225:166 Choosing the number of bootstrap
More on the Bootstrap datasets

e approximately 1000 to 2000 18 minmimum for
reasonable performance in most cases

e choosing R = 999 or 1999 facihitates caleul-
cation of percentile confidence intervals (see
Kate Cowles below)
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Another version of the function for caleulating Running the bootstrap with different settings of
the statistic for the aty data R
» library{boot)
» meanratic » datalcity)
function({df , indices) -
{ » boot.out <- boot( city, meanratio, R=993)
# df oust be a data frame with two coloms, "x® and "o®
» boot _out
mean( 4f[ indices, "x" ]} / mean( 4df[ indices, ™a® ] )
} MEDTHARY NONFARAMETRIC BOOTSTHAFP
Call:

boot(data = city, statistic = meanratic, R = 999)

Bootstrap Statistics :
original bias std. error
tie 1 530312 0 M122606 0.2168435



==

» boot.out <- boot( city, meanratio, R=999)
» boot.owk

ORDINAEY NONPARAMETRIC EOOTSTEAP

Call:
boot{data = city, statistic = meanratio, B = 999)

Bootstrap Statistics -
original bias std. error
ti+ 1_520312 004515005  0.2256023

» boot.out <- boot( city, meanratio, A=993)
* boot .out

ORDINARY NONPARAMETRIC EOOTSTEAFP

Call:
boot (data = city, statistic = meanratic, B = 999)

Bootstrap Statistics -
original bias std. error
i+ 1_520312 0 03724419 0. 20598392

» boot.out <- boot( city, meanratio, R=1999)
» boot.owk

ORDINARY NONPARAMETRIC EOOTSTRAP

T
Interpreting the boot object
> pames{boot . oat)
[1] ™cO" - "R" "data® Fomed" "statistic'
[7] "=im" "call" "stype" "strata®™ "ueights"

> boot .outfel
[1] 1.520312

# thetahat from original data
» hist(boot .oot8t) # histrogran of thetastars from bootstrap sanples
» ablime{v=boot .cut$td, lty=3) # add vertical line at thetahat

» mean(boot .oot§t)
[1] 1.54TE28

» mean(boot .outft) - boot.onted
[1] 0.027T51536

# bootstrap estimate of bias
» bbiar - mean{boot.ountft) - boot . ootftrd

» boot .out§td - bbias # bootstrap “unbiased"™ estimate
[1] 1.492797

> sd(boot . out$t)
[1] ©0.2116137

# bootstrap standard error

Call:
boot({data = city, statistic = meanratio, B = 1999)

Bootstrap Statistics :
original bias std. error
tie 1 530312 0 M460204 0. XMTOTL
» boot out <— boot( city, meanratio, R=1990)
* boot . out

ORDINARY NONFARAMETRIC BOOTSTRAFP

Call:
boot({data = city, statistic = meanratio, B = 1999)

Bootstrap Statistics :

original bias std. error
ti+ 1 520312 0 02751536 ©0.2116137
>

More on bootstrap confidence
intervals

» boot.ci.oot - boot .cil(boot.out)

Warning message:

In boot.cilboot_ out) - bootetrap variances needed for studentized intervals
» boot.ci.ouot

EIOTSTRAF CORFIDENCE INTEEWVAL CALCULATIONS

Based on 1999 bootstrap replicates

CALL :
baoot . ci{boot . ont = boot . oot

Intervals :
Level Hormal Basic

95% {(1.0v7B, 1.90B ) { D.973, 1.796 )

Laye=l Percentile BCa
5% (1.245, 2,068 ) ( 1.258, 2.121 )
Calculations and Imtervals on Original Scale



Bootstrap confidence intervals
continued

e Basic interval

—1f there was a function of the population
quantity we're interested in @ and the es-
timator 8 whose distribution was known,
we conld use the quantiles of this distribu-
tion to construct c.1. for @

—since we don't have this, arbitrarily con-

sider W = (6 — 6)

—1f we knew distribution of W, then two-

sided level 100 x (1 — a) would be

{H wy _ H m:i_']

— bootstrap idea: use n:]thhuLmn of W* =
(6% — ) as approximation to {hhtnhutlml

of W

—» w < sort(boot.out$t) - boot.outdtl

> hist(w)

LB

¢ Percentile interval of level (1-o)

— lower endpoint is 5( R+-1) entry in ordered
bootstrap statistics
item upper endpoint is I{ } (R+1) en-
try

— > sort(boot.out$t) [c(50,1950)]
[1] 1.244713 2.067885

— pros: simplicity

—cons: may be very inaccurate if distribu-
tion of § is not close to symmetric

> boot.out$t0 - wlc(1950,50)]
[1] 0.9727399 1.7959120

> boot.out$t0 - quantile(w, [c(.975,.025,

— pros: may work well for medians

— cons: bootstrap error (distribution of W¥
being a poor approximation to distribu-
tion of W) often s large

2

Bias-correcting bootstrap percentile confidence
imtervals

e recall:
CDF(q) = Pr.(0* < q)
_ #{o" < q)
- B
o if CDF(f) 5 .5, then bias correction to per-
centile method ¢ may be in order

e ot

zg = " {CDF(#))
— what Splus/R function evalutes &~

e then bias-corrected 1 — o c1. 1
[CDF~!(®(220 — 24/9)), CDF ™ (®(220 + 202))

= IlEL‘I e 2 15 upper o 2 point of Htél.IIl[lE].T{l
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