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Chapter 13
Correlation and Regression

Exercise 13.1
1. Solution:
Here, cov (x, y) =-16.5
var [x) = 2.89
var (y) =100
s ; covilx, V)
Coefficient off carrelation (r) = r‘__‘vah:x} . r__u_var[:.-']
_ =16.5
~ 289 100
-16.5
~ 17«10
_-165
. ¥
= .97
b, Here,
Given, N=13
Tx=117
Tx' = 1,313
Ly = 260
zy? = 6580
Txy = 2827

nEixy —Ex. Ey
nZx* — (Zx)* . 4/nZy — (Ty)
3% 2827 — 117260
" [13:1313 —[13-6580 — ....
_ _36751 — 30420
3380 — /17940

Coefficient of correlation (r) = J

6331
= 58.13+133.94
=0.81
c. Solution:
Here, n=15
0ox = 3.2
oy =3.¥
Ex—%) iy —-¥) =122
Coafficient of correlation (r) = Epx_Xi(y—7)
NoxTy
122 .
T 15x3.2x3.y
_ 12z
~163.2

=075
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2. a. Solution:
Karl Pearson's coefficient of correlation between 'x' and 'y' (i) = 0.28
Cor (X, ¥) =0.76
Val(x)=9
ay="7
Mow, Wea have,
cov (x, y)

\,I'var[x]. xﬂvarhr}

Coeflicient of correlation {r) =

0.76

or, 0.26= m

or, 0.36 =;
daJvar(y)

of, 1.105 . +fvariy) =1

or, sJvar (y) = 0.904

L ooy= 0.804

b. Solution:

Correlation coefficient belween x and vy (r) = (.85
Cov (vy) =6.5
Var [x) = 6.1

Standard derivation of ¥ (o) = 7

Mow., we have,

covix.y)

Coefticient of correlation {r]=-..|'F{x] et

or, 0.85 = .
CT B varly)
or, 0.13076 = 24698 . y/var(y) = 1

1
or, yJvar(y) = § 32205
or, y/varly) = 3.096

or, oy=3.1
Hence, the required o, is 3.1

=

3. Solution:
a. Here,
Mathsix) Biczlc;gr x=(x-%) | y=ly-¥) e o 3
¥
48 45 14 10 140 196 100
i s 1 _1§ 15 1 225
17 40 -17 5 -85 289 25
23 25 =11 —10 110 121 100
47 45 13 10 130 169 100
Ix=170 | Zy=175 Exy=280 | Ex°=776 | Zy“=550
=22 10_a V-1 -15=3

Ty
Kar Pearn's coefficient of correlation () EN@ ﬁ_ﬂ

280

~ 776 . /550

280

FT6 . +550
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280

= 07 B5x23.45

280
- 653.0325
=042
b. Calculation of correlation coefficient

Dataolprice | Demand | u=x—19 | v=wv,— u* v uv
(Rs.) (x) (Rs.) v) 20
14 24 -5 —4 25 16 20
16 2z -3 -2 9 4 £
19 20 0 0 0 0 0
22 24 3 4 a9 16 12
24 23 2] 3 25 9 15
30 28 11 a 121 64 Ba
11 9 189 109 141
Reaquired correlation coefficiant is given by
- NEUY — YUy
fnEu® = (ZufF nzv - ()
_ 6141 —-11 =9
4J6 = 189 = (11)° 46 = 109 - (9)*
__B46-99 747 T 0.8
T 41013573 31.83x 2394 762.01 °
c. Calculation of co-varience and correlation coafficient
o ¥ X=X (=) y=¥ vy | (x=%) (y-¥)
20 T 5 25 —5 25 —2a
10 15 =5 25 3 o =15
20 12 L 25 0 L 0
10 16 -5 25 4 16 =20
17 17 2 4 5 25 10
12 10 -3 9 -2 4 G
15 11 0 0 - 1 0
16 B 1 1 —4 16 -4
rr =120 Ly = a6 114 94 Ef}l’.—i:l {y—
V)=—48
s B ot Y
Hera, ¥ = = and ¥ = 5
= Xm 120 and ¥ = %
8 il
X=15andy =12
Lx—X)(y—¥] -—48
Co—varience of (x, y) = S xr]1 =¥l _ 5 =6
And, the correlation coefficient is
x— %)y —¥) -48 =48 —48
F= = — — — - —ﬂdﬁa
103.50
'MIIE{K—KJ}Nriy—].T']? 1~]l11:1-ql'5;;_.4 10.67 = 9.70
4, Solution:
a. Herg,
) z
i y x=(x-%) | y=(y-F) Xy 2 y
& g -0 1 4] 0 1
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2 11 —4 3 =12 18 o
10 5 4 -3 —12 16 9
4 a =2 a 0 4 0
B T 2 = | i 4 1
vuyh = —26, 1x° = 40, 1y* = 20
Hence,
?=l—r‘E.i=E
i _35+a
S
or, 40-35+a
a=5
Exy 26 —26 =26

Coefficient of correlation (r) = 'J—? = = = =-0.92
Ty’ /40 .20 " +feop T 28.28

b. Solution:

x y =) | oy=yy) | X Y
10 9 -3 ~5 g 25 15
12 12 -1 -2 1 4 2
20 15 7 1 49 1 7
x1(6) 18 -7 4 49 16 -28
16 14 3 0 g 0 0
14 16 1 2 1 4 2
Ix=T2+x Iy = 84 0 a 118 50 -2
It is given that,

% =13and ==

IX o
= =13and¥ = g

T2+ x4
G
=5
The cormelation coefficient is given by

o Iy =2
TAfIEAIY 118450
_0

= =13and ¥ =14

-2
= 10,86 = 7.07  76.78
=—1.026
5. Solution:
X " X v xy
41 22 1614 484 a2
44 24 1936 ore 1051
45 25 2025 G625 1125
48 27 2304 729 1296
40 21 1600 441 a40
42 22 1764 484 024
44 23 1936 529 1012
Ta=304 Ev=164 =x° = 13266 Ly =3868 Exy=7155

MNo. of items (n) =7

Ixy = ¥x X
Cosiicient of collecton (1) = 7= _”ﬁ::;z \?n“;-{“:.r}z
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_ 7155 — 304=164
713246 — (304)°. +/7x3868.(64)°

B 223
4/ 306.4/180
= (.976
Solution
Here,
X ¥ Xy 'S s
10 9 i 100 B1
iz 12 144 144 144
20 16 300 400 225
G 18 108 36 324
15 14 224 296 1810
14 16 224 186 256
Tx=TE Ty=8y Eaxy=1090 Tx'=1132 Ty'=1226
Hara,
X¥=13
We have, ¥ = 1?:{
72+9
or, 13= 3
or, T8=72+9
a=6
Mow, Coefficient of comrelation (r) = Xy - 2K 1Y
: AnEx® = (Ex)° . YnZy* - (Ey)°
_ 61090 — 7884
" afexc1132 — (787 J6:1226 — (34)
2
" +[T08 +/300
=12
= 26.60x1732 = OV
Solution:
Math () Engiy) Xy x v
45 35 1575 2025 1225
70 ac 6300 4800 2100
65 70 4550 4225 4300
30 40 1200 900 1600
a0 85 8550 8100 9025
40 40) 1600 TE00 16010
11 B 2000 2500 3e0d
5 BO &000 H625 6400
85 BO G6E00 F225 B400
60 50 3000 3600 2500
Tx=610 Ty=640 Txy=42575 Tx =40700 Ty =45350
nIxy — XX Xy

Coefficient of correlation (r} =

Jnix® — (23)° . yfn2y — (2y)°

10=42575 — 610=640

i 1040700 — (610)° . /1045360 — ...
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_ 425750 - 350400
/34900 . 443900

35350
=~ 186.81-209.52
_ __ 35350
TA39140.4312
=010.9033
7. Solution
Here, Mo, of cbservations (n) = 9
Txy = 731
YRt = 285
Ixy® = 2085
Xe=b
¥ =15
Coefficient of co-relation () = Y -NXY
o - @ A - i
_ 731 = B:5x15
yf285 — 9225 , /2085 — 92225
56
ST74x7.74
]3]
S7T4=774
= 0.834
Yes, it is posilive,
8. Solution:
Here,

Collacted xx=120-8-12 + 8+ 10=118
Collected Ty =90-10-7 + 12+ 8=193
Collected Tx* = 600 — 8% — 12° + 8% + 10° = 556
Collected Zy* = 250 - 10° - 72 + 12% + 8 = 309
Caollectad Txy = 356 — B 10 — 12«7 + 8212 + 10=8 = 368
MNow,
Corrected value of f = 8

nEXy — ¥ *y
VNIx" — (ZxX)° . YnZy* - (Zy')
. 30368 — 118x93
* +[30x556 — (118)° 430309 — (937

N 11040 — 10974
~ +J16680 — 13924, +/9270 - 5649
BE

= 52.48 « 24.91

66
= 1307 5250
= 0.05

9. Hera,
® Fank (R Y Rank {Ry) d=R: - d*
H:,.-
39 ] A7 10 2 4
G5 [+ B3 8 -2 4
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62 T 58 7 0 0
90 2 B 2 0 ]
82 3 62 5 -2 4
P & 5T 4 1 1
25 10 G0 6 4 16
a8 1 a1 1 0 0
36 g a1 o a 0
7B 4 a4 3 i 1
Td* = 30
)
Rank (p) =1 _nET’_n E_d,”
B = 30
“ 10«99
= [0.B18
10. Here,
Officar (x) Officer (y) Xy - s
1 1 1 1 1
[ i} 42 48 36
4 & 20 16 25
2 2 4 4 4
3 K| 8 a )
g 4 24 36 16
B [} 35 25 49
g 11 99 81 121
10 B B0 100 64
a 10 80 G 100
11 L] 93 121 81
Tx = 66 Ty = 66 Txy = 493 =¥ = 506 Ty = 506
: - NENY — X Xy
Comrelation cosfficient (r) = "'.III‘IE:-E? = {EI}E . \fFIE'_'.-'J ™ [E}fz:l
11493 — 6666
" 4f11=506 — (66) /11506 — (66)°
_ 5423 4356
T +f1210 .4[1210
1067
= 1210
= ().BR2
11. Calculation for spearman's rank correlation
Teaching Rank of st A Rank of std. B d=R:-Re d*
method = (Rg)
[ 2 1 1 1
] 1 3 -2 4
1] 3 2 1 1
I L] ! 1 1
v 4 7 = L)
Wl & 5 1 1
Vil [} B 1 1
Id° =18
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g Xd*
Rank (pl =1-5iZ 1)
=18 108 228

=748~ 1 ~33g =335~ 068

Exercise 13.2

1. Solution:
a. Here,gy,=20,0,=15, r=048

- ici e T
The regression coefficients are by, =1 o, =048 55=0.38

2
andbv_r _I]4Ew:1g_ﬂﬁ-¢
Oy
b. ox=8 o,=10r==05
The regressicn coefficients are

10
bﬁ-rﬁx =06 x5 =-075
]
andb“_ra_—r.‘lﬁrm —0.48

¥
2. Solution:

a. Here, b, =035 b, =18
Now, carrelation coeflicient {r) = 4B, . by, = 4/0.35 x 1.8 =+/0.63 = 0.7937

b. We have, Xx = 60, ¥y = 40, Xy = 11580
¥x” = 4160, xy° = 1720, N = 10
N._.xy—"xiy 10 = 1150 - 60 « 40
AR, by = (Ex)? = 10 » 4160 — (60)°
115{!EI 2400 9100
= 4160 - 3600 ~ 38000 = 0-23%4
5 MEwy — r:rl.r 1(::{1150—54}::40_510[]
" NIy — 10 = 1720 — (40)° ~ 15600

w0 Ty _40
And ¥ = =Tp=6Y¥==1g=1

= 0.5833

Mow. Regression equation of v on x is,

Y= =byu(x-%)

= y—-4=02394 (x -6

= y—4=02394x— 1.4364

= yh = 2.5636 + 0.2384x
Regrassion equation of x on v is,
=% =by (y-y)

= x-6=0.5833(Y-4)

= x—0=0.5833y-2.3332

= X = 3.6668 + 0.5833y

And, the correlation coefficient is

r = by = by =+/0.2394 « 0,5833 = +[0.1396 = 0.3736

c. We have,
by = 2.002, b,y =-0.461. x = 87.2,
¥ =127.2
Correlation coafficiant is,

F=+—2.002 « —0.461 = 0.9606 > 0
Since by <0, by =0andr =0
So, it is not possible.

193
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3. Solution: y
a. Here, s¥xy =750, ¥’ = 2085, ¥y* =285, Yx =135 Sy=45 N=9

Mow, The regression coefficient of x only is

b nFxy—3x E;.[

%= nZy - (Zy)
Q% 750 — 135 x 45 6760 - 6075 675 o0
=@ x285- (457 25652025 ~ 540

b. Here, Tx =60, Ty = 40, Txy = 1150, Ix* = 4160, Ty* = 1720, n= 10

MNow, the point through which the regression lines intersect to each other is

w= (2 2)- (32) -6 0

Since the equation of regression line of yon x is
Y= ¥ =bp{t—x) ..., {landxonvyis

X=X =y (¥ —¥) s e s {ii) where
_nExy=-%x . ¥y 10 = 1150 - 60 x 40
B = o (5 10 = 4160 — 60°
11500 — 2400
= 41600 — 3600
9100
=3a000 = U-£39

nExy—Tx Ty 10 x 1150 — 60x40
sdic: . Ty % Ty = 10-1720 - 40°

9104::

= 15600 = 0-983

Hence, from (i) and (i), the required equations are
y — 4 =0.239 (x - 6)

or, ¥ =2.566+0.239x

and x — 6 =0.583 (y — 4)

or, ¥ =3.668 + 0.583y

Alzo, correlation coefficiant (r) = b, . by,

=4/0.239 « 0.583
=+/0.139337 = 0.373

¢. Here, by =-2.002 and by, = —0.461
Now, = by . by, =4/=2.002 = =0.461 =+0.922922 = -0.961

Also, Error! Bookmark not defined. x = 87.2, y = 127.2, y=133. x= 7

Using, x — % = by, (¥ - ¥),

or, Xx—87.2 =—0.461 (y - 127.2)
., x—B7.2=-461(133-127.2)

|:|l_. X =872=<26738

or. X = 84.5262

d. Let average price in Birgunj (x) = Rs. 65

Average price in Kathmandu (y) = Rs. 67
|:|'1.c=2.5-|:r!,.n-35 r—L'IDB

Mow, by =r. =t o Uﬂahzﬁ

The equation aof regression line of y on X is
y—¥ =B (x-X)

ar. y—67 =0.112 (= — 65)

or, y—67=0.112 = -7.28
ar, ¥y =59.72 + 0.112x

It x=Rs, 70, then y = 59.72 + 0.112 = 70 = Rs. 67.56
4. Saolution:
a. Here, the regression equations ae 3x + 2y — 26=0,6x +y-31=0

=0.112
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or, 2y=-3x+26andBx=—y+ 31

-3 1 a1
r, 1_.r=31+13,x=-5y+?

[« EE

Implies the regression coetficient as by = - % and by =—

Mow, camalation coefficiant {r) = -.‘I'I:q,m - by

||— 1
= ?En-c--%z E:-—I]_E

After salving the given equations, we get the intersection point (x, y) = (4, 7)

e, meansofx=x =4andmeansofy=y =7
We hava, the given lwo regrassion equations are
Jx+4y=63and 3x+v =231

Since (X, y) lies on the given regression lines.

X 44y =65 ... ... ... (i)

AR+ Y =32 . )

Subtracting (i) from (i), we get

3y =33
y =11

from (i), 3x + 4x11 = 65 = 3x = 65— 44 = 21
¥ =733

y =11
Far the regression coefficients, we have
dx + 4y =85
=5 4y = 65 = 3%
65

y=T—§xwhichi5in the form of ¥ = a + bx; where

I
b=-7 . b=bu=-3

Again, we have,

A4y =32
= 3x=32-y
A W . 4 L
% =5 -3y which is in the form of x =a + by; whereb=—3
1
; i 3 1
Correlation coefficient (1) = by, + by, =+ LY i Bt
2w 5L
e
Solution,

Here, by, = 1.5, by = 0.65
x=36andy =52
Regrassion equation of ¥ an ¥ is
y=¥ =by(x-%)
= y= 52 =0.65(x - 36)
= y=065x—234+562

y= 0.65x+ 286 ........ {i)

195
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And, the regression equation of x on y is

1'E=bx5'|:".lr'?:|

= x=38=15(y-52)

= %=1.5y— T8+ 36
x=15y—42 _ .. (i)

Whan x = 60 then from {j),

y=065=60+286=676

6. Solution:
a. Given, % =20,y =120, cov, =25, cov,=28.83,r=0.8,x=2ily =150
cov, = 25, then 25 = =X 100
X
25:::2'{]_
oL S 1T Bl
oy S =5

Covy = 28.83 — 28.83 = = » 100
¥
28.83 x 120
GO T e
or. o, = 34596
Oy _ - -
by =17 = 0.8 * 37595 = 01156
Mow, the equation of regression line of x on yis
X—K=bu (y - ¥)
or, x=20=0.1156 (y - 120)
or, ¥=01156y —13.872 + 20
x = 0.1156y + 6.128
wheny =150, x = 0.1156 = 150 + 6.128 = 23.5
b. Given,
n=a0

8y 3
dy 2

r%=% g

Dy

iy

and by, = 3

Also, dy —Ex—-8=0

Mow, x = 40. Let the average marks for mathematics by v,
So, 4y ~5X =8
= 4y =8+ 200
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7. Here, average of rainfall (x) = 26.7cm

Average of yield (v) = 508.4kg
o, = 4.6 9, = 36.8, r=0.52

For x on y:
N " A48
bwﬁra?_ﬂ.ﬁz SEB‘DUEE

So, the equation is x — x = by (v — )
or, X - 26.7 = 0.065 {y — 508.4)

ar, x— 267 = 0.065y — 33.046

or, x= 0065y - 6.346

When yield (y) = 600kg, x = 0.065 = 600 — 6.346
= 32.654cm
For y on x
il 368
bye =15 =0.52 x 55 = 4.16

So, the equationis y — y = by (x - %)
or, ¥y— 0084 =416 (x - 26.7)

or, y— 5084 =4 16x - 111.072

or, ¥y=4.16x + 397.328

When rainfall (x) = 28cm

y =4.16:28 + 397.328 = 517 .968kg
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Given, Mean no. of workers on strike (%) = 800

Mean loss of daily production (y) = 35000
Standard deviation of no. of workers on strike (o) = 100

Standard deviation of daily production (o) =

2,000

Coefficient of correlation between x and y (1) = 0.8

When x = 1800, y =7

Now, !:uﬁ—r =0.8x Eﬂﬂﬂﬂ 16

The equation of regressionof yon xis y -y = by (x— %)

or, y— 35000 = 16({x — 800)
or, ¥ = 35000 = 16x - 12800
of, y=16x - 22200

When x = 1800, y = 16 » 1800 — 22200 = 6600

197

Solution:
X y Xy X
1 50 50 1
5 Gl 300 25
5 8o 480 38
8 1040 a00 G
10 110 1100 100
Tx =30 Ty =400 Tay = 2730 Tx=226
Fx 30
Here, & = =5 = &
— ¥y 400
5I' = _nE = ? = E{]
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b, DIXy-TxTy 5x273-30x400 1365012000 1650 _
W= T (5X)° © Bx226-(30)F - 1130-900 - 230 - 174

The regression eguation of v on x is

Y= =by (x=%)

or, vy—80=7.174 (x - B)
ar, y—80=7.174x - 43.04
ar, ¥ =7.174x + 36,986
When x = 15000,

y =7.174 = 15000 + 36.96

= Rs. 107645.66
10. Calculation regression aquation of x an y
x y x* - Xy
2 18 i J24 36
4 12 16 144 48
5 10 25 100 &0
G a8 36 6 48
] T G4 49 56
11 5 121 25 55
36 &0 266 T06 293
b T
Here x:fand ¥ ="r'.I
o — B0
= =€and ¥ =?
=1 y =10

. nIxy—TxSy 6 x 293 - 36 « 60
Again, By =" e T 5 =5 . 708 - (B0
1758 — 2160 —402

= 42363600 ~ 636 - 06320

Regression equation of x on y is,

X=X =Dby(y=-y)

= x-—6=-0.6320(y-10)

= XN=0==0.6320y +5.32

x = 12.32 — 0.6320y

When y = 12 then x = 12.32 — (.6320 = 12
x=4.736

11. Here, n = 25, ¥x = 125, Ty = 100, Tx* = 650, Ty* = 460, Txy = 508

But (8. 12} and (6, 8) were copied wrong as (6. 14) and (8. 6) respectively.

So, correct values are

Nn=25 =125 +8-6+6L-B=125

Ty=100+12-14+8—-6=100

% = 650 + B° - 67 + B* =650

Ty =460+ 127 — 147 + 87 — 6" = 436

Ty =508 + Bx12 + 68 — 6214 — 86 = 520
nExy —FxFy 26520125100 13000-12500 5
nTy — (Ev)* ~ 25 «436-(100)° " 10800 - 100000~ 9
niwy—%x¥y 25x520-—12600 500 4

nZy —(Ty]° _ 25x650—(125) 625 5

: . 5 4 2
Now, coefficient of correlation (1) = Wby = By = 9*5~a

Mow, b, =

Ell'ld h!ll': =



NGWFH.:F:'EE:EF
— 3y _100_,
i _25_

The equation of regression line of x on v is
*—X=b,ly-¥)

]
or, x=35=g(y=4)

or, 9x—45 =5y -20
or, Bx—5 =25
and the equation of regression line of vy on x is

'!'r_ ?=b51 [}':_E}
4
or, y—4=g(x—5)

or, Sy—20=4x-20
or 4x—5y=0

Basic Matheamatics Manual-XI1

199



