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Today’s Updates / Reminders

• PRWA #1 (Graph) – part 2 – closes at the end of the next class day.

– Recall that you should review each paper. If you just give it a 100 

thinking you’ll be a “generous grader” and help out your classmates, you 

will likely lose points since the accuracy of your grading depends on 

how you compare to your peer graders. Also being too harsh negatively 

impacts some students.

• Lab 5 using Excel is due on Friday.

• HW 6 is open and will be due end of the next class day.

• Any exam regrade requests must be received by Friday, March 6.

• STAT Hub is open for business! From 5:30-8pm, M-Th in SAS1101. You 

can park right in front of SAS if driving!
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1-sample mean CI 

by hand and with technology

How accurate are radon detectors of a type sold to 

homeowners?  To answer this question, university 

researchers placed 12 detectors in a chamber that 

exposed them to 105 picocuries per liter of radon.  The 

detector readings were as follows:

91.9 97.8 111.4 122.3 105.4 95.0

103.8 99.6 119.3 104.8 101.7 96.6
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1-sample mean test and CI 

by hand and with technology

Find a 90% confidence interval 

for the population mean.

The mean and standard deviation 

for this sample of 12 detectors are 

104.13 and 9.40, respectively.
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CI at C=90%

s= 9.4

n=12

df = 11

t*=?

Let’s build a 90 % CI 

Center: x̅ = 104.13

Margin of error: 𝒎 = 𝒕∗
𝒔

𝒏

90% confidence level; df = 11 t* = 1.796

CI:  

104.13

9.40
* 1.796 4.87

12

CI: 104.13 4.87 (99.26,109)
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radon.csv

https://hamrick.wordpress.ncsu.edu/radon/
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Click Dataset. Upload CSV from previous slide.

Click Inferential Statistics, One Sample t, 

Confidence Interval for μ, 90%

Right click and copy link from previous slide.

Data, Load, From File, On the Web, Ctrl V, 

comma delimiter

Confidence Interval for μ, 90%

Stat, T-Stats, One-Sample, With Data

Select “picocuries of radon”, Confidence 

Interval for μ, change “Level” to 0.90
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SPSS

• SPSS is an IBM product, but it is not free for students. I 

will show here just to give some exposure to different 

software and how others approach doing statistics.

Lecture 12
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Need to add test value to both:

(-5.7385 + 105 , 4.0052 + 105)
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Guidelines for One-Sample t-Test

• When is it OK to use the t procedures?

Lecture 12

Sample size Use t procedures

n < 15 if your data looks like a Normal distribution

(you can check this with a Normal Quantile Plot)

15 ≤ n < 40 except in the presence of outliers or 

strong skewness. Some skewness is ok!

n ≥ 40 except in the presence of outliers, ok even if data are very 

skewed.

Use different procedure

Investigate the cause: data 

wrongly recorded, equipment 

malfunction, response bias
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Z vs. T
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Objectives

➢ Learn how to perform a test of significance (or hypothesis test)

➢ Describe the four steps to follow in any significance test

➢ Define what is the null hypothesis and the  alternative hypothesis 

➢ Describe a common form for the test statistic

➢ Define what is a P-value and a significance level

➢ Learn how to draw a conclusion from a significance test based on 

the P-value and the significance level

➢ Describe the relationship between a two-sided significance test and 

a confidence interval
Lecture 12
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Statistical

inference

POPULATION

SAMPLE

statistic 

parameter

Confidence Interval 

to estimate or infer the 

value of the parameter 
(You have no clue of the value 

of the parameter, so you build 

an interval to estimate it)

Significance Test to infer 

the evidence of a claim 

regarding the parameter
(There is a certain value of the 

parameter that you want to test)  
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Tests of Significance
• When will a significance test be useful?

– You have been told that the average grade in a certain course (population mean) is 60/100. 

You take an SRS of students taking that course and collect the grades of all of them.  You 

calculate the statistic: sample mean and obtain 90/100. This looks like a pretty high grade! 

– Assuming that μ = 60, is this x̅ = 90 just a rare case?

– How rare is it? Is there any evidence that maybe the average grade of the course is larger 

than 60/100?

• The statement being tested is that the mean of the population μ (parameter) is 60 → Null 

Hypothesis

• The significance test is designed to assess the strength of evidence against the null hypothesis. 

Lecture 12
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First step in a test of significance:
State a claim that we’ll try to find evidence against → Null Hypothesis 

State an alternative statement we suspect is true → Alternative Hypothesis

H𝟎 (Null Hypothesis): Statement being tested. It is about the population parameter.

(μ = μ₀, μ₀ is the test value)   

(Alternative Hypothesis): Statement we suspect is true instead of H𝟎. 

It is also about the population parameter.

H𝒂

H𝒂

One-sided: Parameter differs from its null hypothesis  

value in a specific direction (μ < μ₀, or μ > μ₀ )   

Two-sided: Parameter differs from its null hypothesis 

value in either direction (μ ≠ μ₀)
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One-sided hypothesis tests would be:
H0:   = 60 H0:   = 60
Ha:   > 60 Ha:   < 60

A two-sided hypothesis test uses a ≠ sign:
H0:   = 60
Ha:   ≠ 60
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Steps in Significance Test

Lecture 12

1. State the null and alternative hypothesis

2. Calculate a test statistic to measure the compatibility between the null hypothesis 
and the data.

3. Calculate the probability of the estimate (the statistic you measured from the 
sample) under the null hypothesis (P-value). 

4. State a conclusion regarding evidence against the null hypothesis. Determine the 
required significance level, α. Reject the null hypothesis, H0, if the p-value is LESS 
than the critical value. FAIL TO REJECT the null hypothesis, H0, if the p-value is 
greater than α.

→ Let’s go over 1 with examples and then show to calculate 2, 3 and 4
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Hypothesis Test Examples
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• Null hypothesis, H0 – this is status quo. Before somebody proved that smoking causes cancer, 
the null hypothesis was what everybody assumed to be true up to that point, “Smoking has no 
effect on cancer.” 

– In statistical terms, we would state that the proportion of girl births equals 50%. 

– We would state that the mean fuel economy of some car is equal to what is stated by the 
car manufacturer. 

– We would state that your favorite bar stores their beer at the ideal temperature of 41°F. 
Symbolically:

• H0: p = 0.5 (proportion of girl births is 50%)

• H0: μ = 35 miles per gallon (fuel mileage as stated by the car 
manufacturer)

• H0: μ = 41°F (ideal beer temperature)
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Hypothesis Test Examples

Lecture 12

• Alternative hypothesis, Ha (sometimes H1) – this is what we are trying to prove that is 

different from common knowledge. We wish to prove that smoking DOES cause cancer. 

In mathematical terms, we use >, <, or ≠. We may wish to prove that the proportion of 

girl births is greater than 50%. If we are trying to disprove the car company, we would 

say the mean fuel economy is less than what it stated by the manufacturer. We would 

state that your favorite beer is storing the beer either too cold or too hot. Symbolically:

• Ha: p > 0.5 (proportion of girl births is greater than 50%)

• Ha: μ < 35 miles per gallon (fuel mileage is less than what 

was stated by the car manufacturer)

• Ha: μ ≠ 41°F (the beer is either too cold or too hot)
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Step 2: Test Statistics

Lecture 12
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One Sample Z Test for a Population Mean: we want to test whether we have 
evidence against the mean of the population having a certain value, assuming 
that we know the population’s standard deviation σ.

H0: μ=μ0 (Null Hypothesis)

From a sample of size n we measure the sample mean x̅ (estimate).   

To assess how far is the estimate from the hypothesized value, 

we standardize. In general, a test statistic will be:

estimate - hypothesized value
Test-statistic

standard deviation of the estimate
=
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Based on the Central Limit Theorem:

Then, the Z test-statistic is:

0 approx ( , )X N
n




0estimate - hypothesized value

standard deviation of the estimate

x
z

n





−
= =

Hypothesized value of 

the population mean

We use Z test-statistic when we know σ, the population std dev.



ST 370

Step 3: P-value
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P-value: It is the probability (assuming        that the test statistic 

would take a value as extreme or more extreme than the actually observed 

(remember                      

If a P-value is small (i.e. close to 0), it means that the probability of observing 

that difference between the estimate     and the hypothesized value is small; 

i.e. it is very rare to measure an estimate that is that different from the 

hypothesized value→ the data is providing strong evidence against             

If a P-value is large (i.e. close to 1), then it is not rare to measure an estimate 

that is that different from the hypothesized value       → there isn’t enough 

evidence against 

H𝟎 true) 

𝜇0

H𝟎

H𝟎

0 ≤ P−value ≤ 1 )

x
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The P-value we calculate depends on the alternative hypothesis!! 
(We’ll use the Standard Normal Table to calculate P-values for 

z-Tests; σ is known )

0H : ( )

                        1 ( )

a P Z z

P Z z

  → 

= − 

0H : ( )a P Z z  → 

0H : 2 ( | |)

2 ( | |)

a P Z z

P Z z

  → 

 −

z

z

|z|

(One-sided Ha)

(One-sided Ha)

(Two-sided Ha)

Remember z is the test statistic calculated in step 2! 
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Step 4: Conclusions
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4th Step: State a conclusion regarding evidence against 

the null hypothesis

Compare the P-value to a fixed value that we regard as 

decisive → Significance Level

Significance Level     : Decisive value that announces in 

advance how much evidence against      we will require 

to reject it. Typical values for α are 0.05 (it’s the default), 

0.01, 0.1, etc.

𝜶
H𝟎



ST 370

Lecture 12

If the P-value is as small or smaller than α, we say that the data are 

statistical significant at level α → we have enough evidence to reject H𝟎

P-value

>  ≤ 

Do not reject H0 Reject H0

Important: If the problem doesn’t state the value of α, we consider α = 0.05!!

The smaller the α the stronger the evidence to reject H₀: If α = 0.01, you’ll need P-val ≤ 0.01 to reject the null; 
if α=0.05, you’ll only need P-val ≤ 0.05 to reject the null. 

We do not have enough evidence 

against H₀. We do not have enough 

evidence in favor of Hₐ

We have enough evidence against H₀. 
We have enough evidence in favor of Hₐ
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Accept H𝟎

WARNING!
P−value > 𝛂 does not mean we accept H𝟎

We cannot prove or accept H𝟎 with this kind of test

We can only reject H𝟎 in favor of H𝐚
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A theory predicts that the average size of spiral galaxies 

(like the Milky Way) is 50,000 light years (diameter). 

A research group selected a SRS of 50 spiral 

galaxies from a catalog containing data of spiral galaxies in the neighborhood 

of the Milky Way. They concluded in their study that the sample average was 

51,600 light years. Assuming that the std of the population is σ=4,000 light 

years, conduct a significance test to see if there is evidence that the true 

population mean is more than the value predicted by the theory (the claim). 

(Use α=0.01)

Hypothesis Test #1

Lecture 12

Universetoday.com M101
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0

0

50,000

z



=

=

2.83

51,600

z

x

=

=

P-value = 0.0023

Distribution of  x̅

Distribution of test-statistic
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Hypothesis test #2

In a recent publication a claim was made that the average amount of candy 

eaten per year by children between five and eight years old in the country is 10 

lbs. A stratified random sample of 50 children within that age group was 

gathered in order to check the evidence for that claim. The study showed the 

average amount of candy eaten per year was 9.3lbs. Given a σ=2 lbs, perform 

a significance test to determine whether there is any evidence that the average 

amount of candy eaten per year by children 5-8 years old is smaller than 10 

lbs. Assume α=0.03.

Indianapublicmedia.org

Lecture 12
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1

2

3

4
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0

0

10

z



=

=

2.47

9.3

z

x

= −

=

P-value = 0.0068

Distribution of X̅

Distribution of test-statistic

Lecture 12
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Hypothesis test #3

Newspapers reported that within the county school system, the average time 

spent per week by first graders doing HW is 50 minutes. Such a claim started 

several discussions and before taking any further steps the school system 

decided to initiate its own study. A SRS of 40 first graders registered in that 

school system were selected, and their parents/guardians were asked to 

report the number of minutes per week that the student spent doing HW. The 

average time/week out of that sample was 55 minutes/week. If σ=10 

minutes/week, perform a significance test, at the 10% significance level, to 

establish whether there is any evidence that the mean of the population is 

different from 50 minutes/week.

Lecture 12
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1

2

3

4
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0 3.16z =3.16z = −

P-value = 0.0016

Lecture 12
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Another way of performing a significance test: 

Using a confidence interval to draw a conclusion

about a hypothesis test.

To do that you need two things:

1. Your alternative hypothesis from the test must be two-

sided (has a ≠)

2. Your confidence level and your significance level add 

to 100%  (Example: 0.1(10%) ;C=90%) =

Lecture 12
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How do we use a confidence interval (CI) to draw a 

conclusion about a Hypothesis Test (HT)?

Is the test value from null hypothesis (µ₀) contained 

in the CI?

Yes No

Do not reject H0 Reject H0

You need to ask yourself the following 

question:

Lecture 12
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Hypothesis test #3 – HW example 

Find the 90% C.I. for the mean time/week spent by first 

graders in the county school system doing HW. 

( )

*

*

*

CI x m;     x=55;    z ;

Use bottom part of t-Table (Table D):

z 1.645  (for C=90%); =10; n=40

10
margin of error   z 1.645 2.6

40

confidence interval (52.4 , 5, (55 2.6 , 55 2.6 6) 7. )

m
n

m
n

x m x m







→  =

=

→ = = =

→ − + = − + =

0H : 50

H : 50

at  = 0.1, we rejected the null.

a







=



Lecture 12
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Another way of thinking about the relationship 

between CI and HT

Suppose you are told:

H₀: μ = 37

You gather a SRS and build a 95% CI.

CI: [34.61, 39.12]

What would be the conclusion of a HT based on this CI? What is the significance level that 

you should consider?

Lecture 12


