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Name: Lawrence Bruce
DUE AUGUST 8 2010 NOON (EASTERN TIME).
Instructions: The final exam is a take home exam that must be completed individually. Do not discuss the questions on the exam with any students from our class or any others outside the class. Also do not share the exam with others once you have completed it. 
Section I (25 points)

(1 point)

	1.
	A z-score is obtained by: 

	
	a)
	dividing the score by the standard deviation and subtracting from the mean

	
	b)
	Subtracting the mean from the score and dividing by the standard deviation 

	
	c)
	adding the score to the standard deviation and dividing by the mean 

	
	d)
	dividing the score by the mean and subtracting from the standard deviation 


2. (1 point) A z-score of z = +1 corresponds to which of the following locations in the distribution?
a) Above the mean by 1 point
b) The mean
c) Above the mean by one standard deviation
One standard deviation above the lowest score

(1 point)

	3.
	Which of the following sets of scores has the largest standard deviation? 

	
	a)
	44,45,46,47 

	
	b)
	615,385,568
	

	
	c)
	312,312,312,312,312 

	
	d)
	530,531,532,533,533 


Use the following frequency table to answer Items 4 - 7:

	X
	Frequency

	5
	2

	4
	4

	3
	4

	2
	8

	1
	0

	0
	2


2. (1 point) What is the mean of this distribution?
a) 3.1
b) 2.7
c) 4.3
20

3. (1 point) What is the sample size for this distribution?
a) 2
b) 5
c) 20
d) 14
4. (1 point) What is the sum of squared deviations for this distribution?
a) 0
b) 10
c) 2.7
36.2
5. (1 point) The sample variance is likely between which two numbers?
a) 0, 1
b) 1, 2
c) 2, 3
d) 3, 4
(1 point)

	8.
	A correspondence exists between z-scores and percentile ranks if: 

	
	a)
	the mean equals the median 

	
	b)
	the scores are valid 

	
	c)
	the data are approximated by the normal distribution 

	
	d)
	the calculations are done correctly 



(1 point)

	9.
	The same test was given to two sections of a course. The results were:

Section I:
Mean
51

Standard Deviation:
6
Section II:
Mean
51

Standard deviation
13
Which of the following conclusions is correct? 

	
	a)
	Section I has on average more bright students than Section II.

	
	b)
	Section I is more homogeneous (i.e., less variable) than Section II. 

	
	c)
	The students in Section I performed less consistently than those in Section II. 

	
	d)
	Section II did better on the test than Section I. 


6. (1 point) Scores on a standardized achievement test are reported as percentiles and as z-scores. Approximately, which z-score is associated with the 98th percentile?
a) -2
b) -.05
c) +.98
d) +2
7. (1 point) On a final examination in history, the mean score for 70 students was 84.5% with a standard deviation of 7%. On the English final for the same 70 students, the mean score was 77% with a standard deviation of 8%. Sam was in both classes and received a score of 81% on each test. On which test was his relative standing higher?
a) English
b) History
c) Relative standing would be the same
d) Not enough information provided
In a normal distribution the following parameters are known: μ = 20 and  σ = 4

8. (1 point) Which of the following would be the z-score corresponding to X = 24?
a) -1
b) 1
c) 2.83
11

9. (1 point) What is the score that corresponds to a z-score of -0.5?
a) 14
b) 18
c) 19
d) 31
10. (1 point) What is roughly the proportion of scores between 16 and 28?
a) 68 percent
b) 50 percent
c) 82 percent
d) 98 percent
11. (1 point) A set of 400 scores is approximately normally distributed with a mean of 65 and standard deviation of 4.5. Approximately 95% of the scores fall between which pair of numbers?
a) 51.0, 78.5
b) 56.1, 74.3
c) 60.5, 69.5
d) 64.775, 65.225
12. (1 point)
	
	If IQ’s are perfectly normally distributed, approximately how many persons in the US would have IQ’s exceeding 145? (assume µ = 100, σ = 15, and N = 300,000,000)

	
	a)
	400000

	
	b)
	4000000

	
	c)
	40000000

	
	d)
	40000


13. (1 point) Your score on a test is at the 80th percentile.  Circle the correct answer.
a. Your score lies below the lower quartile.
b. Your score lies between the lower quartile and the median.
c. Your score lies between the median and the upper quartile.
d. Your score lies above the upper quartile.
e. You can't say where your score lies relative to the quartiles.
14. (1 point) If your score on a test is at the 60th percentile, you know that your score lies
a) below the lower quartile.
b) between the lower quartile and the median.
c) between the median and the upper quartile.
d) above the upper quartile.
e) Can’t say where it lies relative to the quartiles.

      19. (1 point) Let Z be a standard normal variable (μ=0, σ=1).  Find the value K such that        P( Z < K) = 0.05

K = -1.65
      20. (1 point) Let Z be a standard normal variable (μ=0, σ=1).  Find the value K such that         P(Z > K)+P(Z<-K) = 0.20


K = 1.28
21. (1 point)

	
	The purpose of inferential statistics is: 

	
	a)
	to test whether results support the research hypothesis 

	
	b)
	to make inferences from sample results to a population 

	
	c)
	to verify the accuracy of descriptive statistics 

	
	d)
	to describe the results of a study 


   22. (2 points) A university mathematics department gives a freshman calculus examination that allows those who pass to receive college credit for calculus.  Exam scores in the population are normally distributed with μ = 35 and σ = 4.  

a. What is the probability that a randomly selected student taking this exam will receive a score of 40 or better?
10.56%
b. What score will be exceeded by 80% of the students taking this exam?

31.6
23. (2 points) A random sample of n = 50 is selected from a population with μ = 765 and σ = 48.  What are the mean and standard deviation (or standard error) of the sampling distribution of the sample mean?

Mean of Sampling Distribution: 765

Standard Error: 6.79

Section II (18 points)

15. (3 points) A t-test was run to determine if the average math scores were different for students who were members of the ethnic majority in their schools (ETH_MIN=0) and students who were members of the ethnic minority of their respective schools (ETH_MIN=1).  The observed value of the Levene F test for equality of variances was 2 with 1, 1000 degrees of freedom. The t test used to examine the mean difference was 2.5 with 1000 degrees of freedom. Answer the following True or False questions.
T    F     The assumption of homogeneity of variances is met with this sample.

T    F     The difference between the means of the two groups is statistically significant (at the 0.05 level).

T    F     The sampling distribution of the difference between the two means has a mean 

  of zero.

2. (5 points) The following situations all require inference about a mean or means.  Circle the correct response to indicate if the correct procedure to use is (1) a one sample t-statistic, (2) a dependent samples t-statistic, or (3) two independent samples t-statistic.

a. To evaluate a new mathematics curriculum, a school department chairperson obtains the mean of student scores on a standardized math test the last 10 years. She then obtains scores on the same test for 20 students who just completed a class that implemented the new curriculum. She would like to determine if the new curriculum helps raise student math scores by comparing the mean value obtained from the 20 students with the mean value from students in the last 10 years who have not been exposed to the new curriculum.


One Sample
Dependent Samples
    Two Independent Samples

b. An education researcher wants to learn whether inserting questions before or after introducing a new concept in an elementary school mathematics text is more effective. He prepares two text segments that teach the same concept, one with motivating questions before and the other with review questions after. Each text segment is used to test separate groups of children, and individual scores on a test over the material recorded.  



One Sample
Dependent Samples
    Two Independent Samples

c. In a study of the effect of sleep on student achievement, scores on a standardized achievement test were measured for 30 students who slept for more than 8 hours per night for at least a week and for 30 students who slept for less than 8 hours per night for at least a week.


One Sample
Dependent Samples
    Two Independent Samples
d. A teacher would like to know if a new mathematics lesson helps improve students’ understanding of division.  She gives a pre-test to the students, gives the lesson, then gives the students a post-test.


One Sample
Dependent Samples
    Two Independent Samples

e. In a comparative experiment on the effect of dietary calcium on blood pressure, 50 males were selected to take part in the study.  Twenty-five of the males were randomly selected to receive calcium, the other 25 received a placebo. After 6 months of taking the calcium or placebo, the decrease in systolic blood pressure was recorded for each of the 50 subjects.


One Sample
Dependent Samples
    Two Independent Samples

3. (6 points) A researcher is interested in evaluating whether the use of a specific algebra book (in middle school) produces average mathematics achievement that is different from that using the typical algebra book. Suppose the researcher designs a randomized experiment with one treatment (that uses the specific algebra book) and one control group (that uses a typical algebra book). Assume that the mean difference in achievement indicates treatment minus control.   
(a) State the null hypothesis

The specific algebra textbook produces a mean mathematics achievement score that is equal to the mean mathematics achievement score produced by the typical algebra textbook.

(b) State the research (or alternative) non-directional hypothesis

The specific algebra textbook produces a mean mathematics achievement score that is not equal to the mean mathematics achievement score produced by the typical algebra textbook.

(c) Suppose we know that the researcher ends up committing a Type-I error in this study. Explain, in common language, what this means. What are the consequences of a Type I error. 


A Type-I error occurs when the researcher rejects the null hypothesis, when that hypothesis was true. In this scenario, the researcher concluded that the the specific algebra textbook produced scores that were different from the “control” group using the typical textbook. But actually, the scores were statistically equal. The consequences of this error could be measured in the thousands of dollars spent on replacing typical textbooks for “special” algebra textbooks when there is no significant gain in student achievement.
(d) What is the appropriate test to use in this example and why? Is it a two-tailed or a one-tailed test? Is it a one-sample or a two-sample test? 


In this study, a two-tailed t-test is the appropriate measure to determine if the means of the samples are different. Because the difference between the means could be positive or negative, the two-tailed test is necessary. This t-test would be a two-sample test of dependent samples. Because the two samples are being compared to each other to determine the significance of an intervention with one acting as a control, these samples are dependent.
(e) Suppose the observed value of the test is 2.3 and the significance level is 0.05. If the sample size in each group is 501 what is the decision regarding the null hypothesis? Is there a significant difference in math achievement between the two algebra books? Explain. 


The t value of t = 2.3 is greater than the critical value of 1.645 at the 0.05 significance level. This means that the mean of the scores for students using the special textbook was statistically different than the mean scores for the “control” group using the typical book. This would allow the researcher to reject the null hypothesis and determine that the special algebra book made a positive difference in the achievement of the students that used it. 
(f) Would you recommend the use of the new algebra book, and if so why? 


Based on the t-test, the students who used the special textbook produced higher achievement scores and would allow for these textbooks to replace the typical book.
16. (4 points) A researcher is interested in whether gender is related to higher (measured as top 10 percent of the achievement distribution) or lower levels (the remaining 90 percent) of achievement. The table below shows the counts in each cell. 
High Achievement 

Low Achievement

Male 

59



22

Female  
21



9

What is the appropriate test to use in order to answer the research question? Compute the appropriate test. Is it statistical significant? Explain. What do you conclude about gender and achievement? The odds ratio is 1.15, what does that mean? Explain. 

The appropriate test is the Chi-square Pearson statistic. The Pearson Chi-square statistic is 
[image: image2..pict]degrees of freedom is 1. At the 0.05 significance level, the critical value is 3.841. Since our value of 0.08162 is less than the critical value of 3.841, this test is not statistically significant. Therefore, it can be concluded that gender is not related to higher or lower levels of achievement. An odds ratio of 1.15, based on this data, suggests that there are 1.15 males in the high achievement range for every female that is in the same achievement range. Since this ratio is close to one, it further supports that gender is not related to higher or lower levels of achievement.
Section III (20 points)

17. (3 points) The following table shows descriptive statistics and the correlation coefficient mathematics and reading (ELA) scores. What is the correlation between the two variables? Is the correlation coefficient significant; is it important? Explain. What is the covariance between the two variables?  
The correlation stated below (0.793) is a strong, positive, linear correlation between scaled math and ELA scores. Yes, the correlation is significant at the 0.01 level, which indicates a positive correlation between mathematics and ELA scores. The covariance between the two variables is 168.9.
	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	Math Scaled Score
	237.8236
	17.74923
	635

	ELA Scaled Score
	231.1528
	12.00238
	635


	Correlations

	
	Math Scaled Score
	ELA Scaled Score

	Math Scaled Score
	Pearson Correlation
	1
	.793**

	
	Sig. (2-tailed)
	
	.000

	
	N
	635
	635

	ELA Scaled Score
	Pearson Correlation
	
	1

	
	Sig. (2-tailed)
	.000
	

	
	N
	635
	635

	**. Correlation is significant at the 0.01 level (2-tailed).


2. (8 points) A simple regression was used to model the association between students’ mathematics achievement (outcome) and socioeconomic status (SES) of the student (predictor).  The SES variable is continuous. Assume a sample size of 635. The output appears below.  

Does SES predict mathematics achievement? 
	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	dimension0
	1
	.344a
	.118
	.100
	.725103

	a. Predictors: (Constant), SOCIOECONOMIC STATUS


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	.069
	.104
	
	.661
	.512

	
	SOCIOECONOMIC STATUS
	.419
	.165
	.344
	2.536
	.015

	a. Dependent Variable: MATH SCORES


a. State the null and alternative hypothesis about the slope. 

Null Hypothesis - H0: slope = 0


Alternative Hypothesis - HA: slope ≠ 0
b. Compute the F test for the ANOVA table. What does the F test indicate? Is it significant? What are the degrees of freedom of the F test? 
The F-value is 6.43. The F-test indicates that we can explain 6.43 times the variance than we can not explain. This F-value corresponds to a p-value of 0.0115, which is less than the critical value of 0.05 and is therefore statistically significant. The degrees of freedom for the model is 1, and the degrees of freedom for the error is 633.
c. Compute and interpret the coefficient of determination. What does it indicate? 
The coefficient of determination is 0.118. Since the coefficient of determination is closer to zero than one, this indicates that the residual variability is great and the prediction model is poor.
d. Interpret the intercept or constant.
The intercept is 0.069, indicating that an SES of zero corresponds with a math achievement score of 0.069.

e. Interpret the slope (or regression coefficient). Is the t test significant? What does the t test suggest? What are the degrees of freedom of the t test? How is the t test related to the F test? 
The slope is 0.419, which means that for every one unit increase in socio-economic status there is a math achievement score increase of 0.419 units. The t-value of 2.536 corresponds with a level of significance of 0.015. Since this is less than the critical value of 0.05, the t-test is statistically significant. This suggests that there is a relationship between socio-economic status and math achievement scores. There is one degree of freedom for the t-test. The t-test is related to the F-test because squaring the t-value results in the F-value. Both are statistically significant.
f. What is the estimate of the error or residual variance if the SSreg (sums of squares regression) is 3.381?
The residual variance is 0.0399.
g. What is the correlation coefficient? 
The correlation coefficient is 0.344.
h. Compute a 95% CI for the slope. Would you reject or accept the null hypothesis? Explain. 
The 95% CI for the slope is (0.0956, 0.7424). Based on this confidence interval, the null hypothesis can be rejected because zero does not fall within this interval. It can be concluded that the slope is not equal to zero.
3. (9 Points). The effects of class size reduction on student achievement have been of much interest to policy makers the last 2 decades. Below are the results of a linear regression that examined the effects of small classes (coded as small class 1, else 0) on math achievement in second grade. Assume that math scores are standardized (z scores).
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	.076
	.017
	
	4.583
	.000

	
	small class in second grade 
	.178
	.030
	.086
	5.937
	.000

	a. Dependent Variable: math in second grade


a. Interpret the constant. 

The constant is 0.076. This means that for a regular class size (coded as zero), the z-score for math achievement is .076. 

b. Interpret the slope. 

The slope is 0.178. This is the mean difference in math achievement z-scores between small and regular class sizes. 
c. What is the mean math achievement in small classes? 

The mean math achievement z-score is 0.254.
d. What does the t test indicate? Explain. 

The t-test indicates that the slope is statistically significant. The p-value is less than the critical value of 0.05, indicating the slope is statistically significant.
e. Given the results above what do you conclude about small classes and achievement? 

It can be concluded that small class sizes indeed result in higher math achievement scores. However, I would still question if the increase is enough to influence the scheduling of students into small classes.

f. What is the coefficient of determination? 

The coefficient of determination is 0.0074.

g. If the total variation in math achievement is 4208.1 what is the mean square regression? Interpret the mean square regression.

The mean square regression is 31.14. This value is calculated by the sum of squares of the regression model divided by the degrees of freedom. In this case, there is one degree of freedom, therefore the sum of squares of the regression model is equal to the mean square regression. 
h. What is the estimate of the error or residual variance (Mean Square Error)? Interpret the error or residual variance.

The mean square error is 0.883. This value shows the difference between the actual observations and the response predicted by the model. 

i. Compute a 95% CI for the slope. What do you conclude? 

The 95% CI for the slope is (0.1192, 0.2368). Because the entire interval for the slope is greater than zero, we can conclude that small class sizes have a positive influence on math achievement scores.
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