34. The variables Y = annual income (in thousands of dollars), X1 = number of years of education, and X2 = number of years of experience in a job are measured for all the employees having city-funded jobs in Knoxville, Tennessee. The following prediction equations and correlations apply.

(i) Y(hat) = 10 + 1.0X1, r = .30

(ii) Y(hat) = 14 + 0.4X2, r = .60

The correlation is -.40 between X1 and X2. Which of the following statements are true?

a) The strongest sample association is between Y and X2.

     True. rYX2(.60) > rYX1(.30).

b) The weakest sample association is between X1 and X2.

     False. The sample association between Y and X1 (.30) is weaker than the association between X1 and X2 (-.40).

c) The prediction equation using X2 to predict X1 has a negative slope.

     True. The sample association between X1 and X2 is -.40; b/c the slope and the correlation coefficient have the same sign (i.e., +/-), the prediction equation using X2 to predict X1 must have a negative slope.

d) A standard deviation increase in education corresponds to a predicted increase of .3 standard deviations in income.

     True. By definition, a standard deviation in X corresponds to a change of r standard deviations in the Y variable.

e) There is a 30% reduction in error in using education, instead of Y(bar), to predict income.

     False. R² = .09, so there would be a 9% reduction in error using education instead of Y(bar) to predict income.

f) Each additional year on the job corresponds to a $400 increase in predicted income.

     True. Because the slope is .4, there is a $400 predicted increase in income for each additional number of years of experience.

g) When X1 is the predictor of Y, the sum or squared residuals (SSE) is larger than when X2is the predictor of Y.

     True. The smaller r value for X1 represents a weaker linear association, larger error from the predicted value, and a larger sum of squared residuals.

h) The predicted mean income for employees having 20 years of experience is $4000 higher than the predicted mean income for employees having 10 years of experience.

     True. 

X2 = 20; Y(hat) = $22,000

X2 = 10; Y(hat) = $18,000

$22,000 – $18,000 = $4000

i) If σ(hat) = 8 for the model using X1 to predict Y, then it is not unusual to observe an income of $70,000 for an employee who has 10 years of education.

     False. 

Y(hat) = 10 + 1.0(10) = 20. 

If σ = 8, then an income of $70,000 is 6.25 standard deviations above the predicted value ([70 – 20]/8), and would be rather unusual.

j) It is possible that SY = 12.0 and SX1 = 3.6.

     True. 

    r = β(sX / sY)

.30 = 1.0(3.6/12.0)

  .3 = .3

k) It is possible that Y(bar) = 20, and X1 (bar) = 13.

     False.

Y(bar) = 10 + 1.0X1(bar)

20 = 10 +1.3(13)

20 ≠23

35. One can interpret r = .3 as follows:

a) A 30% reduction in error occurs in using X to predict Y.

     False/Incorrect. A correlation of .3 would correspond to a 9 % reduction in error in using X to predict Y.
b) A 90% reduction in error occurs in using X to predict Y compared to using Y(bar) to predict Y.


     True/Correct. 

36. The correlation is inappropriate as a measure of association between two quantitative variables:
B-when the association is high non-linear

D-When the slope of the prediction equation is 0 using nearly all the data, but a couple of outliers are extremely high on Y at the high end of the X scale.

G-when the sample has a much narrower range of X values than does the population.
37. The slope of the least squares prediction equation and the Pearson correlation coefficient are similar in the sense that:

C-The both have the same sign

F-They have the same t statistic value for testing H0: Independence.

G-They both can be strongly affected by severe outliers.

Read the discussion between Kahn and Udry 1986 (American Sociological Review 51(5):734-737) and Jasso 1986 (ASR 51(5):738-742).  There is a lot of technical information about fixed effects models – ignore it and focus on one debate:

1.)  How does marital coital frequency change with age, and how do outliers affect the estimation of this effect?
(Kahn, Udry, and Jasso also debate how marital coital frequency changes with marital duration, and how well a linear model of marital duration works.  That’s a topic better suited for 602.)

After reading Kahn and Udry’s comment and Jasso’s rebuttal, summarize the main arguments from each author.  With whom do you agree, and why?

Chapter 15

1. A logistic regression model describes how the probability of voting for the Republican candidate in a presidential election depends on the X, the voter’s total family income (in thousands of dollars) in the previous year.  The prediction equation for a particular sample is …

a) for the region of X values for with pie is near .5, give a linear approximation for the change in the probability for each thousand dollar increase in income.

B(.5*(1-.5) = .005
b) At which level of income is the probability of voting for the Republican candidate 

 i equal, (ln(.5/(1-.5))+1)/.02 = 1/.02 = 50 or $50,000
 ii greater >$50,000
c) Find the estimated probability of voting for the Republican candidate when 

 i income = 10,000 , 
e^(-1+.02*10) = P/(1-P) , P = e^(-1+.02*10)/(1+e^(-1+.02*10)) = .31
ii income = 100,000

P = e^(-1+.02*100)/(1+e^(-1+.02*100)) = .73
d) Explain how the odds of voting Republican depends on family income.

For every $1,000 increase in family income, the odds are 1.02 (=e^.02) times greater.

e) The estimated standard error of the coefficient of X is .005.  Assuming the sample was randomly selected, test the hypothesis that vote for the Republican candidate is independent of family income.

z = B/se = .02/.005 = 4, P<.001

The probability of getting a slope this far from 0 (independence) by chance and chance alone is less than .05.  Therefore we reject the null hypothesis and conclude that family income is associated with the probability that an individual voted Republican.

3. A sample of 54 elderly men are given a psychiatric examination to determine whether symptoms of senility are present.  A subtest of the Wechsler Adult Intelligence Scale (WAIS) is the explanatory variable.  Table 15.15 shows the results.  The WAIS scores range from 4 to 20, with a mean of 11.6.  Higher values indicate more effective intellectual functioning.

a) report the prediction equation, and explain why this equation suggests that the probability of senility decreases with higher levels of the WAIS.  

Ln(P(1-P)) = 2.0429 - .2821X  The negative coefficient (-.2821) for WAIS means that as the WAIS increases, the probability of senility tends to decrease.

b) P = e^(2.0429-.2821*7.2)/(1+e^(2.0429-.2821*7.2)) = .5
 or 2.0429 = .2821X, X = 2.0429/.2821 = 7.2

c) Find the predicted Prob of senility at 20

P = e^(2.0429-.2821*20)/(1+e^(2.0429-.2821*20)) = .027

d) Report the z test statistic for H0: B=0.  What does the Wald statistic equal?  What do you conclude about the association?

Z = B/se = .2821/.1007 = 2.80

Wald = Z^2 = 7.85,  P=.0051

We would reject the null hypothesis and conclude that senility in elderly men is associated with intelligence as measured by WAIS.

e) P = .847-.051*20 = -.173.  This is not meaningful; an individual cannot face a negative probability.

Also, do the following exercise: 

For the 23 space shuttle flights that occurred before the Challenger mission disaster in 1986, Table 15.16 on page 608 of Agresti and Finlay shows the temperature in degrees Fahrenheit at the start of the flight, and whether at least one primary O-ring suffered thermal distress.

Use logistic regression to model the relationship between temperature and the probability of thermal distress.

1.)  What are the predicted log odds, odds, and probability of thermal distress at 70 degrees?

2.)  What are the predicted log odds, odds, and probability of thermal distress at 31 degrees, the temperature at the time of the Challenger flight?

3.)  What is the change in log odds and odds of thermal distress associated with a one degree change in temperature?

4.)  Discuss the potential problems you might encounter if you used an ordinary least squares regression analysis instead of a logistic regression on this data.

