Lecture 7 - Probability distribution

One of the most important things to know about a variable
is its distribution. Knowledge of the probability
distribution of the variables provides the clinicians and
researchers with a powerful tool for summarization and
describing a set of data and for reaching conclusion about
population on the basis of a sample drawn from that
population. We have several types of distribution in
statistics, but the "'normal distribution" is the most
important one.

A probability distribution defines the relationship between
the outcomes and their likelihood of occurrence. We have
several types of distribution in statistics:

For discrete variables we have

a) Binomial Distribution: dichotomous outcomes (A-B,
heads-tails, yes-no, on-off, is-is not, right-wrong, etc.)

b) Poisson Distribution Useful for studying rare random
events.

But the “Normal distribution" ''Gaussian

distribution"', for continues variables is the most

important one. This is because:

e Many human variables naturally have a “bell shaped”
distribution.

e The distributions are tied to probabilities, and it is the
probability which will be of interest to us

If we have a group of continuous variables with certain
class interval, we can represent them by histogram and
frequency polygon. But suppose we have a group of
variables which is huge and the class interval is very
small so the frequency polygon will take a shape of very
smooth curve & that curve is called "normal distribution
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The normal distribution "Gaussian distribution",
"Bell Shaped distribution" is the most important
distribution in the statistics, the parameters of this
distributions are:

1) The mean (p) — Measure of location.

2) The standard deviation (0) —Measure of dispersion.
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Characteristic of the normal distribution

Used for the continuous variables, between

Symmetrical about its mean (W), ((either side of mean is a
mirror image of other side.

Mean, median, and mode are equal.

The total area under the curve is equal to one, 50% on the
left &50% on the right of a perpendicular erected at the
mean.

The normal distribution is completely determined by the
parameters (1) & (). Different values of p shift the graph
along the X-axis, while different values of 0 shift the
graph along the Y-axis (determine the degree of flatness
or peakness of the graph).

u+ 10 — 68% of the area.

p + 20 — 95% of the area.

p+ 30 — 99.7% of the area.
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Different values of p and 8 shift the graph of distribution
along X & Y axes. If we change p while keeping &
constant, the curve will shift to the right on increasing p
& to the left on decreasing p. On changing & and keeping
u constant; the curve will become more flat on increasing
6 and narrower on decreasing & without any shifting the
curve to any side. pl <p2 <p3
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Since we know the shape of the curve, we can (using
calculus) calculate the area under the curve

The percentage of that area can be used to determine the
probability that a given value could be pulled from a
given distribution.

Each normal distribution with its own values of m and s
(unit) would need its own calculation of the area under
various points on the curve
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Lecture 7 - Probability distribution

EXx: If population mean of systolic blood pressure is 120
mmHg with population standard deviation of 10 mmHg.
What is the probability of getting a patient with systolic

BP a) between 120 and 130 mmHg, b) < 120mmHg, c) <
100 mmHg d) between 120 and 125 mmHg?
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Answers:

a) From 120 to 130 we move one §, so the probability is
34% (0.34) (i.e. half of 68%).

b) Probability of less than 120 mmHg is 50%.

c) Probability of less than 100 mmHg is 2.5%.

d) Probability of SBP between 120 and 125 mmHg; we
must follow Z scale.

The standard normal distribution “Z-distribution".

It's the normal distribution curve which has a mean of
zero and a standard deviation of one (p=0, & d=1). —
Z=x-pno
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If we know the population means and population standard
deviation, for any value of X we can compute a z-score by
subtracting the population mean and dividing the result by
the population standard deviation
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The area in
red is equal
to p(z > 1)

The area in
blue is equal
to p(-1< =z <0)

Properties of Z Distribution (Z-score)

90% of the values of a normal variable lie within + 1.65
sample standard deviations from the sample mean

95% of the values of a normal variable lie within + 1.96
sample standard deviations from the sample mean

99% of the values of a normal variable lie within + 2.58
sample standard deviations from the sample mean

How to Read Z Table ((Must understand Z table, area to
the left))
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Ex: Find p(Z<-1.57)
From Z table=0.0582
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EX: From Z table: Find P (z > 1.58)
P(z<1.58) =0.9429

P(z>158)=1-0.9429 =0.0571
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Lecture 7 - Probability distribution

Area = 0.9429
(from Table A-2)

0

z =158

Ex: From Z table find: Pr(-1 <z < 1) = 0:6826

Pri-1<z<0)=0.3413

PHO.00 <2< 1.00)=0.3413

-1 0 1

Ex: Find p(0<Z<1.23)

0z
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Total shaded area can be seen on
takle. To get P(O=Z=1.23), the red
area, subtract the grey area, .5, from
the total zhaded area.

PO=Z=1 .23)=.6907-.5=3907

Ex: Calculate p(-1.2<Z<0.78)

-12 0 .78

Ex: Calculate p(-1.2<Z<0.78)

p(-1.2<Z<0.78)= 0.7823-0.1151=0.6672

p(-1.2<Z<0.78)= 0.7823-0.1151=0.6672
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Ex: What is the probability of having a patient with B.P
between 110-130 mm Hg? p=120, 8 =10. ((Suppose the
B.P is normally distributed)).

Z=x-wo
=110-120/10 =-1
=130-120/10 =+1

P (110<x<130) > P(-1<Z <+ 1). &From the Z-table,
P=0.68.

Ex2: What is the probability of having a patient with B.P
above 140mm Hg?
Z=XxX-wo
= 140-120/10 = +2
P(x > 140) — P ( Z>+2). &From the Z-table,
P=0.023.

Ex: _If the total cholesterol values for a certain target
population are approximately normally distributed with a
mean of 200 (mg/100 mL) and a standard deviation of 20
(mg/100 mL), what is the probability that a person picked
at random from this population will have a cholesterol
value greater than 240 (mg/100 mL)?

Z=x-pu/d =240-200/20 =2

P (x >240) — P(Z > 2). =0:0228 or 2.28%

EX: in certain population the mean of SBP (u=120), and 0

=10mmHg. What is the probability of having a patient

with B.P between 110-130 mm Hg?

1) What is the probability of having a patient with B.P
between 105-125 mm Hg?

2) What is the probability of having a patient with B.P <
100 Hg?

3) What is the probability of having a patient with B.P >
135 mm Hg?

4) What is the probability of having a patient with B.P
between 120-140 mm Hg?

5) What is the probability of having a patient with B.P
between 100-140 mm Hg?

6) What is the probability of having a patient with B.P
between 90-150 mm Hg?

7) What is the probability of having a patient with B.P
between > 150 mm Hg?

8) What is the probability of having a patient with B.P
between <150 mm Hg?

9) What is the probability of having a patient with B.P
between 140-150 mm Hg?
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Lecture 7 - Probability distribution

10)What is the probability of having a patient with B.P
between 95-135 mm Hg?

EX: IQ’s are normally distributed with mean 100 and

standard deviation 15. Find the probability that a

randomly selected person has an 1Q
1) between 100 and 115

2) More than 135.

3) Less than 70.

EX: A survey was done to measure the haemoglobin

(Hb) levels among a group of pregnant women attending
an ante-natal clinic. 10000 women were screened and the
mean Hb was found to be 10.5 gm%.The standard

deviation was 0.5. Compute:
1)
am%
2)
11.5 gm%
3)
4)
5)
and 11.5 gm%.
6)
above 12 gm%.
7

~

with Hb levels below 10 gm%?

Number of women having Hb level between 10 and 11
Number of women having Hb level between 9.5 and
Number of women having Hb level above 10.5 gm%.
Number of women having Hb level below 9 gm%.
Number of women having Hb level between 11 gm%

Number of women having Hb level below 9 gm% and

What is the probability of selecting a pregnant woman

(continued) Cumulative Area from the LEFT

Table I
Normal Curve Areas P(z < z,) Entries in the Body of the Table are
d Areas Between — oo and =

z 00 01 /] 03 04 05 06 07 08 09
0.0 .S5000 040 5080 S120 5160 5199 5239 579 5319 5359
0.1 5398 5438 478 517 5557 5596 5636 5675 5114 5753
02 5793 5832 S8 3910 5948 5987 6026 6064 6103 A4
03 6179 017 6255 6293 6331 6368 6406 6443 6480 6517
04 6554 6591 6628 0664 6700 6736 017 6808 6844 6879
05 0915 6950 6985 7019 1054 7088 7123 J157 7190 224
0.6 7257 J291 7324 357 71389 T4 7454 7486 J517 549
07 7580 611 7642 673 1704 1734 7764 7794 7823 852
08 7881 7910 7939 7967 7995 8023 8051 R078 8106 8133
09 8159 8186 8212 8238 8264 8289 8315 8340 8365 8389
1.0 8413 8438 8461 8485 8508 8531 8554 857 8599 8621

1.1 3643 3663 8686 708 8729 8749 3770 879 8810 8830

12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015

13 9032 9049 9066 9082 9099 115 9131 947 9162 an

14 9192 9207 922 9236 9251 9265 9279 9292 9306 9319

15 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441

16 9452 9463 9474 9484 9495 * 9505 9515 9525 9535 9545

1.7 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633

18 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706

19 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767

20 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817

21 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857

22 9861 9864 9868 98N 9875 9878 9881 9884 9887 9890
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