STAT 25098
Test#1
SOLUTION

A diabetic is interested in determining how the amount of aerobic exercise impacts
his/her blood sugar. The data are given in the following table:

Distance (miles) | 2 | 2] 25 |25 3| 3 |35]|35| 4|4 |45]45
Blood Sugar (mg/dL) | 136 | 146 | 131 | 125 [ 120 | 116 | 104 | 95 | 85 | 94 | 83 | 75
>y = 1310 > x, = 39
> yi= 148870 > x)= 1355
> x,y,= 40355 "\
i1} (a) The response variable, y , is: Blood Sugar level {\ L ;f’ g “\1
1} (b) The explanatory variable, x, is:

__Distance run (aerobic exercise) i

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

()
Model y'= 8, + fix+¢&, n=12

T,

.1—- i} ! / "\.
Assumptions: (i) x’s are observed without errorkw- . { i,
(ii) ¥'s {or £’s) are mdependently dlstrlbuted with mean E( y) ﬁﬂ + [)’1
(or E(g)=0) '

(iif) varlance of y’s (or &’s) i is congﬁnt o’ for all X's

(iv) y~ N(E(y) o) ) for any ‘value of x (or & ~ N(O a ) for any value of x)
\u ¥
!;‘6“1 (d) Find the least squares estimates of £, and §, . Find the least squares fitted
regression line.

K;s ixsy;(g J(ZJ’] 10355 39)(1310)

xy = n - —-222 ot
hrs. =" " VY (352 g75 | 2illd
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\
. the least squares fitted regression line is given by: 7= 191.6238 — 25.3714x
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Assuming no violations of the assumptions, answer the following questions:

-

(£} (e) Find s*, an estimate of o> .

' ( t 4 i=1 l n

"y 24

2\_“”§SE B N _ i _
n—2 C{WQ ,{; n-2

2 . 2 = (1)
1aggo- 130 228 () ()
875 5861.667—5632457 _ 229.2095 _

10 10 10

0
22.92095

- s =+/s = 4.787583

[&] (f) Use the t-test to test whether there is a significant linear relationship between
the distance run and the levels of blood sugar. Use « = 0.05.

Hy:f =0 }:r @ =0.05= a/2 = 0.025
H,:B#0 skﬁ_éb TR
’ I ) vl )
~25.3714 S
test-statistics: 7= s 25.371 15.6759

s/JS,. 4787583875

R.R: we reject H,if ¢ <, , = 150510 :——2.228"'(; (: i)
ori> tm’l;n-nl = 10.025,;10 =2.228 K«j -

'

[ i) ‘ )/j_ ;
Since t= -1 5.6759%;-2.228, we rejMand conclude that at 5% level of significance

there is an evidence to say that a linear relationship between the distance run and blood
sugar level exists. Kf’f




[4)  (g) Find a 95% confidence interval for the true population slope, /3, .

l1-a=095= a=0.05= a/2=0.025

0,
B e [/3l LT %/?] ( 253714 lypsso. 4. 78758/ e 5) (— 253714 %2, 2_(28(1 618499)) =

™
)

= (~25.3714 £3.606015) = ( 289774, 217654) (—28 98,-21. 76)

i.e. We are 95% confident that in repeated sampling the true value of t populatlon slope
would lie in the interval (-28.98 , —21.76). / )

2%] (h) Complete the following ANOVA table and hence test whether there is a
significant linear relationship between the distance run and the
levels of blood sugar. Use « = 0.05.

i
788 = ny’,{ﬂ_Q]_G_G_G_G_Z {given; also calculated in part (e))
SSEMZQ,_&; (calcuiated in part (e))

SSR =T8S - SM 2 5__6_3_&15_ 7 (also calculated in part (e))

)
MSR = —Sﬁ\“‘/

N

( Ussz _ 2292095 _ A1)

M?E = T 22.92095 (=s°, calculated in part {€))

MSR 4 { | )

" MSE
Source df. sS MS F —
Regression 1 () 5632457 || 5632.457 () 245.734 [/ )
Error 10 (L 229.2095 | ()  22.92095 /| |, —
Total 1 (| 5861 66667{ Las

- “_,;'
Hy:B,=0 ] a=0.05
H,:p # O lT i {f ;\/
' MSR N

test-statistics: F =
MSE

R.R: we reject H,if F'> F,, 5 = Fysp10) = 49&:“})
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is an ev:dence to say that a Ilnear relat:onsmp between the distance run and btqod sugar
level exists. ..v’.’«-fj_;"j

(%) (i) Find the values of the coefficient of correlation, r, and coefficient of
determination, 7, and interpret their meanings in this problem. What is your
conclusion about the model?

A Y

. "\.
u S, =222 _
\/S Syy ~ J8.75Y5861.667)

|

i.e. the distance run and the blood sugar level are strongly negatively correlated (related)
with the strength of theuj relatlonshlp of 98.025%. K\i”i_“:/

(i)
SSR K_/
r* =221 = 0.960897 = o
7SS =96.09%
J/J

i.e. approximately 96.09% of the total variation in the data is explained by\the“régression

line (and 3.91% is due to error). l.e. model is a very good fit. (f; e 1
' L

=1 () Find a 95% confidence Interval of the average blood sugar level of people
who run the distance of 3.1 miles.

95% C.I. for E(y) when x, = 3.1:
y=191.6238 — 25.3714(3.1) = 112.9725 qln\c_l 1-2=095=a=005= a/2 = (.025

s

'\.é - %
CED) €| VE LS 1+(-’3§~iJ (1 12.9725 % £, 5, (4. 787583)\/ M]
S TR 8.75

=({112.9725+2 228(1 403217)) (112.9725+ 3. 126368) = (109.8461,116.0988) = ,/ M
/ e U

(109 85,116. 10)

I

i.e. We are 95% confident that in repeated sampling the average blood sugar level of
people who run the distance of 3.1 miles will lie in (109.85 , 116.10) mg/dl. i( /

(51 (k) Find a 95% Prediction Interval of the blood sugar level of an individual
who run the distance of 3.1 miles.

95% P.l. for y when x, = 3.1:
y=191.6238 - 253714(31)—1129725 and 1-a=0.95=a=0.05= af2=0.025

O,
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)

S y € j\)itaﬁ;n~2s

.f{f\. -
=(112.9725+ 2.228(&.*%8985)) =(112.9725+11.11546) = (101 .857,124.0879)5 {;{ 1

= (101.86,124.09)

}.e. We

\/1+l+
n

i
S

XX

8.75

-

who run the distance of 3.1 miles would lie in (101.86 , 124.09) mg/di.

2
- [1 12.9725% £ 03510 (4.787583)\/1 ¥ 'i"l"z" L B1-325]

Jz

- ~
are 95% confident that in repeated sampling the blood sugar level of a person Q j P,

2. Refers to question 1.
. = — \2
Distance x, Blood sugar n, Vi Z(yg - JG)
yij J
2 136, 146 2 141 50
2.5 131, 125 2 128 18
s 120, 116 2 118 8
3.5 104, 95 2 99.5 40.5
4 85, 94 2 89.5 40.5
4.5 83, 75 2 79 32
Ke) | (a8 Decompose SSE into the sum of squares due to the pure error, SSPE,
' and sum of squares due to the lack of fit, SSLF.
Hint:

SSPE=3"3(y, -7} =189
D x,= 39; ;fo =1355 > »,=1310 ) »7=148870 ) x,5,=40355
SSE ;.L_\S'LS*PS;{{&?LF )

\'J. s
SSE=S, - =

= 229.2095 (calculated in Q.1(e))

xx

SSPE = 189 (given)

. SSLF = SSE — SSPE = 40.2095

J’j b} iestuhetherte linsarimedsl  ji= B, + Bx+e is appropriate.
Use a =0.05.
H, : model is appropriate 9 2 =0.05
Ha 5 mOdei is not appropnate | 1 ;, !r».\\l
‘ ‘\\:_/":

J




\-inJ - SSLF/ |:(n ~2)— Z (, — 1)] _ 40.2095/(10-6) _

test-statistics: F =

MSPE SSPE/Z(n =T T 1896
10.05238 L
BT
,—'{‘ F ™N

( I \
R.R: we reject H |f F> F dinbs Z(" l)z(n y FOOS{M) = 453 \__/

significance there is not enoumnce to s say that a linear model is not appropriate. k!\{ )

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)

Residual
=
ti‘ ‘%
B i

\.._/. 4 c‘:} A
¢ Violation of the assumption of constant variance, since the residuals age\/”’
increasing with x’s R
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(i) \)

» Violation of independence (or linearity), since we have a curve-linear pattern
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(31 (d)
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(i)
e No vio\lﬁti'éns,‘since residuals are randomly scattered around their mean (i.e. no
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