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§4.1-4.2 Review

Example (equally likely events)

Are each of the following events equally likely?

m The next tennis match of Serena Williams is either a win or a
loss.



§4.1-4.2 Review

Example (equally likely events)

Are each of the following events equally likely?

m The next tennis match of Serena Williams is either a win or a
loss.

m You draw a king or a spade from a well-shuffled deck of 52
cards.



§4.1-4.2 Review

Example (equally likely events)

Are each of the following events equally likely?

m The next tennis match of Serena Williams is either a win or a
loss.

m You draw a king or a spade from a well-shuffled deck of 52
cards.

m You spin a red in Twister or you spin a green.
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§4.1-4.2 Review

Example (corrections)

Correct the statements below.

If two events are disjoint, then to calculate the probability that
either happens, you can multiply their individual probabilities.

If P(A) =0.5 and P(B) = 0.5, then P(A and B) = 1.
If P(A) = 0.25, then P(A°) = —0.25.
If S ={A, B}, then P(A) =0.5 and P(B) = 0.5.

If P(A) and P(B) are both 0.4 and if P(A and B) = 0.8, then
A and B are independent.



§4.1-4.2 Review

Example (probability model)

Assume a die has been loaded so that 1 and 6 come up as often as
each other and 2, 3, 4, 5 come put as often as each other. If
P(1 or 6) = 0.52, find the probabilities for each possible outcome.



§4.1-4.2 Review

Example (complicated event)

Only 5% of Australians have O-negative blood types. If 10
Australians are selected at random, what is the probability that at
least one of them has O-negative blood?



§4.3 Random Variables

In our construction of probability models, our sample space didn't
have to consist of numbers.
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In our construction of probability models, our sample space didn't
have to consist of numbers. Consider the probability model below
describing eye color.

Black ‘ Brown ‘ Blue ‘ Green ‘ Other
03 | 035 [015| 01 | 01

If we chose 5 people at random, we could convert the eye-color
variable into a numeric variable by recording the number of, for
instance, brown eyes in the group of 5 people.



§4.3 Random Variables

In our construction of probability models, our sample space didn't
have to consist of numbers. Consider the probability model below
describing eye color.

Black ‘ Brown ‘ Blue ‘ Green ‘ Other
03 | 035 [015| 01 | 01

If we chose 5 people at random, we could convert the eye-color
variable into a numeric variable by recording the number of, for
instance, brown eyes in the group of 5 people. Thus, the outcome

(Blue, Other, Brown, Black, Brown)

would be recorded as a 2.



§4.3 Random Variables

Definition (random variable)

A random variable is a variable whose value is a numeric outcome
of a random process.

Using the probability model given below, we can create a random
variable for the number of brown-eyed people in a group of 5 ran-
domly selected people.
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Black ‘ Brown ‘ Blue ‘ Green ‘ Other
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Our random variable will look be as below.

o | 1 | 2 | 3 | 4 | 5
0.116 | 0.312 | 0.337 | 0.181 | 0.049 | 0.005




§4.3 Random Variables

Definition (random variable)

A random variable is a variable whose value is a numeric outcome
of a random process.

Using the probability model given below, we can create a random
variable for the number of brown-eyed people in a group of 5 ran-
domly selected people.

Black ‘ Brown ‘ Blue ‘ Green ‘ Other
03 | 035 [015| 01 | 01

Our random variable will look be as below.

o | 1 | 2 | 3 | 4 | 5
0.116 | 0.312 | 0.337 | 0.181 | 0.049 | 0.005

This is a binomial random variable which we'll discuss in §5.



§4.3 Random Variables

Definition (discrete random variable)

A discrete RV X has possible values that can be given in an
ordered list. The probability distribution of X lists the values of
their probabilities.

Value of X ‘ X1 Xo X3
P(X) |p p2 p3

The probabilities p; must satisfy the following requirements.
0<p <1
>opi=1

You can find the probability of any event by adding up the

probabilities p; of the particular values of X that make up the
event.



§4.3 Random Variables

Is this a valid probability distribution?

o | 1 | 2 | 3 | 4 | 5
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Is this a valid probability distribution?

o | 1 | 2 | 3 | 4 | 5
0.116 | 0.312 | 0.337 | 0.181 | 0.049 | 0.005

What is P(X < 2)? 0.765.



§4.3 Random Variables

Is this a valid probability distribution?

o | 1 | 2 | 3 | 4 | 5
0.116 | 0.312 | 0.337 | 0.181 | 0.049 | 0.005

What is P(X < 2)? 0.765. What's P(1 < X < 3)? 0.518.
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You can create a probability histogram by drawing the histogram of
a probability distribution.
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§4.3 Random Variables

You can create a probability histogram by drawing the histogram of
a probability distribution.

When a probability histogram is flat, you have a uniform random
variable, i.e. a random variable where each value is equally likely!

What does the histogram look like for our previous random variable?
What would it look like if it were uniform?
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§4.3 Random Variables

Uniform distributions could also be continuous rather than discrete!

Definition (continuous random variable)

A continuous random variable X takes all values in an interval
(or possibly intervals) of numbers. The probability distribution of
X is described by a density curve. The probability of any event is
the area under the density curve and above the horizontal axis and
between the values of X which bound the event.



§4.3 Random Variables

Uniform distributions could also be continuous rather than discrete!

Definition (continuous random variable)

A continuous random variable X takes all values in an interval
(or possibly intervals) of numbers. The probability distribution of
X is described by a density curve. The probability of any event is
the area under the density curve and above the horizontal axis and
between the values of X which bound the event.

Note: Density curves must always be above the horizontal axis and
the total area under them but above the horizontal axis must be 1.



§4.3 Random Variables

For a continuous random variable, P(X = x) = 0 for any value x,
so we can ignore the distinction between < and < or between >
and >.
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A random variable X is uniform and continuous and takes values
between 0 and 10. What is P(1 < X < 4)?



§4.3 Random Variables

For a continuous random variable, P(X = x) = 0 for any value x,
so we can ignore the distinction between < and < or between >

and >.

Example (continuous uniform random variable)

A random variable X is uniform and continuous and takes values
between 0 and 10. What is P(1 < X < 4)? 3. Draw this area!



§4.3 Random Variables

The most common continuous random variable that we will deal
with is the normal random variable. The “interval” on which it takes
values is the entire real line! How would you go about calculating
the probability that a normal random variable takes values between a
and b?
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and b? You'd have to calculate the area under a complicated curve.
Luckily, this has already been done for you in the standard normal
probability table. See Table A, pages T-2 and T-3.



§4.3 Random Variables

The most common continuous random variable that we will deal
with is the normal random variable. The “interval” on which it takes
values is the entire real line! How would you go about calculating
the probability that a normal random variable takes values between a
and b? You'd have to calculate the area under a complicated curve.
Luckily, this has already been done for you in the standard normal
probability table. See Table A, pages T-2 and T-3. In order to use
this table, you must convert a and b into their standard scores!

z(a) = ; and z(b) = b;i“




§4.3 Random Variables

Standard Normal Probabilities

Table =y,
Table entry for z is the area under the standard normal aurve.
1 o the leftof 2.
: .00 01 02 .03 04 05 07 .08 09

-34 .0003 .0003 .0002 .0003 .0003 .0003
-33 .0005 .0005 .0005 .0004 .0004 .0004
-32 .0007 .0007 .0006 .0006 .0006 .00OG
-31 .0010 .0009 .0000 .0009 .0008 .00OS
-30 .0013 .0013 0043 .0012 0012 .00i1
-29 0019 .0018 0012 .0047 0016 .0016
-28 0026 .0025 0024 .0023 0023 .0022

-20 028 L0222 027 022 0207 0202

19 0267 .0281 074 .0268 0262 0256

-1.8 0350 0351 0344 .0336 0320 .032 0307 .0301 0294
-17 0446 0436 04is 0400 0401 0375
-16 .0548 .057 .0526 0516 0505 0405 0485 0475 465 0455
-15 0655  .0643 0630 0618 .0606 0571 0559
-14 0808 .0793 0778 0764 0740 0735 0721 .0708 0604 0681
-13 0051 0034 0918 0901  .0ssS 0853 0838 .0873

-1.2 1451 .1431 4142 4093 1075 4056 .1038 .1020 1003  .0985
-14 4357 4335 {34 4202 427 4251 4230 4240 4400 4470
-10 %7 4562 {530 4645 1400 4460 4446 4423 4401 4370
-00 84 isi4 {788 4762 4736 4741 468E .4660 1635  .1611

=00 jSﬁD(} :4950 4920 :4550 4840 4801 4761 4721 4681 4641




§4.3 Random Variables

Standard Normal Probabilities

Table ety
Table entry for 2 is the area under the standard normal curve
L o the left of 7.
z .0 .01 02 .03 04 05 .06 07 08 09

00 5000 .5040 5080 5420 5460 5400 5230 5270 530 5350
01 5308 5438 5478 5517 5557 5506 5636 5675 5714 5753
02 5703 5832 5871 5010 5048 5087 6026 6064 6103 6141
03 6179 6217 6255 6293 6331 6368 .6406 6443 .6480

04 BS54 6EOL 6628 6664 6700 6736 6772 6808 6844 6870

14 0100 0207 9222 923 9251 0265 079 0202 9306 030
15 @3 0345 9370 .93s2 0406 0418 0420 0441
16 0452 0463 .0474 9484 0405 0505 0515 0535  .953% 9545
17 0554 0564 9582 0501 0500 0616 0625 0633

1 0821 9826 9834 0s3@ 9842 0846 0850 9854 0857
22 0861 0864 0868 0871 0875 0878 .Ossi .Ossd  .Ogs7 9890
23 0803 0808 0001 0004 0311 0013 0916
24 L] 0020  .9922 0325 0927 0020 0431 0332 .0034 9336
5 0038 0041 0043 0045 0046 004 0040 0054 0052




§4.3 Random Variables

Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2,
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If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.
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Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.

m the probability that X is greater than 37 P(X > 3) =
1-P(X<3)=1-P(Z<-1)=1-0.1587 = 0.8413.
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§4.3 Random Variables

Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.

m the probability that X is greater than 37 P(X > 3) =
1-P(X<3)=1-P(Z<-1)=1-0.1587 = 0.8413.

m the probability that X is between 1 and 97
Pl<X<9)=P(X<9)-P(X<1)=



§4.3 Random Variables

Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.

m the probability that X is greater than 37 P(X > 3) =
1-P(X<3)=1-P(Z<-1)=1-0.1587 = 0.8413.

m the probability that X is between 1 and 97
Pl<X<9)=P(X<9)-P(X<1)=
P(Z<2)—P(Z< -2)=



§4.3 Random Variables

Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.
m the probability that X is greater than 37 P(X > 3) =
1-P(X<3)=1-P(Z<-1)=1-0.1587 = 0.8413.
m the probability that X is between 1 and 97
Pl<X<9)=P(X<9)-P(X<1)=
P(Z <2)— P(Z < —2) =0.9772 — 0.0228 =



§4.3 Random Variables

Example (normal random variable)

If X is a normal random variable with mean 5 and standard
deviation 2, what is

m the probability that X is less than 77
P(X <7)=P(Z <1)=0.8413.
m the probability that X is greater than 37 P(X > 3) =
1-P(X<3)=1-P(Z<-1)=1-0.1587 = 0.8413.
m the probability that X is between 1 and 97
Pl<X<9)=P(X<9)-P(X<1)=
P(Z <2)— P(Z < —2) = 0.9772 — 0.0228 = 0.9544.



§4.3 Random Variables

There are ways of calculating standard normal probabilities in Minitab!





