THE CHANCE ERROR. IN A SAMPLE PERCENTAGE
e A certaln wwn has a population of 10 peopl: age 18

and over. 20°% of these people are well-educated, thatl s, lawe

colllege degrees. A slmple ramdoam sample of 1,600 peogple will
b elrawn [roan Lhis population.

& Simple ramdon sampling means deawing sl candoom
unthow! replacenwent.

o AL smach draw, all the people sol alosady selected
hiawe an egpisal chasee of beang chosen.

& The perosolage of wellahicated people o the sanple

will be arouncd

%, plve or Lake " ar so0.
& The chamee Lhal belween 19% amd 21% of Lhe people o

Lhe sampde are welleducaled s aboul

Howw cbo you go abwoul lling in Lhe blanks?

= Step 1. Realbes thal

Number of well-edwcated
Percenlage of well- educated pestaprdee o e saenpale:
people o U sample slbae ol Lhe sample

x LN,

= Any statement aboul the chance varsalulily im0 Lhe -
ber ol welleducabed people o the sample can be con
verbed Lo a shiimilar statement aboail the csance varkability

i Lhe pervendoge of such people, by dividing by the
Al mnultiplylog by

-1

popuiliabion skee OO0, 2005 well-educated; sample siee 1,600

o Step 20 Sel up a box model. The miombser of well-ediscated
peeapdie in Lhe sample = lke the sam of

al randdom

draws e
replacement. Irom Lhe box

| [T [ Ts]

& We wantl Lthe proos=s of selecting people bom Lhe pog-
ilabioas Lo b like deawing tickels [rom Lhe box. So Lhens
showld Dee:

- Lickel i Lhe box for each person o the

pogialation, aml

- deaw for each person in Lhe sample.

= So tlere shoald be

draws.

& The twkets [or Lhe welledocaled people shoald be
nsarked ]:l., amml Ll odhver Lichets as I:l

o We wantl the number of well-aducated people o the
sample Lo be ke Lhe sum oof Lhe draws Do Uhe box.
The can be achieves] by classalying and counting. To
illusirate:

tahets i the box, and

The sampl:  Tom Dk Harry Namber who are
penph: a a 09 will-edomted -

Theirtickets | | [ | [ ] Sum of the draws -

& Since 3% of the population s welleducabed, Chens
shoald T I:l:'t-: Ll b, and I:l':-l-



e Step 3. Realbse thal for drawing [rom Lbe box
| 20,000 [T 50,000 0] |

Lhere mn't nsch differencoe betwesn deawiong 1000 Llines walfol
replacement and deawing 160 Lines wath replacement.

& When drawing wilh replacement, the chanoe of gelling
a 15 L1 Lo 1 i &, for each

draw.

& When drawing withoul replacessat 1600 Llmes, Lhe
chamee of gelling a changes [rom draw Lo draw, buol
slays close W 1 in b, because Uwe percentage of |I|'|-|- i Lhee
box can't change much during e ooirse of Lhe deaws.

& The pumber of deaws 15 comnprared Lo Lhe

numbwers |:|-f anwd @}H im Ll bosx.

= S, Lhe pumber of well-educated people o Use sample s
almuesd like the sum of 1600 draws made al random walh
replacemenl [rom Che byaox.

e Step 4. Flond the expescted valine amd SE for Uee s of 1600

draws (made with replacement) [rom Lhe b

& The expectsd vialue for the sum of Uee deaws [eom Uhe
b expueals (mismbeer of diraws) = (average of box); Lhat's

b —

& The SE for the sum of s deaws [rom Che box equals
v oumber of draws < (SD of box); thal's

= —

& The sum of the draws [bom the box will be aromenod
, Eve or Lake OF 8.

 Step b Ioterprel the resialls of Step 4 o Lerms of the sample.

& The number of well-edwcated people n the sample will

L salwniatl
s Step 6. Convert Lo percents, relabive Lo Lbe siee of Use samgple.

= 16 ix U ol TGN,

= 3 s Y ol 10D,

& So the percentage of well-educated people in e sample
will be aroumd Y (Lo, Lhe perconbage of well

ediscated people in Lhe population), give or Gake b

A0 =i,

. Elwe o Lk OF Bb

e Step T, Use the normal approxiosation Lo estimate cdeances
abanul the perceolage of well-edecated people o Uee sanphe

& The clamee thal between 19% and 21% of the people
mr Lhe sampde are welledocatesd s the chamee that the
pinber of welleducatad people b Lthe sanple lhes belwoeen

20 — 16 = 304 amd 320 4 16 = 3346

Charcie == shaded area
(= B

% of well educated people in sample
(Cxpected value _ %; SC___%)
# of well educated people in sample
(Cxpected value ;5L )
Standard units

o Tlwe norimal approximation can be ised, becaose the
sample sbee (and Uwerelore e puwmber of deaws [bom
Ll box) = measonalily

20-4



THE STANDARD ERROR FOR A SAMPLE PERCENTAGE

o Conssder Laking a simple rawdom sanple [bom a baox of
Livkets, some of which are marked 1, thwe olles 0

The “population”
Loomme [ soume s | = 0 o0

Suppose the munber of deaws s large I alsoliule terms, bt
simall pelalive Lo Lhe pusber of Lickels Lo Ulee box.

s The nuwmlwer 1:|I.'|1|"L-: i Lhee sample = expected o be aboul

[mumbser of deaws) = (average of Lhe baox)
= [ miamber of draws) = ([raction of 'H- i the box),

give or Lake

SE lor the mumbeer u-llII"z-: it Llse sample
= + number of draws x (8D of the box)

110 .

o Mow cooverl Lo percenls relabive Lo e sumber of deaws,
by aliwiding by the number of diaws aond mltiplying by 1009,
The percentage of |14 in the sample 5 expected Lo be about

erpaeclend mumbser :l-flIl":-l in Lhe sample
numlbeer of deaws
= | percenlage 1:l|."|-|- i Lhe D,
give or Lake
SE [or the oumber of 'rl- in Lhe sample

minmlbeer of draws

w 10KVE

» 1IN

_ S0 il Lhe e ¢ 1009,

o tianbser of draws

11r 4.

o To pail it ancther way, as an estimate of the percentage of
(1] b e o, Ulee peercentage of 178 o the sample will be off
by & chamee amounl similar o seee Lo Uhe quantily
5D of thee box

vinmber of draws
Lhis quantity s called the stamndand error (SE) o Lhe samgple
e alagEe.
e How does the SE [or tlee sample percentage depead on the

2 100%:

Lo ?

& Unly Uerough tlse variability of tee lckets o Lhe box, as
which ecuals

nseasaeres] by Lheeir

SD of a box containing | 0]'s and | 1]'s, as a fenction of the fradion of [ 1]'s

S0 of bes

Ll 1 L 1 I L] ] 1
6 o1 oz

|
0.5 i

fraction of [1]'s in the bos
e How dos thee SE depend on Che pumber of deaws?

# The SE = loversely proportional to the square rool of
Lo sl of the sample. In particular, large samphes ane
meore accurale Usan small ones. Multiplyleg the sbee of
Lo saammple by some [acbor divides the SE for Uee sample
percenbage by Uwe sgquare rool of Lhal [aelor.
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