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Stkh 1 Department of Statistics
Ux?i%ersoitr;l (Gebrenegus Ghilagaber)

Home-Examination for Analysis of Survival Data with Demographic Applications (ST303G),
Basic-level course, 7.5 Credits, Spring Semester 2023.

The exam is handed-out on Tuesday 14 March 2023 at 13:00 (available, together with any
other associated file/s, at the course-site in Athena under the sub-directory Home-Exams).

Replies are expected to be handed-in electronically (via http://tenta.stat.su.se/tenta/sa.htm)
latest by Monday 20 March 2023 at 18:00.

The examination consists of 9 questions that add up to 60 points. Detailed and well-motivated
replies are required in order to get full marks on each question.

For the theoretical/analytical questions, your replies should include all detailed steps and
results. For the empirical (data analyses) questions your replies should include the most
relevant tables and/or figures of results together with their interpretations, explanations,
conclusions, implications, etc. Input codes should be included as an appendix.

The examination will be graded according to the 7-scales that are described in the course
description distributed during the start of the course.

For questions about the content of the exam, contact the course coordinator via email
Gebre(@stat.su.se. Incoming questions will be answered continuously during the exam period.

If the course coordinator needs to send out information to all students during the exam, this is done
to your registered email address. Therefore, check your email during the exam period.

NOTE! The exam shall be submitted electronically via http://tenta.stat.su.se/tenta/sa.htm no later
than 18.00 (6 pm) on Monday 20 March 2023. The system does not allow submission after
the deadline which is a new setup for this semester. Therefore, start the submission well in
advance. The last hour of the exam time is intended for arranging the electronic submission.

Please note that practical help is only available during the first day of the exam by email to
expedition@stat.su.se. Read carefully the enclosed instructions for exam submission. There, you
find all the necessary information about submission, anonymous code, extended writing time etc.
If you, despite the instructions have problems submitting the exam, email the exam to
tenta@stat.su.se. However, this is only done in exceptional cases. Exams sent in by email after
deadline will not be corrected.

NOTE! All forms of cooperation and plagiarism are prohibited. We go over all exams carefully to
detect cheating. Suspected cheating is reported to the Disciplinary Board and can lead to
suspension.
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Part 1: Theoretical/Analytical Questions:
Question 1 (4 p)

Describe an offset and its role in the analysis of discrete-time survival data. Give a simple
example.

Question 2 (6 p)

a. (4p) Derive the Log-rank test statistic using the properties of the hyper-geometric
distribution (especially its expected value and variance).

b. (2p) What assumptions are made (implicitly or explicitly) in deriving the test statistic
in (a) above?

Part 2: Analyses of real-life data set and interpretation of results.
Questions 3-9 are based on the following data set:

The file Survival-2023-HomeExam-14-20-March-2023.xlsx contains data on transition to
parenthood among a sample of married women. The variables in the six columns are:

Column 1: Cluster Number

Column 2: Birth Cohort with 7 levels (1 indicating the youngest cohort and 7 the oldest cohort)
Column 3: Residence with 3 levels (1: Metropolitan City, 2: Other Towns, 3: Rural area)
Column 4: Education with 5 levels (0: None, 1: Primary, 2: Middle, 3: Secondary, 4: Higher)
Column 5: Months since date of marriage.

Column 6: Indicator of transition to parenthood (0: Not yet parent by survey time, 1: Parent)

Question 3 (6p)

a. (2p) Estimate the survival curves for the different levels of Birth Cohort and test if
there is a significant difference between them.

b. (2p) Estimate the survival curves for the different levels of Residence and test if there
is a significant difference between them.

c. (2p) Estimate the survival curves for the different levels of Education and test if there
is a significant difference between them.

Question 4 (10p)

a. (2p) Model the intensity of experiencing the event of interest as a function of one
covariate (Birth Cohort). Use the first level of the covariate as baseline
(reference) level. Interpret the results and draw your conclusions.

b. (2p) Model the intensity of experiencing the event of interest as a function of two
covariates (Birth Cohort and Residence). Use the first levels of the covariates as
baseline (reference) levels. Interpret the results and draw your conclusions.

c. (2p) Does adding Residence in 4(b) improve the model in 4(a)? Justify your answer.

d. (2p) Model the intensity of experiencing the event of interest as a function of three
covariates (Birth Cohort, Residence, and Education). Use the first levels of the
covariates as baseline (reference) levels. Interpret the results and draw your
conclusions.

e. (2p) Does adding Education in 4(d) improve the model in 4(b)? Justify your answer.
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Question 5 (8p)

a. (2p) Estimate the overall intensity of experiencing the event as well as the mean and
median survival times assuming that duration is exponentially distributed.

b. (4p) Assume now that duration is exponentially distributed but with different
parameters for the three levels of Residence. Use appropriate procedure to test for
the equality of the population-intensities of experiencing the event across the
three residences.

c. (2)  Are your results in 5(b) in accordance with those in 3(b)? If not, what do you
think the reason can be?

Question 6 (7p)

Suppose now we are interested in modeling the effect of the three covariates on the time
until event.
a. (4p) Fitall possible models using all three covariates in the models and interpret your
results.
b. (3p) Which model fits the data ‘best’? Justify your answer.

Question 7 (Sp)

Repeat Question 4 (d) — now also accounting for cluster number - and examine if there is
significant heterogeneity between the clusters. Do your results and conclusions here differ
from those in 4 (d)?

Question 8 (8p)

Group the time-interval (months since date of marriage) into five intervals such that the first
interval covers months 0 — 60, the second covers months 61-120, the third interval covers
months 121-180, the fourth interval months 181-240, and the fifth interval months 241 and
above.

a. (2p) Without fitting any model, compute the occurrences (occ), exposures (exp), and
occ/exp rates (per 1000) in each interval.

b. (2p) Fitappropriate model for the rate of occurrence as a function of the time interval.
How do your estimates of occurrence rates 8 (b) compare with those in 8 (a)?

c. (4p) Fitappropriate model for the rate of occurrence as a function of the time interval
and the three covariates (Birth Cohort, Residence, and Education). How do your
results in 8 (¢) compare with those in 4 (d)?

Question 9 (6p)
Suppose now that our response variable is the women’s Education.

a. (3p) Useappropriate model to estimate the effect of Residence on the educational level
attained by the survey time.

b. (3p) Compute the predicted probabilities of attaining the different educational levels
in each of the residential areas.
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