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| QUESTION ONE

[26 MARKS] |

11 LetY, =4 +8x +¢, (i=1:--,n) where E[c] =0 and var|e| = o°l. Write down the model using

matrix notation and show that the least squares estimates of (3,and [, are uncorrelated if and only if

x=0.

[6]

1.2 A company which markets and repairs small computers needs to forecast the number of service

engineers required over the next few years. This requires consideration of the length of service calls,
which in turn depends on the number of components that need to be repaired or replaced. The
scatterplot given below relates the number of components repaired (explanatory variable) and the

length of the service calls (in minutes) for a random sample of 7 calls.
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We propose fitting a linear regression model
Y=0X+¢
(@) Comment onthe STATA's simple regression analysis output and make recommendations. [3]
Source | Ss df MS Number of obs = 7
s S s a0 s 5) = 0.16
Model | .706260288 1 .706260288 Prob > F = 0.7034
Residual | 21.70B0254 5 4.34160509 R-squared =  B8.0315
i e S e e e Adj R-squared = ~0.1622
Total |  22.4142857 6 3.73571429 Root MSE = 2.0837

(b) Explain how you would test the hypothesis H, : 3, = 0 against H, : 3, = 0.

[2]
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(c)

Using your recommendations in (a), fit an appropriate model which deals with the nonlinearity
indicated in the scatter diagram. The data is:
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(d) Derive the F test for testing H : 43, = 3, and draw conclusions.

[71

[8]

[13 MARKS] |

2.1

(@)

(b)
(©)

2.2

(@)
(b)

()

The link between use of an oral contraceptives and the incidence of myocardial infarction was
investigated, let Y denote the response variable taking the value 1 if the woman has a myocardial
infarction, and 0 if she does not, and let Z denote the indicator variable taking the value 1 if oral
contraceptives were used, and 0 if it were not. The fitted logistic regression model relating Pr(Y =1)

to Z, is given by

logit(r) = —1.3564 + 0.9366Z

Give a general formula or expression for the derivation of the model parameters [ of the above

model.

Compute the log odds ratio.
What are the odds of having myocardial infarction for women using the pill with the odds of having a

myocardial infarction for women not using the pill?

[4]
[1]

[2]

The output below relates a multiple regression model for the presence or absence of evidence of
significant coronary heart disease (CHD) for 100 subjects selected to participate in a study versus
AGE, Weight at Last Menstrual Period (LWT), and number of First Trimester Physician Visits (FTV)

from the Low Birth Weight Study.

Variable Coeff. std. err. z P>|z|
Constant 1,295 1.0714 L.21 0.227
AGE -0.024 0.0337 =071 0.480
LWT -0.014 0.0065 -2.18 0.029
FVT =-0.049 0.1672 -0.30 0.768

Log likelihood = -111.286

A formulation of the information matrix which is useful when discussing model fitting and assessment
of fitis /(8) = X'WX

What is W?

[l

Explain how the log-likelihood ratio can be used to choose between two logistic regression

models.

Comment on the model fit if the log likelihood for the constant model is L = —117.336.

[3]
[2]
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| QUESTION THREE [15 MARKS] |

3.1 The figure below shows the data from a regression study with FIVE predictors.
In each question, the correct answer may be more than one of A; B or C.

(a) Give a definition of leverage. Which of the labelled points (A; B or C) would you think have a high

leverage value? Explain. [3]
(b) Which of the labelled points (A; B or C) would you think would be labelled as an outlier by an outlier
[2]

detection test? Explain.
(c) What does Cook's Distance try to measure for a multiple linear regression model? Which of the

labelled points (A; B or C) would you think would have a large Cook's distance? Explain. [3]
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Figure 3(a)
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3.2  The figures below shows the diagnostic plots from a model fit predict Y (Per capita expenditure) on
five explanatory variables.

| Figure 3(b)

Figure 3(c)

Briefly describe the assumptions used in fitting this model. Do any of the assumptions seem to be violated
based on the figures above? If any seem to be violated, suggest some possible fixes. [7]
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| QUESTIONFOUR [36 mARKsS] |

It is of interest to understand the relationship, if any, between the analytical skills of young gifted children and
a number of explanatory variables. The analytical skills are evaluated using a standard testing procedure,
and the score in this test is used as the response variable.

The seven explanatory variables considered are father's 1Q, mother’s 1Q, age in months when the child first
said ‘mommy’ or ‘daddy’, age in months when the child first counted to 10 successfully, average number of
hours per week the child’s mother or father reads to the child, average number of hours per week the child
watched an educational program on TV during the past three months, average number of hours per week the
child watched cartoons on TV during the past three months. It is not expected that any of the explanatory

variables interact.
The data are collected from schools in a large US city on a set of thirty-six children who were identified as
gifted children soon after they reached the age of four.

Explanatory variables as follows:

X : father's 1Q

X, : mother's IQ

X, : age in months when the child first said ‘mommy’ or ‘daddy’

X.: age in months when the child first counted to 10 successfully

X; : average number of hours per week the child’s mother or father reads to the child

X, : average number of hours per week the child watched an educational program on TV during the past three

months
X, : average number of hours per week the child watched cartoons on TV during the past three months

41 Define multicollinearity and comment on its presence in this data. [2]

4.2  Investigate whether the analytical skills of young gifted children are related to any of the seven
explanatory variables considered. In particular, use the provided computer output to find the model
which gives the best fit to the data, and find out which one of the explanatory variables in itself
provides most useful information about the analytical skills of young gifted children. [7]1

43  Consider the 5 best predictor model found by R’s step procedure. What happens to the score as the
number of hours per week the child watched cartoons increases? How would you test whether this

coefficient was greater than 27 [1, 3]

4.4 How would you test if the coefficient on the mother’s IQ was the same as the coefficient on the
father's 1Q? [6]

4.5  Define an influential observation. How do we use COVRATIO to identify influential observations?

3]

4.6  Why do you think observations 1, 3 and 24 are flagged in the diagnostic graph below? Show all
working. [14]
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Residuals vs Fitted

240

Residuals

| T | |
150 155 160 165

Fitted values
Im(score ~ fatheriq + motheriq + read + edutv + cartoons)

| QUESTION FIVE B [10 MARKS] |

Description: For a 82 chondrites, the age and type (Type | or Type II) were noted, and the rust component
was measured. Initially, the research question concerned the dependence of rustiness (Y) on age (X). A
further question is whether there is a difference between the two types of chondrites, Type | and Type II.

5.1 We seek to verify a linear relationship between rustiness and age of chondrite. How do we

incorporate the effect of different types of chondrites into the model? [2]

5.2  What hypothesis would you test to determine whether there is a difference in mean rustiness from

Type | and Type Il chondrites? [1]

5.3  Compare whether the effect of age on the rustiness of chondrites is the same for each type. [7]

" « END T "
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COMPUTER OUTPUT

> cor (gifted)

score fatheriqg motheriqg speak count read edutv cartoons
score 1.0000 0.18808 0.57124 0.26789 0.54421 0.52520 -0.3703 0.2451
fatheriq .1881 1.00000 -0.02481 -0.03054 -0.07502 -0.06822 0.1162 -0.2484
motheriqg .5712 -0.02481 1.00000 0.07219 0.02426 -0.04303 -0.3300 0.3384

0
0

speak 0.2679 -0.03054 0.07219 1.00000 0.05954 0.18507 -0.1545 0.1094
count 0.5442 -0.07502 0.02426 0.05954 1.00000 0.91025 -0.2157 0.1549
read 0.5252 -0.06822 -0.04303 0.18507 0.91025 1.00000 -0.1666 0.1257
edutv -0.3703 0.11622 -0.33000 -0.15452 -0.21568 -0.16656 1.0000 -0.9234
cartoons 0.2451 -0.24835 0.33842 0.10936 0.15490 0.12573 -0.9234 1.0000

> XX <- cor(gifted[,-7])

> eigen (XX, only.values = TRUE)
Svalues
[1] 2.43834 1.71913 0.99426 0.94763 0.75911 0.08555 0.05598

Svectors
NULL

£f2 = step(lm(formula = score ~ fatherig + motheriqg + speak + count + read +
edutv + cartoons, data = gifted))

> f2

Residuals:
Min 10 Median 3Q Max

-4.16242 -1.67298 0.16074 1.32635 6.41215

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 79.046776 23.739610 3.3297 0.002313 **
fatherig 0237361 0.1363%0 1.7403 0.092055 .
motherig 0.412112 0.071767 5.7424 2.871le-06 ***
read 11.901319 2172310 55,4786 5.031e-0§ *#k
edutv -4.888141 2.161545 -2.2614 0.031143 ~*
cartoons -3.820233 1.967591 -1.9416 0.061632

Signif. codes: Q '***r (0,001 ‘**/ 0.01 **' 0.05 *.” 0.1 * " 1

Residual standard error: 2.5805 on 30 degrees of freedom
Multiple R-squared: 0.73376, BRdjusted R-squared: 0.68938
F-statistic: 16.536 on 5 and 30 DF, p-value: 7.6691e-08

> anova (f2)
Analysis of Variance Table

Response: score
Df Sum Sq Mean Sq F value Pr (>F)

fatherig 1 26.5417 26.5417 3.98583 0..055027

motherig 1 249.0076 249.0076 37.39507 1.0110e-06 ***

read 1 240.0982 240.0982 36.05708 1.3759%e-06 **=*

edutwv 1 9.7910 9.7910 1.47038 0.234749

cartoons 1 25.1020 25.1020 3.76973 0.061632

Residuals 30 199.7651 6.6588

Signif. codesy Q0 YREEC D001 ¥EEY Q.01 Y5 D406 . ! Dul 28 T

> data.frame (Residuals=resid(f2), leverage=hatvalues(f2),covratio=covratio(£2))

Residuals leverage covratio
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CORHRPRFEFRPREPRRERRPRPORPFPFRPORPROHRPRPRHRPEPERORRERHREMHERHORO

. 76433816
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MINITAB OUTPUT

Response is score

Coefficients

Term Coef
Ceonstant T75.5
fatherig 0.252
motherigq 0.4001
speak 0.188
count 0.206
read 754
edutv -4.20
cartoons -3.34

SE Coef
24 .0
0.138
0.0729
0.148
0.266

5 .59
2.25

2. 02

% CI
( 26.3, 124.7)
(=0.029; 0.534)
(0.2507, 0.5494)
(-0.115, 0.490)
(=0:.339 0:752)
{ =390, 18.99)
( -8.80, 0.40)
( -7.47, Qi)

T-Value

.14
.84
.49
el
.78
35
.87
65

P-Value
.004
077
.000
.214
. 445
.188
D72
.109
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SAS OUTPUT

Number in
Model R-Square C(p) AIC Variables in Model

1 ©.3263 43,3217 99,1188 motheriq
1 ©.2962 46.6934 100.6872 count
1 0.2758 48.9662 101.7123 read
1 @:1371 64.4782 168.0225 edutv
2 0.6291 11.46580 79.6217 motheriqg read
2 ©.6078  13.8557 81.6396 motherig count
2 ©.3780 39.5478 98.2396 motheriqg speak
2 8.3672 48.7452 98.8542 fatheriqg motheriq
3 0.6872 6.9673 75.4860 fatherig motheriq read
3 0.6666 9.2811 77.7926 fatheriq motheriq count
3 0.6465 11.5248 79.8958 motheriq speak count
3 0.6449  11.7615 80.8571 motheriq speak read
4 0.7077 6.6799 75.05085 fatheriq motheriq speak count
4 0.7069 6.7730 75.1529 motheriq read edutv cartoons
4 0.7040 7.0929 75.5026 fatheriq motheriq speak read
4 0.7003 7.5083 75.9517 fatheriq motheriq read edutv
5 0.7338 5.7678 73.6904 fatherig motheriq read edutv cartoons
5 0.7179 7.5400 75.7724 fatheriq motheriq speak count read
5 0.7160 7.7482 76.0091 motheriqg speak read edutv cartoons
5 0.7142 7.9490 76.2362 fatherig motheriq speak read edutv
6 0.7442 6.6012 74.2512 fatheriq motheriq speak read edutv cartoons
6 0.7351 7.6147 75.5049 fatheriq motheriq count read edutv cartoons
6 8.7333 7.8237 75.7580 fatheriq motherig speak count edutv cartoons
6 9.7251 8.7375 76.8445 fatherig motheriq speak count read edutv
7 0.7496 8.0000 75.4865 fatheriq motheriq speak count read edutv cartoons
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R OUTPUT

> giftedStype

(L] o0O0OO0OO0OOO0O110100000O0O0C1TO0O0O0O0CO0OQO0
(39 101101001001 0001011111101
(77 11 0101
Levels: 0 1
> ml=Im(rust~age+typetage:type,data=gifted)
> anova (ml)
Analysis of Variance Table
Response: rust

Df Sum Sq Mean Sq F wvalue Pr (>F)

age 1 8305.1 8305.1 37.9007 3.013e-08 ***
type 1 15 1:5 00069 0.9340

age:type 1 60.2 60.2 0.2746 0.6018
Residuals 78 17091.9 2:.8.::1

Signif: <odes: 0 Yw¥&r 9.0G01 vexr Q.01 Y*' 0,95 Y." 0O
> summary (ml)

Eal.l:

B

Im(formula = rust ~ age + type + age:type, data = gifted)

Residuals:
Min 10 Median 30 Max
-36.470 -9.132 -0.915 8.108 70.802

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 24.1977633 3.0299533 7.986 le=11 #**x*
age 0.0008187 0.0002003 4.088 0.0001L05 ***
typel -1.7757343 5.1844568 -0.343 0.732888
age:typel 0.0001556 0.0002969 0.524 0.60L752

Signif. codes: 0 '***’ (0,001 ‘**r 0.01 **’ 0.05 '." O.

Residual standard error: 14.8 on 78 degrees of freedom
Multiple R-squared: 0.3286, Adjusted R-squared: O
F-statistic: 12.73 on 3 and 78 DF, p-value: 7.455e-07

.3028

r

1
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