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Bootstrap estimation of reliability coefficient by repeated measurement

Taichi OKUMURA

In this article, the parametric bootstrap estimation of the reliability coefficient by repeated measurement is pro-

posed. At first, a hierarchical model for calculating reliability from repeated measurement is presented. Next, the

parametric bootstrap method for calculating the precision of estimation of the reliability coefficient is presented.

The validity of applying the bootstrap method to this problem is examined by a simulation study. The result of

the simulation study tells that the calculated bootstrap confidence interval tends to underestimate the statistical

power, while the type I error is controlled.
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setwd ("C:/Documents and Settings/Taichi OKUMURA/
My Documents/Bff 72/KIY O/programs/")

#
# Data Generation

I+

.

# Generate Data #

gendata <— function (n,mu,sigma,tau,ndata,filename) {
J <~ length(n)

datalist <— list()

for(i in 1:ndata){

testdata <— c()

for(j in 1:J){

tj <~ mu + rnorm (1,mean=0,sd=sqrt (tau) )

x <— c(tj+rnorm (n[j],mean=0,sd=sqrt (sigma) ) )
person <- rep(j,n[j])

datanew <- cbind(x,person)

testdata <— rbind (testdata,datanew)

1

testdata <— as.data.frame (testdata)

datalist[ [i]] <— testdata

1

save (datalist,file=filename)

1

# Generate Data 2 —————————— #
gendata2 <- function (n,mu,sigma,tau,ndata) {
J <— length(n)

datalist <= list()

for(i in 1:ndata){

testdata <— c()

for(j in 1:J){

tj <= mu + rnorm(1,mean=0,sd=sqrt(tau))

x <= c(tj+rnorm (n[j],mean=0,sd=sqrt (sigma) ) )
person <~ rep(j,n[jl)

datanew <- cbind (x,person)

testdata <- rbind (testdata,datanew)

}

testdata <~ as.data.frame (testdata)

datalist[[i]] <- testdata

1

return (datalist)

}

# #
# Sampling distribution of rho

-

# sampledist #

sampledist <~ function (datalist,filename) {
ndata <— length (datalist)

J <~ max (datalist[[1]][,2])

N <- nrow (datalist[[1]])

library (nlme)

rho <= ¢()

for(i in 1:ndata){

# Data—no—henkan

Istx <— list()

attach (datalist[ [i]])

nj <— tapply (person,person,sum) /
tapply (person,person,mean)

p<-1

for(j in 1:J){

Istx[[j1] <= x[p:sum(nj[1:])]

p <~ p + nj[j]
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}

detach (datalist[ [i]])

# REML estimation

fit0 <- lme(x~1, random=~1 | person, data=datalist[[i]])
sO < as.numeric (VarCorr (fit0) [2,1])

t0 <— as.numeric (VarCorr (fitQ) [1,1])

tholi] <= t0 / (sO + t0)

}

save (rho, file=filename)

}

# hldist #

hldist <— function (datalist,filename) {

ndata <- length (datalist)

J <— max (datalist[[1]][,2])

N <- nrow (datalist[ [1]])

library (nlme)

thol <= ¢()

for(i in 1:ndata) {

# Data—no—henkan

Istx <~ list()

attach (datalist[ [i]])

nj <— tapply (person,person,sum) / tapply (person,person,
mean)

p<-1

for(j in 1:J){

Istx[[j1] <= x[p:sum(nj[1:j])]

p <~ p + njj]

}

detach (datalist[ [i]])

# REML estimation

fit0 <— Ime (x~1, random=~1 | person, data=datalist[[i]])
s0 < as.numeric (VarCorr (fit0) [2,1])
t0 <- as.numeric (VarCorr (fit0) [1,1])
tholli] <= t0 / (sO + t0)

}

save (thol, file=filename)

}

# sampledist 2 #

sampledist2 <— function (datalist) {
ndata <~ length (datalist)

J <~ max (datalist[{1]][,2])

N <- nrow (datalist[[1]])

library (nlme)

tho <- ¢()

for(i in 1:ndata){

# Data—no—henkan

Istx <= list()

attach (datalist[ [i]])

nj <- tapply (person,person,sum) / tapply (person,person,
mean)

p<1

for(j in 1:J){

Istx[[j]] <= x[p:sum(nj[1:])]

p <= p + njlj]

}

detach (datalist[ [i]])

# REML estimation

fit0 <- Ime (x~1, random=~1 | person, data=datalist[[i]])
sO <— as.numeric (VarCorr (fit0) [2,1])

t0 <- as.numeric (VarCorr (fit0) [1,1])

tholi] <= t0 / (sO + t0)

1

return (rho)

}
#
# Bootstrap estimation
#
bootstrap <~ function (datalist, nitr, filename) {
ndata <- length (datalist)

J <~ max(datalist[[1]][,2])

N <~ nrow (datalist[[11])

library (nlme)

E1 3

$+

rho.boot <— matrix (¢ (0) ,ndata,nitr)

for(i in 1:ndata){

# Data—no—henkan

Istx <= list()

attach (datalist[ [i]])

nj < tapply (person,person,sum) / tapply (person,person,
mean)

p<-1

for(j in 1:J){

Istx[[j1] <= x[p:sum(nj[1:])]

p <= p + njljl

}

detach (datalist[ [i]])

nj <— as.vector (nj)

# REML estimation

fit0 <~ Ime (x~1, random=~1 | person, data=datalist[[i]])
g0 < fixef(fit0) [1]
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s0 <— as.numeric{VarCorr (fit0) [2,1])

t0 <- as.numeric (VarCorr (fit0) [1,1])
bootstrapdata <—

gendata2 (n=nj,mu=g0,sigma=s0,tau=t0,ndata=nitr)
rho.boot[i,] <~ sampledist2 (datalist=bootstrapdata)
!

save (rho.boot file=filename)

}

# #
# Calculate True Power
# #

calc.true.power <- function (rho0, rhol, alpha) {
critical.value.l <- quantile (rho0, alpha/2)
critical.value.u <- quantile (rho0, 1-alpha/2)

(mean ( (rhol < critical.value.l) | (critical.value.u < thol)))

}

# #
# Calculate Bootstrap Power

# #

calc.power <- function (truerho, rho.boot, alpha) {

ndata <— dim (rho.boot) [1]

reject <= c()

for(i in 1:ndata){

reject[i] <= ((truerho > quantile (tho.boot[i,], 1-alpha/2) ) ||
(truerho < quantile (tho.boot[i,], alpha/2)))

}

(mean (reject) )

}

44.
"

# RUN SIMULATION

# #

gendata(n=c(2,2,2,2,2,2,2,2.2.2.2.2.22.2.22.2.22),
mu=10, sigma=4, tau=4, ndata=1000, filename=

"dataset.data")

load ("dataset.data")

sampledist (datalist=datalist, filename="nulldist.data")

load ("nulldist.data")

bootstrap (datalist=datalist, nitr=1000, filename="rho.data")

load ("rho.data")

calc.true.power (thoO=rho, rhol=rho, alpha=0.05)

3=

calc.power (truerho=0.5, rho.boot=rho.boot, alpha=0.05)
# #
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