
Unit 3: Lecture 2: 

Standard Normal Distribution and calculating probabilities 



Standard normal distribution

• The standard normal distribution, also called the z-
distribution, is a special normal distribution where 
the mean is 0 and the standard deviation is 1.

• Any normal distribution can be standardized by converting 
its values into z scores. 

• Z scores tell you how many standard deviations from the 
mean each value lies.

• Converting a normal distribution into a z-distribution allows 
you to calculate the probability of certain values occurring 
and to compare different data sets.



• Z-score normalization, also called 

standardization, transforms data so that it has 

a mean of 0 and a standard deviation of 1. 

• This process adjusts data values based on 

how far they deviate from the mean, measured 

in units of standard deviation.
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The Standard Normal Distribution

The standard normal 
distribution 

has

    =0 and  =1.
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Why we use Z score 
• Life is full of instances where we want to compare an 

observed value against the norm. Here are some examples:

• You get offered a job out of college at a salary of  42,000 
USD a year. Is this salary high? Low? How does it compare to 
the incomes of other recent college graduates?

• Your niece was just born weighing 6.9 pounds. Is that 
normal?

• Your score on the SAT was 1479. How does that compare to 
other students?

• We can answer all of these questions in using Z-scores.

• A Z-score is a standardized number that tells you how far 
away a given data point is from the mean.



Z has a μ = 0 and a σ = 1.  

This is the Z distribution, 

also called the standard 

normal distribution.  It is 

one of trillions of normal 

distributions we could 

have selected.  
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Standard Z Score
•The standard z score is obtained by creating a variable z whose value is

•Given the values of the sample mean and the sample standard deviation, 
we can convert a value of x to a value of z and find its probability using 
the table of normal curve areas.

7



Z-score Formula?

• How to find a Z-score is a simple process where you 
need to know three things:

• x. The value for which you want to calculate the Z-
score. We sometimes call this the raw score.

• 𝝁. The population mean.
• 𝜎. The population standard deviation.
• If you know these three things, calculating a Z-score is 

easy. 
• In the z-score formula, you simply subtract the 

population mean from your raw score and divide by the 
population standard deviation.





Interpretation of Z scores 

• Z-scores are measured in standard deviation units.
• For example, a Z-score of 1.2 shows that your 

observed value is 1.2 standard deviations from the 
mean. 

• A Z-score of 2.5 means your observed value is 2.5 
standard deviations from the mean and so on.

•  Typically, you will not see Z-scores that are more 
than 3 standard deviations from the mean. This is 
because most data points lie within 3 standard 
deviations of the mean.  
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Interpretation of Z scores 

•   Values of  x  that are larger than the mean have 

positive  z  -scores, and values of  x  that are smaller 

than the mean have negative  z -scores. 

• The closer your Z-score is to zero, the closer your value 

is to the mean. The further away your Z-score is from 

zero, the further away your value is from the mean.



Interpretation of Z scores 

• If I tell you your income has a Z-score of -0.8, you 
immediately know that your income is below 
average. How far below average? 0.8 standard 
deviations. 

• If I tell you that an SAT score has a Z-score of 2, you 
know the score is above average. How far above 
the average? 2 standard deviations. Note that a Z-
score of zero shows that your value is equal to the 
mean



Example
• A college admissions officer reviewing an application. 
• The applicant has a 1500 on their SAT and a 3.2 GPA. 
• It is not immediately obvious how to compare these 

two figures, but if you calculate a Z-score relative to the 
average test scores and high school GPAs of students 
enrolled in your college, the comparison becomes 
much easier. 

• Say the applicant’s SAT Z-score is equal to 2.8 and their 
GPA Z-score is equal to -1.2. Immediately, you can infer 
that the applicant is well above average on their test 
scores but below average with their GPA.

• Similarly, you can compare Z-scores across metrics like 
height and weight, household income, resting heart 
rates for men versus women, and more. 
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What is the Usefulness of a Standard 
Normal Score?

• It tells you how many SDs (s) an observation is from 

the mean

• Thus, it is a way of quickly assessing how “unusual” 

an observation is

• Suppose the mean BP is 125 mmHg, and standard 

deviation = 14 mmHg

• Is 167 mmHg an unusually high measure? If we 

know Z = 3.0, does that help us?
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Standard Normal Scores

• Example: Male Blood Pressure, mean = 125, s = 14 mmHg
• BP = 167 mmHg

• BP = 97 mmHg

2.0
14

12597
Z −=

−
=

3.0
14

125167
Z =

−
=
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Standard Normal Scores

A standard score of:

• Z = 1: The observation lies one SD above 
the mean

• Z = 2: The observation is two SD above 
the mean

• Z = -1: The observation lies 1 SD below 
the mean

• Z = -2: The observation lies 2 SD below 
the mean



• No matter what you are measuring, a Z-score of more than 
+5 or less than – 5 would indicate a very, very unusual 
score.

• For standardized data, if it is normally distributed, 95% of 
the data will be between ±2 standard deviations about the 
mean.

• If the data follows a normal distribution,

 
• 95% of the data will be between -1.96 and +1.96. 

• 99.7% of the data will fall between -3 and +3. 

• 99.99% of the data will fall between -4 and +4.
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Standard Normal Distribution

50% of probability in 

here–probability=0.5

50% of probability in 

here –probability=0.5
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Standard Normal Distribution

2.5% of 

probability in here

2.5% of probability 

in here

95% of 

probability 

in here

Standard Normal 

Distribution with 95% area 

marked
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Calculating Probabilities

•Probability calculations 
are always concerned with 
finding the probability that 
the variable assumes any 
value in an interval 
between two specific 
points a and b.

•The probability that a 
continuous variable 
assumes the a value 
between a and b is the 
area under the graph of 
the density between a and 
b.
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Table of Normal Curve Areas



Example

• Say that a recent college graduate named Ben has an 
annual income, which when compared to the incomes 
of other recent college graduates, has a Z-score of -1. 

• Assuming incomes are normally distributed, you can 
use the empirical rule to find the percentage of recent 
college graduates whose incomes are above and below 
Ben’s. 

• Roughly 16% of recent college graduates will have an 
income below Ben’s, and roughly 84% of recent 
graduates will have an income above Ben’s. 

• In other words, a Z-score of -1 puts Ben at roughly the 
16th percentile of the distribution.





Finding Probabilities

(a)  What is the probability that z < -1.96?

      (1) Sketch a normal curve

      (2) Draw a line for z = -1.96

      (3) Find the area in the table

      (4) The answer is the area to the left of the line P(z < -

1.96) = .0250
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Finding Probabilities
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Finding Probabilities

(b) What is the probability that -1.96 < z < 1.96?

     (1) Sketch a normal curve

     (2) Draw lines for lower z = -1.96, and 

             upper z = 1.96
    (3) Find the area in the table corresponding to each value
    (4) The answer is the area between the values.

 Subtract lower from upper:

 P(-1.96 < z < 1.96) = .9750 - .0250 = .9500
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Finding Probabilities
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Finding Probabilities

(c) What is the probability that z > 1.96?
      (1) Sketch a normal curve
     (2) Draw a line for z = 1.96
     (3) Find the area in the table
     (4) The answer is the area to the right of the 
line.  It is found by subtracting the table value 
from 1.0000: 

 P(z > 1.96) =1.0000 - .9750 = .0250
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Finding Probabilities
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Normal Distribution 33

If the weight of males is 

N.D. with μ=150 and 

σ=10, what is the 

probability that a 

randomly selected male 

will weigh between 140 

lbs and 155 lbs?



Solution:

Z = (140 – 150)/ 10 = -1.00 s.d. from mean

Area under the curve = .3413 (from Z table)

Z = (155 – 150) / 10 =+.50 s.d. from mean

Area under the curve = .1915 (from Z table)

Answer:  .3413 + .1915 = .5328
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0.5 -1 0 
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If IQ is ND with a mean of 100 and a S.D. of 10, what 
percentage of the population will have 

(a)IQs ranging from 90 to 110? 

(b)IQs ranging from 80 to 120?

Solution:  

Z = (90 – 100)/10 = -1.00

Z = (110 -100)/ 10 = +1.00 

Area between 0 and 1.00 in the Z-table is .3413; Area 
between 0 and -1.00 is also .3413 (Z-distribution is 
symmetric). 

Answer to part (a) is .3413 + .3413 = .6826.
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• (b) IQs ranging from 80 to 120?

Solution:  

Z = (80 – 100)/10 = -2.00

Z = (120 -100)/ 10 = +2.00 

Area between =0 and 2.00 in the Z-table is .4772; 
Area between 0 and -2.00 is also .4772 (Z-
distribution is symmetric). 

Answer is .4772 + .4772 = .9544.
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Example

• Assume that SAT scores are normally distributed and that an SAT score 

of 1150 has a Z-score of 0.44. What percent of students score below 

1150 and what percent of students score above 1150?

• To answer questions like these, you can look up the probabilities 

associated with the given Z-score (in this case 0.44) in a standard normal 

table. If you look at a standard normal table that shows probabilities to 

the left of the Z-score, you will find that roughly 0.67 or 67% of the 

scores fall below 1150. Knowing this, we can also say that 1-0.67 or 33% 

of scores are above 1150.

•



Community medicine: Biostatistics 
Attendance Barcode
• Register your attendance with 

your university number
• Make sure that the settings of 

your phone allow tracking 
location. The location should be 
turned on to complete this 
process. Go to settings > 
privacy> location> services> 
make sure that location services 
is ON

• If the student's name doesn't 
pop up, he should stop by the 
examination office to add it 
manually.
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