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1 2 3 ) 5 6 7 8 9 10 Total
i 40 10 100 110 120 150 20 90 80 130 850
Y 56 62 195 240 170 270 48 196 214 286 1,737
" 2,240 620 19,500 | 26,400 | 20,400 40,500 960 17,640 17,120 37,180 | 182,560
K 1,600 100 10,000 | 12,100 | 14,400 22,500 400 8,100 6,400 16,900 92,500

S = IXyi = 3X.3y/n = 182560 — 850 * 1737/10 = 34915

Sec= 5% — (5x)°/n = 92500 — 850°/10 = 20250

b=5,Sq=172

4=y -bx =(1737/10) - 1.72 * (850/10) = 27.14

y=27.14+1.72x

(b) Gradient represents the amount of hours per rupee spent
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i. Fitted Linear Regression Equation

The relevant summary statistics to fit the equation are:

Y x =385.2; Y x2 =12,666.58;
Y.y =1,162.5; Y y? =119,026.9;
Y xy = 38,191.41; h=12.

385.2\ 2
: ) = 301.66

S = Z x2 —nX = 12666.58 — 12 (

_ 385.2y /1162.5
Sxy = z xy —nxy = 3819141 — 12 = ( e )( G ) = 875.16
S g 1162.5\°

Sy Zy —ny =119026.90 — 12 * ( ) = 6409.71
The coefficients of the regression equation are:
% S 875.16
B = I = g

S¢x 301.66
~ . 1162.5 385.2
“:?_ﬁ”_‘:( 12 )_ *( ):3'78

Therefore, the fitted regression lineis: y= @+ fx=3.78 + 2.90x

ii. Confidence interval for B

Assuming normal errors with a constant variance:

95% confidence interval for B: f + t,_,(2.50%) * s.e.(f)
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.. G2
Here:s.e.(B) = o
xx

1 5. E
6% = [syy - = ] = 387.07
n—=2 e
i 387.07
s.e.(B) = |5p7ge ~ 113

95% confidence interval for f: 2.90 + 2.228 = 1.13 = (0.38,5.42)

iii. 95% confidence intervals for the mean |IBM share price

1 (xqg— X)?
ﬁxo + th—2(2.50%) 62 (_‘l_M)
n -
The Dell Share price is US $ 40 (xo).

P, = 3.78 + 2.90 40 = 119.78

Thus, 95% Confidence interval:

=119.78 + 2.228 « J387.D7 . [é i —(4‘;322)2]

=119.78 + 2.228 + 10.5989
=(96.17,143.39)
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3.

i) Comments on the plot

The centers of the distributions differ for all the four cities. Thus there is a prima
facie case for suggesting that the underlying means are different.

The difference between the mean time taken to commute to office in peak hours
and nonpeak hours are in the order City A (highest), City D (lowest).

The variation in the data for City C is lowest compared to City D which appears to be
highest. However, with only 7 observations for each city, we cannot be sure that
there is a real underlying difference in variance.

ii. Following are the assumptions underlying analysis of variance:
The populations must be normal.

The populations have a common variance.

The observations are independent.

iii) We are carrying out the following test:

HO: The mean of differences is same for each city

against

H1: The mean of differences are not the same for all of the cities

To carry out the ANOVA, we must first compute the Sum of Squares
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2
SSp = 1,495 — =3
28

=1,116.11

2

1 2 2 2 2 10
SSp = = (64° + 44° + 8° + (—13)°) — = 516.11
S5z = 85t — S5 = 600.00
The ANOVA table js:

Source df SS MS F
Treatments 3 516.11 172.04 6.88
Residual 24 600.00 25.00
Total 27 1,116.11

172.04 : i s
Under Hy, F = e 6.88, using the F3,4 distribution.

The 5% critical point is 3.009, so we have sufficient evidence to reject OO at the 5%
level.

Therefore it is reasonable to conclude that there are underlying differences between
the cities.
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Analysis of the mean differences

Since; Yi» = 9.14; Vp. = 6.29; y3. = 1.14; yp = —1.86
we can write:

Fi* > J_’,Z* :}?3* = .}74*

SS
% L R _
= = 25
N n—=k

The least significant difference between any pair of means is:

t24,0.025 * O

Now we can examine the difference between each of the pairs of means. If the
difference is less than the least significant difference then there is no significant
difference between the means.

We have

Vi«

— ¥2. = 2.85; ¥p. — ¥3. = 5.15; ¥3. — Y4 = 3.00

Observing that all these 3 differences are less than 5.52, we underline these pairs to show that
they have no significant difference:

Yie > Y2¢ > V3e = Yau

Examining to see if the first two groups can be combined
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?1* _?3* = 8.00

There is a significant between means 1 and 3, so we cannot combine the first two
groups.

Examining to see if the last two groups can be combined:

}72* b 3_”4* =Hdn

There is a significant between means 2 and 4, so we cannot combine the last two
groups.

Therefore the diagram remains as before.
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Scatter plot of y against x
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From the scatter plot we see that the line of regression may not be a best fit, but a
polynomial regression equation may fit.

b)

Scatter plot of z against x

" 26.00

25.00

24.00
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22.00
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From the scatter plot we see that the line of regression may be a best fit. Only a
point seems to be an outlier.
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Q)

F=900; T=2095;n =11,
e = Blwe =57 = Ba? = nf = 1,000.00— 11 {9.€0)" - 110,00
e m T =" m E_l‘-;: - 'ﬂ,f'; m 485030 =11 #(20.95)° m 2237
Soom Dl = =) mEa = nf & 210485 =11 % (9.00 x20.95) = 30,80

G = Su_ 3080
¥ Suw 110,00

= 0.28
@ = F= fy ¥ = 20.95-0.28 % 9.00 = 18.43

The least squares fitted regression line of y on x =18.43 + 0.28 x

d)
Iz =23045;Zm 20,95 ; ©z% =4,850.30; Exz =2,104.85

Soe= Bz —2F =Bzl - nZ = 485030 - 11 x (2095)° = 22,37
Fgm Dl =55 =2 = Bxg— nf 2 =2,10485 =11 %(9.00 x 20.95) = 30.80

So the least square fitted regression line of z on x is same as obtained in (c) above = 18.43 +0.28 x

e)
Correlation coefficient of xand y {;,} ) = % = ﬁaﬁﬁ = (.62l
- ARAREEE ekl e =
Sz = (1621

Also £,
(el = TTaxdzz | vIGQ0x22a7

Though the relationship of y on x and z on x are different, as found in the above scatter plots, the
correlation coefficient are same and positive.
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f) 1)

After omitting the values for city 3, we calculate,

£=860; Zm208l; n=10; Dx*m32.00) Dz®wm420971) Dz = 177582
S = Dix, - 7)%=Tx% - n¥ = 832,00 - 10 x (8.60)2 = 92.40

Seem Dz =2 m Tzf = 2 m 420971 = 10 x (20.51)% m 146
= E."a‘

Jizm Dy = BMg -2
[ 5-:;3 1"—l52
- = 0126
Fxz™ 5 ™ 9240
@ =2=f .50 = 2051 —0126 x860=1943

&= nf 2 = 1,775,682 - 10 x(8.60 » 20.51) = 11,62

The regression line of zon x=19.43 + 0.126 x

i) y
. Siz 11&2
g e B o
{.ﬂ z} -\:'5.1'.'\' -TEZ -,L.:Elz.ﬁ.l:ﬂ X 146
9)

After omitting the outlier value for city 3, the correlation coefficient is approximately
equal to1, i.e. the minimum temperatures on a certain day is perfectly correlated
with the maximum temperatures on weekend on the basis of the data provided.
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5.
a)

The mathematical model of one-way ANOVA is given by

Yi=pi+5+6€5:i=12,..k [ T o 0
where,

k = number of treatments

n; = number of responses from i treatment

Yg.r is the jth response from i treatment

Ti is the i treatment

/J is the over mean response

€y is the error term

Assumption : €y is i.i.d N{0,0%)

b)

Ho: Mean claim amounts of five companies are equal
Hy: Mean claim amounts of five companies are not equal

Wehaveni=7, n=8, n3=6, n4=7, ns=5,n=33

5 i

2. 2.V, =1856

=1 =1

5
> >y =174,316

L]

]
CF.=|>, 2 ¥, | /n=10438594
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SSt=174316- C.F. = 69,930.06;

2

5 ni '
SSe= Y. {Z_vgJ /n,—CF.=354"/7+386° /8+87°/6+645" /7+384% /5-104.385.94
i=1 j=1

=22,325.69

SSgp = S57- S53=47,604.37

Sources of
Variation df ss MSS E
Companies 4 22,326 5,581.42 3.283
Residual 28 47,604 1,700.16
Total 32 69,930

Fovzervea ™ 3.283;  Fy 23 oms =2.714,;
Reject Hy

Q)

Ho: Salaries are independent of number of actuarial papers cleared

H,: Salaries are dependent on number of actuarial papers cleared

Observed Values (O;)

Papers Salary per annum ( in Rs. lacs)
cleared 3-5 5-8 8-10 10-12 Total
0-3 45 20 6 5 76
4-6 7 20 9 6 42
7-9 5 8 15 12 40
Total 57 48 30 23 158
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Under Hg Expected Values ((E;)

— Salary per annum ( in Rs. lacs)

cleared 3-5 5-8 8-10 10-12 Total
0-3 27.42 23.09 14.43 | 11.06 76.00
4-6 15.15 12.76 7.97 6.11 42.00
7-9 14.43 12.15 7.59 5.82 40.00
Total 57.00 48.00 30.00 23.00 158.00

12
2> =Y (0,~-E) /E,=(27.42-45) [ 27.42 +......+(5.82 - 12)* / 5.82 = 49.919
i=1
Hhiserses= 4991 fe aogs = 12.59 where d.f. 6 = (3-1) x (4-1)

Reject H;

6.

[i] The assumptions required for one-way analyses of variance (ANOVA) are:

The populations must be normal

The populations have a common variance

The observations are independent. [1]

The sample variance observed for the four rates appear very different from each
other.

Thus, we can clearly see that the assumption that the underlying populations have a
common variance assumption will not hold for the data as they are. [1]
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[ii]

For the transformati|on x — +/x, the value of sample mean for rate 1 will be:

1
§(¢29 +v13 +v21) = 4.52
[1]

For the transformation x — log, x, the value of sample variance for rate 2 will be

1 |
=[(log.180 — 4.827)% + (log,90 — 4.827)2 + (log,120 — 4.827)2] = 0.1213
[2]

[iii]
The scientist was correct in asserting that the loge transformation must be done
before carrying out a one-way ANOVA as for this transformation it can be claimed

that the assumption of common variance for the underlying population holds. [1]

To justify this, a quick check can be done on the ratio of maximum to minimum
sample variance among the four rates data. A smaller ratio and close to 1 would
indicate that the variances are close enough which in turn implies that the
assumption of common variance for the underlying population holds

Variance X Vx log_(x) 1/x
Min 64 0.79 0.1213 0.0000004
Max 63,300 23.96 0.1861 0.0004721
Ratio 989.06 30.17 1.53 1,268.14
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Clearly, the transformation logex produces the minimum ratio of maximum to
minimum observed sample variance and that too close to 1. [1]

[iv]

We will perform an ANOVA on the log. x data. We would assume the following model:

Here:

e Y;is the log. transformed value of the i'" observation of the number of germinations
per square foot observed when the i™" rate was applied

e uis the overall population mean

e T is the deviation of the i" rate mean such that Yr;=0

e g;are the independent error terms which follows Normal distribution with mean 0
and common unknown variance o’ [1]

We have already argued that we can assume equal underlying variances for this

transformation. So, all requisite assumptions hold here.

For ANOVA, the null hypothesis being tested here is:
Hy:1; =0, i=1,2,3,4 against Hy;:1; # 0 for at least one i [1]

To carry out the ANOVA, we must first compute the Sum of Squares. We have the
following table using the information given in the question:

log, (%)
Rate ; 2
Mean Variance \f
1 2.992 0.163 80.582
2 4.827 0.121 209.678
3 5.716 0.186 294.053
< 6.575 0.148 389.060
20.110 0.618 973.373
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2
Here: Y2 = (X3, Y;;)” = (3 » Mean;)?

Now:

2 2 . 2
= SS(Rate) . Z?Zli - Y; _ 973.373 (3*»20.110) = 21.153

3 12 3 12

*  SS(Residuals) = ¥, {¥3_,(¥; — )’} = Bi.{2 * Variance;} = 2 = 0.618 = 1.236
[3]

The ANOVA table is as follows:

Source of Sum of
Sirs d.f. Mean Squares F
Variation Squares
Rates 3 21.153 7.051 45.638
Residuals 8 1.236 0.155
Total 11 22.389

[2]
The 1% critical value for F (3, 8) distribution is 7.951.

Given the observed F statistic value is much larger than this, we can state the p-value
for this test is almost near to zero or in other words there is overwhelming evidence
against the null hypothesis HO. Thus it can be concluded that the underlying means
are not equal. [1]
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7.

)
The relevant summary statistics to compute correlation coefficient are:
2

2 _2 39
5,_:=Zx —nx =207_10*(ﬁ) = 54.90

S Z xy = 2853 —10 (39) (562) 661.20
At y — Fo= — x| — -
= il 10/\10

_ 562\°
Syy= ) y2—ny =40508 — 10+ =

) = 8923.60

Se  __ 66120 ..
VS /Syy V54904892360

Correlation Coefficient r =

i)

Fitted Linear Regression Equation

The coefficients of the regression equation are:

' Sy 66120 . .,
S, 5490 7
d= ¥y — X =(E)—12.04m(—) =973

Therefore, the fitted regression lineis: y = @ + Ex =9.23 + 12.04x
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i)
Relation: SStor = SSgec + SSges

SSror = Syy = 8923.60

By (661.20)2
SSREs = Syy — - = 8923.60 — —_-—=960.30
XX *

SSrec = Stor — Sres = 8923.60 — 960.30 = 7963.30

iv)
Coefficient of Determination:

Sy’ _ SSgec  7963.30

~ SwxSyy SStor 8923.60

R? = 0.6924

For the simple linear regression model, the value of the coefficient of determination

is the
square of the correlation coefficient for the data, since,

S
0945 =r = ro *"; 05 = JVR? =40.8924
xx Yy
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