Confidencelntervals

An expanded version of the notes from last week.
Confidencentervals

e A p-percentconfidencantenvalis arecipelike
X — 2-SE to X + z-SE

wherethe z comedrom afactlikethe68—-95-99.7
rule, or from atable.Whenyou plugin:

— X from thedata:
— SE=S5D/+/n;
— z fromthetable

you gettwo numbersetweenvhich you arecon-
fidentthe populationmeanlies.

e The SD “shouldbe” for the population but some-
timesyou have to estimatat from thedata.

e Thez valueisfromatable. WhentheCentralLimit
Theoremapplies(averagesandlarge samples!):

— Usethe 68-95-99.#Fule whenyou can
— UseaNormal[or other]tableotherwise.



Example

TheSAT is constructedothatscoredhave anationalav-

erageof of 500anda nationalstandardleviation of 100.
A randomsampleof 64 studentdrom a recententering
classat Carngjie Mellon have an SAT verbalaverageof

555.

e A 95%confidencantenal for SAT verbalscoreis

555 —2-100/v/64 to 555+ 2-100/v64
5565 — 25 1o 555425
530 to 580

e Are thesestudentdike a randomsamplefrom the na-
tional averageVhy or why not?
e A 99.99%confidencenterval for SAT verbalscorelis

555 — 3.89-100/v64 to 555+ 3.89-100/v64
555 — 48.63 to 555 4 48.63
506.37 to 603.63

Couldwe have madethesameconclusiorfrom asample
sizeof only 367

555 — 3.89-100/v36 to 555+ 3.89-100/v36
555 — 64.83 tOo 5H5H5 + 64.83
485.17 to 614.83



Remembethatthe confidencas in therecipe:for 95%
confidence:

e If you do this sampleof 64 Carngie Mellon stu-
dents100 times,you will get 100 differentinter-
vals

e 95 out of the 100 intervals will containthe true
mean.



Thisexampleillustratesseveralfeaturef confidencen-
tenals:

1. To attaingreaterconfidenceyou haveto widenthe
intenal.

2. If youmakethesamplesizesmalleryouwidenthe
interval.

3. Confidencentervalscanbeusedo testhypotheses
aboutdata.

e A hypothesisabouta populationgivesa pre-
diction aboutthe samplemeanin a sample
from the population

e Computeaconfidencentenal fromthesam-
ple.

e If the confidencanterval makesthe predic-
tion look wrong,this undermineshehypoth-
esis.



Variation I: SampleSizeCalculations

We wish to conductan SRSof Alleghery Countyresi-

dentsto seeif they like or dislike the designfor remod-

eling the David L. Lawrence Cornvention Center How

large a sampledo we needto havea 95% confidence
maurgin of error of +4%?

e Marginof error=2-/p(1 — p)/n.

e don’t know p, usep = 0.5:

MOE =2 - (0.5)/y/n = 1/y/n

e Solvefor n:

4% = 0.04 = 1/v/n
vn = 1/0.04
n = (1/0.04)° = 625

e Now do poll, discover 438/625 = 70% like the
expansiondesign.Then95%Cl is 66%to 74%



Variation II: TheT'-Distribution

A researchegivesanew sleepingdrugto eachof 36 pa-
tientswho complainof difficulty sleepinganddiscorers
thaton averagethese36 patientsincreastedheir nightly
sleepby 0.5hours,with astandardleviation of 1 hour. Is
this a“significant” gain?

e Back-of-the-emelopecalculation:
95%Clis 0.5 + 2 x 1/+/36, or 0.17t0 0.83.

However, thisrecipewill produceantervalsthatmiss
more than 95% of the time sincethe SD is esti-
matedfromthedatatoo.

e An adjustmen{widening)is neededto geta“95%"
recipe.

e Theamountof adjustmentiepend®n the sample
size—withmorethanabout50 or 60 obsenrations,
thereis no adjustmenneeded.

e Adjustmenti-distributionondf = n — 1 “degrees
of freedom(df)”:
95%Cl is 0.5 & 2.03 x 1/4/36, or 0.16t0 0.84.

(where“2” wasreplacedwith ¢ = ...” from the
df = 35t table).



Variation Ill: Two Samples
A betterexperimentaldesignwould have been

— give 36 subjectghesleepingill: meanextrasleep0.5n,
SD=1h
— give20moresubjectasuarpill: mearextrasleepd.25h,SD=.2¢

e Back-of-the-ewelopecalculation:

— in “drug” group,95%Cl is 0.5 + 2 * 1/+/36, or
0.17t0 0.83.

— in“placebo”’group,95%Cl is 0.25+2x0.25 /+/20,
or 0.14to0 0.36.

Sincetheintervalsdo overlapwe don't have evidenceto
contradicta“no change™ypothesis.

e If we askMinitabto dothis...

Two Sanple T-Test and Confidence | nterval

Two sanple T for drug vs pl acebo

N Mean St Dev SE Mean
dr ug 36 0.50 1. 00 0.17
pl acebo 20 0. 250 0. 999 0. 22

95% Cl for nmu drug - nmu placebo: ( -0.31, C
T-Test mu drug = nmu placebo (vs not =): T= C

The confidencanterval is a 95% interval for the differ-
encein true meandetweerthetwo groups.



HypothesisTesting: SomeVocalulary

(1) A Hypothesis in statisticgefersto astatemenabout
afeatureof thepopulation Specificallyahypothe-
sisis astatemenaboutthevalue(s)of apopulation
parameter

(2) The Null Hypothesis,(Hg), I1s a statementhat the
parameters equalto somespecifiechumberSome
examplesare:

up — 1/2”’
“The averageCMU enteringreshmarBATV scores equalto
the nationalaverage”

“The meanincreasan sleepfor patientson a new drug
Is the sameasfor patientswho geta placebd.

(3) The Alter native Hypothesis,(H,), isalsocalledthe
motivatingor reseach hypothesislt is the oppo-
site of the null hypothesisSomeexamplesare:

‘p#1/2,
“The averageCMU enteringeshmarSATV scoreis differentfron
thenationalaverage”

“The meanincreasan sleepfor patientson a new drug
Is NOT the sameasfor patientswho geta placebd.




