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Two-Sample Test Confidence Interval

Revisit One-Sample Test

How to choose the formula?

An equivalent method:

p = P
(
|Z| >

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ ) ≥ α
⇔ 2P

(
Z >

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ ) ≥ α
⇔ 2

[
1− P

(
Z ≤

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ )] ≥ α
⇔ P

(
Z ≤

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ ) ≤ 1− α/2

⇔
√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ ≤ z(1− α/2)
Some common used values: z(1− 0.05/2) = z(0.975) = 1.96,
z(1− 0.1/2) = z(0.95) = 1.645.
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Two-Sample Test Confidence Interval

Revisit One-Sample Test

Example (Chemical pH Testing): µ0 = 8.15, σ = 0.02, X = 8.26 and
n = 5. Then

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ = √5 ∣∣∣∣8.26− 8.15

0.02

∣∣∣∣ = 5.5 > 1.96

So we reject the null hypothesis with the significance level of 0.05.

When X = µ0, what is your decision?

With unknown variance, we can make the following comparison

√
n ·
∣∣∣∣X − µ0

s

∣∣∣∣ ≤ tn−1(1− α/2) (Accept H0)
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Two-Sample Test Confidence Interval

Revisit One-Sample Test

Example (Chemical pH Testing): µ0 = 8.15, σ = 0.02, X = 8.26 and
n = 5. Then

√
n ·
∣∣∣∣X − µ0

σ

∣∣∣∣ = √5 ∣∣∣∣8.26− 8.15

0.02

∣∣∣∣ = 12.3 > 1.96

So we reject the null hypothesis with the significance level of 0.05.

When X = µ0, what is your decision?

With unknown variance, we can make the following comparison

√
n ·
∣∣∣∣X − µ0

s

∣∣∣∣ ≤ tn−1(1− α/2) (Accept H0)
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Two-Sample Test Confidence Interval

Revisit One-Sample Test

For the one-tailed test

H0 : µ ≤ µ0 H1 : µ > µ0

We have similar result:

p = P
(
Z >

√
n · (X − µ0

σ
)
)
≥ α

⇔ 1− P
(
Z ≤

√
n · (X − µ0

σ
)
)
≥ α

⇔ P
(
Z ≤

√
n · (X − µ0

σ
)
)
≤ 1− α

⇔
√
n · (X − µ0

σ
) ≤ z(1− α) (Accept H0)
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Two-Sample Test Confidence Interval

Revisit One-Sample Test

Example (8.3e)
H0 : µ = 8 H1 : µ > 8

The variance is 4 and we get X = 9.5 with sample size of 5. What can
you conclude? (you can get rid of the Z-table) What if X = 7.5?

Derive the decision rule for

H0 : µ ≥ µ0 H1 : µ < µ0
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Two-Sample Test Confidence Interval

From One-Sample to Two-Sample

Unpaired Case:
H0 : µ = µ0 H1 : µ 6= µ0

⇓
H0 : µX − µY = 0 H1 : µX − µY 6= 0

With known variance:
X − µ
σ/
√
n
∼ N(0, 1)

X − Y − (µX − µY )√
σ2
x/nx + σ2

y/ny
∼ N(0, 1)

With unknown variance (equal):

X − µ0

s/
√
n
∼ tn−1

X − Y − (µX − µY )√
s2(1/nx + 1/ny)

∼ t(0, n+m− 2)

IEOR165 Discussion Sheng Liu 8



Two-Sample Test Confidence Interval

From One-Sample to Two-Sample
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Two-Sample Test Confidence Interval

Solution
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Two-Sample Test Confidence Interval

Basics

Point estimate vs. Interval estimate

Point estimate: a single value (our best guess)
Interval estimate: an interval that we believe the true value lies
within (How confident?)

Confidence interval is a frequentist method (credible interval for
Bayesian)

The meaning of confidence

We are 99% confident that the true value of the parameter is in
our confidence interval
If we repeat the experiment many times, the calculated
confidence interval will include the true value 99% of the time

Confidence level and significance level: when performing hypothesis
testing, a 95% confidence interval reflects a 5% significance level

When the confidence level encompasses µ0, we accept the null
hypothesis; otherwise we reject it.
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Two-Sample Test Confidence Interval

Example

Example (8.3e)
H0 : µ = 8 H1 : µ > 8

The variance is 4 and we get X = 9.5 with sample size of 5. What can
you conclude? (use 95% confidence interval)
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Two-Sample Test Confidence Interval
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