Chapter 13:  Hypothesis Tests for the 4 Research Scenarios.
1) Testing Hypotheses About Sample Proportions  (Chapter 11)

2) Testing Hypotheses About One Mean or Paired Data
3) Testing Hypotheses About the Difference Between Two Means.

4) Testing Hypotheses About the Difference Between Two Proportions.  

Hypotheses About One Mean:  (One Sample t-test)
Ex.  In fiscal year 1996, the U.S. Agency for International Development provided 238,300 metric tons of corn soy blend (CSB) for development programs and emergency relief in countries throughout the world.  CSB is a highly nutritious, low-cost fortified food that is partially precooked and can be incorporated into different food preparations by the recipients.  As part of a study to evaluate appropriate vitamin C levels in this commodity, measurements were taken on samples of CSB produced in a factory.  
The following data are the amounts of vitamin C, measured in milligrams per 100 grams of blend, for a random sample of size 8 from a production run:
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a) Find a 95% Confidence Interval for the Population Mean 
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= 22.50  +/-  2.36 (2.54)  = (16.51, 28.5)
b) The specifications for the Corn Soy Blend described above state that the mixture should contain a mean vitamin C content in the final product of 40 mg/100g.  From the production run we observed, test the hypotheses that the mean vitamin C content conforms to these specifications.  
1. Set up the Null and Alternative Hypotheses
H0:  
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= 40  (Mean vitamin C conforms to specifications)
Ha:  
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 EMBED Equation.3  [image: image9.wmf]¹

 40  (Mean vitamin C does not meet specifications)
2. Verify necessary data conditions and summarize the data into an appropriate test statistic.  

Conditions for the t-test.
Situation 1:  The population of measurements of interest is approximately normal and a random sample of any size is measured.  (No skew or outliers…use box-plots to help check).

Situation 2:  The population of measurements of interest is not approximately normal, but a large random sample is measured (n > 30).  
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*We can see from a simple boxplot that the population data is approximately normally distributed so the data conditions hold.  
Summarize with the Appropriate Test-Statistic for a One-Sample t-test:
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3. Assuming the Null Hypothesis is True, Find the p-Value
For Ha:  
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 (a one-sided test), the p-value is the area below t.

For Ha:  
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 (a two-sided test), the p-value is 2 x area above |t|.
*So for our example, since our alternative is two-sided our p-value is 2 x area above |t|.  

t= -6.88 and |-6.88| = 6.88  
*The area to the right of a t-value of 6.88 can be found in Table A.3

*We find with df = 7 that our p-value < 0.010.  Using statistical software we can find the exact p-value as p=0.00001.

4. Decide whether the result is statistically significant based on the p-Value.

At the 
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= 0.05 significance level the result is statistically significant because    0.00001 < 0.05   which implies  p < 
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5. Report the Conclusion in Context of the Situation

We can conclude that the Corn Soy Blend has a Vitamin C content below the federal specifications.  

Paired Data and the Paired t-Test:
Do piano lessons improve the spatial-temporal reasoning of preschool children?  Neurobiological arguments suggest that this may be true.  A study designed to test this hypothesis measured the spatial-temporal reasoning of 34 preschool children before and after six months of piano lessons.  The changes in the reasoning scores are:
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(Data taken from Neurological Research, 19 (1997), pp.2-8)
For this Paired-Data Design, 

Let 
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 = population mean difference in spatial-temporal reasoning and test the claim that piano lessons help improve spatial reasoning scores.  
1.  Set up the Null and Alternative Hypotheses
H0:  
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= 0  (No Difference in Spatial Reasoning Skills)

Ha:  
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 > 0   (Spatial Reasoning Skills Increase with Piano Lessons)
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2.  Verify Necessary Data Conditions
*From the Boxplot we can see that the data is approximately Normally distributed.  

2. (cont.)  Find the appropriate test statistic
Utilizing your TI-Calculator or Statistical Software it is found that:
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Recall:  
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3. Find the p-Value
Using df = approximately 30 we see that the p-value will be less than 0.003.  

4. Determine Statistical Significance
At the 
[image: image28.wmf]a

=0.05 significance level, since 0.003 < 0.05 then p < 
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 and we reject the null in favor of the alternative.

5.  Report the conclusion
There is statistically significant evidence to support the claim that playing piano helps increase spatial-temporal reasoning skills of preschool children.

Rejection Region Approach for t-Tests:
	Alternative
	Column Heading in A.2
	Column in A.2 for 
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	Ex. For df =10 and 
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	Ha:  Parameter 
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Ex.  For a given set of data with n=11 (i.e. df = 10) and a t-statistic of 1.56.  At the 
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= 0.05 significance level:

a)  For Ha:  Parameter 
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 EMBED Equation.3  [image: image45.wmf]0
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,   Since 1.56 < 2.23  and 1.56 > -2.23, our test statistic does not fall within the rejection region.  Therefore, we fail to reject the null.

b)  Ha:  Parameter >
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 , Since 1.56 < 1.81 our test statistic does not fall within the rejection region.  Therefore, we fail to reject the null.

c)  Ha:  Parameter < 
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 ,  Since 1.56 <1.81 our test statistic does fall within the rejection region.  Therefore, we reject the null in favor of the alternative.

Ex.  For a given data set with n=22 (i.e. df =21), and a t-statistic of 2.12, use the rejection region approach to test at the 
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 = 0.01 significance level.
Ha:  Parameter 
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 2.83 or t 
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 -2.83

Therefore, since t= 2.12 < 2.83 and t=2.12 > -2.83, our statistic is not in the rejection region and we fail to reject the null.
Ha:  Parameter > 
[image: image53.wmf]0

m

     Rejection Region:  t 
[image: image54.wmf]³

 2.52
Therefore, since t = 2.12 < 2.52, our statistic is not in the rejection region and we fail to reject the null.

Ha:  Parameter < 
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 2.52
Therefore, since t = 2.12 < 2.52, our statistic is in our rejection region.  Therefore we reject the null in favor of the alternative.  
Testing The Difference Between Two Means (two-sample t-test)
Ex.  In a Life Sciences Spacelab, 14 male rats were sent to space.  Upon their return, the red blood cell mass (in milliliters) of the rats was determined.  A control group of 14 male rats was held under the same conditions (except for space flight) as the space rats, and their red blood cell mass was also determined when the space rats returned.  The project, led by Dr. Paul X. Callahan, resulted in the data listed below.  Test the claim that the flight animals have a different red blood cell mass from the control animals at the 
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 = 0.05 level of significance.  Consider the variances of the two populations to be unequal and perform an unpooled calculation.
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(NASA Life Sciences Data Archive)
1. Determine the Null and Alternative Hypotheses

H0:  
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= 0  (There is no difference in the red blood cell mass of the 

two groups)

Ha:  
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 0   (There is a difference in the red blood cell mass of the 

                             two groups)

2. Verify Necessary Data Conditions
   Flight Rats





Control Rats
6 | 39, 85, 87





6 | 99
7 | 00, 21, 43, 54, 89




7 | 14, 33, 44, 62, 
8 | 03, 59, 64, 80





8 | 40, 55, 58, 65, 70
9 | 30, 79






9 | 14, 66, 88, 94
*Both Data Sets Appear Approximately Normal

Compute the Appropriate Test Statistic.  
Recall:    
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*For our Data we can calculate the appropriate information using either the TI-Graphing Calculators or Statistical Software:
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3. Assuming the Null Hypothesis is True, Find the p-Value
*Since our alternative is two-sided, the p-Value is 2x area above |t|.

*Also, we will use the conservative approach to estimate the degrees of freedom since we are dealing with unpooled data.  So we will use the smaller of 
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 -1 = 14 - 1 = 13.  So df =13
*Use the Table on Page 615

Notice that with df = 13, |t| = | -1.437| = 1.437 which falls between 1.28 and 1.50

So the area to the right of |t| will fall between 0.111 and 0.079 
Therefore, our p-value will fall b/w 2 x (value between .111 and 0.079)

So our p-value falls between .222 and .158:  .222 < p < .158
4. Decide whether the result is Statistically Significant

Since the lower end of our p-value:  0.158 > 0.05 we conclude:

p < 
[image: image73.wmf]a

  and therefore we fail to reject the null hypothesis.  
5. Report the Result in Context of the Situation

There is not sufficient evidence to conclude that the flight animals have a different red blood cell mass from the control animals at the 
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= 0.05 significance level.  
Testing The Difference Between Two Means (Pooled Variances)

*Recall that if the standard deviations (or variances) of the two populations can be assumed to be equal we have a more precise method…the pooled sample t-test
*Recall from Chapter 12, the pooled sample variance, is 
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Also, the pooled standard error = Pooled s.e. (
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Ex.  Is Arthroscopic Surgery Better than Placebo?
Arthroscopic surgery is often used when medical treatment fails to relieve pain from osteoarthritis of the knee.  In the United States, more than 650,000 arthroscopic surgeries are performed yearly, at a cost of about $5,000 each.  About half of the time patients report relief from pain, but there is no evidence that arthroscopy provides a cure.  A recent study by the New England Journal of Medicine conducted a randomized trial to asses the usefulness of arthroscopic surgery.  

Over a three year period, patients suffering from osteoarthritis were randomly assigned to three groups, receive arthroscopic-lavage surgery, receive arthroscopic-debridement surgery, or receive a placebo surgery (the surgeion made incisions to match that of the knee surgery and manipulated the knee, but did not perform surgery).  The study was double-blind.  Two-years after the surgery patients were given a knee-pain scale where participants rated their knee pain from 0-100 with 100 being the highest.  The results are as follows:

	Group
	Sample Size
	Mean
	Standard Dev.

	Placebo
	60
	51.6
	23.7

	Arthroscopic-Lavage
	61
	53.7
	23.7

	Arthroscopic-Debridement
	59
	51.4
	23.2


*Since the Standard Deviation of the Placebo Group and the Arthroscopic-Lavage group are equal, we can use a pooled approach for our Hypothesis Test.

The researchers predicted that the Arthroscopic-Lavage surgery would give better pain relief than the placebo.  Test this claim at the 
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 = 0.01 significance level.
1. Determine the Null and Alternative Hypotheses
H0:  
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= 0  (There is no difference in long-term pain relief for the 

                           two procedures.)

Ha:  
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 > 0   (The Arthroscopic-Lavage surgery gives better pain 

                             relief than the placebo surgery)

Where:
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2. Verify Necessary Data conditions are met.  
We are not given the raw data, but the body of the research report indicates that the populations are both normally distributed.

Calculate the Appropriate Test-Statistic.

Pooled t-Statistic = 
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Given:  
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*Is this surprising?
*Now we can calculate our t-statistic.

t =  
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3. Assuming the null hypothesis is true, find the p-value
Since Ha:  
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 > 0   our p-value is the area above t.

Also, since we have pooled variances:

df = 
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*We look up 100 df in our chart and find the p-value will be greater than 0.100.

4. Decide whether or not the result is statistically significan

Since p > .100 this implies p > 
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 at the 0.01 significance level.

Therefore, we fail to reject the null.

5. Report the result in context of the situation.  

There is not sufficient evidence to conclude that the arthroscopic-lavage knee surgery relieves more pain than the placebo surgery.  
_1207440520.unknown

_1207463117.unknown

_1207463537.unknown

_1207465041.unknown

_1207466528.unknown

_1207466628.unknown

_1207466753.unknown

_1207467185.unknown

_1207466568.unknown

_1207466582.unknown

_1207465991.unknown

_1207466506.unknown

_1207466339.unknown

_1207466378.unknown

_1207465135.unknown

_1207465251.unknown

_1207465336.unknown

_1207465369.unknown

_1207465222.unknown

_1207465050.unknown

_1207464497.unknown

_1207465015.unknown

_1207464416.unknown

_1207463251.unknown

_1207463519.unknown

_1207463531.unknown

_1207463507.unknown

_1207463154.unknown

_1207463179.unknown

_1207463140.unknown

_1207441649.unknown

_1207462052.unknown

_1207462793.unknown

_1207462038.unknown

_1207461918.unknown

_1207461942.unknown

_1207462037.unknown

_1207461480.unknown

_1207440597.unknown

_1207441431.unknown

_1207441445.unknown

_1207440635.unknown

_1207440540.unknown

_1207440556.unknown

_1207437922.unknown

_1207439724.unknown

_1207439972.unknown

_1207440471.unknown

_1207440491.unknown

_1207439939.unknown

_1207439744.unknown

_1207439469.unknown

_1207439596.unknown

_1207439614.unknown

_1207439507.unknown

_1207439045.unknown

_1207439082.unknown

_1207438890.unknown

_1207436374.unknown

_1207437409.unknown

_1207437505.unknown

_1207437885.unknown

_1207437457.unknown

_1207437203.unknown

_1207437211.unknown

_1207437194.unknown

_1207435790.unknown

_1207436334.unknown

_1207436359.unknown

_1207435827.unknown

_1207435764.unknown

_1207435774.unknown

_1207435610.unknown

