PopTools and simulations
PopTools should be installed on all the lab computers; however, you will need to set it up within your profile (you will also need to do this if you install it at home).

1. Start Excel

2. Go to Tools → Add-Ins

3. Click Browse

4. Navigate to C:\Program Files\PopTools

5. Select PopTools.xla and hit OK

6. If necessary, check PopTools in “Add-Ins Available” list, and hit OK

7. You should now have a “PopTools” 

Simulating the t-test of water temperatures
Here we set up a simulation, where in columns I-N, we have 6 draws from a normal distribution with mean 56 and standard deviation 3, and calculate the P-value for the one-sided t-test of the null hypothesis 
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.  Note that in this case, the null hypothesis is true.
· In cell A1, type Mean; in cell A2, type SD; in cell A3, type n.

· In cell B1, type 56; in cell B2, type 3; in cell B3, type 6.

· In cell I2, type =dNormalDev($B$1,$B$2).   This creates a normally distributed random number with mean given by cell B1 and standard deviation given by cell B2.

· Drag cell I2 to the right until you have 6 copies.

· Notice that each time you press the F9 key, you get a new set of random numbers.

· Calculate the sample mean.  In cell D1, type Mean.  In cell D2, type =AVERAGE(I2:N2)
· Calculate the standard error of the mean.  In cell E1, type SE.  In cell E2, type =SQRT(VAR(I2:N2)/$B$3)
· Calculate the t statistic for comparing the sample mean to 56.  In cell F1, type t. In cell F2, type =(D2-56)/E2.
· Calculate the P-value for the one tailed t-test.  In cell G1, type P.  In cell G2, type =TDIST(F2,$B$3-1,1).  The first argument of the function is the t statistic, the second is the degrees of freedom, and the third indicates that it is a one-tailed test.
· Notice that this gives the correct value of P when t is positive, but gives an error when t is negative.  When t is negative, we want to use the formula 
         1-TDIST(-F2,$B$3-1,1). To achieve this, we use the IF function. Replace cell G2 with =IF(F2>=0,TDIST(F2,$B$3-1,1),1-TDIST(-F2,$B$3-1,1))
Now create many replicates of this simulation:
· Fill cells D2:N2 down until you have 1000 copies.
· Calculate the fraction of the 1000 simulations in which P < 0.05.  In cell A6, enter Fraction P < 0.05; in cell A7, enter =COUNTIF(G2:G1001,"<0.05")/1000
Notice that this fraction is about 0.05 (the exact value will fluctuate as you recalculate the random numbers using F9).  What does this mean?

What happens when you increase the true mean of the random numbers?   What does this mean?

How large must the true mean be before you reject the null hypothesis 80% of the time?

How does the previous answer change if you increase the sample size from 6 to 12 (notice that in addition to creating additional columns of random numbers, you will have to adjust n and the array references in columns D and E)?
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