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t-Distribution’s PDF in Excel 2010 and Excel 2013








This is one of the following three articles about the t distribution in Excel
  Overview of the t Distribution
  t Distribution’s PDF (Probability Density Function) in Excel 2010 and Excel 2013
  t Distribution’s CDF (Cumulative Distribution Function) in Excel 2010 and Excel 2013
   
  t-Distribution’s PDF
  As with all distributions, the t-Distribution has a PDF (Probability Density Function) and a CDF (Cumulative Distribution Function). 
  The t-Distribution’s PDF (Probability Density Function) equals the probability that sample point X taken from a normally distributed population is a certain distance from the sample mean for the given sample size.
  More specifically, the t-Distribution’s PDF calculates the probability that the standardized distance between sample point X and the sample mean is equal to the t Value of t for sample of size n when n = df + 1 = v + 1.
  t equals the t Value, which is the number of standard errors that a sampled point X is from the sample mean.
  The t-Distribution’s PDF is expressed as f(t,v).
  f(t,v) = the probability that a sample point is a distance of t standard errors from the sample mean if the sample size n = v + 1 and the population is normally-distributed. It is given by the following formula:
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  In Excel 2010 and beyond, the t-Distribution’s PDF can be calculated directly be the following Excel formula:
  f(t,v) = T.DIST(t, v, FALSE)
  Prior to Excel 2010, Excel had no formula that correctly calculated the PDF of the t-Distribution. The t-Distribution’s PDF had to be calculated directly from the actual formula. The formula is somewhat onerous by itself but is much more manageable if broken down into its component parts as follows:
  The full formula for the t-Distribution’s PDF is the following: 
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  This is made much more manageable if broken down into the following parts:
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  Γ(X) is the gamma distribution function and has to be calculated in Excel is a somewhat indirect fashion as follows:
  Γ(X) = EXP(GAMMALN(X))
  t equals the number of standard errors that sample point X is from the sample mean.
   
  t-Distribution PDF Example With      
      
Sample Data
  The following is a random sample of 20 data points drawn from a population. The population standard deviation is not known. The population’s distribution is not known. It will not be assumed to be normally distributed.
  This exercise will calculate the probability that a single sample point from this sample has the value of X = 48. 
  If the population or the sample can be shown to be normally distributed, the t-Distribution can be used to this probability, which would be the t-Distribution’s PDF at sample X = 48. The t-Distribution would be used because the sample size is small (n < 30) and the population’s standard deviation is not known.
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  The t-Distribution should only be used if the sample or the population is normally distributed. The distribution of the population is not known so the sample’s distribution needs to be evaluated for normality. A histogram of the sample data indicates a reasonable resemblance to normality. The t-Distribution can therefore be used to analyze the sample.
   (Click On Image To See a Larger Version)
  This histogram was created in Excel inputting the following information into Excel’s Histogram dialogue box:
   (Click On Image To See a Larger Version)
  The next step is to run Excel Descriptive Statistics on the sample data. The output of this Excel data analysis tools is as follows:
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  The t-Distribution is a family of distribution curves that are all symmetrical about a mean of zero. Each unique t-Distribution curve is completely described and differentiated from all other t-Distribution curves by only a single parameter: its degrees of freedom. Degrees of freedom equal sample size minus one as follows:
  n = 20
  df = v = n – 1 = 19
  Note also that the t-Distribution’s PDF formula calculates a point’s PDF at the t Value of the sample point, not at the sample point’s actual value, X. The inputs to the t-Distribution’s PDF formula are the degrees of freedom and the point’s t Value, t.
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  The t Value of a point is the distance that the point is from the sample mean expressed as the number of standard errors. The length of one standard error is calculated from the sample as follows:
  SE = Standard Error = Standard Deviation / SQRT(n)
  SE = 7.434 / SQRT(20) = 1.662
  Note that SE is also automatically calculated in the Excel Descriptive Statistics.
  The t Value of point X = 48 can now be calculated since the sample mean (x_bar) and SE are known. This is done as follows:
  X = 48
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  t = (48 – 50) / 1.662
  t = -1.20337
  The two inputs required to calculate the t-Distribution’s PDF are the point’s t Value (t = -1.20337) and the degrees of freedom (df = v = 19) from the sample.
  Excel 2010 provides the following formula that enables the calculation of the t-Distribution’s PDF in one quick step. That calculation is as follows:
  T.DIST(t, df, FALSE) = 
  T.DIST(-1.20337, 19, FALSE) = 0.18888
  This results states that there is an 18.888 percent chance the one of the data observations from the sample group of 20 samples taken from a normally distributed population will have a t Value of -1.20337, i.e., will be 1.20337 standard errors to the left of the sample mean.
  Given that the sample mean is 50, the length of one standard error = 1.662, and the d point is 1.20337 standard errors to the left of the mean, the point being evaluated is equal to the following:
  X = x_bar + t Value*SE
  X = 50 + (-1.20337)*(1.662) = 48
  The t-Distribution’s PDF formula calculated that the probability that a single point of the 20 sampled points has a value of X = 48 (or equivalently has a t Value of t = -1.20337) is 18.888 percent.
  Prior to Excel 2010, there was no Excel formula that calculated the correct PDF value for the t-Distribution. This calculation has to be performed manually in any version of Excel prior to 2010. This is done as follows (it’s really not as bad as it looks):
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  a = 1 / SQRT(19 * 3.14159)
  a = 0.12943
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  b = EXP(GAMMALN((19+1)/2)) = 362,880
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  c = EXP(GAMMALN(19/2)) = 119,292
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  d = 1 + (-1.20337)2/19 = 1.0762
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  e = -( (19+1) / 2) = -10
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  f(t=-1.20337,v=19) = f(-1.20337,19) = 0.12943 * (362,880/119,292) * 1.0762-10
  f(t=-1.20337,v=19) = 0.18888
  This is the same result that is arrived at in the following single calculation from Excel 2010:
  T.DIST(t, df, FALSE) = 
  T.DIST(-1.20337, 19, FALSE) = 0.18888
  An Excel-generated graphical representation of this example is shown in the following diagram. The t Value of t = -1.20337 represents the point that is 1.20337 standard errors from the t-Distribution’s mean of zero.
  Note that the t Value of t = -1.20337 has a PDF value equal to f(t=-1.2037,v=19) = 0.18888 on the Y axis. This indicates that there is an 18.888 percent probability that one of the 20 samples has a t Value of 1.20337. This is shown in the following Excel-generated graph:
   (Click On Image To See a Larger Version)
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What's In It?





For anyone who wants to be operating at a high level with the Excel Solver quickly, this is the book for you. Step-By-Step Optimization With Excel Solver is a 200+ page .pdf e-manual of simple yet thorough explanations on how to use the Excel Solver to solve today’s most widely known optimization problems. Loaded with screen shots that are coupled with easy-to-follow instructions, this book will simplify many difficult optimization problems and make you a master of the Excel Solver almost immediately. 




Here are just some of the Solver optimization problems that are solved completely with simple-to-understand instructions and screen shots in this e-manual:




• The famous “Traveling Salesman” problem using Solver’s Alldifferent constraint and the Solver’s Evolutionary method to find the shortest path to reach all customers. This also provides an advanced use of the Excel INDEX function.




• The well-known “Knapsack Problem” which shows how optimize the use of limited space while satisfying numerous other criteria.




• How to perform nonlinear regression and curve-fitting on the Solver using the Solver’s GRG Nonlinear solving method.




• How to solve the “Cutting Stock Problem” faced by many manufacturing companies who are trying to determine the optimal way to cut sheets of material to minimize waste while satisfying customer orders.




• Portfolio optimization to maximize return or minimize risk.




• Venture capital investment selection using the Solver’s Binary constraint to maximize Net Present Value of selected cash flows at year 0. Clever use of the If-Then-Else statements makes this a simple problem.




• How use Solver to minimize the total cost of purchasing and shipping goods from multiple suppliers to multiple locations.




• How to optimize the selection of different production machine to minimize cost while fulfilling an order.




• How to optimally allocate a marketing budget to generate the greatest reach and frequency or number of inbound leads at the lowest cost.




Step-By-Step Optimization With Excel Solver has complete instructions and numerous tips on every aspect of operating the Excel Solver. You’ll fully understand the reports and know exactly how to tweek all of the Solver’s settings for total custom use. This e-manual also provides lots of inside advice and guidance on setting up the model in Excel so that it will be as simple and intuitive as possible to work with.




All of the optimization problems in this book are solved step-by-step using a 6-step process that works every time. In addition to detailed screen shots and easy-to-follow explanations on how to solve every optimization problem in the book, a link is provided to download an Excel workbook that has all problems completed exactly as they are in this e-manual.




Step-By-Step Optimization With Excel Solver is exactly the e-manual you need if you want to be optimizing at an advanced level with the Excel Solver quickly.
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