1. Read the background document, which describes the scenarios that need to be modelled and documented for this project. Technical assistance for the modelling work, should you require it, can be found in the additional guidance contained in this booklet.
2. Construct a spreadsheet model that produces the following calculations and charts. You should ensure that your spreadsheet contains appropriate self-checks and that you have performed robust reasonableness checks at each stage of your calculations.		
· Check the data provided, including validating that it can be treated as having been generated from a continuous Uniform distribution on [0,1].  			[9]
· Simulate a series of pass and fail indicators for each of the 100 new students over 10 years under the base scenario, using half year projection periods.		[3]
· Determine the number of students simulated to have passed X exams at the end of the 10-year period, for X = 0 to 10, under the base scenario and illustrate the results using a chart									[4]
· Determine the simulated proportion of students who have qualified by the end of the 10-year period, under the base scenario. Extrapolate the same for the actual number of expected students							[2]
· Use cumulative persistency rates to adjust the simulated pass and fail indicators in order to allow for withdrawals.							[6]
· Repeat step c allowing for withdrawals						[4]
· Repeat step d under the withdrawal scenario					[2]
· Determine exam pass rate required such that 50% of the simulated students pass under the base scenario								[2]


Marks available for spreadsheet model and checks:
Accurate completion of above modelling steps and data checks				[32]
Demonstration of good modelling technique and practice				[6]
Other (non-data) checks								[2]
										          [Sub-total 40]

3. Produce an audit trail for your spreadsheet model which includes the following:
· purpose of the model
· data and assumptions used
· methodology, i.e., description of how each calculation stage in the model has been produced
· explanation of any checks performed

Both senior actuaries and your colleagues should be able to peer review your work in your absence or independently. 

Marks available for audit trail:
Audit approach 
Fellow student can review and check methods used in the model 			[10]
Senior actuary can scrutinise and understand what has been done			[10] 
Written in clear English 									[4] 
Written in a logical order 								[4]

Audit content
All steps clearly explained 								 [6]
Clear signposting included throughout							 [6]
Statement of assumptions made 							 [6] 
All model steps accurately covered 							[14]

									         	 [Sub-total 60]

Additional guidance 
Simulation of pass and fail indicators
The random numbers from the U[0,1] distribution can be used to simulate a pass or fail by using the following rule, where P is the pass rate and U is the random number:
1) if U  P, the exam is passed;
2) if U > P, the exam is failed.
Cumulative persistency rates
The cumulative persistency rate p(t) is the probability of being a member at time t (in years).
It can be calculated using the following relationship:
p(t + 0.5) = p(t)  {1 – w(t)}
where w(t) is the withdrawal rate over the period from time t to time t + 0.5.
This withdrawal rate w(t) is dependent on whether the student passed or failed the exam taken in the half year period ending at time t.


Background
You are an actuarial modeller working for IAQS Consultants. 
The premier actuarial body has introduced a new interim qualification which required students to pass 10 papers. These exams are held in April and September each year. Due to the requirement that only employed students can appear for this qualification, the number of papers per attempt is restricted to one per attempt. There is a limit of 10 years to attain this qualification however, there is no limit as to the number of attempts to clear each paper within the 10-year period. 
The CEO of the actuarial body has approached your Academics and Research Head, a qualified actuary and asked him to provide assistance in modelling the expected progress of an intake of new students through the revised exams.
The expected pass rate for students is 35% for each exam (out of 100 students appearing for an exam 35 will pass)
It expects 1000 (one thousand) employed students to join the first batch and wants to understand the progress of these students over a 10-year period, using half year projections. 

Base scenario – No withdrawal from profession
Your boss has asked you to produce a simulation model to illustrate the possible outcomes for 100 new students over a 10-year period and extrapolate the same for the total expected students. 
Due to the demand for the profession, it is expected that no student who joins, leaves the profession and gives each attempt. 
You have been recommended by your boss to simulate either a pass or a fail in each of the 20 half year period (1 for pass, 0 for fail). You have been provided with 2000 (20 columns and 100 rows) randomly chosen generated numbers from a continuous Uniform distribution on U[0,1]. 
You will also need to allow for the fact that there are a total of 10 exams in total. After carrying out the scenario simulations you have been asked to determine the simulated summary statistics of students who have passed z exams (z = 0 to 10) and proportion of students who have qualified (completed all 10 papers)
You have also been asked to calculate an expected pass rate if 50% of the students were to qualify at the end of year 10. 


Realistic scenario – withdrawal allowance 
Your Actuary is aware that the students may get demotivated due to failures or the long tenure to qualification and stop appearing for exams before the completion of 10 years, so he has in consultation with the actuarial body set the below expected withdrawal rates.
· Expected withdrawal rate in half year period following an exam pass at the end of the previous half year period = 0.001.
· Expected withdrawal rate in half year period following an exam failure at the end of the previous half year period = 0.01.
You have been asked to extend the model to simulate also the expected numbers of passes for the same group of 100 new students, allowing for expected withdrawal rates over the projection period.
You should do this by first calculating the cumulative persistency rate for each half year time period and for each student.
The expected number of passes in each time period allowing for withdrawals can then be determined for each student as the 0 (fail) or 1 (pass) indicator multiplied by the appropriate cumulative persistency rate.
Your Actuary has asked you to use these revised calculations to determine the same summary statistics as for the base scenario.

END OF PAPER
