STAT 25098 ‘
Test#1
SOLUTION
1. Suppose we were interested in knowing how the amount of fertilizer influences the corn yield.

The yield per plot in bushels of corn was observed on 10 plots that had been fertilized in
varying degrees. The data are given in the following table:

Yield (in bushels) Fertilizer (in pounds)
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(a) The response variable, y ,is: corn )gleldk

(b) The explanatory variable, x, is: fertilizer amount

(c) State a SLR model making sure you give all assumptions necessary for
statistical inference.

Model: y=p, + fx+%, n=10

Assumptions: (i) x’s are observed without error L/ a ) K P,
(i} y’s {(or ¢’s) are independently dlstnbuted with mean E( y) ﬂ(, + ﬁl
(or E(g)=0) (D

(iii) variance of y’s (or ¢’s) is constant 0 for all x’s
(iv) y~ N—(E(y) (o ) é)r any value of x | (or & ~ N(O o ) for any value of x)
D,

(d) Find the least squares estimates of £, and #, . Find the least squares fitted
regression line.
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.. the least squares fitted regression line is given by: =101 +1.15x

Assuming no violations of the assumptions, answer the following questions:

(e) Find s*, an estimate of &’ .
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s =+/s* = 0.840387

() Use the t-test to test whether there is a significant linear relationship between
the amount of fertilizer applied and the corn yield. Use « =0.10.

Hy:f=0 7 a=010=a/2=005
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test-statistics: 1 =— = =6.119749
s/\JS. 0.840387/¥20

R.R: we reject H,if 1 <—1,,, , =—t,; =-1.860 # 1 /)
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Since t=6.119>1.860, we reject H and conclude that at 10% level of significance there

is an evidence to say that the amount of fertilizer applied and the corn yield are lineariy {i;/ 7 X

related. T ~ J

(g) Find a 90% confidence interval for the true population slope, £, .
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=(1.15£0.349524) = (0. 800476,1 499524) = (0. 8005,1 4996)" /)

i.e. We are 90% confident that in repeated samplmg the true value of the population slope
would lie in the interval (0.8005 , 1.4996). E@

(h) Complete the following ANOVA table and hence test whether there is a
significant linear relationship between the amount of fertilizer applied and the corn yield.
Use ' =0.10.
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S Lot
788 = = 3210 = 32.10 (glven) (also calculated in part (e))
SSE = S_Q&,f&Calculated in part (e))
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SSR =T8S - SSE=—" = 26.4 Talso calculated in part (e))
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Test-statistics: [/ =

R.R: we reject H,if F>F,,, 2) = o0y = 3.46\—"
L, (

Since F = 37. 4Q >/3 46, we re;ekt/H and conclude that at 10% level of significance there .

is an evidence to say that the amount of fertilizer applied and the corn yield are linearly (\ f'_,':
related.

(i) Find the va!ues of the coefficient of correlation, r, and coefficient of
determination, r? , and interpret their meanings in this problem. What is your
conclusion about the model?
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i.e. the amount of fertilizer applied and the corn yield are positively correlated (related)

with the strength of thelr relatlonshlp approx. 90.8%. ﬁf "{L_ )
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~ 0.907738 = 0.908. '/

h’ 3
i.e. approxtﬁfnately 82.40% of the total variation in the data is explained by the regr. line
(and approx. 17.60% is due to error). l.e. m9d§l7l§__9__900q fit.

(J) Find a 95% Confidence Interval of the average corn yield per plot if the
amount of fertilizer added is 4.75 Ibs.

95% C.I. for E(y) when x, = 4.75:
¥=10.1 + 1.15(4.75) = 15.5625 qm;\l ~a=0.95=a=0.05= a/2=0.025
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i.e. We are 95% confident that in repeated sampling the average corn yield per plot when
the amount of fertilizer applied is 4.75 Ibs will fall in the interval (14.8688 , 16.2562).
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(k) Find a 95% Prediction Interval of the corn yield per plot if the amount of fertilizer added is
4.75 lbs.

95% P.l. for y when x, = 4.75:
7=10.1 + 1.15(4.75) = 15.5625 and 1-a=09=a= 0.05 = /2 =0.025
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=(15.5625+ 2. 3@5(0 892602168)) (15.5625 % 2. 0583% (13 50416,17.62084 )=

= (13 5042,17.62084) (D
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i.e. We are 95% confident that the corn yield per plot when the amount of fertilizer applied
is 4.75 Ibs will fall in the interval (13.5042 , 17.6208). Q 7 )
L

2. Refers to question 1.

Fertilizer x, Yield y, n, ¥, Z(yg‘ _y )z
J
2 12, 13 2 12.5 0.5
3 13, 14 2 13.5 0.5
4 15, 15 2 15 0
S 14, 16 2 15 2
6 17, 18 2 17.5 0.5

[5] (a) Decompose SSE into the sum of squares due to the pure error, SSPE, and sum
of squares due to the lack of fit, SSLF.

Hiot  SSPE=33(y, -¥,) =35
P

Dox,=40, Y x7=180, Y.y, =147, > y?=2193 , > x,y,=611

Solution: . .

\_
SSE = SSPE + SSLF

s2 42
SSEL? - 7= 3210-2645= 5.6 (calculated in 1))
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SSPE = 3.5 (given)

~.SSLF =SSE —SSPE =218/
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[6] (b) Test whether the linear model y= g, + Bix+¢ s appropriate.
Use o =0.05.

y=PB,+px+e, a=005
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H, : model is appropriate Lo\ kf_
H, : model is not appropriate _ 3

'

() SSLF/ | (n—2 n -1
istics: = MSLF / |2 Z( ) _2.15/(8-5)
test-statistics:; [/ = = -
MSPE S%E/Z(n —1) 3.5/5
_ 0.716667 D,
0.7 1&218‘1
R.R: we reject H, n‘ Bl e s YIS = Fyps5.5) = 541 —

Since F=1. 02381\2}/5 41 we do not rejé\et’ﬁ and conclude that at 5% level of
significance there is not enough evidence to say that a linear model is not appropriate

(i.e. model is fine). 1))
o
3. State which violations of the SLR model (if any) are indicated by each of the following

residual plots. Give reasons for your answer,

[3] (a)

.
* Violation of the assumption of constant varlance since the resnduals are
increasing w1th x’s e
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(b)

FREQUENCY .
60

504

409

s "-"‘w._ -2.0 -1.86 1.2 -0.8B -0.4 0.0 0.4

Residual

histogram of errors is not bell- shaped nor isit Symmetrlc (lt is negatlvely skewed)
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Violation of linearity (or independence), since we have a curve-linear pattern(»i. )
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No violations, since residuals are randomly scattered around their mean (l e. ho
pattern) -




