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Veri Turleri

Veriler genel olarak asagidaki tc tlre ayrilabilir:

« Zaman serisi verileri, art arda zaman araliklari boyunca toplanan, kaydedilen veya
gozlemlenen verilerden olusur.

« Kesitsel veriler, zaman icinde tek bir noktada toplanan g6zlemlerdir.

« Panel verileri, bir havayolu ornegi icin tasinan yillik yolcular gibi zaman icinde
tekrarlanan kesitsel dlctimlerdir.



Forecasting Techniques

Quantitative >»

— Time-Series Analysis» r

Qualitative —>»

— Delphi Technique

Declmqn >
Analysis

— Technological Forecasting

—Regression analysis
— Causal Methods—»| Simultaneous equation models
__Spatial equilibrium

Trend projection

Decomposition
methods

— Market Research and Industry Surveys

— Probabilistic Analysis
— Bayesian Analysis

— System Dynamics

>

Exponential smoothing

Moving averages

Box-Jenkins
Adaptive filtering

Spectral analysis

Multiple regressions

Econometric analysis



Regression Analysis

" Linear Regression:
Simple Linear Regression: {y, x}

Multiple Linear Regression: {y; Xy, ..., X;}

Multivariate Linear Regression: {y,, ...

Correlation Analysis

) ynl X]_I cee ) Xp}



Formulation of the Model
i) Linear:Y=a+bX,+cX,+...z2X,

ii) Multiplicative or log-log: Y = aX,? X,¢...X ?
log Y=1log(a)+blog X, +clog X, +...zlog X,

iii) Linear-log: e"=aX,? X,¢... X ?
Y=1log(a)+blog X, +clog X, +...zlog X

iv) Log-linear: log Y=a + bX, + cX, + ... zZX

n



Matematik / Istatistik Modeli nedir?

Genellikle degiskenler arasindaki iliskiyi tanimlar

Turler:
Deterministik Modeller (rastgelelik yok)
Olasilik Modelleri (rastgelelikle)

Deterministik Modeller:
Kesin iliskileri varsayar
Tahmin hatasi 6nemsiz oldugunda uygundur.



Probabilistic Models

. Hypothesize two components
— Deterministic

— Random error

. Example: sales volume (y) is 10 times advertising spending (x) + random error
— y=10x+¢
— Random error may be due to factors other than advertising



Types of
Probabilistic Models

e Sm—




Regression Models
(Forecasting and Planning)



Regresyon analizi

* Bir bagimli degisken ile aciklayici degisken (ler)
arasindaki iliski, iliski kurmak icin denklem ve sayisal
bagimli (Yanit) degisken kullanir.

* Esas olarak kestirim ve tahmin icin kullanilir.



Types of Regression Models

1 Explanatory 2+ Explanatory
Variable Variables

Linear

11



Regression Models

* Answers ‘What 1s the relationship between the variables?’
»  Equation used
— One numerical dependent (response) variable
= What is to be predicted
— One or more numerical or categorical independent (explanatory) variables
« Used mainly for prediction and estimation



Statistical relation between Lot size and Man-Hour

180 f

The goal of the analyst who studies the data
Is to find a functional relation !
between the response variable y and the OO .
predictor variable x. :
y = 1T(X)

Lot size



Regression Function

» The statement that the relation between .
X and Y is statistical should be ¥ | En-the expected value of ¥
interpreted as providing the following PR
guidelines: 150 y=F(X)

Regrssion Line

1. Regard Y asarandom variable.

2. Foreach X, take f(x) to be the
expected value (i.e., mean value) of .

3. Giventhat E (Y) denotes the expected
value of Y, call the equation - -

20 40 &0 20 Lot Size X
ECY)=1(X)
the regression function.

100 +

=1

F{X) is the expected value of ¥ when the lot size is X



Pictorial Presentation of Linear Regression Model

A
S

Regression Line
—=— Probability Distribution of Y
10 N -

)

0 Man-Hours = Y




Specifying the Model

1. Define variables
» Conceptual (e.g., Advertising, price)
- Empirical (e.g., List price, regular price)
« Measurement (e.g., $, Units)

2. Hypothesize nature of relationship
« Expected effects (1.e., Coefficients’ signs)
» Functional form (linear or non-linear)
 Interactions



Types of Relationships

Strong relationships

Lineer iliski

Egrisel iligki

Y




About Curve Fitting

» Curve fitting is expressing a discrete set of data points as a continuous function.

e It is frequently used in engineering. For example the emprical relations that we use in heat transfer
and fluid mechanics are functions fitted to experimental data.

* Regression: Mainly used with experimental data, which might have significant amount of error
(noise). No need to find a function that passes through all discrete points.

f(x) Linear f(x)
Regression
e
/ Polynomial
oo o . Regression .

» Interpolation: Used if the data is known to be very precise. Find a function (or a series of
functions) that passes through all discrete points.

Four different

A single f(x) functions

f(x) function

X X
Polynomial Interpolation Spline Interpolation




Dogrusal Regresyon Modell

Degiskenler arasindaki iliski dogrusal bir fonksiyondur

| Popuilasyon regresyon modeli:

i Rastsal
Popllasyon F’i:}.pulasyr:m Bagimsiz hata
. egim z ‘
Y kesim noktasi degisken ada
y katsayisi : y
Bagimli N\ N  residual
degisken-_] : ) ' a
| B 0 B 17 % |
L ~ - I\-_¥_-’

Lineer kisim Rastsal hata kismi



Basit Dogrusal Regresyon Modeli

» Basit Dogrusal Regresyon Model

y=Po+ Pix+e
» Basit Dogrusal Regresyon Denklemi

E(y) = Bo *+ BiX
* Tahmini Basit Dogrusal Regresyon Denklemi

A
= +
y =by+ bx
Tahmin Tahmin edilen Tahmin Ed”?r_] -
edilen Y, Regresyon regresyon egimi

HE’Sim noktas

\'h

Y, =b, +b,X]

X, degeri

e. hata terimi sifir ortalamaya sahip



General regression model
1. f,, and g, are parameters
2. X Is a known constant
3. Deviations ¢ are independent N(o, ¢?)

The values of the regression parameters £, and
S, are not known.We estimate them from data.

S, Indicates the change in the mean response
per unit increase in X.

If the scatter plot of our sample
data suggests a linear relationship
between two variables I.e.

y:ﬂo‘l'ﬂlx
we can summarize the
relationship by drawing a straight

line on the plot.

|_east squares method give us the
“best” estimated line for our set
of sample data.



Line of Means

Change in X

} P, = y-intercept



Sample Linear Regression Model

Y Yi :/éo"‘/éﬁ(i + &

AN
& = Random error

Unsampled
observation

yi — /éo + lei

Observed value



Estimating Parameters:
Least Squares Method



En kiicUk kareler yontemi

 Gercek yasamin cesitli alanlarinda herhangi bir uygulama ile toplanan veriler tablo sekline getirilerek
incelenir ve toplanan veriyi modelleyen bir fonksiyon bulunmaya calisilir. Cogu zaman bu veri
tablosuna tam olarak uyan bir fonksiyon bulmak mumkiin olmaz; veri tablosuna en iyi uyan fonksiyon
belirlenmeye calisilir. Bir veri tablosuna en iyi uyan fonksiyonu bulma stirecine regresyon analizi denir.

 Regresyon analizi yaparken en ¢cok kullanilan yéntemlerden biri en klctk kareler ydontemidir. Blyuk
matematikci C. F. Gauss’un 18 yasindayken (1795) gelistirdigi bu yontem, ilk kez 1801 de Cres
astroidinin yorungesinin belirlenmesinde kullaniimis.

 Belli 6lcimler sonucundai=1, 2,..., nicin (xi, yi) verileri elde edilmis olsun. Burada, her bir yi nin xi
ve bagli olarak degistigi varsayilmaktadir. (xi, yi) dizlemde noktalar olarak distunuldiginde, pratikte
bu noktalar diizgun bir egri Uzerinde, baska bir deyimle, bilinen bir fonksiyonun grafigi lizerinde
bulunmazlar. Hatta bazi durumlarda, (xi, yi) ler arasinda ne tir bir baginti bulundugu dahi
bilinmeyebilir.

 Yapilan olcimlerin dogasi geregi, heri=1, 2,..., nicinyi=f (xi ) olacak bicimde bir fonksiyonun var
oldugu, dlcimlerde yapilan hata nedeniyle bu esitliklerin bazilari veya hepsinin saglanmadigi kabul
edilebilir. Bu diislinceyle, olctlen yi degeri f (xi ) icin yaklasik deger kabul edilerek bu yaklasimdaki
hatanin minimum oldugu f fonksiyonu belirlenmeye calisilir. Bu amaci gerceklestirmek icin f
fonksiyonunun bir takim parametrelere bagli bir ifadesi bulundugu varsayilip eldeki veriler yardimiyla
bu parametreler belirlenmeye calisilir.



Method of least squares

Fitting a straight-line graph

Drawing a straight line of best fit through a set of plotted points by eye introduces

unnecessary errors. To minimise errors the method of least squares is used where

the sum of the squares of the vertical distances from the straight line is minimised.
V A

Assume that the equation of the y=ar bx

line of best fit is given by: '

y =a—+ bx




The Line

 Qur aim is to calculate the values m (slope) and b (y-intercept) in the equation of a
line :

* y=mx+b

Where:
e y=how farup
e Xx=how faralong

* m =Slope or Gradient (how steep the line is)

« b =theY Intercept (where the line crosses the Y axis)



https://www.mathsisfun.com/equation_of_line.html
https://www.mathsisfun.com/equation_of_line.html
https://www.mathsisfun.com/geometry/slope.html
https://www.mathsisfun.com/gradient.html
https://www.mathsisfun.com/y_intercept.html

Least Squares Graphically

|
Y

N
LS minimizes » &7 = &7 + &, + &5 + &,
1=1




Tanmm 1. v; - f(x;) farklarindan her birine bir artik denir.

En kiiciik kareler yonteminde aranan fonksivon., va da onun parametreler:, tiim artiklarin
kareler1 toplami olan

> 0= S = 0= £ + 000+ (3, £(3,))

ifadesin1i mmimum vapacak sekilde belirlenir. Bu, yonteme neden en kiiciik kareler yéntemi
dendigini aciklar. S6zii edilen kareler toplaminin minimum olmasi 1¢in her bir hatanin kiiciik
olmasi gerektigine dikkat ediniz.



Least Squares

‘Best fit’ means difference between actual y values and predicted y values are a
minimum

—  But positive differences off-set negative

Zn:(Yi_yi)zz &5

Least Squares minimizes the Sum of the Squared Differences (SSE)



Minimizing the Square of Individual errors

n n
S, = zgf = Z(Vi -a, —ax)" Sum of squares of the residuals
i=1

i=1
e Determine the unknowns ag and a; by minimizing S,.

* To do this set the derivatives of S, wrt ag and a, to zero.

0S,
0a,

asr -2 i[(yi —dy — E1x|)x|] — (le)aﬂ +(zx:!)a1 = ZKIYI

oa,

or " Zx; {a"} = 2., These are called the normal equations.
zxi le a, Zxﬂﬂ

* Solve these for ap and ay. The results are

'ziuﬁ-au'a#i):o —> naﬂ+(zx')a1 =ZY;

where y-bar and x-bar are the means of
y and X, respectively.

_ nZ(x|YI)_Zx|ZYi = =
DX




En kucuk kareler yontemi

En klicuk kareler ydntemi bu E toplaminin en klictik degerinin bulunmasini hedefler ki
bunun icin problemin iki parametresi olan a0 ve a1 buyukliklerinin en uygun degerinin

bulunmasi gerekir.
E bayuklGginin minimum olmasi icin bu blyukligin a0 ve al parametrelerine gore tlrevlerinin

sifir olmasi gerekir:

C ol
~ :ZZ(_‘u‘k—aﬂ—agk)(—]):O
el k=1
OF &
'EE;— :::E:'?(J} —d 1% ]: 1 =
] k=1

M) =

=
'Iql_'

."_-‘A‘-_".

L
!

)

|

-

N

k=

k=1

Vi
7

:.‘fr:lﬁr




« We will write an estimated regression line based on sample data as
9 — bo -+ blx

* The method of least squares chooses the values for b, and b, to minimize the
sum of squared errors

2

SSE =" (¥~ 9.)° =X (y—b, ~b,x)

* Using calculus, we obtain estimating formulas:

i(xi_)_()(yi_y) nixiyi _ixiiyi
> (x -0 DI IS

b,




- veri dagilimini

- buna uydurulacak dogruyu

- Hatalar

- Hatalarin kareleri

- Hatalarin kareleri toplami

(Hk;yk} k=1,2,...,N

v(x)=ap+a:x



Computation Table

X Y; X Y, XY;
X1 Y1 Xlz 3_/12 X1¥1

X2 Yo LS, Y2 Xo¥o

X; YV, X2 Vo | XV,
2 2
X 2y, X 2y, 2XY,;



— We have: — The estimated regression function Is:
n=10 ) x=564 > x* =32604 J =828+10.8x

2Y=14365 ) xy=B18755 Sales = 828+10.8 Expenditure

— The least squares estimates of the — This means that if the weekly advertising
regression coefficients are: expenditure is increased by $1 we would
expect the weekly sales to increase by $10.8.

S NY XY= XDy 10(818755)— (564)(14365) 108
YK -0'x)7 10(32604)-(564)°

b,

b, =1436.5-10.8(56.4) =828



Method of least squares

Fitting a straight-line graph
The it" point plotted, (x;, V;), is a vertical distance from the line:

vy, - a- bx,

The sum of the squares of these
differences for all n points
plotted is then: i

P, (X, v
s =>"(y, —a—bx;)’ / i
i—1
a + bx;




Method of least squares

Fitting a straight-line graph

The values of a and b must now be determined that gives S its minimum value. For
S to be a minimum:;

95 _ 0 and 22 _0o
oa ob

This yields the two simultaneous equations from which the values of a and b can
be found: o bzn: % — Z v
i=1 =1

aixi +bixi2 = ixiyi
i1 i1 i1




To find the line of best fit for N points:

Step 1: For each (x,y) point calculate x2 and xy

Step 2: Sum all x, v, x2 and xy, which gives us ¥x, Ty, ¥xZ and Zxy
Step 3: Calculate Slope m:

N Z(xy) — 2X 2y
N Z(x2) — (Zx)?

(N is the number of points.)
Step 4: Calculate Intercept b:

b — ZY — M ZX

Step 5: Assemble the equation of a line

y=mx+0Db



Step 3: Calculate Slope m:

_ NZ3(xy) —3x 2y
N Z(x?) — (2x)?

SDx 263 — 26x41
5x 168 — 262

1315 — 1066
840 — 676

_ 249
= Se4 = 1,5183...

Step 4: Calculate Intercept b:

2y — M xX

b = N

41 — 1,5185 x 26
3

= 0,30409...

Step 5: Assemble the equation of a line:
y=mx+Db

y =1,518x + 0,305

Let's see how it works out:

vy y = 1,518x + 0,305

4 3,34
5 4,86
7 7,89
10 10,93
15 13,97

error
~0,66
~0,14
0,89
0,93

~1,03

Here are the (x,y) points and the line y = 1,518x + 0,305 on a graph:

15

10

]

5 10

MNice fit!



Sam hears the weather forecast which says "we expect 8 hours of sun tomorrow”, so he

uses the above eguation to estimate that he will sell

y =1,518 x8 + 0,305 = 12,45 Ice Creams

Sam makes fresh waffle cone mixture for 14 ice creams just in case. Yum.

How does it work?

It works by making the total of the square of the errors as small as possible (that is why it is
called "least squares”):

0 5 10

The straight line minimizes the sum of squared errors

So, when we square each of those errors and add them all up, the total is as small as possible.

You can

imagine (but not accurately) each data point connected to a straight bar by springs:

10AY




Example: Sam found how many hours of sunshine vs Step 1: For each (x,y) calculate xZ and xy:
how many ice creams were sold at the shop from

Monday to Friday: X Y x? Xy
mn mn n mn 2 4 4 8
X Yy
Hours of Ice Creams 3 5 9 15
Sunshine Sold
5 7 25 35
2 4
7 10 49 70
3 5
9 15 81 135
5 7
7 10 Step 2: Sum x, y, x2 and xy (gives us Zx, Xy, TxZ and Ixy):
= 15 2
X Y X Xy
Let us find the best m (slope) and b (y-intercept) that suits that data 2 4 4 g
y=mx+b 3 5 9 15
5 7 25 35
7 10 49 70
9 15 81 135
Zx: 26 Zy: 41 3x?: 168 Ixy: 263

Also N (number of data values) = 5



Use least-squares regression to fit a straight line to

x | 1| 3 7 |10 | 12 | 13 | 16 | 18 | 20

y | 4 | 5 518 | 7|6 |9 12|11

n=10

2.% =105 L N2 (xy)-DxDly, _10%906-105*73 _ .
Yy, =73 onxp-0x)?  10*1477-105°
x=10.5

y=7.3 a, =7.3 - 0.3725*10.5 = 3.3888

D x; =1477



Error of Linear Regression (How good is the best line?)

Spread of data around the mean Spread of data around the regression line

e

X X
St = Z(yi - ?)E Sr = zelg = Z(yi — 48, _"511}"(i)2
i=1 i=1 i=1
S, . S :
S, = std. deviation Sy/x = ' std. error of estimate
n-—1 n-2

* The improvement obtained by using a regression line instead of the mean gives a maesure of
how good the regression fit is.

S -S
coefficient of determination | r? = ——°

St
correlation coefficient nZ(xiyi) _ Zx‘zy'

' Y2 - x) nYy:-y,)




How to interpret the correlation coefficient?

» Two extreme cases are
eS5., =0 — r=1 describes a perfect fit (straight line passing through all points).
¢S5, =5, — r=0 describes a case with no improvement.

e Usually an r value close to 1 represents a good fit. But be careful and always plot the data points
and the regression line together to see what is going on.

Example (cont’'d): Calculate the correlation coefficient.

— C __ 2 —
le —-105 St _E(YI Y) 64.1
V=73 S, =3 (y,—a, —a,x,)* =12.14
X =10.5 =
y=73 r? = % =0.8107
D x; =1477 *

r=0.9



Lineer olmayan veriler

veri seti non-lineer bir dagilim gbsterebilir.

y=a-x°, y=a-e”
Bu iki fonksiyon artik lineerdir. Ln(y)=In(a)+bln(x)
v=au+ 3
Log(y)=log(a)+blog(x) v=In(y)
v=au + 3 u=Inx
v=log(y) a=b
u=logx B=In(a)

o=b
B=log(a)



En kucuk kareler polinomlar

H

yakinlasim polinomu v=>Y ax =a,+a,x+a,x’ +a;x’ +---+a,x"
=0
n -
e Y an]
hatalar e =Yy — . ax]
j=0
2
. 2 Z __.F
hatalarin kareleri e, =| v — D a,xj
Jj=0

[

kareler toplami E=>|y,—D axj]
j=0



En kucuk kareler polinomlar

kareler toplaminin en kiclik dederini elde etmek icin E toplaminin a; (i=0,1,2,...,n)
paremetrelerine goére turevlerinin sifir olmasi gerekmektedir:

o) i {1 —iu 15} [ ]:0; i=012.--.n
Jj=0

oa; =

Bu sekilde elde edilen n+1 adet lineer denklem es-zamanli olarak ¢ozulerek a; katsayilari elde
edilebilir. Bunun icin yukaridaki denklem sistemi diizenlenerek

n N o N
Z(Z“;Ii&; ] = ZILJ-‘;; : i=012.---.n



En kucuk kareler polinomlar

N N N N [ N
T i L2 L3 n .
D Y T SIS T 3 >,
k=1 k=1 k=1 k=1 “a k=1
N N N N N 0 N
A L2 .3 4 n+l . _
DIETEDIE D DL S DL PIEH a, PIETLP
k=1 k=1 k=1 k=1 k=1 k=1
N N N N N — J N L
T_:' Yj 1‘4 1‘5 Tn+3 GE 1 T_:'
2 X Xp o 2 X X 2 Xi XV
k=1 k=1 k=1 k=1 k=1 k=1
N N N N N HG n N
n na+l Jn+2 L n+3 LA+ | n
PIEHEED IE AP IE VAR DL ¥ PIE PIETS
| k=l k=1 =1 k=1 k=1 | k=]

seklinde yazilabilir. Bu denklem sistemi Gauss eliminasyon yontemi ile cozulebilir.

Asagidali veri noktalarima en kiigiik kareler vaklasimi ile kuadratik bir egri uydurunuz

Xk

0.050

0.110

0.150

0.310

0.460

0.520

0.700

0.740

0.820

0.980

1.171

Yk

0.956

0.890

0.832

0.717

0.571

0.539

0.378

0.370

0.306

0.242

0.104




Probability Distribution
of Random Error



Regression Modeling Steps

Hypothesize deterministic component
Estimate unknown model parameters

Specify probability distribution of random error term
e Estimate standard deviation of error

Evaluate model

Use model for prediction and estimation



Linear Regression Assumptions

Mean of probability distribution of error, €, is 0
Probability distribution of error has constant variance
Probability distribution of error, €, is normal

> w N e

Errors are independent



Error
Probability Distribution

E(Y) = B+ P1X




Random Error Variation

» Variation of actual y from predicted y, y

« Measured by standard error of regression model
— Sample standard deviationof ¢:s

 Affects several factors
— Parameter significance
— Prediction accuracy



Variation Measures

Unexplained sum of
y.  squares (i = 9)°
I

y :Bo "'"lei
Total sumof o
squares (Yi —Y) Explained sum of
il W )
< y
X

X



Estimation of o?

S% = :SEZ where SSE =) (y;,—VY, )
SSE
S =4/S° =
VYn-2




Calculating SSE, s?, s Example

You’re a marketing analyst for Hasbro Toys. You
gather the following data:

Ad S Sales (Units)
1
2
3
4
5

Find SSE, s?, and s.

A NNRER=



Calculating SSE Solution

Xi |y |[y=—1+7x| y=V [ (y=9)°
1 1 .6 A4 16
2 1 1.3 -3 .09
3 2 2 0 0
4 2 2.1 -/ 49
5 4 3.4 .6 .36

SSE=1.1



Calculating s? and s Solution

>, SSE 1.1

n—2 b5b-2

S

s =+/.36667 = .6055



Residual Analysis

=F :Yi_Qi

* The residual for observation i, e;, is the difference between its observed and predicted value
 Check the assumptions of regression by examining the residuals

— Examine for linearity assumption

— Evaluate independence assumption

— Evaluate normal distribution assumption

— Examine for constant variance for all levels of X (homoscedasticity)



Checking for Normality

Examine the Stem-and-Leaf Display of the Residuals
Examine the Boxplot of the Residuals

Examine the Histogram of the Residuals

Construct a Normal Probability Plot of the Residuals



Evaluating the Model

Testing for Significance



Test of Slope Coefficient

Shows if there is a linear relationship between x and y
. Involves population slope [3,
Hypotheses
— Hy: B, =0 (No Linear Relationship)
— H._: B; # 0 (Linear Relationship)

. Theoretical basis is sampling distribution of slope



Test of Slope Coefficient
Solution

* HO:B,=0

* Ha:f,#0
 a=.05

e df=5-2=3

e Critical Value(s):

- Reject H, Reject H,
1.025 025

3182 0 3.182 t




Test of Slope Coefficient

Solution
Test Statistic:

t=2 = _3657

S 4 1914
Decision:
Reject at o = .05
Conclusion:

There is evidence of a relationship



S
_A\A
N
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/W/K\\ﬁ
Correlatin and Regression



Korelasyon katsayisi

* Korelasyon, iki degisken arasindaki
iliskinin istatistiksel olarak él¢iilmesini Y 4
ifade eder. Iki degiskenin iliskili olma
derecesini gosterir.

* Popiulasyon korelasyon katsayisi (rho),
degiskenler arasindaki iliskinin gicinu
Olcer.

* Ornek korelasyon katsayisi r, rho'nun _
bir tahminidir ve 6rnek gozlemlerdeki oo

dogrusal iliskinin gicinu 6lgmek icin
kullanilir.



Korelasyon Katsayisi Nedir?

 Regresyon modelleriile degiskenler arasindaki iliski matematiksel bir fonksiyon ile belirlenir.

 Korelasyon katsayisi iktisat teorisi ile birlikte ekonometrik modeldeki degiskenlerin birbirlerini aciklamakta
yeterli olup olmadigini ortaya koyar.

 Regresyon analizinde bagimsiz degiskenlerin katsayilarinin isareti degiskenler arasindaki iliskinin yéninu
belirtir. Ancak iliskinin derecesi sadece bu isaret ile bulunmaz.

* Bu durumda kovaryans kavrami devreye girer.

 Varyans bir serinin aritmetik ortalamasi etrafindaki dagiliminin élcistiyken, kovaryans iki serinin karsilikli
ortalamalari etrafinda dagilimlarinin olctstdur.



Korelasyon Katsayisi Nedir?

 Kovaryans da varyans gibi tek basina bir anlam ifade etmeaz.

 Kovaryans varyanstan farkli olarak pozitif veya negatif isaretli olabilir ve kovaryansin isareti, regresyon
modelinin bagimsiz degiskeninin katsayisinin isareti gibi degiskenler arasindaki iliskinin yonunu gosterir.

 Kovaryans standart bir 6lct olmadigindan degiskenler arasindaki iliskinin derecesi ile ilgili bilgi vermese de,
standart 6lcl haline getirilerek iliskinin derecesi belirlenebilir.

 Kovaryans standart 6lcu sekline getirilmesi ile elde edilen katsayiya korelasyon katsayisi adi verilmektedir.
 Degiskenler arasinda iliski olmadiginda kovaryans sifir olacagindan r =0 olur.

 Degiskenler arasinda dogru yonlu iliski oldugunda kovaryans pozitif isaretli olacagindan korelasyon katsayisi
da pozitif isaretli; degiskenler arasinda ters yonli iliski oldugunda kovaryans negatif isaretli olacagindan
korelasyon katsayisi da negatif isaretli olacaktir.

 Korelasyon katsayisi I'e yaklastikca iliski kuvvetlenirken, 0’a yaklastikca iliski zayiflamaktadir.

* Ornegin, korelasyon katsayisi -0,95 ise degiskenler arasinda ters yonli kuvvetli iliski, +0,20 ise degiskenler
arasinda dogru yonlu zayif iliski oldugu seklinde aciklanabilir.
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Correlation

Correlation Coefficient is a
statistical measure which
determines how strongly the
pair of variables are
correlated or connected. It is
denoted by “r” and it ranges
from -1 to +1.



Correlation coefficient

Korelasyon katsayisi + 1 ila O ila - 1 arasinda degisen bir dlcekte dlculir. Iki degisken arasindaki tam
korelasyon + 1 veya -1 ile ifade edilir. Digeri arttikca bir degisken arttiginda korelasyon pozitiftir;
Digeri arttikca azaldiginda negatiftir. Korelasyonun tamamen yoklugu, 0 ile temsil edilir. Sekilde,
korelasyonun bazi grafiksel temsillerini verir.

Bir korelasyon katsayisi, iki degisken arasindaki istatistiksel iliski anlamina gelen bir tir korelasyonun
sayisal bir 6lcimudadr.

Degiskenler, genellikle 6rnek olarak adlandirilan belirli bir veri gézlem kiimesinin iki situnu veya
bilinen bir dagilima sahip cok degiskenli rasgele degiskenin iki bileseni olabilir.



Correlation Coefficient

Sample correlation coefficient:
2 x=R)(y-)
D (x =371 (y-9)’]

or the algebraic equivalent:

N> xy—> x>y

r=
X)) = (xS y?) - (T y )]

where:
r = Sample correlation coefficient
n = Sample size
x = Value of the independent variable
y = Value of the dependent variable



Coefficient of Correlation

SS

I ad

~ /SS,.SS,,

where SS,, = > X’ (an)

SSyy =2.Y (zny)z
SS.. = xy (ZX)n(Z )




Correlation

The Pearson product-moment correlation coefficient

The Pearson product-moment correlation coefficient r gives the strength of a
linear relationship between the n values of two variables x; and y; fori =1. ..
n, where r is given by the equation:

n

Z ( V(& )
n;xi—yi B klZ:l:xi) klZ:l:sz

_nz(n\an(n\Z
\/ IO N [o¥au g




Correlation

Spearman’s rank correlation coefficient

Another method of measuring correlation that does not use the actual values of the
data but rather the rankings of the data values is Spearman’s rank correlation
coefficient where d, Is the difference in ranking between the n values of two
variables x; and y; for 1 = 1. .. n and where r Is given by the equation:

68 d

r =1 =1

) ] n(n® - 1)




Correlation

Measures of correlation

Iki degisken arasindaki korelasyonun gicti bir korelasyon katsayisi ile
verilir - degeri -1 ile +1 arasinda degisen bir say1. En gucli pozitif
korelasyon, korelasyon katsayisinin +1 oldugu zamandir - bu durumda
IKI degisken mikemmel bir uyum icinde birlikte artar ve azalir.

En glclu negatif korelasyon, korelasyon katsayisinin —1 oldugu
zamandir - bu durumda, bir degisken, digeri azalirken veya arttikca, yine
mukemmel bir uyum icinde artacak veya azalacaktir.

Korelasyon katsayisi sifir oldugunda, Iki degisken arasinda herhangi bir
korelasyon yoktur.



Correlation

X
Positive Negative
Correlation Correlation

Correlation



Coefficient of Correlation Values

Perfect | Pertect
Negative No Linear Positive
Cok=zlation Correlation Correlation
| |
-1.0 -5 0 +.5 +1.0

m degree of anreasirlg@

negative correlation positive correlation




Correlation Coefficient
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Korelasyon gosterimleri

r=+1 x

r=0

y

d




Calculation Example

Tree Trunk
Height | Diamete
r

y X Xy y? x?
35 8 280 1225 64
49 9 441 2401 81
27 7 189 729 49
33 6 198 1089 36
60 13 780 3600 169
21 7 147 441 49
45 11 495 2025 121
51 12 612 2601 144

=321 =73 | z=3142 Z=14111| =713

2

K 6 3 10

Trunk Diameter, x

12

14

" OREPIRIN
VN x?) - xIn(y?) - Xy
_ 8(3142) — (73)(321)
\/[8(713) - (73)2][8(141 11) —(321)?]

= 0.886

JV
r = 0.886 — relatively strong positive
linear association between x and y




Regression

Regression implies the
statistical tool used to identify
the nature of relationship
existing between a dependent
variable and a set of

» independent variables.




Correlation and Regression

_ Correlation L ved  Regression

Regression refers to a group of
statistical processes that estimates

Correlation, as the name suggests is

a statistical ure that ascertains . , -
: : Meaning  the relationship between dependent
the co-relationship between two | :
X variable and one or more
variables. : )
independent variable.
To obtain the numerical value that - To determine the value of random
depicts the relationship between Objective | variable depending on the values of
variables | " the fixed variable.

- The effect of one unit change in the
Represents known variable i.e. x, on the
| estimated variable, i.e.y

The degree to which two variables
move together. .




Correlation and Regression

Correlation @ Regression

-1.00 to +1.00 ! Range ifb, > I,thenb, < |
Correlation coefficient is Regression coefficient is dependent
independent of any change of scale = Coefficient on the change of scale, however it is
or shift in origin ~ independent of shift in origin
; Nature of : .
Mutual and Symmetrical . | It is not symmetrical
= - coefficient

It fits the best line and estimates
Usage one variable on the basis of
el another.

It shows the linear relationship
between two variables



Ornek

15 cocuktaki boylari ve pulmoner anatomik
olu sayilarini géstermek icin dagilim
diyagrami yapilrken, cocuk doktoru
tablodaki (1), (2) ve (3) sttunlarinda oldugu
gibi rakamlari ortaya koydu. Iki
degiskenden biri acikca bagimsiz olarak
tanimlanabilirse, gozlemleri bagimsiz
degiskenin seri sirasina gore dizenlemek
yararhidir. Bagimli degisken icin karsilik
gelen rakamlar daha sonra bagimsiz
degisken icin artan serilerle iliskili olarak
incelenebilir. Bu sekilde, dagilim
diyagraminda gérindugu gibi ayni resmi
elde ederiz, ancak sayisal formda.

Table 11.1 Correlation between height and pulmonary anatomical dead
space in 15 children

Child number Height (cm) Dead space (ml), y
1 110 44
2 116 131
3 124 43
4 129 45
5 131 156
6 138 79
7 142 57
8 150 56
9 153 58
10 155 92
1 196 78
12 159 64
13 164 88
14 168 112
15 174 101
Total 2169 1004
Mean 144.6 66.933




Anatomical dead space (ml)

120 T
100 a s o
°« po 2Ny -y
& Nl —-.Z
80 . . J=(x -2 (v - y)]
60 i s Y e :
40 - - o S Matlab:
a R = corrcoef(A,B) returns coefficients
20 |- ,
between two random variables A and B.
0 ;_,/I 1 1 | | | 4 1 | 1]
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Height of children (cm)



Coefficient of Determination

Proportion of variation ‘explained’ by relationship
between x and y

F2 _ Explained Variation SS,, —SSE
Total VVariation SS

Yy

r = (coefficient of correlation)?



Examples of Approximate
r> Values

r’=1

Perfect linear relationship between X and Y:

X 100% of the variation in Y is explained by
variation in X




Examples of Approximate
r* Values

O0<r?<1

Weaker linear relationships between X and
Y.

Some but not all of the variation in Y is
explained by variation in X




Examples of Approximate
r* Values

r>’=0

No linear relationship between X and Y-

The value of Y does not depend on X. (None
of the variation in Y is explained by variation
in X)




Coefficient of Determination
Example

r=.904.

Ad S Sales (Units)
1
2
3
4
5

Calculate and interpret the
coefficient of determination.

A NNRERR=



Coefficient of Determination
Solution

r = (coefficient of correlation)?
r> = (.904)2
re=.817

Interpretation: About 81.7% of the sample variation In
Sales (y) can be explained by using Ad $ (x) to predict Sales
(y) in the linear model.



Using the Model for Prediction &
Estimation



Regression Modeling Steps

Hypothesize deterministic component
Estimate unknown model parameters

Specify probability distribution of random error term

e Estimate standard deviation of error
Evaluate model

Use model for prediction and estimation



Prediction With Regression Models

* Types of predictions

— Point estimates
— Interval estimates

* Whatis predicted

— Population mean response E(y) for given x

" Point on population regression line

— Individual response (y,) for given x



What Is Predicted

. Y Individual N J‘%QJ\}’\X
Mean'y, E(y)

> E()=Bo T P
- < Prediction, yA

X
Xp



Confidence Interval Estimate for
Mean Value ot y at X = X,

1 | (Xp _)_()2
\ n SS.,

S\/ it05/2S

df=n-2



4.

Factors Affecting
Interval Width

Level of confidence (1 — o)

e Width increases as confidence increases
Data dispersion (s)

e \Width increases as variation increases

Sample size
e \Width decreases as samp_le size increases

Distance of X, from mean x
e \Width increases as distance increases



<]

Why Distance from Mean?

Greater dispersion
than x,

\e \"““e O }




Confidence Interval Estimate

Example

You find 6,=-.1, 6 ; =.7 and s = .6055.
Ad S Sales (Units)

1 1
2 1
3 2
4 2
5 4

Find a 95% confidence interval for the mean sales when
advertising is $4.



Solution Table

2 o| Q|5
jS < G| &
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Confidence Interval Estimate

Solution
g+t S o (XD_Y)Z
e\ n SS.,

g=—1+(.7)(4)=2.7

1 (4-3)
5 10

2.7i(3.182)(.6055)\l

1.645< E(Y) <3.755



Prediction Interval of Individual Value
of y at X = X




Why the Extra ‘S’?

y we're trying to
predict

Expected
8 { (Mean) y




Prediction Interval Solution

v+t ,.S.|1+4 |
4 “Z7\7  n SS.

g=—1+(.7)(4)=2.7

1 (4-3)
5 10

2.7+(3.182)(.6056) [1-

503 <y, <4.897



Confidence Intervals v.
Prediction Intervals




