
Section 8.3: Small Sample Con�dence Intervals
for Population Means

If we use a sample to make an inference about a population mean then we
must not know what the population mean is. If we don�t know the population
mean then it seems quite unlikely that we know the population standard devi-
ation. With large samples we can use the sample standard deviation. While
s may not as close to � as we might like since we have a large sample, it will
be OK. That is not the case with small samples. We continue to use the sam-
ple standard deviation as an estimate for the population standard deviation.
When using this estimation, we are no longer guaranteed a normal distribution.
Thus we end up using the Student�s t Distribution in place of the Normal
Distribution. The �nal form for our con�dence interval for the mean with an
unknown � or a small sample is

�x� margin of error = �x� t�
2
� sp

n

where t�
2
is a function of the level of con�dence and the number of degrees of

freedom = n� 1.

Remark 1 A con�dence interval for the mean with unknown population stan-
dard deviation is computed on the TI-83/84 using the TInterval command from
statistical tests.

Remark 2 WARNING! Don�t use a small sample con�dence interval on a
data set that contains an outlier.

Example 1 A sample of size n = 19 yields a sample mean of 76.3 and sample
standard deviation of 8.1. Construct a 95% con�dence interval for the mean.
Since the population standard deviation is unknown we use the student t distri-
bution. On the calculator select STATS as your option and then
TInterval(76:3;8:1;19; :95) = (72:396;80:204).

Exercise 1 A sample of size n = 39 yields a sample mean of 76.3 and sample
standard deviation of 8.1. Construct a 95% con�dence interval for the mean.
Compare your result to the prior example.

Remark 3 What are the t�
2
-values? They are similar to z�

2
values but depend

on the value of n: Note that t�
2
� z�

2
. For small n; t�

2
is much larger than z�

2
:

As n approaches 30 from below, t�
2
approaches z�

2
.

De�nition 1 The degrees of freedom for a small sample t-test is n� 1.
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Exercise 2 What is t�
2
for a sample of size 15 at 95% con�dence (using a ta-

ble)? Using Table A3 in the book we �rst compute the degrees of freedom to be
15� 1 = 14. Table A3 is de�ned by the amount of error in the right tail. So,
for 95% con�dence there is 2.5% error in the right tail. Thus, t�

2
= 2:145. In

R Studio,

Exercise 3 What is t�
2
for a sample of size 15 at 95% con�dence (using a TI-

84)? Here we use the invT command with inputs for area below the t�
2
and

the number of degrees of freedom. Thus, invT(:975; 14) = :2145. Note that
invT(:025; 14) = �:2145:

Exercise 4 A random sample of 57 KSU students yields a sample average
driving distance from home to campus of 7.8 miles with a sample standard devi-
ation of 4.5 miles. Construct a 99% con�dence interval for the average number
of miles KSU students drive to campus.

Example 2 In the �rst 6 games of the 2017 season, Atlanta Falcons quarter-
back, Matt Ryan, has thrown for total game yards of 321, 252, 294, 242, 248
and 233. Construct a 99% con�dence interval for the average number of yards
per game Ryan will throw for in 2017.

Note that when plotting this data, no outliers appear. Thus, we can use a small
sample con�dence interval.
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On the calculator enter the sample into list L1 and then select DATA as your op-
tion in TInterval. The resulting con�dence interval is (208:03; 321:97). Here�s
the R code.

Exercise 5 Dr. Jones grades eight papers from his introduction to archeology
course. The scores are 91; 73; 78; 15; 84; 77; 71 and 98. Construct a 90% con-
�dence interval for the mean population grade for this test.
Note the occurrence of an outlier in this small data set. We should not con-
struct a con�dence interval from this data.
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1 Exercises

1. Kokoska 3rd edition: 8.72, 8.73, 8.75, 8.77
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