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Using R: Chapter 9

Hypothesis Testing - Two Samples

Means - using raw data:

• Hypothesis Tests for Mean Differences: Paired Data t.test 2

• Hypothesis Tests for Two Means: Independent Data t.test 3

Proportions - using x’s and n’s:

• Hypothesis Tests for Two Proportions prop.test 4

Using Test Statistics

• Tests about Two Means pt and qt 5

• Tests about Two Proportions pnorm and qnorm 6
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Hypothesis Tests for Mean Differences: Paired Data - t.test
Here we do the first paired-differences example from Chapter 9.1. Consider the paired data below that
represents cholesterol levels on 10 men before and after taking a certain medication.

Cholesterol Levels in mg/dL mean s2 s
Before (x) 237 289 257 228 303 275 262 304 244 233 263.2 811.1 28.5
After (y) 194 240 230 186 265 222 242 281 240 212 231.2 864.0 29.4
d = x− y 43 49 27 42 38 53 20 23 4 21 32.0 238.0 15.4

t.test usage:
Test a claim about µd (the population mean difference). Below, mu is the value of µd in the null hypothesis.

• Two-Tailed Test: t.test(x, y, paired=TRUE, mu = ,)

• Right-Tailed Test: t.test(x, y, paired=TRUE, mu= , alternative="greater")

• Left-Tailed Test: t.test(x, y, paired=TRUE, mu= ,alternative="less")

Example 1: Test the claim that, on average, the the drug lowers cholesterol in all men. I.e., test the claim
that µd > 0. Test this at the 0.05 significance level.
Everything in red is typed by the user. Everything in blue is output to the console.

We can reject the null hypothesis and support the claim because the P -value (≈ 5.2 × 10−5) is less than the
significance level.
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Hypothesis Tests for Two Means: Independent Data - t.test
Here we test for a difference in means. We will do the first example in Chapter 9.2. Consider the data below
for cholesterol levels of 20 different men. Ten of them took the drug for a year and ten of them did not.

Cholesterol Levels in mg/dL mean s2 s
No Drug (x1) 237 289 257 228 303 275 262 304 244 233 263.2 811.1 28.5

Drug (x2) 194 240 230 186 265 222 242 281 240 212 231.2 864.0 29.4

t.test usage:
Test a claim about µ1 − µ2. Below, mu is the value of µ1 − µ2 in the null hypothesis.

• Two-Tailed Test: t.test(x, y, mu = ,)

• Right-Tailed Test: t.test(x, y, mu= , alternative="greater")

• Left-Tailed Test: t.test(x, y, mu= ,alternative="less")

Example 1: Test the claim that the mean cholesterol level for all men who use the drug is less than the
mean for those who do not use the drug. Assume both populations are normally distributed and use a 0.05
significance level. Everything in red is typed by the user. Everything in blue is output to the console.

We can reject the null hypothesis and support the claim because the P -value (≈ .0118) is less than the
significance level.
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Tests about a proportion using x and n using the prop.test function.

Usage: prop.test(c(x1,x2), c(n1,n2), correct=, alternate = ).

• x1 and x2 are the number of successes in sample 1 and 2 respectively.

• n1 and n2 are the sample sizes or number of trials.

• correct = TRUE (use a continuity correction factor) or FALSE (do not).

• alternate = ”two.sided” (default), ”less”, or ”greater”.

If you set correct=TRUE, your answers will vary from those given in the text but would generally be considered
more accurate. This function returns a lot of information that we don’t need. For our purposes we will be
focusing on the P -value.

Example 2 from Chapter 9.3: A popular cold-remedy was tested for it’s efficacy. In a sample of 150
people who took the remedy upon getting a cold, 117 (78%) had no symptoms one week later. In a sample of
125 people who took the placebo upon getting a cold, 90 (75%) had no symptoms one week later. The table
summarizes this information.

# who are Symptom Free total # proportion
group after one week (x) in group (n) p̂ = x/n

Remedy 117 150 0.78
Placebo 90 120 0.75

The Test: Test the claim that the proportion of all remedy users who are symptom-free after one week is
greater than the proportion for placebo users. Test this claim at the 0.05 significance level. Everything in
red is typed by the user. Everything in blue is output to the console.

We fail reject the null hypothesis because the P -value (.2812) is greater than the significance level. Therefore,
we can’t support the claim.
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Tests about Two Means with the Test Statistic
Once you have the test statistic for a test about means (either paired or independent) you can get the critical
values and P -values from the t-distribution using the qt and pt functions.

• Finding Critical Values: Here we use the qt function.

Usage: Critical Value = qt(area to the left)

– Left-Tailed Tests: tα = qt(α)

– Right-Tailed Tests: tα = qt(1 − α)

– Two-Tailed Tests: tα/2 = ±qt(1 − α/2)

• Finding P -Values Here we use the pt function.

Usage: P -value = pt(tx̄, df = , lower.tail = ).

– Left-Tailed Tests: P -value = pt(tx̄, df = n-1, lower.tail=TRUE)

– Right-Tailed Tests: P -value = pt(tx̄, df = n-1, lower.tail=FALSE)

– Two-Tailed Tests: P -value = 2 * pt( abs(tx̄), df = n-1, lower.tail=FALSE)
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Tests about two Proportions with the Test Statistic
If you have the test statistic for the difference in proportions by

Test Statistic = z =
(p̂1 − p̂2) − δp

SE
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)
then you can use the qnorm function to get the critical values of z or the pnorm function to get the P -value.

• Finding Critical Values: Here we use the qnorm function.

Usage: Critical Value = qnorm(area to the left)

– Left-Tailed Tests: zα = qnorm(α)

– Right-Tailed Tests: zα = qnorm(1 − α)

– Two-Tailed Tests: zα/2 = ±qnorm(1 − α/2)

• Finding P -Values Here we use the pnorm function.

Usage: P -value = pnorm(zp̂, lower.tail = ).

– Left-Tailed Tests: P -value = pnorm(zp̂, lower.tail=TRUE)

– Right-Tailed Tests: P -value = pnorm(zp̂, lower.tail=FALSE)

– Two-Tailed Tests: P -value = 2 * pnorm( abs(zp̂), lower.tail=FALSE)


