UNIVERSITY OF SWAZILAND

MAIN EXAMINATION PAPER 2018

TITLE OF PAPER : STATISTICAL MODELLING I
COURSE CODE : STA 415

TIME ALLOWED : TWO (2) HOURS

REQUIREMENTS : CALCULATOR AND STATISTICAL TABLES

INSTRUCTIONS : ANSWER ANY TREE QUESTIONS




Question 1

The following table and subsequent analysis are based on sample survey data on the usage of
alcohol, cigarettes and marijuana among high school students;

Marijuana Use

Alcohol Cigarette
Use Use Yes No
Yes Yes 911 538
No 44 456
No Yes 3 43
No 2 279

R code

A<-¢(1,1,1,1,0,0,0,0); ## 1--Alcohol use O--otherwise
C<-¢(1,1,0,0,1,1,0,0); ## 1---Cigarette use O---otherwise
M<-c(1,0,1,0,1,0,1,0); ## i-Marijuana use O-otherwise
count<-c(911,538,44,456,3,43,2,279);

AC<-AxC; AM<-A*M; CM<-C*M; ACM<-A*CxM;

#i#Model (AM,CM,AC) fit
drug.log<-glm(count~A+C+M+AM+CM+AC, family=poisson(link="log"))
summary (drug. log)




## output
Call: glm(formula = count ~ A + C + M + AM + CM + AC, family =

poisson(link = "log")) Coefficients:

Estimate Std. Error =z value Pr(>izl)
(Intercept) 5.63342 0.05970 94.361 < 2e-16%**
A 0.48772 0.07577 6.437 1.22e~10 **x*
C -1.88667 0.16270 -11.596 < 2e-16 *%x
M -5.30904 0.47520 -11.172 < 2e~16%*x*
AM 2.98601 0.46468 6.426 <1.31e~10%*x*
CM 2.84789 0.16384 17.382 < 2e-16 *%*
AC 2.05453 0.17406 11.803 < 2e-16 *kx*
Null deviance: 2851,46088, Residual deviance: 0.37399

##Estimated covariance matrix between AM and CM

AM CM
AM 0.215925578 -0,004968391
CM -0.004968391 0.026843349

Let X; Y and Z denote the variables Alcohol, Cigarette and Marijuana use respectively.

a) Write down the log-linear regression model and identify the associated estimates.

(5 Marks)

b) Compute the estimated odds ratio between any two variables of Alcohol, Cigarette, and
Marijuana use controlling for the third variable.

(5 Marks)

¢) Construct the 95% confidence interval for the true odds ratio between Alcohol and Cigarette
use controlling for Marijuana use.

(5 Marks)

d) Test if the true odds ratio between Alcohol and Marijuana use controlling for Cigarette use
equals the true odds ratio between Cigarette and Marijuana use controlling for Alcohol use at
a=5%.

(8 Marks)




Question 2

In a prospective, randomized study to investigate the capacity of aspirin to prevent pregnancy-
induced hypertension (=high blood pressure), 65 women were treated with a daily dose of either
aspirin (34 women) or placebo (31 women) during the third trimester of pregnancy. The result is
summatized in the Table 1 below;

Table |: Contingency table for study comparing Aspirin and Placebo

Hypertension No hypertension Total
Aspirin treatment 4 30 34
Placebo treatment 11 20 31
Total 15 50 65

In Table 2, the probability that the test statistic ny; from Fisher's exact test attains a specific value
{ is given (1), = number of women treated with Aspirin with hypertension).

b}

d)

Table 2: Conditional probability that n; attains value t for data in Table |

/ 0 1 2 3 4 5 6 7
Pu(ty=1]..| 0 0 0001 0004 0019 0060 0.131 0.205
p 8 9 10 1 12 13 14 15

Pulfiu=1]... | 0230 0.I86 0.107 0.043 0012 0002 0 0

Fisher's exact test evaluates the probability Pud#n= £}...) under a certain condition. What is
this condition (what are the dots in this expression)? How are Pus(#y= £ |...) in Table 2
calculated? State a formula for this probability.

(3 Marks)
Based on Table 2, calculate the one-sided p-value for Fisher's exact test for testing the null
hypothesis that treatment and hypertension are independent versus the alternative that aspirin
has a hypertension preventing effect. Interpret the result.

(5 Marks)
Consider a two-sided test for the independence null hypothesis versus the alternative that
aspirin has any (positive or negative) effect on hypertension for pregnant women. There are
diffierent methods to define a two-sided p-value based on Fisher's exact test. A simple but
uncommon way is to multiply the one-sided p-value by 2. Choose another method and
describe exactly how the two-sided p-value is defined. Compute the two-sided p-value and
interpret.

(5 Marks)
Considering again the one-sided test probiem: Calculate the mid p-value and mention an

advantage and a disadvantage of using mid p-values in contrast to usual p-values.
(7 Marks)




Question 3

Suppose that there are two categorical explanatory variables, sex (male or female) and
handedness (right- or left-handed)., Suppose that people, coming to a shopping centre, are
investigated: their sex is registered and they are asked about being left- or right-handed. Let
probabilities that a person, coming to the centre, is MR, ML, FR, and FL. (MR means male, right-
handed etc.) are 0y, 812, 024, and 8 respectively. Denote Yy, Y2, Yo, and Y2, the number of
MR, ML, FR, and FL

(i)  among first 1000 people,
(i)  coming during the day.

Suppose that people come independently of each other, and that the total number of people,
coming during the day, has the Poisson distribution with parameter A.

a) Find the distribution of Y = Y1, Y12, Y21, Yo] in case (i) and in case (ii).

(10 Marks)

b) Suppose that design (i) is used, and results of the investigation are presented in the
contingency table below. The question of interest is whether there is an association between
sex and handedness. Examine this by testing the hypothesis that the variables are
independent,

Right-handed Left-handed
Male 430 90
Female 440 40
(10 Marks)
Question 4

A hospital administrator wished to develop a regression model for predicting the degree of long-
term recovery after discharge from the hospital for severely injured patients. The predictor
variable to be utilized is number of days of hospitalization (X), and the response variable is a
prognostic index for long-term recovery (Y), with large values of the index reflecting a good
prognosis. Hence, it was decided to investigate the appropriateness of the two-parameter
nonlinear exponential regression model.

Y =Yoexp(Y1X;) + ¢
In the estimation of Yy and Yy, which among the Least Squares Method and Gauss-Newton

Method is more appropriate? Justify your choice of method over the other.
(20 Marks)




Question §

For a classical linear model = exp{Xf + ¢ }, where y, ¢ are » vectors, B has dimension p, X

has nxp, and &;'s are i.i.d. N(0,62), derive the information matrix of .
(20 Marks)
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