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Midterm

1. (15) The box plot for running times from a random sample of Boston Marathon runners is shown below. Table 1-1 lists the data sorted in descending order.
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a. Label the median on the plot with its numerical value.

b. Label the first and third quartiles on the plot with their numerical values.

c. The numerical value for the second quartile is also the numerical value for the ____________ .

d. Label the ends of the upper whisker and the lower whisker with their numerical values.

e. How many outliers are there? What does it take to be an outlier? 

Table 1-1. Random Sample of Running Times, Boston Marathon

	219.96
	
	172.2
	
	150.51
	
	140.1

	201.79
	
	171.46
	
	147.78
	
	

	192.84
	
	171.33
	
	146.67
	
	

	191.42
	
	170.43
	
	146.59
	
	

	185.41
	
	169.49
	
	145.91
	
	

	183.97
	
	165.63
	
	145.11
	
	

	178.38
	
	165.08
	
	144.69
	
	

	177.64
	
	165.06
	
	144.41
	
	

	176.98
	
	164.87
	
	143.96
	
	

	176.6
	
	164.17
	
	143.76
	
	

	176.29
	
	160.88
	
	143.44
	
	

	175.58
	
	158.75
	
	142.33
	
	

	175.21
	
	158.53
	
	141.97
	
	

	175.18
	
	158.39
	
	141.83
	
	

	174.09
	
	156.9
	
	141.18
	
	

	173.9
	
	153.34
	
	141.06
	
	

	173.24
	
	152.07
	
	140.95
	
	

	173.18
	
	152.03
	
	140.57
	
	


2. (15) A random sample of heart attack victims can be classified as high income, 30%, medium income, 49%, and low income, 21%, respectively. These heart attack victims were classified as either survivors or deceased. Of those deceased, 7% were high income, 9% were medium income, and 12% were low income.

a. What is the joint probability of a sample member being low income and a heart attack survivor? _________________

b. What is the conditional probability of a member being a survivor given that they are low income? __________________

c. Is this conditional probability (part b) higher or lower than the probability of a member being a survivor? __________________

d. What is the conditional probability of a member being a survivor given that the member is high income? __________________

e. Does survival of a heart attack appear to be independent of income? _____

3. (15) The owner of a low-tech parking lot suspects her employee may be embezzling or skimming. Based on the dollar receipts the employee provided, the average time parked would be 3.5 hours. For the same period as the receipts turned in, the owner had the lot under surveillance and the following information on parking times was obtained. The histogram of parking times is shown as Fig.3-1. The summary statistics for parking times is included as Table3-1.

a. What is the recommended range for the number of bins for a histogram for a data set this size? ___________

b. At a 1% level of significance, do you think the employee is embezzling or not?​​​_____________

c. What is the critical value in the distribution determining the probability of the type I error?_____________

d. What distribution did you use in your answer to parts b and c? _________. Why? ___________.
e. If the histogram of parking times is not normal, does it affect your answer? __________________________________

[image: image2.wmf]Figure 3-1: Histogram of Parking 
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	Table 3-1. Summary Statistics, Parking Times in Hours

	Mean
	3.61
	
	
	

	Standard Error
	0.015934
	
	
	

	Median
	3.6
	
	
	

	Mode
	3.7
	
	
	

	Standard Deviation
	0.4
	
	
	

	Sample Variance
	0.16
	
	
	

	Kurtosis
	0.329372
	
	
	

	Skewness
	-0.07103
	
	
	

	Range
	2.7
	
	
	

	Minimum
	2
	
	
	

	Maximum
	4.7
	
	
	

	Sum
	2271.7
	
	
	

	Count
	629
	
	
	


4. (15) Describe in words why you could make errors in

a. estimating the population mean from a sample of random numbers generated from the normal distribution with mean zero and variance one.

b. estimating the proportion of voters that will vote for Senator Boxer today, based on a Field Poll taken three weeks ago.

c. estimating the true average monthly rate of return on the UC Stock Index Fund from five years of monthly data used to calculate the sample mean of the monthly rate of return of this index.

5. (15) Employment in California (in millions of persons) is plotted against Real California Personal Income (in millions of 2000 $), as illustrated in Figure 5-1. There appears to be “diminishing returns” so to speak, i.e. the slope of the data points appears to decrease as the ratio of employment to real income decreases. Note that a linear relationship does not fit the beginning or ending data points well. 


[image: image3.wmf]Figure 5-1:  CA Employment Vs Real CA Personal Income(2000 $), 1971-2003
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The ratio of employees per real dollar(2000) of personal income was calculated and plotted against time, where time equals zero in 1971 and time equals 32 in 2003. This ratio of employee per 2000 dollar equals 21 per million dollars in 1971 and 14 per million dollars in 2003. This trend plot is shown in Figure 5-2. The regression results are shown in Table5-1. A plot of the residuals from this trend regression is shown in Fig. 5-3.

a. Is there a statistically significant trend in the ratio? ____________

b. How do you know? _____________________________________

c. What is the estimated value of the ration in 1971? ____________

d. Does the 95% confidence interval on the estimated intercept include the actual value of the ratio in 1971? _____________

e. . Does this regression obviously violate any of the assumptions of ordinary least squares (OLS)? ____________________

[image: image4.emf]Figure 5-2: The Trend in the Ratio of CA Employment Per $ of CA Real 
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	Table 5-1: Regression of Employee Per 2000 Dollar of Personal Income Vs. Time
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.9767937
	
	
	
	
	

	R Square
	0.954126
	
	
	
	
	

	Adjusted R Square
	0.9526462
	
	
	
	
	

	Standard Error
	4.165E-07
	
	
	
	
	

	Observations
	33
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	1.11865E-10
	1.12E-10
	644.7637
	2.60982E-22
	

	Residual
	31
	5.37843E-12
	1.73E-13
	
	
	

	Total
	32
	1.17243E-10
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	2.106E-05
	1.41782E-07
	148.5202
	8.6E-46
	2.07684E-05
	2.1347E-05

	X Variable 1
	-1.934E-07
	7.61493E-09
	-25.3922
	2.61E-22
	-2.0889E-07
	-1.778E-07
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Figure 5-3: A plot of the Actual Ratio, the Fitted Ratio, and the Residuals
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Figure 5-3: A plot of the Actual Ratio, the Fitted Ratio, and the Residuals


From the graph above, it appears a linear relationship might fit the 70’s pretty well, and a different linear relationship, with a bigger intercept and a smaller slope might fit the eighties pretty well, and yet a different linear relationship, with the largest intercept and the smallest slope might fit the nineties pretty well. 

The data was sub-divided into three periods, 1971-1981, 1982-1992, 1993-2003, and as in Lab Five the intercept was allowed to shift and, in addition in this case, a different slope was estimated as well for each of the three sub-periods. The intercepts for the three periods are dum70, dum80, and dum90, respectively where dum70 equals one for each year 1971 through 1981, and equals zero for the remaining 22 years. The other dummy variables, dum80 and dum90, are constructed in a similar fashion. The slopes for each sub-period are the coefficients on income70, income80, and income90. 

The regression results are reported in Table 5-1.

Table 5-1: Estimates of the CA Employment Personal Income Relationship for Three Sub-Periods, 1971-1981, 1982-1992,1993-2003

	Dependent Variable: EMPLOYMENT

	Method: Least Squares

	
	
	
	
	

	Sample: 1971 2003

	Included observations: 33

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	DUM70
	1.047128
	0.265851
	3.938772
	0.0005

	DUM80
	2.796158
	0.310178
	9.014689
	0.0000

	DUM90
	8.193507
	0.281638
	29.09230
	0.0000

	INCOME70
	1.78E-05
	5.69E-07
	31.26378
	0.0000

	INCOME80
	1.40E-05
	4.32E-07
	32.40444
	0.0000

	INCOME90
	7.25E-06
	2.88E-07
	25.17916
	0.0000

	
	
	
	
	

	R-squared
	0.998394
	    Mean dependent var
	12.43109

	Adjusted R-squared
	0.998097
	    S.D. dependent var
	2.702619

	S.E. of regression
	0.117911
	    Akaike info criterion
	-1.274812

	Sum squared resid
	0.375380
	    Schwarz criterion
	-1.002719

	Log likelihood
	27.03439
	    F-statistic
	3356.949

	Durbin-Watson stat
	1.803997
	    Prob(F-statistic)
	0.000000


a. Does splitting the data into three sub-periods improve the goodness of fit? Explain.

A null hypothesis is that the three intercepts are equal, i.e. dum70=dum80=dum90 (or in Eviews-language c(1)=c(2)=c(3)). The alternative hypothesis is that one or more are different. A Wald test was used and is reported in Table 5-2.

Table 5-2: The Wald Test of the Null That All Three Intercepts Are the Same?

	Wald Test:

	Equation: Untitled

	
	
	
	
	

	Null Hypothesis:
	C(1)=C(3)

	
	C(2)=C(3)

	
	
	
	
	

	F-statistic
	180.0409
	
	Probability
	0.000000

	Chi-square
	360.0817
	
	Probability
	0.000000

	
	
	
	
	


b. Do you reject the null? Explain why?

Are we getting less employment growth per $ of real personal income in the period 1993-2003 than in the previous 11 years? That is, is the estimated slope coefficient(b-hat1993-2003 = 7.25x10-6 for income90 significantly less than the slope coefficient for income80(b-hat1982-1992 = 14.0 x10-6) or they equal? In Eviews the slope for the nineties is c(6) and the slope for the eighties is c(5). The Wald test is reported in Table 5-3.

Table 5-3: The Wald Test That the Slope in the Nineties is the Same As the Slope in the Eighties.

	Wald Test:

	Equation: Untitled

	
	
	
	
	

	Null Hypothesis:
	C(5)=C(6)

	
	
	
	
	

	F-statistic
	169.2566
	
	Probability
	0.000000

	Chi-square
	169.2566
	
	Probability
	0.000000

	
	
	
	
	


c. Are we getting significantly less of an increase in employment per dollar increase in real personal income now than we did in the eighties?

d. Are the intercept and the slope for each sub-period, for example the seventies, significantly different from zero? How do you know?

e. We conducted the analysis above in terms of employment multipliers, i.e. how many additional workers are employed per dollar of personal income where the latter can be thought of as a measure of the size of the economy. We could turn the analysis around and think in terms of a production function, i.e. how much personal income is produced per worker. In those terms, we appear to be getting more income per worker in the nineties than we did in the seventies.  What could be the economic explanation for that?

6. In hypothesis testing, you formulate a null hypothesis about an unknown population parameter and consider an alternative hypothesis about this parameter. You must make a decision whether to accept or reject this null hypothesis.

a. What are the correct decisions that you can make, conditional on the true state of nature?

b. What symbols do you use for the probabilities of making the incorrect decisions conditional on the state of nature?

c. If the costs of making a type I and type II error are C(I) and C(II), respectively, what criterion or function do you want to optimize in choosing the magnitudes of the probabilities of the type I and type II errors?

7. (15)

8. (15) There were 24 launches of the shuttle prior to the Challenger. If a launch suffered one or more o-ring failures, you code the dependent variable with a one. If there was no o-ring failure, you code it zero. You regress this dependent variable against the Fahrenheit temperature at launch time for these 24 observations. The regression output is displayed below.

a. Does 0-ring failure depend significantly on launch temperature?

b. How do you know this estimated relationship is statistically significant?

5. (15)
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Figure 5-1:  CA Employment Vs Real CA Personal Income(2000 $), 1971-2003
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				CA CPI		total personal income, millions		employment, thousands		Total Personal Income,  M 2000$		employment, thousands		Employment,Millions

		1971		39.3		102,416		7,669		371,481		7,669		7.669

		1972		40.6		112,211		7,996		393,540		7,996		7.996

		1973		43		124,102		8,286		412,342		8,286		8.286

		1974		47.4		138,734		8,638		417,947		8,638		8.638

		1975		52.3		152,721		8,598		426,991		8,598		8.598

		1976		55.6		171,412		8,990		452,289		8,990		8.99

		1977		59.5		191,536		9,513		474,008		9,513		9.513

		1978		64.4		219,674		10,137		505,893		10,137		10.137

		1979		71.3		252,213		10,566		531,378		10,566		10.566

		1980		82.4		286,289		10,794		546,210		10,794		10.794

		1981		91.4		320,691		10,937		564,109		10,937		10.937

		1982		97.3		341,872		10,967		570,672		10,967		10.967

		1983		98.9		367,505		11,095		591,217		11,095		11.095

		1984		103.8		411,616		11,631		637,933		11,631		11.631

		1985		108.6		447,103		12,048		669,796		12,048		12.048

		1986		112		477,762		12,443		698,321		12,443		12.443

		1987		116.5		517,348		12,947		726,250		12,947		12.947

		1988		121.9		561,121		13,384		756,369		13,384		13.384

		1989		128		606,701		13,780		781,385		13,780		13.78

		1990		135		655,567		14,319		805,325		14,319		14.3192

		1991		140.6		669,842		14,004		794,466		14,004		14.0042

		1992		145.6		701,572		13,973		811,743		13,973		13.9733

		1993		149.4		714,107		13,918		806,225		13,918		13.9183

		1994		151.5		735,104		14,122		814,832		14,122		14.1221

		1995		154		771,470		14,203		836,251		14,203		14.2028

		1996		157.1		812,404		14,392		866,354		14,392		14.3915

		1997		160.5		861,557		14,943		904,656		14,943		14.9425

		1998		163.7		931,564		15,368		975,222		15,368		15.3675

		1999		168.5		995,326		15,732		1,024,062		15,732		15.7317

		2000		174.8		1,100,679		16,049		1,103,842		16,049		16.0489

		2001		181.7		1,129,868		16,260		1,111,607		16,260		16.2601

		2002		186.1		1,155,247		16,242		1,109,780		16,242		16.2418

		2003		190.4				16283		1,123,402		16283		16.283
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