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# # 6380360926 : MAJOR STATISTICS
KEYWORD: Bootstrap Test / Negative Binomial / Score Test / Zero Inflated
Negative Binomial
Siriyaporn Bunnasit : A SCORE TEST AND BOOTSTRAP METHOD FOR ZERO
INFLATED NEGATIVE BINOMIAL TEST. Advisor: Asst. Prof. NUTTIRUDEE
CHAROENRUK, Ph.D.

The purpose of this research was to study the ability to control the
probability of a type 1 error and to compare the power of a test between a score
test and a bootstrap test applied on a score test of zero inflated negative binomial
distribution. The criteria used for comparison was the ability to control the

probability of a type 1 error and the power of a test.

This research was an experimental study based on data simulation by
Monte Carlo technique. The data were simulated from zero inflated negative
binomial distribution as the probabilities of generating zeros are 0, 0.1, 0.2, 0.3, 0.4
and 0.5, the means are 1, 2, 3 and 4, and the dispersion are 0.010, 0.025, 0.05 and
0.075. The sample size of 20, 50 and 100 were used. The statistical significance

level was set to 0.05 for each situation replicated 5,000 times.

The results of the research showed that both of the score test and the
bootstrap test applied on a score test mostly has well controlling of the
probability of a type 1 error. Moreover, the bootstrap test applied on a score test
has better power of a test than the score test in most of situations. In conclusion,
the bootstrap test applied on a score test shows higher effectiveness than the

score test.

Field of Study:  Statistics Student's Signature .......ccoecevvieennen

Academic Year: 2021 Advisor's Signature .......c.cccoecvvirennen.
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2.1 NM3HANKAMNIUIULLES (Negative Binomial Distribution)
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way Var( X) =24+ 722 g1uaieu

2.2 NMIHANUAMNIUNTESNAAIAUGIINIUNIN (Zero Inflated Negative Binomial

Distribution)
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2.3 ANSNAFUENDS (Score test)
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2.4 Tﬁ'miuu%al,l,ﬁliﬂ (Bootstrap method)
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a0 & o o U 1 Y}
UAFUYIIUIUNIN FIURITUNITNTTINLYINNY 0.010

7=0.010 Score Test Bootstrap
A A

" @ 1 2 3 4 1 2 3 4

20 0.1 0.1308 0.2788 0.4728 0.6626 0.1344 0.2870 0.5304 0.6730
0.2 04118 0.6472 0.8382 0.9330 0.3898 0.6636 0.8598 0.9366
0.3 0.6952 0.8678 0.9638 0.9912 0.6812 0.8760 0.9714 0.9912
0.4 0.8770 0.9664 0.9956 0.9984 0.8752 0.9682 0.9972 0.9988
0.5 0.9818 0.9932 0.9998 1.0000 0.9768 0.9940 1.0000 1.0000

50 0.1 03664 0.5274 0.7560 0.9146 0.2690 0.5328 0.7752 0.9262
0.2 0.7518 0.9314 0.9900 0.9982 0.7494 0.9348 0.9914 0.9988
0.3 09692 0.9958 0.9998 1.0000 0.9704 0.9968 0.9998 1.0000
0.4  0.9992 1.0000 1.0000 1.0000 0.9994 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

100 0.1 0.4936 0.7866 0.9396 0.9912 0.4968 0.7906 0.9428 0.9926
0.2 0.9536 0.9958 0.9996 1.0000 0.9552 0.9960 0.9996 1.0000
0.3 0.9996 1.0000 1.0000 1.0000 0.9996 1.0000 1.0000 1.0000
0.4  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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A15199 4.3 ANUSTUUYRINIAINITNAADUVDIAADANAADUNEIANITHINLIINIUNUTLEST

fenaugiruaun dmsunisnsyarewiniu 0.025

7=0.025 Score Test Bootstrap
A A

n @ 1 2 3 a4 1 2 3 4

20 0.1 0.1322 0.2670 0.4570 0.6532 0.1356 0.2916 0.5028 0.6724
0.2 0.3758 0.6310 0.8294 0.9314 0.3778 0.6542 0.8572 0.9358
0.3 0.6729 0.8686 0.9638 0.9894 0.6732 0.8750 0.9728 0.9912
0.4 0.8749 0.9694 0.9940 0.9988 0.8766 0.9732 0.9954 0.9992
0.5 09728 09946 0.9992 0.9998 0.9756 0.9952 0.9994 0.9998

50 0.1 02752 0.5126 0.7466 0.9040 0.2772 0.5194 0.7702 0.9178
0.2 0.7616 0.9280 0.9880 0.9986 0.7660 0.9312 0.9910 0.9990
0.3 0.9664 0.9968 1.0000 1.0000 0.9666 0.9974 1.0000 1.0000
0.4  0.9982 1.0000 1.0000 1.0000 0.9982 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

100 0.1 04842 0.7770 0.9410 0.9882 0.4930 0.7870 0.9484 0.9914
0.2 0.9654 09972 0.9998 1.0000 0.9682 0.9976 0.9998 1.0000
0.3 0.9998 1.0000 1.0000 1.0000 0.9998 1.0000 1.0000 1.0000
0.4  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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A1519% 4.4 ANUTTUIUYDINIAINISNAFBUVBIRIADANAFDUNYLANITHINLIINIUNUTLASN

fenaudiruaunn dmiunisnszarewiniu 0.050

7=0.050 Score Test Bootstrap
A A

" w 1 2 3 a4 1 2 3 a4

20 0.1 0.1344 0.2552 0.4386 0.6148 0.1270 0.2768 0.4926 0.6582
0.2 03584 0.6122 0.8116 0.9098 0.3660 0.6386 0.8408 0.9284
0.3 0.6790 0.8648 0.9604 0.9890 0.6704 0.8770 0.9698 0.9924
0.4 0.8792 0.9654 0.9950 0.9992 0.8750 0.9692 0.9962 0.9994
0.5 09710 09942 0.9992 1.0000 0.9720 0.9952 0.9992 1.0000

50 0.1 0.2636 0.4930 0.7152 0.8778 0.2704 0.5134 0.7492 0.9038
0.2 0.7352 0.9276 0.9876 0.9978 0.7470 0.9310 0.9888 0.9978
0.3  0.9640 0.9970 1.0000 1.0000 0.9670 0.9972 1.0000 1.0000
0.4  0.9980 1.0000 1.0000 1.0000 0.9984 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

100 0.1 04794 0.7524 09312 0.9984 0.4989 0.7712 0.9414 0.9991
0.2 0.9610 0.9950 0.9996 1.0000 0.9640 0.9958 0.9996 1.0000
0.3 0.9994 1.0000 1.0000 1.0000 0.9994 1.0000 1.0000 1.0000
0.4  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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A15199 4.5 A1UTTUIUVDINIAINITNAFDUVBIRAIEDANAADUNETANITHANWAINIUILTLESN

fenaugdruaunn dmsunisnsyarewiiu 0.075

7=0.075 Score Test Bootstrap
A A

" w 1 2 3 a4 1 2 3 a4

20 0.1 0.1248 0.2396 0.4268 0.5896 0.1258 0.2690 0.4884 0.6470
0.2 03562 0.5870 0.7856 0.9036 0.3680 0.6202 0.8280 0.9222
0.3 0.6596 0.8498 0.9494 0.9852 0.6644 0.8680 0.9612 0.9884
0.4 08760 0.9616 0.9932 0.9988 0.8764 0.9708 0.9950 0.9988
0.5 0.9706 09616 0.9998 0.9996 0.9706 0.9940 1.0000 0.9998

50 0.1 0.2532 0.4746 0.6996 0.8704 0.2642 0.5090 0.7366 0.8972
0.2 0.7454 0.9118 0.9830 0.9968 0.7492 0.9218 0.9874 0.9980
0.3 0.9698 0.9964 0.9994 1.0000 0.9702 0.9968 0.9998 1.0000
0.4 0.9982 0.9998 1.0000 1.0000 0.9982 1.0000 1.0000 1.0000
0.5 0.9998 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

100 0.1 0.4518 0.7472 0.9226 0.9816 0.4816 0.7764 0.9364 0.9866
0.2 09492 0.9960 1.0000 1.0000 0.9582 0.9964 1.0000 1.0000
0.3  0.9996 0.9998 1.0000 1.0000 0.9996 1.0000 1.0000 1.0000
0.4  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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ANFIN15IATIZATaNan 28 TUSASU R

Y

Type | error
library("stats")
chi = qchisg(0.95,df=1)
u=1
n=20
sz = 1/0.01 #size = 1/dispersion

repeats = 5000
rejects = 0

bootstrap = 1000

##### Generate data #####

data = matrix (data = NA,nrow = n, ncol = repeats, byrow = FALSE , dimnames =
NULL)

for (i in Lirepeatsf

datal,i] <- rmbinom(n, size = sz, mu = u) }

#a### Find MLE #####

disp_hat = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =
NULL)

size_hat = matrix (data = NA,nrow = repeats, ncol = 1, byrow = FALSE , dimnames =
NULL)

mu_hat = matrix (data = NA,nrow = repeats, byrow = FALSE , dimnames = NULL)

for (j in l:repeats)
y = datal,j]
size values <- seq(sz*(80/100),5z*(120/100),length.out = 1000)
mu_values <- seq(0.1,7,length.out = 1000)

G = matrix(0, length(size values), length(mu_values))



(f <- function(size_hat,u_hat){
sum(dnbinom(y, size ,mu = u_hat, log = TRUE))
}
for (s in 1:length(size values))
for (m in 1:length(mu_values)}
size = size_values[s]
mu = mu_values[m]
= Wf(size,mu)

G[s,m] = |

size_hat[j] <- size values[which(G == max(G), arr.ind = TRUE)[1]]
disp_hat[j] <- 1/size_hat([]]
mu_hat[j] <- mu_values[which(G == max(G), arr.ind = TRUE)[2]]

##t### Calculate Score test #####
nzero = matrix (data = NA, nrow = repeats, ncol = 1, byrow = FALSE, dimnames =
NULL)
for (i in lirepeats)
y = datal,i]
n0 =0
for (j in 1:n){
if(y[j]==0)
N0 = nO+1

}

nzeroli] <- n0
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eq = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =

NULL)

for(c in l:repeats)
total = matrix (data = NA,nrow = n, ncol = 1, byrow = FALSE , dimnames = NULL)
y = datal,c]
muhat = mu_hat[c]
dhat = disp_hat[c]
mylist <- c()

for (i in 1:n){
for (tin 0 : (y[il-1X
a = (1/dhat)+t
mylist <- c(mylist,a)
a<-a+l
}
ab <- ((sum(mylisth)A(-2))-(((dhatA2)*muhat)/(1+(dhat*muhat)))
totalli] <- ab
}
eqlc] <- sum(total)
}
score_value <- matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE ,
dimnames = NULL)
for (i in lirepeats)
y = datal,i]
muhat = mu_hat][i]
dhat = disp_hat(i]
sig <- eq[i]

N0 <- nzeroli]
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a <- (N0*((1+(dhat*muhat))A(1/dhat))) - n)A2)

b <- (n*((1+(dhat*muhat)A(1/dhat)) - 1))

¢ <- (n*muhat)/(1+(dhat*muhat))

d <- (n"2)*((log(1+(dhat*muhat)))-(dhat*muhat)/(1+(dhat*muhat))))"2)
e <- d/sig

score = a/(b-(c+e))

score_valueli] <- score

##t### Compare chi square 1 #####

if (score > chi){

rejects = rejects + 1

}
typelerrorl = rejects/repeats

typelerrorl

##### bootstrap method #####

p_value = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =
NULL)

sb_p = matrix (data = NA,nrow = bootstrap , ncol = repeats, byrow = FALSE ,
dimnames = NULL)

for (vin lirepeats)

X <- rnbinom(n*bootstrap, size = size_hat[v], mu=mu_hat[v])

xstar = matrix(x, nrow=n, ncol=bootstrap)



disp_hat xstar = matrix (data = NA,nrow = bootstrap , ncol = 1, byrow = FALSE ,

dimnames = NULL)

mu_hat_xstar = matrix (data = NA,nrow = bootstrap , ncol = 1, byrow = FALSE ,
dimnames = NULL)

size_hat_xstar = matrix (data = NA,nrow = bootstrap , ncol = 1, byrow = FALSE ,

dimnames = NULL)

for (j in 1:bootstrap){
y = xstarl,]
size_values_xstar <- seq(sz*(80/100),5z*(120/100),length.out = 1000)

mu_values_xstar <- seq(0.1,7,length.out = 1000)

G_xstar = matrix(0, length(size_values xstar), length(mu_values xstar))
(If_xstar <- function(size_hat_xstar,u_hat xstar){
sum(dnbinom(y, size ,mu = u_hat_xstar, log = TRUE))
}
for (s in 1:length(size_values xstan){
for (m in L:length(mu_values xstar){
size = size_values_xstarl[s]
mu = mu_values xstar[m]
L xstar = f_xstar(size,mu)

G_xstar[s,m] = | xstar

size_hat xstar(j] <- size_values xstar[which(G xstar == max(G_xstar), arr.ind =
TRUB)[1]]
disp_hat_xstar[j] <- 1/size_hat_xstar(j]
mu_hat_xstar[j] <- mu_values_xstar[which(G_xstar == max(G_xstar), arr.ind =
TRUE)[2]]
}
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##### count N0 of bootstrap sample #####

n0_xstar = matrix (data = NA,nrow = bootstrap , ncol = 1, byrow = FALSE ,

dimnames = NULL)

for (i in 1:bootstrapX
y = xstarl,i]
n0 =0
for(j in 1:n)
if (y[j] == O)
n0=n0+1

}
n0 xstar(i,1] <- n0
}

eq_xstar = matrix (data = NA,nrow = bootstrap , ncol = 1, byrow = FALSE ,

dimnames = NULL)

for(c in 1:bootstrap)X
total_xstar = matrix (data = NA,nrow = n, ncol = 1, byrow = FALSE , dimnames =
NULL)
y = xstar[,c]
muhat = mu_hat_xstar(c]
dhat = disp_hat_xstar(c]
mylist <- ()

for (i in 1:n){
for (tin 0 : (y[i-1X
a = (1/dhat)+t
mylist <- c(mylist,a)

a<-a+l
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ab <- ((sum(mylist)A(-2))-(((dhatA2)*muhat)/(1+(dhat*muhat)))
total xstar[i] <- ab

}

eq_xstar[c] <- sum(total xstar)

}

#it### Calculate P-value #####
sb = rep(0,bootstrap)
for (i in 1:bootstrap)
y = xstarl,i]
muhat = mu_hat_xstarli]
dhat = disp_hat_xstar[i]
sig <- eq_xstarl[i]

n0 <- n0_xstarfi]

a <- ((N0*((1+(dhat*muhat)”(1/dhat))) - n)A2)

b <- (N*((1+(dhat*muhat)A(1/dhat)) - 1))

¢ <- (n*muhat)/(1+(dhat*muhat))

d <- (N 2)*((log(1+(dhat*muhat)))-(dhat*muhat)/(1+(dhat*muhat))))"2)
e <- d/sig

s = a/(b-(c+e))
sbli] <-'s

}

sb plv] <-sb

count <- 0
for (m in 1:bootstrap){
if (sb[m] > score value[VI{

count = count + 1
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}

p_valuelv] <- count/bootstrap

}

##### Type 1 error of bootstrap #####
rejects = 0

for (i in Lrepeats)f

if (p_valueli] < 0.051

rejects = rejects + 1

}

print(rejects/repeats)
##### Save file of bootstrap applied with score test #####
#write.table(sb_p,file="sbp D0.01 U1 N20.csv",sep=","row.names=FALSE,col.name=F

ALSE)

Power

library("VGAM")

chi = qchisg(0.95,df=1)

u=1

n=20

sz =1/0.01 # size = 1/dispersion
w = 0.1

repeats = 5000

rejects = 0

####H#H Generate data ######

data = matrix (data = NA,nrow = n, ncol = repeats, byrow = FALSE , dimnames =
NULL)

for (i in l:repeats)}

datal,i] <- rzinegbin(n, size=sz, prob = NULL, munb = u, pstr0 = w)
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}

#e#### Find MLE ######

disp_hat = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =
NULL)

size_hat = matrix (data = NA,nrow = repeats, ncol = 1, byrow = FALSE , dimnames =
NULL)

mu_hat = matrix (data = NA,nrow = repeats, byrow = FALSE , dimnames = NULL)

for (j in 1l:repeats){
y = datal,]]
size_values <- seq(sz*(80/100),5z*(120/100),length.out = 1000)
mu_values <- seq(0.1,7,length.out = 1000)

G = matrix(0, length(size_values), length(mu_values))
(If <- function(size_hat,u_hat){
sum(dzinegbin(y, size_hat, prob = NULL, munb = u_hat, pstr0 = w, log = TRUE))
}
for (s in 1:length(size_values)X
for (m in 1:length(mu_values))
size = size_values[s]
mu = mu_values[m]
L = Uf(size,mu)

G[s,m] = |

size_hat[j] <- size_values[which(G == max(Q), arr.ind = TRUE)[1]]
disp_hat[j] <- 1/size_hat[]]
mu_hat[j] <- mu_values[which(G == max(G), arr.ind = TRUE)[2]]



nzero = matrix (data = NA, nrow = repeats, ncol = 1, byrow = FALSE, dimnames =

NULL)

for (i in l:repeatsf
y = datal,i]
n0 =0
for (j in 1:n)}{
if(y[jl==0X
N0 = n0+1

}
nzeroli] <- n0
}
##t### Calculate Score value #####
eq = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =

NULL)

for(c in l:repeats)
total = matrix (data = NA,nrow = n, ncol = 1, byrow = FALSE , dimnames = NULL)
y = datal,c]
muhat = mu_hat[c]
dhat = disp_hat[c]
mylist <- ()

for (i in 1:n){
for (tin 0 : (y[i-1)X
a = (I/dhat)+t
mylist <- c(mylist,a)
a<-a+l
}
ab <- ((sum(mylist)A(-2))-(((dhatA2)*muhat)/(1+(dhat*muhat)))
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total[i] <- ab

}

eqlc] <- sum(total)
}
score value <- matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE ,
dimnames = NULL)
for (i in Lrepeats)f

y = datal,i]

muhat = mu_hat][i]

dhat = disp_hatli]

sig <- eq[i]

N0 <- nzeroli]

a <- ((N0*(1+(dhat*muhat)A(1/dhat))) - n)A2)

b <- (n*((1+(dhat*muhat)A(1/dhat)) - 1))

¢ <- (n*muhat)/(1+(dhat*muhat))

d <- (n"2*((log(1+(dhat*mubat)))-((dhat*muhat)/(1+(dhat*muhat)))2)
e <- d/sig

score = a/(b-(c+e))

score_valueli] <- score

##### Compare chi square 1 #####

if (score > chi){
rejects = rejects + 1
}
}
power = rejects/repeats

power
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##### Save file for Bootstap method of power #####
write.table(data,file="P0.1 _D0.01 U1 N20.csv";sep=","row.names=FALSE,col.name=FA
LSE)
##### Bootstrap method of power #####

library("VGAM")

chi = qchisg(0.95,df=1)
#

u=1

n =20

sz =1/0.01
w=0.1

repeats = 5000
rejects = 0
bootstrap = 1000
#
data <- read.csv("P0.1_D0.01 U1 N20.csv',header=FALSE)

#

disp_hat = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =
NULL)

size_hat = matrix (data = NA,nrow = repeats, ncol = 1, byrow = FALSE , dimnames =
NULL)

mu_hat = matrix (data = NA,nrow = repeats, byrow = FALSE , dimnames = NULL)

for (j in l:repeats)
y = datal,]]
size values <- seq(sz*(80/100),5z*(120/100),length.out = 1000)
mu_values <- seq(0.1,7,length.out = 1000)
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G = matrix(0, length(size values), length(mu_values))
(If <- function(size_hat,u_hat){
sum(dzinegbin(y, size_hat, prob = NULL, munb = u_hat, pstr0 = w, log = TRUE))
}
for (s in 1:length(size values))
for (m in L:length(mu_values))
size = size_values[s]
mu = mu_values[m]
= Wf(size,mu)

G[s,m] = |

size_hat[j] <- size_values[which(G == max(Q), arr.ind = TRUE)[1]]
disp_hat[j] <- 1/size_hat([]]
mu_hat[j] <- mu_values[which(G == max(G), arr.ind = TRUE)[2]]

nzero = matrix (data = NA, nrow = repeats, ncol = 1, byrow = FALSE, dimnames =

NULL)

for (i in lirepeats)
y = datal,i]
n0 =0
for (j in 1:n){
if(y[jl==0){
N0 = nO+1

}

nzeroli] <- n0
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eq = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =

NULL)

for(c in l:repeats)
total = matrix (data = NA,nrow = n, ncol = 1, byrow = FALSE , dimnames = NULL)
y = datal,c]
muhat = mu_hat[c]
dhat = disp_hat[c]

mylist <- c()

for (i in 1:n){
for (tin 0 : (y[il-1X
a = (1/dhat)+t
mylist <- c(mylist,a)
a<-atl
}
ab <- ((sum(mylisth)A(-2))-(((dhatA2)*muhat)/(1+(dhat*muhat)))
total[i] <- ab
}
eqlc] <- sum(total)

}

score_value <- matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE ,
dimnames = NULL)
for (i in lirepeats)

y = datal,i]

muhat = mu_hat[i]

dhat = disp_hatfi]

sig <- eq[i]

N0 <- nzeroli]
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a <- ((n0*((1+(dhat*muhat))\(1/dhat))) - n)A2)

b <- (n*((1+(dhat*muhat)A(1/dhat)) - 1))

¢ <- ("*muhat)/(1+(dhat*muhat))

d <- (n"2)*((log(1+(dhat*muhat)))-(dhat*muhat)/(1+(dhat*muhat))))"2)
e <- d/sig

score = a/(b-(c+e))

score_valueli] <- score
}
##t### Read file of bootstrap applied with score test #####
sb_p <-read.csv("sbp_D0.01_ U1 N20.csv',header=FALSE)

##t### Calculate P-value #####
p_value = matrix (data = NA,nrow = repeats , ncol = 1, byrow = FALSE , dimnames =
NULL)
for(i in l:repeats){
count <- 0
for (m in 1:bootstrap}
if (sb_p[m,i] > score_valuelil}{

count = count + 1

}

p_valueli] <- count/bootstrap
}
for (i in lirepeats)

if (p_valueli] < 0.05X

rejects = rejects + 1

}

}

print(rejects/repeats)
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