SAT VERBAL SCORES

Chapter 9 – Section 9.2 – Testing a Mean μ

4) A school administrator claims that students whose first language is not English score worse on the verbal portion of the SAT exam than students whose first language is English. The mean SAT verbal score of students whose first language is English is 515, on the basis of data obtained from the College Board. Suppose a simple random sample of 20 students whose first language was not English results in a sample mean SAT verbal score of 458. SAT verbal scores are normally distributed with a population standard deviation of 112.

a) Why is it necessary for SAT verbal scores to be normally distributed to test the claim using the methods from chapter 9?

The sample size is small; therefore, we need the population to be normally distributed in order for the distribution of sample means to be normally distributed.
b) Test the researcher’s claim at the 0.05 level of significance. (Are you using z or t? Why?)
We are using z because the standard deviation of the population is given (σ = 112)
· Set both hypothesis
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Let’s assume Ho is true
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H1: 
[image: image3.wmf]

 EMBED Equation.DSMT4  [image: image4.wmf]515

m

<


· Sketch graph, shade rejection region, label, and indicate possible locations of the point estimate in the graph. (You sketch the graph and label. The point estimate is x-bar = 458)
****You should be wondering: Is x-bar = 458, lower than 515 by chance, or is it significantly lower? The p-value found below will help you in answering this.
· Use a feature of the calculator to test the hypothesis. Indicate the feature used and the results: Use 1:ZTest from the STAT TESTS menu. Enter the corresponding Stats and obtain:

Test statistic = -2.28
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(section 7.2)

P-value = 0.0114
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(section 7.2)
***How likely is it observing an x-bar = 458 or less when you select a  sample of size 20 from a population that has a mean µ of 515?



very likely,      likely,      unlikely (for α = .05),      very unlikely

*** Is x-bar = 458, lower than 515 by chance, or is it significantly lower? 
Notice: A sample mean of 458 would be more likely in a population with mean lower than 515, that is why we conclude that ..... (see ***** on the next page)
· What is the initial conclusion with respect to Ho and H1?

We reject Ho and Support H1
· Write the conclusion using words from the problem

*******At the 5% significance level we support the claim that students whose first language is not English score worse on the verbal portion of the SAT exam than students whose first language is English
· If we want to use the critical value approach we need to find the critical value which is the boundary between “usual” and “unusual” x-bars in the distribution of sample means for samples of size 20. We use the z-table, from inside out. Since the critical region has an area of α = .05 and we are dealing with a left tailed test, the critical value is z = -1.645.

Since the test statistic is z = -2.28, the x-bar is in the rejection region, so we reach the same conclusion of rejecting Ho and supporting H1

· Notice that this conclusion is the same we reached in the chapter 8 portion of the SAT verbal Scores Theme problem, part (i). In that problem we concluded with 90% confidence that the mean SAT verbal score of students whose first language is not English is somewhere in the interval (416.8, 499.2). Since this interval is completely below 515, it supports the claim that the mean verbal score of students whose first language is not English is lower than 515. 
Something to think about:

Have you realized that at the 1% significance level the conclusion is different?
· Complete the following:

At the 1% significance level.....

· Check it out with a 98% confidence interval (Use the calculator to compute it)
Complete the following:

We are 98% confident that .....
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Chapters 8 and 9 – Hypothesis Testing and Confidence Intervals for 
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(Independent Samples – Sections 8.5 and 9.5)

5) Do students whose first language is not English score lower on the verbal portion of the SAT than students whose first language is English? A researcher selects a simple random sample from each group and obtains the following results. 

	
	Sample size
	Mean 
	Sample Standard deviation

	First Language not English
	20
	458
	120

	First language English
	100
	515
	112


Assume the SAT verbal scores are normally distributed. (Why do we need this assumption?)
The sample size for one of the groups is smaller than 30.
a) Test the claim at the 5% level of significance. (Are you using z or t? Why?)
Use a t-test because we are given the sample standard deviations

· Set both hypothesis

Ho: 
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H1:
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· Sketch graph, shade rejection region, label, and indicate possible locations of the point estimate in the graph. (You sketch the graph and label. The Point-estimate = 
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****You should be wondering: Is the difference between the x-bars lower than zero by chance, or is it significantly lower? The p-value found below will help you in answering this.
· Use a feature of the calculator to test the hypothesis. Indicate the feature used and the results: Note: We are not using the formulas when dealing with two populations. We’ll just use the calculator feature: 4:2-SampTTest (from STAT, TESTS)
Test statistic = -1.96
p-value = 
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We support the claim that students whose first language is not English score lower on the verbal portion of the SAT than students whose first language is English 

(Note: at the 1% significance level, the conclusion would be different.)
***How likely is it observing such a difference between the x-bars (or a more extreme one) when the means of the two populations are equal?


very likely,      likely,      unlikely,      very unlikely

*** Is the difference between the x-bars lower than zero by chance, or is it significantly lower? 

· What is the initial conclusion with respect to Ho and H1?

We reject Ho and support H1.
· Write the conclusion using words from the problem

At the 5% significance level the data suggest that students whose first language is not English score lower on the verbal portion of the SAT than students whose first language is English

b) Construct a 90% confidence interval estimate for the mean difference between the SAT verbal scores for the two groups. What does the interval suggest? (Are you using z or t? Why?)
Use the calculator feature 0: 2-SampT Interval from the STAT TESTS menu and get

-106.6 < 
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The interval provides plausible values for 
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 (same conclusion as in the hypothesis testing process) 
Something to think about:

· Note: Write the conclusion to the problem if we use a 1% significance level  
Test statistic = -1.96
p-value = 
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We don’t have enough evidence to support the claim that students whose first language is not English score lower on the verbal portion of the SAT than students whose first language is English 

· Check it out with a 98% confidence interval and write the conclusion. 
-129.1 < 
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 (Dependent Samples – Section 9.4)

6) In a certain school, during the spring semester, 20 students whose first language is not English took the SAT. During the summer they attended a three-month SAT preparation course, and in the Fall they took the SAT again. The before and after verbal SAT scores for each student were compared. The mean of the differences was –76.9 and the standard deviation 153.7. 

(n = 20, d-bar = -76.6, s = 153.7)
a) At the 0.05 significance level can we conclude that the intensive course helped the students improve their score?

· Set both hypothesis

Ho:
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(The prep course does not work)

H1:
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(The prep course helped students improve their score)

· Sketch graph, shade rejection region, label, and indicate possible locations of the point estimate in the graph. 
(You sketch the graph and label. The point estimate is d-bar = -76.9)
****You should be wondering: Is the sample mean difference d-bar = -76.9 lower than zero by chance, or is it significantly lower? The p-value found below will help you in answering this.
· Use a feature of the calculator to test the hypothesis. Indicate the feature used and the results:

Use the calculator feature 2:TTest from the STAT TESTS menu and enter the corresponding summary statistics
Test statistic: t = -2.229
(See below for formula)
p-value = P(d-bar < -76.9) = P(t < -2.229) = .019 < α
***How likely is it observing such a value of d-bar (or a more extreme one) when the population mean difference is zero?


very likely,      likely,      unlikely,      very unlikely
*** Is the mean difference d-bar = -76.9 lower than zero by chance, or is it significantly lower?  

· What is the initial conclusion with respect to Ho and H1?

We reject Ho and support H1

· Write the conclusion using words from the problem

At the 5% significance level we have enough evidence to support the claim that the course was effective in helping students get a higher grade.
b) Construct a 90% confidence interval about the population mean difference. What does the interval suggest?

Use the calculator feature 8:TInterval from the STAT TESTS menu 
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Since the interval is completely below zero, it suggests that 
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< 0 which implies that the grade before the prep course was lower. This implies that the course was effective.
· Steps to get the test statistic
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To get the p-value, look on the t-table, for d.f. = 19

Notice that the test statistic 2.238 is between the values 2.093 and 2.539

Look up to the one tail area and observe that:   .010 < p-value < .025 

This indicates that the p-value is lower than the significance level of 0.05

· Steps to get the confidence interval
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