Two Samples Hypothesis Testing
Testing the Difference Between Two means, independent samples:
Sometimes a researcher needs to determine whether the means of the two different groups are equal.
The hypothesis may be expressed as follows:
𝐻0 : μ1 − μ2 = 0
𝐻1 : μ1 − μ2 ≠ 0

The Null hypothesis establishes that there is no difference between the two means; the alternative, in
this previous case, that the means are different. There are two other cases: the mean of group 1 is
greater than the mean for group 2, as follows:
𝐻1 : μ1 − μ2 > 0
Or, mean in group 1 less than mean in group 2:
𝐻1 : μ1 − μ2 < 0
Assumptions for the Test to Determine the Difference Between Two Means:
1. The samples must be independent of each other. That is, there can be no relationship between the
subjects in each sample.
2. The standard deviations of both populations must be known, and if the sample sizes are less than 30,
the populations must be normally or approximately normally distributed.

On TI 83 – 84:
STAT → TESTS → 2-SamZTest:

Hit enter:

Input values, press enter.
It yields test statistics z and p, the p-value.
For example:

On Casio 9750:
In STAT mode, press F3 for TEST, then F1 for Z, then F2 for 2-S (Two samples):

it yields:

Testing the Difference Between Two Means: Dependent Samples:
Samples are considered to be dependent samples when the subjects are paired or matched in some
way.
When the samples are dependent, a special t test for dependent means is used. This test employs the
difference in values of the matched pairs. The hypotheses are as follows:

Where μ𝐷 is the mean of the differences between the two samples.

Test value, using the formula:

𝑡=

𝑑̅ −μ𝑑
𝑠𝑑 /√𝑛

degrees of freedom 𝑑𝑓 = 𝑛 − 1

When using a hypothesis test for matched or paired samples, the following characteristics should be
present:
1.
2.
3.
4.
5.
6.

Simple random sampling is used.
Sample sizes are often small.
Two measurements (samples) are drawn from the same pair of individuals or objects.
Differences are calculated from the matched or paired samples.
The differences form the sample that is used for the hypothesis test.
Either the matched pairs have differences that come from a population that is normal or the
number of differences is sufficiently large so that distribution of the sample mean of differences is
approximately normal.

The t test for the mean of the differences we simply perform a t – test the same way we proceed for one
sample since after finding the differences between the two means we only have a set a values (the
differences).
In TI 83 or 84: STAT → TESTS → T-Test.
In Casio 9750: in STAT mode F3 for TEST, then F2 for t then 1-S (One sample).

Example 1:
Arianna Estefan manages Salmon Falls Park, which has two flagship roller coasters, the Flyer and the
Destroyer. When Arianna walks around the park during hours of operation, she notices that there are
fewer people waiting in line for the Flyer than for the Destroyer. Since both roller coasters have similar
capacities and similar run times, both roller coasters should have about the same number of riders.
Based on the anecdotal evidence, Arianna claims that the population mean number of riders per hour
on the Flyer is less than the population mean number of riders per hour on the Destroyer. Arianna
reviews data collected in the past and assumes that the population standard deviation is 48.29 for the
Flyer and 51.86 for the Destroyer. Arianna randomly selects hours during which the attendant of each
ride counts the number of riders. The sampling occurs over the course of several weeks. The results are
provided in the table shown below. Let μ1 be the population mean number of riders per hour on the
Flyer and μ2 be the population mean number of riders per hour on the Destroyer. Using α = 0.05 test
Ariana’s claim.
Flyer: 𝑥̅ = 109.62
σ1 = 48.29
𝑛1 = 54
Destroyer: 𝑥̅ = 124.71
σ2 = 51.86 𝑛2 = 51

Answer:
This is a left-tailed test because the alternative hypothesis is:
𝐻𝑎: 𝜇1 − 𝜇2 < 0
Critical value: 𝑧 = −1.645

Z=

(𝑥
̅̅̅1̅−𝑥
̅̅̅2̅)
σ2 σ2
√ 1+ 2
𝑛1 𝑛2

=

109.62−124.71
2

√48.29 +51.86
54
51

2

= −1.54

Conclusion: Since 𝑍0 is not in the rejection area; we fail to reject the Null hypothesis of the equality of the
two means. There is not enough evidence to support Arianna’s claim that the population mean number
of riders per hour on the Flyer is less than the population mean number of riders per hour on the
Destroyer.

Find t p-values on tables (and Calculators):

From table 0.005 < p < 0.01
Ans: p < 0.01
On Calc t cdf from lower -E99, upper -3.201, df = 6 yields a p-value p = 0.00928 which is indeed greater
than 0.005 but less than 0.01
Notice that this a one tailed test; otherwise we need to multiply the calculated value by 2 (for two tailed
tests).

That is: 0.025 > p > 0.01 better: 0.01 < p < 0.025
Answer:
0.01 < p < 0.05
On Calc t cdf from lower -E99, upper -2.795 df = 5 yields p-value p = 0.0191 which is indeed greater
than 0.01 but less than 0.05

Ans: 0.10 > p > 0.05

better

0.05 < p < 0.10

On Calc t cdf from lower 1.434, upper E99 df = 11 yields p-value p = 0.089 which is greater than 0.05
but less than 0.10

0.005 > p or better p < 0.005

On calculator: t cdf from lower 7.496, upper E99 df = 7 yields p-value p = 0.000068.. which is less than
0.005 and, therefore, less than 0.01

