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1.5.3 Bootstrap ¢ CI (Studentized Bootstrap) Cowsier z = T8

Even if the distribution of 8 is Normal and 8 is unbiased for 0, the Normal distribution is
not exactly correct for z.
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Additionally, the distribution of se(d) is unknown.
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= The bootstrap ¢ interval does not use a Student ¢ distribution as the reference
distribuion, instead we estimate the distribution of a “t type” statistic by resampling.
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Assumptions/usage
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Modified version of percentile intervals that adjusts for bias of estimator and skewness of
the sampling distribution.

This method automatically selects a transformation so that the normality assumption

holds.
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17 1 Nonparametric Bootstrap

The BCa method uses bootstrapping to estimate the bias and skewness then modifies
which percentiles are chosen to get the appropriate confidence limits for a given data set.

In summary,
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Your Turn

We will consider a telephone repair example from Hesterberg (2014). Verizon has repair
times, with two groups, CLEC and ILEC, customers of the “Competitive” and
“Incumbent” local exchange carrier.

library(resample) # package containing the data

data(Verizon)
head(Verizon)

## Time Group
## 1 17.50 1ILEC
## 2 2.40 1ILEC
## 3 0.00 ILEC
## 4 0.65 ILEC
## 5 22.23 ILEC
## 6 1.20 ILEC

Verizon |>
group by (Group) |>
summarize(mean = mean(Time), sd = sd(Time), min = min(Time), max =
max(Time)) |>
kable()

Group mean sdmin max /I
CLEC 16.509130 19.50358 0 96.32 22
ILEC 8.411611 14.69004 0191.60 [(pY

ggplot(Verizon) +
geom histogram(aes(Time)) +
facet wrap(.~-Group, scales = "free")
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1.6 Bootstrapping Cls ,
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There are many bootstrapping packages in R, we will use the boot package. The function
boot generates R resamples of the data and computes the desired statistic(s) for each

sample. This function requires 3 arguments:

1. data = the data from the original sample (data.frame or matrix).

2. statistic = a function to compute the statistic from the data where the first
argument is the data and the second argument is the indices of the obervations in the
boostrap sample.

3. R = the number of bootstrap replicates.
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library(boot) # package containing the bootstrap function

mean_ func <- function(x, idx) ({
mean (x[idx])

}

ilec_times <- Verizon[Verizon$Group == "ILEC",]$Time
boot.ilec <- boot(ilec_times, mean func, 2000)

plot(boot.ilec)
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If we want to get Bootstrap Cls, we can use the boot.ci function to generate the
different nonparametric bootstrap confidence intervals.

— boot.ci(boot.ilec, conf = .95, type = c("perc", "basic", "bca"))

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

## Based on 2000 bootstrap replicates

##

## CALL :

## boot.ci(boot.out = boot.ilec, conf = 0.95, type = c("perc",
"basic",

## "beca"))

##

## Intervals

## Level Basic Percentile BCa

## 95%  ( 7.733, 9.110 ) ( 7.714, 9.091 ) ( 7.755, 9.125 )
## Calculations and Intervals on Original Scale
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## we can do some of these on our own
## percentile
quantile(boot.ilecs$t, c(.025, .975))

## 2.5% 97.5%
## 7.714075 9.084725

## basic
2*mean(ilec_times) - quantile(boot.ilecs$t, c(.975, .025))

## 97.5% 2.5%
## 7.738496 9.109147

To get the studentized bootstrap CI, we need our statistic function to also return the
variance of 8.

mean var_ func <- function(x, idx) {
c(mean(x[idx]), var(x[idx])/length(idx))

boot.ilec 2 <- boot(ilec times, mean var func, 2000)
boot.ci(boot.ilec_2, conf = .95, type = "stud")

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

## Based on 2000 bootstrap replicates

##

## CALL :

## boot.ci(boot.out = boot.ilec 2, conf = 0.95, type = "stud")
##

## Intervals

## Level Studentized

## 95%  ( 7.728, 9.183 )

## Calculations and Intervals on Original Scale

Which CI should we use?



