Bootstrap analysis with PopTools
Confidence interval of the mean: Parametric bootstrap
Take the TcCB data from the cleanup site and paste in column A of a new spreadsheet.  Leave one row at the top to put data labels.  In cell B2 put the mean of the data, and in cell C2 put the standard deviation of the data.  In cell D2 put the sample size.  Your spreadsheet should look something like this:
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For later comparison, calculate the 95% confidence interval of the mean based on the t distribution.  For the lower end, use =B2 - TINV(0.025,D2-1)*C2/SQRT(D2); for the upper limit, use =B2 + TINV(0.025,D2-1)*C2/SQRT(D2) (the values you get will differ from what I showed in lecture because I mistakenly used 0.05 instead of 0.025).

Now we need to get the mean and standard deviation of the log-transformed data.  Put the log-transformed data in column E, using the LN() function.  Put the mean and standard deviation of the log-transformed data in cells F2 and G2, respectively.

In column H, we are going to put a set of lognormally distributed random numbers, using the formula =EXP(dNormalDev(F$2,G$2)).  Drag this down to have a sample size of 77.  Put the average of these in cell I2.  
The spreadsheet set up to this point is in the file “TcCB parametric bootstrap CI base.xls”.

Notice that the random numbers and their mean are dynamic: when you press the F9 key to recalculate the formulas, you get a new set of values.  What you could do to run the bootstrap is write down the new mean each time you hit F9, and then look at the distribution of those means.  Fortunately, PopTools provides a way to automate this.

In the PopTools menu, select Simulation Tools → Monte Carlo Analysis.  In the resulting dialog box, select cell I2 for “Dependent Range”.  Leave “Test values” blank.  The percentiles are set by default for a 95% CI; you would change them if you wanted, for example, a 90% CI.  Change “Number of replicates” to 999, and choose cell J1 for “Output”.  Check “Keep results”.  You should have something that looks like this:
[image: image2.png][Monte Carlo analysi

Recaloulates the current worksheet or the specifiec nurmber of replicates. Ifthe
worksheet ncludes random variabies, or a andomised range, a new resul wil ke
obtainect for each repicate. The procedure counts the number of tines tht values
inthe dependent range exceed (or are less than - depencing on the test crerion

Option) a range of test vakues, and also collects summary staistics.

Deperert range [Srestrasz
Testvalues
Lower percetie 3
Upper percente 0w
N o repates =
Outut (ehaose 1 cey Err
Test rterion ;
S | BT W

Precison

—

Colour code for demo [~





Now hit Go!  The program calculates the value in cell I2 (the mean of the random numbers) 999 times, and records them.  Then it provides the mean of these 999 values, their variance, and the lower and upper bounds of the confidence interval.  You are done!

Notice that it has also created a new spreadsheet, called “Monte Carlo results n” (where n is some integer).  If you look in this sheet, you will find all 999 replicate bootstrap means (these are not dynamic; if you want another bootstrap sample you will have to re-run the Monte Carlo tool).  You can look at a histogram of these means by selecting column B and choosing Simulation Tools → Summary Stats from the PopTools menu.  Select a cell for the “Output range”, and increase “bins for histogram” (I find that 30 works well.  Hit Go, and it generates a histogram, together with some summary statistics.  A lot easier than Excel’s histogram function!
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Confidence interval of the mean: Nonparametric bootstrap

Copy the first four columns from the previous exercise into a new workbook.  Go to Sampling → Simple Random Sample on the PopTools menu, put the data range in “Range to sample”, cell D2 in “Sample size” (you could also just put in 77), and cell E2 for “Output”.  Check “Sample with replacement” and uncheck “static result”.  Hit Go.
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Put the mean of this new column in cell F2.  We now have a dynamic formula where we sample with replacement from the original data (notice that all the values in column E can be found somewhere in column A), and take the mean of this bootstrap sample.
Now run the Monte Carlo tool in exactly the same way as above, using cell F2 as the “Dependent range”.  That’s all there is to it!
Two-sample t-test: nonparametric bootstrap
Open a new spreadsheet, and put the reference site TcCB data in column A and the Cleanup site in column B.  Leave two lines for titles, so the data start in row 3.  Put the means of the two columns in cells C3 and D3, and put the variances in cells C6 and D6.  Calculate the t statistic and put it in cell E3, using the formula 

=(D3-C3)/SQRT(D6/77+C6/47).  You should have something like this:
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If you run a two-sample t-test in JMP you will find that the one-sided P value for “Prob > t” is 0.0751.

Now create datasets that have the same mean (the null hypothesis is true) but maintain the distributional features of the data.  In cell G3, enter =A3-$C$3, and in cell H3 enter =B3-$D$3 (in my original spreadsheet I had a typo here, so the results I showed in lecture may not hold!).  Fill these down the appropriate number of rows (there are more for the cleanup site than the reference site).
Now create nonparametric bootstrap samples of each of these two new datasets.  Use the “simple random sample” tool from the previous section to create a sample (of size 47) from column G and put it in column J.  Likewise, put a sample (of size 77) from column H and put it in column K.  From these bootstrap samples, calculate the means and variances of each, and then the resulting t statistic, in the same way you did for the original data.  Everything to this point is saved in “TcCB nonparametric bootstrap 2-sample t-test base.xls”.

You now have a spreadsheet that takes a bootstrap sample from data that are modified such that the null hypothesis is true, and calculates the resulting value of t.  We now want to know what the probability is that this exceeds the t that was calculated for the data in cell E3.  We are going to use the Monte Carlo tool again, but with a slight difference.  The “Dependent range” is the bootstrap t value, cell N3.  We now use the “test values”, setting it to the t from the data, cell E3.  The percentiles are irrelevant now; update the number of replicates to 999 and set the output to cell O2.  Make sure that “>” is selected under “test criterion”, and check “Keep results”:
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Now hit Go!

The important output here is in cell S3, under the heading “>1.4538159487503”.  This is the number of times (out of 999) that the bootstrap t exceeded the data t.  To calculate the P value, use =S3/T3.  The actual values of the 999 bootstrap t statistics can be found in the “Monte Carlo results” sheet.
