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Using R to standardize the normal distribution 

In the last blog, we discussed how to use R to plot a normal distribution with actual data 

in hand.  

Surely there are plenty of different possible normal distribution since the mean value 

can be anything at all, and so can the standard deviation. Therefore, it will be useful if 

we can find a way to standardize the normal distribution for our convenience when 

several normal distributions can be compared on the same basis. 

As a normal distribution curve is always symmetrical, it would be a good idea if we have 

the left and right halves with similar scales with the mean equal to zero (0).  What about 

the standard deviation?  If we were to put the standard deviation to be also zero, we 

would be actually looking at a distribution with no spread of results at all. That is of 

course not true. Hence, it is sensible to put the standard deviation for a standard normal 

distribution as one (1).  

Before going forward, let us take a look at the rather complex relationship of x and f(x) in 

a normal distribution:  

  𝑓(𝑥) =
1

𝜎√2𝜋
𝑒
[
−(𝑥−𝜇)2

2𝜎2
]
 

where  is the mean, , the standard deviation, and x, a score result.  The other 

important constants in the equation are  (approximately 3.1416) and e (approximately 

2.71828).  

To standardize a set of scores so that we can compare them to other sets of results, we 

convert each one to a z-score by the following equation: 

  𝑧 =
𝑥−𝜇

𝜎
 

By doing so, we now have a normal distribution of z-scores which has a mean of zero 

and a standard deviation of 1.  For such normal distribution with those parameters, we 
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call it a standard normal distribution, i.e., a normal distribution of standard scores.  The 

equation becomes: 

  𝑓(𝑥) =
1

√2𝜋
𝑒
[
−𝑧2

2
]
 

The following R program gives us a standard distribution curve with mean = 0 and 

standard deviation = 1.   

> # standard normal distribution 

> standard.deviations <- seq(-3,3,0.01) 

> pd <- dnorm(standard.deviations) 

> plot(standard.deviations,pd,type="l",col="blue") 

 

We can see that almost all values fall with 3 standard deviations of the mean, one way 

or the other in this standard normal distribution.  In fact, we should be able to find the 

area beneath the curve for any value on the x-axis (that is, for any specified value of the 

standard deviation).  

Let us see what we get with standard deviation of -2.  What is the apparent small area 

beneath the curve to the left of -2?  R can give us the answer with a function called 

pnorm (known as ‘cumulative probability’ or ‘probability for a normal distribution’, as 

shown below: 
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> pnorm(-2) 

[1] 0.02275013 

which indicates that just a bit less than 2.5% of values will be lower than -2 standard 

deviation in standard normal distribution.  What about 1 standard deviation below the 

mean which is zero? 

> pnorm(-1) 

[1] 0.1586553 

In this case, it tells us that about 16% of random scores or samples will be smaller than 

1 standard deviation below the mean.  

When we look at 3 standard deviations, we have: 

> pnorm(3) 

[1] 0.9986501 

From this result, we know that the probability of getting a score or sample of a 

population from a normal distribution that is more than 3 standard deviations is 1 - 

0.99865 or 0.00135 or 0.135% only.  

The most interesting situation is when we check on 1.96 standard deviations (i.e., z = 

1.96): 

> pnorm(1.96) 

[1] 0.9750021 

This turns out that the area beneath the curve when it is beyond 1.96 of its standard 

deviation is almost 2.5%.  When we consider both ‘ends’ of this symmetrical curve, we 

have: 

> pnorm(1.96) - pnorm(-1.96) 

[1] 0.9500042 

That means the area beneath the curve between z = +1.96 and z =-1.96 is 95.0% 

exactly. This is the very basis when we talk about 95% confidence interval or coverage 

factor k =2 with 95% confidence in our estimation of measurement uncertainty.  
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Graphically, we can also use R to plot such a situation, as shown below: 

 z <- seq(-4,4,0.01) 

pd <- dnorm(z,0,1) 

 

plot(z,dnorm(x,0,1),type="l",col="brown", 

ylab="Probability density",xlab="z") 

plot(z,dnorm(x,0,1),type="l",col="brown", 

ylab="Probability density",xlab="z") 

zv <- x[z>=-1.96 & z <= 1.96] 

yv <- pd[z>=-1.96 & z <= 1.96] 

zv <- c(zv,1.96,-1.96) 

yv <- c(yv,pd[1],pd[1]) 

polygon(zv,yv,col="green") 
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