
THE NORMAL DISTRIBUTION

A reasonable description of many variables is provided by the normal distribution. Its 
frequency distribution os symmetrical about the mean, and bell shaped. If the standard 
deviation is wide, the curve is squat and wide. If the standard deviation is narrow, the 
curve is taller and thinner.

Some examples of variables known to be normally distributed are
Blood pressure
Haemoglobin
Body temperature

Others are not normally distributed e.g. income and triceps skin-fold which tend to be 
positively skewed.

The normal distribution is critical to statistical analysis. This is because the sampling 
distribution of a mean is normal, even when the individual observations are not normally 
distributed.

In other words, sampling means will be normally distributed around the true population 
mean. 

The normal distributions underlies the calculation of p values which are used to test 
hypotheses.

THE STANDARD NORMAL DISTRIBUTION
If a variable is normally distributed then a change of units will not affect this. Eg blood 
glucose.. If it is measures in g/DL or mmol/L the value is still distributed normally.

Thus by a suitable change in units, any normally distributed variable can be related to the 
standard normal distribution, whose mean is zero and has a standard deviation of 1. This 
is done by subtracting the mean from every observation and dividing by the standard 
deviation.

!"#, ! = ! − !
! !

The above formula shows the relationship between the Standard Normal Distribution and 
the means, where x is the original variable with mean μ and standard deviation 𝞼 and z is 
the corresponding Standard Normal Deviate (called the z-score)

The possibility of converting any normally distributed variable into an SND means that 
calculations based on the standard normal distribution may be converted into 
corresponding calculations for any values of the mean and standard deviation. The 
calculations can be done by consulting tables.

AREA UNDER THE CURVE OF THE NORMAL DISTRIBUTION
The standard normal distribution can be used to determine the proportion of the 
population that has values in a specified range. It can also be used to determine the 
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probability that an individual observation from the distribution will lie in the specified 
range.

This is done by calculation of the area under the curve (AUC). The area under the curve is 
equal to exactly 1. What does this mean to us? Simply, the probability of an observation 
falling somewhere in the whole of the range is 100%

How can we use this to help us? As an example, let us look at a mythical distribution - the 
length of giraffe necks in the Kruger park. If the distribution is approximately normal with 
a mean ( u) of 171.5cm and a standard deviation 𝞼 of 6.5cm.

Area in the upper tail of the distribution
The proportion of giraffes with a neck longer than 182cm may derived from the proportion 
of the area under the curve above 182cm.
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This is our normal gaussian distribution for giraffe neck lengths

The corresponding SND is 

! = 182− 171.5
6.5 !

 
This equals 1.61.  Now we can derive th proportion having necks longer than 182cm by 
looking at the proportion of the curve above 1.61 on the SND. If we change the 
distribution to a standard one the curve looks as follows.
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Thus we need to find point 1.61 on the curve and calculate the area above that point. We 
do that using the standard tables, an example of which is provided below for your 
edification…. :)

14/11/2011 Standard Normal Distribution Table

2/3www.mathsisfun.com/data/standard-normal-distribution-table.html

0.45 also has an area of 0.1736

Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359

0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753

0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141

0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517

0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879

0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224

0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549

0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852

0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133

0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621

1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830

1.2 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015

1.3 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177

1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319

1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441

1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545

1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633

1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706

1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767

2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817

2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857

Reading off 1.61 on the table gives us a value of 0.4463. Remember that this represents 
the area of the curve between a z value of 0 and 1.61. To calculate the area below 1.61 
we need to add the 50% of the curve below the z score of 0. (remember that the curve is 
symmetrical).

Thus the proportion of the population having a neck length of 182cm or less is 0.9463 or 
94.63%. We want to know what percentage is greater than 182cm so simply 
100%-94.63% leaves us with a value of 5.37%.
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z = 165−171.5
6.5

= −1

z = 174.5−171.5
6.5

= 0.4615

Area in the lower tail of the distribution
What about the lower end? If we want to calculate the proportion of giraffes with a neck 
length less  than 160cm, we go about it in approximately the same way

z = 160−171.5
6.5

= −1.77

Because the curve is symmetrical about zero, the area below -1.77 is equal to the area 
above 1.77 and this can again be read from the table. Reading the table gives us a value 
of 0.4616. We can subtract this from 0.50 because we are interested in the area ABOVE 
1.77. This leaves us a value of 0.0384 or 3.84%.

Thus 3.84% of giraffes have necks shorter than 160cm. If you are struggling to process 
this, PLEASE ask me and I will try to make it more intelligible… :)

Area of distribution between 2 values.
If we want to know what proportion of giraffes have a neck length between 165cm and 
174.5 cm, we can also do this with our standard normal distribution as follows.

1.	 SND for 165cm

Proportion below this height is 0.1587 (calculated using principles above)

2.	 SND for 174.5 
Proportion above this height is 0.3228

Thus the proportion of giraffes with neck length between 165 and 174.5cm is  

1- proportion below 165 - proportion above 174.5 = 
1-0.1587-0.3228 = 0.5185 or 51.85%

PERCENTAGE POINTS OF THE NORMAL DISTRIBUTION AND REFERENCE 
RANGES

The SND expresses the value of a variable in terms of how many standard deviations it 
lies away from the mean. I.e. Z = 1 corresponds to a variable which lies 1 standard 
deviation to the right of the mean. The area above and below z scores of 1 and -1 
respectively is 0.1587 or 15.87%. Thus 31.74% of the variables lie outside 1 standard 
deviation on either side of the mean.

Similarly, 4.55% of the distribution lies outside 2 standard deviations of the mean.

Interestingly, exactly 95% of the distribution lies between -1.96 and +1.96 standard 
deviations of the mean. Thus, the z value of 1.96 is said to be the 5% percentage point of 
the normal distribution as 2.5% lies in each tail.

The percentage points described are known as two-sided percentage points as they are 
the observations in the upper and lower tails. Some data tables give one-sided 
percentage points which refer to just one tail. The one-sided percentage point is half the 2 
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sided percentage point. I.e. The one sided 2.5% point is 1.96, which is also the two-sided 
5% point.

The 95% reference range is given by the values at -1.96 and +1.96s.d

As usual, please feel free to ask one of us if you don’t  understand anything here...
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