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‘ WHAT'S COVERED

This tutorial will cover the topic of standard normal distribution. Our discussion breaks down as follows:
1. Standard Normal Distribution
2. Standard Normal Tables
2a. Negative Z-Scores
2b. Positive Z-Scores

3. Different Cases

1. Standard Normal Distribution

The standard normal distribution is a specific kind of normal distribution that uses standard scores. Standard
scores are also known as z-scores.

In the standard normal distribution, the mean will be zero, and the standard deviation is one.

@ EXAMPLE Here is an example to show how to use standard normal distribution. Men's heights are
normally distributed with a mean of 68 inches, which is five feet eight inches, and a standard deviation of 3
inches.

What percent of men are over six feet (or 72 inches) tall?
First, recall the 68-95-99.7 Rule, which says that 68% of the data points fall within one standard deviation of
the mean. That means that 68% of men's heights will fall within three inches of 68. 95% will fall within two

standard deviations, and 99.7% percent will fall within three standard deviations.



Men's heights

59 62 65 68 71 74 77

N(68, 3)

Where is 72 inches? It falls between the first and second standard deviation above the mean, and the goal
was to find the number of men above that height. So, because the answer is not on an integer standard

deviation, it becomes an issue. How do you find the answer?

To solve this challenge, take these heights and standardize them by turning these values into z-scores. Z-
scores are how many standard deviations away from the mean an observation is. In the above distribution,
71is one standard deviation above the mean, so in our new graph, it will be marked as +1. Next, 74 is two
standard deviations above the mean, so it will be marked as +2. The rest of the numbers will follow,

resulting in a graph that looks like this:

Men's heights (standardized)
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In this graph, the 68 has been marked as O, and all the other numbers marked as their respective integer
number of standard deviations away from the mean. But remember, 72 wasn't an integer number of
standard deviations. It was somewhere between one and two standard deviations away. So we can

calculate the exact z-score for that cutoff point of 72 inches by using the z-score formula.



72—-68 4
zZ= 3 —5—1.33

It's at 1.33 standard deviations above the mean, and our goal will be to find the percent of values that are

above this score.

Men's heights (standardized)
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® TERMTOKNOW

Standard Normal Distribution
A normal distribution of z-scores. The mean is zero, and the standard deviation is one.

2. Standard Normal Tables

To solve the problem we were addressing above, you need a standard normal table, or z-table. A standard
normal table is a table of probabilities that lie below particular z-scores; it's a table that calculates the percent of
values below a particular z-score. With these tables, you can find the percent of values that fall at or below a

particular z-score.

® TERMTOKNOW

Standard Normal Table/Z-Table
A table that calculates the percent of values below a particular z-score.

2a. Negative Z-Scores
Negative z-scores correspond to values that are below the mean. To find the probability of a negative z-score,

we need to use the z-table that shows negative values. In the table below, the left column shows negative z-
scores that fall to the /eft of the mean. Also, notice in the graph that the values are always below the mean.
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m 01841 01814 01788 01762 01736 01471 01685 0.1660 01635 0.1611
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ﬂ 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
ﬂ 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
m 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
-0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
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2b. Positive Z-Scores

Positive z-scores correspond to values that are above the mean. To find the probability of a positive z-score, we
need to use the z-table that shows positive values. In the table below, the left column shows positive z-scores
that fall to the right of the mean. Also, notice in the graph that the values are always above the mean.

Probability

t.

0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359

0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517

0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879

07257 07291 07324 07357 07389 07422 07454 0.7486 07517 07549

m 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 07224

0.7580 0.76em 0.7642 07673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
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You're only going to need to use one of these tables at a time. Because your z-score was positive 1.33, you're

going to use the positive z-score table.

e The column on the far left represents the tenths place of your z-score. Your z-score was 1.33, so you’re

going to find 1.3 as your tenths.



o The row across the top represents the hundredths place of your z-score. Your z-score was 1.33, so you're

going to find 0.03 as your hundredths.

Then look in the table for the value that corresponds to the tenths place of 1.3 and the hundredths place of 0.03:

Hundredths

+0.00 +0.01 +0.02 0.03 0.04 +0.05
.......... 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199
I 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596
I 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987
I 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368
1
0.6554 0.6591 0.6628 0.6664 0.6700 0.6736
I 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088
1
0.7257 0.7291 07324 0.7357 0.7389 0.7422
I 0.7580 0.76M 0.7642 0.7673 0.7704 07734
1
0.7881 0.7910 0.7939 0.7967 0.7995 0.8023
i Tenths
0.8159 0.8186 0.8212 0.8238 0.8264 0.8289
l 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531
I 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749
1
0.8849 0.8869 0.8888 0.8907 0.8925 0.8944
I 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115
I 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265
I 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394
1
0.9452 0.9463 0.9474 0.9484 0.9495 0.9505
I 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599

However, this is going to give you the amount of area below, meaning the percent of men shorter than 72
inches tall. A probability of 0.9082 tells us that 90.82% of men are shorter than six feet tall.

Since the original question was what percent of men are taller than six feet, subtract 90.82% from 100%. You
should find that 9.18% of men have heights of over 72 inches.

3. Different Cases

We can use the z-table to find the probability for different scenarios:
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o Percent below a particular value: This is the easiest to find because the table gives you the percentage
below a value.

o Percent above a particular value: This can be found by taking the table value and subtracting from 100%.

¢ Percent between two values: This will require a few extra steps.

@ EXAMPLE Men's heights are normally distributed with a mean of 68 inches, which is five feet eight

inches, and a standard deviation of 3 inches.

What percent of men are between 5'6" and 5'9", or between 66 and 69 inches tall?

Men's heights

N\

—

74 77

]

59 62

65°C 68°° 71

The orange area in the above graph is what you're looking for. First, you need to calculate the z-scores of

each value.

Height of 66 inches

. 66;68 2—?2= _0.67
Height of 69 inches

S 69;68 _ % ~0.33

The z-scores are negative 0.67 and positive 0.33. Next, find the table value that corresponds to positive

0.33, which is 0.6293 from the table. Then, find the table value for negative 0.67, which is 0.2514.



Men's heights

6293

i

2514
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59 62 6500 680971 74 77

Orange Area = P(z < 0.33) - P(z <-0.67)
Orange Area = 0.6293 - 0.2514
Orange Area = 0.3779

To find just the orange area, we need to subtract the full area that corresponds to a z-score of 0.33, which

was about 63%, and the area that corresponds to a z-score of -0.67, which was approximately 25%.

When you subtract them, you end up with about 0.6293 minus 0.2514, or 0.3779. This tells us that the orange

area that contains 38% represents all men who fall in between those two heights.

SUMMARY

It's possible to find the percent of values above or below a particular value using something other than
the 68-95-99.7 Rule using the z-scores on the standard normal distribution. The standard normal table
helps you find the percent of values below a particular z-score in order to calculate a percentage of

values above or below a particular value, or between two values.

Good luck!

Source: THIS TUTORIAL WAS AUTHORED BY JONATHAN OSTERS FOR SOPHIA LEARNING. PLEASE SEE OUR
TERMS OF USE.

[ TERMS TOKNOW

Standard Normal Distribution
A normal distribution of z-scores. The mean is zero, and the standard deviation is one.

Standard Normal Table/z-table
A table that calculates the percent of values below a particular z-score.
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