The Cumulative Standard Normal Table Calculating Probabilitiesfor the Standard
Normal Distribution

To determine probabilities, we need to determine areas under the standard normal curve.
We use the Z-Tableto determine aress.

O Z-Table

Therandom varigble z = X; "y isastandard normdl variable with mean of 0
X

and standard deviation of 1. (Any x-value can be transformed to a z-vaue.)

Thefirg column of the Z-Table ligs the z-value to the first decima place. Thistdls

you which row to use.

Thefirgt row of the Z-Table ligts the second decimd place of the z-value. Thistdls

you which column to use.

These row and column vaues direct you to avaue in the body of the table.

U Procedure — there are 4 cases that pretty much cover dl the possible problemsyou' |l
face usang the Z-Table. The following basic procedure should be followed to
determine areas (or probabilities) usng the cumulative Standard Normal Table:

Step 1: Draw and illustrate the area you need. Practice — good drawings
prevent errors!

Step 2. Approximate the area — take a guess about the probability you need.
Step 3: Locatethezvalueor z-valuesin the Z-Table and the areasto the left
of those values. (Sometimes we need to use more than one zvaue, and,

remember, the Cumulative Z-Table dways gives areas to the left.)

Step 4: Usethearea or areasto determinethe probability you need. You
may need to apply rulesof probability in this step.



U Four Cases— There are four casesto consider in determining probabilities or areas
under the sandard norma digtribution. (Remember: probability = area.)

Case 1. Deerminethe area to the left of a zvalue. (Thiscaseisthe easiest.)
Example: Given z=-1.45, determine P(z <-1.45).

Step 1: Draw the standard normd and
illugtrate the area. (I used the computer to
generate the image below, but you should
practice drawing.)

Step 2: We know that the area must be less
than 0.1587. Why? It lookslike afairly small
area; I'm guessing thisis an area of about 0.08.

Around 8% of the distribution lies to the left of s a5 "
145,

Step 3: Next, find the zvalue —1.45 in the table. Find —1.4 in thefirst column of the
table, move abouit to the center — the column labeled 0.05.

Step 4: Theareagivenis0.0735. Thus, P(z<-1.45) = 0.0735. These arethe easest
problemsto solve. The table dways gives areas to the | ft.



Case 2: Determinethe areato the right of thezvalue.

Example: Findtheareatotheright of z = 2.02. Weneed to determine P(Z > 2.02).

Step 1: Draw and illugtrate the area.
The areawe need isin theright tall
thistime.

Step 2: Approximaethearea. This
isavery smdl areg; it mus be about

0.05 or less. It's certainly much less
than 0.5. We actualy know that the

area should be around 0.025. Why?
Use the Empiricd Rule.
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Step 3: Locatethe zvalue: z= 2.02 inthetable.

Step 4: Theareagivenis0.9783. BUT, thisistheareatotheleft of z = 2.02. And, we
know from our drawing that the correct probability should be very smdl, around 0.025.)

To determine the correct probability, apply the Complement Ruleto caculate the area
you need:

Areatotheright = 1 - Areatotheleft = 1 - 0.9783 = 0.0217.
P(Z > 2.02) = 0.0217.

Thisis much closer to our guess of 0.025. Good drawings and good guesses help prevent
mistakes.



Case 3: Deermine the area to the between two z-val ues.

Pa@a £ Z £ b) = Areabetween pointsa andb.
Example: Find the area between thetwo vaues z = - 0.87 and z = 1.86.

Step 1: Draw the standard normdl
curve and illugtrate the areayou are
tofind. Herewe locate the two
vauesZ=-0.87and Z= 1.860n
the graph and then shade the area
between them.

Step 2: Approximate the area.
Takeaguess. About how much of
the digtribution does this look like?
Approximately what area? We
should use the Empiricd Ruleto

help us. There should be an area of 5
about 0.30 between z= -0.87 and

0.00. There should also be an area of about 0.45 or so from 0.00to z= 1.86. Combined,
we should expect an area of about 0.75.

Step 3. Find the z-value that is farthest to the right in the Z-Table:
Locate Z = 1.86 inthetable. P(Z < 1.86) = 0.9686.
Then, find the z-val ue that is farthest to the Ift in the Z-Table and determine that area:
Locate Z = -0.87 inthetable. P(Z <-0.87) = 0.1922.
From our drawing and guess, we know that the first probability is too big, the second is
much too small.

Step 4: Determine the probability. We need to determine the probability that Z is
between two values, which is equivdent to ajoint event: P(Z < 1.86) and P( Z > -0.87);
an intersection of two sets, or in this case, two aress.

Subtract the smaller area (areafor the z-val ue farthest to the left) from the larger area (for
the z-value that was farthest to the right):

P(-087 <Z < 186) = P(Z<186) - P(Z<-087);

P(-087 < Z < 1.86) 0.9686 - 0.1922 = 0.77/64.



Case 4: Determine the combined ar ea to theleft of onez-value and to theright of
another zvalue. (Herewe combine Case 1 and Case 2 problems.)

P(Zz £ a or Z > b)

Example: Find the areato theleft of Z =- 0.87 and to the right of 1.86.

Step 1: Draw and illustrate the area.
Thisis the same asthe previous
example, but now consder the un-
shaded areasin each tail.

Step 2: Approximate the un-shaded
aress. | would guessitsless than 0.5,
probably 0.25 or less. (Not alot of
mystery here, we dready know what
the answer is.)

Step 3: LocateZ = - 0.87 inthetable. Theareatotheleft of Z= - 0.87is:
Pz £ -087) = 0.1922.

Locate Z = 1.86 inthe Z-Table. The areain thetableisthe areato theleft of Z = 1.86:
P(Z <1.86) = 0.9686.

Step 4:  From the Z-Table, we know:
P(z £ -0.87) = 0.1922,and P(Z<1.86) = 0.9686.

Apply the Complement Ruleto find the area to theright of Z = 1.86:
P(Zz > 1.86) = 0.0314.

Next add these two aress (probabilities):
Pz £ -087 or Z > 186 = 01922 + 0.0314 = 0.2236.

(Thereis no overlap or intersection to worry about here — jugt straightforward application
of the Specid Addition Rule)



Mor e Examples— Symmetry.

Symmetry — the sandard norma curve is symmetric about its mean of 0. The
gtandard deviation for the standard normal is 1.

Find Area between —1 and +1. How might we rewrite this question?

What isthe area within 1 standard deviation of the mean?
or:
What is the probability of a z-value falling within 1 standard deviation of the mean?

ThisisCase 3:
Step 1. Draw and illustrate the area to be determined.
Step 2: Take aguess, it looks like more than 0.5.
Step 3: Find the vdlue—1.00 in the z-table: thisisthe areato the left of —1.00.
Area=0.1587; or P(Z £ -1) = 0.1587.

Find the vadue +1.00 in the ztable: thisisthe areato the left of +1.00.
Area=0.8413; or P(Z £ +1) = 0.8413.

Step 4: The area between thevaues—1 and +1 is.

P(-1# Z# 1) = P(Z# 1)-P(Z# -1) = 0.8413-0.1587 = 0.6826.
Or: Use Symmetry — save a trip to the table.

The areato theleft of —1.00 was found to be 0.1587.

By symmetry, the areato the right of 1.00 must dso be 0.1587. Then the

combined areain the two tailsis 0.3174.
By the Complementation Rule, the area between these two points must be:

P(-1# Zz# 1) = 1 - 03174 = 0.6826.

Concluson: 68.26 % of the values for the standard normal lie within 1 standard
deviation of the mean.

Use symmetry to verify that 50% of the digtribution lies between —0.675 and +0.675.
The areato theleft of —0.675 is about 0.25.
By symmetry, the areato the right of +0.675 isaso 0.25. Then the combined area

in the two tallsto the left of —0.675 and to the right of +0.675 is 0.50.
By the Complementation Rule, the area between these two pointsis.

P(-0.675 # z # +0.675) = 1 - 0.5000 = 0.5000.



Case 4 examples — Use symmetry to verify that:

A combined 5% of the sandard normd digtribution liesto the left of —1.96 and to
theright of +1.96.

A combined 10% of the sandard normd distribution lies to the left of —1.645 and
to the right of +1.645.

A combined 50% of the sandard normd distribution lies to the left of —0.675 and
to the right of +0.675.

Symmetry and the Standard Normal — What we know:

0 Thestandard norma is symmetric about the mean of 0. Then 50% of the
vaueslieto theleft of 0 and 50% of the valueslieto theright of O.

0 68.26 % of the values for the standard normal lie within 1 standard
deviation of the mean, between —1 and +1.

0 95.44 % of the values for the standard normal lie between —2 and +2.
0 99.74 % of thevalues for the standard normal lie between -3 and +3.

0 50% of the valuesfor the standard normal lie between —0.675 and +0.675.



