Bes&m Demirdoven — 20240608024
MATH 236— [STATISTIK

=3 Pogulai-fon.: The collection of all items of things under considetation-:
G Tﬁrﬁﬂe‘de yaplan sewimdebl -thm seumealer (u, v, e)
=3 Sample * A poction ©f the population  selected for analysis-
S ’l‘firk.ise‘de yapilan sewimdeti éj'rend Slan bum seamenler (,ﬁ, 3‘2, fa‘) _

- —> Pacameter: R Summary measure that descibes 3  charactecistic

of the (populaian® —> M, v ... - bualar paametredirler. ( Populasyon daellivteri)
=3 Statiskc : A Summacy measure  computed from a sample to descibe
3 characteristic Of the population -

A A i 1 @ . .
O M, V.. bunlac igtatigtiklerdir- (Sample o2elliciect)

¥ Amag sample*lann istatistiklert kullanask. p
- parametreledne  ulagmakhr:
Descriptive. Statishcs Lnfecertial _S""’"f"*f“'s
(Tanimlayict TstatisHE) ' | ' ‘ ' ' —(Gikarimsat \statishk)

—5 CollecHing dats (Suwvey) -2 Dr afumg. c?nc.hs:ons and {w.

Summaclizi data (sample mean) m-d.klﬂs deusions cgf\cgmlnﬂ
T A pe ' & populstion based only on
- Preserting data (+ables, gcaphs) ple. data.

4 es-l—i‘ma+£o5
- 2) H-cd'poudesi'«: Test rz'-‘.j. '

1) ESTEIMATION (Tanmin):

- = Estimate +he populdtion mean ~weight  using the sample
mean weight: -3 (5rne'3in,. sample ortalama agugt kullanacak
.popﬁlasaon of+alama. BSIfllglm _fahmin  etmek - |

2) HYPOTHESIS TESTING:
- Test &he claim +that the population mean weight is

140 pounds -2 d'rnegin , nufusun . or+dlama. agtrltgmm 140 _;nund
_ev(dugu TddTasint  test etmet - |



¥ TYPES of SAMPLES = USED.
4) Nonprobability Sample . Ttems included are chosen without

~regard to their probability of oOccurrence.
Danil edilen ftem'lar , dma Olasidiklar; dikkate aunmadan secili.
2) Probability Sample . Ftems in the sample ace chosen on the

basic ©OF known probabilities-
G Numuneder: wtem’lar , dma Stasiliklar  dikkate alinarak sedilir-

Non-Probability Probability Samples
Samples |

| Simple Stratified
Judgement —(Chuak) Random
Convenience

( Systematic Cluster
el Quota y

use enperience
to select sample X

3 use etements

nnch;mnit&t:uL — mos+ available.
Samplirng = @xcept NO | angisi kolaysa O
- Ra e sample. v séamez.)

% PROGARILITY SAMPLES:

1) Simple Random Samples: Ev.erﬂ_ individual oc¢ tem from the frame has an

e.quaL chance of bei's selected: (Her bir Bg'en'min bir topluluktan seqilebilme
saast egithr:)

- 2) Systematic Samples: Sample size’s belile (n) . Bu popilasyonda (N) adet

birey lbulunsun- Bu toplulugu n ve N dejerlenae gore (k) adet grubd biL-

Bir bure.an fandom Olarak 4. gruptan sea. | n=

Le Kk _kadac gcuphan bu bue&len Seumeye devam et



3) Stratified Samples: Divide population Tnto two or more subgroups
Ucalled 'strata) according to some commen characteristics:

(‘9. R simple random sSample is selected from each .subﬂmup, ‘with
Sample <sizes proportiondl +to strata sies-
t Samples  from Subgroups  are combined into one-

ropuaio B UL
e R =i
strata : _ TR *WW*

Sample

Liune )
4) Cluster Samples . Populakion is divided into several “clusters”,

_ each represu-l-a.-iive.. Of the population -
_(9 n simple random samPle of clusters is selected-

Population .:. .

divided into S 1 P
16 clusters. Randomly selected
clusters for sample

= DATA SOURCES:

v —— [ Primary Second'ar_y il PTW
| _Dm_l,ob:lp.mq& Data Collection Data Compilation bua individuals
fom research(s) S tskibutions
| *'LOTGTT_P:;‘.?"‘T‘W( Print or Electronic for variouS
@lg]% i - >
Observation 8urvey P:ﬁ:\ise e
= Rithough +the = |
low , the data Experimentafion = Recol polts,
s dats, [ Ewwimengton | speic, rorrt, e ‘2.35:“
ca.n be. Coﬁ"l"lj and ﬁ“ S+tatistics - requirgs r
- tume cmsm‘u‘rg- Shnﬂr—-liﬁl&i
its I‘ehablﬁﬂ'g
s  low:

o TYPES Of SUuRYEY ERRORS :

A

Var olan a2 Qauplar topluluktan cikariimigsa  ve bir daha hig sedilme haklan wksa



-> Non Response Eccor or Bias:

(_’ Cevap.verme.ﬂmler. . ¢Rvap verenalerdea farku olabilir- |

=) &amp.lmg Ecror .

_C, Sample*dan sample*a aesitlilic  her 2aman 8lacakhr.
- Measurement Ecror:

(.’ Sorunun sorulma Setiinin 3anus_h§|,. cevaphaki .Sanhs,hklar, survey ya pan kigtnia.
cevaba Olan e&Hesi -

-5 SuRNEY STEPS:

Design |

. Sdm?:?‘e

1) Define Purpose —— 2) Design Questionnaire —> 3) Select Sample. T;!Pg,.
4) Collect data —> §) Prepare data (&8e) — 6) Analyze Data _—

) Interpret Findings —> 8) Report Results

— VARIABLE : A variable is a  specific characteristic (such as age or weight) of

an individual | or okject: (Income, \oHng Rate, GPA, Gender, occupation)

Variable —> Values of the
 variables are
[ 1
Categorical Numerical
|
| |
Discrete Continuous
T Rge 5 gz Volume
(Defined categories or I r
groups) ;
(Counted items) (Measured characteristics)

- Dot s etlositred linal L

1) Qualitave Data: Cannot be expressed ,hﬂ numerical values. Categories are

I I used ko describe.
2) Quantikative Data: Can be obtained by caunting oOr measuring and expressed

b3 numerical values.

¥ NUMERICAL MEASURES:.

fiable *lari tanimlamanin ki fafcl

| +he purpgse of a measuce of
lecation is to pinpoint +hne
center of a distiibution of datha.

| dotu vardsr -

4) measures of Location: average, mod, medyan

2) Measures of Dispersion: Standart devision -3 Datalana nasit wauldidiar  aosterir.



9k
N
® W
o
o
el
o

i:q-_
4. I | 3 leisinin | average': aym ancak
. *1 _ _ _ | | J(spt#si’od Mae Fnrl'.hs ngu'm_in
- 37 dava iyi ®dujuna daka fazlq
4. ' ' data e wulasini- -
%e

=2 MEASURES of LOCATION: The Sample Mean and WMedian

- ARLTHMETIC MEAN:

- |\f the data set is the entire population of data , then the population mean,

M, is a _pacametec given by

= A | /pogula-lf'con values
Xt VN~
average o o = 2 4 ehtoduy
o | 1=
_ population N N > poPula.-hon.s:ze

=) If the data set is from a sample , twe sample mean X (X'bar), is a

. StaHs+ic d‘wen b3 :

n
z Xi _ /’ Observed values

average &t X= 2t = XatXpt..o.tXaof 0000
of sample n n —> sample size

3 Arithmetic Wean , extreme value'lardan ve oOuHier™ \acdan etkilenir.

0000 . 9000 £ et tapep dagec)
0 I 01 2 3 i 56 7 8 10

Mean = 3 Mean = 4
1+2+3+4+5_1_5_3 1+2+3+4+10_@_4

5 5 5 5
3 The sum of the deviations of each value From the mean s 2e. Expressed by:

1= (x-%)=




- MEDT AN -
= The (medtan is the imiddle oObservation of a set of ouservatons
that are arcanged Tn increasing (or decreasi‘ns) order-

- Not+ affected bS extreme values.

??2’% 2000 [ B
0 I4 6 7 8 9 10 u12i4567391o

Median=3 Median = 3

X'Lneti)./_z.. ., if nisodd

}

M (Xnnt "z.nh.._-;-j.) , ®onis mn!

- QUARTILES !

=3 Quartiles split the ranked data into 4 _segme.nl-s with an equal number

of values per segment.

f 25% 25% 25% 25% 1
The first quar-l-ﬂt’.\ T Only 25 ¢/s of the
B4, is the volue Q, f observations are
for which 25% of greater than the -
the observations are third quaﬁ-ﬂe
- smaller and 35 ¥ are == |

Faﬂ'- Q2 is the same as Qsz= Oasf.r‘t-n-‘l)

= [ Py e the median (50 % | >

s e ————1. m
are laraet) m:,c:zz gﬁ_ o

|Q_.‘,_.-. Q:.s'o(.jn-l-*l})_

Gmmgle:



Sample Ranked Data: 11 12 13 16 16 17 18 21 22

\> verilerdn 9e25°;

Q, =isinthe (0.25)9+1)=2.5 position| of the ranked data - bu degerin|
so use the value half way between the 2" and 3™ values, Ql'l:lﬂdﬂ ‘YO IS bu ertn

| | ustinde kald:-
so Q, =125

=2 MODE: (En wok tewrarlanan deger)
% Value that occurs wmost often.
¥ Not affected by extfeme values

¥ “There maa be no mode- . | | |
bu durumda 2.
¥ There may be several;“.—/" e AL
EE ST N SUE R SR B Glir.

No Mode
Mode =9 .

% Describes how data are distfibuted:

. edre
Left-Skewed Symmetric Right-Skewed

Mean < Median Mean = Median Median < Mean

AN N I

unide ¢ l-) Normal l9 nelinyc

i e L (n. ,f: :g:,:“‘ w:: etxg;m 3:3:;
kistnin dasuke i) | ! _
aldgt anﬁ‘:n ﬁkﬁal durum.

- VARIABILITY: (Gesitrlt)

# Vaoriability indicates how Spread out the scores ace-

o When there are Llarge differences among Scores , the data are Said to

contain  a (ot of \{atfabflria-.

_ Consisten s th osite. Of +&he vafiability:
* (.fu+arl|.|u:.) I e oppost iy

- Distdbutions with the same mean, may
Yhave different vannbu‘ldu
'+ 9,2,6,40,12
+%,3%,6,5,4
* 6, b,.b.6b,6

High variabilff_g Low variabili
—tow predictability —— High predictability



= RANGE
¥ The greater spread Of the data from the center of the distibution , the

l.arger range wil be.

% Difference between the largest and the smallest Observations -

l ;f ‘ i : outlier oldugu 2anman

etkilenir.

Example: % ? Disadvantages :
@ @ 8 @) O 8 © O _
123456789 10 11 12 13 14 . ﬂnngtuh_m_mlwldtam

?Mcﬂf Qutiter leusu durumda
Range=14-1=13 : rmat—amﬂmw

Bu durumdan kacmak iain daha |
artan veya azalan sekitnde.

@ |aﬂ0f¢$. the way in which data are . . _swalanir Y&  gutlier olan
distiibuted: dejerlerden birkac: akarths
e o 0 o o o .!—.I_l_!_
7 8 9 10 11 12 7 8 9 10 11 12
| Range=12-7=5 | | Range=12-7=5 |

B 1

@ Sensitive to outliers:

1,111,11,1,1,1,1,1,2,2,2,2,2,2,2,2,3,3,3,3,4,5
| Range=5-1=4 ‘

1,11,111,11,1,1,1,22,22.2.2.2,2,3,3,3,3,4,120

| Range=120-1=119 ]

2 INTERQUARTILE RANGE:

% Can eliminate some outiter problems by using the interquardile range.

¥ The interquackile range (IGR) measures the spread in the middie G0%e of
the data.

% Eliminate high-and low valued  observations and cakulate the range of the

middle So% of the data-




= VARIANCE

- =3 The average of sum of squared terms is called the vardance-

= The sample vadiance , denoted by s* is given by -3 Each value in the

data set s used
: n-

“inthe calculation-

 standart
' devision_
Example:
In an example discussed extensively in Chapter 10, an engineer is interested in — { Ej'ef F’Pﬂ‘d‘hﬂﬂ {
testing the “bias” in a pH meter. Data are collected on the meter by measuring des i ot
the pH of a neutral substance (pH = 7.0). (A'sample of 8izé 10 is taken, with results formuldau

given by

-t.u-“ﬂﬂlfdlk-- Buny -
tullanmak icin de

7.07 7.00 7.10 6.97 7.00 7.03 7.01 7.01 6.98 7.08. M'yi Tl olaml

The sample mean 7 is given by | ' POl |
12 ]
2 X
Roa bt = 3025 _ 2,025

10 10

S R
. - 1
s22 2 (xi=X)" . (3.0%- 2.0+ (=230 + - —. _+ (2.08 - 3.025)*

Y

L 40+1 | | | | | | | | -3

=) GrRAPHICAL SummARY
1) Scatterplot

2) Steam and Lleaf Display
3) Histogram

4) Box Plot.

1) SCATTERPLOT:

(it ?legisi:enﬁ)
¥ Oata for which Ttems coasist of a paic of values is called bivariate-

% The 3mphi'c.nl.. summacy for bivariate data is q scafierplot:

80 | - r“m—a. ; _#W .! Uﬂlﬁﬂl |

; . ve bunlar arasindaki ilistiyi dlamek
] S R = C LT
£ . ; linear : y=a-+bx |



Yield Su
88
.-
' L]
v;
E:
E
B
.
&
+

"“l;. H:l_‘ . “II‘II:I-I L nllhh 0.08 x vye 3\‘“‘;“
Nitrogen Coment (% ] ] ] | ] ] ] | non - l: e |
bir \Tskrsi

vardar-

Cotton Percentage Tensile Strength < 2F x
15 7.7.9, 8, 10 —7% g=ax=
20 19, 20, 21, 20, 22 g "
25 21, 21, 17, 19, 20 5
. : 10+
30 8,7,8,9,10

v

1 L 1 1
15 20 25 30
Cotton Percentages

| (7 en faz2la ilk iki bosamak alinir.
2) STEM and LEAF PLOT

=) €ach item i the sample is divided iato +wo parts i a Stem , cansisting
of the leftmost one or two digits . and the leaf , which consist of

the next digit: | | . | | | . | | | . - sTEM | LBAF
100 | || | |
Stem Leaf Frequency 4ol 10  |0as.9
I S N 1 69 9 4.6 — 1.9 2 105 || |
2 25669 9 2.2 = 2.5~ 2.b—2.b- 2.9 5 1‘:3 L4 | 3,8
| ‘ | ‘ 3 0011112223334445567778899 25 113 “
| f—‘/ 4 11234577 8 |
L) Er,29) 41-41-4.2-4.3-44-45-43—4.3
(3 <
oy [es,3) N S N S S (S S S S — — —
i A g O B B B R DL
[4,0)
— Stem Leaf Frequency
1- 69 2
2% 2 1
2- 5669 4
3% 001111222333444 15
3 5567778899 10
4% 11234 5
4. 577 3

=3 FREQUENCY OISTRIBUTION

% A frequency dis¥ibution is a list of a table...

%! Use at least S but no more than 15-20 intervals CRULE 1)



3 | Intecvals never ovedap-

Example: A manufacturer of insulation « Sort raw data in ascending order:
randomly selects 20 winter days and records | 12,13,17, 21, 24, 24, 26, 27, 27, 30, 32, 35, 37, 38, 41, 43, 44, 46, 53, 58

: : . ie L7 kullanarak
the daily high temperature « Find range: 58-12=46 i:n . Tk
* Select number of classes: 5 (usually between 5 and 15)
; ; ~ength of each interval
« Compute interval width: 10 @6/ then round up)

data:

24, 35, 17, 21, 24, 37, 26, 46, 58, 30,

32.13. 12. 38. 41. 43. 44, 27. 53. 27 * Determine interval boundaries: 10 but less than 20, 20 but

less than 30,..., 60 but less than 70

Data in ordered array:
112,13, 17, 21, 24, 24, 26, 27, 27, 30, 32, 35, 37, 38, 41, 43, 44, 46, 53, 58

Int | v Relative P
nterva requency | equency ercentage
10 but less than 20 3/10 +—2.15 15
20 but less than 30 6/20 —>.30 30
30 but less than 40 5/t0 —>.25 25
40 but less than 50 4/to —2.20 20
50 but less than 60 2/20 3.10 10
Total 1.00 100
S kol sample.

- HISTOGRAM:

> R graph of data i frequency . distibution is  called a histogram..
9 The iatervral endpoinis are shown ©0n the horizontal oxis -
-9 The vertical owis s efther frequency ), relakiv

Interval Frequency

Histogram: Daily High Temperature

10 but less than 20

3
20 but less than 30 & 7T
"EI but Ir.-s_ fi!n 40 5 6+
40 but less than 50 4
50 but less than 80 2 - 5 - SMPG * |
Q -
_{ S 4 distcibution‘a
=]
) 31 ~ ou sekilde
Vw27 1\ wasin
1+
(No gaps 0 * . : . - | -
between 0 10 20 30 40 50 60 70
bars) Temperature in Degrees .../
Class Class Frequency, Relative | oars; —

Interval Midpoint f Frequency f;‘: u_z\ witon
1.5-1.9 1.7 2 0.050 e '
2.0-2.4 2.2 1 0.025 ‘.

2.5-29 257 4 0.100 =

3.0-3.4 3.2 15 0.375 Z o128 -

3.5-3.9 3.7 10 0.250 = |

4.0-4.4 4.2 5 0.125 | \-_-
4.5-4.9 4.7 3 0.075 ! 1.7 22 27 a2 37 42 a7

Battery Life (years)




AR LU

Normal 0Tsicibution ex‘:amﬁal Distcibuiion

3 Box and WHISKER PoT or Box PLoT

-3 A borplot is a graphic that presents the median , the first and
third quartiles , and any outliers  pcesent in the sample.

: ._@_'—7 elimizde 100'in
— lsHinde ‘alan
Largest data point within

#” 1.5 IQR of the third quartile 1S x TOR |outiyer- |
Third Quartile S J'.Q.ﬁj:s" (Q3-[@4)
- - 1) 'tL / de 1 —*—g—%— -
3):3::{:‘. bunw e Outliers

| bulunur
bulunuf
F‘irﬁt Quartile 4-—L sI@
Smallest data point within — ~m
1.5 IQR of the first quartile > S ééa | |
elimizde 30‘un

alinda kalan
| ouwther|

- DEFINITION OF A RANDOM VARIRBLE

- A rondom wvadiable 2assigns a numerical vawe to each

outcome. iTn 2 sample Space
(Ras{&eje. sucecledn soaudladmn  geccel sa.atla:la es \es4iriimest)

- Bir owsik dejen degildir. X,4,2 gbi  buyile hacfler e
tanmlonwr:

Ayt Olashk Da‘ézlum ( Disceate Prb.)
._<:)’ Sucekl Qlasdie Oog’tltmm (Continous P:q\p.)
vacso discreate

_a“"‘- ﬂt‘iﬂ“ Degisken: @i seyletn sayisidic. (The numbec of....)
(Discreate Pco\o 0“5‘\‘(;\)&1‘!.00 ;.;.n.

gatehiln
% Bir para 3 ke A Twa, gelmermin X=%o, 1,2, 3]-
a-h.h.aod‘ Soy.s) m“‘{\ ' e

fere T
Heimar gel kit 51&-(

. f black
¥ 4white 6 @lack B el on et €

balls.
balls Tn 3 bax: Two ,mw
balls 2re selected Plww) = P(x=0)
a; = P(ewor wg) ;—P(A:l) X= io,l. t!l

P(—GB) = pu‘:-z,) al.lmll




Bic r ke 99 melein . —
C‘ ;h:tgorl %‘> ( ‘03?:‘ “ ) : 3”{%%1}

Surekli !ﬁs}aﬂe 025&“0! Sotlslomnl‘-,nf\ ducumlag at bir
(contiaous Prgb. OTsYGbutions) aydie

- bic geyin Surest the of---
— %ot §ein wattedart u’mw*d &Ma mlihau.ﬂ
* laex< 3

5 ytto

S5 X the number of defechve products Ryl
D X'\ the number of CovID-19 cases Tn Turkey (grr:&a@
- X the number of deaths M Tulkey OistcTbutions)
- Y, the weight of newban baby
9y propochon of the defective producis Surekdt
n a production line (Continous
D Y. duntion of gquacantae becuse of Z‘i‘::tfau )

the paandenwc

% Raadom wvocwable bir feak. ou-ij« Tadn A'in deger amlgindan
(pq_.\ae_) bahsede biliak -

« X'in dager \umesi =) Roge (X) oc Ry

Example .

A batch of 500 machined parts contains 10 that do not
conform to customer requirements. Parts are selected succes-
sively, without replacement. until a nonconforming part is
obtamned. The random variable 1s the number of parts selected.

X ¢ #F numbec of pacts sclected

+ 490 conform
e 40 not+ wafoim

R ® 1023 00c00mm , 490, 491} (Discreate Random Sample)
hep coaform L_) 490‘a kadac Socuasuy
Secicel © sewebilr. 49, \esia

duden Lile noa - confocm  olma ke
bagladt 2omands, Wl V& @ Wmaq
[= T VT

D CAUMULATIWWVE DISTRIBUTION FunNncTION (cdL)




(Disceate)

kesikli olasilik

b, Letiate d

f(x) “den
£x) dogtimy w’z - l Bk G
siretli olasiik. | Fx) ile yautan
Lum e b foaksiyonduc

Fx) = britamli dagtun fonk.

» Olasslilar toplanarak. L'e waspc ve F(x) olusur.

* —) Discreate
COF FX)
S B,
P F(X) daima
surekls fonldus.
*
- Continous
COF F(K)
PMF and CDF of a Discrete Random Variable
PMF CDF
p(x) F(x)
lesvssscsunwe o_—
_
3/6
2/6 /
1/6 represents
— Probdb Thi ij
| || et
1 2 4 1 2 4
ﬁgﬂh‘g} P(x<i) =0 Plx<2) = P(x=1)+Px=2) = &/
=2) = &
Flywq-;:!{: FCusdd=a(g P(4) =2/
Example :
braiminde olasilk. kiHe fonkse
X | _l.' .3 & uu.rmdx- X rostgele dagiskeann
£0) j:" l ,|_ \ 1‘“*-\‘_) baikimli  dagiem &M-.s'.‘-‘fnmu Luluau -
('\ 6 2 4 -
\o— 7 O , x«i
3/
- FO) = VYo, LEXC2
F(x) 2, 24 %<3
T Y VU M——— 9/!2.,35"‘4'
]
Mrp—-—----- ’—?—q L 2 4 £ X
N "—é i
T Y S |




e I 7 I ¢ | '1
——+—4+— X
‘ 1 2 3 4
Exmfle s

kx , x=1,2,4 clasihk kuMe 'For\kuwnq
FU)" W“fa“-

s e dane 3) kb kach?

‘% b) £ L fiai ?

a) T , 'y ) Oc) foak wve grahgi ?
k=1/3 ] \ C(x)

b) 34 |~ - -4—9

(o] X <A \ '

4 I,} ""—6 :

/a , 1exe2 ——t l

F = s a 4

L, 4 <X

Emmgle .

A hole is drilled in a sheet-metal component, and then a
shaft is inserted through the hole. The shaft clearance is
equal to the difference between the radius of the hole and
the radius of the shaft. Let the random variable X denote the
clearance, in millimeters. The probability density function

of X'is
1.25(1—x", 0<x<1
f(x)=

0, otherwise
P(x>0,%)
I. Components with clearances larger than 0.8 mm must be
scrapped. What proportion of components are scrapped?
2. Find the cumulative distribution function F(x) and plot it.

~ v -

P(x>0,8) = S(l s)U-x¥)ax = (4,28) (x- — | )

b4

Fx)= Smm - F(x)-Su,as)u -x) dx = (I.IS) X- )l

o s X0

s
W) (x-%-) ocxen

\_/o

= (1,25). ( _x?
S
F(!):



( S | s X241

— CONTINOUS PROBABILITY DISTRIBUTIONS

¥ X— AL<X<CES fomundq omasy laum.
= Suell olasiuk dagibimlac bix pacaali foak. ile gostedtir,

LX<
flx) = el , 3
© , ‘“’5“ 3 4
t ™ \—— bu cont pob dus.
:‘nt:: ‘::uh.r\ o f g L olamas -
4 olmaly Cinks
fx) % 0 olmal

Sticerti  Olasilik Dagiimi  Olma_ SarMart -

[

-0

@ fx) >, O olmaly

Example '
x4l , Le<xe3 'Foatsi:,om swekl: olasihk,
f(x) = dogiim  adic ?
© , diger
o 3 < 3 = ) Sucekld olasiie
éf—b&)du - Suﬂ)a = X 4x l = S -3_6#FL  dagie degidic.
- = 4

¥ Suekhi Qlastk.  Olasivke Yogualuk Probability Ders
Dagiwmi - Fonul;?m . Fuadtion @?3 /

¥ PLa@X@b) = P(3@XREh) = P(a@x@)) = §F(x)dx

€ ve ¢ TgamH veya

2 ve » iqareli aveswndg Fak yoltuc

o~



T P(x¢3)=P(x¢a) - SFOde

¥ P(x33) = P(x3) = § etx)ax
a

Exoample .

’fls" / 1<x<%
flx) = pdf:
0 , dge

a) P(.K-‘:-‘)’-‘? © (continousda esitit olma )

3
b) P(aexe3)=7 § Lxuy
2

4
<) P(2ex)=? "’gmax: ) T
z ]

Example .
f0 e, Lex<S settinde ONFL';: 3) cache? iz
- goguatule Torke . ©
0, dige weailmighr. ) POR=3) kachc?
©) P(x¢c2)=?

d) P(2¢xc4)=?
3) %
S fO0dx =4 olmals
—oe

5 3
2
Xdx = X | =29¢_¢C -
é 2 I g 5L P G {12
1

8 l‘l..
9 P(xe2)- Sidx= X ' « 2 1.1
(k8 29 u-)_‘_ 3
L i
q L &
9 P(rexcd)= §Xpax-2 o 4
u 2 24 2¢ 2

P(2¢xeq) * 2



=2 CUMULATIV OISTRIBUTION FUNCTION

% 1ix) sdcekli F(x) biitimti
olaswile —_— = :
das'lhml dﬂ.slltm -fo&ndw..

F(x) = § £Ox) dx
e

Example ;
olasiile yoguaul fonksipnu vedlyyor.
£00) = kx , Lexe3d 3) kb nedir ?

b) bidkim\i dq.ﬁthm foak olan F(x)'i buluauwl
ve grafigini  cizimt -

O , diger

3
= bt l . 9% k& _8L
= 2T A,
L
X
S X (N
= 5 Xae =% | =x"_ 1
8 g8 9
i L
gy rexed >
. KN —_—
Q\M‘j“'
0-'“;\“ \;ﬁ
role®
e “Y“"' a

- NORMAL DISTRIBUTIONS

L Gaa egrisin  alhada kalan alan L.
@) Maksimum nokta M ile eslesic
@ Simetciktic-

@ M430 we M-30 safa ve sola ai&tdkgiade

tum  atama %0 99,9.-. civaflaana ulaslc:

|
l
$ .l !
A-30 A M43



|
| f-= L F
oI o

-

w
_ £ .S;-u)agml. % f0) %0
-0

Variance = 0.0626

Mean =5 Mean =6

Variance = 1

1 " 1 1 A |
525 35 45 55 65 7.5 85 95 1 1.6 26 35 45 65 65 75 86 x
(a) (b)

a. Two Normal Distributions with Same Variance but Different Means
b. Two Normal Distributions with Different Variances and Mean = 5

F(b)=P(X<b)

F(a)=P(X<eM \

a u b X

P(a<X<b)=F(b)-F(a) .:

a u b X

v 14 11 | » P(x=a)=? 0 2 (Namal dis4Fbubion Sicekiidic.
' Aral bitdines olasdiklann defedes
@ . . . - vede- Egittik bildreser O'a eytt:)

» Plaexeb) =2

b —(x-m)*
S ot 4
} = | | I | I

o \an

% Bu 'iﬂeardi’n hGSQ.PhanSI 2o ldugu Tah , bizim yemg bu integcaltes

'y - B = -~ 2 Rk a & o & — - T




'I“QPIOI\‘P DAl T WabloSU WS ALyl

* MNormal Dagim —p—4 Standadt Normal Dagdun
' Normal Dogtum, ' t) 5 2 tablosu
(x'e bagudu) i o s SND‘:'C (2'ye baglid) 5 2 tanies

allantaale
CEeNriWr. olasilile

nesap Laaic
L]

> Standadlastma Tslemi

L, * Ortalamast © ve vayanst L
haline getiiler wormal dagmlacq

i e Staadat  normal daédw dead:.

H ’ % (Standak  Normal Populqﬁon)

Buaan athnda kalan alantac
2 4ablcsu e hesaglant:

A o
—— . /——-______A________‘
Ortalamasi & ve Standad sapmass 2. elan bix namal dagdnda PLXCE) =2

Px<s) ») PL2< 2) = P(R<-08)

€x

Tacak alan bu slasiy) vececek
ttesaplaamasy Fein Je tablosy
allaailr

Ex

Aluminum sheets used to make beverage cans have
thicknesses (in thousandths of an inch) that are normally
distributed with mean 10 and standard deviation 1.3.

a) A particular sheet is 10.8 thousandths of an inch
thick. Find the z-score.

b) The thickness of a certain sheet has a z-score of
—1.7. Find the thickness of the sheet in the original

units of thousandths of inches.
Xas N(10, (1L2)?)

a) 2= x-M 2= 08-19 _ 038 _ g.6lS
p 1.3 .3

) 2. X-10 _43 e A3 AM-A.3)+10
1.3 X= 12.2)

-9 AREAS UNDER THe NOEREMBL CURVE



Standard Normal Distribution
(Values of Cumulative Distibution Funciien£(z))

000, 001 002 @ 004| 005006 007 008 009
0.0 05000 0. 5040/ 0.5080| 0 5T2000.5160|0 5199 v 2230( 0 5270/ 0.5310[0 5350

0.1]0.5398] 0.5438 054?80551? 5557 05596 0‘:5 056?504714 0575

D 21057930 5832

0 05]70521?05255062935331 05368 0 6406 :
). |Ix."‘."'|l ”l! (21 i! ![II! [t I !I‘CI! 'l"" '
0 (0601510 60500 6085(0 7079J0.7054[0 7088 0 7123 0 7757[0 719010 7224

l'lz_ll 10.7201 'Iih’::.'..ll‘.lf..l mmzmum_mnmm
o 7]0.7560/0.7611]0.7642]0.7673]0.7 70410 77340.7764(0.7764] 0 7823 0. 7852

Mlhih{mmm MMMM&LL&L
0610815010 616610 821210 5230 p 626410 826010 531510 534010 8050 53
mmmmrm-mmmwm

] '.*-'.'. Of () :'1'

U € n“a BO44) () B ."1"

1 0903209049 090660908209099 091!5 09131 0914? 09162 0917

410919210 920710 '?’r}j#"v}c'ﬂn"-;. } f.“.."l"_-""q"','-'r;l"('f.:}"l:r"
F 5/0.9332{ 0.9345/0.9357] 09370/ 0.9382] 0.9394 0.9406{ 0 9418 0.9429/ 0.944 1

6]0.0452 0.0484(C 3505 00525 0.9535(0.9545
1 -h%h%-m
LL.....LL_‘.JMMML!“; K
Soori cwaum
|! [“] {“ tl’ 783 a_ il a3 ]! 798| 0. 08eS 0.9808( 0.9812(0.9817
2 ——— 0 9834

: | 9864| 0.9¢ )
? 0989' 0989609893{19901

| 0.9918 0 9820/ 0.9922] 08625/ 0.9627|C "vLIZI]"“'['IZ_..[EIL

2 -------J-ﬂ-m
0653| 0.9955(0 5010 i 06 IO

2? 09‘96 0. 9966 0996? 09%809%9 DQ‘Q?O 09971 099?2099?309074

) Bl 0. 06740 9575/ 0 9676/ 0 69 ) 06 I";I‘."l“"l"'_':il""

29 0998109982099820998309984099840998 0998 099860

3 010 9987] 0.9987] 0. 9087| 0 .5988| 0 6088] 0.9080| 0 9089 0 9989] 0 6060|099

a) Find the area under normal curve to the left of z = 0.47.
b) Find the area under the curve to the right of z = 1.38.

¢) Find the area under the curve to the left of z = -1.55.

d) Find the area under the normal curve between z = 0.71

andz=1.28.

e) What z-score corresponds to the 75% percentile of a

normal curve?

/

L

Y MR MW VAN

1.03

0.84%5

110 4+ 003 = 4.03"
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—
=
-

38

= 4.~ F(\38)
= L=-0-9162

' = 0.0828 .35
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= rFfTyuvnsEesiay FARS Ly = Veoie = T ARS T N7 S

= 06095

= F(128) - FloH)
= 0.8393— 036

Ex

A random variable has a Normal distribution with mean
69 and standard deviation 5.1. What are the
probabilities that the random variable will take a value

a) less than 74.1?

b) greater than 63.9?

¢) between 69 and 72.3?
d) between 66.2 and 71.8?

o) P(xeaat) = P x-M 44-!-—-69)
O % |

= P2 ¢A) = FQ) =0.8443

sA1

b) P(x> 639) =P (x_‘;_ﬁ > 63.9-63)

= P(2Y-1)=P(@ i) = F(\) 208442

) P e9crg ¥23) = 9(69-69 2 ¢ Y3-69
54 51

= PC0OCEC06aH) = FLO.65)-Fo)

069

Ex

B swiftaki ogendlesin  oylacianm  LzualGW  nacmat dagdmaktoh - Bu
siuftaki  égeadilerin boalcumm wzuntuguaun ortnlam&\)lbo:m ve Staadait
sapmasy 5 em dir. Segpea Covnmert
Bu swuftan  seuilen  bir dgrenctain bayuaun 66 em'den  u2un elma  Kaswigt
kacty ?

A =160em P(2 D L"i"—'—s"i?-) = pL212) .

0=9aum '

Px166) =1 1- 08349 = 0. 151

_—
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Ex

Bir yoldan gewn araclans hla  nacmal  dajdmaktadi. Bu yoldan gecen
ocaclann  ertalama b5 kmisa Ve Standak  sapmasi Limisq "
Bu polda  berli bic W azdmast duwmuda | ccaclaca  cena kesildigine
gere , ou dnlcln “n werilen  en a'dkack ha kac I:mlsn"ﬁr?_
Au=65 V= cewn kesilen twa.?
=2

A~ 0.05
PLr>¥) -0.15 : G ed e
9 VA 0635 T
2=x-M | Py p ¥-b9 ) =0.9 % - 2 |
15
c V-65= 1360 e

Ex

Lifetimes of batteries in a certain application are ,
Normally distributed with mean 50 hours and standard
deviation 5 hours.

Find the probability that a randomly chosen battery lasts
between 42 and 52 hours.

A =50 P42¢x¢52) ="
o=5

P 42-52, 3 ¢ 52-82 )
5 5

P(-4.6 ¢ & < 0.4)
P(2¢0.4)- P(2H46)
= 0.6954- 0.054%8
‘O(.ao(a",.

Ex

A random variable has a Normal distribution with
variance 100. Find its mean if the probability that it will
take on a value less than 77.5 1s 0.8264.

o, 400 Pl x ¢ ¥%5)

o 10 Plee 3S5-M ) _ 0§64
Ao

p B 8
DI-M . 00 i
LI i |
i/dfﬁﬂ‘! ] '
€x

A process manufactures ball bearings whose diameters are normally distributed with mean 2.505 cm

and standard deviation 0.008 cm. Specifications call for the diameter to be in the interval 2.5 + 0.01



cm. What proportion of the ball bearings will meet the specification?

X av N (2505, 0.008%)

2.49-1595, x ¢ 151 - 1.505
P(l.qscxc?_-‘?l}:P( g =
“—_‘h“ﬂ_-
250 ¥ 00|

Gauges are used to reject all components for which a
certain dimension is not within the specification 1.50+d.
It is known that this measurement is Normally
distributed with mean 1.50 and standard deviation 0.2.
Determine the value d such that the specifications cover
95% of the measurements.
=150 P(Re...) = (4—- P(2ec--.) = 0.95
-4+ 27(2 c.

<) = 0.9%
= 0.2
o AP(2<...) = 4.95

N e
196

P(-1.96¢ 2 ¢ 4.9()= 0.95

1.9, = L(A1.50+4d )= 4590
0.2

=2 RANDOM SAMPLING

2 Llet X4, Xz,----Xn be v independent random variables , each having the
same  probability distribution f(x). Define = A4, Xz,....,Xa +to be a randem
sample  of size n from the population f£(x) and write T it
probabilihy  distribution as;

S I $%is the variance of a random sample of size n, we may write

. —— . —

| hi*:l

Example :



2:| A comparison of coffee prices at 4 randomly selected grocery stores in San Diego
showed increases from the previous month of 12, 15, 17, and 20 cents for a l-pound

- bag. Find the variance of this random sample of price increases
¥ il 5 I I

X=16b

| ——
(12-16)* + (45-16)* + (43-16)" + (20-16)* L Ot st 2 (xi-R) |
(4-1) (n-1)

-3 SAMPLING OISTRIBUTIONS:

2 A sampling disiribution is a probability diskibution of all of the possible

vawes oOfF 3 statistic for 3 gwen size sample selected from a population

% RAssume there is a population :
s POP\I.IQ""M. sie =4

« Random variable, X, is age of individuals (Value of x: 18,20, 22,29 (,aenr.s)) .

Summary Measures for the Population Distribution: — Tale bir secinn |
Yapildige durum.
e P(x) o
N
25 4
18+20+22+24
= =21
4
0
X- - 2
o= M =2.236
N

Uniform Distribution

%  Now consider all possible samples of size n=2 (4 Lisi iainden 2 kisi sec.rdo.rwt).

1% | 2" Observation | |16 Sample Means ‘ Sample Means
Obs| 18 | 20 | 22 | 24 Moans - — Distribution
18 (18,18 18,20 18,22 18,24 [l | [4st]2nd Observation _
20 |20,18 20,20 2022 20.24| |ot Prosoeseraton P———
1 Ote} 18| 201122 | 24 1818 19 [ 20 | 21 '
22 |22,18 22,20 22,22 22,24 18 (18| 19|20 | 21
' ' ! ' — 20119)120(21 |22
24 |24,18/24,20 24,22 24,24| [20]19]20]21]22 .
16 possible 22120(21 (22|23 22 2012112223 o
S e smanpang 1242122 (23 24 2421|2223 24 1819 20 21 22 23 24 X
with replacement) = ; i

2' i kombinasuoniann N
~ortalamastaiy dagrhen (X)

= SAMPLE MEAN:

% Let X, X3,...,Xn represert 3 random sample from a population :

 } 8 'y | §



n

3[4 )
X TZX

n=.

- STANDARD €RrO0R DF THE MEAN:
-3 Different samples of the same size from the same population will

yield different  sample wmeans

/\‘\’ % Note that the standard
[ Sample\m mean‘mm error OoF the mean
decreases as the sample

| si-andar-t: '
devision*u sSine Tacreases.
\-aswrt eror Of the mean |
e(x)
Summary Measures of this Sampling Distribution: Population Sample Means
| Z X N=4 Distribution
= 18+19+21+...+24=21:u u=21 0=2.236 n=2
E 16 21 o, =158

P

UZ‘M :2
X N 1

(18-21)" +(19-21)% +---+(24-21)*
= =158 0
16 18 . 22
B & D

A :
\y 1 omservation Y 2 observatton

/]
18 19 20 21 22 23 24 ¢

24

| ?. If the Population is Normal: |
» I a population is normal with mean M and Standart deuiation O, the

s also normauﬂ distributed with

sampling disteibution  of X

TRl |eas o
3 : _ | \rn

Comtlamamn
ormumsl

‘3 Z-value for the sampling distcibution of X |

pe (o) L (R | % NN(M, )

=» both dlS'l'f‘bUH

Normal Population e -
Distribution . %I-_)Q] =M Have Mie Sqme |
= 71 (X ¢ unbiased)




.r;sltandc.lﬁ error of the mean

T T |y the distribution of

' X has a reduced
gtandart deviation
X is unblased )

Normal Sampling

Distribution
1€ mean) :
As n increases, Larger
| sample size

= —= o, Ses

px X decreases

=————] } Smaller

sample size S

Example :
| An electrical firm manufactures light bulbs that have a length of life that is ap-
proximately normally distributed, with mean equal to 800 hours and a standard
deviation of 40 hours. Find the probability that a random sample of 16 bulbs will

have an average life of less than 775 hours.

X wN(m=80 , 0=40) P .SE'TM_&.,M
b tesime. w
n=1b

P(X &« 335) =7 P{re-26%=1-pPi2-25F=-00062
-_—

X o~ N ,.14.-.800,0'.-.40 | : , | |
4 P\

!_.

Jn
| -2.5 ©

1/XK are independent random variables having normal distributions

and . Yariances LI;-LM respectively,

with wmeans
_then the randoam \ariable

has a wnormal distribution with mean :

e o

and

- T EaiTD &1 R P - T o . T .Y



S el Rt R N T W h--h"l*l B NS S Pl I VW )

» If X is the mean of a randomm sample of si2e n taten from a population

with mean M and Ffinite vardance 0%, thea the Limiting From of tne

distribution of | _1 as N—ee , is the strandard normal
& =M_ distribution n(2;0.4).
; o ‘
3 ﬁ |

= As the sample ci2e gets large endugh the sampinmg

* 'n‘l‘/

distibution becomes aimast normal regacdless of
Shape  of population . ( n(sample size) arihkaa

distribuhion flormal* e yaklagir) |

Population Distribution e :
-3 Sampling_distribution propecties :

v X \ ipM
Sampling Distribution e m St degisiuor.
(becomes normal as n increases) ' : | -Sadece sa s G %muw
Larger /
Smaller san’?ple ..0‘5 = _6-_
sample size size Jn

|

M5

% For most distributions ,(N330 will give a sampling distribution that is (neady normal.
% For (normal  population distdbutions , the sampling distfbution of the mean is
always normally  dishibuted:

Y

o AF the Population is NOT Normal:

» We can apply +he Central Limit “Theorem:

s Even if the populahon is Ot normal, Sample wmeans from the population

~will be approximately normal @s long as the sample sie s large enough.

L') n>39
L sample sne 320 ise
% Propemes of the Sampling distribution : nefe': normaldiv
ve wnormal distribution

M g=M and |4 i% \l— olarak kabul e@dilir.




ExamEle s |

Traveling between two campuses of a university in a city via shuttle bus takes,
on average, 28 minutes with a standard deviation of 5 minutes. In a given week,
a bus ”’;!H'\’Nl”l‘!l passengers 10 times. What is the [ltn]mlailit\' that the average
transport time was more than 30 minutes?” Assume the mean time is measured to
the nearest minute.

p fravelling time ' ' | ' ' ' ' x| .
X = My =28 min XN [me=28, 2 =5 ) '
Jn \l'eT.o 1
| Ox = Smin | . : e
° .53
n=40 >30 30-28 Pi%rzsz.‘r
. "74— &
PLX»30) =27 | A N S —
Example :.
Exercise 8.23
The random variable X, representing the number of cherries in a _
cherry puff, has the following probability distribution: — By =. E;T £.p00
1'[,\1-= x) } ul‘.' n-_ll nh_; ||_I
a) Find the mean p and the variance 62 of X. ~Nae(x) = B (x= €o0)> plx)
x

b) Find the mean and the variance of the sample mean for random
samples of 36 cherry puffs. 3 e, var(g) when n=36 >30

c¢) Find the probability that the average number of cherries in 36
cherry puffs will be less than 5.5.

a) EXR) = (0.2x4)+ (04x5)+(03x6) +(04x%) =5
Var(x) = (4-5)% 0-2) + (5-5)%.00.9) + (6-S)2. (0.2) + (3-6)2.(0.1) = 09

b) EX)=Mg=m=5  Var(f)= Oz = Ox = 03 -
¥

c) P(X¢65)=7 > P\ X-5 , §5-5
09 .
TN O

Example:

Exercise 8.24
If a certain machine makes electrical resistors having a mean

resistance of 40 ohms and a standard deviation of 2 ohms, what 1s
the probability that a random sample of 36 of these resistors will
have a combined resistance of more than 1458 ohms?

T T - (Y

& € Jd



Example :.

Exercise 8.26 q0

The amount of time that a vehiclg spends in a petrol bunk is a random
variable with the mean p = 4.5 mihutes and a standard deviation o = 1.8
minutes. If a random sample of 8§ vehicles is observed, find the

probability that its mean time at the petrol bunk is - burdan X g,uuma‘umm anladik
(a) at most 3.6 minutes P( x¢3.6) =7

(b) more than 5.5 minutes

(c) at least 3.2 minutes but less than 4 minutes.

a) X o Normal(/ui.q..s pOy= T 2 48
n' {40

= N O I O B O R W L
P{Xce3el= Pi X-45 ¢ 36-945 ( - Pi%c—u} = A-PY2e34%kx0
S - .l O O
b) P(X36.5) = P _’-"'fg‘ LG Y (S V) I

|V | 9%

e it s
. o 381

©) P(12< X<¢4) =P 32-%° 2 ¢ 4798 | =P(-¢.6c2<¢-18)=

1.8 .
/%o 13 /50
a Suppose that we have two populations, the first with mean g, and variance

“» . » . . T -
° o;. and the second with mean p; and variance 03. Let the statistic X; represent
the mean of a random sample of size n; selected from the first population, and
I~ the statistic X, represent the mean of a random sample of size n, selected from

the second population, independent of the sample from the first population. What
can we say about the sampling distribution of the difference X; — X, for repeated
samples of size n; and ny?

! )-21. =N /,u 5 Os | ! ! ! -) . )Tl.,_-)-.(:_ : yine Normal Distdibution oluc.



Nor (ax+b) = al. Var(x)\)_var(b)=cpnwn+=_0

Vac (X,=X2) = Yar(X,) + Var(X,) |

z 2
= O.L + a;-
ny nNg
oi o0,*
1% ne T Tay

is approximately a standard normal vaiable.

Example:

The television picture tubes of manufacturer A have a mean lifetime of 6.5 years

and a standard deviation of 0.9 vear, while those of manufacturer B have a mean
lifetime of 6.0 years and a standard deviation of 0.8 year. What is the probability
that a random sample of 36 tubes from manufacturer A will have a mean lifetime
that is at least 1 year more than the mean lifetime of a sample of 49 tubes from

manufacturer B? P(ia . -x-s ) 22

gopL pp2 ____._fi__.__f/'“\'ﬁ‘,’m",

MA=bS Mg= 6.0 | ig-ig ~ Normal

i 0.139
Oa=09  0g=08 I sl
Aa=36  np=48 . ¥-Fe)

P) Ba-Xs)-05 . 41-05 L . p%2 22.65% =1-0.9360
0-183 0-189 = 0.008

Example :

The effective life of a component used
in jet-turbine aircraft engine is a
random variable with mean 5000 and

Ma=5000  Mg= 5050

SD 40 hours and is close to a normal

. Oa = 40 . Op= 30
distribution. The engine manufacturer & e
introduces an improvement into the | na=1 __ng=125

Manufacturing process for this

component that changes the

parameters to 5050 and 30. Random -

samples of size 16 and 25 are -~ X .w Normal
selected.

Ma_a =50

> 11.66

TE T 2 " a4l . . .7 vy, W . R



Yyildl 15 UIC ProDdDLILY Wdl UIC

difference in the two sample means is '

at least 25 hours? P( X 3, g_g).-.? P { X — 50 % 25 - 650 = pii-?,_z__lq}: 09840
11.6b 44. 66

Y,

AS

=3 Sampling Distributions of Sample Proportions :

% Sample papoction (B) i provides an estimate of P;

ﬁ- X - number of Hems in the sample having the characterishc of Trierest
" Sample siwe

% Ocp el
% ﬁ has a binomial distdbution , but can be approximated by 3 normal

distcibution  whean ____ﬁl:E.L{:.EJ_Zi_‘:T_'_—3 boyleyse narmale yaklasic

T _
@ X n Notmal (/u,.o')
o [0 ataapup

X n Binomial (n,p) - Bualan yerlerine | yazinca binomial Slan

= of «— l dag'uhm normale ﬂaklagw

trfals
Success

| Pwh:bﬂdﬂ

E(ﬁ) + P _g"‘ qu( ) ﬂfﬁ)_’ where P%poéutaﬁon propc;r%

# Standardize¢ § & 2 Z volue with the formula:

expected
= ;r?poﬁibn

Cxmnnnle



* If the true proportion of voters who support
Proposition A is P = .4, what is the
probability that a sample of size 200 yields a
sample proportion between .40 and .45?

i.e.:

| p)) Oi4-04 | |8-P e 045-0.4 \ =

RN N )

Exam gle ’

According to the US Census Bureau's American Community
[4 [4 ') {4

Survey, 87%, percent of Americans over the age of 25 have earned a 2 P=083 , n=200

high school diploma. Suppose we are going to take a random sample

of 200 Americans in this age group and calculate what proportion of

the sample has a high school diploma.

What is the probability that the proportion of people in the
sample with a high school dlploma is less than 85 percent” 3 P( peo. 8‘5') 7 d_

[ ——
-0.8¢ ©

%? P, 0%5-08+ | _p(pc-0%84)=

] P(1-P) ‘/E
102

%  Two Population Propoctions:
9 ©odl: For the differexe between two population proporties .

_,Ej?g:Eﬂ |

) Assumptions : Both sample sizes are large
n.P.(4-P) 35 |

% The random vaciable :

(ﬁx—ﬁy)"—(px "—py) ||
P.(1-Py) 0 p,(1-P,) approximately normally disidbuted.

n, n,

Z=




Z = = (Apx_p{) = ' ' [ |a nx6x+nyﬁy
Po (1—Ps) 4 Po(1-Py)  where; Po n,+n,

n, n,

- CHI-SQUARED DISTRIBUTION:

2 If S* is me vafance 0f a fandom sSample of size n taten from 3 normal population

having the vardance 0%, then the statishc ;

._x '| (n.l!) = '5'&' Uﬂl-if"
‘ :ﬂ’" ‘ izl r"

has a chi-squared distiibution with ¢=n-1 degrees of freedom.
% The chi-square distibution is a family of distributons , depending on degrees
of freedom: _d.._E._g‘n_.l.T

~— sampie site

LNL\

048 12 16 20 24 28 04812 16 20 24 28 0481216 20 24 28

df.=1 df.=5 df.=15

=3 Degrees of Freedom (df): (Serbestik Dececesi)

% Number of observations that are §ree to vary after sample mean has

_been calculated-

Example : Suppose the mean of 3 numbers is 8.0

- Here, n=3, so degrees of freedom =

- If the mean of these three values is

Let X, =17 8.0, en-i=3-4=92
X,=8 s | then X must be 9 '
E (i.e., X, is not free to vary)

What is X7 — (2 vawes can be any numbers, but
- the twird is not free to vory for
% X4 ve X herthangi bir say: oldu amq 3 givea mean)

A3'u ortalamaya gore loulduk. X3 rastgele

i P, P oy e Rp, e il .. Fllas 1. ms laagmdtd o8 b _ o o} a al d o .a l. ga _...L\
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Example

“» A commercial freezer must hold a selected temperature
with little variation. Specifications call for a standard
deviation of no more than 4 degrees (a variance of 16
degrees-). Nn=14

probability
%005

A sample of 14 freezers is to be tested ,L X" '
, - At=2236
R T R S T I — — #s* from the sample
2 =P (n-1)st ) _ of size n=1¢ is
- P(s*> k) - e > Kyy ) =005 greater than 7152,

there is .s-h:ora evideace

(n-DE _ 2226 — k= (22.36).(4b) _93.62 tp suggest 4wk populpiien

16 Lia-1) - variance exceeds 16
Example
A manufacturer of car batteries guarantees that the confidence level =ct= 0,06
batteries will last, on average, 3 years with a standard (bu soru fain standard
deviation of 1 year. If five of these batteries have devision*un 1 olmasi

lifetimes of 1.9, 2.4, 3.0, 3.5, and 4.2 years, should the . [htentyan-o [degBa—fou—
. . . istegin sa laamama
manufacturer still be convinced that the batteries have a olasthigd-) L anl stordand

standard deviation of 1 year? Assume that the battery devision ‘ua Ai‘den 'Zf
lifetime follows a normal distribution. ve kbudil 03“94 dufum)
5 : '
a=5 S*= D i—=RX)" | . p%51
n=|

_0’=J.auf'_

X' = (n-1) ST - (5-).(0.851)
o 1>

bu deJedere Buidugumut x> degeri grafikte.
“m_ ‘ istenen acalictaysa s'lundard

devisian‘u 4 olur Yani budederta

) r———— ' ' ' '
0.025| ®  1—goE standard dewsrm‘q 35'[9 oh.suw.tq
A B s~ P | ! ' ' i ANdir- '
iden Lden kil
bg‘ia&t.
0.935

E‘xamgle..-



A particular type of vacuum-packed coffee packet

contains an average of 16 oz. It has been observed thatthe =g
number of ounces of coffee in these packets is normally
distributed with ¢ = 1.41 oz. A random sample of 15 of
these coffee packets is selected, and the observations are n= 1§
used to calculate s. Find the numbers a and b such

that P(a < 5° <b) = 0.90.

0=41.41

| r:b‘»"'"l,

Xt =(n-)st st = Xg.0T _ o4
G'z- n-41

oL 23686

k™ [ 3
Sp = Xp 0% 23363
n-4a

Plo93 &£s*e 336) =090

A psychologist claims that the mean age at which
female children start walking is 11.4 months. If 20
randomly selected female children are found to have
started walking at a mean age of 12 months

with standard deviation of 2 months, would you agree
with the psychologist's claim? Assume that the sample
came from a normal population.

= £ - Diskibution :

In Section 8.4, we discussed the utility of the Central Limit Theorem. Its applica-
tions revolve around inferences on a population mean or the difference between two
population means. Use of the Central Limit Theorem and the normal distribution
is certainly helpful in this context. However, it was assumed that the population
standard deviation is known. This assumption may not be unreasonable in situ-
ations where the engineer is quite familiar with the system or process. However,
in many experimental scenarios, knowledge of ¢ is certainly no more reasonable
than knowledge of the population mean p. Often, in fact, an estimate of ¢ must

7 N I i T 1 I I T PR L. R T ¥ Y % T, = 1 = b
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As a result, a natural statistic to consider to deal with inferences on u is

the random variable T', where

is given by the density function

This is known as the t-distribution with v degrees of freedom.

I I I L I I L 1 i § I I

t

Then the random variab
of freedom.

o o —————————————— — — —

| I
X, be independent random variables that are all normal with

a t-distribution witndegrees
I I I I I

oGl
-
H) The t-value with v = 14 degrees of freedom that leaves an area of 0.025 to the left,
7" and therefore an area of 0.975 to the right, is
. = "—‘_.l;-n
, Table A4 Critical Values of the t-Distribuation -
a S e—
v 040 030 020 015 010 (008 .
_q -
0.935 1 03% 0727 1aT6 1963 3078 304 12706
2 029 0617 1061 1386 186 J29m 4308
30025 3 027 0584 097 12%0 1eas f2ass 3182
= 4 021 00 0o Lo 1533 faam 2776
5 0267 05 09Mm L% 1476 2018 2571
t“ 6 0.265 0.553 LI 1L LM L0 1043 .47
T 0263 059 086 L1916 Jises 2365
8 0262 0546 0889 LIS L39T  |1s60 2306
9 0261 053 o083 Lo 1383 fisas 2962
10 0200 052  0s™  Lom 132 fisi2 2228
11 020 050 08T 1088 1363 fi7es 2901
12 020 059 0873 Loss 1356 fiTse 2170
0.250 053 0570 LoTH 1.350 ¥
0258 0537 0868 LOT6 1345 76 [ 2145 )
h\ | Find P T 1 0258 053 0866 10T 134 L
! —t 025 < < {y. . 16 025 053 0865 1071 1.337 1746 2.120
¢ ( 0.02 to 05) 17 0257 05M 0863 1069 1333 L7 2110
18 0257 05M 0562 1067 1330 LTM 2101
f '\ 19 0257 053 086l 1066 1328 170 2003
. 20 0.257 0.533 0860 1.064 1325 L7235 2086
: 21 0257 0532 08 LG L2 LT 2080
i-o0. -0 22 092% 0532 0858 1061 132 L7IT 2074
0.025 . 23 02 0532 088 Lo 1319 LT 2069
Ry A ¥ 1 g0 =" 1 ' & 1 1 ' ET 1 i Yat % E3Y N R Led 1 IV 198 1T 11 - iLa




0.5 17 7 & 25 026 0531  08%6  L058  L36  L708 060
26 0.256 0.531 0.856 1.068 L35 1706 2066
aw 0.256 0.531 0805 LO&T 134 LT3 1052
28 0,256 0,530 0.855 1066 1.312 1.701 2048
20 0256 0,530 854 105 1311 1600 2045
"'to_ots t,o.os 30 0.256 0.530 A5 1055 1.310 1697 2042
1 1 1 i 1 1 1 i 1 T 1 10 0.255 0.520 0.851 1.050 1.303 1.684 2021
60 0254 0527 (L8458 1045 1.296 1671 2000
120 0.254 0.526 05845 L4l 1.259 1658 LOs0
e 0253 0524 0842 1136 1.282 165G 19600
Find k such that P(k < T < —1.761) = 0.045 for a random sample of size 15
c') selected from a normal distribution and -\f_:%
0.045
1-0.005 = 0.935
r_"" o k=293%%
.: [ ] L] t
LTI
e e ¥ T T 1-4“
0.05
! 0.05 = 0.045 = 0.00S
E_L iddta elilqime mean

A chemical engineer claims that the population mean yield of a certain batch _! /AFm.smm
process is 500 grams per milliliter of raw material. To check this claim he samples

25 batches each month. If the computed t-value falls between —ig 95 and 595, he | A= 25

is satisfied with this claim. What conclusion should he draw from a sample that

has a mean ¥ = 518 grams per milliliter and a sample standard deviation s =40 | X'= S4% gam
grams? Assume the distribution of yields to be approximately normal.

S=40 ,0=25-1=24
degrees of

kscore= X=M - 548-507 . 225 ) N O A A A N
S/\n 9/ (¢

| sarall_alan kerisinde , bu .3ih.dan
averaqe’t Soo~den farkuy.
(%610 olasiikla Soo“den faila)

0.05+0.05"

"=tall | | 431 - +aviedan |
bak+ik

= F - Disiribution: two vaciance olunca kullande (6% /7 82)

| « F=Distribution
sime+rike

Let U and V be two independent random variables having chi-squared distributions - dqm ie.
with »; and vy degrees of freedom, respectively. Then the distribution of the ke 0
random variable I’ = %’;:—: is given by the density function / ' "

T(vy+w2)/2](w fug) 172 t(‘m”.]—l f >0

hu) — I‘im%zi}iivs?ﬂi (14 ffog)okvalias i df. = (6, 10)
0, f<0.
“*u..\_\_\_\__“__\_\_\_\_‘_

This is known as the F-distribution with v; and vs degrees of freedom (d.f.). 0 ——=f

Writing fa(vy,v2) for f, with v; and ve degrees of freedom, we obtain

1
fl—t:l(vls Ug) = fa(U21 Ul) 2

7T N
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If(87 and S% are the variances of independent random samples of size n;, and n.
1 2 I ; P 1 2
taken from normal populations with variances @ @fid @3, respectively, then
2 [ r2 2 Q2
= Si/ai = 0357
T Q2.2 2Qd
S3/oz 0153

has an F-distribution withi#; =mn; — 1 and ¥y = ns — 1 degrees of freedom.

Example :
~ Let S,? denote the sample variance for a random sample of size 10 pepi pepZ
from Population I and let S,> denote the sample variance for a S, s>
- random sample of size 8 from Population II. The variance of W=D ny=8

Population I is assumed to be three times the variance of Population
+ II. Find two numbers a and b such that P(a < S|3/532 <h)=0.90

ST
assuming S, to be independent of S,>. 01"=30," —

2 2
F G 5 _,p)a
dis A . - 35

=3 = 0.9
3.29 i
Example :
If §,%and §,? represent the variances of 9 =3
independent random samples of size n; = 8 and Fasas Gi [5¢%
= \1’% taken from normal populatlons with equal o S
variances. find P(S2/S2<489) 0=0*% B

e
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LECTURE 5§
STATISTICAL METHODS
I i
Descriptwve Inferential
. Sta+istcs . . ____Staristics
L I
stimation T pothesis
& Ji I & TesHing
Point Interval ]
€stimation _ estimation

@ PorNT ESTIMATION
- Provides Si‘nsle value_

= De2avanty) , gecaet dégere ne kadar Yakin veya uzak olduguau
ﬁaleﬂemem'l% .

3 D'lselt'm i bic Populasﬂondaki 'c')grenc.ilerfn GPA Mecinin averaae" lacia)
- ogrenmele.  istyorut - Populasyondaki  nerkese sorayamayacagumis
~iain bt sample alyp Onun GPA averageini bulduk .d'vde.\im - Ne
beb bir degec soyledik - Yani Sample dverage 3 akH, demerki
~populosyon da 3 dedile- _B.;Mumda!__pd.mt_.egﬁnnhb_n__g_agpmﬁ_ |
lelduk. Yami ter  bic dejer vefdik.

@ INTERVAL ESTIMATION
3 Gercel degerlece  yaun deGerleri  Soyleyebiliri - (Avantay)

2 Rym &negi. dusunenm - Sample average’t L ve 5 arasinda  buldut
d{.de.lim- Bu durumda  populasyon average' |l d3 2 ve 5 aroswda
deciz - Yani interval  estimohon gapmis olduk: (a-b arasnda)



| I
| ¢ |
_lower (onfidence. ~ Point Bshmahon = Upper (onfidence
umit T Umit

(@) Lntecval | Estimation yopabilmet | icin ik
olorak.| paint | estimahon. yapan- Ordan .
“buldugumut degece séire. bic lower ve upper |
_Umit | beliclenz - Bedindaa. intewal | estimadion
- yaparix-

[ X campie mean)

€ —P#ﬂ#uwmh

- UNBIASEDNESS :

| @ A statistic 6 is said 40 be 2 unbiased estimator of +he parametesr

@ o if th_.{_zcﬁ)_lf_q_

& E(X)= /u -] | samplein sahip ©ldugu bic déger (mean, average...) n
o E(s*) =0T (° expected value'su (average)‘i populasyoaun sahip.
&« E(G)=p 2 oldugu O degere (mean, vadance...) esitse, ocda

unbiasness var demeékHr.

3 BIAS: (3anhhk).

_j#ns.‘é) - -%Lé{)_- 2}
@ Eger eskimahon wunbiased ise bias dégea sifir elmus elur. Ganki
20ten EC6) wve © esit sucak- Fartlart O stur.

e anl=Y _ ==\

yanhhk (bias) dececesi hesaplema
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« Bras (s*) = E(s?) —o?*
« 3385(§).= ECP) — P

~

0, 1s an unbiased estimator, 0, is biased?

= CONSISTENCY

- Unbiased olmadidi , bias ©\dugu 2aman consistency elur.

= sample size t, (E(8)- @) ¥ - Yani sample Size (n) arthkca

bias otma  Oelligi a2aur:
N
Bu durumda O, O nun consistent estimatoru  Blur.

;T “mn [ consist estimator Mao el yaai

la A
gq ve a:_\ﬁi'ﬂ

@ ki esfimahon ‘umur var diyelim I
E®X)=m varyansianna

é,_ ve .éz_ - Bunlacia meani

Xy Ve X, digelim ve papulation E(X,) = M\ bataaz: Hangisi
meadi de M- ilisi de unbiased- daha kacikse
Bu  durumda hangisinin  daha iy;

Slduguaa nasi kacar vecirit ?

0 daha efficieatir.

A

e | Var (é,_) ¢ Var ( é,_) = 0, is said to be more efficient than §,_- .




M Mm#mmg B \:JJMLC%; |

Gmmgle. —isample -

A sample of 7 units was randomly selected from a normally
distributed population with mean u and standard deviation o, and
the following estimators were determined.

S P, _ 2X; -Xg+X,
6y =— < 0y = — -

-

a) Investigate which of the estimators is an unbiased estimator of
the population mean. -3 ikisi de unbiased

b) Which estimator should be preferred for estimating the variance
of the population? Why?

a) E (6,) ;M @E(M*xz"'----"'“ = L} E (XX -t Xa) = M &«
ECE) 2 m Il T V4 (\

(EG0) + EUR) +... + E(XD) ) = 3l
M M M M

e
CY
. E('Z.X|—X(,+x4- = 4 e(2x,— X+ Xq.):/u. —
5 2 e\

= 4 (ZELXQ —.-ECK&).-!- E(Xq.)) = 2M

TN TF | TP TE/| %

b) Var(ax+b) = 3% Var(x)

Var(8,) = Var | Xi4Xe+..--4X3 | = 41 vyar(x

XytXy# -t X2)

K R
Yar(84) = A _3Fat= T
+

-
(3

Nar(6,) = Var( x| - X+ Xq ) = 4L . Vac(2x,=Re+ Xg)
2

N



—_— \GVAr A Ydar(~Ag ) NOr(Ag)) = 7TV =~V YV = 29
4 T —— I ey e

o* ot ot < -

var (&4) = oYz | .& 84 daha kuaue

Var(82) = 3972 ) 0 daha iy

= CONFIDENCE INTERVALS

% 95 = -« IS — Yo 99 = 4-¢
=confidence
- Leder bu oram 1 level
anthe ok H
isterser) | | L ) |

.,.,::——',,.,“..,b.
_IP.MI.LE_#EJJF 2 {00°%». olmasi iain = “dan +® ‘a

r | gitmesi  gerekir. Ama| vu ducrum
:‘P*%’iﬂ‘ | mantikl ve Tiglevsel  olmas - (=0 iken)

(a-b) = confidence level

L’_conﬁdmce level can never be
100 9% confident .

CONFIDENCE INTERVALS.
| l i

Population mean Population Propodtion Population Vaciowe
— I8 I |
o2 o*
Kaown | __Unknown_

7

0 ‘The general formula: for an confidence intervals is:

| @mm%mmm@ ]

__point estimation . standart emor of
for m=X the M- o/rx

@ PoPuLATION MEAN ( 6> KNOWN)




_« Population variance o* is known-
«  Population is normally distibuted.
o \F population is not normal , use large Sample-

-3 Confidence Interval Estimate

- ) soruda bir distribution verilece. |
X -l'i. o _ Bu dn‘gihmm XN bulmak |
JTL iain | Sanwrlar bulmaaq aalsicaz -
Relaibility.
Fc:lc.-l-f.'u"{'!j

Right- sided
confrdence Inrecval

. R

-

Left .sided | |
- . confidence inrenal

» X=2a 9 - Lower Limut _ _ _

W

| % ¥ marcgia of erof
e | x3me|
=) Bu intecvaller arasindaki uzakhik

ME=30 | 2 0 o
s e

™ "
waakllle 2mMe
- kadar olur.

-3 The margin of eror can be reduced if:
=) the population standacd deviation can be reduced (o)

9 The sample size is ‘ncreased (nfg)

- The confidence \ewvel is decreased U-a)) ()T

Example : Pfopulﬂiﬂﬂn nocmal dagiiyor

A sample of 11 circuits from a large normal

s @ it %
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population has a mean resistance of 2.20 5
ohms. We know from past testing that the i
population standard deviation 1s 0.35 ohms.

) e _ & “. /> bwo-sided confidene
Determine a 95% confidence interval for the inteval  demeliyds -

true mean resistance of the population.
,.,,,.,.,,.,.,:hblodmalluk.,

L A=4 X ¥ o028 0 one -sided |
n Olsayd

X.&d. ! 025 _ ! ! | : | |
. X=220 0 ' dors 2 0.05 ahrdik
L0 =035 J ( | = 2.20 ¥ (4.96) (0.35)

1 M
-1.86 =Q b=136 Jw
| O936 |

"Lan.39, w.24]
L I

oY 95 %

a=10.39 (geael degec) . . | | |8u acakita BS Y |
Olasiikla +rue mean

a=-196 (stondert deger) defecine Sanipit-

b= it.21 (geraek deger)
bs .96 (stondert deger)

Example
Example 9.2:] The average zinc concentration recovered from a sample of measurements taken X=2.b
in 36 different locations in a river is found to be 2.6 grams per milliliter. Find
the 95% and 99% confidence intervals for the mean zine concentration in the river, 0°=0.3
Assume that the population standard deviation is 0.3 gram per milliliter.
Nn=36
.35 %
. K =0.05
g ————— Foue population mean |
- ! snould be between
X ¥ oors T _5 26F o025 03) | tnese +wo numbers
n 3%
2.6=-(€1.96)(0.3) ¢ M ¢ 2.6+ (126)00.3) 5 [2s50,2.30]
3% 36
.59 .70
99 9%
®(=004 | | | ! . | | | . | .90 99 ihiimalle

pOPula-l-'\‘on mean® i
bu aralitta olacak,
X i 2aide T | sladz t2 <ach\la2) 1 oo b THYimiite |de



olmayacak - Bu

ducuma ewoc denirt.

2.6=(2535)003) ¢ M ¢ 26 + (2535)(0.3) — U243, 2337

V36 J3¢
2.4% 2.33
% Eror in Estimating M by X X ve m fane
noktalarda

Dldu’gundq ercor olusur.

- Erroc
A .I\.ml .
I X : |
X=Taj O | _[¢ T (X M"L/"' | X+ 2ep O
e point: estimation — eger ki X vn
of M | e A oym -
poinHe olursa
ecror  stfir olur.
. Bu ﬂ:.i,deger'l | | .
mo{vc.hleme.ﬂe cohsin® -
Ve bunu quhkaq-aq-
sample Size Va ulasuix -
- Ceeroctd \itﬁ'tﬂeénese' ‘
| congin®)
A % Cupper bouad) |
; } } i
X=afy O X ewoec M X+ oty O
n n
! v ; e e,
] Bun emeile | e eror
Match ewhens Should not
L caugn® - | | uld .
! | exceed these
: two point- So_
X+, O ) -X
_ ( TR va s ||
| | — ?:Kh' o
) R
| (, emor'd. upper bound‘in altinda tutacak l.imil:lemese
L calhsinz - Ve  buny 3a.partm. de sample si2e ile .
a ulasindk:

oynac: ve au"n ‘sonundq  sample size®

Example



Example 9.3:|Howlargeasample'mrequiredifwnm to be 95% confident that our estimate
of p in Example 9.2 is off by less than 0.057

{ n= s O \11

5

| Example 9.4:|ln a psychological testing experiment, 25 subjects are selected randomly and their
reaction time, in seconds. to a particular stimulus is measured. Past experience
suggests that the variance in reaction times to these types of stimuli is 4 sec? and
that the distribution of reaction times is approximately normal. The average time
for the subjects is 6.2 seconds. Give an upper 95% bound for the mean reaction
time.

ﬁ\ ﬂd\ﬂ-rt Ao Al wwAEAal [ f"a llmlu‘ll’h-llhl\
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- If the populaton standard devision o iS unknown ,we can Substitute

the sample standard devision , S - we can use S because § unbias
point estimator of o

=) So we use the t distribution instead of the wnormal distriboution -

'3 deqrees of freedom — |df= e

Note: t— Z as n increases dF aam Sample size

arthkca bu gekil olur.
Yani sample size‘\n
yetecince buaut. olmasi
t distribution‘u

Standard
Normal

(t with df = =) \

t-distributions are bell | ¢ (df=13) ‘ normal distcibudon e
shaped and symmetric, &e\ﬁ‘r‘fr. Bu ducrumda
but have ‘fatter’ tails than [t (df=5) | hang distribution’y
the normal

\'.\l“dﬂd!ﬁlﬂ\lm onetm

0 t

N

o Population standard deviation is unknown-

« Population is normally distibuted.

« |F population is not nmormal , use large sample. - sample size 30'dan kicikse

t kullamns , 30‘dan  buyukse

| & oy bilmedigimiz ‘
@ L ’”F‘* e Bl i
@ |

ﬁﬂiﬁnﬂ

/ mE = 'l'-ﬂ!.-l .,.‘.fz. S

{n

Example

A random sample of n = 25 has x = 50 and
s = 8. Form a 95% confidence interval for p

t =1 =2.0639
—df.=n—-1=24, so " 24,.@25/\




The confidence interval is

— S g
G o A
2292 n

8 -t(00%5,29) €(0.025,29)

50+(2.0639) — | L oathiecs totaatlof |
‘\/% mean Sﬁfn.uOf'- L
46.698 < H < 93.302 _ | d-i!n‘l'\'lb:g::; ;:::n;:zﬂ .

vadance (o)
bﬂmiaomt- 2 dis.
 eat A

EXGMEIG sample size da 30%“da
Ldulk yant kesin €
kullenico -
Example 9.5:| The contents of seven similar containers of sulfuric acid are 9.8, J10.2, 10.4, 9.8, 5 38 )
10.0. 10.2_ and 9.6 liters. Find a 95% confidence interval for thdqnean rontents of | ° Q' 2
all such containers, assuming an approximately normal distribution.
=% I I S
X= 93+402+404+33+40+40.2+38.6 _ 10
a-
2 x-%)* % F s T Tooo . L0.28)
8= &4 VT =08 X F tna,x/p S = 10F ba-t, vy, L0
N ——
n-4 L 2.44% k3

= 40 F (2.443)(0.2%)
r*.

= [ 9.34,1026]

-tl6,0.025) €(6,0.025)

@ Concept of \large —-Sample Confidence Intecval

- Egec ki o (population voriaace)  bilinmiyorsa ama

n%30 ise t diskibution‘u , 2'ye convert ederer

= rullaninz - (By durumda t'de kullanabiliiz | ama

"+ kablosunda ,bi.hd&lr_. degerier elmadg: \ain )

approctimately ®larak 2 ‘ye evinp kulaaa®:

Example

9.6: | Scholastic .\[11 itude Test (SAT) mathematics scores of a random :mmple- of 500 high



sChool senlors o the state o 1exas are collecioad, and Lhe sampie mean ald standard

deviation are found to be 501 and 112, respectively. Find a 99% confidence interval

on the mean SAT mathematics score for seniors in the state of Texas
.§=50.L | i % %ﬂ.h_sF = 504 -T-.%o.oos'“_l |
n 253
S= A2 | | NGO

@ S [ 4881, 5139]

N> 39 ama populahon vadance
blli‘nml'ﬂor- tiyt = ile converk

edip kullanirz: (& dis yine
bulabiliriz. ama bu kadar b@(-jiik. _
bic dejeri tabloda buimak zor olus)

—%(0.005 ) _

Standart Eccor of
Point Estimation

a S

n {n

Soruda O ve s "dEn.hana'tsi

verilirse . onu kullanind® .

Two Sample Tests and Confidence

Population means,
(independent )
samples

Inter\lfals
I I l I
Population Population Pobilats Bordiat
Means, Means, b opu :?lon vopy ation
Dependent | | Independen Gttt il
Samples t Samples
Same group Group 1 vs. Proportion 1 vs. Variance 1 vs.
before vs. after independent Proportion 2 Variance 2
treatment Group 2

» We are using different samples/ |

different  populations..

0,2 and 0,2 known

o,? and 0,2 unknown

o,2and 0,2
assumed equal

o,2and o2

assumed unequal

(‘D 0':." and 0.‘:’ Known -

—— 2 .value kullaalr.

\’ 1 .
_— t -distribution tullanir.




I«

3 Sam‘)les

are randomly and independently drawn

- Both population distibutions are normal

-3 Population variances are known

Z

Example

Example 9.10:

Ra =50
ng =15
XA =36
Xe =42
Oa= b

Oag=%

@ 0x and

r ol | o (%1 — F2) o1, 22
T2) — z4 —+ —= <@is T1 — T2) + zay2\ — + —,
& I \ ny = /‘V n no

A study was conducted in which two types of engines, A and B, were compared.
Gas mileage, in miles per gallon, was measured. Fifty experiments were conducted
using engine type A and 75 experiments were done with engine type B. The
gasoline used and other conditions were held constant. The average gas mileage
was 36 miles per gallon for engine A and 42 miles per gallon for engine B. Find a
967% confidence interval on pup — pa, where g and pp are population mean gas
mileages for engines A and B, respectively. Assume that the population standard
deviations are 6 and 8 for engines A and B, respectively.

- = T
(Rg=%a) F 2wy |Oa  Oo

nAa ng

= (42-26) ¥ a0 | 36 +_‘_'i_.

=002 | | To02

k = ts.éz, s;rs?J:

0';' unknown . and Equal

« Samples

are randomly and independeatly drawn

« Populations are nocmally  distributed

o Population vardances are unknown but assumed equal

Nx —>

ﬂ3 —

Nx-=21
.ﬂdfl

d€  degrees of
eﬁl‘-reedom

ﬂk+ﬂ3-ﬁ_

variance'y disan ckacdib.




52 (nl — 1)52 : 2 (n') — 1)52

4 n +ny;—2

vaiance” lan a.a
/_’ ama we.tahf\leme.
. o:e. lruanal |
mlah’fon. Sampledan ne
| kadar aldlsumm
kacrar vecirid-

Example

Example 9.11:| The article “Macroinvertebrate Community Structure as an Indicator of Acid Mine
> < - . . . o T ¥ s i 4 -
I ul]Titl(:.n. published in .! he ..a'rmr.'mf of Environmental [.‘:Huhi'm. reports nt,} an 11‘1— Ne=12
vestigation undertaken in Cane Creek, Alabama. to determine the relationship
between selected physiochemical parameters and different measures of macroinver-

tebrate community structure. One facet of the investigation was an evaluation of N2 =40

the effectiveness of a numerical species diversity index to indicate aquatic degrada-

tion due to acid mine drainage. Conceptually, a high index of macroinvertebrate z‘ =341

species diversity should indicate an unstressed aquatic system, while a low diversity L

index should indicate a stressed aquatic system. xz = 1.0
Two independent sampling stations were chosen for this study, one located

downstream from the acid mine discharge point and the other located upstream. S = 0.9

For 12 monthly samples collected at the downstream station, the species diversity

index had a mean value ¥; = 3.11 and a standard deviation s; = 0.771. while s, = 0.44%

. . 1 - .

10 monthly samples collected at the upstream station had a mean index value

T» = 2.04 and a standard deviation s, = 0.448. Find a 90% confidence interval for P Y

the difference between the population means for the two locations, assuming that G- = Oy

the populations are approximately SioFmalisdiStrbuts it aqual Eranees

1.0% F (4.325) ( 0. 646)

to.os,20 Sp

.ﬁrl'ﬂ;"ﬂ.
0593 & M—-My & 1547

@ 6 and 03 Unknown and Unequal

x Samples are randomly 3nd independently drawn.
« Populations are normally  dishibuted.

a Population variances are unknown and assumed unequal

¥V Use a tuvalue with o degrees of freedom, where

S +(Y) . (x=y)-D,




(T Io)—1 /‘ *f + 5 (T T -t ;'; 'ﬁ ) 85
] — L) — ) — - — < Ty —T2) T o4 ] — _—
I rs) u/-\[; n no H H2 I _) n/-\], n no

Example 9.12:] A study was conducted by the Department of Biological Sciences at the Virginia Ny =4 ’_nz'-_,lﬂ.
Tech to estimate the difference in the amounts of the chemical orthophosphorus
measured at two different stations on the James River. Orthophosphorus was mea- | -i = 3.84
sured in milligrams per liter. Fifteen samples were collected from station 1, and 12
samples were obtained from station 2. The 15 samples from station 1 had an aver- -x-t = 4.*3
age orthophosphorus content of 3.84 milligrams per liter and a standard deviation
of 3.07 milligrams per liter, while the 12 samples from station 2 had an average Sy = 3.0%
content of 1.49 milligrams per liter and a standard deviation of 0.80 milligram | ]
per liter. Find a 95% confidence interval for the difference in the true average

orthophosphorus contents at these two stations. assuming that the observations —1 Sa =0.80
came from normal ]nlplllmiuur- \\-ithﬁ?l‘fereut van"ances
o ! o a-‘l-
- - B k8
Y=163 246 == (x‘—x;) ¥ Eﬂ/z,ﬂ' .5_‘.4. Se
e po = nl. ﬂ"
to.025, 16 \

= 2.35 F 2.20 _13-‘:*"'.,. Lo.8o) > |0.60 & My-py & 4.0
5 A2

- PATRED ORSERVATIONS (Dependent Samples)

L = Xi —Yill 5 after obsevation | dependent Olduklan iain orak

j’ | | | | | | | ilertenz. di buluru ve her
vefore = -
ovservation . J iglemi di dzeriaden yapans-

I I N I I n | n _
d=x- Zdi | 2. (d-d)°
i = Xi " Yi q— i _Sdzvm
n . n-—1
.LDa.vera.se. of | | " sample standart
di‘s devision of di's-




[ e i B N S 1, -

_ S _ g N\

d d

a—t < My < it 00 In/
it 0 is wnknown and

nNe 30 se béiale confidence
inrerval bulucuz: [ [

Example.

Dependen * S'i);]p(]eoplc sign up f‘(—:r a Dependent |* Fora 95%’conﬁdence level, the appropriate t valueis t,q»
. o _ _
t samples wclllg t[ ](:ssfplrl(:br.‘lm.d tr)u samples = tg gs=2.571
collect the following data:
= * The 95% confidence interval for the difference between
Weight: —_ ¥ d; means, i, is
Person Before (x) After (v Difference, d d =—— r S, r S,
i n d_tnlu,'eTC"la<d+tn|m'z\_“r'=
1 136 1 ¥ " n
2 205 195 10 %= Sea¥ - A% << A+ booss 48
3 157 150 7 1_ay D 3
4 138 14 -2 g - 2.4, -d) <, < |
] 175 5 10 d B n-1 d
6 166 0 6 = 42
42 Since this interval contains zero, we cannot be 95% confident, given
! this limited data, that the weight loss program helps people lose weight
mple

Example 9.13:| A study published in Chemosphere reported the levels of the dioxin TCDD of 20

Massachusetts Vietnam veterans who were possibly exposed to Agent Orange. The
TCDD levels in plasma and in fat tissue are listed in Table 9.1.

Find a 95% confidence interval for pu; — p2, where u; and us represent the
true mean TCDD levels in plasma and in fat tissue, respectively. Assume the
distribution of the differences to be approximately normal.

TCDD TCDD TCDD TCDD
Levels in  Levels in Levels in  Levels in — = S‘
Veteran Plasma Fat Tissue i Veteran Plasma Fat Tissue - )
] 25 10 —24 1 60 7.0 d=-0.8% - d+ C t““ M9 ——
2 3.1 5.9 —28 12 3.3 29 ‘I n'
3 1 4.4 -23 13 4.6 4.6
4 35 6.9 ~34 14 16 14 Sd = 2.9333
bl 3.1 7.0 -3.9 15 T2 T7
(] 1.8 4.2 —2.4 16 1.8 1.1
4 .0 10.0 —4.0 T 20.0 11.0
8 3.0 55 —-2.5 18 2.0 25
9 6.0 41.0 —5.0 14 2.5 23
10 47 14\ 03] 2 4.1 2.5

=081 F (toos, 1) 23333
209 VY20
L-220 £ py-mp £ 0.523 Il N

- CoNFIDENCE INTERVAL for the POPULATION PROPORTION |

P(1-P) | [p(1-p)
n ‘ n

U, =




PO=P) _p 54z, [PU=P)

f)_zz
| - n n

- = where. ;

X s/ 1s the standard nomal value for the level of coafidence desired-
« P is the sample proportion

« Nis the sample sie

« n.P.(4-P) >S5

Example
* A random sample of 100 people shows — #4=100 ( g=25/ = =025
that 25 are left-handed. A=25

* Form a 95% confidence interval for the
true proportion of left-handers

Prras [p-U-P) = 025 F Roos [ (0:25)(0:3S)
n 1.96 100

L’ 0465 < P £ 0334

= Ecroc in €s¥imating P by P

| \51'612 matchiemeye
_ c.._aus:g\t- |

Ercor '
L 1 ]
I |4 I a ! 3.3
— 2 q
P %_"Iz.l?'.‘l | | P P PtR«y £11 |
n n
| = PN ! !
bern [EE -
Pt Ry - 9 =_iEa'c+L
C e
Example
Example 9.14:|In a random sample of n = 500 families owning televisions in the city of Hamilton,
Canada, it is found that x = 340 subscribe to HBO. Find'a 95% confidence interval
for the actual proportion of families with televisions in this city that subscribe to
HBO.
= N - , . . / (Al -A :
n=500 . . . Ap_l-zl-_!.m / p (A P)!




k=mad | | | | | | [

P =340/500=068 = 068 F Zo.05 (0.69)(0.322)
1-96 500
max e, } ! ! | |
/\
< N = L0.39,0320]
.94 .04
./" . — l‘_,_-——-_.__‘ !
0.64 0.68 0.32.

10.02 ye indirmek .is-l-it’omm- |

.0 2aman n e oyNamam. 1321m. |

If p is used as an estimate of p, we can be 100(1 — @)% confident that the error

will not exceed (2, /21/Pq/mn.

Example

In Example 9.14, we are 95% confident that the sample proportion p = 0.68
differs from the true proportion p by an amount not exceeding ().04.

Example

Let us now determine how large a sample is necessary to ensure that the error in
estimating p will be less than a specified amount e. By Theorem 9.3, we must
choose n such that z,/\/pg/n = e.



If p is used as an estimate of p, we can be 100(1 — a)% confident that the error
will be less than a specified amount e when the sample size is approximately

3 @or Tle ounamak. isHyorsat

7] . a/gpq nile oano.mlud& n‘e de
R= e2 bu formulle ulasia -
. EXOMEle ! ! ! ﬂ?
O et S

Example 9.15: | How large a sample is required if we want to be 95% confident that our estimate

of p in Ex: uuph 9.11 is within 0.02 of the true value?
‘ max eroci  0.02°ye
L4.96)* LosS)LO 32) . 2089.9 %2090 = limiemek isfiyoru.
(0.02)*

‘ If p is used as an estimate of p, we can be at least 100(1 — @)% confident that
the error will not exceed a specified amount e when the sample size is

@ _Zap2
n= 482.

Example.

Example 9.16:| How large a sample is required if we want to be at least 95% confident that our
estimate of p in Example 9.14 is within 0.02 of the true value?

n= (-.;_‘,1)7" = (%;0.015)’-. = E'S_G)'z'_ = 2.904
ge? Ge? ¢.(0.00)*

@) Two Samples : Estimating the Differeace between Two Proportions :

@ (b - m-z..,z\/”‘ EE <m-p <{B=P)Fpy SE+ SR,




Example

Example 9.17:/ A certain change in a process for manufacturing component parts is being con- -
sidered. Samples are taken under both the existing and the new process so as
to determine if the new process results in an improvement. If 75 of 1500 items
from the existing process are found to be defective and 80 of 2000 items from the
new process are found to be defective, find a 90% confidence interval for the true
difference in the proportion of defectives between the existing and the new process.

‘ng=1500 | Ny=2000

1= ! | ! ,1_1:80_

Pa=¥5/4500=005 P, =%0/2000=0.04
\_/’/—\r_ o

lO-OT-— 004) % 2005 | (0.05)(0.95) + LOM)(OSG) .
1.64S 1s00 2000

- =0.00% &£ p—P, & 0.024F

L’ Bu interval O\ da lqériao'r.
Oemekti B, ve B, arasindd
coe bir fale yok.

() Single Sample : Estimating the Variance

-2 bkek bir variance ile 'tl_g'lletflsorsal'_. onun ddﬁlllml Chi -square. .

=Y Ege( ki variance ile darlemuorsat. onun daﬁllll'ﬂl da £-

If s* is the variance of a random sample of size n from a normal population, a | 128 x1-ﬁh < x < x"h.)

100(1 — a)% confidence interval for o° is

2 ; \ =1-&
(n—1)s* <ol < (n—1)s? ’ f/f( »
| I[Jlll’

Xa/2 Xlma/2

where \,'I.,-- and \f_”,,, are y“-values with v = n — 1 degrees of freedom, leaving

areas of a/2 and 1 — a/2, respectively, to the right.

Example

Example 9.18: The following are the weights, in decagrams, of 10 packages of grass seed distributed
by a certain company: 46.4, 46.1, 45.8, 47.0, 46.1, 45.9, 45.8, 46.9, 45.2, and 46.0.
Find a 95% confidence intérval for the variance of the weights of all such packages |
of grass seed distributed by this c ompany, assuming a norm il [mplli ition.
z
In= 10 =St o gt g tnb)s

z(.x x) ,ozis_ 7(-1;,,_ | | | _7(.1'1—«/2_

1a A9 2.30




0136 & 0* £ 0953

@ Two Samples : Estimating The Ratio of Two Vaciaaces

If s{ and s3 are the variances of independent samples of sizes n; and n», re-
spectively, from normal populations, then a 100(1 — a)% confidence interval for
"’I,/“': is ki tane@ wvariance

- olduﬁu fain

s 1 " o S s £ ) § distribution

=L S e e b ‘T e} @ "‘]4'-' .

$3 Jap2(tr,02) 03 8 At g
where f,/2(vy,v2) is an f-value with v; = n; — 1 and v, = ny — 1 degrees of

freedom, leaving an area of a/2 to the right, and f, /,(v2, vy) is a similar f-value

with 12 = n2 — 1 and vy = n; — 1 degrees of freedom.

Example

P[f‘l—ﬂ Z(VI !Vz) <F< frr.-‘Z(vl Vs N=1-«a

Example 9.19:| A confidence interval for the difference in the mean orthophosphorus contents, -

measured in milligrams per liter, at two stations on the James River was con-

structed in Example 9.12 on page 310 by assuming the normal population variance

to be unequal. Justify this assumption by constructing 98% confidence intervals
2 @ ) } . . -
for af /a3 and for o, /a3, where o and o3 are the variances of the populations of |

orthophosphorus contents at station 1 and station 2, respectively.

ng=45 s> 4 e &%
Sy flx/2)(1,.1,) o',_’"

T
Np=20 S"

S, =3.0%

s, = 0.%0

Qu Tnterval

3.425 ¢ Git/0c & 50994 [

e 5 fe/2)00:,9)

Bu amlit. L dedeani
ieerdigi 2aman 0,
ve 61 arasnda ok
bir Fark wl'. demektir.

iain de o r
ve o, amasinda ok
fare Yok derit

LECTURE 6

5 STATESTECAL HYPOTHESES .

- Hﬁpa\'he.sis

3aparken sample e ila'uh' bir parameter lr.ullqnamuu?.: - Her

2aman Popula-l-ion ile fgili kullanmaliyi2 - (population mean, population proportion)

(@D Null Hypothesis.
@ Aitecnative  Hypothesis

hipoﬂ%
cesitiert



(@D NuLL HYPOTHESIS (He)

3 States the assumption (aumerical) to be tested.
- Plways contains “=N " e™ or YO sign-

- May or may not be rejected.-

_@. ALTERNARTIVE HYPOTHESIS ()
- Null Hypothesistin tersidir.

- Never contains the “=", “&™ or “ 3% sign.

2 May or may Mot be supported:

> Is generally the hypothesis that the researcher 15 teying the support:

@ _ngo'i-hesis. Tes¥ing Process :

a Claim:  the population mean 3ge is 50.

'(Null Hapathesis-. é—|°:,u=_50)_

( Rifernative Hypothesis : My . M #50) I I I I
Suppose the sample mean age is 20 : X=20 —~\_ aradaki fack cob

_ (, (Bu ducumda rgec:l-. ederiz - REJECT NULL I-I‘JPO';;SJ)\. I::?: v.r;;::.gu

- X=48 gibi bir deger oisaydy direkt reject edemezdik.

Fail to reject edebilirdik. Ama hiabir zaman accept tullanamay -
(Reject olup 8imayacagia  belirlemer icin de bir intecval belicleriz )

Sampling Distribution of
X

Rejection
q’nrea

i If H, is true "a
If it is unlikely : - then we
that we would T fGjact the qull :
get a sample ... if in fact this were hypothesis
mean Of this the popu‘ation . that_l.l = 50.
value ... mean...

- Level of Significance (o)




= Defines the unliitely values of the sample statistic if the null hypothesis true.
= Defines rejection region of the Sampling distiloution.

= Typical values are o.oﬂ.,-'ﬂaw en iyi sonucu genelde 0.05 verir.
- Provides the [critical valuels) of the test:

Level of significance £ <~ Represents
critical value o
. - beS‘b
HEUES e B e
wo-tail test —— ! ! _
%{?ﬁ 3 2.ae’  shaded
. -y olabilir. :
HOI u S 3 Ala
Hy:p>3 4 one -sided
Upper-tail 0 "'.;"‘;;;w il Wy pothesis
test olabilir. test
" Hy:p23 o
Hi:u<3
¥ Lower-tail vf\
ower-tail AL
test ¥den \; Taral alan\de ]
claviltr. ﬂl*emﬂ*'“'ﬁ sl
- 1 - hﬂpol-hnu\ eemsil

eder.
=) Errors in Making Decisions : _

@ TYPE T €ERROR I I N S N N
= Bic sey dogruyken ona yanhg demek . (P-edec.t a true null hypothesis) |
2 The probability of igpd_l_lﬁrchr_lk_al

' Called level of signifiance of the test

® Diyelim ¥i simfin viot ockalamast 3 dedit - Ve  geraekten 3: Buau test
etmek iuin loic Sample  aldik. Ama ok kotd \ore almisiz ve sample
ortalamas) 2 geldi- Bu dummda m=3‘i reject ededz - Ama ashnda
- dojruydu  ve reject  etmemelydik . Bu type T eccoc olur.

(@ TYPE_IL ERROR | I
= Bir sey ysnhsken 0na dojru demek. (Fail to reject a false wull h&pO‘PﬂeSIS)
-3 The probability of Type I Efror lis B

9 Swmf not octalamast 3 dedik ve test etmek iain sample Jldik, ama

‘Sample  Tain GOk \yi OFfeacilen seutik. di\deﬁm- Oc+alama 3 geldi. dt'aeh'm-

& A s ST | PoogNr e NEREARLA 8 N s e ol o =t gy e s -~ g ) o= R ey P R e



I‘EJEL‘I‘; LSO glE s TRV aoiliica | OiTalalila I XG _IQJE(& .E'l'ﬂ'lcllsﬂll':.'.

Bu durumda type TL eccor yspmis Sturu-

Possible Hypothesis Test Outcomes

Actual Situation

Decision H, True H, False - - -
Do Not . 7 Bir sey yaalisten 0na yaoks demek.
Reject

Ho (1-a) (B) (4-p) Literature‘de = The power

Reject " T _ OF the test olarak  gecer.
Ho (a) (1-B)

B —

W T3PEI- and T-dpe.I ecors Can not happen at the same time -
Q0 « .Tape I eror can only occur F (Mo i Hrue. +ype I ve +ype II eror mutually |
-« Type IL ewor can ooly occur (F( o is false.| | exclusive ecor'diic . (Yani biri

|

géilenyorsa digeri go2lenemer)

mutually
exclusive
z:mts_

% _ﬁ.'?_luhdnjjr_ o arthkca  estimaton pooclasic Ye error,
] /—’ 3m| P! e

% QLMQM__, sample sie ne kadar biyuk  3tursa emror,
Yyani B, o kadar (THAT DT

=3 THE POWER Of the TEST

o« The power of a test is the probability of rejecting a null hﬂpolhesis that is Falise:
Power = P (Reject Ho | Ha is due)

| & Null_Hypothesic®i reject etmenin olasuligu

@) Power of the test increases as the sample size increaseS:

Example

Example 10.1:] A manufacturer of a certain brand of rice cereal claims that the average saturated
fat content does/not exceed 1.5 grams per serving. State the null and alternative
hypotheses to be used in testing]this claim and determine where the critical region
is located.

Ho: M ¢ 4.5
H;_'._M 215




Reyection
P N acea

Example

Example 10.2:| A real estate agent claims that 60% of all private residences being built today are
3-bedroom homes. To test this claim, a large sample of new residences is inspected;
the proportion of these homes with 3 bedrooms is recorded and used as the test
statistic. State the null and alternative hypotheses to be used in this test and
determine the location of the critical region.

Ho: p=06

Hi.p#06b Rejection Area

=3 Hipoter Testi iain. 3 method var:

4) Using p-value approach:
2) Standart method.

3) Confidence. interval approach:

(D P-VALUE APPROACH TO TESTING:

2 p-value® yu (probability)'yi hesaplani- €Jec o mn atindaysa null
hypothesis  reject  edilir. Eger tki-&ndeﬁse, reject to fail olwr.
S & = Tarad- Level (Basta hedef olarak belivienir.)

—If p-value 2 a, do not reject Hy, -

level level

-~ MA=51

:Ps:.rveﬂ P(x>53.1|u=52.0)
X=53.1 eiel Reject H,
i a=.10 B
g=10 A P(z . 53.1 52.0]
n=ea 5 \evel 10//64

Do not reject H, I 1.28 Rej =P(22088) =1—8106

o/ i il L iy Biridan Wiiuldl



canal /=.1894 7 v deger
3ense54i

reddederdik .

. . E fail to reJect. | | | . . | . . _

@ UPPeR-TAIL TESTS

« There is only one Py s 3
critical value, since (Hyip>3 |
the rejection area
is in only one tail

a
L
Do not reject H, | Reject H,
Z 0 Z,
X v
RC
. s
() LOWER- TAIL TesTS
Ho:p23 |
« There is only one Hip<3 |
critical value, since
the rejection area
is in only one tail a
|
Reject H, ) Do not reject H,
Z 0 z
. ; 7
ic
- @ Two-TAIL TESTS
« In some settings, the alternative Wil
: : o =3
hypothesis does not specify a :
: T Hi:p#3
unique direction
/2 o/2
There are two
critical values, 5
defining the E
two regi ons of Reject H, Do not reject H, Reject Hy
rei . 2. 0 +Z, Zz
jection



E_MPE- - r.,qaim dedigi Tain Mo*a YRk,

Test the S@jﬂ.‘.that the true mean # of TV |  _«" petermine the appropriate technique

sets in US homes is equal to 3. (" O is known s« sisa z
(Assume g = 0.8) "o 2% Set up the critical values

\ 5 2 s FOrao= ) e Ci . Z vdliue -
_ * State the appropriate null and alternative
gt hypotheseg prop gp{' Collect the data and compute the test statistic

g Spet:ify the deswed level of s:gmflcance r‘ R,
‘ So the test statistic is:

T .—‘C._..,I = —_ hde o Glae. Cimt = D

‘;‘*—. Choose a sample size ah*aw- ;lguﬁ’;},wmm z-X ;“o = 2-33 = S - _('):36 =—2.0 &
- | » 24 g3 :__:.- \ | :.'_. ) is seled -..“ - .

R Riidhs i | Jn J100 j

! . How likely is it to see a sample mean of 2.84
(or something further from the mean, in either direction) if

i3
SRR o p-value = 0.0078+ 0.022%8

X = 2.84 is translated
toazscoreofz=-2.0

P(z<-2.0) =.0228

p-value = 0.0456 , « = 0.05

P(z>2.0) =.0228

|
L

196 0 1.96] 0.0456 ¢ 0.05, s0
o 835 (Bu dejer ta Taindedir  NUM hﬂpo-l-mis o

ve = valusu 4.96'dw:)

= HYPOTHESIS TESTS for the MEAN

"
0 Unknown.

(@D 0 _KNOWN

. i X1
Reject H, if z=—/ Bu standar methodduc.
vn ~Egec ki bu 2 value'aua

Alternate rule: -etasiigina  tablodan batacsat

Reject H, if X >, +Z,0//n &
_ou p-value ol €3er.
|
ﬂz Do not reject H, il | P-Value £ K _|se d-lcrede.ﬂ*
0
X Mo edilir.

critical value

Example




A phone industry manager thinks that
customer monthly cell phone bill have
increased, and now average over $52 per
month. The company wishes to test this

Y b1i'ndi§| wain 2 test
kullaar.

Hy: p <52 the average is not over $52 per month | , | .
H,: p>52 the average is greater than $52 per

(i.e., sufficient evidence exists to support the
manager’s claim)

' 3=0.88 ¢1.28 (Do not reject Ho)

L_" Bu stondart yoldur.
Mo - 53.4-52 = 03%
X=52.1 Y Vea

Bunua 2 -tablodak:

olasili degenae
bakarsak. p-value olur ve Ppvalueye«

olur. Ve do not rqjec{- Ho deriz -

Example

Example 10.3:| A random sample of 100 recorded deaths in the United States during the past
vear showed an average life span of 71.8 vears. Assuming a population standard
deviation of 8.9 years, does this seem to indicate that the mean life span today is
greater than 70 vears? Use a 0.05 level of significance.

n=100 2score = X-M
X=M3 i m>%0 TR
0=89 A 2= MB-30 _2.02
% =0.05 PPt M| 2 hso
2002 = p-value = 0.024%
Example

Example 10.4:| A manufacturer of sports equipment has developed a new synthetic fishing line that
the company claims has a mean breaking strength of 8 kilograms with a standard

deviation of (0.5 kilogram. Test the hypothesis that p = 8 kilograms against the

iternative that g # 8 kilograms if a random sample of 50 lines is tested and found
to have a mean breaking strength of 7.8 kilograms. Use a 0.01 level of significance

i-M = :"-8-8_- =-2-33
r/ﬁ O-S/m

| p0008 | 1 ] (S;l'nndéf'l- )
n=50 2z T~ Reject Null Hypothesis (Ho) \ Approach

e P yvhAi i AoOPARSLL



s O Jtw

 ——————eih e ———

233 'nin verdigi alan kablodan bulurui -
p-value = 0.0046 —> p.value L« - Reject Ho

- (Grafikten de Observed sig. level ‘in target <ig-

level “den  lciauk lduguny gomp p-valueda

diyebiliriz )

* For a two-tailed test: o : - - - | -
. < o blinmugis } t_test kullaml.
Consider the test 9 ne30 ise . | | _ |
_4H0 =t (Assume the population is
normal, and the population
H,:p#W, | variance is unknown)

The is:

x|
|
i =
o
x|
|
=
(=)

Reject H, if |t = <t a0 OFif |t= >t a2

Example

The average cost of a hotel room Ho i m =163 s

in Chicago is said to be $168 per
night. A random sample of 25
hotels resulted in X = $172.50
and s =$15.40.

Test this claim at the a = 0.05

Hitm$168  =0.05

claim dedigi iain aeo'a| |H,: 4= 168
level. A o- M
(Assume the population distribution is normal) H1 a p -~ 1 68
| o~ unknown — E-test | T I
! ! . ! ! . . ! ! . . -kE24,0.005 +24,0.025

X —24 d 063
bn-y = X=MA = 132.5 —168 -41.4% (0633 20439

_"/J'ri | _”'4_0/55 | U o net reyect Ho \/

! eridical
values

= HYPOTHESIS TeST for POPULATION PROPORTION

@.&1 _pP-fo
| sy




ko the (right of -

% If the alternative hypothesis is t i) P&pa , the P-value is the area
to the ‘left of 2.

2 1€ the amtemative | hypothesis |ist M4 : PFE Ps , the P-value is the sum
of the aceas in the tails cut off by % and -2.

Example

A supplier of semiconductor wafers claims that of

all the wafers he supplies, no more than 10% are

defective. A sample of 400 wafers is tested, and 50

of them, or 12.5%, are defective. Can we conclude
that the claim is false?

Ho:pedo”s = P-po - 0.126-0410 = 41.63

Hiipr40%  [au-p), \/ (010)(0-90)
n=400 | |

X = 50 defective

P =50/4900 =125 % 0.05 =« (assume e#it)

ny 10 = 2 -test —_— qued Ho pe 0%

“o8s |
| 4_5!‘.5- P Ny P-value  approdch ‘da
1.3  nin_tablodan alan
degenne bakanz - « dan

Luaukse. rejeck ederi -

() Two SAMPLE TESTS

Two Sample Tests

I
I l l l

Population Population
Means, Means, Population Population
Dependent Independent Proportions Variances

Samples Samples




Same group Group 1 vs. Proportion 1 vs. Variance 1 vs.
before vs. after independent Proportion 2 Variance 2
treatment Group 2

Do: hypothesized mean difFerence

5 DEPENDENT SAMPLES
I (S I I % Both populations are normally distibuted.
Lo
ilgih._B —Yi—1—> afrer
! j’ : obsevation
bserva+
o T _ _ =
™ kt value , with n-L
degrees of Freedom .
Sd : Sample Standacd dev.
in
" : sample Size -
_-— T
Matched or Paired Samples
Lower-tail test: Upper-tail test: Two-tail test:
Ho: By = pyzo Ho: By = pyso Ho: By = py=u
Hy: = "y<0 Hy: oy = uy>0 H1:"x—uy¢0
tor2 tor
RejectHyift<-t , . RejectHyift>t,, ., RejectHjift<-t ,
“ieD, a2 ort>t,,
Where - Sy has n-1 d.f.
vn
Example
* Assume you send your salespeople to a “customer
service” training workshop. Has the training made a ‘
difference in the number of complaints? You collect the T
following data: (e =0.05) . T 2‘?&* ,:
Number of Complaints:| (2)- (1) o = n :
Salesperson| Before (1) Difference. d; xp - '
’
CB. 6 .2 =42 s/, )
T.F. 20 -14 — T‘
MH. | 3 -1 o [2d=a | 1 —4ee




L
ghc

= -‘I»Z-.O = -1.66

c.6% /J?

- DIFFERENCE BETWEEN Two MEANS

Population means,

independent samples

o,? and 0,2 known

(S»wiiunn

Test statistic is a =~ value

0,2 and 0,2 unknown

o,2and o,?
assumed equal [~ | Test statistic is a a value from

o,2and o2
|assumed unequa

_—"| the Student’s

distribution

@) oz and G;" Known

‘« Samples ace randomly and indepeadenty draum-

‘o Both population dishibutions are Aormal

‘« Population wvariaaces ae known.

7 K=Y (b —py)

Known

Two Population Means, Independent Samples, Variances

Lower-tail test:

Ho: B =, 20
H1: u‘—p,,(o

Upper-tail test:

Ho: py—-p, =0
H1:u!—uy>0

Two-tail test:

Ho: iy =py =0
H1: Dx—uy$0

-

i L 2 iy

Do No+t P.qjef.-e Ho



Reject H, if z < -z,

RejectHyifz> z,

(¥ Og and 0" Unknown. (Equal)
« Samples are candomly and independently drawn

Reject Hﬂty'iiigg |

« Populations ace vnomally distibuied

« Population vadances are unknown but assumed equal:

\

fi=

2 2
S

P i P
n, n,

and

@ Use a tyaue with ..Lnk_tnﬁlﬂ)_. degrees of freedom-

( ? = y)— (}JX. — py ) -Wh-ere- t ‘has-, (n1‘ + hz - 2) df,

s? =

(n,—1)s; +(n,—1)s

2
y

° n,+n, —2

Two Population Means, Independent Samples, Variances

Unknown
Lower-tail test: Upper-tail test: 'Two-tail test:
Ho: i, — |.Iy20 Ho: 1, - |.IY£0 Ho: 1, - py=o
Hy: P = "y<0 H13Px-l-',=0 Hy: py = py*o
a)/\ /\Ii i i
-t, t, tor ton
Reject H, if Reject H, if Reject H, if

t<-tiin2-2),0

Example

t>t (n14n2-2), a

t<-t(n1in2-2), 02 OF

t>tn1inz-2),02

You are a financial analyst for a brokerage firm. Is there a

difference in dividend yield between stocks listed on the NYSE

& NASDAQ? You collect the following data:
NYSE NASDAQ

Number 21
Sample mean = 3.27
Sample std dev  1.30

Assuming both populations are

approximately normal with equal

variances, is
there a difference in averag
yield (a = 0.05)7?

e

25
2.53
1.16

t=

(X~ Xz )-(u,-p,)  (3.27-253)-0

=2.040(

Q2 _

(n, =18, +(n, -1)S," (21-1)1.30% +(25-1)1.16

1.1 J1.5021(1+1
n, n, 21 25

|

—1 EN1



=N+ (n,-1) (21-1)+(25-1)

.«}J-.In
Ho : -z =0 .
Hii MM ¥0

o = 0.05 S critical values = + 2.0154 . | _ _
32.0480 LP-GJOd'J-lo)

2.015%

df = 24426 -1 = 44 . =2.015%

@ o and 0 Unknown , Unequal
« Samples are famdomly and independenHy drauwn-

- Populations  are nxmally distibuted-

- Population vadances are unknown and assumed unequal:

WA X—y)-D
(i)+(_y) | t= ( y) 0
n, n, 5 2
V= S S
[82]2“ 0+ | 10, -1 i
X nx_ 4+ LAl n —
n, n, ’ | Ny Ny

= TEST STATISTIC foc TwO POPULATION PROPORTIONS :

% The test statstc for |7 — - (Apx _p{) _
Po(1-Po) | Po(1-Po)

Ho : Px.-P:’.-'O,-/‘.
i$ a 2 value: || n, I,

S nxpx +nypy
0=
0, 4N,

Population proportions

Lower-tail test: Upper-tail test: Two-tail test:
Hy: P, =P, 20 Hy: P, =P, <0 Hy: P,-P,=0
Hi:P,-P,<0 H:P,-P,>0 H,: P,-P,#0



RejectH,ifz< -z,

Example

Reject H,ifz> 2z,

Reject Hy if z < -z,
orz>z,,

Is there a significant difference between the
proportion of men and the proportion of women
who will vote Yes on Proposition A?

* In arandom sample, 36 of 72 men and 31 of 50
women indicated they would vote Yes

* Test at the .05 level of significance

_ (Pu-bu)
Bo (1-P) , Po (1-P5)
n, n,

(.50-.62)

J[.549(1—.549) R .549(1—.549)]
72 —"50

= —-1.31]

Ho: Pm-Pw =0 ,ﬁm: 36/32. =050

_ NuPw + NPy

_ 72(36/72) +50(31/50) _ 67 :_549‘_

Myt Pm =Py #0 ,pw = 34/50 = 0.62

He: 0.2 20,7 )

H?: C2<02 Lower-tail
) Y test

ot &1, S oy Upper-tail
M o2 > 0% PP
test

Use s,? to denote the larger variance.
Hy: 0,202
H;:0,2>0/2

one.sided
o
.

Ny +Ny 72+50 122

—> Do not Leject o

- Has an F diskibuhon
with (nx=1) numerator
degrees of freedom and

ﬂnHmem

elegrees of freedom .

M
o

(D‘UJ
I NIX N

Two-tail test () Denote an F. value with vy numerator

and v denominator degrees of freedom
! bd ! FV],V;

0,2 # 0,2

0" Pk 01

Do not | Reject H, F Do not
reject H, n,-1n,-1.a reject H,

Reject H, if F > F

Ny 1.n -1.a

r Reject H,

ne=1ny-1a/2

M rejection region for a
two-tail test is:



Reject H, if F > F,

n,-1n,—1.a/2

where s,? is the larger of
the two sample variances

Example

You are a financial analyst for a brokerage firm. You want to
compare dividend yields between stocks listed on the NYSE & Mo o-x’- = g's'l-_

NASDAQ. You collect the following data: |

NYSE NASDAQ
Number 21 25
Mean 3.27 2.53
Std dev 1.30 1.16

.

Ha: o # oy

Mx-1 =24-31 = 20d4.f.

Is there a difference in the
variances between the NYSE
& NASDAQ at the o = 0.10 level?

| ﬂ(l’-..l =25-1 = 24 dJ4.

Fax-s, ny-1, o0 = Fa0,2¢,040/, = 2.03

T
F= Sx_ _ 430% _q260 |
Sy* 140* il

Do 0ot Eﬂﬁ“o.‘_/. _12.03




