Confidence Intervals

Margin of Error



Your beloved textbook:

In such surveys, you do not know the population
mean, 4. However, you can determine confidence
intervals, ranges of values within which u is likely
to fall. These intervals are centered on the sample
mean, x, and their widths depend on the
confidence level, 1 — . For example, a 95%  Distribution
confidence interval has a 0.95 probability of ~ ©of Sample
including u. In a normal distribution, y is as Means, x
likely to lie above the confidence interval as
below it, so
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Do you
remember
when we

flipped a coin
90 times?
95%
Confidence
: Intervals
fi .
Different Our theoretical
Samples

probability was
50% heads, but the

actual experimental
probability varied.
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If we graph those
experimental
results, we get a

binomial
distribution.

With enough
results, we

approximate a
normal
distribution.
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As with
coins, SO
with a poll.

It might be
way off the

theoretical
probability.

Our poll is like
one experiment
In tossing 90
coins.
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to a Binomial Distribution

In fact, if you repeat a
random poll, many

times, the results are
binomially distributed.

So, we can use the
normal distribution

to calculate
margins of error.




PROBABILITY OF REAL CANDIDATE SUPPORT

Our survey says this is the
most likely real level of support.

Relative likelihood

37% 38% 39% 40% 41% 42% 43% 44% 45% 46% 47% 48% 49%
Actual candidate support level

Normal probability distribution of candidate support, assuming a sample proportion of 43% and a sample of 1,000 respondents
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If a poll says that Trump has 43% of the vote and Clinton has 42% of the
vote, with a 3 point margin of error, it means that the vote might vote
anything like this:

MARGINS OF ERROR

Donald Trump

— e

Hillary Clinton

—_—-—-

38 39 40 41 42 43 44 45 46 47

SOURCE: Rassmussen poll, July 18-19



Survey conducted June 15-26, 2016
Weighted proportion Unweighted

Group of public sample size Plus or minus ...
Total sample 100% 2,245 2.4 percentage points
Republican/Lean Rep 40% 898 3.7 percentage points
Democrat/Lean Dem 49% 1104 3.4 percentage points
Registered voters 72% 1,655 2.7 percentage points
) Weighted prc :
Among registered voters  of registered Wow: 11% +/-9.2 points.
Pepublice/Lean. Rew iéd That’s anywhere between 1.8% to 20.2%.
Democrat/Lean Dem 49% . . .
That’s crazy! Basically, a confidence interval
Donsld T rt 42% : .
s SRR we have no confidence in.
Hillary Clinton supporters 51%

White 69%

Black 11% 146 9.2 percentage points

Hispanic 11% 274 6.7 percentage points
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DIMINISHING RETURNS
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4% With 1000 respondents,

MoE is about 3.1%...

3% ...and with 2000 respondents,

that drops to 2.2%

Margin of error (percentage points)
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SOURCE: Calculated 95% MoE assuming a proportion of 50%.



More from your beloved textbook:

A(l1-@a) or (1 - @) x100% confidence interval for 4, given a population
standard deviation o and a sample of size » with sample mean ¥, represents
the range of values

_ o _ o
X—2Za = <U<X+2Za—F—
2 1 2 n

The table gives a list of common confidence levels and their associated
2-SCOTES.

Confidence Level | Tail size, —g £-5C0re, Zq

90% 0.05 1.645
95% 0.025 1.960
99% 0.0035 2.576




] E = Error
Margin of Z = weird tail z-score

Error P = probability
Q=1-p
N = total number
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] ‘ E = Error

Margin o F=+ Z = weird tail z-score
Error = m o = standard

deviation

N = total number




E = Error

Margin of F=+ 0 Z = weird tail z-score
Error = m o = standard
deviation
N = total number
Lower = X — z— Upper =x + z—
A /n n



The Z-scores for Confidence Intervals
aka “Weird Z-Score”

Confidence Level __Timesoutof | Zscore _

90% 9 times out of 10 1.645
95% 19 times out of 20 1.960
99% 99 times out of 100 2.576



Example 1 Drying Times

A paint manufacturer knows from experience that drying times for latex
paints have a standard deviation of o= 10.5 min. The manufacturer wants to
use the slogan: “Dries in 7" minutes” on its advertising. Twenty test areas of
equal size are painted and the mean drying time, ¥, is found to be 75.4 min.
Find a 95% confidence level for the actual mean drying time of the paint.
What would be a reasonable value for 7°7



Example 1 Drying Times

A paint manufacturer knows from experience that drying times for latex
paints have a standard deviation of o= 10.5 min. The manufacturer wants to
use the slogan: “Dries in 7' minutes” on its advertising. Twenty test areas of
equal size are painted and the mean drying time, ¥, is found to be 75.4 min.
Find a 95% confidence level for the actual mean drying time of the paint.
What would be a reasonable value for 77
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Confidence Level | __Times outof __| Zscore_

90% 9 times out of 10 1.645 E _ _I_ 7
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Example 2 Municipal Elections
Voter turnout in municipal elections is often very low. In a recent election, the
mayor got 53% of the voters, but only about 1500 voters turned out.

a) Construct a 90% confidence interval for the proportion of people who
support the mayor.
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90% 9 times out of 10 1.645 E
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99% 99 times out of 100 2.576



A =a
| _ ., [pa
1. Construct the following confidence E=x Z\J ’
intervals.
Confidence Level o
ENNCEETYR 0
a) 90% Jn
b) 95% 30 10 75
c) 99% 64 2.5 60 ﬂ
5 Level
d) 90% 30.6 8.7 120 o0 | eac
e) 95% 41.8 12.6 325 95% 1.960
f) 99% 4.25 0.86 44 99% 2.576




2. Interpret each of the following statements
using confidence intervals.

a) In a recent survey, 42% ot high school
graduates indicated that they expected to
earn over $100 000 per year by the time
they retire. This survey 1s considered
accurate within plus or minus 3%,

19 times 1n 20. :
Confidence
Level

Dq o 90% 1.645
=4z [— F=+z— 95% 1.960
Nn v 99% 2.576
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Yﬂu’ re a good citizen of the Umted States of America, or some other more or less hiberal
democracy. Or maybe you're even an elected otficial. You think the government should, when
possible, respect the people’s will. S0 you want to know: What do the people want?

Sometimes you can poll the hell out of the people and 1t’'s still tough to be sure. For example: do
Americans want small government? Well, sure we do—we say so constantly. In a January 2011 CBS
News poll, 77% of respondents said cutting spending was the best way to handle the federal budget
deficit, against only 9% who preferred raising taxes. That result 1sn’t just a product of the current
austerity vogue—ryear 1n, year out, the American people would rather cut government programs than
pay more taxes.

But which government programs? That’s where things get sticky. It turns out the things the U.S.
government spends money on are things people kand of like. A Pew Research poll from February
2011 asked Americans about thirteen categories of government spending: 1n eleven of those
categonies, deficit or no deficit, more people wanted to increase spending than dial 1t down. Only
foreign aid and unemployment insurance—which, combined, accounted for under 5% of 2010
spending—got the ax. That, too, agrees with years of data; the average American 1s always eager to
slash foreign aid, occasionally tolerant of cuts to welfare or defense, and pretty gung ho for increased
spending on every single other program our taxes fund.



Oh, yeah, and we want small government.

At the state level, the inconsistency 1s just as bad. Respondents to the Pew poll overwhelmingly
favored a combination of cutting programs and raising taxes to balance state budgets. Next question:
What about cutting funding for education, health care, transportation, or pensions? Or raising sales
taxes, state income tax, or taxes on business? Not a single option drew majority support.

“The most plausible reading of this data 1s that the public wants a free lunch,” economist Bryan
Caplan wrote. “They hope to spend less on government without touching any of 1ts main functions.™
Nobel Prize—winmng econonust Paul Krugman: “People want spending cut, but are opposed to cuts 1n
anything except foreign aid. . . . The conclusion 1s inescapable: Republicans have a mandate to repeal
the laws of anthmetic.” The summary of a February 2011 Harnis poll on the budget describes the self-
negating public attitude toward the budget more colorfully: “Many people seem to want to cut down
the forest but to keep the trees.” It's an unflattering portrait of the American public. Either we are
babies, unable to grasp that budget cuts will inevitably reduce funding to programs we support; or we
are mulish, irrational children, who understand the math but refuse to accept it

How are you supposed to know what the public wants when the public makes no sense?



Two out of three people want to cut spending; so 1in a poll that asks “Should we cut spending or
raise taxes’” the cutters are going to win by a massive 67-33 margin

S0 what to cut? If you ask, “Should we cut the defense budget?” you’ll get a resounding no: two-
thirds of voters—the tax raisers joined by the Medicare cutters—want defense to keep 1ts budget. And
“Should we cut Medicare?” loses by the same amount.

That’s the farmbiar self-contradicting position we see 1n polls: We want to cut! But we also want
each program to keep all its funding! How did we get to this impasse? Not because the voters are
stupid or delusional. Each vorer has a perfectly rational, coherent political stance. But in the
aggregate, their position 1s nonsensical.



