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Random Variable

= Arandom variable is a function or rule that assigns a number to
each outcome of an experiment.

= Basically it is just a symbol that represents the outcome of an
experiment.

= name of numeric result”



Discrete Random Variable

= usually count data [Number of]

= one that takes on a countable number of values — this means you
can sit down and list all possible outcomes without missing any,
although it might take you an infinite amount of time.

For example:
= X =values on the roll of two dice: X has to be either 2, 3, 4, ..., or 12.

= Y =number of accidents in Ostrava during a week: Y has to be 0, 1,
2,3,4,56,7,8, cccceueennn. ”real big number”

= Some Random Variables have ,,similar behavior” and probability
mass functions, cumulative distribution functions have similar
properties -> Important probability distributions of DRV.



Binomial Experiment

A binomial experiment (also known as a Bernoulli trial) is a statistical
experiment that has the following properties:

= The experiment consists of n repeated trials.

= Each trial can result in just two possible outcomes. We call one of
these outcomes a success and the other, a failure.

= The probability of success, denoted by m, is the same on every trial.

= The trials are independent; that is, the outcome on one trial does not
affect the outcome on other trials.



Binomial Experiment - example

You flip a coin 5 times and count the number of times the coin lands
on heads. This is a binomial experiment because:

= The experiment consists of repeated trials. We flip a coin 5 times.
= Each trial can result in just two possible outcomes - heads or tails.
= The probability of success is constant — 0,5 on every trial.

= The trials are independent. That is, getting heads on one trial does
not affect whether we get heads on other trials.



More examples

Number of smokers in 1000 people, where there is 20%
smokers in population.

Number of defective components in 100 checked, where the
total factory production contains 10% defective.

Number of successful seeds in 200 planted seeds, where the
probability of success is 0.9.



Binomial Distribution

X ... # of successes in n repeated trials of a binomial experiment

X - Bi(n; )
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) . . L _ # of trials probability of success
Properties of binomial distribution:

= Probability function: P(X = k) = (

= E(X)=nn
= DX)=nn(1—m)

n

k) k(1 — o)k

= RStudio: pbinom (cumulative distribution function), dbinom (probability
mass function)

= Be careful — pbinom(k,...) in RStudio is defined as P(X<k)!



1. Suppose a die is tossed 5 times. What is the probability of getting
exactly 2 fours?

X ... # of fours in 5 trials,
1

Xqunzanzg

X ~ Bi (5;%)



1. Suppose a die is tossed 5 times. What is the probability of getting
exactly 2 fours?

X ... # of fours in 5 trials,
XﬁB“nz&nzg

6
X ~ Bi (5;%)

P(X = 2) = ? (use RStudio)
= dbinom(2, 5, 1/6)



2. If the probability of being a smoker among a group of cases with lung
cancer is 0,6, what’s the probability that in a group of 80 cases you have:
a) less than 20 smokers,
b) more than 50 smokers,
c) greater than 10 and less than 40 smokers?

X ... # of smokers in 80 cases
X - Bi(n=80;7r=0,6)



2. If the probability of being a smoker among a group of cases with lung
cancer is 0,6, what’s the probability that in a group of 80 cases you have:
a) less than 20 smokers,
b) more than 50 smokers,
c) greater than 10 and less than 40 smokers?

X ... # of smokers in 80 cases
X - Bi(n=80;7 =0,6)

a) PX<200=PX=0+PX=1D+.+PX=19) =0
= P(X < 19) = pbinom(19, 80, 0.6)

b) P(X>50)=1-P(X<50)=1-0,714 = 0,286
=1 - pbinom(50, 80, 0.6)

c) P(10<X<40)=P(X<40)—-PX<10)=P(X <39) —
P(X <10) =0,027
= pbinom(39, 80, 0.6)-pbinom(10, 80, 0.6)



Negative Binomial Experiment

A negative binomial experiment is a statistical experiment that has the
following properties:

= The experiment consists of n repeated trials.

= Each trial can result in just two possible outcomes. We call one of
these outcomes a success and the other, a failure.

= The probability of success, denoted by m, is the same on every trial.

= The trials are independent; that is, the outcome on one trial does
not affect the outcome on other trials.

= The experiment continues until k successes are observed, where k
is specified in advance.



Negative Binomial Experiment - example

You flip a coin repeatedly and count the number of times the coin
lands on heads. You continue flipping the coin until it has landed 5
times on heads. This is a negative binomial experiment because:

= The experiment consists of repeated trials. We flip a coin repeatedly
until it has landed 5 times on heads.

= Each trial can result in just two possible outcomes - heads or tails.
= The probability of success is constant — 0,5 on every trial.

= The trials are independent. That is, getting heads on one trial does
not affect whether we get heads on other trials. @

" The experiment continues until a fixed number of successes have=
occurred; in this case, 5 heads. A



More examples

 Number of trials needed before we reach the TV show by the
phone, where the probability of successful call is 0.1.

 Number of trials needed before the hockey player scores a
goal, if he is successful in 85%.

* Number of trials needed before passing an exam, if the
probability of success is 0.75.



Negative Binomial Distribution
(Pascal Distribution)

X ... # of repeated trials to produce k successes in a neg. binom. experiment

X - NB(k; )

Properties of negative binomial distribution:

= Probability function: P(X = n) = (Z B 1) k(1 — o)k
k
E(X) = ~
k(1-m)
. DO =M

Special case of Negative Binomial distribution is Geometric distribution
(# of repeated trials to produce 1 success in a neg. binom. experiment)



3. Bobis a high school basketball player. He is a 70% free throw
shooter. That means his probability of making a free throw is 0,70.
During the season, what is the probability that Bob makes his third
free throw on his fifth shot?

X ... # of shots to produce 3 throws (successes)
X->NB(k=3;7=0,7)



3. Bobis a high school basketball player. He is a 70% free throw
shooter. That means his probability of making a free throw is 0,70.
During the season, what is the probability that Bob makes his third
free throw on his fifth shot?

X ... # of shots to produce 3 throws (successes)
X->NB(k=3;7=0,7)

P(X =5)=0,185
= dnbinom(2, 3, 0.7)
...because out of 5 trials, there are 2 failures and 3 successes

Other definition of negative binomial distribution in RStudio:

X ... # of failures before getting of k successes without those
successes!!!



4. Bobis a high school basketball player. He is a 70% free throw
shooter. That means his probability of making a free throw is 0,70.
During the season, what is the probability that Bob makes his first
free throw on his fifth shot?

X ... # of shots to produce 1 throw (success)
X->NB(k=1,7=0,7)



4. Bobis a high school basketball player. He is a 70% free throw
shooter. That means his probability of making a free throw is 0,70.
During the season, what is the probability that Bob makes his first
free throw on his fifth shot?

X ... # of shots to produce 1 throw (success)
X->NB(k=1,7=0,7)

P(X =5) = 0,006
= dnbinom(4, 1, 0.7)
... because out of 5 trials, there are 4 failures and 1 success



Hypergeometric Experiments

A hypergeometric experiment is a statistical experiment that has the
following properties:

= A sample of size n is randomly selected without replacement from a
population of N items.

= |nthe population, M items can be classified as successes, and N - M
items can be classified as failures (with/without desirable feature).



Hypergeometric Experiment - example

You have an urn of 10 balls - 6 red and 4 green. You randomly select 2
balls without replacement and count the number of red balls you have
selected. This would be a hypergeometric experiment.

N

N-M

M
000000

successes k failures

selected items



Hypergeometric Distribution

X ... # of successes that result from a hypergeometric experiment.

X - H(N; M;n)

Properties of hypergeometric distribution:

Gk
= Probability function: P(X = k) = -£ (,\’,‘)"‘

<

: E(X)=n-ﬁ
o0 = £(1-2)(2)



5. Suppose we randomly select 5 cards without replacement from an
ordinary deck of playing cards. What is the probability of getting
exactly 2 red cards (i.e., hearts or diamonds)?

N=52
M=26 N-M=26
‘ QTR A e
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>

X ... # of red cards in 5 selected cards
X->H(N=52;M =26;n=05)



5. Suppose we randomly select 5 cards without replacement from an
ordinary deck of playing cards. What is the probability of getting
exactly 2 red cards (i.e., hearts or diamonds)?

N=52

M=26 N-M=26
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X ... # of red cards in 5 selected cards
X->HN=52,M=26;n=05)

(226) (236)
()
RStudio: P(X = 2) = dhyper(2, 26, 26, 5)

Use help in RStudio!

P(X=2)=

= 0,325



Poisson Experiment

A Poisson experiment is a statistical experiment that has the following
properties:

= The experiment results in outcomes that can be classified as
successes or failures.

= The average number of successes that occurs in a specified region
is known.

= The probability that a success will occur is proportional to the size
of the region.

= The probability that a success will occur in an extremely small
region is virtually zero.

Note that the specified region could take many forms. For instance, it
could be length, area, volume, period of time, etc.



Poisson Distribution

X ... # of successes that result from a Poisson experiment

X - Po(At), At...average number of successes per unit

Properties of Poisson distribution:

k
= Probability function: P(X = k) = (@A) -2t

k!
= E(X) =At
= DX) =1t



More examples

 Number of microorganisms in 0.5 ml in some liquid if the
average number of microorganismsin 1 mlis 15.

* Number of errors in wireless information transmission in 4800
microseconds, if there is 1 error on average in 1200
microseconds.



6. The average number of homes sold by the Acme Realty company is

2 homes per day. What is the probability that less than 4 homes
will be sold tomorrow?

X ... # of homes which will be sold tomorrow
X - Po(At = 2)




6. The average number of homes sold by the Acme Realty company is
2 homes per day. What is the probability that less than 4 homes
will be sold tomorrow?

X ... # of homes which will be sold tomorrow
X - Po(At = 2)

PX<4)=PX=0)+---+PX=3)=P(X <3)=0,857
P(X < 4)=P(X < 3) = ppois(3, 2)




7. Suppose the average number of lions seen on a 1-day safari is 5.
What is the probability that tourists will see fewer than twelve
lions on the next 3-day safari?

X ... # of lions which will be seen on the 3-days safari
X - Po(At = 15)




7. Suppose the average number of lions seen on a 1-day safari is 5.
What is the probability that tourists will see fewer than twelve
lions on the next 3-day safari?

X ... # of lions which will be seen on the 3-days safari
X - Po(At = 15)

PX<12)=PX=0)+--+P(X=11)=P(X <11) =0,185
P(X<12)=P(X<11) = ppois(11, 15)




Name

Binomial

Negative
Binomial

Hyper -
geometric

Poisson

Summary

Description

# of successesinn
repeated trials of a
binomial experiment

# of repeated trials to
produce k successes in
a neg. binom.
experiment

# of successes that
result from a
hypergeometric
experiment

# of successes that
result from a Poisson
experiment

Notation

Bi(n; p)

NB(k; )

H(N; M; n)

Po(At)

RStudio

-binom

-nbinom

-hyper

-pois



RStudio

* Prefix:

e d-..... probability mass function P(X = ...)

* p- ... cumulative distribution function P(X < ...)
e Suffix:

* -binom, -nbinom, -hyper, -pois

* Using Rstudio

e eg. X > Po(t = 10), P(X < 8) =?
P(X <8)=P(X <7) = ppois(7, 10)

e eg X->Bi(n=10,r=0.2),P(X =4) =2
P(X = 8) =dbinom(8, 10, 0.2)



