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Generel linear model for
Normal data. Some
repetition from Industrial
Statistics course.
Obligatory Exercise 1:
General theory of
exponential families, GLMs
etc.

Binary variables and logistic
regression

Obligatory Exercise 2
Nominal and ordinal logistic
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Obligatory Exercise 3
Count data, Poisson
regression

Obligatory Exercise 4
Overdispersed models,
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generalized estimating
equations
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Ch.1-2,6

Ch. 3-5

Ch. 7

Ch. 8

Ch. 9

Other reference
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Comment

Due early week 37

Due early week 41

Due early week 44

Due early week 47

Typical data, multiple regression

Table 6.3 Cuarbohydrate, age, relative weight and protein for twenty male insulin-
dependent diabetics; for units, see text (data from K. Webb, personal communica-

tion).
Carbohydrate Age Weight Protein
iy T Ta Ia
33 33 100 14
40 47 92 15
a7 49 135 18
27 35 144 12
30 46 140 15
43 52 101 15
34 62 95 14
48 23 101 17
30 32 98 15
38 42 105 14
50 31 108 17
51 61 85 19
30 63 130 19
36 40 127 20
41 50 109 15
42 64 107 16
46 56 117 18
24 61 100 13
35 48 118 18
37 28 102 14
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Oppgave 1

I en studie av hesteskokrabber fant en at hver hunnkrabbe alltid bodde sammen med
en hannkrabbe. I tillegg hadde flere hunnkrabber en eller flere hannkrabber like i
narheten, kalt satellitter. Det var av interesse & finne ut hvilke egenskaper ved
hunnkrabbene som searlig tiltrakk seg hannkrabber. For hver hunnkrabbe ble det
registrert hvor mange satellitter hun hadde, bredden pa skallet og fargen pa skallet delt
inn i kategoriene lyst, middels lyst, middels mgrkt og mgrkt. Vi innfgrer né fglgende
variabler:

Y = antall satellitter for hver hunnkrabbe

_ L dersom en hunnkrabbe har satellitter
0 ettes

X| =bredde av skallet

1 dersom skallet er Lyst
0=
0 elles

1 dersom skallet er middels lyst
3=
0 elles

S 1 dersom skallet er middels mprkt
4o elles

side Zav 4
Innsamlet datamateriale for 20 hunnkrabber er gitt nedenfor:

Krabbenr. ¥ Vi X Xy X5 X
1 8 1 28.3 0 1 0
2 4 1 260 0 0 1
3 0 0 21.0 0 0 0
4 3 1 25.0 1 0 0
5 8 1 25.7 0 1 0
6 6 1 275 0 1 0
7 5 1 26.1 1 0 0
8 4 1 28.9 0 0 1
9 4 1 22.9 0 1 0
10 3 1 26.2 0 0 1
11 8 1 30.0 0 1 0
12 3 1 26.2 0 1 ¢
13 4 1 25.4 0 1 0
14 0 0 27.5 0 0 0
15 3 1 27.0 0 0 0~
16 1 1 24.5 0 1 0
17 1 1 27.3 0 0 1
18 0 0 220 0 0 1
19 2 1 30.2 1 0 0
20 3 1 26.0 0 1 0

For 4 finne ut om bredden pé skallet pavirket sannsynligheten for at en hunnkrabbe
hadde satellitter ble det utfgrt en logistisk regresjon med ¥, som responsvariabel. En
utskrift med programpakken R er gitt nedenfor. I spgrsmélene a), b) og ¢) vil du ha
bruk for denne utskriften.

glm({formula = yl ~ x1, family = binomial)

Deviance Residuals:
Min 10 Median 30 Max
-2.5764 0.1595 0.3649 0.4483 1.0678

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) =-14.7637 B.6268 -1.711 0.0870 .
x1 0.6562 0.3518 1.865 0.0621




En fant det rimelig at antall satellitter for hver hunnkrabbe var Poisson fordelt og en
gnsket difor 4 utfgre en Poissonregresjon med log link for & finne ut om det var noen
sammenheng mellom forventet antall satellitter og bredden og fargen pa skallet til
hunnkrabben. En utskrift med programpakken R er gitt nedenfor. I spgrsmalene d), e)
og f) vil du ha bruk for denne utskriften.

glm{formula = v ~ x1 + x2 + x3 + x4, family = poisson)
Deviance Resgiduals:

Min 10 Median 30 Max
-1.71150 -1.07231 0.07435 0.54191 1.50426
Coefficients:

Estimate Std. Error z value Pr(>|z})
(Intercept) -3.44922 1.6072¢ -2.146 0.0319 +*
x1 0.13426 0.05737 2.340 0.0193 *
X2 0.96755 0.66514 1.455 0.1458
x3 1.49468 0.59747 2.502 0.0124 *
x4 0.77971 0.64623 1.207 0.2276

Example: Birthweight and gestational age

Table 2.3 Birthweight and gestational age for boys and girls.

Boys Girls
Age  Birthweight Age  Birthweight
40 2968 40 3317
38 2795 36 2729
40 3163 40 2935
35 2925 38 2754
36 2625 42 3210
37 2847 39 2817
41 3292 40 3126
40 3473 37 2539
37 2628 36 2412
38 3176 38 2991
40 3421 39 2875
38 2975 40 3231
Means  38.33 3024.00 38.75 2911.33
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Figure 2.2 Burthweight plotted against gestational age for boys (open circles) and
girls (solid circles); data in Table 2.5.

Table 2.5 Analysis of data on birthweight and gestational age in Table 2.5.

Model Slopes Intercepts Minimum sum of squares
(2.6)  b=120.894 a; = —1610.283 So = 658770.8

ag = —1773.322
(2.7) by =111.983 ay = —1268.672 S = 6524245

by = 130.400  ay = —2141.667
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6

Normal Linear Models

6.1 Introduction
This chapter is about models of the form
E(Y;)=p; = XE—,B 0 Y ~ N(pg.o?) (6.1)

where Y7, ...,Yy are independent random variables. The link function is the
identity function, i.e., g(p;) = p;. This model is usually written as

v=X3+e (6.2)
where
Y x{ 3 e
y = : . X = : , B= S e=
Y:\- X:{.— J’P eN

and the e;'s are independently, identically distributed random variables with
e; ~ N(0,0%) for i = 1,..., N. Multiple linear regression, analysis of variance
(ANOVA) and analysis of covariance (ANCOVA) are all of this form and
together are sometimes called general linear models.
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