Course 7 Sample Project

This document contains a Course 7 sample project similar to the design that will be used for all Course 7 seminar administrations.  Candidates will be presented with modeling work, analysis and notes prepared by a staff member.  The candidate must then write the full report, making sure that it:

· is appropriate for the intended audience;

· is well-written; and 

· solves the business problem as best as can be done within the time frame and other constraints.

Projects for particular Course 7 seminars may differ considerably from this sample project with regard to the nature of the business problem and with regard to the required tasks.  This sample should be viewed as a guide to the process and structure of a Course 7 project and not as a guide to content.

It is important to note that the staff member’s analysis and notes may include unnecessary items, may have left out important items, or may have drawn inappropriate conclusions (assuming that the staff member has drawn conclusion, which may not be the case).

This document consists of three parts:

1. A project information document.  This document contains specific instructions.  They are not exhaustive; there may be additional instructions on the cover of the project booklet.  For the most part, these instructions will not change from seminar to seminar, though there may be minor changes.  If a similar document is part of your project, read it carefully.

2. The project statement.  This document contains the details of the project assignment.  It comprises several memoranda, reports and a background description of the people who initiated the project.

3. A sample report that would clearly earn a passing score.  However, it should not be viewed as being a perfect report.

In reading this sample project and report, it is important to keep in mind that the candidate would have discussed many of the important modeling issues during the common core and extended case portions of the seminar.

Course 7, Applied Modeling:  Project Information for Candidates

1.
The Context. 

You have been asked to solve a business problem. You have delegated to a member of your staff the task of working on a solution.  The staff member has developed a model and used it to produce results that may or may not solve the problem.  Your task is to write a report that communicates and substantiates your conclusions and recommendations.

2.
Information Provided.  The following information will be provided:

· A document outlining the characteristics of the person or committee that presented you with the business problem to solve.

· A memo outlining the business problem to be solved.

· The staff member’s modeling work, analysis and notes.  This material will be the source of information for completing the project.  If the staff member’s work is not sufficient to fully answer the question, caveats and suggestions for improvements may be necessary as you complete your report.  You are not to construct additional models or re-do calculations using your staff member’s model.
  However, you are free to use different parts of the staff member’s output or draw different conclusions, should that be appropriate.  If the staff member indicates that a particular formula or method was used, you may assume that all calculations and any spreadsheet work correctly implemented the formula or method.

· If appropriate, an EXCEL file prepared by the staff member.

3.
Your Task.  Your task is to prepare the final report.

An important thing to keep in mind as you prepare the final report is to write for your audience; you should include the right amount of detail – not too much or too little.  Along these lines there may be details that aren’t critical for your audience.  In this case you might consider including some or all of them in an appendix.  While the audience and project may make it reasonable to use a file memo for some of the technical detail, for Course 7, such items should be in an appendix (of course, there may also be appendices for items that would go in the appendix even if there was to be a file memo).  Said another way, for Course 7 we don’t want you to spend a lot of time deciding whether detailed information should be included in an appendix vs. a file memo.  Instead we want you to focus on whether details are important to your audience (and therefore should be in the report itself) vs. being less important so that they belong outside the main report.  Therefore, your end product is to be a single report.

As you prepare your report, the following checklist of questions may prove useful, keeping in mind that not all items necessarily apply to all projects.

· Brief introductory description of the background of the assignment, and of the selection process for the model and data included? 
· Source and appropriateness of the data used addressed?
· Issues of data quality and its impact addressed?

· Sources of error identified and, where possible, corrected?

· Data summarized and appropriate conclusions drawn?

· Appropriate modeling process and model used?

· Limitations and advantages of the model discussed?

· Issues of model life and model improvement addressed?

· Sensitivity analyses performed as appropriate?

· Results reasonable and complete?

· Appropriate conclusions and recommendations stated?

· Work effectively communicated and appropriately documented? 

· Report clear, concise and do the arguments and thoughts flow logically? 

· Right amount of details (not too much or too little) provided for the audience of the report?

· Appropriate use of appendices?  Recall that your work should be able to be replicated.  Placing sufficient detail (either in the report or the appendix as appropriate) and excluding extraneous information will allow the Course 7 graders to verify that the candidate understood the modeling process used to obtain the results.

Background Information on the Bargaining Committee

You are an actuarial consultant to the Tall Trees Lumber Company. Tall Trees is in the midst of collective bargaining negotiations with its employees' union. Neil Knowitall, Chairman of the Bargaining Committee, has asked for your help regarding a confusing analysis of a proposed plan change to the disability benefit plan offered by Tall Trees.  This analysis was completed by Ivan T. Mann.

At your request, I. Will Doit, an actuarial student, has prepared a cost analysis of the benefit plan change.  Mr. Doit has provided a spreadsheet containing all of his calculations and has also outlined some information that will be useful in responding to the Bargaining Committee.

Neil Knowitall is a retired labor arbitrator and has no affiliation with management or with labor.  His interest is in ensuring that everyone gets what they need and decisions get made.

In addition to Mr. Knowitall, the Bargaining Committee consists of two management representatives and two labor representatives. All five members pride themselves in being very thorough and will question any result that is not supported or doesn’t make sense to them.  One of the management representatives majored in statistics when he went to school but that was in the early 70’s. He has convinced the committee that statistics is an underutilized tool, but he is not the one to develop the tools.

Memo outlining the business problem

Date:
January 8, 2003

To:
Course 7 Candidate
Actuarial Consultant to Tall Trees Lumber Co.

From:
Neil Knowitall
Chairman, Bargaining Committee

Re:
Assessment of Benefit Improvements

We have been in the middle of bargaining and we have resolved all issues except one. We need to assess the cost of changing how disability benefits will be calculated. Presently the collective agreement states benefits will be paid based on the historical annual earnings of the employee when the disability occurred. We have agreement between the management team and the union on calculating disability benefits based on the employee’s daily rate of pay for an initial period of time, then reducing the benefit level to the employee’s historical average earning base. This will result in the benefits being 33% higher during the initial period but no change from the current benefit level after the initial period.

Ivan T. Mann at Tall Trees did an analysis for us and as the committee reviewed his report the analysis just did not make sense.

· As one benchmark he has 22.4% of the first year claims payments being made in the first 90 days. We looked at this and figured that 90 days is about one-quarter of a year, but since most claims last less than 90 days we expected the portion of claim payments that are made in the first 90 days to be considerably higher than 25%, not slightly lower.

· Another result that did not seem consistent with other information was that Ivan identified a decreasing duration of claims. The claims managers were shocked by this finding and don’t understand how such a statement could be supported.

I have enclosed the portion of Mr. Mann’s memo that outlines the problem and provides the data, but have cut out his modeling work so as to allow you to have a fresh look at the problem.  In doing your calculations, you may assume that one-half of total disability costs occur in the first year.

We would like you to perform three tasks for the Bargaining Committee:

· Either verify that Mr. Mann’s two statements are correct, or else provide alternative numbers and explanations.

· Determine the cost impact of increasing the benefit level by 33% for an initial period of 60 days, 90 days or 105 days.

· Develop a cost model to support the analysis.

The expectation in the committee is that the cost of enhancing the benefits could be done for about 10% of the total disability claim costs. The duration of the initial period (the period that the higher benefit is paid for) could be altered to achieve this.

Excerpt from Ivan T. Mann’s memo

Date:
January 1, 2003

To:
Bargaining Committee

From:
Ivan T. Mann

Re:
Assessment of Cost of Amending C-15

Background

Clause # 15 (C-15) of the collective agreement states benefits will be paid based on the historical annual earnings of the employee when the disability occurred. The union has requested that this be amended to base the benefits on 260 (52 weeks times 5 days) times the daily rate of pay when the disability occurs. Since logging can only be done on average 39 weeks in each year this requested amendment would increase the benefit payments by 33%.

The union’s rationale is that when workers are injured for a long period of time they lose their ability to find part-time work during the 13 week lay-off period. By paying disability benefits at the annualized rate of pay the employee is fully compensated for his/her loss.

Management countered with the statement that many workers do not find part-time work during the lay-off period and that by annualizing the rate of pay the employees with long-term disabilities would receive more under the disability plan than they would if they were working.

After a lot of discussions between the bargaining teams, the union and management agreed that the clause should be amended. The benefit would be paid at the higher “annualized” level for an initial period of time, say the first 3 months, and then reduced to the “annual” earnings after the initial period.

The rationale for this approach is that while there are some employees who suffer long-term disabilities and should be compensated on the “annual” earnings lost as a result of the disability, many disabilities are short-term and those employees lose their full daily earnings during the 39 week employment window.

The four claims managers were asked if they could produce any data that would provide the increased cost of implementing this amendment, and if they thought there would be any additional costs associated with the amendment.

The managers were able to generate a summary of the number of claims paid and the number of days paid to those claimants, by the various durations of the claim.  All data is as of December 31, 2000.  Since their follow-up procedures have triggers at 30, 90, 180 and 365 days, those durations were available. The data is at the end of this report. The claims managers were unanimous and strong in their belief that changes of the magnitude that are being discussed would not have any effect on the duration of the claims.

I have ignored the data for the years 1990 to 1992 inclusive because at the end of 1992 the definition of disability was relaxed considerably. Prior to 1993 an individual needed to be severely disabled or hospitalized to be eligible for benefits. Effective January 1, 1993 any sickness or injury qualified for disability benefits. The data shows a distinct difference in the claim characteristics.

Data from the claim managers


number of claims












total
duration  (days)
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
(93-99)

up to 30
60
71
81
247
267
256
222
291
292
268
1,843

31 to 90
75
81
92
137
131
126
111
148
116
149
918

91 to 180
40
39
38
45
34
36
37
34
40
42
268

181 to 365
9
11
12
11
16
9
10
14
10
15
85

Over 365
25
22
21
27
25
31
29
30
31
35
208

Total claims reported
209
224
244
467
473
458
409
517
489
509
3,322


days of payments to December 31, 2000












total
duration of claim (days)
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
(93-99)
up to 30
1,110
1,267
1,532
2,353
2,766
2,488
2,446
2,930
3,023
2,779
18,785

31 to 90
4,501
5,221
5,844
7,200
7,131
6,930
5,868
7,996
6,176
7,831
49,132

91 to 180
4,888
5,222
4,759
5,490
4,193
4,432
4,597
4,219
4,791
5,038
32,760

181 to 365
2,150
2,436
2,964
2,516
3,350
2,099
2,658
3,256
2,040
3,552
19,471

Over 365
41,529
38,059
33,666
31,868
30,998
26,573
28,983
25,701
21,607
16,660
182,390

Total days reported
54,178
52,205
48,765
49,427
48,438
42,522
44,552
44,102
37,637
35,860
302,538

I also identified a trend that I think needs to be brought to the attention of the claims managers and the Bargaining Committee. During the last seven years claim costs have been steadily decreasing (with the single exception of 1996 which I attribute to a chance fluctuation in long-term claims). The average duration of claims has decreased from 106 days for those disabilities that occurred in 1993, to 70 days for the 1999 disabilities. A chart of the average duration of claim follows.
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Staff Member’s modeling work, analysis, and notes

Date:
March 1, 2003

To:
Course 7 Candidate

From:
I. Will Doit

Re:
Amendments to C-15

Here is my analysis on the financial impact of the amendment to C-15.

I understand that you will be writing the report.

The EXCEL file that I used is on the diskette attached to this package.  The file is “2002sampleproject.xls. I have tried to be clear with the titles of the tabs and have added headings in the spreadsheets. The EXCEL solver routine was used to determine the MLE estimates for the distributions.

file layout:

data
the original data from Tall Trees and Ivan’s analysis

cost data
various summary statistics from the fitted distributions used to cost the benefit changes

chart data (calc)
the pdf values of the fitted distributions for the first year

chart data
the selected values from ‘chart data (calc)’ that are used in the various charts

tables
tables used in my report

Claim cost (chart)
Ivan’s chart of historical claim costs

Claim cost (chart 1)
Ivan’s chart with my analysis added to it

Claim cost (chart 2 and 3)
back checking of claim costs by duration

Chart fit (----)
various charts illustrating how the data fit

LOGNORMAL (1, 2 and 3)
tabs that generate the parameters for mixtures of lognormal distributions using MLEs and the solver function

EXPONENTIAL (1, 2 and 3)
tabs that generate the parameters for mixtures of exponential distributions using MLEs and the solver function

EXP-LOGNORMAL
tabs that generate the parameters for mixtures of an exponential and a lognormal distributions using MLEs and the solver function

Our Model

This problem could likely have been answered adequately by simply interpolating between some historical points (30, 90, and 180 days); however, the Committee is expecting a statistically fitted distribution. Creating a model will also demonstrate how well models will fit the data.

· The method of maximum likelihood estimation (MLE) was used to determine the parameters of the fitted distribution.

I used two different distributions, an exponential and a lognormal, and mixtures of those distributions. 

General comments

General comments of the fit of these distributions are:

· A single exponential does not fit the data particularly well but is a dramatic improvement over any of the “trend-line” approaches.

· Mixtures of lognormals generate bimodal distributions that are counter-intuitive. We would expect that fewer claims would terminate as time goes on. This is because as time moves on there would be fewer claimants, and also the likelihood of claimants recovering would decrease with time.

· The empirical cost of paying higher benefits for the first 90 days can be determined directly from the data. The distributions are needed to determine the cost for 60 and 105 days.

To “back-check” the models, costs for 30, 90 and 180 days can be directly determined from the data. Costs for 60 and 105 days can be interpolated from the data to generate a check against the model.

Statistical Measurements

The fit of the data is summarized below, along with the negative log likelihood statistics.

duration
observed
exp
exp
exp
lognorm
lognorm
lognorm
exp- 


(1)
(2)
(3)
(1)
(2)
(3)
lognorm
under 30 days
1,843
1,211.8
1,787.1
1,843.0
1,873.9
1,842.5
1,841.6
1,843.0

31 to 90 days
918
1,258.7
1,011.4
918.0
783.6
924.9
923.5
918.0

91 to 180 days
268
633.3
221.0
268.0
325.9
257.6
260.3
268.0

181 to 365 days
85
205.0
95.9
85.0
193.2
89.1
88.2
85.0

over 1 year
208
13.3
206.6
208.0
145.5
207.9
208.4
208.0

-loglikelihood

4,578.8
3,839.7
3,829.1
3,895.9
3,829.4
3,829.2
3,829.1
chi-square test

0.0
0.0
no test
0.0
no test
no test
no test

parameters

1
3
5
2
5
8
4

The chi-square test could not be performed on any of the distributions that have more than 3 parameters because there are only 5 data points to fit.

Graphical Representation

I have prepared a number of graphs that you might find useful.
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[image: image4.wmf]Fit of Mixture of Three Distributions
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[image: image6.wmf]Fit of All Distributions
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All of the above analysis is based on the number of claimants who terminate during any particular period. This could be used to identify the portion of claimants who would receive the increased benefit level throughout their entire claim (i.e. their claim terminates prior to the end of the enhanced benefit period). The table below identifies the portion of claims that terminated in the first 60, 90 and 105 days.

duration
observed
exp
exp
exp
lognorm
lognorm
lognorm
exp- 


(1)
(2)
(3)
(1)
(2)
(3)
lognorm

first 60 days

59.6%
75.4%
74.8%
72.3%
75.2%
75.0%
74.2%

first 90 days
83.1%
74.4%
84.2%
83.1%
80.0%
83.3%
83.2%
83.1%

first 105 days

79.6%
86.5%
85.6%
82.6%
85.7%
85.6%
85.7%

Claim Durations

The fitting analysis done so far is based on claim counts only and has not utilized the information available on the number of days paid inside each duration cell. This information will help choose between the best fitting distributions.

duration
observed
exp
exp
exp
lognorm
lognorm
lognorm
exp- 


(1)
(2)
(3)
(1)
(2)
(3)
lognorm

under 30 days
10.2
13.9
13.0
12.7
11.0
12.5
12.4
10.4

31 to 90 days
53.5
55.5
52.2
51.4
52.9
45.4
44.8
53.1

91 to 180 days
122.2
125.1
118.5
117.5
126.5
108.7
107.5
122.6

181 to 365 days
229.1
234.1
218.5
218.5
251.9
213.6
211.1
232.1

Cost Impact

The raw data allows a calculation of the cost for increased payments for the first 90 days. With the modeled distributions this can be done for any period. The modeled data has been calculated for 60, 90 and 105 days. These factors are percentages of the first year claim costs prior to any changes. As seen in the table below, the number of disability days in the first 90 days is 60.35% of the total first year disability costs. The total disability costs have been stated to be double the costs of claims during the first year. The doubling factor is likely not an exact calculation but by expressing these costs as a percentage of the first year costs any estimation errors are removed.

duration
observed
exp
exp
exp
lognorm
lognorm
lognorm
exp- 


(1)
(2)
(3)
(1)
(2)
(3)
lognorm

first 60 days

59.89%
51.87%
50.80%
48.04%
51.43%
51.32%
49.76%

first 90 days
60.39%
74.67%
61.72%
61.10%
59.45%
60.98%
60.91%
60.35%

first 105 days

79.89%
65.38%
65.03%
63.99%
64.62%
64.57%
64.30%

The data was provided separately for each year 1993 to 1999 inclusive. Had the payment levels been increased for the first 90 days during the period 1993 to 1999 inclusive, the costs are shown in the table below.

duration
1993
1994
1995
1996
1997
1998
1999
total

first 90 days
62.10%
62.67%
59.63%
57.94%
61.14%
60.30%
59.08%
60.41%

To test the fit of the various distributions we calculated the historical costs if costs were increased for the first 30 days, 90 days and 180 days and compared those costs to the fitted distributions.
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Of the three models that fit well the differences in the predicted cost impact of the increased benefits is barely noticeable in the chart. For the purposes of assessing the cost impact of the proposed increased benefits, any of these models would be satisfactory.  My personal choice is the exponential/lognormal mixture.

Claim Trends

The past analysis also identified decreasing claim costs for the years 1993 to 1999.  This was wrong.  The past analysis was based on all claims paid to December 31, 2000. The number of days paid for the open claims is incomplete, so the prior analysis was distorted.

The graph below shows that the claim costs have been remarkably stable over the seven-year period if the analysis is limited to the number of days paid during the first year of disability.
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The total days paid to date for the 1993 claims would include all payments made in 1994, 1995, 1996, 1997 1998, 1999 and 2000. The total number of days paid-to-date for the 1993 claims is about 180% of the number of days paid in the first year. Since there would still likely be some open claims at the end of 2000 for 1993 disabilities, this number will continue to rise.

In comparing the total days paid to date (blue top line) to the days paid during the first year (red bottom line), the difference would be payments made from the end of the first year through 2000.  As the years advance, the time period shrinks and therefore it is not surprising that the gap narrows over time.

When the statement is made that the total costs for the benefit are double the costs in the first year, it is not clear whether the payments were discounted with interest. The total payments appear to have stabilized after 4 years at a level that is less than two times the first year costs. I would be surprised if in the end the total number of days paid would reach twice the first year costs, and after payments are discounted for interest the factor of doubling the first year costs seems excessive. In discounting the payments we would have to adjust for any indexing that would be applied to the log-term payments. I don’t know what the indexing rate is, or if there is any indexing at all.

Uses of Models

As stated earlier, to answer the issue at hand, the cost impact of increasing payment levels in the early periods could be answered without this statistical model fitting. However, the Committee wants a claim distribution model because other claims managers have them.

There are a number of other uses for having a claim distribution model. I remember there were discussions last year about measuring the impact of rehabilitation. If they want to measure the impact of changing the claim management procedures they could use this model to do that. To measure the impact of rehabilitation you need a very detailed database to reference the very subtle changes that the rehabilitation processes will have. This model identifies the length of time claims are expected to last, measured over any time period, even down to the day. Since there is a model for the payment pattern, a historical database would not have to be created.

If Tall Trees were to get involved in enhancing the rehabilitation services a number of other issues should be addressed. First the claim pattern would change, presumably the average duration of the claims would decrease. The additional expense of enhancing rehabilitation services would then have to be measured against the claim savings due to the decrease in claim duration. Many plans measure their claim paying expense as a percentage of the paid claims. By increasing the claim paying expense and decreasing the paid claim amounts the ratio of expense to claim payments increases. This is a feature that must be understood before starting to measure the impact of the rehabilitation program.

Another aspect of enhancing the rehabilitation services is that the paid claims will likely decrease and in some labor environments this may be seen as a reduction in employee benefits. I don’t know about this particular environment but they should look into it.

� It is difficult to write a guideline that draws an absolute boundary between what additional modeling work may be done and what shouldn’t be done.  A reasonable guideline is that graphs and tables may be modified for better appearance, tables may be turned into graphs, and alternative summary calculations may be made using data that has already been generated.
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