Quantitative Reasoning — LAB 413

Confidence Intervals
& Hypothesis Testing

Week 9 Recap = Lab 7

Instructor: Subin Na

October 22, 2025



Today’s Plan

1. Quick Recap

e QOverview ® Interpreting Significance
e Confidence Interval: Concept ® Statistical vs. Practical Significance
e Confidence Interval: In Regression ® Testing Errors

® Hypothesis Testing: Logic
® One- vs. Two-Sided Tests

2. RStudio Practice
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01 Overview

® Goal: Quantify the uncertainty behind point estimates using probability.

® Two types of statistical inference:

Confidence Intervals

Hypothesis Tests

estimate population parameters assess evidence about claims
concerning the population
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02 Confidence Intervals (1): Concept

Key Concepts

® A point estimate gives our best single guess of the population value
(imperfect because of random sampling variability).

* A confidence interval (Cl) provides a range of plausible values for that
population parameter.

Cl = point estimate + (critical value) x (standard error)
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03 Confidence Intervals (2): In Regression

Key Concepts

The Cl shows how much uncertainty surrounds our estimated effect.

Example. A one-month increase in age predicts a 0.25-inch increase in height  (95%
Cl: 0.22-0.28).

® |f we repeated this study many times, 95% of the intervals we compute would
contain the true effect.
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04 Hypothesis Testing: Logic (1)

Key Concepts

Hypothesis testing is a structured way to evaluate a claim about a population
parameter.

Null hypothesis Hy Alternative hypothesis H;

“no effect” or “no difference” the effect or difference we want to detect
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05 Hypothesis Testing: Logic (2)

Steps
©® State Hp and H;.
@® Collect data and calculate the test statistic (z).

© Compute the p-value — probability of observing such an extreme statistic if Hyp
were true.

® Compare the p-value with « (e.g., 0.05) — decide whether to reject Hp.

Ho, Hi — test statistic z — p-value — compare with & — decision
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06 One- vs. Two-Sided Tests

Key Concepts

The p-value depends on the type of alternative hypothesis.
® One-sided: tests for an effect in one direction (increase or decrease only).

® Two-sided: tests for any difference; doubles the one-sided tail area.

ONE-TAILED VS TWO-TAILED TESTS
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Worked Example: Coffee Consumption

A national survey reports adults drink an average of 2.8 cups of coffee per day
(0 = 1.1). You collect data from n = 50 Penn students and find they drink 3.2 cups
on average.

At o = 0.05, is there evidence that Penn students drink more coffee than the national
average?
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Reference: Z-Score Table

Z] 000 001 002 003 004 005 006 007 0.08 0.09

050000 0.50399  0.50798 052790 033188 0.53386

053983 054380 054776 056749 057142 057535
0.60642

0.61791 064431 0,648 0.65173
0. 0.68082 068439 0.68793
0.69146 071566 071! 0.72240

0.72575
0.75804
0.78814
081594
084134

Source: statisticsbyjim.com/hypothesis-testing/z-table/
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Worked Example: Solution

Given Test
po = 2.8 cups/day Ho : p=2.8 (No difference)
X = 3.2 cups/day Hy:p > 2.8 (drink more)
oc=1.1 % — —
- ,=% ,u0:3.2 28%2_57
n =50 a/v/n  1.1//50
o = 0.05

p =0.0051 < 0.05 = Reject Hy
Strong evidence Penn students drink more cof-
fee than the national average.
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07 Interpreting Significance

Key Concepts

® A “significant” result means our data are unlikely if Hy were true — not that
the effect is large or important.

® Report exact p-values and effect sizes, not just “significant” vs. “not

significant.”

Students drank an average of 3.2 cups/day, compared to the national mean of
2.8
(mean difference = 0.4 cups, p = 0.005, 95% CI [0.13, 0.67]).
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08 Statistical vs. Practical Significance

¢ Statistical significance: result unlikely due to chance (p < «).
® Practical significance: result is large or meaningful in context.

¢ Causal significance: result can be interpreted causally (requires experimental /
randomized design).

Type Example Interpretation

Statistical p =0.03 Evidence against Hy
Practical ~ Effect = 0.01 vs. 2.0 Magnitude matters
Causal RCT effect Can infer causality
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09 Testing Errors

Key Concepts

® Type | Error (a): rejecting a true null hypothesis (false positive).
® Type Il Error (/5): failing to reject a false null hypothesis (false negative).
® Power (1 — (3): probability of correctly rejecting a false null.

High power = a good chance of detecting an effect when it truly exists.
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RStudio Practice

Confidence Intervals & One-Sample t-test
See Lab7.Rmd / Lab7_1022.R



