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The Normal Distribution
Part 2: Standardization and Percentiles



Normal Distribution



What can we do with this?
If the normal distribution is a good approximation, 
then we can use the math of the probability 
density to answer questions about the data:
• Probability of ranges
• Relative probability



Data Standardization
If your data is approximately normal, a useful way 
to describe a value is by how many standard 
deviations it is from the mean
• “0.5 standard deviations below average”
• “2.2 standard deviations above average”



Data Standardization
Z(x) =   x – μ

σ

• Called the “Z-score”
• If Z(x) is negative, x is to the left of the mean.
• If Z(x) = 0, x is the mean.
• If Z(x) is positive, x is to the right of the mean.
• The absolute value of Z(x) is the number of 

standard deviations x is above or below the 
mean.



Data Standardization
Z-scores allow you to compare data values that 
are on different scales

• The normal distribution of the SAT is given by 
N(1500, 300), while the normal distribution of the 
ACT is given by N(21, 5). 
• Ann gets an 1800 on the SAT, while Tom gets a 

24 on the ACT. Which student did better on the 
college entrance exam?
• Compare their Z-scores



Data Standardization
Z-scores allow you to compare data values that 
are on different scales



Percentiles and Ranges
The normal distribution can tell you the probability 
that data falls within a certain range
• If you convert your data to Z-scores, you can look 

up the probabilities of ranges for a standard normal



Normal Probability Table
A standard normal probability table can tell you 
the percentile of a given Z-score
• That is: what % of data is below a certain Z-score
• This corresponds to the area under the normal curve



Normal Probability Table
• Appendix B.1
• Page 427-429



Normal Probability Table
Special case: Z-score of 0 is the 50th percentile

(Remember: 50th percentile is the same as the 
median. Because normal distributions are 
symmetric, the mean and median are the same.)



Percentiles and Ranges
Use the normal probability table to answer 
questions about percentiles and the probability of 
a range of values (after converting to z-scores)

• The normal distribution of the SAT is given by 
N(1500, 300), while the normal distribution of the 
ACT is given by N(21, 5). 
• Ann gets an 1800 on the SAT, while Tom gets a 

24 on the ACT. What is Ann’s percentile? What 
is Tom’s percentile?



Percentiles and Ranges
The percentiles from the table tell you the 
probability that data is below the value
• Need to do some arithmetic if you want the 

probability above a value or between two values



Percentiles and Ranges
The percentiles from the table tell you the 
probability that data is below the value
• Need to do some arithmetic if you want the 

probability above a value or between two values



Percentiles and Ranges
Head lengths of brushtail possums follow a nearly 
normal distribution with mean 92.6 mm and 
standard deviation 3.6 mm.

What is the probability that a randomly selected 
possum has a head length larger than 93mm?
Larger than 100?
Larger than 110?



Percentiles and Ranges
What percentage of data is within 1 standard 
deviation of the mean?

Within 2 standard deviations?

Within 3 standard deviations?



68-95-99 rule


