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Instructions for Candidates
1.     Write your Roll No. on the top immediately on receipt of this question paper.

2.     Attempt FIVE questions in all.

3.     Use of a non-programmable scientific calculator is allowed.

4.     Use ofstatistical Tables is allowed.

1.     (a)     Wiiat js thekey difference between a linearregression model and anonlinear
regression model?

(b)     Give  one example of a  nonlinear model  that can  be  trzlnsformed  to a  linear
model.

(c)     In  logistic  regression,  what  does  the  odds  ratio  represent?  Write  the  logit
function.

(d)    State the null hypothesis for a test of independence in a two-way contingency
table using a log-linear model.

(e)     What is overdispersion in poisson regression? Name one common cause.
(f)     What are the main challenges in the estimation of parameters in a nonlinear

regression model compared to linear regression?

(3x6)
2.     (a)     Discuss  the  origins  of nonlinear  regression  models  in  detail.  Explain  the

difference  bet``.een   intrinsically  linear  and   intrinsically  nonlinear  models
with su.jtable examples.

(b)    Consider  the  nonlinear  growth  model  y = G1

1+g2.e-G3jr + €  (logistic  growth

curve).  Can  this model  be transformed  to  a  linear model?  [f yes,  show the
transformation and state the limitations.  If no, explain uJl1}' not.

3.     (a)     What  are  the  common   methods   for  estimating  parameters   in   nonlinear
regression models?

(b)    The following data represent the length (Y) of a fish as a function of its age
(X in years):

X 1 2 3 4 5 '6 7 8
Y 3.5 5.8 7.2 8.I 8.6 8.9 9.I !9.2

lt    is    hypothe.sized    that    y=cr(1-e-PX)+€.    Using    (i)    a    suitable
transformation (if possible), or (ii) without transformation, estimate er and P.
Also, predict the length at age  10 years.
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4.     (a)     Define  the  logistic  regressioh  model  for  multiple  predictors.  Explain  the
concept of link function in the context of GLM and identif}' the link function
used in logistic regression.

(b)    A study examines the effect of a new drug on recovery (l=recovered, 0=not
recovered). Data are as follows:

•  Dose (mg)                  Recovered Not Recovered Total
10                                                  ilo 90 loo

Ilo 30 70 loo

20'150 50 100loo

30 70 30

Fit   a   logistic   regression   model   with   dose   as   predictor.    Estimate   the
coef`ficients,  interpret  the  odds  ratio,  and  find  the  ED50  (dose  at  which
recovery probability = 0.5).

5.     (a)     Describe the poisson regression model for count data. Explain the role of an
offset variable with a real-life example.

(b)    Define deviance in Poisson regression. How is the analysis of deviance used
to compare nested Poisson models?

6.     (a)     Write a iiote on g.oodiiess-of-fit.tests for poisson regression models. Describe
tlie deviaiice-based tests.

(b)     The niimber of ilisui.ance claims (Y)  for 10 policyllolders is recorded along
with age (Xi  in years) and car type (X2 = 1  for sports car, 0,otherwise).
Fitted Poisson model gives:

ln(A) = -1.2 + 0.03 X Age + 0.8 X CarType
S E(4^Age) = 0.01,  SE(4car.rype) = 0.25.

Test wlietlier Age is significant at 5% level.
Interpi.et the coeff`icient of CarType.

) Pi-edict tlie expected ilumber of claims for a 30-year-old sports car
O\Vner.

7.     (a)     Explain log-linear models for three-way contingency tables. Write the
models for:
(i) mutual independence,
(ii) joiiit iiidependeiice,
(iii) conditional independence.

(b)     A  2x2x2  table  foi.  variables  X  (Gender:  M/F),  Y  (Treatment:  YesINo).  Z
(Recovery: Yes/No)  is given:

Gender Treatme`nt Recovered Not Recovered
M Yes 40 to

M No 15 35
;F Yes 35 15FuNo 20 30

Test the h}fpc>thesis of conditional independence of Treatment and Recovery
gi\.en  Gender using a  log-linear model. Compute expected frequencies and
likelihood ratio test statistic.

(6,12)

(9, 9)

(6, I 2)


