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« A scientist might want to know whether the earth is
warming up.

* A physician might want to know whether a new
medication will lower a person’s blood pressure.

« An educator might wish to see whether a new
teaching technique is better than a traditional one.

« A retail merchant might want to know whether the
public prefers a certain color in a new line of fashion.

« Automobile manufacturers are interested in
determining whether seat belts will reduce the severity
K of injuries caused by accidents.
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« Suppose in a school overall mean score for the SAT
is 910

« Furthermore, suppose that, for a sample of students,
the average of the SAT scores in a school district is
960

« Can we conclude that the students in this school
district scored higher than average?

« At first glance, you might be inclined to say yes, since
960 is higher than 910

« But the question arises, Is there a real difference in
the means, or is the difference simply due to chance

K (i.e., sampling error)? J
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* These types of questions can be addressed through
statistical hypothesis testing, which is a decision-
making process for evaluating claims about a population.

 Define the population under study,

State the particular hypotheses that will be
investigated,

Give the significance level,

Select a sample from the population,
Collect the data,

Perform the calculations required for the statistical

k test, and reach a conclusion /
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« There are two specific statistical tests used for
hypotheses concerning means:

 the z test and the t test

» The three methods used to test hypotheses are
 The traditional method
¢ The P-value method

* The confidence interval method
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« Every hypothesis-testing situation begins with the
statement of a hypothesis.

« A statistical hypothesis is a conjecture
(speculation) about a population parameter. This
speculation (conjecture) may or may not be true.

» There are two types of statistical hypotheses for
each situation:

* The null hypothesis

« And the alternative hypothesis
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» The null hypothesis , symbolized by H,, is a
statistical hypothesis that states that there is no
difference between a parameter and a specific
value, or that there is no difference between two
parameters.

» The alternative hypothesis , symbolized by H,, is
a statistical hypothesis that states the existence of
a difference between a parameter and a specific
value, or states that there is a difference between
two parameters.
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A medical researcher is interested in finding out
whether a new medication will have any undesirable
side effects on the mean pulse rate (82 beats/min) of
the patients who take the medication. Will the pulse
rate increase, decrease, or remain unchanged after a
patient takes the medication?

null hypothesis: the mean will remain unchanged
alternative hypothesis: it will be different.

This test is called a two-tailed test, since the possible
side effects of the medicine could be to raise or lower
the pulse rate.
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« A chemist invents an additive to increase the life of an
automobile battery. If the mean lifetime of the
automobile battery without the additive is 36 months,

« In this case the null hypothesis is that the mean is
less than or equal to 36 months.

« In this situation, the chemist is interested only in
increasing the lifetime of the batteries, so the
alternative hypothesis is that the mean is greater than
36 months.

» This test is called right-tailed, since the interest is in
an increase only.
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A contractor wishes to lower heating bills by using a
special type of insulation in houses. If the average of
the monthly heating bills is $78, her hypotheses about
heating costs with the use of insulation are?

This test is a left-tailed test, since the contractor is
interested only in lowering heating costs.

University of Wisconsin»Minaukee/

Quantitative Analysis in Geography-
2. Steps in Hypothesis Testing—\
Traditional Method

The null and alternative hypotheses are stated
together, and the null hypothesis contains the equals
sign, as shown (where k represents a specified

number). Two-tailed test Right-tailed test Left-tailed test
Hop=k Hyp=k Hep=k
Hip+k Hip>k Hip<k

To state hypotheses correctly, researchers must
translate the conjecture or claim from words into
mathematical symbols. The basic symbols used are
as follows:

Equal to Less than

Not equal to # Greater than or equal to
>

K Greater than Less than or equal to /
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Table 8-1  Hypothesis-Testing Common Phrases

> <
Is greater than Is less than
Is above Is below
Is higher than Is lower than
Is longer than Is shorter than
Is bigger than Is smaller than
Is increased Is decreased or reduced from
= =
Is greater than or equal to Is less than or equal to
Is at least Is at most
Is not less than Is not more than
= #
Is equal to Is not equal to

Is exactly the same as
Has not changed from
Is the same as

Is different from
Has changed from
Is not the same as
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State the null and alternative hypotheses for each
conjecture.

1. A researcher thinks that if expectant mothers use
vitamin pills, the birth weight of the babies will
increase. The average birth weight of the population
is 8.6 pounds.

2. An engineer hypothesizes that the mean number of
defects can be decreased in a manufacturing
process of compact disks by using robots instead of
humans for certain tasks. The mean number of

K defective disks per 1000 is 18.
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3. A psychologist feels that playing soft music
during a test will change the results of the test.
The psychologist is not sure whether the grades
will be higher or lower. In the past, the mean of
the scores was 73

After stating the hypothesis, the researcher
designs the study. The researcher selects the
correct statistical test, chooses an appropriate
level of significance, and formulates a plan for
conducting the study.
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* There are five steps for solving hypothesis-testing
problems:

» Step 1: State the hypotheses and identify the
claim

» Step 2: Find the critical value(s)
« Step 3: Compute the test value

» Step 4: Make the decision to reject or not reject
the null hypothesis

» Step 5: Summarize the results
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Example
A researcher reports that the average salary of
assistant professors is more than $42,000. A
sample of 30 assistant professors has a mean
salary of $43,260. At a 95% significance level ( =
0.05), test the claim that assistant professors earn

more than $42,000 a year. The standard deviation

K of the population is $5230. /
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» A statistical test uses the data obtained from a
sample to make a decision about whether the null
hypothesis should be rejected.

* The numerical value obtained from a statistical
test is called the test value.

* The mean is computed for the data obtained from
the sample and is compared with the population
mean.

« If the difference is significant, the null hypothesis
is rejected. If it is not, then the null hypothesis is
not rejected.
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 In the hypothesis-testing situation, there are four
possible outcomes.
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« Atypel error occurs if one rejects the null
hypothesis when it is true.

« Atype Il error occurs if one does not reject the null
hypothesis when it is false.

Hy: The defendant is
innocent.

H,: The defendant is not
innocent.

The results of a trial can

@ shown as:
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The decision to reject or not reject the null hypothesis
does not prove anything. The only way to prove
anything statistically is to use the entire population,
which, in most cases, is not possible.

The decision, then, is made on the basis of
probabilities. That is, when there is a large difference
between the mean obtained from the sample and the
hypothesized mean, the null hypothesis is probably not
true.

The question is, How large a difference is necessary to
reject the null hypothesis? Here is where the level

of
significance is used. J
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A one-tailed test indicates that the null hypothesis should be rejected when the test
value is in the critical region on one side of the mean. A one-tailed test is either a right-
tailed test or left-tailed test, depending on the direction of the inequality of the
alternative hypothesis.
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YN

Noncritical region

One tailed test when the greater than ( >) symbol is used
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Critical Noncritical region
region '\

|
0.01 ~

1 |
-2.33 0

One tailed test when the less than ( <) symbol is used
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Two tailed test

k University of Wisconsin»Minaukee/

v

Quantitative Analysis in Geography-
3. ztest for a Mean \

» ztest, used to test for the mean of a large sample

» Test value = observed value - expected value
standard error

» Observed value = the statistic (such as the
sample mean)

» Expected value = the parameter (such as the
mean) the hypothesized value.

« Standard error = in this case, the standard error of

the mean
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Statisticians usually test hypotheses at the common

levels of 0.05 or 0.01 and sometimes at 0.10.
Besides listing an  value, many computer statistical
packages give a P-value (Table E in Appendix C) for
hypothesis tests.

First find the area under the standard normal

distribution curve corresponding to the z test value;

then subtract this area from 0.5000 to get the P-value

for a right-tailed or a left-tailed test.

To get the P-value for a two-tailed test, double this

area after subtracting. J
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A researcher wishes to test the claim that the average age
of lifeguards in Ocean City is greater than 24 years. She
selects a sample of 36 guards and finds the mean of the
sample to be 24.7 years, with a standard deviation of 2
years. Is there evidence to support the claim at =0.05?
&Jse the P-value method. /
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When the population standard deviation is unknown
and the sample size is less than 30, the z test is
inappropriate for testing hypotheses involving means.
In the above case, a different test, called the t test, is
used.

The t test is used when is unknown, n < 30, and the

distribution of the variable is approximately normal.
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The formula for the t test is similar to the formula for

the z test. But since the population standard deviation
is unknown, the sample standard deviation s is used

instead.

The critical values for the t test are given in Table F in

wppendix C. /
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A job placement director claims that the average
starting salary for nurses is $24,000. A sample of 10
nurses’ salaries has a mean of $23,450 and a standard
deviation of $400. Is there enough evidence to reject
the director’s claim at a 95% significance level?
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