CHAPTER IV

HYPOTHSIS TESTING
The aim of hypothesis testing is to aid researcher in reaching a conclusion concerning a population by examining a sample from that population. Ii is also called null hypothesis testing and significance testing. This form of statistical inference seeks “yes” or “no” answers to specific questions.  
DEFINITION

A hypothesis may be defined as a statement about one or more populations.

A hypothesis is concerned with the parameters of the populations about which the statement is made.

EXAMPLES

· A hospital administrator may be hypothesize that the average length of stay of patients admitted the hospital 6 days.

· A nurse may hypothesize that a particular education program will improve communications between nurse and patient.

· A physician hypothesize that a certain drug will be effective in 80% of the cases for which it is used.

TYPES OF HYPOTHESIS
There are two types of hypothesis: research hypothesis and statistical hypothesis
DEFINITION

The research hypothesis is the conjecture or supposition that motivates the research such as years of observation on a part of research.
EXAMPLES

· A nurse may have noted that certain clients responded more readily to a particular type of health education program.

· Education level of students in government schools is higher than that of private schools.

· There is no difference in intelligence test between male and female adults.

DEFINITION

Statistical hypothesis are hypothesis that stated by appropriate statistical techniques.

EXAMPLES

· An investigator may want to know whether oral contraceptives increase the risk of breast cancer. 

· A different investigator may want to know whether this group or the other group has high blood pressure. 

· Another investigator may want to know whether aluminum in the diet increases the incidence of Alzheimer’s disease.

Because this topic is complex, it helps to initially formalize the testing procedure. Let us break the procedure into the following steps:
(A) The research question is stated in null and alternative forms

(B) An error threshold for the decision is set

(C) A test statistic is calculated and compared to a probability distribution

(D) A conclusion is reached

Step 1 : Data

The nature of the data that form the basis is the testing procedures must be understood, since this determines the particular test to be employed. Whether the data consist of counts or measurements must be determined.
Step 2 : Null and alternative hypotheses
In this step, we need to convert the research question into null and alternative forms. We use the notation 
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 to represent the null hypothesis and 
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 (or 
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) to denote the alternative hypothesis.
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 is the hypothesis to be tested a statement of “no difference.” This is the hypothesis that the researcher hopes to reject.
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We assume the null hypothesis is true until proved otherwise. This has a basis in deduction and is analogous to the presumption of innocence in a criminal trial.

DEFINITION

Null hypothesis,
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: A statement that declares that the observed difference is due to unexplained variability or “random chance.” It is the hypothesis the researcher [often] hopes to reject.

Alternative hypothesis,
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: The opposite of the null hypothesis, usually declaring a difference between group. Both the null and alternative hypotheses refer to specific population parameters.

HOW TO STAE STATISTICAL HYPOTHESIS?
In considering the null hypothesis we must use equality sings, for example, suppose that we want to answer the question: Can we conclude that a certain population mean is not 60?

The null hypothesis will be   
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And the alternative hypothesis will be   
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Consider another question: 
Can we conclude that the population mean is greater than 60?

The null hypothesis and the alternative hypothesis will be 


[image: image11.wmf]60

:

0

£

m

H

          
[image: image12.wmf]60

:

1

>

m

H


Consider another question: Can we conclude that the population mean is less than 60? Then our hypothesis will be 
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RULES FOR STATING STATISTICAL HYPOTHESIS

1- what you hope or expect to conclude as a result of  the test usually should be placed in the alternative hypothesis.
2- The null hypothesis should contain a statement of equality 
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3- The null hypothesis is the hypothesis that is tested.

4- The null and alternative hypothesis are complementary.

NOTE

· When we fail to reject a null hypothesis, therefore, we do not say that it is true, but that it may be true.

· When we speak of accepting a null hypothesis, we have this limitation in mind and do not wish to convey the idea that accepting implies proof.
Step 3 : Test Statistic

A test statistic is calculated from the data. There are different test statistics depending on the data being tested. Here we introduce one-sample z statistics. In future chapters, other test statistics are presented.
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Where,
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      : the relevant statistics of data mean.
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      : hypothesized value of the population mean.
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       : sample size.
Also, the probability distribution of the test statistics must be specified, for example the probability distribution of the above test statistics, if the null hypothesis is true, will be the standard normal distribution.
Step 4: Decision 

The area under distribution curve divided into two regions, rejection region and nonrejection region. The possible values that test statistics of the distribution may take, can be represented on the graph of the distribution. If these values fall on the rejection area, then the null hypothesis is rejected.

i.e. The decision rule tells us to reject the null hypothesis if the values of the test statistics that we compute from our sample is one of the values in the rejection region and to not reject the null hypothesis if the computed value of the test statistics is one of the values in the nonrejection region.
SIGNIFICANCE  LEVEL
The significance level 
[image: image22.wmf]a

 is the probability of rejecting the null hypothesis,  when the null hypothesis is true. Of course rejection a true null hypothesis is considered an error ,  for this reason, we select a small value for 
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 in order to make the probability of rejecting a true null hypothesis small. The used values of 
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 are  0.01 , 0.05 , 0.10.
TYPES  OF  ERRORS

The level introduced above addresses only false rejections of H0. However, it is also important to consider false retentions of H0. Thus there are two types of testing errors:

Type I errors: reject H0 , when it is in fact  true.
Type II errors: retentions (accepting) of  H0 , when it is false.
The consequences of a hypothesis test can thus be summarized:
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We can compare:

a type I error to a  false positive alarm “an alarm without a fire” 

a type II error is a false negative signal (“fire without an alarm”).

The probability of a type I error is alpha () and the probability of a type II error is beta ().
Thus:

P(type I error) = P(type II error) = 
After determining the above circumstances, a value of test statistics is calculated from the sample and compares it with the rejection and non rejection regions that have already been specified.

A statistical decision consists of rejecting or non rejecting H0. 
H0 is rejected if the computed value of the test statistics falls in the rejection region.
We convert the test statistic to a p value. There are several ways to interpret the p value. With fixed level.

hypothesis testing the p value is interpreted according to this simple decision rule
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With significance testing the p value answers the question:
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Thus, the smaller p value, the better the evidence against H0.

We also speak of the complements of and . The probability of not making a type I error (1-) is called confidence. The probability of not making a type II error (1-) is called power.

Thus:

P(avoiding a type I error) = = confidence

P(avoiding a type II error) = = power
The convention levels for confidence are .90, .95 and .99. 

The conventional levels for power are .80, .90, and .95.

One-Sample z Test, One-Sided Alternative
The one-sample z test compares a single mean to an expected value while assume that the population standard deviation (s) is known.

Illustrative example: Suppose we want to learn about the IQs of children at a particular school. It is known that Wechsler IQ scores are normally distributed with a mean of 100 and standard deviation of 15.

(A) Null and Alternative: Let µ0 represent the value of the mean under the null hypothesis. An alternative hypothesis for a one sample test z test can take one of three general forms:

• a one-sided form to the right (looking for a mean that is greater than expected (H1: µ>µ0)
• a one-sided form to the left (looking for a mean that is less than expected (H1: µ<µ0)

• a two-sided form (looking for a mean that is different from expected (H1: µ=µ0)
Suppose we want to test whether our sample has an average IQ that is higher than expected. Thus expected IQ is 100.

Thus H1 is µ>100 and H0 is µ # 100.  (It is also OK to say H0: µ = 100).

(B) Alpha: The alpha level is set by the investigator. For this particular example let  = .01.

(C) Test statistic: The test statistic is the one sample z-statistic as given in (4-1)
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Where 
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 represents the sample mean, µ0 represents the expected value (population mean) assuming H0 is true, and  
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 represents the standard error of the mean (SEM).
Suppose our sample of 9 children shows a mean of 112.8. The standard deviation of the variable is known to be 15. Thus,
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The zstat  is converted to a p value by finding the area under the curve to right of the test statistic (i.e., is the distribution’s curve). Thus, using the normal distribution table, we find p = .0052 (Fig. below).
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(D) Conclusion. Since p < , the null hypothesis is rejected and we conclude that these school children have IQs significantly above average.

One-Sample Z Test, Two-Sided Alternative
The previous illustration used a one-sided alternative hypothesis to test the data. Under most circumstances, however, we are interested in differences that might be both above and below average.

This requires an alternative hypothesis that is two-sided. In general, two-sided tests are preferred. Since our goal is to learn about the truth about not to prove ourselves right, two-tailed tests seem the more prudent alternative. Two-sided tests allow for unanticipated findings.

(A) Null and Alternative Hypotheses:
Let us use a two-sided test on the question presented on the prior page. We want to test whether the nine children from the school in question have IQs that differ from average (i.e., either greater than or less than average). Therefore, H0: µ = 100 and H1: µ
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(B) Alpha Level
 Let  = .01.

(C) Test Statistics
The test statistic is the one-sample z statistic as given in 4.1. 

[image: image34.wmf]56

.

2

9

/

15

100

8

.

112

=

-

=

z


The two-sided p-value is the area in both tails of the normal curve beyond the absolute value of the zstat, in this case 2.56 and -2.56.  Since each tail has an area of .0052, the combine areas = 2 ×.0052 = .0104.
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(D) Conclusion

Since p>, H0 is retained. (Same data, different conclusion.).

For a z test to be valid we must assume normality of the sampling distribution, independence in the sample (i.e., data are a simple random sample of the population) , and data are valid and reliable.

One-Sample t Test, One- or Two-Sided Alternative
When the standard deviation of the population (s) is not known, we use a t test instead of a z test. To illustrate this test, let us consider body weights of 18 diabetics. Body weight is expressed as a percentage of ideal. Thus, a value of 100 will represent ideal body weight.
 Data are:

107  119  99  114  120  104  88  114  124  116  101  121  152  100 125 114 95 117

The sample mean (
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 ) = 112.778  and the sample standard deviation (s) = 14.424.
The estimated standard error of the mean = 
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(A) Hypotheses

Like z tests, t tests can be done in a one-sided or two-sided way (see prior page). For the illustrative problem a reasonable question might ask if this group has a body weight that is significantly different from “ideal,” with ideal defined as 100. Using a two-sided hypotheses this question tests H0: µ= 100 vs. H1: µ
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(B) Alpha Threshold

For this particular problem let  = .05.

(C) Test Statistic

The one-sample t statistic is
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where µ0 represents the expected value under the null hypothesis and sem =
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Like the z statistic, this test statistic is of the form .
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The above t statistic is associated with 
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  degrees of freedom. Thus for the illustrative example, the tstat is 
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The two-sided p value is the tail-areas beyond the absolute value of the tstat. This approximate p value is derived from a t table. The precise p value comes from a computer program such as StaTable. For the current problem, p = .0016. 
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 (D) Conclusion. Since p < , the null hypothesis is rejected.

SPSS: To perform a one-sample t test in SPSS, click on Analyze > Compare Means > One-Sample T

Test. Then select the variable you want to test and enter the expected value under the null hypothesis (µ0) in the field labeled “test value”.

Vocabulary

Null hypothesis (H0) -  A statement that declares that the observed difference is due to unexplained variability or “random chance.” It is the hypothesis the researcher [often] hopes to reject.

Alternative hypothesis (H1) - The opposite of the null hypothesis, usually declaring a difference between group. Both the null and alternative hypotheses refer to specific population parameters.

Alpha () - The probability the researcher is willing to take of falsely rejecting an incorrect null hypothesis. This, then, serves as the cutoff point for making decisions about H0.

Test statistic - A statistic used to address the null hypothesis.

p value - A probability statement that answers the question "If the null hypothesis were true, what is the probability of observing the current data or data that is more extreme than the current data?". Using conditional notation, the p value = Pr(observed difference or greater | H0 true).

Type I error - a rejection of a true null hypothesis; in plain terms, a "false alarm."

Type II error - a retention of an incorrect null hypothesis; "failure to sound the alarm."

Confidence (1-) - the complement of alpha; the probability of correctly retaining a true null hypothesis; also used in the context of estimation, as “confidence interval.”

Beta () - the probability of a type II error; probability of a retaining a false null hypothesis.

Power (1-) - the complement of ; the probability of avoiding a type II error; the probability of rejecting a false null hypothesis.
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