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 2.

a) Central exposed to risk​
Period of exposure is  to  1. 6. 2000 25. 10. 2000

  = 30 + 31 + 31 + 30 + 25 = 147 𝑑𝑎𝑦𝑠    = 147/7 = 21 𝑤𝑒𝑒𝑘𝑠  

b) Initial exposed to risk​
Period of exposure is  to  weeks 1. 6. 2000 31. 5. 2001 = 52

​
 i) 11 athletes qualified during the period of observation, so the median is the number 3.

of events taken to qualify by the sixth athlete to qualify. This is 9 events.  

 



 

iii) The median time to qualify as estimated by the Kaplan-Meier estimate is the first time 

at which S(t) is below 0.5. Therefore, the estimate is 13 events.  

iv) The estimate based on athletes qualifying during the period is a biased estimate 

because it does not contain information about athletes still participating at the end of 

the period, or about those who dropped out (injured and stopped participating without 

qualifying).  

The athletes still participating at the end of 2020 have (by definition) a longer period to 

qualification than those who qualified in the period.  

Hence the Kaplan-Meier estimate is higher than the median using only athletes who 

qualified during the period.  
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5. (i) Gompertz Law is a suitable model for human mortality for middle to older ages say 

35 and over.  

There is evidence that the Gompertz Law breaks down at very advanced ages and 

therefore 35 to 90 years is acceptable. 
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7. i) The contribution of each life to the central exposed to risk is the number of months 

between STARTDATE and ENDDATE, where  

STARTDATE is the latest of (date of 50th birthday, 1 January 2019) and  

ENDDATE is the earliest of (date of 51st birthday, date of death, 31 December 2019) 

 

Central exposed to risk is the sum of contribution of each of the 10 lives (in number of 

months) to the observation i.e. 48 months or 4 years.  

ii) The total number of deaths during the period of observation is 3. So, the maximum 

likelihood estimate of the hazard of death is 3/4 = 0.75. 

 



iii) 

 

 

8.  

i) Types of censoring presents:  

• Type I censoring present because the study ends at a predetermined duration of 45 

days.  

• Type II censoring is not present because the study did not end after a predetermined 

number of patients had died.  

• Random censoring is present because the duration at which a patient left hospital 

before the study ended can be considered as a random variable.  

• Right Censoring is present for those lives that exit before the end of investigation 

period 

 

ii) The censoring is likely to be informative.  

The patients who died were probably recovering less well that patient who discharged 

from the hospital.  

If they had not died, they would likely to remain in the hospital for longer than those 

who were not censored. 

 



 

 

 

iv) Comments:  

• The survival of a patient from the infection who given treatment is around 50% in light 

of the answer in c) above.  

• However, the hospital excluded the number of deaths who died within two weeks of 

observation period.  

• It also ignores the admission pre investigation period  

• It is assuming that the censored patient at the end of investigation will survive for 

sure.  

• Also ignoring the patients being discharged on any other ground like shifting to 

another hospital etc.  

• It claims that 8 out of 10 patients who responded the treatment beyond two weeks 

would survive.  

• So, the claims have to be viewed with respect to above considerations. [3) 
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15. 

i) Advantages of central exposed to risk.  

Two advantages of central exposed to risk over initial exposed to risk are:  

1. The central exposed to risk is simpler to calculate from the data typically available 

compared to the initial exposed to risk. Moreover, central exposed to risk has an intuitive 

appeal as the total observed waiting time and is easier to understand than the initial 

exposed to risk.  

2. It is difficult to interpret initial exposed to risk in terms of the underlying process 

being modelled if the number of decrements under study increase or the situations 

become more elaborate. On the contrary the central exposed to risk is more versatile and 

it is easy to extend the concept of central exposed to risk to cover more elaborate 

situations.  

 

ii) Calculation of exposed to risk.  

Rita  

Rita turned 30 on 1 October 2009, when she was already married. She died on 1 

January 2010, 3 months after her 30
th
 birthday.  

Thus. Rita's contribution to central exposed to risk = 3 months  

And contribution to initial exposed to risk = 1 year  

 

Sita  

Sita turned 30 on 1 September 2011, when she was already married. Time spent under 

investigation, aged 30 last birthday by Sita was I September 2011 - 31 August 2012.  

Thus. Sita's contribution to both central and initial exposed to risk is 1 year.  

 

Nita  

Nita turned 30 on 1 December 2009 and married 2 months later. Therefore, she joined 

the investigation of married women on 1 February 2010. She divorced 9 months later, 

when she would be censored from the investigation of married women. 

Thus, Nita's contribution to both central and initial exposed to risk is 9 months.  

 



Gita  

Gita got married on 1 June 2011, at which time she was already past her 31st birthday. 

Therefore, she has spent no time during the investigation period as a married woman at 

age 30 last birthday.  

Thus, her contribution to both central and initial exposed to risk is nil.  

 

iii) Total exposed to risk.  

Hence, total exposed to risk is:  

Central exposed to risk = 0.25 + 1 + 0.75 + 0 = 2 years.  

Initial exposed to risk = 1 + 1 + 0.75 + 0 = 2.75 years  

From the results above, it can be seen that the central exposed to risk is 2 years and the 

initial exposed to risk is 2.75 years. The approximation would suggest that the initial 

exposed to risk should be 2.5 years.  

However, this is  not a good approximation for the data provided as the approximation is 

based on the assumption that deaths would be evenly spread and thus can be assumed 

to occur half way through the year, on average. This also relies on an implicit 

assumption of a reasonably large data set. In the data above, there were only 4 lives, 

which is not statistically significant. Moreover, there was only one death, which occurred 

3 months after the 30thbirthday. As a result of the statistical sparseness in the data, the 

approximation is seen not to work very well. 

 

 

 

 

 

 

 

 


