Homework 6.  The three kinds of t tests and related topics.
Due uploaded to Blackboard by 5pm on Friday, November 15, 2019. See HW #1 for general instructions. 

NOTE: This is a longer than average assignment; total points will be counted out of 130. 
1. (20 pts) Musical melodies from around the world show a curious pattern: when a melody moves upward (that is, when one note with a lower pitch is followed by another note with a higher pitch), the size of the upward movement tends to be larger than when a melody moves downward (that is, when one note with a higher pitch is followed by another note with a lower pitch). [Think of “Twinkle, twinkle, little star” – the initial upward leap is later followed by a series of smaller descending steps.] Does this asymmetrical pattern apply to all music? In one study, 97 songs by the modernist composer Arnold Schoenberg (1874-1951) were analyzed; the average sizes of upward and downward movements in the songs were computed, and an overall measure of ascending/descending asymmetry was calculated for each song. In this measure, a higher number reflects a greater asymmetry, with larger ascending leaps and smaller descending steps. The mean asymmetry score in the sample was +0.52. The sample standard deviation was 0.81. The researchers doing the study want to compare this result to a known population mean asymmetry score of +0.23 (this number is derived from studies of a very large number of melodies world-wide). Is the asymmetry score for the 97 songs by Schoenberg reliably different from the asymmetry score for melodies in general? Answer the following:

A. (2 pts) What is the null hypothesis?  

B. (2 pts) What is the alternative hypothesis?
C. (2 pts) What is name of the appropriate statistical test for testing the null hypothesis?
D. (3 pts) What is the obtained value of the appropriate statistic for testing H0?  Show your work.  
E. (1 pt) Using ( = .052tail, what is the appropriate critical value? (If the correct df do not match those in Table D, round down to the next lowest number of df.) 

F. (3 pts) What is your conclusion about H0, using ( = .052tail? What is the basis for your decision? In addition to stating whether the null should be rejected or not, say what the conclusion MEANS in the context of the problem.
G. (1 pt) Using ( = .012tail, now what is the appropriate critical value? (As in part E, if the correct df do not match those in Table D, round down to the next lowest number of df.) 
H. (3 pts) What is your conclusion about H0, using ( = .012tail? What is the basis for your decision?  In addition to stating whether the null should be rejected or not, say what the conclusion MEANS in the context of the problem.  
I. (3 pts) Calculate and interpret Cohen’s d. (“Interpret” always means, say if the effect is small, medium, or large.)
2. (35 pts) Suppose a developmental psychologist is interested in the effects of fluoride in water on children’s heights.  She measures the heights of a random sample (N = 21) of 12-year old children who live in an area with a very high level of natural fluorides in the water.  She is interested in comparing the average height of these children with the known population mean height, which she takes from published growth tables (µ = 57.5 inches for 12-year olds).  The SPSS file ‘fluoride-fall2019’ gives her raw sample data.  Answer the following questions. You will want to take some of your answers from SPSS.

A. (2 pts) What statistical test is appropriate here. Why? 

B. (4 pts) What are the null and alternative hypotheses? (Make these two-tailed.)
C. (2 pts) Report the sample mean and the sample standard deviation.  
D. (3 pts) What is tobt? How many degrees of freedom are there? What is tcrit (( = 0.052tail)? 

E. (1 pt) Report the p value of tobt from SPSS.    

F. (3 pts) What is your conclusion about H0, using ( = .052tail? What is the basis for your decision? In addition to stating whether the null should be rejected or not, say what that conclusion MEANS in the context of this particular situation.
G. (3 pts) Calculate Cohen’s d for these data and interpret the result as a small, medium, or large effect size.
H. (5 pts) Based on the decision about the null hypothesis, the effect size estimate, and general considerations about statistical power, what should the psychologist conclude about the heights of children who drink highly fluoridated water? Does it differ from that of children in general? Justify your answer in a few sentences.  

I. (3 pts) If the sample of 21 children was unbiased, and the sample size was made much larger and remained unbiased, what would you predict about the decision about the null hypothesis in that case?  (That is, would you expect to reject the null or failt o reject it?)  Explain why or why not.
J. (2 pts) Imagine that the sample size got much larger (as in sub-question h), but that the sample mean and standard deviation remained unchanged.  In that case, what would happen to the value of Cohen’s d?  

K. (4 pts) Calculate the 95% confidence interval (CI) for the population mean, based on the sample.  

L. (3 pts) Describe why it makes sense that the number 57.5 either should or should not be included in the 95% CI, based on your decision about H0.  In other words, how does knowing the CI complement the result from testing the null hypothesis?

3. (34 pts) Suppose a clinic provides a program to help their clients lose weight and asks a consumer agency to investigate the effectiveness of the program. The agency randomly samples 15 people in the program, weighing each person before the program begins and again three months later. The data (weight in lbs.) for each person is provided in the SPSS file ‘weight-fall2019’.  Answer the following questions. You will want to take some of your answers from SPSS.

a. (2 pts) What kind of statistical test is appropriate here?  Why?

b. (4 pts) What are the null and alternative hypotheses? (Make these two-tailed.)
c. (4 pts) Report the mean and sample standard deviation for each condition.  
d. (3 pts) What is tobt? How many degrees of freedom are there? What is tcrit (( = 0.012tail)? 

e. (1 pt) Report the p value of tobt from SPSS. 
f. (3 pts) What is your conclusion about H0, using ( = .012tail? What is the basis for your decision, in terms of the decision rule?
g. (3 pts) Calculate Cohen’s d for these data (see handout!) and interpret the result as a small, medium, or large effect size.
h. (5 pts) Based on the decision about the null hypothesis, the effect size estimate, and general considerations about statistical power, what should the agency conclude about the effectiveness of the weight loss program? Justify your answer in a few sentences.  
i. (9 pts) Calculate the Pearson correlation coefficient for weight in the two conditions using SPSS. What is the null hypothesis?  What is the alternative hypothesis?  What is robt?  How many degrees of freedom are there? What is rcrit (( = 0.052tail)? Report the p value (significance) of robt from SPSS.  What can the researcher conclude about the correlation?
4 (28 pts) The SPSS file ‘sleep-fall2019’ contains data representing the average number of hours of sleep in the last two nights by 8 depressed patients and 9 non-depressed patients. (Group 1 is ‘depressed’ and group 2 is ‘non-depressed.’) The researcher is interested in whether the two groups reliably differ in the amount of sleep they get.  
A. (2 pts) What kind of statistical test is appropriate here?  Why?  

B. (4 pts) What are the null and alternative hypotheses? (Make these two-tailed.)
C. (4 pts) Report the mean and sample standard deviation for each sample.  
D. (2 pts) Is the assumption of homogeneity of variances met? How do you know?
E. (3 pts) What is tobt? How many degrees of freedom are there? What is tcrit (( = 0.052tail)? 

F. (1 pt) Report the p value of tobt from SPSS. 
G. (3 pts) What is your conclusion about H0, using ( = .052tail? What is the basis for your decision, in terms of the decision rule?
H. (4 pts) By hand, calculate the size of the effect (omega squared) of the study and interpret the effect size.  Show your work, including the formula for omega squared. 

I. (5 pts) Based on the decision about the null hypothesis, the effect size estimate, and general considerations about statistical power, what should the researcher conclude about possible differences in sleep between depressed and non-depressed patients? Justify your answer in a few sentences.  
5. (13 pts) Answer the following questions with “it increases,” “it decreases,” “it stays the same,” or “not enough information to answer.”  Assume any factors in the situation not mentioned in the problem remain the same. In your write-up, just list the sub-question letter and your answer – no need to restate the question or to justify your answer.  
A. As |tobt| increases, what happens to the p value?
B. As |tobt| increases, what happens to the value of alpha? 
C. As N increases, what happens to |tcrit|?  
D. As the number of tails in a test increases from one to two, what happens to |tcrit|? 
E. If the difference between two means decreases in a t test, what happens to the absolute value of Cohen’s d? 
F. As the difference between means decreases, what happens to the absolute value of Cohen’s d?  
G. As the difference between means decreases and the sample standard deviation increases, what happens to |tobt| in the single sample t test?  
H. As degrees of freedom increase in a single sample t test, what happens to power?  
I. As |tobt| increases, what happens to |tcrit|? 
J. As omega-squared increases in the unpaired t test, what happens to power? 
K. As |robt| increases, what happens to the likelihood of rejecting H0 that ρ = 0? 
L. As N decreases and alpha decreases in value, what happens to |rcrit|? 
M. What happens to the width of a confidence interval when you go from having computed a 99% to computing a 95% confidence interval, on the same data? 
