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Binomial Distribution 

I. Calculating the Binomial Distribution: Flips of a Fair Coin ( # of trials)

1. One flip

Open Excel, In cell B3, type “Binomial 1 flip”

In cell B5 type “k” for the binomial variable, and in B6 type “0”


And in B7 type “1”

In cell C5 type “n” for the number of trials, and in C6 type “1” and in C7 type “1”

In cell D5 type “p” for probability, select cell D6, go to the formula bar and type “=”, insert function, choose function category ‘statistical” and function name “binomial”, and hit OK.

In the dialog box, number s is the number of successes, select cell “B6”,

Trials is the number of trials, select cell “C6”, probability s is the probability of a success, type in “0.5”, cumulative gives you an option of finding, for example, the probability of zero heads, type in “false”, or the cumulative distribution function, less than or equal zero heads, type in “true”. We will use false. Hit OK. If needed, hit the “?’ button for more info on the dialog box.

For cell D6, we have p(k=0) = C1(k=0) (0.5)0 (0.5)1 = 1!/(0!1!) * 0.50 =0.50.

Drag the lower right hand corner “handle” down through cell D7.

For a chart of the distribution, select cells B6 and B7, hold down the “ctrl” key and select cells D6 and D7. Go to the insert menu and select “chart”, and in the dialog box select “xy scatter” as the type. Hit the “next” button. Select the “series in column” button, and hit “next”. Select the “titles” tab and for chart title type “ Binomial; One Flip”, for the x axis type “Number of Heads”,

For the y axis type “Probability”. Select the legend tab and deactivate “show legend”. Select the gridlines tab and deactivate “major gridlines” for the y axis. Hit the “next” button and place the chart on a new sheet, and then the “finish” button. Select the plot area and go to the format menu and select “format plot area” and under area, hit the “none” button. Select the x axis by clicking on it and go to the format menu and select ‘format axis”. In the dialog box, select the scale tab and for maximum type in 1.0 and for major unit type in 1.0 and hit OK. Go to the chart menu and select chart type “column” and sub-type in upper left hand corner. Select the left column and go to the format menu and select “format data series” Choose the “options” tab and a gap width of “10”. Select the “patterns’ tab and for borders select custom and for style the dashed line. For area select the “none” button. With further experimentation, you may find a display that appeals to you.

2. Two flips, three flips, five flips

Repeat this process. Note that the calculated probabilities, as they vary with the number of heads, become more bell shaped as the number of trials increases.

3. Ten Flips (Trials)

Type “ binomial ten flips” in cell B34. Type “k” in cell B36, “n” in cell C36, and “probability” in cell D36. Type “0” in cell B37, and “1” in cell B38 and drag down (edit: fill series with a step value of 1) though cell B47. Starting in cell C37 type in “10” for n. Select cell D37, go to the formula bar and type “=”, insert function, choose function category ‘statistical” and function name “binomial”, and hit OK. In the dialog box type in the appropriate cells or values for k, n, p, and “false” to get the discrete probability (density) function, and extend down though cell D47.

For a chart, select cells B37 through B47, and hold down the control key and select cells D37-D47. Go to the insert menu and select chart, type xy scatter, and hit next.  Hit next again and select the titles tab and type in a chart title of “Binomial, Ten Flips”, an x axis title of “Number of Heads”, and a y axis title of “probability”. Select the legend tab and deactivate “ show legend”. Hit next and place the chart on a new sheet. Hit ‘finish”. Select the plot area and go to the format menu and select “format plot area” and under area, hit the “none” button. This chart probably looks OK as a scatter chart and we do not need to convert it to a column chart. However it is instructive to do so. Go to the menu and select chart type column. Click on a column and go to format and choose format selected data series, and choose the options tab and change the gap width to a value you prefer. Either the scatter plot or this converted to a column plot convey a similar message about their bell shape.

II. Calculating the Binomial Distribution: Tosses of a Fair Die

1. One toss

Use the procedure to calculate the probabilities of getting zero sixes or one six in the toss of a fair die, p(k=0) = C1(k=0) (1/6)0 (5/6)1 = 0!/( 0!1!) 5/6,

or 5/6. So the probability of one six in one toss is 1/6, and the distribution is asymmetric with the number of successes (sixes)

2. Ten Tosses

The distribution becomes more symmetric with ten tosses of the die but is still asymmetric.

3. Twenty Tosses

The distribution becomes more symmetric with twenty tosses. 

The binomial distribution approaches the normal as the number of trials increases for any probability of success p, not just p=0.5. it just happens more quickly if it starts out symmetric.

III. The Normal Approximation to the Binomial

In Lecture Five, we discuss the normal approximation to the binomial, calculating the probability between two values a and b:
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5. The ½ is a continuity correction for the continuous approximation to the discrete histogram. The variable z is a standard normal variable with mean zero and variance one.


Using the example of a fair die, with p of 1/6, the number of trials should be thirty for np
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5. In cell F76, type “binomial 30 tosses. In cell F78, type “k”. In cell G78, type “n”, in cell H78 type “p”. In cell I76 type “normal approximation” and in cell J76 type “normal continuity” for making the correction of ½.


In cells F79 and F80, type 0 and 1 and extend down to 30. In cell G79 type 30 and extend to G109. Select cell H79, go to the formula bar and type “=”, insert function, choose function category ‘statistical” and function name “binomial”, and hit OK. In the dialog box type in the appropriate cells or values for k, n, p, and “false” to get the discrete probability (density) function, and extend down through cell H109. 


Select cell I79, go to the formula bar and type “=”, insert function, choose function category ‘statistical” and function name “normdist”, and hit OK.

As we discussed in Lecture Four, the mean of the binomial distribution is np (equals 5 in this case), and the variance is np(1 – p) equals 25/6, with its square root of 2.041 being the standard deviation. 


In the dialog box for normdist, the value for the random variable x, also known as k, is given by selecting cells F79-109. The value for the mean is 5, and the value for the standard deviation is 2.041. Typing false for the cumulative box returns the height or ordinate of the normal density function. Hit OK and extend down through cell H109.


To prepare a graph of the binomial and this normal approximation, select cells F79-109, hold down the ctrl key and select cells H79-109 and I79-109. Go to the menu, and insert chart of type xy scatter. Select the series tab and name series 1, binomial, and select series 2, and name normal., and hit next. Select the titles tab and for chart title, type “Thirty Tosses of a Fair Die”. For the x axis, type “Number of Sixes, for the y axis type “probability”, and hit next. And save on a new sheet. As you can see, the normal distribution is a pretty good approximation to the binomial for np equals 5.


This chart can also be prepared as a mix of a column and a line chart. First select the plot area, and go to the menu and format selected plot area and under area select none. Next select a gridline and format with a dotted pattern.

Go to the menu, choose chart, and select the tab custom types. Scroll down and choose line-column and click OK. In the conversion we lose some features but this can be rectified. Select the plot area and format area as “none”. Go to the menu and choose chart and “chart options: and in the dialog box, type in the titles as above. This version gives a more cognitive visualization because it shows a smooth approximation (normal line) to the discrete binomial probability distribution (columns).


This example, and the last chart, summarizes the statistical methodology of modeling uncertainty with probability distributions such as the binomial, and where appropriate, the normal approximation, because the latter is easy to use. Interval estimation and hypothesis testing depend on the use of the normal distribution, or derivatives, such as Student’s t-distribution, which we will cover in the future.

IV. Exercise: Due in One Week

1. For ten tosses of a fair die, calculate the cumulative distribution function for the binomial and compare it to the cumulative distribution for the normal approximation. For the normal approximation, use a mean of np. Plot these two cumulative distribution functions against the number of sixes.

2. Repeat this exercise for thirty tosses of a fair die. Compare the normal approximation to the binomial for ten tosses versus thirty tosses. For the normal approximation, use a mean of np. Compare the value of the mean of the binomial for ten tosses with the mean for thirty tosses. Does this exercise shed any light on the approximation rule being good if np
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5 ?

3. Repeat for thirty tosses, but use the continuity correction, i.e. use a mean for the normal of  np – ½  = 5 – ½ = 4.5. Is the continuity correction important for approximating the cumulative distribution?
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