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Topics
Chapter 1: Introduction To Statistics slasl) d dadia 1] ¥ Juaill
Chapter 2: Descriptive Statistics ol clanyl 1 SU Jeadl)
Chapter 3: Probability VLAY sl sl
Chapter 4: Discrete Probability Distributions Al adial) Adlaiay) Glay ) sill 1l 1 Jadl)
Chapter 5: Normal Probability Distributions bl syl a5 6l 1) Juadll
Chapter 6: Confidence Intervals A8ll) ¢l i 1 ealid) Jiadll
Chapter 7: Hypothesis Testing with One Sample  3aa) g 4l Cilaa 8l LA aalidd) Jucdl)
Chapter 8: Hypothesis Testing with Two Samples Otad il Hall Hladd - el Jaadl)
Chapter 9: Correlation And Regression Dl g dals YY) auldl) Jiadl)

Chapter 10: Chi-Square Tests and The FDistribution
F aosis e glS allaal :pilall Juadll
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Discrete Probability Distributions
dladiall Adlaialy) cilay § gl

4.1 Probability Distributions Al ey gl
4.2 Binomial Distributions Opaall (g3 a5

4.3 More Discrete Probability Distributions — Alagiall 40laia¥l Culay 3 sill (e 2 all
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Discrete Probability Distributions

Distinguish between discrete random variables and

continuous random variables Alaiall 40 gdall ) yantall g dliadial) 400 gliall <) padiall u naaill
Construct a discrete probability distribution and its graph Sl dens 5 Jumiia Main a5 55 oL
Determine if a distribution is a probability distribution i By 355 55800 (1S 13] Lo yan

Find the mean, variance, and standard deviation of a
Jhadiall LALu;Y\ @)}.ﬂ Lﬁ)l:"“j\ 8l i g ol g Jass giall Gl

discrete probability distribution
Jiadiall sl ay ) gill dad gial) dasdl) Clus

Find the expected value of a discrete probability

distribution
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Probability Distributions

Represents a numerical value associated with each outcome of

a probability distribution. aia¥l a3 sill dais JSH ddai e dpoac dagd Jia

Denoted by x X oad) L

AL

Examples Gilaeaall G g2k PRGN ‘”;S\ Glenal) Gldl&s 22e =X
x = Number of sales calls a salesperson makes in one day. Al as

Xx = Hours spent on sales calls in one day.
s a g A Gl Gl 848 il alelud) = X



Discrete Random Variable MIDOCEAN
Juadial) ) gial) ysiiall

Has a finite or countable number of possible outcomes that can be listed.
a0 s Sy Al Aldinall giliil) (e aany V5l 2 san 220 40l
Example:

x = Number of sales calls a salesperson makes in one day.
-L‘J(”}ﬁ&c—’\"‘:‘:"d\ g_ijm\.@q);awd\ Glaall GlllKa 22e
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Has an uncountable number of possible outcomes, represented by an interval on the number

line.
Sl ha e 3 iy dlias dlaiaall gl (e any Y dac 4]

Example:

Xx = Hours spent on sales calls in one day.
g s A Gleall LS d gl 25 Al Cile Ll

—t—tTttt

0 1 2 3 ... 24



Example: Random variable

Decide whether the random variable xis discrete or

continuous.
X = The number of stocks in the Dow Jones Industrial

Average that have share price increases on a given day.

(The number of stocks
whose share price increases can be counted.)

——t—t— =

0 1 2 3 ... 30
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Example: Random variable

Decide whether the random variable xis discrete or

CO_nthOUS- _ _ Olaia ol Madie ) sdall il OIS 13) Lo das
x = The volume of water in a 32-ounce container. fuaisl 32 G ele 5 8 oLl aaa

:Jadl
(The amount of water 3 0 c s o (S oL AusS)
can be any volume between 0 ounces and 32 ounces) (85325

Tt

0 1 2 3 .. 32



Discrete Probability Distribution

Lists each possible value the random variable can assume, together with its probability.

Must satisfy the following conditions:

In Words In Symbols i
Aiasiall YL Cilay | 4l

1. The probability of each value of 0<P(x)<l o B o L
the discrete random variable is B B ‘gg;,—‘\}“’d\ il L yidy o) Sy dlaliaa Aad JS 0y
between 0 and 1, inclusive. Ledlaial ) ddlayl
2. The sum of all the probabilities is YP(x)=1 50 O Juadial () pall jpaiall Aot JS Juial CJ;\J:Q -1
AR JEVNO |

1 s VLAY (S & sana -2
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Let x be a discrete random variable with possible outcomes x;, X, ..., X,.

..S - S\ Gjm‘@\l ., 1:13“9-&;\ ..... C)js..j X

1. Make a frequency distribution for the possible

outcomes. Aldiaall ilill a0 35wy 5 ol yaly a8 -]

2.  Find the sum of the frequencies. il g sana an gl 2

3. Find the probability of each possible outcome Lo Ll S5 and 2k ope Alciae Aot S JLaial aa gl -3
by dividing its frequency by the sum of the ) h )l tw

frequencies. | ; ;
. 1 sall s 150 o als Jlaial JS o)) pe S 4
4. Check that each probability is between 0 and 1 A sl Gy 150 0 e oh s

and that the sum is 1.



Example: Constructing a Discrete Probability Distribution

An industrial psychologist administered a personality
Inventory test for passive-aggressive traits to 150 employees.
Individuals were given a score from 1 to 5, where 1 was
extremely passive and 5 extremely aggressive. A score of 3
Indicated neither trait. Construct a probability distribution for
the random variable x.

55 Alall ol | S Gum o5 I T (e A2 31 3Y) e o Lk 5a 150 e
Q%Y\@jjﬂ\z;ﬁj_Zuuaﬁjex_g;\343.\.\.\5".“"'\);;3,3_..1%1;3\):9
X L;\ * S\ ~...~ “

Score,x Frequency, f

1

2
3
4
5

24
33
42
30
21




Solution: Constructing a Discrete Probability
Distribution

=
Divide the frequency of each score by the total number of individuals in the

study to find the probability for each value of the random variable.
24 33 42

P(l)= =0.16 P(2)= =022 P3)= — 028
D=15 2)=150 =150
30 21
P =" —020 PG)=-——=0.14
=150 =15

» Discrete probability distribution:

) ¢ 1 2 3 4 5
48 0.16 0.22 0.28 0.20 0.14




Solution: Constructing a Discrete Probability
Distribution

X 1 2 3 4 5
Igb98 0.16 0.22 0.28 0.20 0.14

This 1s a valid discrete probability distribution since

1. Each probability 1s between 0 and 1, inclusive,
0<Px)<1

2. The sum of the probabilities equals 1,
\ >P(x)=0.16 +0.22+0.28 +0.20+0.14=1



Solution: Constructing a Discrete Probability
Distribution

Histogram

Passive-Aggressive Traits

=
L

=
fa
Ln

=
pa

Probability, P(x)

=]
=]
o

L]

1 2 3 4 5
Score, x

Because the width of each bar is one, the area of each bar is equal to
the probability of a particular outcome.




Mean, Variance and standard deviation D
for probability Distribution UN TV

AiaY) a5 58l (g sbaall i AN g cplll g Ja gial

# =2xHAx)

Each value of x is multiplied by its corresponding probability and the products are
added. Also, mean is known as ( Expected Value ).

o =Z(x - pfP)

o =~Jo* =/S(x— p)* P(x)



Example:

The probability distribution for the personality inventory test for passive-

aggressive traits 1s given.

Find the mean ( Expected value)
Find Variance and Standard deviation

Solution:

u=2x Ax)=2.94

X
1
2
3
4
5

0.16
0.22
0.28
0.20
0.14

1(0.16)=0.16
2(0.22) = 0.44
3(0.28) = 0.84
4(0.20) = 0.80
5(0.14) = 0.70




Mean, Variance and standard deviation

0.16
0.22
0.28
0.20
0.14

1 -2.94=-1.94
2-2.94=-0.94
3-2.94=0.06
4-2.94=1.06
5-2.94=2.06

(—1.94)2=3.764
(~0.94)2= 0.884
(0.06)2= 0.004
(1.06)2=1.124
(2.06)2=4.244

(x — u)?P(x)
3.764(0.16) = 0.602
0.884(0.22) = 0.194
0.004(0.28) = 0.001
1.124(0.20) = 0.225
4.244(0.14) = 0.594

o =X(x—pPA¥) = 1.616

o=+o? =J1.616 ~1.3
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Section 4.2 Objectives

Determine if a probability experiment

is a binomial experiment cpaall (634 2t o Jlaial¥l 3y s il 1Y) Lo sl

Find binomial probabilities using the Gl g2 Juial) Arpa phasinly Gl (50 Sl s

binomial probability formula $2 s Lo sl ST aladinly Gpaall (o3 VLAY (e Snl

Find binomial probabilities using Opaal
technology and a binomial table Ol (53 a5 s (Pl s
Graph a binomial distribution 63 AVl a5 5ll (5 jlmall ol ai¥I 5 i) 5 Jaws siall s

Cpaal

Find the mean, variance, and standard
deviation of a binomial probability

distribution
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Binomial Experiments MIDOCEA|N
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The experiment is repeated for a fixed
number of trials, where each trial is

. ] ] - - . “ W \A:\j‘ . Jaj . .,\ ‘ “w -
independent of other trials. 28 S 058 S el e dama saal Rl ) S o5

There are only two possible outcomes AV okl e Al

of interest for each trla}l._ The 4 et IS0 alaia DU (4 yite ilaine (pfiadii (5 g 2 g0 Y
outcomes can be classified as a N
F s, S -l

success (S) or as a failure (7).
The probability of a success AS) is Uglae S i o P (S) pladl Jlial
the same for each trial. Aaalill Gl sie cny X3l sl urial

The random variable x counts the
number of successful trials.



Notation for Binomial Experiments
Ol (g3 a5

Symbol
n

p =P
q = P(F)
X

Description

The number of times a trial is repeated
The probability of success in a single trial
The probability of failure in a single trial
(g=1-p)

The random variable represents a count of

the number of successes in »n trials:
x=0’ 1’2,3’.'0,’1.

Aadll Sl jesse N

el dwisl P(S)=p



Binomial Probability Formula

The probability of exactly x successes in 2 trials
1S

" x n—x ';?! X _h—Xx
P(x)= Cpq = P q

| (n—x)!x!

pn=number of trials

p = probability of success
* g=1— pprobability of failure

*  x=number of successes 1n n trials



Example

Micro fracture knee surgery has a 75% chance of
success on patients with degenerative knees. The
surgery is performed on three patients. Find the
probability of the surgery being successful on
exactly two patients.

Solution:
n=3 p= 75%=0.75 q=1-0.75=0.25
Ny n! r nx

Cpq = P'q

(n—x)!x!
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o da i 4880 ) gul) 3 A8 1) Aal ja wilas
o GRS eSS (e silay (Al) (ia yall 775 Ay
Zlas Jlaial aa gl | e e A3 e da) jall o) ja)
Aually Gy el daal jall dlexl)
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Solution
P(x=2) = C3' p*q™ ™"
= C5 (0.75)%(0.25)372

(0.75)%(0.25)37%2=3 (0.75)%(0.25)37%=0.422

(3 2)| 21
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Example

In a survey, workers in the U.S. were asked to name their expected Expected Malo" Sources of

i i ioi i 'Retirement Income
sources of retirement income. Seven workers who participated in the A Ad P e A SO
survey are randomly selected and asked whether they expect to rely | or other resirement savings sccounts to be & msjor source of
. ; . ] : | | Income, about one In four workers will also rely on Social Security
on Social Security for retirement income and found it equal to 25%. | asamajor source of income.

Create a binomial probability distribution for the all values. a

S
| ERE £ £ £ ¢ PO c%‘
ixd gial) b lae dansi Baniall LY I b caleball (pe it cctle iyl aaf 6| {{?"f#‘g"{ifr{-’—(
13) Lae | sl g A sdie JQG ¢ St (816K 5LE Jleae dnan LA &3 aelal) (A 20 g g § % §'§§3 :gi § 2?
il 152 55 20l Jas e sl eliia¥) sl e sleie Y1 o pids 158 | E g £5 2
2l aaad Gpaadl (o5 Maial 4 55 £ L) 725 (5 sk g = g
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Solution

25% of working Americans expect to rely on Social Security for retirement income.

n=7, p=0.25, g=0.75, x=0,1,2,3,4,5,6,7
Ax=0) =,Cy(0.25)°(0.75)" = 1(0.25)°(0.75)" = 0.1335
Ax=1)=,C,(0.25)'(0.75)° = 7(0.25)1(0.75)6 = 0.3115
Ax=2)=,C,(0.25)2(0.75)° = 21(0.25)%(0.75)° = 0.3115
Ax=13)=,C;(0.25)3(0.75)* = 35(0.25)*(0.75)* = 0.1730
Ax=4)=,C,(0.25)40.75)* = 35(0.25)*(0.75)* = 0.0577
Ax=5)=,Cs(0.25)5(0.75)? = 21(0.25)5(0.75)2 = 0.0115
Ax=6) =,C4(0.25)5(0.75)" = 7(0.25)5(0.75)! = 0.0013
) =

Ax="7)=,C,(0.25)(0.75)° = 1(0.25)(0.75)° = 0.0001



Example

A survey indicates that 41% of women in the U.S. consider reading their favorite
leisure-time activity. You randomly select four U.S. women and ask them if reading

Is their favorite leisure-time activity. Find the probability that at least two of them
respond yes.

& el Juade Tl e jall 8 () Sd) sasiall Y sl L elall (e 9441 o) A sl jall (saa) s
ool o 3e ) all il 1) lae edlad 5 ) sdie IS Gl al ol au )l jliialy cudd ¢ jall culd
< ) SR o e B & OB ' 9

et DAY e agie ) Cumy of Jlaial as gl &1, il 5l 3 Jiadall

Solution:
- n=4, p=041, g=0.59
At least two means two or more.
* Find the sum of A2), A3), and A4).
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Solution

Alx=2) = ,C,(0.41)2(0.59)2 = 6(0.41)2(0.59)2 = 0.351094
Ax = 3) = ,C4(0.41)3(0.59) = 4(0.41)3(0.59)! =~ 0.162654
Alx=4) = ,C,(0.41)%0.59)° = 1(0.41)4(0.59)° = 0.028258

Ax>2)=A2)+ A3) + A4)
~0.351094 + 0.162654 + 0.028258
~0.542




Mean, Variance and standard deviation for
Binomial Distribution

* Mean: pn=mnp

2 —

* Variance: ¢ =npqg

* Standard Deviation: o = /npq



Example

In Pittsburgh, Pennsylvania, about 56% of the days in a
year are cloudy. Find the mean, variance, and standard
deviation for the number of cloudy days during the
month of June. (Source. National Climatic Data Cenfer)

n=30, p=0.56, g=0.44

rp’-\\ a;‘\ sl Sl jaadl) | s jed JOA A

(Aualid) iyl
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4.3 More Discrete Probability Distributions

* Find probabilities using the geometric distribution
digl) a sl alasiuly VLAY aa
 Find probabilities using the Poisson distribution

Ol 53 a5 aladialy VLAY ol



Geometric distribution

A discrete probability distribution.

Satisfies the following conditions:

1- Atrial is repeated until a success occurs.

2- The repeated trials are independent of each other.

3- The probability of success pis constant for each
trial.

4- The probability that the first success will occur on
trial x1is

, where g=1 - p.
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Example

From experience, you know that the probability that you will make a
sale on any given telephone call is 0.23. Find the probability that your
first sale on any given day will occur on your fourth or fifth sales call.

Cinyl10.23 » dadila Al (gl 8w dlae ol ja) Jlaia) Of alad el jad JUA (e
Assaall ol Ayl 5l el AallSa 0 gn 5] (A& (V) adl dilee &35 o Alaial (e

 Asale on fourth or fifth call) = A4) + A5)
« Geometric with p=0.23, g=0.77, x=4,5




Solution

Asale on fourth or fifth call) = A4) + AS)
~(0.105003 + 0.080852
~0.186




Poisson distribution

A discrete probability distribution.

Satisfies the following conditions:

The experiment consists of counting
the number of times an event, x,
occurs in a given interval.

The interval can be an interval of
time, area, or volume.

The probability of the event
occurring is the same for each
Interval.

The number of occurrences in one
Interval is independent of the number
of occurrences in other intervals.
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Poisson distribution

Conditions continued:
The probability of the event occurring 1s the same for each

interval. 5,2 o

The probability of exactly x occurrences in an interval is B3 S Audi g Sl g A Juaial

9o Loy b lauall doall & gas Jlaial

pe” O Ly L
x!

P(x) =




Example

The mean number of accidents per month at a
certain Intersection is 3. What is the
probability that in any given month four
accidents will occur at this intersection?

MIDOCEAN
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Solution

» Poisson with x=4, u=3

3%2.71828)73

P4) = 1

~0.168




Un Solved Examples

If in Binomial distribution n =32 , p=0.7 . g =03then Find mean « and
Variance o’and Standard Deviation o



Un Solved Examples

If in Geometric distribution p=0.2 ,¢ =0.8 then Find P (4)



Un Solved Examples

Number of rooms in the hospital is a discrete random variable



Chapter Summary

Mean of a discrete probability distribution = Expected value = f =2X P(X)

Variance of a discrete probability distribution 6’2 :Z(X—,ll)ZP(X)

Standard deviation of a discrete probability distribution



Chapter Summary

Binomial Distributions :
P(X)=Cyp*q"™”

Where; g=1-p

Binomial Distributions :
P(X)=Ctp*qm"*

Where; q = 1-p




Chapter Summary

Geometric Distribution:

Poisson Distribution:

P(X)=pq*!

Xp—H
Pix) =&
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