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Question 1. Two models are fitted to case counts on an epidemic. Model 1 is an SIR POMP model with
a negative binomial measurement model, and model 2 is a linear regression model estimating a cubic trend.
The log likelihoods are ℓ1 = −2037.91 and ℓ2 = −2031.28 respectively. Which of the following do you agree
with most?

(A) We should not compare the models using these likelihoods. They correspond to different model struc-
tures, so it is an apples-to-oranges comparison.

(B) We can compare them, but the difference is in the 4th significant figure, so the likelihoods are statistically
indistinguishable.

(C) The linear model has a noticeably higher likelihood. Our mechanistic model needs to be updated to
beat this benchmark before we can responsibly interpret the fitted model. If a simple regression model
has higher likelihood than a more complex mechanistic model, one should prefer the simpler model.

(D) The linear model has a noticeably higher likelihood. The mechanistic model is somewhat validated by
being not too far behind the simple regression model. We are justified in cautiously interpreting the
mechanistic model, while continuing to look for further improvements.

(E) The log likelihoods cannot properly be compared as presented, but could be if we used a Gaussian
measurement model for the POMP (or a negative binomial generalized linear model instead of least
squares for the regression).

Question 2. A compartment model is first implemented as a system of ordinary differential equations
(ODEs). This leads to qualitatively reasonable trajectories, but poor likelihood values. The researchers
add stochasticity in an attempt to improve the fit of the model by interpreting the ODEs as rates of a
Markov chain. The likelihood, maximized by iterated particle filtering, remains poor compared to ARMA
benchmarks. In addition, the effective sample size for the particle filtering is low at many time points despite
even using as many as 104 particles. Which of the following is the most promising next step?

(A) Increase to 105 particles, moving the computations to a cluster if necessary.

(B) Add noise to one or more rates to allow for overdispersion.

(C) Try adding extra features to the model to capture scientific details not present in the original model.

(D) Experiment with variations in the iterated filtering procedure; maybe more iterations, or a different
cooling schedule.

(E) To address the possibility of reporting errors, see if the model fits better when the most problematic
data points are removed.
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Question 3. You fit an SEIR model to case reports of an immunizing disease from a city. The resulting
confidence interval for the mean latent period is 12–21 days, but clinical evidence points to a latent period
averaging about 7 days. Which of the following is the most appropriate response to this discrepancy?

(A) The latent period may be confounded with some unmodeled aspect of the system, such as spatial or
age structure. The model estimates an effective latent period at the population level, which may not
perfectly match what is happening at the scale of individuals. One should be cautious of making a
causal interpretation of models fitted to observational data.

(B) The discrepancy shows that something is substantially wrong with the model. Extra biological detail
must be introduced with the goal of bringing the estimated parameter back in line with the known
biology of the system.

(C) The discrepancy is problematic, but fortunately can readily be fixed. Since we know the clinical value
of this parameter with reasonable accuracy, we should simply use this value in the model rather than
estimating it.

(D) If the model fits the data statistically better than any known alternative model, then we have to take
the estimated parameter at face value. It is certainly possible that the estimates in the literature
correspond to some different population, or different strain, or have some other measurement bias such
as corresponding to severe cases resulting in hospitalization. The discrepancy does not show that our
model was wrong.

(E) This discrepancy suggests that we should take advantage of both C and D above by putting a Bayesian
prior on the latent period. By quantifying the degree of our skepticism about the previously established
clinical value of 7 days, we can optimally combine that uncertainty with the evidence from this dataset.
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