Chapter 12: Inference for Regression Statypus Academy

From Shuffles to Shortcuts
A Transition to the Formal Standard

Up to this point, we have relied on our “Low-Tech” intuition—shuffling the data like a deck of

cards to see if our results could happen by pure chance. But the scientific community operates on a
different frequency. To speak their language, we have to move from the Formal Standard: a world
of theoretical distributions and test statistics. Today, we bridge that gap. We aren’t abandoning
the shuffle; we are just learning how to reach the same conclusion at the speed of light using the
mathematical shortcuts built into R.

Statypus Insight: The Clean Slate

Before we transition, we need to ensure our environment is a clean slate.

o Clear the Environment: Click the Broom icon in your Environment pane.
o Clear the Console: Click the Broom icon in the Console.
o New Script: Open a fresh R Script (File > New File > R Script).

1. Loading the Raw Data

We will pull a fresh copy of our toy car data directly from the Statypus server.

Coding Corner: Loading ToyCars

# Download the raw data
ToyCars <- read.csv("https://statypus.org/files/ToyCars.csv")

# Look under the hood
str(ToyCars)

e The Sample Size (n): Based on the str() output, how many cars are in our dataset?

e The Correlation (r): Use cor(ToyCars$Height, ToyCars$Distance) to find the
sample correlation.
r =
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2. The “Nasty” Formulas (Transcription)

While the “Shuffle” gave us a visual intuition, the scientific community requires a formal
mathematical test. This involves a t-statistic—a score that measures how far our sample
is from a “boring” world where p = 0.

Open your textbook to Section 12.1.2. Transcribe the following formulas exactly. Do
not calculate them yet.

The Degrees of Freedom (df):

The Standard Error (SE,):

The Test Statistic (¢):

Reality Check: Impending Math

Look at the complexity of the formulas you just wrote. If you had to calculate these
by hand for every variable in a large dataset, what would happen if you made even
one small rounding error at the beginning?

3. The Professional Shortcut: cor.test()

Just as you are preparing to grind through those calculations, R provides a Safety Net.
This function performs the entire formula grind in a single line.

Coding Corner: The Safety Net

cor.test(ToyCars$Height, ToyCars$Distance)

Reading the Receipt: Identify these from your output:

ot = p-value = (The “Surprise Meter”)

e 95% confidence interval: | , ]
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4. Validation and Verdict

4.1 The AI Assistant Challenge

Open Microsoft Copilot (or your preferred LLM). Provide it with your value for r and n
from Page 1 and ask it to calculate the t-statistic using the formulas you transcribed on
Page 2.

o What t-value did the AI provide?

o How does this value compare to the cor.test () output on Page 27

o Given that R calculated this in 0.001 seconds, did the Al actually save you any time
or effort in this workflow? Why or why not?

4.2 The Formal Conclusion
Now, translate your results into a scientific claim. Refer to Section 12.1.2 for notation.

1. The Hypotheses: Write the null and alternative hypotheses using p.

2. The Evidence: Based on your p-value, describe the strength of the evidence. How
surprised should we be by this result if the null hypothesis were true?

3. The Statypus Conclusion: Write a professional sentence summarizing the relation-
ship. Avoid using the word “prove.”
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5. Big Picture Reflections

1. The Comparison: How does the 95% confidence interval R provided on page 2
compare to the bootstrap sketch you made in the previous lab?

2. The Architect’s Dilemma: Imagine you want a car to go exactly 85 inches. Even
with a high r, why is it a mistake to think we can build a ramp that achieves this every
single time? (Think about why 72 = 1.0 is a mathematical ideal that cannot exist in
any system where variation is present).

Final Reflection: The Regression Bridge

Now that we know there is a relationship, we can describe it with a line: § =a+b-x.
Since the formula for b (the slope) is heavily based on r, any variation or uncertainty
in 7 (as seen in our SE, formula on page 2) is inherited by b. Based on what you've
seen today, how well do we actually know the “true” values of a and b?
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