
Standard Normal Table
Area Under the Curve



Learning Objectives

By the end of this lecture, you should be able to:

– Be able to look up a z-score on a standard Normal table and interpret 
the number that is found there.

– Be able to do various calculations involving areas under the density 
curve using the Normal table



* Review: Area under the density curve

• Recall that the area under a 
density curve refers to the 
proportion of observations that 
fall inside that range.

• In the graph shown here, the area
under the curve to the left of 
‘500’ represents the proportion 
of people who took the SAT Math
that scored below 500. 



Another shortcut to learn

• In addition to Greek letters, statisticians sometimes employ 
written shortcuts to represent various distributions and their 
key numbers. 

• For example, a shortcut to represent a Normal distribution is 
‘N’ followed by two numbers in parentheses:   N(n1, n2)
– n1 represents the mean
–  n2 represents the standard deviation

• For our grade equivalent score, rather than say: “This 
distribution was approximately Normal with a mean of 7 and a 
standard deviation of 2.17, we would simply write: N(7, 2.17).



Review: 
Overview of  determining the area under the curve

Recall from a prior lecture:  

ANY value ‘x’ can be converted to a 
corresponding z-score.

The process:

1. Convert your ‘x’ into a z-score

2. Look up that z-score on a Standard Normal 
Table (aka: a z-table)

3. The value you find on the z-table, is the area
under the curve to the left of your z-score.



Use the “standard Normal table”
• Also known as the “z-table”
• Values found in this table tell us the area under the 

curve to the left of that z-score.
• So if your calculated z-score is -1.46 , the value you 

find on the  z-table tells you the area under the 
curve to the left of -1.46. (Example on next slide)

• If your calculated z-score is 0.81, the value you find 
on the z-table tells you the area under the curve to 
the left of 0.81.

• This is a widely used table. 
– I guarantee that whichever textbook you purchased will include a z-

table
– There is a link to one at the top of the course web page
– Google z-table and you’ll find hundreds

• http://lilt.ilstu.edu/dasacke/eco148/ztable.htm 

http://lilt.ilstu.edu/dasacke/eco148/ztable.htm


Looking up -1.46 on a z-table



Looking up +0.81 on a z-table



What do these Normal table numbers mean?

• On a “standard Normal table”, the numbers that you see represent the 
proportion of observations under the curve to the left of that z-score.

– Put another way: The area under a Normal density curve to the left of a z score.

• Recall that every ‘x’ has a corresponding z-score.  (z = (x-μ) / σ) 

• When you look up a z-score on a Normal table, the value you find tells you 
what the area is under the curve to the left of your z-score. It is a percentage 
of values.
• It initially doesn’t look like a percentage though. In fact, it is what we call 

a ‘probability’. However, a probability and a percentage are essentially 
the same thing, just multiply the probability by a 100. 

• So for a z-score of 0.31, your probability shows 0.6217.  To get a 
percentage, multiply by 100:  62%.  

• This means that the area under the curve to the left of z-0.31 is 62%.



Example: What percentage of  people scored less than 6?

Answer:  

You can’t tell! Recall that you need the mean and SD to 
determine a z-score.

Okay - suppose I give you: N(7,  2.44). Now what is the z-
score?

Answer:  z = (6 – 7) / 2.44

  =  -0.41

Important point: Once you have the z-score, you can – and 
probably should – forget the actual number! Focus only on 
the z-score. So, in this case, we no longer think in terms of 
the grade score ‘6’. Instead, we only think in terms of being 
0.41 standard deviations below the mean.

Recall: This is statistical
shorthand for saying 

that the dataset is 
Normally distributed 
with a mean of 7 and 

an sd of 2.44.



Looking up -0.41 on a z-table



What does this number from the z-table tell us?
• Our table tells us that a z-score of -0.41 

corresponds to a probability of 0.3409.  We 
multiply by 100 to get:  34.09, or 34%.

• Question: Do you remember what this 
percentage tells us in terms of area under 
the density curve?

• Answer: It tells us the area to the left of the 
z-score. So the area to the left of z = -0.41 is 
34%. 

• Conclusion: 34% of people who took this 
exam scored less than 6. Put another way, if a
person had a score of exactly 6, you would 
say that they were in the 34th percentile. 



Summary slide of  previous example:
About what percentage of students scored less 
than 6 on this vocabulary exam? N(7,  2.44)

1. Using the standard deviation, convert the value 
you are interested in (e.g. a Grade equivalent 
score of 6.0) into a z-score. 

• z = (x-μ) / σ 

•    =  (6-7) / (2.44)

•    =  - 0.41

2. Look up your z-score on a Standard Normal 
Table (aka z-table)

• - 0.41 corresponds to 0.3409 or 34%

3. The value you find on the z-table, is the area 
under the curve to the left of your score (e.g. 6.0).

• In other words, 34% of people scored 
less than 6 on this exam.



Another example: 
What percentage of students scored 8.5 or more on this exam? Assume 
N(7,  2.17).

1. First: PICTURE what is being asked. You are being asked to determine 
the area under the curve to the right of 8.5 (shaded in yellow).

2. Find the z-score

• z = (x-μ) / σ 

•    =  (8.5 - 7) / (2.17)

•    =  +0.69

3. Look up your z-score on a Standard Normal Table (aka z-table)

• A z of 0.69 corresponds to 0.7549 or 75.5%

IMPORTANT! Remember that the value on a z-table corresponds to the 
area to the LEFT of the z-score. So the value of 0.7549 tells you the 
area under the curve to the LEFT of 8.5.  However, the question 
asked for the number of students who scored MORE than 8.5. 

Therefore, if about 75% of people scored less than 8.5, this means that 
25% of people scored more.

• Answer: (100-75.5) =  24.5% of people scored 8.5 or more on
this exam.



Values on the Normal table give you areas to the LEFT of ‘z’

Remember: The Normal table gives you the area under the curve to the 

LEFT of z.  Therefore, if you need to determine the area to the right of a z-

value, simply subtract that value from 1.  

That is, area to the right = (1 – area to the Left)

Example: A z value of -0.53 comes up on the z-table as 0.30 (or 30%). This 

means that the area under the curve to the left of -0.53 is 30%. Therefore, 

the area under the curve to the RIGHT of -0.53 is 70% 

  area right of z   =                1               -      area left of z



mean µ = 64.5"
standard deviation  = 2.5" 
x (height) =  67" 

Start by calculating the z-score.
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Use a z-table to find the area under the curve to the left of  1.
The table tells us that the area under the Normal curve to the left of z = 1.0 is 0.84 (or 84%). 

N(µ, ) = 
N(64.5, 2.5)

Ex. Women heights
Women’s heights have the distribution 

N(64.5,2.5). What percent of women are 

shorter than 67 inches tall (that’s 5’6”)?

Conclusion:
84% of women are shorter than 67. (And we could also say that 16% of women are 67” or taller).  



Example
• A different sample of women had their heights recorded in 

inches. When graphed, the distribution was found to be: 
N(64.5,1.9).   From this sample, about what percentage of 
women are taller than 67 inches tall (that is, 5’6”)?

• Answer:
•     z = (x – μ) / σ  

= (67 – 64.5) / 1.9
= +1.32

• On the z-table, we find that +1.32 corresponds to an area of 
0.9066, or about 91%. Again, this means that a 91% of values 
lie to the left of 1.32. However, because we are asking for the 
number of people taller than 1.32, we are interested in the 
area under the curve to the RIGHT of 1.32. This corresponds to 
1-91% or 9%.



Example: The National Collegiate Athletic Association (NCAA) requires Division I athletes to score 
at least 820 on the combined math and verbal SAT exam to compete in their first college year. The 
SAT scores of 2003 were approximately normal with mean 1026 and standard deviation 209. 

What proportion of all students would be NCAA qualifiers (SAT ≥ 820)?

Remember that the first step is always to get a good 
picture in your head of what is being asked. The 
WORST thing you can do is to start banging numbers 
into a calculator without being sure you understand 
what you are being asked to do! 
Let’s do this now:
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Answer: About 84% of 
students would qualify.



What do we mean by “approximately normal”?

• IMPORTANT: why do they say / what do they mean by “approximately 
normal”?

• Answer: It is rare to have a distribution that is perfectly normal. It is more 
of an ideal (much in the same way that there is, technically speaking, no 
such thing as the perfect circle).  In appreciation of this fact, you will often 
find statisticians saying that a given distribution is approximately Normal.



The NCAA defines a “partial qualifier” eligible to practice and receive an athletic 
scholarship, but not to compete, with a combined SAT score of at least 720. 

What proportion of all students who take the SAT would be partial qualifiers?
That is, what proportion have scores between 720 and 820? 

Answer: The key here is to find the area between 720 and 820. To do this, we 
calculate the area to the left of each and then find the difference between the two.

area between = area left of 820  -   area left of 720
 720 and 820

= 0.1611  -         0.0721
= about 9%

Conclusion: About 9% of students would be considered “partial qualifiers.”



In this case, we have to work backwards:
1. Look on a z-table for the 62nd  percentile (or any value close to 0.62).

2. Find the corresponding z-score.   Note: In this case, a z-score of either 0.30 or 0.31 
would be perfectly acceptable answers. 

3. We are familiar with the formula: z = (x – μ ) / σ  . However, in this case, the
missing variable is ‘x’. No problem: back to high-school algebra, and we 
rearrange:   x = ( z * σ ) + μ 

x = (0.30 * 209) + 1026
x = 1089

** Example: The SAT scores of 2003 were approximately normal with mean 1026 and standard 
deviation 209. One student reports that he was in the 62nd percentile. What was his score?



Who cares about the area under the curve???

• We will be spending a lot of time looking at Normal curves throughout the 
course and calculating the areas under the curve. For this reason, it is very 
important that you do not simply learn to calculate the answer, but rather, 
that you understand what it is you are concluding when you come up 
with a numeric “answer”. 

• When we want to draw conclusions, or make predictions, and so on, we 
begin with a  sample. For example, if we are interested in the average 
height of women at our university, we may start by taking  a random 
sample of, say, 25 women and measure their heights. From there, we 
graph the data and decide if it looks like a Normal distribution. If it does, 
then we can take this data and try to infer information about ALL women 
at our university. 



The Worst Thing You Can Do:

• Is to keep plugging numbers into formulas until 
you find an answer that seems right.

• When answering these types of questions, it is VITAL that
you make sure you understand the question being asked 
in terms of how it looks on the graph.

• In fact, truly understanding the question being 
asked should be your goal not just for Normal 
distribution / z-score type questions, but for 
nearly all statistical questions.


