Cheat Sheet: Confidence
Intervals for Population Means

Essential Concepts

e The mathematical formulas to find the mean and standard deviation of the sampling
distribution of the sample mean for samples of size n are:

o Mean of the sampling distribution of the sample mean = p

o Standard deviation of the sampling distribution of the sample mean = %
n
where p and o represent the mean and standard deviation of the original population,
respectively.

e If the population distribution is normal, the distribution of the sample means will also
follow a normal distribution, for any sample size.

e If the population distribution is not normal, the Central Limit Theorem states that the
distribution of the sample means still follows an approximate normal distribution as long
as the sample size is large (e.g., 7 = 30) and the population distribution is not strongly
skewed.

e When we estimate o using the sample standard deviation, s, we use the t-statistic:

t = —& with a degree of freedom of df = n — 1.

ﬁ
e The formula for a confidence interval for a population mean is:

estimate £+ margin of error

T + (t-critical Value)i

NG

where 7 is the sample mean and the standard error used is the standard error of
S

the sample mean, Vv, The t-critical value (¢-score in the data analysis tool) in
the confidence interval will depend on the sample size (degrees of freedom for

the t-distribution: df =n — 1) and the confidence level.
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e When you are interested in estimating a difference in population means, you usually start
with data from samples from each of the populations of interest. There are two different
strategies for selecting the two samples.

o Independent samples: to select a sample from one population and then
independently select a sample from the second population.

o Paired samples or Dependent samples: if samples are chosen in a way that
results in the observations in one sample being paired with the observations in
the other sample.

e The conditions that you need to check for the two-sample ¢ confidence interval are:

1. The samples are independent.

2. Each sample is a random sample from the corresponding population of interest or
it is reasonable to regard the sample as if it were a random sample. It is
reasonable to regard the sample as a random sample if it was selected in a way
that should result in the sample being representative of the population. If the data
are from an experiment, you just need to check that there was random
assignment to experimental groups—this substitutes for the random sample
condition and also results in independent samples.

3. For each population, the distribution of the variable that was measured is
approximately normal, or the sample size for the sample from that population is
large. Usually, a sample of size 30 or more is considered to be “large.” If a sample
size is less than 30, you should look at a plot of the data from that sample (a
dotplot, a boxplot, or, if the sample size isn't really small, a histogram) to make
sure that the distribution looks approximately symmetric and that there are no
outliers.

o The form of the confidence intervals for a difference in sample means is:

estimate + margin of error, where margin of error = (¢ -statistic)(standard error) =

812 822
(4|2 + 2

(t-statistic) V ™1 "2

Key Equations

confidence interval for one sample
x + (t — critical value)——
\n

confidence interval for two samples

- - N
(x1 —x,) + (t — critical value)\ [~ + =~
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degrees of freedom

df =n—1
t-score
ﬁ

margin of error

(t-statistic) (standard error) =(t-statistic)( 1_1_|_ 2 )

standard error of a sample mean

SE(x) = %

standardized statistic

Z — [mean of 7's] — T H

—= g

std. deviation of #’s Vn

Glossary

independent sample
random samples from each population
paired samples, dependent samples

samples that are chosen in a way that results in the observations in one sample being
paired with the observations in the other sample

sampling distribution
the probability distribution of a sample statistic
standardized statistic

a z-score for a statistic using simulation to estimate the mean and standard deviation of
the sample mean
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