Descriptive statistics

UNIT V
REGRESSION

The relationship between the two variables is called Regression, one variable is
independent variable and the other variable is dependent variable.
The meaning of the word regression is returning or going back. The line which gives the
average relationship between the variables is known as the regression line. The corresponding
equation is the regression equation. The value of the dependent variable is estimated
corresponding to any value of the independent variable by using the regression equation.

Methods of forming the Regression Equations
1. Regression Equations on the basis of Normal Equations
2. Regression Equations on the basis of X, Y, by, b,

Regression Equations on the basis of X, Y, b,,, b,

Regression equation of Y on X
Y=Y = By (X _X_)
byx is called the regression coefficient of Y on
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= ny
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Regression equation of X on Y
X—X= By (Y _Y_)
bxy is called the regression coefficient of X on
Y
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1. You are given the following data:

Arithmetic mean
Standard deviation
Correlation coefficient between X and Y

(@) Find the two Regression equations
(b)  Estimate the value of X when Y =75
Solution:

X Y
36 85
11 8
0.66

Given; X =36, Y=285,0x=11,0y=8,r=0.66

Dyy = roy O.66X8: 5.28 = 0.48
Oy 11 11
Dy = roy — 0.66X11= 7.26= 0.9075

oy 8 8




(@) Regression equation of Y on X
Y-Y= by (X —X_)
Y —85=0.48(X — 36)
Y —85=0.48X —-17.28
Y =0.48X —17.28 + 85
Y =0.48X + 67.72

Regression equation of X on Y
X-X= by (Y _Y_)

X —36 =0.9075(Y- 85)

X —36 =0.9075Y — 77.1375
X =0.9075Y —77.1375 +36

X =0.9075Y —41.1375

X =0.9075Y -41.14

(b) WhenY =75, X="7
Sub Y =75 in the Regression equation of X on Y
X =0.9075Y —-41.14
X =0.9075(75) — 41.14
X =68.0625 - 41.14
X =26.9225
X =26.92

2. From the following information on values of two variables X and Y find the two regression
lines and the correlation coefficient:

N =10, ¥'x=20, YY=40, 3 x>= 240, Y¥*=410, ¥ X¥ = 200

Solution:
o2 X 20
N 10
g_o2Y 40 _
N 10
by = NY XY = (3 xJ3Y) _ 10(200) - (20)(40) _ 2000-800 _ 1200 _ 0.6
NS X2 - (S xf 10(240)— (202~ 2400-400 _ 2000

by = N XY -(3 X)X Y) _ 10(200)- (20)(40) _ 2000-800 _ 1200 _

; > ; = 2—=0.48
NYYZ-(3Y) 10(410) - (40) 4100-1600 2500

(@) Regression equation of Y on X
Y-Y= by (X —X_)
Y —4=0.6(X-2)
Y -4 =0.6X -0.6X2
Y-4=06X-12
Y=06X-12+4
Y =0.6X+28



Regression equation of X on Y
X-X= by (Y _Y_)

X —2=0.48(Y- 4)

X -2=0.48Y —0.48X4
X—-2=048Y -192
X =0.48Y -1.92 +2
X =0.48Y +0.08
The correlation coefficient

DRIEIRIVND

NS X N ]
(or)
:i\/bXYXbYX
r=++0.48X0.6
r=++/0.288

r=0.5367

3. Calculate the two regression equations from the following data:
Also estimate Y when X = 20.

X Y X? Y? XY

10 40 100 1600 400

12 38 144 1444 456

13 43 169 1849 559

12 45 144 2025 540

16 37 256 1369 592

15 43 225 1849 645

D X=T78|>Y=246| > x?=1038| > ¥*=10136 | > XY =3192

Solution:
__Zx _78 _ g Y_ZY_ 246 _ 4q

_ NZXY (ZX)(ZY) 6(3192) - (78)(246) _ 19152-19188 _ -36

by = = _%®=-_025
b NS X2 (3 xf 6(1038) — (78)° 6228-6084 144
_ NZXY ZX)(ZY) 6(3192 - (78)(246) _ 19152-19188 _ 36_ 1o
N> Y2 (SYf 6(10136) —(246)2  60816-60516 300

Regression equation of Y on X
Y _V = be(X —X_)

Y — 41 =-0.25(X - 13)

Y -41=-0.25X +3.25

Y =-0.25X +3.25 + 41

Y =-0.25X +44.25
Regression equation of X on Y
X=X = by (Y _Y_)
X-13=-0.12 (Y —41)



X—-13=-0.12Y + 4.92
X =-0.12Y +4.92 +13
X =-0.12Y +17.92

When X =20,Y =?

Sub X =20 in the Regression equation of Y on X
Y =-0.25X + 44.25
Y =-0.25(20) + 44.25
Y =-5+44.25
Y =39.25

The correlation coefficient

r=+./b,, Xb,,
r=—/-0.12X —0.25
r=—/-0.03
r=-0.1732

4. From the data given below, Find
(a) The two regression equations

(b)The coefficient of correlation between the marks in Mathematics and

Statistics

(c)The most likely marks in Statistics when the marks in Mathematics is 30

Solution:
Let the marks in Mathematics be X
Let the marks in Statistics be Y

X Y X2 Y? XY
25 43 625 1849 1075
28 46 784 2116 1288
35 49 1225 2401 1715
32 41 1024 1681 1312
31 36 961 1296 1116
36 32 1296 1024 1152
29 31 841 961 899
38 30 1444 900 1140
34 33 1156 1089 1122
32 39 1024 1521 1248
> X=320| > y=380| > X?=10380 | > Y*=14838 | > XY =12067
Y:_X:@:BZ’?:Q:@ =38
N N 10
by = N> XY —(ZXXZY): 10(12067) - (320)(380) _ 120670-121600 _ —930 _ ¢/
NY x2- (3 xf 10(10380 —(320)>  103800-102400 1400




by = N2OXY -(Ex)XY) _ 1002067 -(320)(380) _ 120670-121600 _ —930 _ 10.2337
Y N> Y2 (SYf 10(14839 — (380)° 148380-144400 3980

(a) Regression equation of Y on X
Y=Y = Byx (X _X_)
Y — 38 =-0.6643(X — 32)
Y — 38 =-0.6643X + 21.2576
Y =-0.6643X +21.2576 +38
Y =-0.6643X + 59.26
(b) Regression equation of X on'Y
X-X= by (Y _Y_)
X —32=-0.2337(Y — 38)
X —32=-0.2337Y + 8.8806
X =-0.2337Y + 8.8806 + 32
X =-0.2337Y +40.88

For finding the value of marks in Statistics (YY), when the marks in Mathematics is (X) = 30,
Substitute X = 30 in the Regression equation of Y on X
Y =-0.6643X + 59.26
Y =-0.6643(30) + 59.26
Y =-19.929 +59.26

Y =39.33
The correlation coefficient
r=+./b,, Xb,,
r =—/—0.2337X —0.6643
r =—/0.15524
r=-0.3940

5. Height of the father and son are given below. Find the height of the son when the height of
the father is 70 inches.

Father(inches) | Son(inches) X2 Y? XY
X Y
71 69 5041 4761 4899
68 64 4624 4096 4352
66 65 4356 4225 4290
67 63 4489 3969 4221
70 65 4900 4225 4550
71 62 5041 3844 4402
70 65 4900 4225 4550
73 64 5329 4096 4672
72 66 5184 4356 4752
65 59 4225 3481 3835
66 62 4356 3844 4092

ZX =759 ZY =704 Z X?=52445 ZY"‘ = 45122 Z XY = 48615




N 1
Vz_Y: E =064
N 1
bo = NIXY (X)X Y)_ 1148619 - (759)(704) _ 534765-534336 _ 429 _ () c57g
TN - (T 11(52445 — (759)°  576895-576081 814
by = NIXY - x)XY) _ 1148619 (759)(704) _ 534765534336 _ 429 _ 0.5900

NS Y2 (SYf 11(45122) — (704) 496342495616 726

(@) Regression equation of Y on X
Y _V = be (X —X_)
Y - 64 =0.5270(X — 69)
Y - 64 =0.5270X — 69X0.5270
Y - 64 =0.5270X — 36.363
Y =0.5270X — 36.363 + 64
Y =0.5270X + 27.637
Regression equation of X on Y
X-X= by (Y _Y_)
X —69 =0.5909(Y-64)
X —-69=0.5909Y - 37.8176
X =0.5909Y - 37.8176 + 69
X =0.5909Y + 31.1824

For finding the value of Y when X = 70(father’s height),
Substitute X = 70 in the Regression equation of Y on X
Y =0.5270X + 27.637
Y =0.5270(70) + 27.637
Y =36.89 + 27.637
Y =64.527
Y =65
The correlation coefficient
=%y bXY vax
r = ++/0.5270X 0.5909
r =++/0.3114043
r =0.5580

Properties of Regression Lines and Coefficients

1. The two regression equations are generally different and are not to be interchanged in
their usage.
2. The two regression lines intersect at (X,Y).
3. Correlation coefficient is the geometric mean of the two regression coefficients.
=3y bXY Xbe

4. The two regression coefficients and the correlation coefficient have the same sign.



5. Both the regression coefficients cannot be greater than 1 numerically simultaneously.
6. Regression coefficients are independent of change of origin but are affected by change

of scale

7. Each regression coefficient is in the unit of the measurement of the dependent variable
8. Each regression coefficient indicates the quantum of change in the dependent variable

corresponding to unit increase in the independent variable.

Difference between Correlation and Regression:

Correlation Regression

1 Correlation is the relationship | Regression means going
between variables. It is back. The average relation
expressed numerically. between the variables is

given as an equation.

2 Between two variables, non | One of the variables is
Is identified as independent | independent variable and the
or dependent. other is dependent variable in

any particular context.

3 Correlation does not mean Independent variable may be
causation. One variable need | the ‘cause’ and dependent
not be the cause and the other | variable be the’effect’.
effect.

6. Given the regression lines as 2x -y + 1= 0 and 3x -2y+7 =0
Find their point of intersection and interpret it. Also find the correlation

Co-efficient between x and y.
Solution:

3X + 2y = 26 ---------- I

6x +y =31 -------mmm-- I

3X + 2y =26
[N1X2 12x+2y =62 -------- 11
-1 9x=36 - x=36/9=4
Substitute x=4 in |, 3x4 + 2y =26
12 +2y = 26

2y =26-12=14

Y =14/2=7
Point of Intersection is (4, 7)
X=4 vY=7

Let 3x + 2y = 26 be the regression equation of y on X

— 2y =26-3y =>y =13-3/2y => by =-3/2

Let 6x +y = 31 be the regression equation of x on'y
= 6Xx =31 -y =>x=31/6 —y/6 = byx=-1/6

r=+./(bxy * byx) = -~ (-1/6) x (-3/2) = -\ 3/12 =-0.25
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