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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 hypothesis testing.

• 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/

Hypothesis Testing

The Status Quo is Wrong?

• Oftentimes, established beliefs concerning (usually quantitative) matters such as the average
rainfall in a region, the efficacy of a drug, the amount of money a population spends on clothing,
the average length of a bird species’ beak, and so on, are put into question.

• For example, a team of research scientists may sample a particular group and find that their
results contradict a certain established belief. Maybe the average American family does
not spend $600 or more (per month) on fast food, despite the fact news anchors
keep citing this as being true?

• In such situations, we may perform a hypothesis test in order to determine whether or not
we should keep the null (original) hypothesis, H0, or reject it and accept an alternative
hypothesis, HA.

• Before conducting a statistical test, we set the conditions for how strong the evidence
needs to be in order for us to reject the null hypothesis.

Suppose we were to make the mistake of rejecting the null hypothesis when it is actually
true. That is known as a Type I error. Ahead of time, we set the allowed probability of
making a type I error; we call this α , the level of significance.

We commonly set α to 1%, 5%, or 10%. If our hypothesis test, for example, resulted in us being
able to reject the null hypothesis at the 1% significance level, that would mean we have
very strong evidence that the null hypothesis is false.

• So, continuing with our example, suppose our team of researchers samples 10,000 families and
finds that the sample mean for monthly spending on fast food was $550.59 (and therefore

https://blogs.baruch.cuny.edu/marxequantsupport/
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seemingly less than the assumed $600 per month). They might form their competing hypotheses
as follows:

H0 : µ ≥ 600

HA : µ < 600

The P-value Approach

• One approach to conducting a hypothesis test is known as the p-value approach. With this
method, we compare α, our predetermined level of significance, to a value known as the p-value.

If the p-value is less than α, we reject the null hypothesis, H0.

The p-value is the probability of obtaining results at least as extreme as what we observed in
the sample (assuming the null hypothesis is correct). A small p-value would mean that it is very
unlikely we would get the sample mean (for example) we acquired if the null hypothesis were true.
Hence, small p-values are an indication that we might need to reject our null hypothesis. Once
again,

If the p-value is less than α, we reject the null hypothesis, H0.

When σ is Known

• So, how do we find our p-values? Well, let’s assume we are conducting a hypothesis test for
the population mean, µ, where the population standard deviation, σ, is known.

• Hence, we require the sampling distribution of the sample mean, X.

Also, as usual, we require the sampling distribution to be normal. This can be satisfied if the
sample size is sufficiently large (e.g. n ≥ 30) or if the population distribution is normal.

• Our desired p-value will correspond to an area under the normal curve and to the left/right of
a z-value we call the test statistic. This test statistic is obtained from a familiar z-score formula,

z =
x− µ0

σ/
√
n

, where µ0 is the hypothesized value of the population mean.

Sometimes the p-value we desire is P (Z ≤ z), or “the area under the normal curve and to the left
of z”. In other cases, we want “the area to the right of z” or “the area to the right of z” + “the
area to the left of −z”. The alternate hypothesis indicates the appropriate tail:

HA : µ > µ0 , (right tail), p-value = P (Z ≥ z)

HA : µ < µ0 , (left tail), p-value = P (Z ≤ z)

HA : µ ̸= µ0 , (two tails), p-value = 2× P (Z ≤ z) , if z is negative

HA : µ ̸= µ0 , (two tails), p-value = 2× P (Z ≥ z) , if z is positive
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Step-by-Step Examples

Left Tail

• Nightly news anchors and various other sources in the media continually claim that the average
amount of money (spent monthly) on fast food by American families is $600 or more.

A team of independent researchers does not believe this, and after sampling 30 households,
they obtain a sample mean of only $550.59.

Furthermore, they know that fast food spending is normally distributed with a population
standard deviation of $200.

The researchers want to test their hypothesis that the mean is actually lower than believed
at the 5% significance level.

Putting all the pieces together, this means...

H0 : µ ≥ 600

HA : µ < 600 =⇒ (left tail), p-value = P (Z ≤ z)

z =
x− µ0

σ/
√
n

=
550.59− 600

200/
√
30

≈ −1.353

p-value = P (Z ≤ −1.353) ≈ 0.088 (note: value obtained from a table or a computer program)

And so, for α = 0.05, the p-val of 0.088 ̸< 0.05, and we therefore do not reject the null
hypothesis.

Right Tail

• Suppose, instead, the media claims the average amount of money (spent monthly) on
fast food by American families is $600 or less.

This time, a team of independent researchers samples 30 households, obtains a sample mean of
$650, and wants to test the alternate hypothesis that the mean is actually higher than
believed...
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H0 : µ ≤ 600

HA : µ > 600 =⇒ (right tail), p-value = P (Z ≥ z)

z =
x− µ0

σ/
√
n

=
650− 600

200/
√
30

≈ 1.369

p-value = P (Z ≥ 1.369) ≈ 0.08545 (note: value obtained from a table or a computer program)

And so, for α = 0.05, the p-val of 0.08545 ̸< 0.05, and we therefore do not reject the null
hypothesis.

Two Tails

• For our last case, let’s assume the media claims the average amount of money (spent monthly)
on fast food by American families is $600.

Our researchers sample 30 households, obtain a sample mean of $700, and want to test the
alternate hypothesis that the true mean significantly differs from what is believed...

H0 : µ = 600

HA : µ ̸= 600 =⇒ (two tails)

p-value = 2× P (Z ≤ z) , if z is negative

p-value = 2× P (Z ≥ z) , if z is positive

z =
x− µ0

σ/
√
n

=
700− 600

200/
√
30

≈ 2.7386

p-value = 2×P (Z ≥ 2.7386) ≈ (2)(0.00309) = .00618 (note: value obtained from a table/computer)

And so, for α = 0.05, the p-val of 0.00618 < 0.05, and we therefore do reject the null
hypothesis (and accept the alternate hypothesis).

Other Cases

When σ is Unknown

• When σ is unknown we use the Student’s t-distribution with test statistic,

td.f. =
x− µ0

s/
√
n

, where µ0 is the hypothesized value of the population mean, s is the sample standard deviation,
d.f. = degrees of freedom = n-1, and X follows a normal distribution.
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Population Proportion

• The test statistic for the hypothesis test of the population proportion, p, is given by

z =
p− p0√

p0(1− p0)/n

, where p0 is the hypothesized value of the population proportion and P follows a normal distri-
bution.

For example, suppose it is known that a third of young adults in the U.S. have no cable
TV service. A researcher in New York samples 200 young adults in their area and finds
that 84 of them have “cut the cord” and do not pay for cable TV.

The researcher believes that young adults from New York do not follow the national
trend and are not representative of the national proportion. The researcher wants to test the
claim at the 10% significance level.

Hence,

H0 : p = 0.33

HA : p ̸= 0.33 =⇒ (two tails)

p-value = 2× P (Z ≤ z) , if z is negative

p-value = 2× P (Z ≥ z) , if z is positive

p = 84/200 = 0.42

z =
p− p0√

p0(1− p0)/n
=

0.42− 0.33√
0.33(1− 0.33)/200

≈ 2.71

p-value = 2×P (Z ≥ 2.71) = (2)(0.00336) = .00672 (note: value obtained from a table/computer)

And so, for α = 0.10, the p-val of 0.00672 < 0.10, and we therefore do reject the null
hypothesis (and accept the alternate hypothesis).

Other Approaches

The Critical Value Approach

• One alternate, but equivalent, approach to the p-value approach for conducting a hypothesis
test is the critical value approach.

• For this approach, we reject the null hypothesis if our test statistic falls into a region of
values known as the rejection region.



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

In the above image we illustrate that rejecting the null hypothesis because p− value < α is
equivalent to doing so because z > zα.

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

Confidence Interval Approach for Two-tailed Tests

• For two-tailed tests, we can construct a confidence interval for the population mean, µ, and
then reject the null hypothesis if this interval does not contain µ0 (our hypothesized
value for the population mean).

Confidence interval: x± zα/2
σ√
n

Reject H0 if µ0 < x− zα/2
σ√
n

, or if µ0 > x+ zα/2
σ√
n

Focus Problems

(1) Nightly news anchors and various other sources in the media continually claim that the average
amount of money (spent monthly) on fast food by American families is $600 or more.

A team of independent researchers does not believe this, and after sampling 30 households,
they obtain a sample mean of only $550.59.

Furthermore, they know that fast food spending is normally distributed with a population
standard deviation of $200.

The researchers want to test their hypothesis that the mean is actually lower than believed
at the 1% significance level.

(a) State the competing hypotheses.

(b) Generally speaking, if we reject a null hypothesis at the 1% significance level, do we have
very strong evidence that the null hypothesis is false?

https://stats.libretexts.org/Bookshelves/Introductory_Statistics/Book%3A_Introductory_Statistics_(Shafer_and_Zhang)/08%3A_Testing_Hypotheses/8.02%3A_Large_Sample_Tests_for_a_Population_Mean
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(c) Using the p-value approach, calculate the appropriate test statistic.

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


