McGILL UNIVERSITY

FACULTY OF SCIENCE

FINAL EXAMINATION

MATHEMATICS AND STATISTICS MATH 523B

GENERALIZED LINEAR MODELS

Examiner: Professor A. C. Vandal
Date: Thursday, 24 April 2003

Associate examiner: Professor R. Steele
Time: 14:00-17:00

INSTRUCTIONS

Attempt all questions.

Be neat and concise!

Notes, texts and calculators are allowed.

Make sure to fully identify the statistics you use, both in value and in distribution!

The exam contains:

4 questions on pages 1 to 4;

9 pages of output (pages 5 to 13);

3 pages of plots (pages 14 to 16);

2 pages with a tables of the chi-squared and F distributions.

The exam will be graded out of 100, from a possible 120 marks.
Good luck & have a good summer!

1. [34 marks total]


Aboriginal Deaths in Custody

Data were collected concerning the number of deaths amongst adults (15 years and older) while in prison custody in each of the years 1990 to 1995, and according to whether the death was that of an Australian Aboriginal or Torres Strait Islander (indigenous), or of someone with another ethnicity. The data are described in the table below and displayed with the output (pages 5 and 6):

	Variable name
	Variable values
	Description

	deaths
	non-negative integer
	yearly number of deaths while in prison custody

	prisoners
	non-negative integer
	number of prisoners in the year

	population
	non-negative integer
	average adult population in the year (15 years and over)

	year
	
	year under consideration (1990 to 1995)

	Indigenous
	factor, dichotomous
	Yes=Aboriginal or Torres Strait Islander

 No=Other



SOURCE:   Royal Commission into Aboriginal Deaths in Custody, Australia (1991).
We consider Binomial regression models with logit link in the following. Consider a model to explain the proportion of deaths amongst prisoners (dthpri=deaths/prisoners) according to year and Indigenous. 

(a) [3] Is this proportion different between indigenous and other people?

(b) [4] Is the effect of year on this proportion linear (on the logit scale)? Use any appropriate test or tests.

(c) [2] Consider model1A regressing this proportion on year only. Write down the coefficient estimates and deviance that you would obtain if covariate year in this model were replaced by covariate since1990=year-1990.

(d) [3] Using an appropriate model, estimate the probability of an indigenous prisoner dying in custody in 1994.

Consider now the proportion of deaths in custody over the total population (dthpop=deaths/population).

(e) [3] Does this proportion vary between indigenous and non-indigenous people?

(f) [3] Does the effect of year differ between indigenous and non-indigenous people?

(g) [4] If appropriate, test the goodness of fit of the model for the alternative hypothesis in part (e) (model1B).

(h) [4] Consider a Poisson regression with log-link of deaths on year and Indigenous with offset log(population). Explain why this model is almost identical in all respects to the alternative hypothesis model in part (e). In particular, is this near-identicality data-dependent?

Finally, consider the proportion of prisoners over total population (pripop=prisoners/population). 

(i) [4] Do indigenous and non-indigenous people differ with respect to this proportion? If so, how?

(j) [4] Synthesize your conclusions from (a), (e), (f) and (i) by describing in non-mathematical terms how indigenous and non-indigenous people differ according to the available data.  Use no more than three lines of text.

2. [28 marks total]


Ear Infections in Swimmers

Self-reported data on ear infections in 287 swimmers between 15 and 29 years old was collected in New South Wales (Australia). The data have been arranged in a complete 5-dimensional contingency table containing 72 cells (not shown) according to the factors described in the table below.

	Variable name
	Variable values
	Description

	Type
	Factor
	Occas = occasional swimmer

Freq    = frequent swimmer

	Location
	Factor
	Beach = beach swimmer

Nonbeach  = non-beach swimmer

	Age
	Factor
	15-19 = between 15 and 19 years old

20-24 = between 20 and 24 years old

25-29 = between 25 and 29 years old

	Gender
	Factor
	Male = male

Female = female

	Infections
	Factor
	0   =no infection

1-2= 1 or 2 infections

3+ = 3 or more infections



SOURCE:   New South Wales Water Board Pilot Surf/Health Study, 1990
The cell counts are represented by variable 
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. We assume initially that the cell counts are distributed as Poisson random variables. We regress them on the contingency table factors using a log link. Relevant output appears on pages 7 and 8.

(a) [3] What is the maximum likelihood estimate of the intercept under a model with intercept only?

(b) [4] Using an appropriate alternative hypothesis, test for the independence of Location, Gender and Type.

Consider now model2, which explains 
[image: image2.wmf]Y

in terms of Age and the Infections:Location interaction.

(c) [5] Let μ1 be the expected number of swimmers between ages 20 and 24 who swim at the beach and reported 1 or 2 infections. Let μ2 be the expected number of swimmers between ages 25 and 29 who do not swim at the beach and who reported 3 or more infections. Find the MLE of μ1/μ2 under model2.

(d) [4] Under model2, find the value of the expression 
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(e) [4] Consider Figure 2.1, plotting the fitted responses 
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against the residuals 
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 from model2. Explain the pattern of vertical lines observed in this plot (precise mathematical details are unnecessary).

(f) [4] Discuss the appropriateness of model2 for the data in light of Figure 2.2 and of the model varmodel in the output. Use no more than 3 lines. Refer to output comments to see how Figure 2.2 was created.

(g) [4] Find the log-odds of not swimming at the beach given 3 or more reported ear infections under an appropriate model in the output. 
3. [32 marks]

Length of stay in Emergency Departments 

Data concerning length of stay of 2050 patients in Emergency Departments (ED) was collected in several Québec hospitals. Some of the variables collected are described in the following table.

	Variable name
	Variable values
	Description

	los
	continuous, >0
	length of stay in ED in hours

	age
	continuous, >0
	age of patient in years

	percsev
	factor, None/Light/Medium/High
	patient’s perception of the severity of her/his condition

	ccrank
	continuous, integer from 1 to 172
	external ranking of the severity of the patient’s chief complaint

	mental
	factor, No/Yes
	if Yes, history of mental illness

	respir
	factor, No/Yes
	if Yes, history of respiratory disease

	mi
	factor, No/Yes
	if Yes, history of myocardial infarction


SOURCE: Étude de lourdeur dans les urgences au Québec, SMBD-Jewish General Hospital Emergency Department, Preliminary data.

The log-length of stay (loglos) is initially assumed to have a Normal distribution, while the other variables are treated as explanatory. Plots of loglos against the other variables are included. Output is on pages 9 to 11.

(a) [5] Test for the significance of each explanatory variable on the log-length of stay, taking all others into account. Be clear about your test statistics and your conclusions.

(b) [4] Which of models model3A, model3B and model3C is best in terms of Mallow’s Cp (MSEP3)?

(c) [3] According to model3A, what is the approximate effect of a 10 year age increase on the expected length of stay in an ED?

(d) [5] Identify any outlier in model3A at the 5% level. Justify your procedure briefly in terms of your distributional assumptions and using the output. Indicate the approximate value of the residual for any outlier you find.

(e) [5] Check the data for normality under model3A.

Figure 3.7 was created by ordering residuals according to the fitted values, then plotting the sample variance of each group of 50 residuals against the mean of the 50 corresponding consecutive fitted values (see output also).

(f) [3] Propose an approximate transformation of the length of stay which might improve the fit of model3A.

The data are now analyzed according to a Gamma model. We fit the same model as in 3. (a).

(g) [4] Do the data appear to follow a Gamma distribution under this model? 

(h) [3] Consider a quasi-likelihood model with variance function 
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 and log link (not shown in the output) with the same linear model as in 3.(g). Describe the fit of the model compared to the one fitted in        3. (g). Justify your answer.

4. [26 marks]

Kidney Infection after Disease Onset

Thirty-eight (38) patients with kidney disease were monitored from disease onset to the occurrence of kidney infection.  The data on these patients are described below.

	Variable name
	Variable values
	Description

	time
	integer, >0
	follow-up time in days (to infection or censoring)

	status
	indicator, 0 or 1
	1=infected, 0=censored

	sex
	factor, 2 levels
	Male
Female

	age
	continuous, >0
	age of the patient in years

	Disease
	factor, 4 levels
	GN 
AN     
PKD    
other



SOURCE:  Grieve, (1987).
Time to kidney infection is assumed to be Exponentially distributed with a mean possibly depending on sex, age and/or Disease. Relevant output is on pages 12 and 13.

(a) [5] Is there an effect of sex and/or Disease on time to kidney infection?

(b) [4] Does age or any interaction involving age affect time to kidney infection?

Select a most appropriate model to answer the next questions (state which model you use).

(c) [3] Is being female protective against kidney infection?

(d) [4] What is the estimated average time to infection for a 30 year-old male with disease PKD?

(e) [4] What is the estimated probability that a 30 year-old male with disease PKD will develop a kidney infection 13 weeks after disease onset or less?

(f) [6] Explain whether or not you can use the following techniques to check the appropriateness of the Exponential distribution assumption on your data. If not, explain why not. If so, indicate briefly how you would proceed (mathematical details are unnecessary):

i) deviance-based goodness of fit test;

ii) Kolmogorov-Smirnov test;

iii) estimation of the variance function.

END OF FINAL EXAMINATION QUESTIONNAIRE

############################################################
# Question 1 – Aboriginal Deaths in Custody

############################################################
> cust

   deaths prisoners population year Indigenous

1       6      2041     168317 1990        Yes

2       8      2166     172462 1991        Yes

3       2      2223     176827 1992        Yes

4       7      2416     181341 1993        Yes

5      11      2742     185836 1994        Yes

6      17      2907     190438 1995        Yes

7      27     12264   13141817 1990         No

8      31     12855   13326044 1991         No

9      34     13336   13501987 1992         No

10     42     13450   13649262 1993         No

11     42     14302   13810095 1994         No

12     42     14501   13995940 1995         No

> attach(cust)

> # Questions 1.(a),(b),(c),(d)

> dthpri<-deaths/prisoners

> summary(glm(dthpri~year+Indigenous,family=binomial,weights=prisoners))

                Estimate Std. Error z value Pr(>|z|)  

(Intercept)   -161.64504   72.15978  -2.240   0.0251 *

year             0.07815    0.03621   2.158   0.0309 *

IndigenousYes    0.25588    0.15574   1.643   0.1004  

(Dispersion parameter for binomial family taken to be 1)

    Null deviance: 16.4565  on 11  degrees of freedom

Residual deviance:  9.0151  on  9  degrees of freedom

> Year<-factor(year)

> year2<-year^2

> model1A<-glm(dthpri~year,family=binomial,weights=prisoners)

> summary(model1A)

              Estimate Std. Error z value Pr(>|z|)  

(Intercept) -164.62547   72.16155  -2.281   0.0225 *

year           0.07967    0.03621   2.200   0.0278 *

(Dispersion parameter for binomial family taken to be 1)

    Null deviance: 16.456  on 11  degrees of freedom

Residual deviance: 11.570  on 10  degrees of freedom

> glm(dthpri~year2,family=binomial,weights=prisoners)

 (Intercept)        year2  

 -8.525e+01    1.999e-05  

Degrees of Freedom: 11 Total (i.e. Null);  10 Residual

Null Deviance:      16.46  Residual Deviance: 11.57

> glm(dthpri~Year,family=binomial,weights=prisoners)

 (Intercept)  Year1991    Year1992    Year1993    Year1994     Year1995  

  -6.069547   0.118504    0.002988    0.292527    0.299400     0.385795  

Degrees of Freedom: 11 Total (i.e. Null);  6 Residual

Null Deviance:      16.46 Residual Deviance: 10.47

> glm(dthpri~year+year2,family=binomial,weights=prisoners)

 (Intercept)         year        year2  

  1.645e+04   -1.659e+01    4.183e-03  

Degrees of Freedom: 11 Total (i.e. Null);  9 Residual

Null Deviance:      16.46 Residual Deviance: 11.54 

> # Questions 1.(e),(f),(g),(h)

> dthpop<-deaths/population

> model1B<-glm(dthpop~year+Indigenous,family=binomial,weights=population)

> summary(model1B)

                Estimate Std. Error z value Pr(>|z|)    

(Intercept)   -220.55160   72.06524  -3.060  0.00221 ** 

year             0.10424    0.03616   2.883  0.00394 ** 

IndigenousYes    2.87081    0.15537  18.477  < 2e-16 ***

(Dispersion parameter for binomial family taken to be 1)

    Null deviance: 205.934  on 11  degrees of freedom

Residual deviance:  10.369  on  9  degrees of freedom

> cbind(fitted(model1B),population*fitted(model1B))

1  3.571113e-05  6.010791

 7  2.023220e-06 26.588781

2  3.963451e-05  6.835446

 8  2.245507e-06 29.923728

3  4.398890e-05  7.778426

 9  2.492217e-06 33.649886

4  4.882166e-05  8.853369

10 2.766033e-06 37.754307

5  5.418534e-05 10.069587

11 3.069932e-06 42.396053

6  6.013825e-05 11.452608

12 3.407220e-06 47.687245

>deviance(glm(dthpop~year*Indigenous,family=binomial,weights=population))

[1] 8.280448

> summary(glm(deaths~year+Indigenous,family=poisson,offset=log(population)))
                Estimate Std. Error z value Pr(>|z|)    

(Intercept)   -220.54927   72.05974  -3.061  0.00221 ** 

year             0.10424    0.03616   2.883  0.00394 ** 

IndigenousYes    2.87076    0.15532  18.483  < 2e-16 ***

 (Dispersion parameter for poisson family taken to be 1)

    Null deviance: 205.931  on 11  degrees of freedom

Residual deviance:  10.368  on  9  degrees of freedom

>#Questions 1. (i)

> pripop<-prisoners/population

> deviance(glm(pripop~year,family=binomial,weights=population))

[1] 46903.84

> deviance(glm(pripop~year+Indigenous,family=binomial,weights=population))

[1] 46.82983

> summary(glm(pripop~year*Indigenous,family=binomial,weights=population))

                     Estimate Std. Error z value Pr(>|z|)    

(Intercept)        -48.580738   4.113675 -11.810  < 2e-16 ***

year                 0.020910   0.002064  10.129  < 2e-16 ***

IndigenousYes      -55.537259  10.633893  -5.223 1.76e-07 ***

year:IndigenousYes   0.029187   0.005336   5.469 4.52e-08 ***

(Dispersion parameter for binomial family taken to be 1)

    Null deviance: 47105.221  on 11  degrees of freedom

Residual deviance:    16.873  on  8  degrees of freedom

############################################################
# Question 2 – Ear infections in swimmers

############################################################
> # First 5 observations

> earinf[1:5,]

   Type Location   Age Gender Infections Y

1  Freq    Beach 15-19 Female          0 8

2 Occas    Beach 15-19 Female          0 9

3  Freq NonBeach 15-19 Female          0 3

4 Occas NonBeach 15-19 Female          0 2

5  Freq    Beach 20-24 Female          0 6

> attach(earinf)

> # Questions 2.(a),(b) #####################################

> deviance(glm(Y~1,family=poisson))

[1] 214.4400

> deviance(glm(Y~Location+Gender+Type,family=poisson))

[1] 214.1816

> glm(Y~Location:Gender+Type:Gender+Location:Type,family=poisson)

[coefficient output skipped] 

Degrees of Freedom: 71 Total (i.e. Null);  65 Residual

Null Deviance:      214.4  Residual Deviance: 212.8

> glm(Y~Location:Gender:Type,family=poisson)

[coefficient output skipped] 

Degrees of Freedom: 71 Total (i.e. Null);  64 Residual

Null Deviance:      214.4 Residual Deviance: 212

> # Questions 2.(c),(d) ################################

> summary(glm(Y~Age,family=poisson))

            Estimate Std. Error z value Pr(>|z|)    

(Intercept)  1.57554    0.09282  16.975   <2e-16 ***

Age20-24    -0.28768    0.14180  -2.029   0.0425 *  

Age25-29    -0.32275    0.14297  -2.258   0.0240 *  

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 214.44  on 71  degrees of freedom

Residual deviance: 208.10  on 69  degrees of freedom

> summary(glm(Y~Location*Infections,family=poisson))

                               Estimate Std. Error z value Pr(>|z|)    

(Intercept)                     1.74920    0.12038  14.531  < 2e-16 ***

LocationNonBeach               -0.40547    0.19034  -2.130  0.03316 *  

Infections1-2                  -0.42744    0.19142  -2.233  0.02555 *  

Infections3+                   -0.73760    0.21157  -3.486  0.00049 ***

LocationNonBeach:Infections1-2  0.86148    0.26914   3.201  0.00137 ** 

LocationNonBeach:Infections3+   0.04445    0.33158   0.134  0.89335    

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 214.44  on 71  degrees of freedom

Residual deviance: 175.07  on 66  degrees of freedom

> # Questions 2.(e)####################################

> model2<-glm(Y~Age+Location*Infections,family=poisson)

> plot(fitted(model2),residuals(model2),

+ xlab="Fitted responses under Model2",ylab="Response residuals under Model2")

> title(main="Figure 2.1: Residuals vs. fitted responses under Model2")

> # Question 2.(f) ################################

> # The following command creates the vector of fitted values (fitval)

> # as well as a vector containing one instance of each of the

> # unique fitted values from model2 (uniquefit)

> fitval<-fitted(model2)

> uniquefit<-sort(unique(fitval))

> uniquefit

 [1] 1.857742 1.975596 2.665457 2.834552 3.676389 3.790726 

 [6] 3.823662 3.875941 5.686089 5.800506 5.813911 6.032870

> # The following commands produce the sample variance (samplevar) of

> # the residuals for each of the unique fitted values under model2

> samplevar<-uniquefit

> for (i in 1:length(samplevar))

+     samplevar[i]<-var(residuals(model2)[fitted(model2)==uniquefit[i]])

> plot(uniquefit,samplevar,xlim=c(0,6),ylim=c(0,6.5),

+ xlab="Fitted values under model2",ylab="Residual variance under model2")

> title(main="Figure 2.2: Residual variance against fitted values under model2")

> # The variances are regressed on the fitted values using a linear model

> # the fitted line is plotted on Figure 2.2

> varmodel<-glm(samplevar~uniquefit-1)

> summary(varmodel)

          Estimate Std. Error t value Pr(>|t|)    

uniquefit   0.7023     0.1037   6.776 3.05e-05 ***

    Null deviance: 132.191  on 12  degrees of freedom

Residual deviance:  25.551  on 11  degrees of freedom

> # Draw the fitted line on Figure 2.2

> abline(0,coefficients(varmodel))

> # Question 2.(g) ########################################

> summary(glm(Y~Age:Type:Gender:Infections+Infections:Location,family=poisson))

                                              Estimate Std. Error z value Pr(>|z|)    

(Intercept)                                    0.44291    0.35858   1.235 0.216766    

Infections0:LocationBeach                      1.27035    0.41683   3.048 0.002306 ** 

Infections1-2:LocationBeach                    0.94554    0.41757   2.264 0.023550 *  

Infections3+:LocationBeach                     0.32911    0.27520   1.196 0.231736    

Infections0:LocationNonBeach                   0.85984    0.43376   1.982 0.047447 *  

Infections1-2:LocationNonBeach                 1.40155    0.40778   3.437 0.000588 ***

Age15-19:TypeFreq:GenderFemale:Infections0     0.02024    0.27184   0.074 0.940645    

Age20-24:TypeOccas:GenderFemale:Infections0    0.08087    0.26844   0.301 0.763230    

Age15-19:TypeFreq:GenderMale:Infections0       0.04082    0.28574   0.143 0.886399    

Age25-29:TypeFreq:GenderFemale:Infections1-2  -0.13814    0.26289  -0.525 0.599264    

Age15-19:TypeOccas:GenderFemale:Infections1-2 -0.10178    0.26047  -0.391 0.695982    

Age25-29:TypeFreq:GenderMale:Infections1-2    -0.03278    0.25576  -0.128 0.898022    

Age20-24:TypeFreq:GenderFemale:Infections3+    0.30048    0.41076   0.732 0.464454    

Age25-29:TypeOccas:GenderFemale:Infections3+   0.30049    0.41064   0.732 0.464325    

Age20-24:TypeFreq:GenderMale:Infections3+      0.20067    0.44940   0.447 0.655215    

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 214.44  on 71  degrees of freedom

Residual deviance: 173.93  on 57  degrees of freedom

################################################################

# Question 3 – Length of stay in Emergency Departments in Québec

################################################################
> edlos[1:5,]

   los age percsev ccrank mental respir  mi

1 3.70  40    High    133     No     No  No

2 0.92  56  Medium     29     No     No  No

3 1.00  41    High     91     No     No  No

4 5.67  88  Medium    117     No     No  No

5 2.18  48  Medium     84     No     No Yes

> attach(edlos)

> loglos<-log(los)
# Create plots

> plot(age,loglos,xlab="Age of patient",ylab="Log(Length of stay)",

+ main="Fig. 3.1: Length of stay vs. age",pch=20)

> plot(ccrank,loglos,xlab="Chief complaint severity",ylab="Log(Length of stay)",

+ main="Fig. 3.2: Length of stay vs. severity of chief complaint",pch=20)

> boxplot(loglos~percsev,xlab="Perceived severity", ylab="Log(Length of stay)",

+ main="Fig. 3.3: Length of stay vs. perceived severity",pch=20)

> boxplot(loglos~percsev,xlab="Perceived severity", ylab="Log(Length of stay)",

+ main="Fig. 3.3: Length of stay vs. perceived severity",pch=20)

> boxplot(loglos[mental=="No"],loglos[mental=="Yes"],loglos[respir=="No"],

+ loglos[respir=="Yes"],loglos[mi=="No"],loglos[mi=="Yes"],

+ xlab="",ylab="Log(Length of stay)",

+ main="Fig. 3.4: Length of stay vs. other factors",pch=20)

> axis(1,at=1:6, labels=c("Mental-No","Mental-Yes","Respir-No","Respir-Yes",

+ "MI-No","MI-Yes"),cex.axis=0.7)

> # Questions 3.(a),(b),(c)

> mod<-glm(loglos~age+percsev+ccrank+mental+respir+mi)

> summary(model3A)

                Estimate Std. Error t value Pr(>|t|)    

(Intercept)   -0.1463155  0.1152022  -1.270 0.204202    

age            0.0105497  0.0011169   9.445  < 2e-16 ***

percsevLight  -0.0467459  0.1152751  -0.406 0.685141    

percsevMedium  0.2074938  0.1068929   1.941 0.052379 .  

percsevHigh    0.3397036  0.1070880   3.172 0.001535 ** 

ccrank         0.0084559  0.0004772  17.718  < 2e-16 ***

mentalYes      0.1864439  0.0689859   2.703 0.006936 ** 

respirYes      0.1939140  0.0521752   3.717 0.000207 ***

miYes         -0.0955296  0.0442462  -2.159 0.030963 *  

(Dispersion parameter for gaussian family taken to be 0.7340766)

    Null deviance: 2058.3  on 2049  degrees of freedom

Residual deviance: 1498.3  on 2041  degrees of freedom

> plot(fitted(model3A),resid(model3A),xlab="Fitted values",ylab="Residuals",

+ main="Fig. 3.5: Residuals vs. fitted values")

> abline(0,0)

> model3B<-glm(loglos~age+ccrank+age:ccrank+percsev+mental+respir+mi)

> model3B

[some output skipped]

Degrees of Freedom: 2049 Total (i.e. Null);  2040 Residual

Null Deviance:      2058 Residual Deviance: 1487

> model3C<-glm(loglos~age+ccrank+age:ccrank+percsev:mental:respir:mi)

> model3C

[some output skipped]

Degrees of Freedom: 2049 Total (i.e. Null);  2018 Residual

Null Deviance:      2058 Residual Deviance: 1465

> # Question 3.(d)

> r<-resid(model3A)

> vl<-predict.glm(model3A,se.fit=T)$se.fit^2

> sc<-summary(model3A)$dispersion

> z<-r/sqrt(sc-vl)

> df<-model3A$df.residual

> df

[1] 2041

> max(abs(z))

[1] 5.390493

> sqrt(2041-1)/sqrt(2041-5.4^2)

[1] 1.006974

> sqrt(2040-1)/sqrt(2041)

[1] 0.99951

> pval_pnorm(-abs(z))*2

> mat_cbind(1:2050,z,pval)

> # The next command orders the row of mat according to the increasing

> # order of the absolute value of z

> mat_mat[order(abs(z)),]

> mat[1:5,]

                      z      pval

1569 1569 -0.0001659922 0.9998676

1854 1854 -0.0006421240 0.9994877

68     68 -0.0006973831 0.9994436

18     18  0.0014374042 0.9988531

574   574 -0.0014625917 0.9988330

> mat[2046:2050,]

                  z         pval

526   526  3.320462 8.986854e-04

1040 1040 -3.397602 6.797922e-04

1400 1400  3.464264 5.316854e-04

473   473  4.016181 5.914882e-05

1071 1071 -5.390493 7.026470e-08

> 0.05/2050

[1] 2.439024e-05

> # Question 3.(e)

> u_sort(pnorm(z))

> n_2050

> i_1:n

> uhat_(i-0.5)/n

> plot(uhat,u,main="Fig 3.6: Length of stay P-P plot",type="l")

> abline(0,1)

> uminusuhat_u-uhat

> uminusuhat_sort(uminusuhat)

> uminusuhat[1:10]

        910         666         677        2026         432         625 

-0.02971601 -0.02947163 -0.02939905 -0.02928487 -0.02917753 -0.02899210 

       1632        1380         111        2005 

-0.02897403 -0.02896835 -0.02893928 -0.02882347 

> uminusuhat[2041:2050]

      1364        920        354       1039        890        951       1470 

0.01418250 0.01444001 0.01445902 0.01446965 0.01453839 0.01456445 0.01481330 

      1613       1411       1629 

0.01520194 0.01524331 0.01534312 

> # Plot for Question 3.(f)

> # The following commands keeps the mean fitted value and the sample variance of the residuals

> # for each group of 50 observations in increasing order of the fitted value

> fitres_cbind(fitted(model3A),resid(model3A))

> fitres_fitres[order(fitres[,1]),]

> groupmv_matrix(0,41,2)

> for (i in 1:41)

+ groupmv[i,]<-c(mean(fitres[(i*50-49):(i*50),1]),var(fitres[(i*50-49):(i*50),2]))

> plot(groupmv,xlab="Sample mean of fitted values",ylab="Sample variance of 

+ residuals",xlim=c(0,2.5),ylim=c(0,1.3),main="Fig 3.7: Mean fitted values vs. 

+ residual variance and smooth")

> # Next command includes the nonparametric smoother

> lines(lowess(groupmv[,1],groupmv[,2]),col="green",lwd=2)

> # Question 3.(g)

> model3D<-glm(los~age+percsev+ccrank+mental+respir+mi,family=Gamma(link=log))

> summary(model3D)

[some output skipped]

(Dispersion parameter for Gamma family taken to be 1.357112)

    Null deviance: 2247.5  on 2049  degrees of freedom

Residual deviance: 1599.9  on 2041  degrees of freedom

> # Function pgamma(x,,shape=a,scale=b) returns the

> # cumulative distribution function at x of a Gamma(a,b) r.v.

> pit<-pgamma(los,scale=fitted(model3D),shape=1/1.357112)

> hist(pit,main="Fig. 3.8: Probability integral transforms under Gamma distribution",xlab="Probability integral transform")

###########################################################

# Question 4 – Kidney Infection after Disease Onset    ####

###########################################################

> kidney[1:5,]

  time status age    sex Disease

1    8   TRUE  28   Male   other

2   23   TRUE  48 Female      GN

3   22   TRUE  32   Male   other

4  447   TRUE  31 Female   other

5   30   TRUE  10   Male   other

> attach(kidney)

> deviance(glm(time~1,family=Gamma(link=log)))

[1] 65.53906

> glm(time~sex+Disease,family=Gamma(link=log))

 (Intercept)    sexFemale    DiseaseGN    DiseaseAN   DiseasePKD  

     3.4100       1.8935      -0.4381      -1.1973       0.6791  

Degrees of Freedom: 37 Total (i.e. Null);  33 Residual

Null Deviance:      65.54    Residual Deviance: 41.14

> glm(time~sex+Disease+status,family=Gamma(link=log))

 (Intercept)    sexFemale    DiseaseGN    DiseaseAN   DiseasePKD   statusTRUE  

     2.9752       1.9891      -0.4403      -1.0513       0.7448       0.3635  

Degrees of Freedom: 37 Total (i.e. Null);  32 Residual

Null Deviance:      65.54    Residual Deviance: 40.7

> rate<-status/time

> deviance(glm(rate~1,family=poisson,weights=time))

[1] 60.37166

> deviance(glm(rate~sex,family=poisson,weights=time))

[1] 45.37322

> deviance(glm(rate~Disease,family=poisson,weights=time))

[1] 54.63845

> summary(glm(rate~sex+Disease,family=poisson,weights=time))

            Estimate Std. Error z value Pr(>|z|)    

(Intercept)  -3.1625     0.4430  -7.139 9.37e-13 ***

sexFemale    -2.2933     0.4270  -5.371 7.82e-08 ***

DiseaseGN     0.4077     0.4555   0.895   0.3708    

DiseaseAN     0.9397     0.4440   2.116   0.0343 *  

DiseasePKD   -1.1811     0.7140  -1.654   0.0981 .  

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 60.372  on 37  degrees of freedom

Residual deviance: 34.510  on 33  degrees of freedom

> summary(glm(rate~age+sex+Disease,family=poisson,weights=time))

             Estimate Std. Error z value Pr(>|z|)    

(Intercept) -3.344696   0.625512  -5.347 8.94e-08 ***

age          0.006461   0.015326   0.422   0.6733    

sexFemale   -2.304333   0.428471  -5.378 7.53e-08 ***

DiseaseGN    0.287992   0.536754   0.537   0.5916    

DiseaseAN    0.803386   0.548777   1.464   0.1432    

DiseasePKD  -1.325661   0.791825  -1.674   0.0941 .  

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 60.372  on 37  degrees of freedom

Residual deviance: 34.331  on 32  degrees of freedom

> summary(glm(rate~age*sex+Disease,family=poisson,weights=time))

               Estimate Std. Error z value Pr(>|z|)    

(Intercept)   -3.155828   0.937252  -3.367  0.00076 ***

age            0.001744   0.023637   0.074  0.94119    

sexFemale     -2.577877   1.126455  -2.288  0.02211 *  

DiseaseGN      0.293891   0.539300   0.545  0.58579    

DiseaseAN      0.820405   0.551927   1.486  0.13716    

DiseasePKD    -1.282494   0.809533  -1.584  0.11314    

age:sexFemale  0.006583   0.025294   0.260  0.79468    

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 60.372  on 37  degrees of freedom

Residual deviance: 34.264  on 31  degrees of freedom

> summary(glm(rate~sex+age*Disease,family=poisson,weights=time))

                Estimate Std. Error z value Pr(>|z|)    

(Intercept)    -3.418307   0.758653  -4.506 6.61e-06 ***

sexFemale      -2.339532   0.438686  -5.333 9.66e-08 ***

age             0.009815   0.022397   0.438    0.661    

DiseaseGN       1.118127   1.355553   0.825    0.409    

DiseaseAN       0.562675   1.890788   0.298    0.766    

DiseasePKD     -5.365253   4.823342  -1.112    0.266    

age:DiseaseGN  -0.018750   0.032572  -0.576    0.565    

age:DiseaseAN   0.003236   0.040416   0.080    0.936    

age:DiseasePKD  0.074952   0.089682   0.836    0.403    

(Dispersion parameter for poisson family taken to be 1)

    Null deviance: 60.372  on 37  degrees of freedom

Residual deviance: 33.058  on 29  degrees of freedom

> deviance(glm(rate~sex:Disease,family=poisson,weights=time))

[1] 30.43982
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