df)

plt.plot(x_coord, y _coord, label = f'df = {df}')
plt.title('Normal and t Distributions', fontsize = 16)
plt.legend()
plt.savefig('Fig_normal_t.png')
plt.show()



Normal and t Distributions
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Exponential(t,f) = G'(t) = P(w=t) = -exp(—Lt)



YEH D0
Exponential(t,f) = G'(t) = P(w=t) =B -exp(—pt)

E(t) _1
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t>0
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Poisson(x,A) = ;e"l, x=01,---
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import scipy.stats as ss; import numpy as np
import matplotlib.pyplot as plt

beta=1.0/5.0; Imbd =1.0/beta; n_simu=100_000
counts = np.empty(n_simu, dtype = 'int')
foriin range(n_simu):
if i % 1000 == 0:
print(i, end ="")
c=0; sum_t=0
while True:
sum_t += ss.expon.rvs(scale = beta)
if sum_t>1.0:
break
c+=1
counts[i] = ¢
plt.hist(counts, bins = np.linspace(-0.5, 20.5, 22), density = True)
x_coord = np.linspace(0, 20, 21)
y_coord = ss.poisson.pmf(x_coord, Imbd)
plt.plot(x_coord, y_coord, label = 'Poisson’)
plt.legend(fontsize = 14)
plt.show()
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