Statistics 528 - Lecture 23

Confidence Intervals and Hypothesis Tests
in Minitab

1. Use Minitab to get descriptive statistics and then use formulas.

2. Use Minitab directly to compute confidence intervals and perform
tests: Stat => Basic Statistics=> 1-Sample Z

Note: Thisfunction isfor computing confidence intervals and hypothesis
testsof , the population mean, assuming the population standard
deviation is known. (Section 6.1 and Section 6.2)
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Stat => Basic Statistics => 1-Sample Z
« Variables: enter column of data
e Sigma: known value of the population standard deviation

* Test Mean: value of mean under the null hypothesis (H,)
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Click on Options box

Confidence level: level C of confidence interval or level (1- ) of a
hypothesis test

Alternative: form of alternative hypothesis
* Notequal =>H,; m
* Lessthan=>H, <m

« Greaterthan=>H; >m

Note: you need to select not equal asthe alternative to calculate an equal
tails confidence interval (like the ones we' ve been doing).
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t-Tests

Previoudly, when making inferences about the population mean, m we
were assuming:

1. Our data (observations) are an SRS of size n from the population.

2. The observations come from a normal distribution with parameters m
and s.

3. The population standard deviation s is known.
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To perform statistical inference, we were using the test statistic (one-
sample z statistic):

X-n
z= 2
7
Jn
which has anormal distribution. This holds approximately for large
samples even if assumption 2 is not satisfied. Why?

CENTRAL LIMIT THEOREM
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Issue: In amore realistic setting, assumption 3 isnot satisfied. That is,
is unknown.

In morereadlistic situations where  is unknown, we can use the sample
standard deviation, s, as an estimate of the population standard
deviation, s.

N P
S—\/n_liﬂ(& X)

s/+/n iscalled the standard error of the sample mean.

Statistics 528 - Lecture 23
Prof. Kate Calder




Statistics 528 - Lecture 23

When making inferences about the population mean /mwith s unknown,
we use the one-samplet statistic:

Note: We are still assuming that assumptions 1 and 2 are satisfied.
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Question: What is the distribution of a one-samplet statistic?

Answer: It hasat distribution. (Note: ItisNOT normally distributed.)

We specify a particular t-distribution by giving its degrees of freedom
(d.f.). When we are using the one-sample t-statistic, the degrees of
freedom are equal to n-1, where nisthe sample size. Thereisa
different t-distribution for each sample size.
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Question: How does t-distribution compare with normal distribution?

Thet-distribution is similar in shape to the standard normal distribution:

1. Symmetric about zero
2. Unimodal

3. Bell-shaped
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* The spread of at-distribution islarger than that of a standard normal
distribution. That is, thereis more probability in the tails of at-
distribution.

» This makes sense because the t statistic should have more variability
than the test statistic z that we used in Chapter 6.

e Thereisadded variability in the t statistic since it uses s, an estimate of
s, rather than aknown, fixed value of s.
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* Notation: t, or t(k) represents the t-distribution with k d.f.

+ Asthed.f. kincreases, the t, distribution approaches the N(0,1)
distribution. Asthe sample size increases, s estimatess more
accurately, so thereislittle extra variation.
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Finding Areas Under thet Distributions

* Weuse Table Cto find areas under thet distributions. Note: Table C
works very differently from Table A.

« TableC givescritical values of t-distributions for various d.f.

* The numbersin the middle of the chart are values from t distributions.
Each row corresponds to a t-distribution with the degrees of freedom

given at the beginning of the row. The numbersin the top row are
right tail areas.

Areas under t distributions can also be found using Minitab: Stat =>
Probability Distributions=>t
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Example: If we go across the row for nine degrees of freedom and down
the column for an area of .05, we get at value of 1.833. That means

that for at, distribution the area under the curve to the right of 1.833 is
0.05.

Note: There are no negativet valuesin the table. To get the areato the

left of a negative t-tatistic, take advantage of the symmetry of the
distribution.
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Inference Proceduresusing thet Statistics

We use the t distributions to do the same types of inferences we did in
Chapter 6 (confidence intervals and hypothesis tests). The procedures
are very similar to what we learned in Chapter 6, only we replace the
s’'swiths'sand zZ'swith t’s.

Both confidence intervals and hypothesis tests can be performed using
Minitab: Stat => Basic Statistics => 1-Samplet

Thisfunction isamost identical to the 1-Sample Z function.
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Confidence Interval for mwhen s isUnknown

A (1-a) confidence interval for /mis given by

)_(it*i/\/ﬁ

where t* isthe upper a/2 critical value for thet_, distribution, i.e. the area
between —t* and t* is 1-a.
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Example: A nationwide chain of electronics stores wishes to know the
average income of the households in Franklin County before they
decide to build a new store here. A random sample of 21 householdsis
taken and the income of these sampled households turns out to average
$35,000 with a standard deviation of $15,000. Give a 90% confidence
interval for the unknown average income of households in Franklin
County.
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X = $35,000

- 35,000+ (1.725)(15000
s = $15,000 , (L.725)( @)
n=21 = (29354,40646)
d.f.=20
t* =1.725
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Stepsfor Doing Tests of Significance about mwhen s isUnknown
1. State the null and the alternative hypotheses.

2. Cdlculate the one-sample t statistic (assuming H, to be true):
_X- n

~s/vn

3. Cdculate P-value and use it to draw conclusion.

t

Note: This procedureis known asthe at test.
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« Exact p-values cannot be obtained using Table C, but can be obtained
using Minitab. To approximate p-values using Table C, locate the row
corresponding to the n-1 degrees of freedom. Go across until you find
the critical valuesthat your test statistic falls between. Use the
corresponding upper tail probabilities at the top of the table to calculate
an interval in which the p-value falls.

Note: Remember to ONLY look in the row for the degrees of freedom
that correspond to your sample size.
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Example: Suppose testing Hy: m=0vs. H_; m> 0 yields a one-sample t
dtatistic of 1.82 from a sample of size 15.

* What are the degrees of freedom for this statistic?
d.f.=14

e Givetwo critical valuest* from Table C that bracket t. What are the
right-tail probabilities for these two entries?
1.82 falls between 1.761 and 2.145. Therefore the areato the right
of 1.82 is between .025 and .05.
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» Between what two values does the P-value fall?
Since thiswas aone-sided > test, theright tail probability isthe
p-value. The p-valueis between .025 and .05.

o Ist=1.82 datigtically significant at the 5% level? At 1%?
Thetest issignificant at the 5% level, but not at the 1% level.

Statistics 528 - Lecture 23 21
Prof. Kate Calder

Example: The National Center for Health Statistics reports that the mean
systolic blood pressure for males aged 35-44 yearsis 128. The medical
director of alarge company looks at the medical records of 21
executives in this age group and finds that the mean systolic blood
pressure is 127.07 and standard deviation is 15 in this sample. Isthere
evidence that the company’ s executives have a different mean blood
pressure than the general population?
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State the hypotheses:
Hy =128 H,. 128

Calculate the t statistic:

X-n, 127.07-128 _

= - 0.28
T

t =
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Estimate the p-value and state the conclusion of the test:

The degrees of freedom is 20. Look to see where 0.28 fallsin the row
for 20 d.f.

— It'soff the chart!
— Theareato theleft of -0.28 islarger than 0.25
— Our p-valueislarger than 2 x 0.25=0.50

— Wedo not regject thenull. We do not have evidence that this
company’s executives have different blood pressure.
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Cautions about Using thet Procedures

If the sample size is less than 15 and the data are close to normal, it is

okay to use thet procedure. Do not useit if the data are clearly
nonnormal and/or if outliers exist.

If thesample sizeis3 15itisok to usethet procedure unless outliers

or strong skewness exists.

If thesample sizeis3 40it isokay to usethet procedure even if
strong skewness exists.
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