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The Normal Distribution

Family of Normal 
Distributions

– Mean and Standard Deviations

Symmetrical, bell-
shaped, and unimodal
distribution
Represents distributions of 
continuous variables
An assumption of many 
inferential statistical 
methods



Standard Score

z-score, standard score, is 
the number of standard 
deviations from the mean
Formula for z is:

– z is the z-score

– X is the observed score
– M is the mean
– S is the standard deviation 

of the data set



The Standard Normal Distribution

The Standard Normal 
Distribution is the 
distribution of z-scores
Area under curve is 

1 or 100%

Cumulative percent z
– % area from left to z-value

Area between z-scores:
– 68% between z = -1 and z = +1
– 95% between z = -2 and z = +2
– 99% between z = -3 and z = +3



Normal Curve and z-score

Proportion (Percentage) Under Curve
– Between pairs of z-scores
– Less than specified z-score

– Greater than specified z-score

Percentile, Ppercent value

– The raw score that a given % of distribution is less than or equal to

Percentile Rank, PRX

– The percentile of a given raw score

Normal Curve Equivalent (NCE)
– A normalized standard score; NCE = 21Z + 50



Cumulative z-score Table

0.95250.95150.95050.94950.94840.94740.94630.94521.6

0.94180.94060.93940.93820.93700.93570.93450.93321.5

0.92920.92790.92650.92510.92360.92220.92070.91921.4

0.91470.91310.91150.90990.90820.90660.90490.90321.3

0.89800.89620.89440.89250.89070.88880.88690.88491.2

0.87900.87700.87490.87290.87080.86860.86650.86431.1

0.85770.85540.85310.85080.84850.84610.84380.84131

0.83400.83150.82890.82640.82380.82120.81860.81590.9

0.80780.80510.80230.79950.79670.79390.79100.78810.8

0.77940.77640.77340.77040.76730.76420.76110.75800.7

0.74860.74540.74220.73890.73570.73240.72910.72570.6

0.71570.71230.70880.70540.70190.69850.69500.69150.5

0.68080.67720.67360.67000.66640.66280.65910.65540.4

0.64430.64060.63680.63310.62930.62550.62170.61790.3

0.60640.60260.59870.59480.59100.58710.58320.57930.2

0.56750.56360.55960.55570.55170.54780.54380.53980.1

0.52790.52390.51990.51600.51200.50800.50400.50000

0.070.060.050.040.030.020.010z



Percent when z = 1

From cumulative z 
table
Z= 1 yields 0.8413
Convert to Percent by 
multiplying by 100
84.13% when z = 1
So 84.13% of scores 
are =< z = 1



Area Under Curve
Cumulative z-score Table

Proportion or Percentage of z-score

– Example 1: Percent < z = 0
Table z = 0 is 0.5, so 50%

– Example 2: Percent < z = 1
Table z = 1 is 0.8413, so 84.13%

– Example 3: Percent < z = 1.65
Table z = 1.65 is 0.9505, so 95.05%

– Example 4: Percent > z = 1
Since 84.13% < z = 1, so 15.87% ( 100 – 84.13)

– Example 5: Percent between z = 1 and z = 1.65
95.05 – 84.13 = 10.92%



Standard Scores Examples



Percent Rank, PRX
Cumulative z-score Table

– The percentile of a given raw score

– Example 6: Percent Rank of X = 82
Calculated z-score is -1.48
Table z = -1.48 is 0.0694, so % < z = -1.48 = 6.94%
PR82 is 6.94%

– Example 7: Percent Rank of X = 89
Calculated z-score is +1.32
Table z = 1.32 is 0.9066, so % < z = 1.32 = 90.66%
PR89 is 90.66%



Z-score of a Percentage

What value of z corresponds to (< %):
– 45%? Find 0.45 proportion in cumulative table 

and locate its z-score
– Its z-score is between z = -0.12 and -0.13
– So the 45% point represents a z score of about 

-0.125

0.040.030.020.010z

0.44430.44830.45220.45620.4602-0.1000

0.40520.40900.41290.41680.4207-0.2000



Percentile, P%
Cumulative z-score Table

– The raw score that a given % of distribution is less than or equal to
X = SD(Z) + M (where SD = 2.5, and M = 85.7)

– Example 8: P45

Locate corresponding z-value for 0.45
Table shows z = -0.125 when proportion is 0.45
P45 is 85.39 since 2.5(-0.125) + 85.7

– Example 9: P75

Locate corresponding z-value for 0.75
Table shows z = 0.675 when proportion is 0.75
P75 is 87.39 since 2.5(0.675) + 85.7



Normal Curve Equivalent - NCE

A way of measuring where a student score 
falls along the normal curve
NCE scores run from 1 to 99
Standard Score: M = 50, SD = 21.06
Similar to Percent Rank (1 to 100)
NCE can be averaged
Good for measuring school-wide gains and 
losses in student achievement
NCE = 21Z + 50



NCE Comparisons



Useful Link

Compute proportion area under curve
http://davidmlane.com/hyperstat/z_table.html

http://davidmla
ne.com/hyperstat/z_tab



