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Choosing a sample size when estimating a proportion

Before a survey or an experiment is conducted, we need to choose n, the number of trials or the sample size. How do we pick n?  

If hypothesis testing is being performed, one could choose n with respect to power. Alternatively, if estimating  is the main interest, a sample size can be chosen so that 


  E 



with a certain level of confidence and where E represents the allowable error. Notice that  shows how far the estimate, , is from the population parameter. The E stated here is the margin of error which is often stated in polls or surveys presented in the news media!    


Sample size to estimate : We can be approximately (1-)100% confident that the error will be less than the specified amount E when the sample size is approximately 




Where does this result come from? Earlier, we saw that 





If we let   = E and set 




solving for n produces the desired result. 

Problem: What is ? Use a conservative solution by using the  maximizes (1–). Why is this desirable?  

Examine the table below.

	
	(1–)

	0.1
	0.09

	0.4
	0.24

	0.45
	0.2475

	0.5
	0.25

	0.55
	0.2475



Therefore,  = 0.5 maximizes (1 – ). One can also show this by taking the derivative of (1 – ), setting it equal to 0, and then solving for .  


Another way to think about this is we want the value of n needed to guarantee   E no matter what  is. 
 
Sample size to estimate  (restated): We can be AT LEAST (1-)100% confident that the error will not exceed a specified amount E when the sample size is





Example: Political Polls

Suppose you want to determine the percentage of registered voters who will vote for the Republican or Democratic nominee in a presidential election.  How large of a sample should be taken so that the margin of error is less than 3.5% with 95% confidence? 




If this had resulted in a non-integer value (like 784.2), the next largest integer would need to be chosen (785).  

Suppose in the resulting poll Democratic nominee has 51% and the Republican nominee has 49%. Who is leading?


Note about the margin of error:

The margin of error needs to be added or deducted from both candidates in a two-person race. For example, suppose candidate A had 55% and candidate B had 45% with a margin of error of 5%. This is still an “even race” since candidate A could be as low as 
55%-5%=50% and candidate B could be as high as 45%+5%=50%.  


Example: Clinton and Dole 1996 presidential race

There were two polls taken by a TV network right before and right after Bob Dole chose Jack Kemp as his running mate.  Below are the results.

	
	Before
	After

	Clinton
	53%
	52%

	Dole
	37%
	39%



[bookmark: _Hlk48319163]After presenting the results of the poll, a TV news anchorperson said, “Kemp has helped Dole in the presidential race.” Suppose E = 4%. What do you think about this statement?



Note about the confidence level: 

There are many polls taken and usually the margin of error is given. Why do organizations taking the polls and stating the results rarely (if ever) mention the confidence level?


Example: Hagel and Nelson 1996 Nebraska senate race

This article appeared in the Omaha World-Herald shortly before the November 1996 election. The Omaha World-Herald had the Gallup Organization take a poll to estimate the proportion of people who would vote for the candidates. Focus on the part entitled “Here’s How W-H Poll Was Conducted”.  

Notes: 
· Hagel won the 1996 election. Notice he was “behind” 49% to 44% in late October.  
· Nelson won an election in 2000 for the other Nebraska seat in the senate.  

[image: pic_50]

[image: page1_no_pic80]
[image: pic802]
[image: poll_conduct]

From using our formulas and “part” of the information given here ( = 0.05, E = 0.034), 




Why isn’t this 1,006? Without more information, I do not have the exact answer. Most likely, it is due to the extra variability which would be caused by sampling a different number of people from the 3 congressional districts.  

Final comments:
· Internet polls
· Scientific vs. non-scientific polls
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Poll Found Hagel, Neison Neck a

Here’s How W-H Poll Was Conducted

Continued from Page 1

reference could change before the

ov. § election.

Much of the baule in the Senaie
race is being waged among Republi-
cans, who lead Democrats in Nebras-
ka by 110,000 registered voters.

Typical of the Republican swin
voters were Darlene Weborg, 32, of

Rancroft Neb, and Fina Nave of
Omaha.
Mrs. Weborg, a farm wife who

described herself as a moderate, told
interviewers that she supported Hagel
but could change her mind

“He's done a good job,” Mrs. We-
borg said of Nelson. “I think Ben
Nelson cares a lot for education, and
T'm going back o school to become a
teacher.”

“I'd like to give someone a chance,”
she said of Hagel. She said her hus-
band and other Republican farm fa-
milies are pushing her 1o stay in the
fold.

Mrs. Nave, 34, and a moderate
Republican, told interviewers last week
that she supported Nelson. When con-
tacted laterin the week, she had changed
her mind to Hagel

As a new homeowner in northwest
Omaha, Mrs. Nave said, she was re-
sponding to Hagel's criticism of Nelson
‘on property taxes.

i accusations against Nelson for
not dealing with property taxes s one
issue among the increasingly ferocious
attacks and counterattacks between the
candidates.

The Nelson and Hagel campaigns
each found good news i the survey
results, z

“We're dlearly gratified we are in
the lead, where we've been this whole
campaign,” said Scolt Intagliata, Nel
son campign maner. I looks ke
we are poised (o win.”

“The closencss of the race,

10 the poll results, did not surprise
Intaglista. He said Nelson's surveys
show him further in the lead.

“We always knew this race would
tighten.” he said.

Lou Ann Linchan, Hagel campai
manager, said: “These numbers vali-
date everything we've been secing.”

Based on the intemal results of
Hagel's polls. Mrs. Linchan said, “Let’s
have the clection today.”

With the incumbent governor below
50 percent after six years in office,
Mrs. Linehan said, the results are
engouraging o Hogel

She said Hagel has an advantage as
a Republican, running with Bob Dole
at the top of the Republican ticket and
three GOP congressmen on the ballot.

Moore said both sides will have to
remain on the attack in the war for
Republican and independent voters.

th candidates had positive favor-
able ratings and similar negative rat-
m?‘ in the survey.

clson wasviewed favorably by
two-thirds. of those surveyed and by

———dun hi3Fefthe Republicans.

nd Neck

‘The World-Terald Poll is a public
o%i:im\ s of adults 18 and older
who live in Nebraska and identify
themselves as registered voters.

‘The results of the latest poll were
based on telephone interviews of
1,006 registered voters. The tele-

hone survey was conducted for The
jorld-Herald  on  Wednesday,
Thursday and Friday by the Gallup
O tion in Princeton, N.J.
o ensure representation of hard-
to-reach Nebraskans — typically
adults and single pople —
e auepts et e e e
cach bousehold,
* Random J:E;l dialing is used to

make sure (hat every residential
phone number has as good  chance
of being called as all other residential
numbers.

For the latest survey, 502 people
were contacted in the Fd Com

sional District, 252 in the Ist Con-
gressional District and 252 in the 3rd

Congressional District.

Statewide results were weighied by
a statistical specialist at Gallup to
ensure that each congressional dis-
trict's representation in the sample
was proportionate 10 the population.
A weighting process also was used 10
ensure appropriate representation by
ag%:x.;lumm adnce, -

's statistical margin
error, based on the entire sample of
1,006, was plus or minus 3.4 percent-
age points at a confidence level of 95
percent. Such a sampling error
‘means that f the survey sere repeat-
ed 20 times, the results would be
within the 34 percentage point
range lsor minus, 19 s

e statistical margin of error for
various subgroupsis larger.

For example, the statistical margin
of error was plus or_minus 48
percentage points in the 2nd District
and plus or minus 68 percentage
‘pointsin the Ist and 3rd Districts.

Sutietca
purcentage
Survy conductad 0ot 24 28

of gror 34,

Hagel had a favorable rating of 55
percent in the total sample, 73 percent
among Republicans and 35 percent
among Democrats,

When voters fecl favorably about
both candidates, they tend o vote
um_;rg:ny. Moore said. P

(5 ‘why negative advertising is
sopopular,” he said.

elson’s case, Moore said, “You
have to drive up your opponeat’s
negatives to pull sy Repoblcans
e A

ven_ with overwi

T Datckeaabu 1o s
iage among independents andone it
ter of the Republicans, he said, “Nelson
barelywins.”

Nelson has pulled Republican votes
before. In winning o second term as
governor in 1994, he polled a majority
of Republicans while racking up the

largest percentage victory in 50 years.
ut Nelson s has woa the cose

anes.

In the final lection  World-
Herald Poll in 1990, Nelson was favored
over thea-Goy. Kay Orr by 42 percent to
41 percent. He won the eléction by 4,030
votes. In the Democratic primary that
year, Nelson won the nomination by
only 41 votes.

lagel has never run for office before,
but he managed Republican John Y.
McCollister's unsuccessful Senate bid
against Democrat Edward Zorinsky in
1876. Zorinsky's victory was the first in
astringof seven straight Senate victories
’“‘&‘L r:s:; ‘gehmnmhu,

r highlights of the survey:

W Geography: Hagel held 3 49 per.
cent 1o 43 percent advantage in west-
em Nebraska's 3rd Congressional
D‘iﬁ::;n led Hagel by 6 percent

4 g
mts in the Om.}ha»ﬁnmml:d ZnE;
istrict and by 13 points in the Ist
District, which includes Lincoln.

W Gender: The so-called gender gap
of women favoring Democratic candi-
dates surfacﬁ o n:; survey. N'e_l.w});
was suy 52 percent of d
wummpgxnrvmed,y compared with 40
percent for Hagel MClI-I‘ wr;lrc fsplil 4

1045 percent in Hagel's favor.
TR Captet,
son did best among younger voters,
holding a 10-point advantage among
those ages 18 10 30. He led by § points
among those ages 30 to 55 and by 2
points among those 55 and older.

Hagel was mgum‘med by a majority
of college graduates and those caming
$50,000 or more. Nelson led in other
education and income categorics.

‘A series of questions was posed:

If the general election were held

today, would you voe for Ben Nelson,
the Democrat, or Chuck Hagel, the
Republican?

s that a firm cholce, or is it possible
you could change your mind by Elec-
tion Day?

Next, 1 will read the names of some
people in the news. As | read eact
name, please tell me if you have
favorable or unfavorable opinion of thi
person, or If you have never heard o
himn. Chuck Hagel? Ben Nelson?

The names of two other Semat
candidates will appear on the ballot
but they were not included in th
survey on the advice of Gallup.

‘The minor-party candidates are Johs
DeCamp, Libertarian Party, and Bil
Dunn, Natural Law Part
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Here’s How W-H Poll Was Conducted

The World-Herald Poll is a public
o%inion survey of adults 18 and older
who live in Nebraska and identify
themselves as registered voters.

The results of the latest poll were
based on telephone interviews of
1,006 registered voters. The tele-

hone survey was conducted for The

orld-Herald on  Wednesday,
Thursday and Friday by the Gallup
Organization in Princeton, N.J.
‘0 ensure representation of hard-
to-reach Nebraskans — typically
ounger adults and single people —
{hreegatmnpls were m%a‘de to reach
each household.

“ Random digit dialing is used to
make sure that every residential
phone number has as good a chance
of being called as all other residential
numbers.

For the latest survey, 502 people
were contacted in the 2nd Congres-
sional District, 252 in the Ist Con-
gressional District and 252 in the 3rd

Congressional District.

Statewide results were weighted by
a statistical specialist at Gallup to
ensure that each congressional dis-
trict’s representation in the sample
was proportionate to the population.
A weighting process also was used to
ensure appropriate representation by
age, sex, education and race.

The poll's statistical margin of
error, based on the entire sample of
1,006, was plus or minus 3.4 percent-
age points at a confidence level of 95
percent. Such a sampling error
means that if the survey were repeat-
ed 20 times, the results would be
within the 3.4 percentage point
range, plus or minus, 19 times.

€ statistical margin of error for
‘various subgroups is larger.

For example, the statistical margin
of error was plus or minus 4.8
percentage points in the 2nd District
and plus or minus 6.8 percentage
points in the 1st and 3rd Districts.
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