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Hypothesis Testing

• The general goal of a hypothesis test is to rule out chance 
(sampling error) as a plausible explanation for the results from 
a research study. 

• Is also called significance testing

• Tests a claim about a parameter using evidence (data in a 
sample)

A. Null and alternative hypotheses

B. Test statistic

C. P-value and interpretation

Key Terms 
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P-Value 
• P-value answer the question: What is the probability of the 

observed test statistic … when H0 is true?

• Thus, smaller and smaller P-values provide stronger and 
stronger evidence against H0

• Small P-value  strong evidence

Conventions*

P > 0.10  non-significant evidence against H0

0.05 < P  0.10  marginally significant evidence

0.01 < P  0.05  significant evidence against H0

P  0.01  highly significant evidence against H0
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Comparing Two Populations
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Comparing Means of Two Populations
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Inferences About the Difference Between 
Two Population Means: s 1 and s 2 Known

Inferences About the Difference Between 
Two Population Means: s 1 and s 2
Unknown
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Estimating the Difference Between
Two Population Means

Let 1 equal the mean of population 1 and 2 equal

the mean of population 2.

The difference between the two-population means is
1 - 2.

To estimate 1 - 2, we will select a simple random

sample of size n1 from population 1 and a simple

random sample of size n2 from population 2.

Let ҧ𝑥1equal the mean of sample 1 and ҧ𝑥2 equal the

mean of sample 2.

The point estimator of the difference between the
means of the populations 1 and 2 is ҧ𝑥1 − ҧ𝑥2
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Expected Value

Sampling Distribution of ഥ𝒙𝟏 − ഥ𝒙𝟐
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where:   s1 = standard deviation of population 1

s2 = standard deviation of population 2

n1 = sample size from population 1

n2 = sample size from population 2
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Interval Estimate

Interval Estimation of 1 - 2:
s 1 and s 2 Known
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where:

1 -  is the confidence coefficient

So, if we need a 95% CI, then  = 0.05

And for 99% CI,  = 0.01
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Hypothesis Tests About  1 −  2:
s 1 and s 2 Known

Hypotheses

1 2 0
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 − 1 2 0:  aH D

 − =0 1 2 0:  H D − 0 1 2 0:  H D

 − 1 2 0:  aH D

 − 0 1 2 0:  H D

 − 1 2 0:  aH D

Left-tailed Right-tailed Two-tailed

Test Statistic
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Example

In a test of driving distance using a mechanical 
driving device, a sample of Titliest balls was 
compared with a sample of golf balls made by 
Callaway, a competitor.  The sample statistics 
are below:

Titleist is a manufacturer of golf equipment and has developed a 
new golf ball that has been designed to provide “extra distance.”

Sample Size

Sample Mean

Sample #1
Titleist

Sample #2
Callaway

120 balls 80 balls

275 yards       258 yards

Based on data from previous driving distance tests, the two population 
standard deviations are known with s 1 = 15 yards and s 2 = 20 yards.
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H0:  1 - 2 < 0

Ha:  1 - 2 > 0

where:  
1 = mean distance for the population

of Titleist golf balls
2 = mean distance for the population

of Callaway golf balls

Develop the hypotheses.

◼ p –Value Approach

Hypothesis Tests About  1 −  2:
s 1 and s 2 Known

Right-
tailed
test



BE 602  – Data Analysis 

2 2

(235 218) 0 17
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Compute the value of the test statistic.
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p –Value Approach

Compute the p–value.

For z = 6.49
the p –value < .0001. 

Hypothesis Tests About  1 −  2:
s 1 and s 2 Known

Determine whether to reject H0.

Because p–value < .01, we reject H0.

https://www.socscistatistics.com/pvalues/normaldistribution.aspx
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Test Statistic When Population 
Standard Deviations are not Known
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Interval Estimation of 1 - 2:
s 1 and s 2 Unknown

When s 1 and s 2 are unknown, we will:

• use the sample standard deviations s1 and s2
as estimates of s 1 and s 2 and replace z/2 with t/2. 
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Where the degrees of freedom for t/2 are:

Interval Estimate
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Difference Between Two Population Means:

s 1 and s 2 Unknown

Example:  Amazon

Are female customers more likely to recommend Amazon to their friends 
and family than male customers?
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Hypothesis Tests About  Females (1) − Males (2)

s Females (1) and sMales (2) Unknown

Hypotheses

1 2 0
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 − 1 2 0:  aH D

 − =0 1 2 0:  H D − 0 1 2 0:  H D

 − 1 2 0:  aH D

 − 0 1 2 0:  H D

 − 1 2 0:  aH D

Left-tailed Right-tailed Two-tailed

Test Statistic

Which of the above are we using?  
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357614 SPSS.sav
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SPSS Output

One tailed Sig. = 0.736/2 = 0.368
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Comparing Proportions of Two 
Populations
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Estimating the Difference Between
Two Population Proportions

Let p1 equal the proportion in population 1 and p2 equal

the proportion in population 2.

The difference between the two-population proportions  is
p1 - p2.

To estimate p1 - p2, we will select a simple random

sample of size n1 from population 1 and a simple

random sample of size n2 from population 2.

The point estimator of the difference between the
proportions of the populations 1 and 2 is ҧ𝑝1 − ҧ𝑝2
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Expected Value

Sampling Distribution of ഥ𝒑𝟏 − ഥ𝒑𝟐
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where:  n1 = size of sample taken from population 1

n2 = size of sample taken from population 2

Standard Error
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Sampling Distribution of ഥ𝒑𝟏 − ഥ𝒑𝟐

If the sample sizes are large, the sampling distribution
of             can be approximated by a normal probability
distribution. 

The sample sizes are sufficiently large if all of these
conditions are met:

n1p1 > 5 n1(1 - p1) > 5

n2p2 > 5 n2(1 - p2) > 5
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Interval Estimation of p1 - p2

Interval Estimate
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where:

1 -  is the confidence coefficient
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Hypothesis Tests about p1 - p2

Hypotheses

H0:  p1 - p2 < 0

Ha:  p1 - p2 > 0 − 1 2:  0aH p p

− =0 1 2:  0H p p− 0 1 2:  0H p p

− 1 2:  0aH p p

− 0 1 2:  0H p p

− 1 2:  0aH p p

Left-tailed Right-tailed Two-tailed

Let’s stick with the Two-tailed test (i.e. p1 = p2)
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Hypothesis Tests about p1 - p2

Pooled Estimate of Standard Error of ഥ𝒑𝟏 − ഥ𝒑𝟐
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Hypothesis Tests about p1 - p2
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Difference Between Two Population Proportions:

Example:  Amazon vs. Nordstrom

There is a difference between the proportion of Amazon customers who are 
likely to purchase within the next month as compared to the proportion of 
Nordstrom customers?
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Hypothesis Tests about pAmazon - pNordstrom

Hypothesis
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SPSS doesn’t directly do this test, so we seek help elsewhere ☺

X

357614 SPSS.sav
https://www.socscistatistics.com/tests/ztest/default.aspx
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https://www.socscistatistics.com/tests/ztest/default.aspx
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Group Work

• Since we have 77 registered students, 19 groups will be created with 
students being randomly assigned

• Please submit your work no later than 10:00pm EST. There is no drop 
box, work needs to be submitted via email to 
harvir.bansal@uwaterloo.ca

• Please ensure that you clearly outline the steps taken in your analysis 
as well as the results.

• I’ll make rounds in each “room” to answers any questions that you 
might have 

• As I have said multiple times, data analysis is not a spectator sport so 
PLAY and have fun

mailto:harvir.bansal@uwaterloo.ca
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Hands-on Data Analysis 

• All questions below refer to the brand tracking 
questionnaire and data made available for this class on 
LEARN
1. Are there any stores where males and females different in

their commitment to the brand? Explain via analysis
2. Are Kohl’s customers equally likely to purchase a product

within the next 9 months as compared to TJ Maxx’s
customers? Explain via analysis

3. As compared to Amazon’s NPS score which retailer must
work hardest to compete? Explain via analysis


