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Warm-Up

In your notes write out your best guess for final project topic
1 Simple Arrows: X → Y
2 Using Core Model:

Yi = β0 + β1Xi + ϵi

3 In a sentence:
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Warm-Up

In your notes write out your best guess for final project topic
1 Simple Arrows: X → Y
2 Using Core Model:

Yi = β0 + β1Xi + ϵi

3 In a sentence:
How are you measuring X and Y?
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Overview

Examining Relationships - Hypothesis Testing
T-tests

more R fun
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Relationships between variables

Today, we’ll start to examine the process of being able to assess
relationships between two variables.
We’ll begin with the simple question of whether there exist statistically
significant differences between two groups.
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First, Something Interesting
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A Random Variable
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Dispersion

Remember: a random variable is defined by a sample mean and
standard deviation.
In other words, we need to think in variables in terms of both their
central tendency and their distribution.

Variance: σ2 =

n∑
i=1

(xi − µ)2

n Standard Deviation: σ=

√√√√√ n∑
i=1

(xi − µ)2

n
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A Normally Distributed Variable

If we know x̄ and σ we can calculate percentages of the sample in a
given range
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Central Limit Theorem

The mean from a sufficiently large number of independent draws
from any distribution will be normally distributed

Symmetrical
Mean, Median, and Mode at some point
aysmptotic tails

the proportion of scores is consistent across standard deviations
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Hypothesis Testing - Comparing Random Variables
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Two Sample Tests

How can we compare one sample to another sample to ask:
“Are these samples from the same population or different
populations?"

We call this two-sample tests, comparing one sample to another:
We will try to understand how likely we are to observe some
difference if there really is not a difference

That will require thinking about a null distribution, describing how
“weird” our result is if there really is no difference (our null
hypothesis).

We will start by trying to build your intuition by looking at simulations.
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Difference in Means

The fundamental quantity of interest today will be the difference in
means between two groups on some outcome. e.g.

difference in mean income across two states

difference in voter turnout among two groups of people (e.g. students vs.
employed)

difference in probability of war in two groups of countries (e.g.
autocracies vs. democracies)

difference in proportion of heads after tossing one coin N1 time and
another coin N2 times

difference in treatment vs control groups
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Textbook Example: Sheep Experiment

Why did the sheep in one group but not the other group get sick?
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Hypotheses

H0 : Null Hypothesis: A hypothesis of no effect
i.e. there is no relationship
the opposite of the alternative hypothesis
H1 : Alternative Hypothesis: Your actual hypothesis
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One-sided vs two-sided tests

Two sided: Is one group different, either BIGGER or SMALLER
than the other?
Usually we use a two-sided test
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Innocent until proven guilty

We require a preponderance of the evidence to run against the
null hypothesis before we are willing to reject it.
To put it in statistical terms, we only reject the null hypothesis
when the probability of the null hypothesis model producing the
observed data is extremely tiny.
This requires setting an arbitrary threshold, known as the
*significance level,* denoted by α, and usually set at α = 0.05,
sometimes α = 0.10, and sometimes α = 0.01
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Type I vs Type II error

False positive (Type I error):

When we reject a null hypothesis that
is actually true - we say there is a relationship when there isn’t.
The p-value sets the probability of doing this (0.05=1/20th of the
time). This is relatively unlikely given a conservative critical value.

False negative (Type II error): When fail to accept the alternative
hypothesis, when there is actually a relationship. When is this
likely? This could happen if we have a small sample size (the
study has low power).
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Significance

Significance Level - How unlikely a result has to be under the null
hypothesis for us to reject the null hypothesis.

We can never rule out that observed result is happening by chance,
but we can give a probability to the likelihood that result is occurring by
chance

What are the implications of this, especially when we think of most
scientific fields establishing by convention a significance level of
α = 0.05?
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The T-Statistic/distribution

when creating the PDF for β1 there’s one additional bit of
uncertainty we need to deal with
we don’t actually know the true variance (or standard error) of β1,
only the variance of our observed sample β̂1

because this introduces some additional uncertainty, we need to
use the t-distribution as opposed to the normal distribution

We will only do this today for illustration purposes

as our sample size increases, the t-distribution gets very close to
the normal distribution: functionally equivalent when n > 100

The t-statistic: t = β̂1 − βN/seβ̂1
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T-distributions vs. Normal distributions
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A T-table

This is then compared to your critical value/significance level
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A T-test

The t-test gives us a t-statistic that we then compare to our critical
value.
In practice today we just look at the p-value our BFF R gives us
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p-value

probability of observing a coefficient as high as we actually
observed if the null hypothesis were true
Probability of committing a type one Error
Probablity happening by chance
Usually an item is statistically significant if less than .05(ie less
than our critical value)
We indicate using ***
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We then either . . .
reject the null hypothesis
fail to reject the null hypothesis

Notice we do NOT "confirm the alternative hypothesis"
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Visually
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Confidence Intervals

what is the range around our coefficient estimate in which we would
expect 95% of our estimates to fall if we continually re-sampled
the logic is the same: estimate plus or minus a critical value times the
standard error

Kuehl POLS 641 September 29, 2026 28 / 32



DON’T BE A P-HACKER
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Review of Key Terms

Hypothesis Testing
Null Hypothesis
Alternative Hypothesis
Degrees of Freedom
T-test
Significance level
Confidence Interval
Type I error
Type II error

Kuehl POLS 641 September 29, 2026 30 / 32



Problem Sets

General Comments:
Issues on P-Set #2?
Is there anything you’d like to review?

#3 out this weekend
Will only cover material from today and last week
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