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Stats Booster Workshop

Summary

• This document is part of a workshop series where we explore some key mathematical concepts
that apply to a variety of statistics-based courses at the Marxe School. If you are currently taking
such a course, or if you just want to review previously learned material, this workshop might be
a great complement to lectures, tutoring, and self-study.

• This component of the workshop focuses on the Independent Samples t Test.

• In addition to the notes in this document, there may be supporting files such as Powerpoint
slides, video overviews, tables, and guides (e.g. on using computer software to complete some of
the indicated tasks).

Please visit the Quant Support blog to access these materials:

https://blogs.baruch.cuny.edu/marxequantsupport/

Independent Random Samples

Are the Two Population Means Equal?

• We can use hypothesis testing methods to determine if there are differences between two
populations.

• In this document we will focus on tests involving independent random samples. In such
cases, the process that generates one sample is entirely separate from the process that generates
the other.

• For example, suppose we are comparing the THC content of two legal cannabis-based products.
A sample of 30 single-use items from Brand A has an average of 0.45 milligrams of THC, while a
sample of 30 single-use items from Brand B has an average of 0.30 milligrams of THC.

We may wish to conduct a hypothesis test concerning the difference of the two popu-
lation means, µ1 − µ2 (with µ1, µ2, for brands A and B, respectively).

That is, we may wish to know if the average THC content in the products from the
two brands differ (at a certain significance level).

In such cases, we may or may not also know the population standard deviations (σ1, σ2).

Also, as if often the case, we require a normal distribution (i.e. for the X1−X2 distribution).

https://blogs.baruch.cuny.edu/marxequantsupport/
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Independent Samples t Test

• Continuing with our THC product example, suppose a researcher wants to test the claim that
the THC content in Brand A is greater than that in Brand B. Then, our competing
hypotheses for a right tail test would be:

H0 : µ1 − µ2 ≤ 0

HA : µ1 − µ2 > 0, (right tail test)

∗ (Other Cases)
H0 : µ1 − µ2 ≥ 0

HA : µ1 − µ2 < 0, (left tail test)

H0 : µ1 − µ2 = 0

HA : µ1 − µ2 ̸= 0, (two tail test)

• If we use the p-value approach, for example, to test this claim, we simply follow the methods
discussed in previous sections of this workshop series (i.e. see the module on Hypothesis Testing).

• However, our test statistic formula will depend upon what we know (and/or can as-
sume) about the population standard deviations.

∗ σ1, σ2 known

z =
x1 − x2√
σ2
1

n1
+

σ2
2

n2

∗ σ1, σ2 unknown, but assumed equal

tdf =
x1 − x2√
s2p(

1
n1

+ 1
n2
)

s2p =
(n1 − 1)s21 + (n2 − 1)s22

n1 + n2 − 2

∗ σ1, σ2 unknown and cannot be assumed equal

tdf =
x1 − x2√
s21
n1

+
s22
n2

df =
(s21/n1 + s22/n2)

2

(s21/n1)2/(n1 − 1) + (s22/n2)2/(n2 − 1)
, rounded to the nearest integer
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• Suppose we also know

σ1 = 1, σ2 = 0.5

=⇒ z =
x1 − x2√
σ2
1

n1
+

σ2
2

n2

• And now we can calculate:

z =
x1 − x2√
σ2
1

n1
+

σ2
2

n2

=
0.45− 0.30√

12

30
+ 0.52

30

≈ 0.735

p-value = P (Z ≥ 0.735) ≈ 0.23117 (note: value obtained from a table or a computer program)

And so, testing at a 5% significance level, α = 0.05, the p-val of 0.23117 ̸< 0.05, andwe therefore
do not reject the null hypothesis.

Other Cases

Matched Pairs Experiment

• What if we want to conduct a test on two population means, where the samples are not
independent? One common type of dependent sampling is matched-pairs sampling.
Here are two examples to help identify such cases:

∗ [Same individuals sampled before and after]. Suppose we want to investigate a
fitness center’s weight loss claims by comparing the average weights of individuals before
and after using the center.

∗ [Pairing of observations]. Suppose we want to investigate the relative efficacy of two
different types of fertilizer on the same land. We conduct a test where we put Brand A on
half of the land, and Brand B on the other half of the land.

• For more on this method, please view this online resource.

https://stats.libretexts.org/Courses/Lake_Tahoe_Community_College/Book%3A_Introductory_Statistics_(OpenStax)_With_Multimedia_and_Interactivity/10%3A_Hypothesis_Testing_and_Confidence_Intervals_with_Two_Samples/10.05%3A_Matched_or_Paired_Samples


Austin W. Marxe School of Public and International Affairs, Baruch College M. Joseph

Inference Concerning the Difference between Two Proportions

• The value of the test statistic for a hypothesis test concerning the difference between two propor-
tions p1 − p2, assuming the hypothesized difference d0 is zero, is given by

z =
p1 − p2√

p(1− p)( 1
n1

+ 1
n2
)

, where p1 = x1/n1 , p2 = x2/n2, and p = x1+x2

n1+n2
= n1p1+n2p2

n1+n2
.

• Furthermore, our null and alternate hypotheses may be one of the following pairs:

H0 : p1 − p2 ≤ 0

HA : p1 − p2 > 0, (right tail test)

H0 : p1 − p2 ≥ 0

HA : p1 − p2 < 0, (left tail test)

H0 : p1 − p2 = 0

HA : p1 − p2 ̸= 0, (two tail test)

Focus Problems

(1) Researchers are comparing the THC content of two legal cannabis-based products. A sample of
30 single-use items from Brand A has an average of 0.45 milligrams of THC, while a sample of 30
single-use items from Brand B has an average of 0.30 milligrams of THC.

The difference between the two population means is represented by µ1−µ2 (with µ1, µ2, for brands
A and B, respectively).

Furthermore, the population standard deviations are known, with σ1 = 1, σ2 = 0.5 (again, for
brands A and B, respectively).

They wish to test the claim that the average THC content in Brand A is greater than that in
Brand B, at the 10% significance level.

(a) State the competing hypotheses.

(b) What is alpha, α, the level of significance?

(c) Using the p-value approach, calculate the appropriate test statistic.

(d) Should we reject the null hypothesis in this case?


