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: Review and Preview : f}!gl

probability distributions
dallainy cslay )y gill
Probability Distributions describe what will probably happen instead of what actually did happen,

and they are often given in the format of a graph, table, or formula.
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Combining Descriptive Methods and Probabilities
- oLyl § odoo sl gl 9 gall e gadl

In this chapter we will construct probability distributions by presenting possible outcomes along
with the relative frequencies we expect.
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each outcome.

P(6) = 1/6
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: Random Variables I_uu

Key Concept
(oeuipll 2 gl

This section introduces the important concept of a probability distribution, which gives the
probability for each value of a variable that is determined by chance.
AJLaY ! g5k e sasand Gl il Lagd S Jlaia ) gany @31 Liad ) @3sill Lola Laggdo anis acadll |in
Give consideration to distinguishing between outcomes that are likely to occur by chance and
outcomes that are “unusual” in the sense they are not likely to occur by chance.
oo ol LT (smay "l a3 @l JLain¥ | By e Saad o Jaiadl e o3 @bl o Sasadll 0 el
Jlaayl Bk e Sams o gasll
The concept of random variables and how they relate to probability distributions
ALy Slagsilly (el | 48y Lilsutiall ol aseds
Distinguish between discrete random variables and continuous random variables
Byaieal | Lslgtiall ol yuailly dlendil | 4 sutial | &l yailh ca Suaadl]
Develop formulas for finding the mean, variance, and standard deviation for a probability
distribution.
LAY auyel 6 kall Cilasy bl dacggitl slasy oY alaall ek
Determine whether outcomes are likely to occur by chance or they are unusual (in the sense that
they are not likely to occur by chance).
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Random Variable Probability Distribution
@) guiiad) yaRil) S Laiall aay s

“ Random variable :
a variable (typically represented by x) that has a single numerical value, determined by chance,
for each outcome of a procedure.
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. Probability distribution

< Probability distribution :
a description that gives the probability for each value of the random variable; often expressed in
the format of a graph, table, or formula.
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Discrete and Continuous Random Variables
3yaicull g dliadil | dasl gulindl sl il
 oilgaball L3l ¢ Ll
1. Discrete random variable:
either a finite number of values or countable number of values, where “countable” refers to the
fact that there might be infinitely many values, but they result from a counting process.
48 ] dhida o) i "aall " Eaa caadll e ygane Jae g il o ggane sae JS T JELLL o) Juadil] ((Slgall yuaill
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2. Continuous random variable :
infinitely many values, and those values can be associated with measurements on a
continuous scale without gaps or interruptions.
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Graphs
031 daibaadl o geuydl
:? o2 | The probability histogram is very similar to a
S relative frequency histogram, but the vertical scale
E shows probabilities. .
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Requirements for Probability Distribution
@laiayl aa)gill Glallaioa
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where x assumes all possible values.
“ Lyl LIS ddilge mais sy lia 1.001

P X J o, daad KT
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for every individual value of x. ~ ~='77*= sl wﬁﬁiéﬁ;ﬁ::
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Is Table 5-2 a probability distribution?
X 0 1 2= B No

P(x) [0.19 026 033 0.13

Table 5-2 Cell Phones per Houschold

Vurmbeor of Fhas withk

EXAMPLE 4 X "
Does Plx) = m (where xcan be 0, 1, 2, 3, or 4) determine

a probability distribution?

+
For the given formula we hind thar 7(0) 0/10, (1) 1/10,

P(2) 2/10, P(3) 3/10, and P(4) 4/10, so that
0 | ) 3 4 10

. 2P + — + — + + 1
1() 10 10 10 10 10

2. Each of the m\ulnrs is bertween 0 and 1.

Because both requirements are satishied, the formula given in this example is a prob-

ability distribution. B d
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Mean, Variance and Standard Deviation of a Probability Distribution
Y Laial ! aa) el solaadl Sl 9 Gabaill  Jacgilf

s omlgdll
ITED> [X- P(x)] Mean LlSa ] 8 g i daadll sue D MeE@N

a8l aadll sae oY1 L8l variance J!
o’ =2 [(x - )’ P(x)] Variance L oYLaY] sue 58 g peie ol
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o=3[xX-Px)]-p’ Variance (shortcut)
. variance J! Ul 6l ,is 8D JI

o= MZ [x?.P(x)] —u? Standard Deviation
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Roundoff Rule for x4 o, and 672

Round results by carrying one more decimal place than the number of decimal places used for the
random variable x.
If the values of x are integers, round p, o, and ¢ 2 to one decimal place.
X ollsiall Huiiall dandiial | &yl l J3GL sae oo 5yt anly OlKa oo ST Jand (il dlgall milis
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Identifying Unusual Results Range Rule of Thumb

According to the range rule of thumb, most values should lie within 2 standard deviations of the
mean.
caggiall bl ) SLELAWT e 2 es @85 o addll abial i range rule of thumb sae Gl ’l:q_aj
We can therefore identify “unusual” values by determining if they lie outside these limits:
» Maximum usual value = y + 20
« Minimum usual value = y—20
2 agandl @ Ll osiias 1830 131 L Byad (b)) andll wand LiSay GG
o, ST 4l 3l5
7 oLyl ayaa) alll Jaas 5 prplall IS SR L duall Wl il fsils .

Identifying Unusual Results Probabilities
- ddlinia ) G laia) il saaad

Rare Event Rule for Inferential Statistics
If, under a given assumption (such as the assumption that a coin is fair), the probability of a
particular observed event (such as 992 heads in 1000 tosses of a coin) is extremely small, we
conclude that the assumption is probably not correct.
- gobaa¥l JY il Halll saall sacls
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Using Probabilities to Determine When Results Are Unusual
« Unusually high: x successes among n trials is an unusually high number of successes if P(x or

more) < 0.05.

« Unusually low: x successes among n trials is an unusually low number of successes if P(x or

fewer) < 0.05.
il oS8 bl e wusdl ¥ Laiay alaaiol

Expected Value
. dad gil | daadll
The expected value of a discrete random variable is denoted by £, and it represents the mean
value of the outcomes. It is obtained by finding the value of = [x = P(x)].
E=3[x*P(x)] —> sl
] s s ST il 5 B o Ll o saaill (o3lsatiall il J aasil] <nidl
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: Binomial Probability Distributions Lt

Key Concept

This section presents a basic definition of a binomial distribution along with notation, and methods
for finding probability values.
AILia Y adll alag] G ykg <l (I LAYl cpandl 63 gl ornlead | iy sl adll 1ia (250,
Binomial probability distributions allow us to deal with circumstances in which the outcomes belong
to two relevant categories such as acceptable/defective or survived/died.
Aleall &3 ptis o) ooatis Ll (31 iglall as Jalaill B grans cpasdl oI5 llaia¥ | clag il

Binomial Probability Distribution
RYREN [RUIRT PSRN U FYret]

ag Abinomial probability distribution results from a procedure that meets all the following
requirements:
1. The procedure has a fixed number of trials.
2. The trials must be independent. (The outcome of any individual trial doesn’t affect the
probabilities in the other trials.).
3. Each trial must have all outcomes classified into two categories (commonly referred to as
success and failure).
4. The probability of a success remains the same in all trials.
D diuae bagyd ol lillaie ol Gasdl SI3 G Ilaia Yl auygall chay ! daghs
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Notation for Binomial Probability Distributions
Oaadl 13 edlaiayl 2 gill jga,ll

S and F (success and failure) denote the two possible categories of all outcomes; p and g will
denote the probabilities of S and F, respectively, so

P(S)=p (p = probability of success)

PF)=1-p=q (q = probability of failure)

CF 5 S JeVisM Gegin g s p J) e gl JS e aiae i e J5 (Js) 5 i ) F 5 S J
el sl =p d
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: ( Notation) jga,d/ dlass

n denotes the fixed number of trials.

X denotes a specific number of successes in n trials, so x can be any whole number between
0 and n, inclusive.

p denotes the probability of success in one of the n trials.

q denotes the probability of failure in one of the n trials.

P(x) denotes the probability of getting exactly x successes among the n trials.
L oylaill e sans sae (e JSn I
N 50 Onmmas sae $T X 0sSs Of oSa elldl i il 8 slalaall e (pae sae (ode S X JI
N plaill e Banly o Tl Jlaial e Joy p J!
N ol e Baaly od Jidll Jlaial (ole Ju q JI
N el G bauall x dlaladll e Jsasll Adlaial Je dy P(x) J

Important Hints
. dagoe Glaals
“* Be sure that x and p both refer to the same category being called a success.
Tl a3 S i 1] s Loa¥S P 5 X o 4 Lt ¥ Lo
“ When sampling without replacement, consider events to be independent if 7 < 0.05/V.
. N <0.05N =il 15 alitie 65 Eaall Thai o Jlastl 5 ope oliall 32

Methods for Finding Probabilities
- OYlaiayl ol Hgandl @b

We will now discuss three methods for finding the probabilities corresponding to the random
variable x in a binomial distribution.
ol $3 ys o X @Slsaball yuaiall alilall of dilall ¥ Laa¥ ] alany 3ok &0 ¥ Jasls Cige

Method 1: Using the Binomial Probability Formula
L Cpaadl GIA G laiay ) dhaws aladlicl 1 gy di ylall

— ! - <— . (sadl &l Jlaiadd Yo, 9ddl () oald

P(x) = (an. px . gnx ) J SECISTY
forx=0,1,2,...,n oyl sae n Yl
where il sl sae x JI
n = number of trials Lyt Y calill Jlaal p J!
x = number of successes among n trials 5Tl bk a3 ¥ Jaslill JLasal g U
p = probability of success in any one trial -V oaslip gl

q = probability of failure in any one trial (g =1 — p)
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Method 2: Using Technology
- Al aladdiegls 1 bl diy ylalf

STATDISK , Minitab , Excel , SPSS , SAS and the TI-83/84 Plus calculator can be used to find
binomial probabilities.

Num Trials, n: 5

Success Prob, p: 075

Mean
StDev.
Variance:

PG)
0.0009766
00146484
00878906
02636719
0.3955078
02373047

O lwol-o x

3.7500
0.9682
0.9375

P(x or fewer)
0.0009766
0.0156250
0.1035156
0.3671875
0.7626953
1.0000000

P(x or greater)
1.0000000
0.9990234
0.9843750
0.8964844
0.6328125
0.2373047

0.000977
0.014645
0.087891
0.263672
0.395508
0.237305

MINITAB—>

<—

STATDISK

<— EXCEL

TI-83 PLUS
Calculator

opandl 13 Jlain ¥ alayl gabiod golydl @ia

X P(x)
0 0.000977
1 0.014648
2 0.087891
3 0.263672
4 0.395508
5 0.237305

F
e

L L P gt L

Method 3: Using Table A-1 in Appendix A
J9aa aladival : Al dly yhall

Part of Table A-1 is shown below. With n =12 and p = 0.80 in the binomial distribution, the
probabilities of 4, 5, 6, and 7 successes are 0.001, 0.003, 0.016, and 0.053 respectively.

0.80

~N N D A

\ 4

0.001
0.003
0.016
0.053

X | p
4 0.001
5 0.003
6 0.016
7 0.053

- oyalls Jsaadl oo o3

13 Jlial 5 0.80=p 5 12=n |
VJKJOJéQYLA:AYIJ¢C)fJA.”
0.001, 0.003, . JIsill le <anls
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Strategy for Finding Binomial Probabilities
Cpaadl elaia) e ) giadl Al il

% Use computer software or a TI-83 Plus calculator if available.
« If neither software nor the TI-83 Plus calculator is available, use Table A-1, if possible.
“ If neither software nor the TI-83 Plus calculator is available and the probabilities can’t be found
using Table A-1, use the binomial probability formula.
58 sie cilS 13 TI-83 Plus calculator s i sl zal 5 alasial
LS @l 13 (A1 Jsaall axsind 7l T1-83 Plus calculator ¥ s g f oS al 13)
Lapa aadin) A1 Jsaad) alasiuls Lele ) sied) oSy ¥ Va5 ~Uie TI-83 Plus calculator Y s gl sl ¢S al 13
Al Jlaal

Rationale for the Binomial Probability Formula
- Omaadl 13 Jlaliay ] ddaw J ellaal | Gl |

o8 iz i Lo iVl I el

Moy sl
Number of The probability of il i 3,YL ol 3l
outcomes with X successes
exactly x among n trials for
successes any one particular
among n trials order

: Mean, Variance and Standard Deviation for the Binomial Distribution :L..‘IJ

Key Concept
eyl o ggall

In this section we consider important characteristics of a binomial distribution including center,
variation and distribution. That is, given a particular binomial probability distribution we can find its
mean, variance and standard deviation.

sl D s 1iag . adsilly coalalls «3S5m elld o Loy cpandl (63 aysill deagh! paibaasll s oas andll Iia o8
Skl syl Ll ¢ dasill (gl a1 oS e cpaaadl (83 sdlaia Y]

A strong emphasis is placed on interpreting and understanding those values.
el S agdy saeudi (ple 558 5550 guds ay

BY : ATHA ALGHANMI . 12 of 9



For Any Discrete Probability Distribution: Formulas

Mean p =2[x+ P(X)]

Variance ot =[Z X2+ P(x) | - u? "Probability Distribution Formulas ¢plss"

Std.Dev o =M [S X2+ P(x) ] - p2

Binomial Distribution: Formulas

Mean M =nep
Variance o’ =ne.p-q
”"Binomial Distribution Formulas JI cxi/ss*

Std.Dev. ¢ =\/nep-q

Where
n = number of fixed trials
p = probability of success in one of the n trials

q = probability of failure in one of the n trials

Interpretation of Results

It is especially important to interpret results. The range rule of thumb suggests that values are
unusual if they lie outside of these limits:

Maximum usual values =y +2 ¢  rangeruleolJimlill emdioddl o
Ol ga adll ) I st thumb
Minimum usual values =uy-2o L apandl 55 o5 il 13l

1] '""'C{Jbﬂ|&s\§&|‘)u¥|o|@“
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: Poisson Probability Distributions :5|‘,.“\Al 9 Lwsla

Key Concept

The Poisson distribution is another discrete probability distribution which is important because it is
often used for describing the behavior of rare events (with small probabilities).

oY laial ae) §ulill &laa¥l dolis hingh andiin Lo LIL <Y ago yol g9 Juadio Jlaial AT aa355 54 POISSON au)ss
(803

Poisson Distribution
The Poisson distribution is a discrete probability distribution that applies to occurrences of some

event over a specified interval. The random variable x is the number of occurrences of the event in
an interval. The interval can be time, distance, area, volume, or some similar unit.

58X oSlsatie Huaill Basas 4410} 8,38 PIA Slua¥l jaay Sgan ole Gt (3 Jeadill Jldal &35 54 POISSON @63
Aliles Slang aay ol caaally daladls Wleally wdgll 55 o oS gia)ll Jealdll 038l o8 Saall 13a o Ealgall sae

Formula Lol

P(x) = IJ’)‘(_;e"’ where e ~2.71828

Requirements of the Poisson Distribution

Lo gyl

“ The random variable x is the number of occurrences of an event over some interval.
« The occurrences must be random.

“ The occurrences must be independent of each other.

“* The occurrences must be uniformly distributed over the interval being used.

Sl pamy gle Gaa Eolsall sae ga X (Slgdie uaill
Al gadie Galadl 6K 0T s

oanll lpaas e Uaiins Guladl 56 o as
oanieall 5538 gl dnge JSi § 355 o cons alall

Parameters
**» The mean is p.
H .Poisson Distribution J! Jxlse
. standard deviation s mean J!

% The standard deviationis ¢ = \ﬁ .
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Difference from a Binomial Distribution

il

The Poisson distribution differs from the binomial distribution in these fundamental ways:
“ The binomial distribution is affected by the sample size n and the probability p, whereas the
Poisson distribution is affected only by the mean p.

“ In a binomial distribution the possible values of the random variable x are 0, 1, ... n, but a
Poisson distribution has possible x values of 0, 1, 2, . . ., with no upper limit.

nslea¥ ] 35kl sda (o8 aanll 63 guiss e iliay Poisson g

M busie oye L POISSON quisi Sl cns b P Jliinly 11 ana s paall 63 s 3G

(2 10 oo TSl X ans sl Poisson auyss oSl (1) .. .0« 1 (X) oSlsduall yuifiall Tl andll cpaadl 53 a8
(oY sl ygngane aac

Poisson as an Approximation to the Binomial Distribution

The Poisson distribution is sometimes used to approximate the binomial distribution when n is
large and p is small.

o D 5 S 58 N Losie gl 13 4385 il Gl Gseslsy d2)s5 paiio
Rule of Thumb :
<»n =100
< np=<10

Poisson as an Approximation to the Binomial Distribution - y

If both of the following requirements are met,
< n=100
“ np=<10
) a4l sl aadial ¢ Jsd ol all Caiag 1)
then use the following formula to calculate v,
Value for p
H=n°p

END OF CHAPTER 5 .
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