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Problem:

Assume that among diabetics the fasting blood level of glucose is approximately
normally distributed with a mean of 105mg per 100ml and an SD of 9 mg per 100 ml.
What proportion of diabetics having fasting blood glucose levels between 90 and 125
mg per 100 ml ?

NORMAL DISTRIBUTION AND ITS APPLICATION

INTRODUCTION

- Statistically, a population is the set of all possible values of a variable.
- Random selection of objects of the population makes the variable a random
variable ( it involves chance mechanism)

Example: Let 'x’ be the weight of a newly born baby.

X" is a random variable representing the weight of the baby.
The weight of a particular baby is not known until he/she is born.

Discrete random variable:
If a random variable can only take values that are whole numbers, it is called a
discrete random variable.

Example:  No. of daily admissions
No. of boys in a family of 5
No. of smokers in a group of 100 persons.

Continuous random variable:
If a random variable can take any value, it is called a continuous random
variable.

Example: Weight, Height, Age & BP.

The Normal or Gaussian distribution is the most important continuous probability
distribution in statistics.

The word ‘normal’ here does not mean ‘ordinary’ or ‘common’ nor does it mean

‘disease-free’.
It simply means that the distribution conforms to a certain formula and shape.
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- A Histogram

o Values on the x-axis (horizontal)
o Numbers on the y-axis (vertical)

Frequency

.5 2‘{5 S‘II.S 2;2 515 615 7i5
Normal distribution is defined by a particular shape
o Symmetrical
o Bell-shaped

Gaussian Distribution:
Many biologic variables follow this pattern
B Hemoglobin, Cholesterol, Serum Electrolytes, Blood pressures, age, weight, height

One can use this information to define what is normal and what is extreme

In clinical medicine 95% or 2 Standard deviations around the mean is normal
o Clinically, 5% of “normal” individuals are labeled as extreme/abnormal
¢ We just accept this and move on.

Table 9.3 Example of a Normal Distribution—Distribution of 1000 Men
in a Village According to Their Height

Height inches No. of men of given height

61—-62 2

62-63 5

63—-64 17

64—65 a3

65-66 86

66—67 152

67—68 193 — 690 — 955 — 997
68—69 197

69-70 148 _

70—-71 7 T

T1-72 45

T2=7T3 16

7374 4

74—75 1

Tozal 1000

i
ja=1717.5 cm
{ |

150 155 160 165 170 175

Height (cm)

180 185 190

-3 — - 1 (o)
SND

Fig. 5.2 Relationship between normal distribution in original units of measurement and in standard normal
deviates. SND == (height — 171.5)/6.5. Height = 171.5 = (6.5 =< SND).
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Number Mean

mean +i- SD (68%) Parameter

mean +i- 25D (95%)

mean +/- 3SD (99.7%)

Characteristics of Normal Distribution
- Symmetrical about mean, p
- Mean, median, and mode are equal
- Total area under the curve above the x-axis is one square unit
- 1 standard deviation on both sides of the mean includes approximately 68% of
the total area
- 2 standard deviations includes approximately 95%
- 3 standard deviations includes approximately 99%

- Normal distribution is completely determined by the parameters . and s
o Different values of u shift the distribution along the x-axis
o Different values of ¢ determine degree of flatness or peakedness of the graph

oS4 STATISTICAL INFERENCE
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Uses of Normal Distribution
- It's application goes beyond describing distributions

- Itis used by researchers.
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- The major use of normal distribution is the role it plays in statistical inference.

- The z score along with the t —score, chi-square and F-statistics is important in

hypothesis testing.

- It helps managers to make decisions.

What's so Great about the Normal Distribution?
If you know two things, you know everything about the distribution
o Mean
o Standard deviation
You know the probability of any value arising

Standardised Scores
My diastolic blood pressure is 100

o So what ?
Normal is 90 (for my age and sex)
o Mine is high

€ But how much high?
Express it in standardised scores
o How many SDs above the mean is that?

Mean = 90, SD = 4 (my age and sex)

My Score - Mean Score  100-90
SD 4

This is a standardised score, or z-score
Can consult tables (or computer)
o See how often this high (or higher) score occur

2.5



Normal Disribution and its application 33

Measure Of position

< Z Score (or standard score)
The number of standard deviations that a given value xis above or below the

Z SCore

Sample Population
7 = X-X z=A" U
S O

Round to 2 decimal places

Standard Scores:
The Z score makes it possible, under some circumstances, to compare scores

that originally had different units of measurement.

Z Score:
Suppose you scored a 60 on a numerical test and a 30 on a verbal test. On which test

did you perform better?
- First, we need to know how other people did on the same tests.

® Suppose that the mean score on the numerical test was 50 and the mean
score on the verbal test was 20.

® You scored 10 points above the mean on each test.
€ Can you conclude that you did equally well on both tests?

¢ You do not know, because you do not know if 10 points on the numerical test
is the same as 10 points on the verbal test.

- Suppose also that the standard deviation on the numerical test was 15 and
the standard deviation on the verbal test was 5.

® Now can you determine on which test you did better?
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To find out how many standard deviations away from the mean a particular score is,
use the Z formula:

Population: Sample:
Y- _ —
o S
Z Score Y- 60 — 50
Numerical test Z = a L =—— =667
8 = about 15 o)

1|4}Mf|1 L
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

1

In relation to the rest of the people

who took the tests, you did better

on the verbal test than the

numerical test. 30— 20

VA . =2

Verbal test
S = about 5

| I I
5 10 15 20 25 30 35

Z score
- Allows you to describe a particular score in terms of where it fits into the overall
group of scores.
o Whether it is above or below the average and how much it is above or below the
average.
- A standard score that states the position of a score in relation to the mean of the
distribution, using the standard deviation as the unit of measurement.
o The number of standard deviations a score is above or below a mean.

Interpreting Z Scores

Unusual Ordinary Unusual
Values Values Values
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Properties of Z scores

The standard deviation of any distribution expressed in Z scores is always one.

o In calculating Z scores, the standard deviation of the raw scores is the unit of
measurement.

The Standard Normal Curve
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Reading the Z Table

- Finding the proportion of - Finding the proportion of
observations between the mean and observations between a score and
a score when the mean when
o Z=1.80 o Z2=-2.10
A B C

2.07 4808 0192

z 2.08 4812 0188
il 0183

2.10 4821 0179

1.76 4608 0392 201 30C0 0174
1.77 4616 0384 212 :233 -g 1 ;g
1.78 4625 0375 13 . :
1 70 0367
1.80 4641 0359
T 7 0351 —z
1.82 4656 0344
1.83 4664 0336 A’ B c
1.84 A671 0329
1.85 4678 0322
- Finding the proportion of - Finding the proportion of
observations above a score when observations below a score when
o Z=180 o Z=-210
A B C 2,07 4808 0192
2,08 4812 0188
Z 0g 4817
[ 210 | 4821 0179
. 4826 -
177 616 338 212 4830 0170
| ' ' 2.13 4834 0166
1.78 4625 0375
4633 36
1.80 4641 0359
1.82 4656 0344
1.83 4664 0336 A’ B’ c’
1.84 4671 0329




Normal Disribution and its application 37

Z scores and the Normal Distribution

- Can answer a wide variety of questions about any normal distribution with a known mean and

standard deviation.

- Will address how to solve two main types of normal curve problems:

o Finding a proportion given a score.
o Finding a score given a proportion.

Exercises

Assuming the normal heart rate
(H.R) in normal healthy individuals is
normally distributed with Mean = 70
and Standard Deviation =10 beats/min

Exercise # 1
1) What area under the curve is above 80
beats/min?

Exercise # 2
2) What area of the curve is above 90
beats/min?

Exercise # 3
3) What area of the curve is between
50-90 beats/min?

Exercise # 4
4) What area of the curve is above 100
beats/min?

Exercise # 5
5) What area of the curve is below 40 beats per
min or above 100 beats per min?
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Exercise:

Assuming the normal heart rate (H.R) in normal healthy individuals is normally
distributed with Mean = 70 and Standard Deviation =10 beats/min

Then:

1) What area under the curve is above 80 beats/min?
Ans: 0.159 (15.9%)

2) What area of the curve is above 90 beats/min?
Ans: 0.023 (2.3%)

3) What area of the curve is between 50-90 beats/min?
Ans: 0.954 (95.4%)

4) What area of the curve is above 100 beats/min?
Ans: 0.0015 (0.15%)

5) What area of the curve is below 40 beats per min or above 100 beats per min?
Ans: 0.0015 for each tail or 0.3%

Problem:

Assume that among diabetics the fasting blood level of glucose is
approximately normally distributed with a mean of 105mg per 100ml and an SD
of 9 mg per 100 ml. What proportion of diabetics having fasting blood glucose
levels between 90 and 125 mg per 100 ml ?

Answer \ next page
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iii) Since the total area is unity,

P(—1.00=Z=1.00)

1 — {P(Z< —1.00) + A Z>1.00)}
1 — (2%0.1587)
0.6826

-1.00 o 1.00 -
iv)
-1.28 1.65 x
P(—1.28=Z=1.65) P(Z=1.65) — P(Z< —1.28)

0.9505 — 0.1003
0.8502

Note:

Since P(Z=2z) = O for a particular value z
are equal.

Example 2

Assume that among diabetics the fasting blood level

of glucose
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z, we can use P(Z<z) or P(Z=2z) as they

is approximately

normally distributed with a mean of 105 mg per 100 ml and an SD of 9 mg per 100

ml.

i) What proportion of diabetics have fasting blood glucose levels between 90 and
125 mg per 100 ml?

ii) What level cuts off the lower 10 per cent of diabetics?

iii) What levels encompass the middle 95 per cent of diabetics?

Answers Example 2

Let X be the random variable denoting the fasting blood glucose level. X has a
normal distribution with mean = 105 and standard deviation = 9.

i) We have to compute P(90=X=125). The table is available only for the

probabilities of a standard normal distribution.

Thus we have to convert X to

a standard normal variable (Z), using the formula on page 5 of this module.

We require P (90 =X = 125).

This can be written as

p| 80-105 = X-105 _ 125-105 -
9 9 9

since Z =

P(—1.67=Z=2.22)
X - 105
5
PZ=222) — P@Z<—1.67)
0.9868 — 0.0475

- 0.9393
Therefore 94 % of diabetics have fasting blood glucose levels between 90 and
12S.
ii)
- i M
ol N
/\/1 \
/(\ -
2 ~o ~ \
<18 ] i o
-1.28 o z
From the table we know that —1.28 cuts off the lower 10 per cent of the

standard normal curve.

Now we have to find the corresponding X —value.
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— s - K108
=
x = —1.28 x 9 + 105

93.5 mg/100 ml

93.5 mg/100 ml cuts off the lower 10 per cent of diabetics.

iii)

=
We know from the tables that P(—1.96=2Z=1.96) = 0.95.
Corresponding X —values are
—1.96 x 9 <+ 10S = 87.4
and 1.96 < 9 + 105 = 1226 rving, prev oDl

Note.-

A one-sided p percentage point of the standard normal distribution is the value z such

that
P(Z=2) == r/ 100
and a two-sided » pe:-entagc Soint z .5 such that
P(Z=2) = PZ=—x)
= /2)/100

or equivalently

P(Z=2z) + P(Z= —2) = P/ 100



