VANDERBILT
School of Engineering

CE 3300-01 — RISK, RELIABILITY, AND
RESILIENCE ENGINEERING

Hypothesis Testing
Book Reference: Chapters 6 — 6.3.1, 6.3.2 (examples 6.5 and 6.6)

TA: Mohamad Kazma March 25th-26th 2025 Instructor: Dr. Hiba Baroud



Today: Hypothesis Testing

\/

Lower Bound ,
, Do not reject Hyg
Reject Hyp

Upper Bound
Reject Hy




Hypothesis Testing— Learning Objectives

\/

* Construct a hypothesis test
* Apply the critical and p-value approaches

* Test the hypothesis for population parameters



Recall: How to estimate a population parameter?

Given a statistical model of a population, a point estimate is a value used to
estimate a model parameter.

1. Select a random and representative sample.
2. Collect information from members of the sample.
3. Calculate the value of the sample statistic of interest.

4. Assign values to the population parameter.



How to “assign” values to the population parameter?

Point Estimate Interval Test

Confidence level:
(1-—a)%
_ Significance level: %
T — U
u>770 7

_ Point Estimate p] 7& O ‘?
r=mnp=LUu + margin of error | , |

Confidence Interval

r ~ Bin(n, p)

Read: Chapter 6 — 6.2.1 5



What is a Hypothesis Testing?

A hypothesis is a statement regarding a parameter (or parameters) of the

population.

Hypotheses

H ,: null hypothesis

* A statement about a population
parameter that is assumed to be
true until declared false

H, : alternative hypothesis

* A statement about a population
parameter that will be assumed
true if the null hypothesis is
found to be false

Claim

e.g., Nashville officials claim a
particular unemployment
rate, does a sample verify this
claim?

Decision

e.g., In a jury trial, we assume
a person is innocent until
guilt is proven



The Decision: Falling in the rejection region \/

Notes:
- NEVER “accept the null”

- The null hypothesis is assumed to be true at first, we either reject it or we don't
- The sample data is the amount of evidence we have to make a decision

Region of nonrejection
(or acceptance)

Critical values

Region of
rejection

Region of
rejection

Y

- e

Figure 6.6 Regions of rejection and acceptance page: 260



More on the decision: The approach

A hypothesis is a statement regarding a parameter (or parameters) of the
population.

Two-Tailed Test: a = 0.05

Critical value approach

* Determine c-value based on
a - Do ot reject Ho

* Compare c-value and test T oememeow
statistic (Z,) k

90%

Reject Hp

p-Value approaCh Do not reject Hy EZO ;Zﬂ

[ J Determine the probabi]ity in One-Tailed Test: p-value Visualization :
the tail based on the test
statistic

* Compare p-value and «




Critical value approach

1.

2.

State the null and alternative hypotheses

Select the distribution to use (similar conditions used in the confidence
interval) and determine the rejection and non-rejection regions

Calculate the value of the test statistic
Determine the critical values (c-values)
Compare the test statistic and c-values

Make a decision



Test statistic — Hypothesis testing for the mean

\/
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p - value approach

\/

1.

2.

State the null and alternative hypotheses
Select the distribution to use (similar
conditions used in the confidence interval) and
determine the rejection and non-rejection
regions

Calculate the value of the test statistic
Calculate p-value

Compare p-value and «

Make a decision

Do not reject Hp (a = 0.05, p = 0.25)
I




Example 1 — Long-distance Calls

oc=265 =13.711 a=2% n = 150

A Telephone company provides long-distance telephone service in an area.

According to the company’s records, the average length of all long-distance calls placed
through this company in 2004 was 12.44 minutes.

The company sampled 150 calls and found a mean length of 13.71 for this sample. The
standard deviation of all such calls is 2.65 minutes.

Using the 2% significance level, can you conclude that the mean length of all current long-
distance calls is different from 12.44 minutes?

u=pu, — H,: u=12.44mns
u# e — Hyi:p#12.44mns
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Example 1 — Continued \/

Z-dist because o is known

o=2650 =13.71 o=2% S
PR ER G BT RY S
—
uw=pu, = H,: u=12.44mns 2.65
£ e — Hy:p # 12.44mns \-igg

Two-Tailed Test: 98% Confidence Level (a = 0.02)
T

Find critical z-values for a = 0.02 (two-tailed)

Since z, = 5.87 > 2001 = 2.33, 7
—> we reject the null hypothesis.

Reject the null hypothesis. i
The average long-distance call is not equal to 12.44 ]
minutes even though that was the average through 2004. ™
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Example 1 — Continued \/

Z-dist because o is known

oc=265 T=13.7T1 a=2% A
Ly = 1BTI0240 g gr
u=p, — H,: pu=12.44mns 2.65

uw# o — Hy:p # 12.44mns

Calculate p-value and compare to alpha

— p-value
=2x P(Z, > 5.87)

—92x107°

T T =587 T T T T T T T T

— p-value < «
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Example 2 — Pipe Coatings

A galvanized coating process is used to coat large pipes. The coating process could lead to
too much weight on a pipe.

Production standards call for a true average weight of 200 1b. per pipe.
Based on the descriptive statistics of a sample of 30 pipes, is there a concern about the extra
weight at the 90% confidence level?

o = 10% XNT(H}ﬁ)

Variable N Mean Median StDev

ctyg wt 30 206.73  206.00  6.35 ¥ S Ho — H{} v/ S 200
_}.
— > o — Hy t > 200

> Coating weight

I | I I
190 200 210 220
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Example 2 — Continued \/

o = 10% XNT( ,i)
X o un t -dist because o is unknown

w=pu, = H,: u <200 — L _ 20673200 _ 5 g
M#[LG—}HIZM,\/QOO V30

One-Tailed t-Test: 90% Confidence Level (o = 0.10)
T

0.40 1 Confidence Region (0.90)
[T Rejection Region (0.10)
0354 == t,=5.80

Find critical t-values for a = 0.1 (one-tailed) 030 E
Since t, = 5.80 > 1.31, we reject the null hypothesis. 0.25- E
There is evidence that the average pipe weight exceeds 200 Ib . £o2; !

0:10 E
Reject the null hypothesis. bos I
There is concern about the extra weight. too e
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Example 2 — Continued

Calculate p-value and compare to alpha

T-distributi P(T' <5.8) > 0.999
-distripution =  P-value < 0.0001

where P(T < 5.8)

Using R
el @ H(5.2,29) = 1.8¢ — 06




Summary: Hypothesis Testing

\/

Things to keep in mind:
* Equality is in the null

* Don't “accept” a null (either reject or do not reject)
» Setting up the hypotheses is critical

QHypothesis testing for the proportion

_ p—p
1, = =

) \/( Pﬂ(l_Pﬂ))

Two-Tailed Left-Tailed Right-Tailed
Test Test Test
Sign in the null
hypothesis H - = or 2 =ors
Sign in the alternative 2 < S
hypothesis H;
In the left In the right

Rejection region

In both tails

tail

tail
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Example 3 —-Computer Sales (Left-tailed Test)

A company sells computers and computer parts by mail.

The company claims that at least 90% of all orders are mailed within 72 hours after they are
received.

The quality control department at the company often takes samples to check if this claim is
valid. A recently taken sample of 150 orders showed that 129 of them were mailed within
72 hours.

Do you think the company’s claim is true? Or is the percentage of orders mailed within 72
hours less than 90%? Use a 2.5% significance level.

a = 0.025, n = 150, N > po — Hy:pp 209

p=12=0.86, p,=0.9 u<po— Hy:pu<0.9
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Example 3 — Continued \/

a = 0.025, n = 150, w>u, — Hy,:pu>0.9
_}.
p= 120 =0.86, p, =0.9 n< po— Hy:pu<0.9
Find critical z-values for a = 0.025 (one-tailed) Calculate p-value and compare to alpha
., P — Po _ 0.86 — 0.9 — p-value = P(z < —1.63)
° \/pc,(l_po) \/ 0.9%0.1 — 1 —0.948 = 0.0516
n 150

p-value > «
= —1.63 —

—> For a = 0.025, the left-tailed critical z-value is zo, = —1.96
z=—1.63 > —1.96 = Do NOT reject Hy

Do not reject Hy
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Example 4 — Engine Water \/

The amount of wear (in 0.0001 inches) after a fixed mileage was determined for each of n =8
internal combustion engines having copper lead as a bearing material, resulting in x =3.72

and s =1.25.
Test at the 95% confidence level whether the average amount of wear is more than 3.50.

- Sample size: n = 8

- Sample mean: T = 3.72

- Sample standard deviation: s = 1.25

- Test value: pg = 3.50 - Confidence level: 95% = Significance level o = 0.05
- Hypothesis type: One-tailed (right)

uw<pu, —H,:nu<3.5
w> o —> Hi:pu>3.5

_>
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Example 4 — Continued \/

Calculate p-value and compare to alpha w<p,—>H,: u<3.5
Small sample size, assume population follows a normal distribution > po— Hy:p>3.5
Use the t-distribution since o is unknown.

X - IJ;U 3 . 72 - 3 . 5 OneTailed tTest: p-value vs.

tog = = = 0.49 | i = e
0 s / \/ﬁ, 1.95 / \/g ' ety

0.30 4

p— value = P(T > 0.49)
=1— pt(0.49,7) ©

0.10

f=n—-1=8-1=7 w

Accept the null hypothesis.
Do not reject the null hypothesis. Although the sample average is greater than 3.5, the true

average amount of wear is less than or equal to 3.5. 0
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