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Introduction to Statistics Tutorial:
Large-Sample Estimation
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Types of estimators

Evaluating goodness of an estimator
Calculating confidence intervals
Choosing sample size

Estimating the difference between
two means

Estimating a binomial proportion

Estimating the difference between
two binomial proportions
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Introduction

The objective of statistics Is to make inference about a
population based on collecting information from a

sample.

We want to make decisions and predictions based on
the observations or data in that sample.

Populations can be described numerically by
parameters...and the value of a parameter can be
estimated from the data from our sample.

Once a parameter is estimated, we want to have a
measure of goodness that describes how correct

the estimate is.
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Introduction

Statistical Inference:
 the inference

 ameasure of its goodness
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Types of Estimates

1. Point Estimates — a single number
describing a parameter calculated from
the sample data

2. Interval estimates or confidence intervals-

two numbers, defining an interval on a line
within which the parameter is expected to
lie
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Point Estimators

Point Estimator Is a statistic calculated from
sample measurements

Margin of error = 1.96 x standard error of the
estimator
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Confidence Interval

A Large-sample Confidence Interval is a
range of values used to estimate the true
value of the population parameter.

For example,
Lower bound < u < Upper bound

where the lower and upper bounds are
calculated using the data and p is the
unknown, but fixed, population parameter
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Degree of Confidence

Degree of Confidence, also called Level of
Confidence or Confidence Coefficient -

the probabillity 1 - o that is the relative
frequency of times the confidence interval
actually does contain the population
parameter, assuming that the estimation
process is repeated a large number of
times
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Confidence Interval Interpretation

95% confidence interval:

35<u<42

Interpret. We are 95% confident that the interval from 35 to 42

actually does contain the true value of L. This means that if

we were to select many different samples of same sample
size and construct the confidence intervals, 95% of them

would actually contain the value of the population mean (..

Incorrect: The probability is 95% that the true value of £ will fall
In the interval between 35 and 42.
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The Critical Value: Z_,

-Z(X./Z Z: Z(X/Z
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O05% Confidence Interval
a=005 @a/2=0.025 Za/2="7

-Za/2 L— Za/2
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05% Confidence Interval
a=0.05 a/2 =0.025 Za/2 =1.96

0.475

0.025

-1.96 7= 1.96
_.l-'l!ﬂ-'.l'ﬂ-'.l'ﬂ
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05% Confidence Interval for the
Population Mean

X — Margin of Error < p < X + Margin of Error
So we also need the Margin of Error:

1.96 g /\n
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05% Confidence Interval for the
Population Mean

X —1.960/\n < p< X + 1.960 /\n

Example: Suppose X = 38.5,n =100 and ¢ =
17.9

95% Confidence Interval is
38.5-1.96*17.9/100 < < 38.5 + 1.96*17.9 V100
38.5-3.5< |1 < 38.5 + 3.5
35<u<42
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Confidence Intervals for Large n
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Step-by-Step

Find the critical value z_,, that corresponds to the
desired degree of confidence.

Evaluate the margin of error ME =z, * o / \n. If
the population standard deviation is unknown,
use the value of the sample standard deviation

S provided that n > 30.

Find the values of X - ME and x + ME. Substitute
those values in the general format of the
confidence interval:
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Confidence Intervals
Example

A study found the body temperatures of 106 healthy adults. The
sample mean was 98.2 degrees and the sample standard
deviation was 0.62 degrees. Find the margin of error ME and
the 95% confidence interval. (From Triola, Chapter 6,
Elementary Statistics, Eighth Ed.)
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Confidence Intervals
Example
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- | A study found the body temperatures of 106 healthy adults. The 1

‘| sample mean was 98.2 degrees and the sample standard

‘| deviation was 0.62 degrees. Find the margin of error ME and
the 95% confidence interval. (From Triola, Chapter 6,

‘| Elementary Statistics, Eighth Ed. )

n =106
X =98.20 degrees
s = 0.62 degree

a=0.05
a/2 = 0.025

Za/2 =1.96
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Confidence Intervals
Example
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| A study found the body temperatures of 106 healthy adults. The |
I sample mean was 98.2 degrees and the sample standard |
‘| deviation was 0.62 degrees. Find the margin of error ME and
the 95% confidence interval. (From Triola, Chapter 6,

' | Elementary Statistics, Eighth Ed. )

;‘ n =106
| X =98.20 degrees
| s =0.62 degree

1 a=005
| a/2=0.025

| Zai2=1.96
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Confidence Intervals
Example
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| A study found the body temperatures of 106 healthy adults. The |
I sample mean was 98.2 degrees and the sample standard |
‘| deviation was 0.62 degrees. Find the margin of error ME and
the 95% confidence interval. (From Triola, Chapter 6,

| Elementary Statistics, Eighth Ed. )

1 n=106

| x =98.20 degrees

1 s =0.62 degree — 3
| X—ME < u<x+ME
1 a=0.05

B 98.2" —0.12° < 1< 98.2° +0.12°
| Zai2 = 1.96 98.08" < 1 < 98.32°

I ME=0.12

i

INCOGEN




Choosing Sample Size

1. Choose B, the bound on the margin of
error

2. Choose 1-a, the confidence coefficient
3. Find n, using the formula

Za/i2 X (Standard error of the estimator) = B
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Choosing Sample Size
Example

Suppose you would like to estimate the population mean based
on a random sample of n observations and prior experience
suggests that o = 18.4. If you want to estimate p correct to
within 2.1, with probability 0.95, how many observations
should be in your sample?

B =2
1-a = 0.95 =>a = 0.05
Za/2 =1.96
oc=184
1.96x(18.4/\n) = 2.1

Solve for n
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Choosing Sample Size
Example

1.96x(18.4/\n) = 2.1
Solve for n
n= (1.96x 18.4/2.1)°
=245

So you need 245 observations to estimate the
population mean to be correct within your
desired 95% confidence interval.
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Conclusion

Other parameters of interest:

Estimating the difference between two
means

Estimating a binomial proportion
standard error: sqrt(p(1-p)/n)

Estimating the difference between two
binomial proportions
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