MA206 – Probability & Statistics
Fitting Continuous Functions to the EDF

At this point, we’ve learned that we can use an EDF to answer questions about the population of interest by either calculating numerical values for Fn(x) or visually inspecting the resulting graph of Fn(x).  However, as we work with larger samples, this becomes a very cumbersome process.  On the other hand, if we can identify a known continuous function that closely matches our EDF, we could simply use direct substitution to more efficiently answer the very same questions.  We will often have several functions to consider and will need a metric for comparing competing functions.  In order to determine which function is best, we look at the fit both visually and mathematically.  Ultimately, we want to use the function possessing the least error when it is fitted to the EDF.  We will begin our discussion of this concept by examining visual methods of fitting a single continuous function to the EDF.  The procedure we will use is as follows:
1. Create the Empirical Distribution Function.

2. Visually inspect the EDF.  Determine what type of function you might be looking for, based on the shape of the EDF.  Initially, you will probably fit more than one function until you become familiar with how each function can fit different EDF shapes.  

3. Given a function that could fit the EDF, adjust the parameters of the function in order to improve the fit.

4. Plot and analyze the fitted function on the same graph as the EDF.

The process of fitting a continuous function to the EDF is the same process that students at the United States Military Academy used in their Mathematical Modeling course, MA103 or MA101.  In these courses, students used an iterative process of varying parameter values in different families of functions to change the shape of the function.  By changing the shape of the function, the student can reduce the amount of error between the modeling function and the observed data.  Ultimately, students in these courses used the Solver tool in Microsoft Excel to minimize the Sum of Squared Errors (SSE) and find the model that best fits or models the observed data.  

Students are encouraged to review 1) the mathematics of this process for a linear model on pages SM-1 thru SM-6 in the supplemental portion of the revised textbook and 2) the process of using the Solver tool for a linear model on pages SM-7 thru SM-11 in the supplemental portion of the revised textbook.


In this course, the observed data will take the form of our EDF since this function represents the accumulating frequency of actual sample data.  We will learn several more families of functions in Block 2 of this course and we will call them Cumulative Distribution Functions (CDFs).  For now, as in the example below, we will provide the CDF in its functional form, F(x) or G(x).
Example

We want to fit a function to the EDF below.  We venture a guess that this function should be 
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.  We now start to vary the parameter 
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 in order to obtain the best fit.  After a few attempts at increasing and decreasing
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, we determine that the better fit appears when the parameter 
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Figure 3:  Fitting a Function to an EDF


Although we have determined that F(x) appears to fit the EDF well when 
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 = 1, our analysis is not complete.  Are we confident that the parameter value 
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 = 1 truly provides the “best fit”?  How can we define “best fit” in mathematical terms?  Graphical analysis is a good starting point, but is insufficient as a sole determinant of model adequacy.  We need to identify a useful metric to assess model fit.  As discussed above, from previous courses and suggested readings on pages SM-1 thru SM-11 on fitting linear models to data sets, we can use the Solver tool in Excel to find the value of 
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 that minimizes the SSE.  

Similarly, we could also fit other curves to the EDF.  Another curve that we will use frequently in this course is:  
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G(x) is very similar to F(x), except that G(x) also has the parameter
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