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Reconstructed data for the Stan script...

1/800 IDpsn/1
2/800 IDpsn/1
3/800 IDpsn/1
4/800 IDpsn/1
5/800 IDpsn/2
6/800 IDpsn/2
7/800 IDpsn/2
8/800 IDpsn/2
9/800 IDpsn/3
10/800 IDpsn/3
11/800 IDpsn/3

IDitm/1 Re
IDitm/2 Re
IDitm/3 Re
IDitm/4 Re
IDitm/1 Re
IDitm/2 Re
IDitm/3 Re
IDitm/4 Re
IDitm/1 Re
IDitm/2 Res/1
IDitm/3 Res/1

s/2

s/3
s/2
s/2
s/b
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s/2
s/b
s/4
s/3

12/800 IDpsn/3 1Ditm/4 Res/1

795/800
796/800
797/800
798/800
799/800
800/800

IDpsn/199
IDpsn/199
IDpsn/200
IDpsn/200
IDpsn/200
1Dpsn/200

Coeff_alpha = 0.712

fit...

IDitm/3
IDitm/4
IDitm/1
IDitm/2
IDitm/3
IDitm/4

Res/2
Res/4
Res/4
Res/3
Res/2
Res/5
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Inference for Stan model: anon_model_7366729ff08dfa%ee4125fb5cab9973f
4 chains, each with iter=2000; warmup=1000; thin=1;

post-warmup draws per chain=1000

Lambda[0]
Lambda[1]
Lambda[2]
Lambda[3]
mu[0]
mu[1]
mu[2]
mu[3]
psi[0]
psi[1]
psi[2]
psi[3]
c[o]

G[1]

C[2]

C[3]

lp__

mean se_mean

0.7
0. 61
0. 67
0.62
0.05

-0.05
-0. 01
-9.7e-3
0.74
0.76
0.76
0. 81
-1.0
-0. 33
0.32
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sd  2.5%

2¢-3 0.09 0.52
.8¢-3 0.09 0.44
.8e-3 0.09 0.5
.8-3 0.09 0.45
.7e-3 0.08 -0.1
.6e-3 0.07 -0.19
.7e-3 0.08 -0.16
.5e-3 0.08 -0.16
.5e-3 0.07 0.6
.1e=3 0.06 0.64
.4e-3  0.07 0.63
.1e=3 0.07 0.69
0.0 0.0 -1.0
0e-4 0.04 -0.4
.le=4 0.04 0.24
1.0 2.0e-175. 7e-117 1.0
0.53 15.46 -1220

-1189

25% 50% 75%
0.64 0.7 0.76
0.55 0.61 0.67
0.61 0.66 0.73
0.56 0.62 0.68
1.4e-3 0.05 0.1
-0.1 -0.05 5.0e-3
-0.06-8.4e-3 0.04
-0.06-7.9e-3 0.04
0.69 0.74 0.79
0.72 0.76 0.8
0.72 0.76 0.8
0.77 0.81 0.86
-1.0 -1.0 -1.0
-0.35 -0.33 -0.3

0.3 0.32 0.3

total post-warmup draws=4000.

97.5%
0.88
0.79
0.85
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Samples were drawn using NUTS at Tue Feb 27 19:57:16 2018.

For each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains (at
convergence, Rhat=1).

Medians of Lambdas. ..
Med_Lambda[1]
Med_Lambda[2]
Med_Lambda[3]
Med_Lambda[4]

TR TR
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[=2) =}
(2] ©

Medians of mus. ..
Med_mu[1] = 0.050
Med_mu[2] = -0.048
Med_mu[3] = -0.008
Med_mu[4] = -0.008

Medians of
Med_psi[1]
Med_psi[2]
Med_psi[3]
Med_psi[4]

sis. ..
0.740
0. 761
0.759
0.811

mwunnno

Medians of Cs...
Med_C[1]
Med_C[2]
Med_C[3]
Med_C[4]
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// Yasuharu Okamoto, 2017.07

data {
int <lower = 4> K;
int Npsn;
int Nitm;
int Ntot;
int<lower = 1, upper = Npsn> IDpsn[Ntot];
int<lower = 1, upper = Nitm> IDitm[Ntot];
int{lower = 1, upper = K> Res[Ntot];
and K

}

parameters {
real<lower = 0.0> Lambda[Nitm];
real mu[Nitm];
simplex[K - 2] w_c;
real<lower = 0.0> psi[Nitm];
real F[Npsn];

}

transformed parameters {
vector [K] p[Ntot];
real C[K - 1];

C[1] = -1.0;

for k in2:K-1){
C[k] = C[k = 11 + w_cl[k = 11 * 2.0;
}

for (i in 1:Ntot) {

//
//
//
//
//
//
//

Number of categories > 3
Number of persons
Number of items
Number of data, Ntot <= Nprn * Nitm
Person ID
Item ID
Response—> An integer value between 1

p[i1[KI = Phi (((mu[IDitm[i]] + (Lambda[IDitm[il] * F[IDpsn[ill)) - CIK - 11) /

psi[IDitm[ill);

plil[1] =1.0 - Phi (((mu[IDitm[i]] + (Lambda[IDitm[il] * F[IDpsn[i1])) - C[11) /

psi[IDitm[i]]);

for (k in2: K - 1)) {

p[il1[k] = Phi(((mu[IDitm[i]] + (Lambda[IDitm[il] * F[IDpsn[ill)) - Clk - 11) /

psi[IDitm[i]])

= Phi ((mu[IDitm[i]] + (Lambda[IDitm[il] * F[IDpsn[ill)) - CLk1) /

psi[IDitm[i]]);

}

mode | {
for (i in 1:Npsn)
F[i]l ~ normal (0.0, 1.0);
for (i in 1:Ntot)
Res[i]l ~ categorical (p[il);

Y R b 2. Python X 4 v X7 U 7} Main.py.

import pystan
from pystan import StanModel



import pickle

from multiprocessing. pool import Pool
import numpy as np

import matplotlib. pyplot as plt

from InputData import *

from SubModule import *

from CalcRho_cat import *

from RNGen import *

if __name__ =="_main_:
#
# Prepare the input data file
#

fn_in = input ("Input data file = ”)
f_in = open(fn_in, “r”)

#
# Prepare the output file
#

fn_out = input ("Output data file = )
f_out = open(fn_out, “w”)
f_out.write("Input data file = + fn_in + "¥n")

NPerson, NItems, NCat, ID, X = ReadData(f_in, f_out)
f_out.write (" ¥n¥nNPerson = {}'. format (NPerson))
f_out.write( ¥nNItems = {} . format (NItems))
f_out.write( ¥nNCat = {} . format(NCat))
for i in range(len(ID)):
f out.write(C ¥n{0}/{1}: ' format((i + 1), ID[i]))
for v in X[i]:

f_out.write( {} . format(v))

if (NCat < 4):
print (" ¥nNumber of Categories is not larger than three !')
raise Exception(' This programm is for items with more than 3 categries.’)

K = NCat

Ntot = 0

IDpsn = []

IDitm = []

Res = []

for i in range (NPerson) :

for j in range (NItems) :
if XLi1LJ1 >= 1) and (X[i1[i] <= K):

IDpsn. append (i + 1)
IDitm. append(j + 1)
Res. append X[i][j1)
Ntot += 1

f_out. write (" ¥n¥nReconstructed data for the Stan script... ')
for t in range (Ntot) :
f_out.write("¥n{0}/{1} IDpsn/{2} IDitm/{3} Res/{4} .format/(
(t + 1), Ntot, IDpsn[t], IDitm[t], Res[t]))



coeff_alpha = CalcAlpha(X, NCat, NPerson, NItems)
if coeff_alpha < 0.0:
print (' ¥nA missing value was found in the dataset.’)
print (' The coefficient alpha was not calculated.’)
f_out.write (' ¥n¥nA missing value was found in the dataset.¥n')
f_out.write(' The coefficient alpha was not calculated. ¥n')
else:
print ( ¥nCoeff_alpha = {0:.3f}¥n . format (coeff_alpha))
f_out. write (' ¥n¥nCoeff_alpha = {0:.3f}¥n . format (coeff_alpha))

Data = {"K' : NCat, 'Npsn': NPerson, 'Nitm : Nltems, 'Ntot’ : Ntot
"IDpsn’ : IDpsn, 'IDitm : IDitm, 'Res : Res}

iLmbd = []
imu = []
ipsi = []

for i in range (NItems) :
iLmbd. append (1. 0)
imu. append (0. 0)
ipsi.append(1.0)

def f_init(:
return dict(Lambda = iLmbd, mu = imu, psi = ipsi)

"ctt_More3Cat. stan', data = Data
f_init, seed = 999
['Lambda’, 'mu’, 'psi’, 'C'], n_jobs

fit = pystan. stan(file
init
pars

1))

sm = StanModel (file = 'ctt_More3Cat. stan’)
with open('model.pkl’, "wb') as f:
pickle. dump (sm, f)

fit = sm. sampling(data = Data, seed = 999
pars = [ Lambda’, 'mu’, 'psi’, 'C'1, n_jobs = 1)

with open( fit.pkl', 'wb') as g:
pickle. dump (fit, g)

sm = pickle. load (open('model. pkl’, "rb"))
fit = pickle. load(open( fit.pkl’, "rb"))

print(fit)

f_out.write( ¥n¥nfit...¥n")
f_out.write( {}'.format(fit))

Limbd = fit[ Lambda’ ]

Lmu = fit['mu' ]
Lpsi = fit[ psi’]
LC = fit['C']

RawNSamples = len(LImbd)



rn = RNp2to191 ()

LSamplesID = []

for i in range (RawNSamples) :
LSamplesID. append ([])
LSamplesID[i]. append (i)
LSamplesID[i]. append (rn.uni ())

LSamplesID. sort (key = lambda v: v[1])

MCMCSmp | _Imbd = []
for i in range (NItems) :
MCMCSmp | _Imbd. append ([])
for v in Limbd:
for i in range (NItems):
MCMCSmp|_Imbd[i]. append (v[i])

MCMCSmp|_mu = []

MCMCSmp | _psi = []

MCMCSmp ! _C = []

for i in range (NItems) :
MCMCSmp | _mu. append ([1)
MCMCSmp | _psi. append ([])

for i in range(NCat - 1):
MCMCSmp | _C. append ([1)

for v in Lmu:
for i in range (NItems):
MCMCSmp|_mu[i]. append (v[i])
for v in Lpsi:
for i in range (NItems):
MCMCSmp | _psi [i]. append (v[il)
for v in LC:
for i in range(NCat — 1):
MCMCSmp|_C[i]. append(v[il)

for i in range (NItems) :
MCMCSmp | _Imbd[i]. sort ()
MCMCSmp|_muli]. sort ()
MCMCSmp | _psi [i]. sort()

for i in range (NCat — 1) :
MCMCSmp|_C[i]. sort()

Med_Lmbd = []
for i in range (NItems):
Med_Lmbd. append (MCMCSmp | _Imbd[i] [int (len (MCMCSmp|_Imbd[i]) / 2.0)1)

Med_mu = []
for i in range (NItems) :

Med_mu. append (MCMCSmp | _mu[i] [int (Ien (MCMCSmp|_mu[li]) / 2.0)])
Med_psi = []
for i in range (NItems) :

Med_psi. append (MCMCSmp | _psi [i][int (len (MCMCSmp|_psi[i]) / 2.0)1)
Med_C = []
for i in range(NCat - 1):

Med_C. append (MCMCSmp | _C[i] [int (len (MCMCSmp!_C[il) / 2.0)1)



LC}

print ( ¥nMedian of Lambdas...’)
for i in range (NItems) :

print (“"Med_Lambda[{0}] = {1:.3f}". format((i + 1), Med_Lmbd[i]))
print ( ¥nMedians of mus...’)
for i in range (NItems) :

print ( Med_mu[{0}] = {1:.3f} .format((i + 1), Med_mulil))
print (" ¥nMedians of psis...")
for i in range (NItems) :

print('Med_psi[{0}] = {1:.3f} . format((i + 1), Med_psilil))
print ( ¥nMedians of Cs...")
for i in range (NCat — 1) :

print ( Med_C[{0}] = {1:.3f} . format((i + 1), Med_C[i]))

f_out.write( ¥n¥nMedians of Lambdas...¥n")
for i in range (NItems) :

f_out.write("Med_Lambda[{0}] = {1:.3f}¥n". format((i + 1), Med_Lmbd[il]))
f_out.write( ¥nMedians of mus...¥n")
for i in range (NItems) :

f_out.write( Med_mu[{0}] = {1:.3f}¥n" . format((i + 1), Med_mu[il))
f_out.write( ¥nMedians of psis...¥n")
for i in range (NItems) :

f out.write("Med_psi[{0}] = {1:.3f}¥n" . format((i + 1), Med_psi[il))
f_out.write( ¥nMedians of Cs...¥n)
for i in range(NCat — 1) :

f_out.write('Med_C[{0}] = {1:.3f}¥n". format((i + 1), Med_C[il))

print (" ¥nCalculating Rho_cat...")

calc_rhos = CalcRhoPreRhoYYP ( NCat, NItems, Med_mu, Med_Lmbd, Med_psi, Med_C )

print (' ¥nEst_Rho_cat by Meds = {0:.3f} . format(calc_rhos. GetRhoPre()))

f_out. write (' ¥nEst_Rho_cat by Meds = {0:.3f}¥n". format (calc_rhos. GetRhoPre()))

print (" ¥nDo you estimate the distribution of Rho_cat? Y(es) or N(o) =", end =)

ck_est = input()

if (ck_est[0] =="Y") or (ck_est[0] =="y'):
print (' Estimation started.’)
StartPos = 0
StopPos = 9

param0 = { NCat’ : NCat, 'NItems' : Nltems, 'StartPos : StartPos, 'StopPos’:
"LSamplesID’ : LSamplesID, 'Limbd" : Llimbd, 'Lmu’: Lmu, 'Lpsi’:

n_proc = 4;

params = []

NEstRhos = None

if (RawNSamples > 100) :
NEstRhos = 100

else:
NEstRhos = RawNSamples

for iproc in range(n_proc) :
param_t = param0. copy ()
param_t[ StartPos’] = int(iproc * NEstRhos / n_proc)
param_t[ StopPos’] = int(((iproc + 1) * NEstRhos / n_proc) — 1)
params. append (param_t)

pool = Pool ()
Results = pool.map (EstDistriRho_cat, params)

StopPos,
"LC

Lpsi,



Samp lesRho_cat = []
for u in Results:
for v in u:
Samp | esRho_cat. append (v)

sum = 0.0
for v in SamplesRho_cat:
sum += v
meanRho_cat = sum / len(SamplesRho_cat)
Samp lesRho_cat. sort ()

medRho_cat = SamplesRho_cat[int (len(SamplesRho_cat) / 2)]
Q1Rho_cat = SamplesRho_cat[int (len(SamplesRho_cat) / 4)]
Q3Rho_cat = SamplesRho_cat[int (len(SamplesRho_cat) * 3 / 4)]

print ( ¥nMean of Rho_cat = {0:.3f} . format (meanRho_cat))
print ( Median of Rho_cat = {0:.3f} . format (medRho_cat))
print (' [Q1, Q3] = [{0:.3f}, {1:.3f}] .format(Q1Rho_cat, Q3Rho_cat))

f_out. write (' ¥n¥nMean of Rho_cat = {0:.3f}¥n". format (neanRho_cat))
f_out.write('Median of Rho_cat = {0:.3f}¥n’. format (medRho_cat))
f_out.write(’ [Q1, Q3] = [{0:.3f}, {1:.3f}1¥n".format(Q1Rho_cat, Q3Rho_cat))

title_str = "Mean of Rho_cat = {0:.3f}¥n" + ¥
" (Q1, Med, Q3) = ({1:.3f}, {2:.3f}, {3:.3f})’
title_str = title_str. format (meanRho_cat, Q1Rho_cat, medRho_cat, Q3Rho_cat)
plt. title(title_str)
plt. hist (SamplesRho_cat, bins = 10)
plt. show()

f_out.close()
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