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Final

Answer all five questions. They are weighted equally.

1. (30) For a regression using ordinary least squares, OLS,
y = b0 + b1 x1 + b2 x2 …+ bn xn + e, 
we make certain assumptions about the properties of the error term, e.

a. List five assumptions about e
i. ____________________

ii. _____________________

iii. ______________________

iv. ______________________

v. ______________________

b. For one-way analysis of variance, using regression of a quantitative variable against binary dummy explanatory variables (zero/one) we used one of these assumptions to interpret the meaning of the regression coefficients, b0 , b1 etc. Which assumption did we use? _________________
c. Which assumption is frequently violated in time series regressions? _________________
d. Explain the difference between homoskedasticity and heteroskedasticity. ______________________________________________________
e. One can obtain estimates of the OLS parameters by minimizing the sum of squared residuals with respect to each regression parameter without making any assumptions about the error term e. So why are these assumptions about the error term important? __________________________________________
__________________________________________________________________

2. (30) The number of days spent recovering from a heart attack was studied for a random sample of 300 patients in the US. The duration of days recovering was used to calculate the Kaplan-Meier estimates of (1) the hazard function, (2) the cumulative hazard function, and (3) the survivor function, as displayed in Table 2-1. These Kaplan-Meier estimates for the hazard rate and the cumulative hazard rate are plotted in Figures 2-1 and 2-2.
Table 2-1: Kaplan-Meier Estimates of Days Recovering from a Heart Attack, US

	US days
	# ending
	# at risk
	interval hazard rate
	cumulative hazard rate
	ratio
	Survivor Function

	
	
	
	(# ending/# at risk)
	
	(# at risk - # ending)/# at risk
	

	8
	1
	300
	0.0033
	0.0033
	0.997
	0.997

	9
	1
	299
	0.0033
	0.0066
	0.997
	0.994

	12
	4
	298
	0.0134
	0.0201
	0.987
	0.980

	13
	1
	294
	0.0034
	0.0235
	0.997
	0.977

	14
	4
	293
	0.0137
	0.0371
	0.986
	0.964

	15
	10
	289
	0.0346
	0.0717
	0.965
	0.930

	16
	3
	279
	0.0108
	0.0825
	0.989
	0.920

	17
	8
	276
	0.0290
	0.1115
	0.971
	0.894

	18
	8
	268
	0.0299
	0.1413
	0.970
	0.867

	19
	13
	260
	0.0500
	0.1913
	0.950
	0.824

	20
	12
	247
	0.0486
	0.2399
	0.951
	0.784

	21
	11
	235
	0.0468
	0.2867
	0.953
	0.747

	22
	14
	224
	0.0625
	0.3492
	0.938
	0.700

	23
	13
	210
	0.0619
	0.4111
	0.938
	0.657

	24
	9
	197
	0.0457
	0.4568
	0.954
	0.627

	25
	16
	188
	0.0851
	0.5419
	0.915
	0.574

	26
	19
	172
	0.1105
	0.6524
	0.890
	0.510

	27
	11
	153
	0.0719
	0.7243
	0.928
	0.473

	28
	15
	142
	0.1056
	0.8299
	0.894
	0.423

	29
	16
	127
	0.1260
	0.9559
	0.874
	0.370

	30
	11
	111
	0.0991
	1.0550
	0.901
	0.333

	31
	11
	100
	0.1100
	1.1650
	0.890
	0.297

	32
	12
	89
	0.1348
	1.2998
	0.865
	0.257

	33
	13
	77
	0.1688
	1.4686
	0.831
	0.213

	34
	15
	64
	0.2344
	1.7030
	0.766
	0.163

	35
	6
	49
	0.1224
	1.8255
	0.878
	0.143

	36
	10
	43
	0.2326
	2.0580
	0.767
	0.110

	37
	11
	33
	0.3333
	2.3914
	0.667
	0.073

	38
	6
	22
	0.2727
	2.6641
	0.727
	0.053

	39
	5
	16
	0.3125
	2.9766
	0.688
	0.037

	40
	2
	11
	0.1818
	3.1584
	0.818
	0.030

	41
	1
	9
	0.1111
	3.2695
	0.889
	0.027

	42
	1
	8
	0.1250
	3.3945
	0.875
	0.023

	43
	4
	7
	0.5714
	3.9659
	0.429
	0.010

	44
	1
	3
	0.3333
	4.2993
	0.667
	0.007

	47
	2
	2
	1.0000
	5.2993
	0.000
	0.000


[image: image1.emf]Figure 2-1: Interval Hazard Rate, Duration: Days Recovering from Heart Attack Before 
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 [image: image2.emf]Figure 2-2: Cumulative Hazard Rate, Duration: Days Recovering from Heart Attack Before 

Returning To Work, US
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The exponential distribution is often used for duration studies. The density function, f(t), for the exponential is f(t) = ( e-(t , where the reciprocal of ( would be the mean recovery time. The cumulative distribution function, F(t), or probability the recovery time lasts up to time t* is F(t*) = 1 - e-(t* . The survivor function, S(t*), i.e. the probability that recovery time is longer than t*, is S(t*) = 1 –F(t*) = e-(t* . The hazard rate, h(t*), or conditional probability of a recovering heart attack patient returning to work after recovering for t* days is h(t*) = f(t*)/ S(t*), which for the exponential is h(t*) = (.
The cumulative hazard function, H(t*) = 
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, and for the exponential is a linear function of recovery time: H(t*) = ( t* .

a. From Table 2-1 and Figure 2-1, is the conditional probability of a heart attack patient returning to work given they have been recovering for t* days constant, decreasing, or increasing? ________________________________

b. From Table 2-1 and Figure 2-2, does the cumulative hazard function look like it is a linear function of recovery time? ____________________________ 

c. Does the exponential appear to be the function to use to fit this US recovery time data? ________________________

d. If you use the estimated slope from the linear fit of the cumulative hazard function in Figure 2-2 to estimate the mean recovery time in the US, what value do you get, rounded to the nearest day? ____________________
e. From Table 2-1, does this estimate in part d of the average number of recovery days make any sense? ______. Is it too high, too low, or just right? ___________________

3. (30) The number of days spent recovering from a heart attack before returning to work was also collected for a random sample of 300 patients in Canada. The author of the 7th edition of the text (also in the 5th and 6th editions) analyses the data, and asks the question “ Can we conclude that recovery is faster in the United States?”

 He proceeds by using an equal variances t-test of the differences in the means using the following data. You can round to the second decimal place.
Table 3-1 Recovery Days From a Heart Attack Before Returning To Work

	
	
	

	Sample: 1 300

	
	
	

	
	CANADA
	US

	
	
	

	 Mean
	 29.43667
	 26.98333

	 Median
	 29.00000
	 27.00000

	 Maximum
	 52.00000
	 47.00000

	 Minimum
	 8.000000
	 8.000000

	 Std. Dev.
	 7.537597
	 7.476813

	 Skewness
	 0.130607
	 0.066386

	 Kurtosis
	 3.050148
	 2.525550

	
	
	

	 Jarque-Bera
	 0.884350
	 3.034146

	 Probability
	 0.642637
	 0.219353

	
	
	

	 Observations
	300
	300


a. Is the data distributed normally for both countries? _________________

___________________________

b. The sample standard deviations appear about the same. Test the null hypothesis that the two variances are equal against the alternative that the variance for Canada is larger. (Hint: the larger sample variance goes in the numerator of the ratio and the critical value at the 5 % level for F299, 299  = 1.22) ________________________________________________________
__________________________________________________________________

c. Figure 3-2 illustrates the F distribution for the appropriate degrees of freedom and the critical value for 5 % in the upper tail. Illustrate the value of your test statistic. Do you accept or reject the null? __________________________
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Figure 3-2: F Distribution for 299 Degrees of Freedom in the Numerator and the Denominator
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Figure 3-2: F Distribution for 299 Degrees of Freedom in the Numerator and the Denominator


d. Use the author’s test (mentioned above) for a difference in mean recovery days between the US and Canada. What is the value of your Student’s t-distribution t-statistic? ______ Illustrate it in Figure 3-3.
e. Figure 3-3 illustrates Student’s t distribution for the appropriate degrees of freedom, using a one-tailed test? Is recovery time before returning to work significantly lower in the United States? ___________________________
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Figure 3-3: Student's t-distribution for 598 Degrees of Freedom
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Figure 3-3: Student's t-distribution for 598 Degrees of Freedom


4. (30) The author of our text uses the descriptive statistics for recovery days from a heart attack before returning to work for the US and Canada (see  Table 3-1) to talk in terms of the health care systems for these two countries. He states “There are enormous differences in the health care systems in the United States and Canada.” (This study was conducted by doctors at Duke University, a hospital in Toronto, and the University of Alberta).

There is a statistical difference in the mean number of recovery days before returning to work for patients in the US compared to those in Canada. On the other hand, if one compares the log-log plot for the cumulative hazard function against days of recovery, it is linear suggesting a Weibull distribution, as illustrated in Figure 4-1. Further tests show that there is no significant difference in hazard functions  between countries. Hence it may be premature to attribute the difference in average recovery days to the health systems. [image: image6.emf]Figure 4-1: Log Log Plot of Cumulative Hazard Function Vs. Days of Recovery Before 

Returning To Work, US Vs. Canada
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This raises the question whether the difference in mean days discovered in question 3, above, might be due to individual factors. Data was also collected from each individual about whether they still experienced chest pain one month after the heart attack. Of course days in recovery and whether they experience pain are both outcomes for an individual, i.e. endogenous, or jointly determined. That is, whether an individual reports pain at one month might affect number of days in recovery, and in turn, the latter may affect whether pain is reported after one month. However we can see whether they are correlated without speculating on the direction of causality. The number of days in recovery after a heart attack, before returning to work, were ordered into four quartiles for the 300 hundred individuals in the US and the number recording pain at 1 month in each quartile was recorded. This data is reported in Table 4-1
Table 4-1: Number of US individuals Experiencing Pain One Month After a Heart Attack by Number of Days in Recovery

	Recovery Days
	Pain: Yes
	Pain: No
	Sum

	Lowest Quartile
	44
	31
	75

	Low Quartile
	46
	29
	75

	High Quartile
	48
	27
	75

	Highest Quartile
	50
	25
	75

	Sum
	188
	112
	300


a. Calculate the expected number under the assumption of independence and fill in the next table.
Table 4-2: Expected Number Assuming Independence Between Pain and Recovery Days

	Recovery Days
	Pain: Yes
	Pain: No
	Sum

	Lowest Quartile
	
	
	

	Low Quartile
	
	
	

	High Quartile
	
	
	

	Highest Quartile
	
	
	

	
	
	
	


b. Is there a positive association between experiencing pain one month after a heart attack and staying longer in recovery before returning to work? _____________

c. Is this association statistically significant? __________________________

d. How many degrees of freedom are there? ___________________________
e. Calculate each cell’s contribution to chi square to two decimal points and fill in the next table.

Table 4-3: Contribution to Chi Square
	Recovery Days
	Pain: Yes
	Pain: No
	

	Lowest Quartile
	
	
	

	Low Quartile
	
	
	

	High Quartile
	
	
	

	Highest Quartile
	
	
	

	
	
	
	


5. (30) The following study of fifty randomly selected professional hockey players looked at their annual salaries for a year in the early nineties. Explanatory factors include goals scored in a year, assists credited in a year, games played in a year, minutes in the penalty box during the year, and for the year the sum over all games of points scored by the home team minus points scored by the opponents while this player was on the ice, named plusminus. The regression results for all of the explanatory variables are shown in Table 5-1
Table 5-1: Regression of Hockey Player Salaries on 5 Player Performance Measures

	Dependent Variable: SALARY

	Method: Least Squares

	
	
	
	
	

	Sample: 1 50

	Included observations: 50

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	GOALS
	23667.03
	6326.386
	3.741003
	0.0005

	ASSISTS
	17915.36
	5013.729
	3.573261
	0.0009

	GAMES
	-7257.687
	3966.171
	-1.829898
	0.0740

	PENALTY
	553.5182
	1008.675
	0.548758
	0.5859

	PLUSMINUS
	-2483.981
	5257.196
	-0.472492
	0.6389

	C
	401823.1
	177517.0
	2.263576
	0.0286

	
	
	
	
	

	R-squared
	0.537519
	    Mean dependent var
	561500.3

	Adjusted R-squared
	0.484965
	    S.D. dependent var
	592316.9

	S.E. of regression
	425082.0
	    Akaike info criterion
	28.87012

	Sum squared resid
	7.95E+12
	    Schwarz criterion
	29.09956

	Log likelihood
	-715.7530
	    F-statistic
	10.22782

	Durbin-Watson stat
	1.070903
	    Prob(F-statistic)
	0.000002

	
	
	
	
	



The two variables penalty and plusminus were dropped and the regression was re-estimated. The results are shown in Table 5-2.
Table 5-2: Regression of Hockey Player Salaries on 3 Performance Measures

	Dependent Variable: SALARY

	Method: Least Squares

	
	
	
	
	

	Sample: 1 50

	Included observations: 50

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	GOALS
	22887.22
	6134.039
	3.731183
	0.0005

	ASSISTS
	16251.82
	4250.746
	3.823286
	0.0004

	GAMES
	-5648.958
	3144.688
	-1.796349
	0.0790

	C
	381415.8
	171111.4
	2.229049
	0.0307

	
	
	
	
	

	R-squared
	0.531938
	    Mean dependent var
	561500.3

	Adjusted R-squared
	0.501412
	    S.D. dependent var
	592316.9

	S.E. of regression
	418239.6
	    Akaike info criterion
	28.80211

	Sum squared resid
	8.05E+12
	    Schwarz criterion
	28.95508

	Log likelihood
	-716.0529
	    F-statistic
	17.42583

	Durbin-Watson stat
	1.051330
	    Prob(F-statistic)
	0.000000

	
	
	
	
	


a. Test whether dropping these two variables significantly increased the unexplained sum of squares, i.e. significantly decreased the explained sum of squares. _____________________________________________________

b. If you were using EViews for the estimation, what is an alternative way to conduct this test? ____________________________________________

c. What is the increase in annual salary per additional goal scored, conditional on the other explanatory variables? _________________________

d. Are there any surprises in the results that go against expectations? _______

___________________________________________________

e. The estimated residual from the second regression is plotted against the corresponding fitted salary In Figure 5-1.  Do you detect any problems? _______________________________________________________
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Figure 5-1: Estimated Residual Vs. Estimated Salary from Table 5-2
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The author of our text uses the descriptive statistics for recovery days from a heart attack before returning to work for the US and Canada (see  Table 3-1) to talk in terms of the health care systems for these two countries. He states “There are enormous differences in the health care systems in the United States and Canada.” (This study was conducted by doctors at Duke University, a hospital in Toronto, and the University of Alberta). 
The author’s analysis is OK as far as it goes, but perhaps the operative words are “returning to work”. A different perspective is gleaned from using the recovery days  before returning to work to do duration analysis. Figure 4-1 compares the Kaplan-Meier estimate of the conditional probability of returning to work given you have recovered for a certain number of days, i.e. the hazard rate h(t) = f(t)/S(t), for the US and Canada.
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a. Do you think the hazard rate for Canada is increasing, decreasing or constant? _______________________________________________________________

b. Do you think the behavior model that lies behind days recovering after a return to work is different between the US and Canada? Explain _____________________

____________________________________________________________________

c. Why might the probability of returning to work conditional on recovery for a certain number of days, be increasing, the longer time spent recovering, in the US but not in Canada?  Do you think this has anything to do with differences between the health care systems, or is something else going on? __________________ _______________________________________________________________
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
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