
NTHU STAT 5230 Midterm Solution May 3, 2022

(1, 1pt) An iteratively reweighted least squares method is used to fit GLMs. Each itera-
tion is a Fisher scoring iteration.

(2, 1pt) log(0.25/0.75) = (−2.714074) + 0.044672 × age0.25, so age0.25 = 36.16274.

(3, 1pt) For each year extra in age, the odds of being seropositive increase by a factor of
exp(0.044672) = 1.045685. This is roughly a 4.5685% increase. Or, the log odds of
being seropositive are increased by 0.044672 for each year extra in age.

(4, 1pt) The model does not appear to fit since the deviance (21.865) exceeds the critical
value (15.5) for those degrees of freedom (7). (It would not be unwise to state some
cautions about under-fitting, diagnostics, or overdispersion.)

(5, 1pt) complementary log-log

(6, 1pt) The log ai term is a fixed term in the model with no attached parameter so an
offset is appropriate. Notice that this simply comes straight from the equation in
modeling. This is not a rate model - there is no sense to dividing the response by
age.

(7, 1pt) µ̂ = exp(−4.66052) = 0.009462.

(8, 1pt) The fitted model has only one parameter - the intercept, and so it is identical to
the null model. Hence, its deviance and degrees of freedom are the same.

(9, 1.5pts) Logistic regression is appropriate because the response is binary: survived
versus dead, for each of the 15 plants in a treatment group. Under the assumption
that the 15 binary responses are independent and identically distributed, the number
surviving out of the 15 plants can be assumed to be binomial distrubuted.

(10, 2pts) quantitative. The output shows only 1 coefficient for the main effect of cater-
pillar treatment (in models A, B, or C). If categorical, it would have taken 4−1 = 3
coefficients for its dummy variables.

(11, 2pts) The p-values are not exactly equal because 0.001115 came from the Wald test,
while 0.0003674 from the deviance-based (or likelihood ratio) test. In standard
linear model, these two tests give the identical p-values, but in logistic regression,
these tests may give different p-values. Note that these two tests examine the same
null and alternative hypotheses:

H0 : y ∼ cats vs. H1 : y ∼ cats+nemstrt.

Deviance-based method is usually more reliable since Wald test might suffer from
over-estimating the standard error of β̂ although they did not have much difference
in the case.
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(12, 2pts) They have different null and alternative models. The null and alternative
models for the p-value 0.654102 are

H0 : y ∼ cats+cats:nemtrt vs. H1 : y ∼ cats+nemtrt+cats:nemtrt,

which is different from that given in the answer of question 11. Although they are
testing the same effect (nematode presence, i.e., βnemtrt = 0), Model A assumes that
there could be an interaction between nematode and caterpillar effects, while model
B makes the assumption that there was no such interaction.

(13, 2pts) prospective study, because in the process of data collection, the covariates/factors
(nemtrt and cats) were first fixed and then the response was observed.

(14, 2.5pts) We first calculate the log of odds, η̂:

# catepillars per pot
nematodes 0 16

absent 2.176 2.176 − 16 × 0.1006 = 0.575
present 2.176 + 0.417 = 2.592 2.176 − 16 × 0.1006 + 0.417 + 16 × 0.075 = 2.183

Then, we get survival probabilities as eη̂/(1 + eη̂) = (1 + e−η̂)−1:

# catepillars per pot
nematodes 0 16

absent 0.90 0.64
present 0.93 0.90

(15, 2pts) The effect of nematode presence is small on the survival probability scale when
there are no caterpillars: it increases survival probability by and estimated 0.03
(= 0.93− 0.90). The effect became larger in the presence of 16 caterpillars per pot:
it increases survival probability by an estimated 0.26 (=0.90 − 0.64).

(16, 2pts) Model C has a higher deviance than either model A or B because C is nested
in B, and B nested in A, and the deviance goes down as more terms are added.

(17, 2pts) C nested in B, B nested in A. D is also nested in B, but D and C are not
nested.

(18, 2pts) Using sequential testing with analysis of deviance tables, we select model B,
whether we start from the most complex model (A) and do backward selection, or
start from a simple model (C or D) and do forward selection.

(19, 2pts) There is very strong evidence that these particular nematodes protect these
particular lupine seedings. Suppose we select model B. We would report a p-value
of 0.0004 for the significance of nematodes (analysis of deviance, comparing models
B and C). The sign of the effect of nematode presence is positive, meaning that
nematodes increase survival, and therefore protect lupine seedlings. The evidence
is very strong that nematodes affect survival.
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