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Technical Background

If you have three minutes to spare, watch Joseph Blitzstein’s first lecture in the I  ntroduction to   
P  robability course at   Harvard (Statistics 110)    from 16:57 to 20:00.  I think he does a good job 
explaining why you need specific training to deal with real-world probability problems correctly.  I 
taught the equivalent of this course at Stonehill College for 16 years, and occasionaly supplemented my
own lectures with some of Blitzstein’s videos.  I also had my students download the course text 
Introduction to Probability by Blitzstein and Hwang.

Probability and Statistics are usually lumped together, but they are actually separate and quite distinct 
subjects.  Since the publication of the Kolmogorov Axioms in 1933 Probability can rightly be described
as squeaky-clean axiomatic mathematics.  Statistics remains a collection of loosely related hueristics 
without an axiomatic foundation (some purists don’t consider it to be math at all, but the Providence-
based Americal Mathematical Society does include it in their list of mathematical subject areas).

At Stonehill only students in the Actuarial Mathematics program were required to take this course.  It 
was an elective for Mathematics majors and minors.  Probability theory is usually not a part of the 
(non-calculus-based) statistics curriculum taught in disciplines other than mathematics.  

There is an excellent up-to-date overview of the history of the subject in the epilog (pp448-452) of  
Computer Age Statistical Inference: Algorithms, Evidence, and Data Science by Bradley Effron and 
Trevor Hastie.

In 2018 the Society of Actuaries (SOA) and the Casualty Actuarial Society  (CAS),  the two major 
credentialling organizations for actuaries, introduced significant changes to their exam syllabi.
Both societies pivoted towards expanding the role of actuaries to explicitly include risk management.  
The SOA  introduced a new credential, the Chartered Enterprise Risk Analyst (CERA).  CAS mentions 
risk management on the banner page of their website.

The CERA and Associate of the Society of Actuaries (ASA) credentials require candidates to pass the 
new Statistics for Risk Modeling exam.

The January 2023 Statistics for Risk Modeling exam syllabus contains six major topic areas:

• Statistical Learning – I covered this material in the math capstone course I taught, Mathematical
Modeling.  In that course I used one of the texts listed in the syllabus, An Introduction to 
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Statistical Learning, with Applications in R by James, Witten, Hastie, and Tibshirani.  It’s 
available as a free download if you want to look it over.

• Linear Models – I designed the Linear Models course that was part of the new Actuarial 
Mathematics major at Stonehill specifically to cover the material on this exam, and taught it 
twice.  I was Co-director of the program.

• Time Series – In 1978 the company I was working for sent me to a 1-week seminar at Princeton
University on time series.  The lecturers included the late George E.P. Box, probably the most 
prominent name associated with the subject (see ‘Box-Jenkins method’).  I remember a 
comment he made about people who criticize his model selection process for being inefficient.  
He said they “float up to the ceiling and can’t get down”.

• Principal Component Analysis – My first professional job (in 1976) was as a biostatistician at 
the U.S. Environmental Protection Agency lab in Narragansett.  We were analyzing shellfish 
dredged up from an area of the Baltimore Canyon where the City of Philadelphia had a permit 
to dump sewage sludge, and DuPont had a permit to dump waste from their titanium dioxide 
plant.  I did a principal components analysis with that data.  All of the heavy metals in the 
Philadelphia waste came out in the first principal component, and the metals from the DuPont 
waste came out in the second.  

• Decision Trees – This is a recent development that I haven’t had occasion to use (yet).  I did 
mention it in the Mathematical Modeling course, and pointed out that the open-source machine 
learning package Scikit-Learn implements these techniques.

• Cluster Analysis – This has long been one of the pillars of qualitative exploratory data analysis. 
Traditional methods based on Euclidean distances have recently been joined by techniques 
developed in the machine learning community that employ ‘training’ data and perform 
validation.  I covered some of these in the Mathematical Modeling course.

Sample problems for this exam are posted.  While candidates are not required to have passed the 
probability exam (Exam-P), knowledge of the topics covered is assumed.   The Exam-P syllabus is very
close to that of the introductory Mathematical Statistics course I taught at Stonehill, and to the Harvard 
Statistics 110 course.  I used the Mathematical Statistics with Applications (Seventh Edition) by 
Wackerly, Mendenhall and Shaeffer mentioned in the Exam-P syllabus as the textbook in my course.  

The current Exam-P is virtually identical to the one I passed 45 years ago (At the time I thought I 
wanted to be an actuary; I passed three exams before deciding to go more towards statistics). 
There is an Online Sample Exam-P.

Pooled Versus Separate Reserve Funds
There has been a lot of dicussion of dedicated versus pooled reserve funds.  The argument listed below 
shows that:

• For a given (fixed) total reserve fund size, the probability of exceeding the reserves is always 
smaller with a pooled structure.

• For a given (fixed) probability of exceeding the reserves, the size of the pooled reserve needed 
to attain that probability is always smaller than the combined sizes of dedicated reserves 
required to have the same probability that none of the dedicated reserves are exceeded.
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If you search the internet for the term ‘fund balance’ you get a lot of hits on condominium maintenance
funds in Florida.  Evidently they are required by law to maintain a reserve for maintenance, and are 
allowed to have either a pooled reserve for all maintenance, or separate reserve funds for, say, roofing 
and HVAC.  Consider two hypothetical situations where we have:

• Separate reserve funds for roofing and HVAC containing R and H dollars, respectively

• A single combined reserve fund containing R+H dollars

In the first case you exceed the reserve if either roofing expenses exceed R, or HVAC expenses exceed 
H.  In the second case, you exceed the reserve if the combined roofing and HVAC expenses exceed 
R+H.

We can break the set of all possible outcomes into three mutually exclusive and exhaustive cases:

Situation: Are dedicated resources 
adequate?

Are pooled resources adequate?

Neither dedicated fund exceeds 
its resources

Yes Yes

At least one dedicated fund 
exceeds its resources, and the 
pooled fund does not.

No Yes

At least one dedicated fund 
exceeds its resources, and the 
pooled fund exceeds its 
resources.

No No

 

Evidently there are outcomes in which the pooled resources are adequate and the dedicated resources 
are not.  There are no outcomes in which the reverse is true.

This means that, for a given value of R+H, the probability of exceeding resources with a pooled reserve
is lower than the probability of that happening with dedicated reserves.

This is true regardless of how the resources are partitioned and whatever the relative values of R and H 
are. 

Alternatively, if we chose to size the reserve by specifying the probability that it is adequate, we can 
always achieve that probability with a lower value of R+H if we have a pooled fund.

Minimizing the fund balance is desirable because there is an opportunity cost to tying up funds that 
could otherwise be put towards achieving the goals of the strategic plan.

 



  Unrestricted Fund Balance Usage History
Beginning with the 2009-2010 school year, the Rhode Island Department of Education has been 
collecting comprehensive financial data from all school districts in a common format called the 
Uniform Chart of Accounts (UCOA).

The RI Department of Education website sates that UCOA is “a key aspect of RIDE’s strategic 
agenda”.  It provides a public data source that allows apples-to-apples comparisons across districts, and
facilitates research into public education funding.

On the RIDE website you can find comprehensive documentation   on the coding conventions   as well as 
statewide year-by-year histories of expenditures and revenue.  

While there is a learning curve, I believe UCOA addresses the common complaint of lack of 
transparency, because it provides a public source with enough detail to answer most questions 
involving finances.   I remember a conversation in which Town Manager Andy Nota said he wished 
there was something equivalent on the municipal side.

For our purposes, we filter the data by object code.  Object code 41250 is used to record budget and 
actual values when money is transferred out of the unrestricted fund balance:

 

The appropriate size of the fund balance is tied to the expected transfer from fund balance beyond what
is budgeted, that is, transfers to cover expenses not anticipated when the budget is constructed.

The UCOA history of Object 41250 shows that for East Greenwich there has only been one year (2016-
2017) in which the actual transfer exceeded what was budgeted, and the amount was not very large 
($203,000) compared to proposed sizes for the unrestricted fund balance.   This is evidence that fund 
balance is not a pressing issue. 

You can see from this data that it is a common practice to budget for a fund balance transfer that may 
not, and often does not occur.

Summary
• Determining the size and structure of the fund balance is an exercise in risk management
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• Risk management is highly technical, and we want to avoid the common mistake of placing too 
much emphasis on events with large financial impacts but low probability of occurring.  
Extreme events should not drive risk management policy.

• I do not believe it is possible for the school district and the School Committee to unilateraly 
design a workable fund balance policy. We must solicit input from the town and Town Council.

• It has taken a while, but I believe a consensus is emerging for a policy that is acceptable to all 
stakeholders.

• The fund balance is not a pressing issue.  The only reason it has received so much attention 
recently is a one-time windfall resulting from a change in health insurance that inflated its size.  
That said, it would be good to get this source of potential friction with the town and council 
resolved.
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