
Response to Examiners’ Report

PhD Thesis “Copula-based spatio-temporal modelling for count data” by
PuXue Qiao, School of Mathematics & Statistics, University of Melbourne

We are very grateful to the two anonymous examiners who provided very positive and
encouraging reports on this Ph.D thesis. Since Examiner 2 did not provide any comments
requiring response, this response report will address Examiner 1’s comments only. Since
Examiner 1’s comments concern mainly about potential future work direction and questions,
and do not require any change made to the thesis, we answer the questions in this report
and remain the thesis unchanged.

Question1: Is it possible to develop an EM algorithm for the clustering, instead of
using Qian et al. (2016) approach, from which the probability of group assignment may be
estimated? This kind of uncertainty would affect the modelling and data analyses, and thus
needs to be quantified in some way.

Answer: Thank you for the suggestion. It is certainly possible to develop an EM
algorithm for the clustering procedure and obtain a soft clustering result. We agree that it
is an interesting topic to explore in the perspective of clustering, however in this thesis, the
clustering is mainly a preprocessing step, and the downstream analysis (modelling) requires
hard assignment of each cell. We will take this into consideration in our future work.

Question2: Is it possible to combine the clustering and modelling together for a one-
stage analysis to replace the currently proposed two-stage analysis? What are associated
difficulties with the one-stage analysis?

Answer: Thank you for the suggestion. It is possible to integrate the clustering and
modelling steps into a one-stage analysis.

One possible solution is to take the clustering result as latent variables, for example,
given the number of clusters nC, each cell can be expressed as an nC-dimensional binary
vector that follows a multinoulli distribution. Thus, Yi,t in Chapter 2 would simply be the
sum of all cells (vectors) that fall into tile i at time t. The color intensities that are used
to imply clusters can be incorporated either through priors of parameters in the multinoulli
distribution, or by penalizing on the objective function evaluating function of the clustering.
The latent model could be fitted under the Bayesian framework using Gibbs sampling or
variantional inference.

Question3: When the number of tiles tends to infinity, it is very likely that there
are excessive lattices containing zero cells of certain colors. This dilution of cell counts
over the course of increased tiles can easily violate Poisson distribution or negative binomial
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distribution. How would the author handle this situation?

Answer: Thank you for noting this. We agree that when the number of tiles n increases,
there will be a large proportion of tiles with zero counts. In the extreme case, when n→∞,
there can only be one or zero cell in each tile, which certainly violates the assumption of
Poisson distribution.

This is a limitation of the proposed model: for a given image, the choice of n does affect
the goodness-of-fit. Our experiments show that results are robust with a certain range of n,
in our case from 10 to 50, but if n is chosen to be too large, say 200, the model fit will not
be satisfactory. Therefore, we recommend 0 to 20 average cells per tile, since for such choice
our diagnostic and goodness-of-fit analyses suggest that the model fits well the data whilst
enabling us to measure local correlation effects between populations.

Finally, the situation described by the reviewer is the infill asymptotic properties (i.e.
infinitely high resolution of a given image), while the theoretical properties we explored falls
into another category (i.e. an infinitely large image). It would be interesting to explore the
infill asymptotic properties of the model in the future.

Question4: In general, how would a practitioner determine the number of tiles to
derive cell counts of different colors? There are no clearly guidelines presented in the thesis,
from either finite-sample nor large-sample points of view. In all simulation studies, there
was no clear assessment regarding the sensitivity of number of tiles/size of tiles on statistical
analysis results. Any comments?

Answer: We choose the number of tiles for a balance between the fit of the model and
capturing the local impact between cell populations. More specifically, decreasing tile sizes
enables one to detect local impacts between cell populations, which is one of the objectives of
our analysis. However, if the tiles are too small, we will end up with mostly no cells in most
tiles. In this situation the conditional Poisson model would not fit well the data. On the other
hand, when the tiles are too large the model would fit the data well (the conditional Poisson
would be approximately a conditional normal model), but we lose information on local
impacts. We recommend 0 to 20 average cells per tile, since for such choice our diagnostic and
goodness-of-fit analyses suggest that the conditional Poisson model fits well the data whilst
enabling us to measure local correlation effects between populations. The recommendation
has been endorsed by pathologists who provided us the data.

Question5: How would a practitioner make a choice of Poisson model versus negative
binomial model? What are consequences if one chooses a wrong model?

Answer: It depends on the nature of the data and the question of interest. Since
Poisson is a special case of negative binomial, where the variance is equal to the expectation,
the negative binomial distribution is more appropriate to handle overdispersion in the data.
In this case, a Poisson regression has less flexibility and may result in biased standard error
estimations, but it has the advantage of higher speed and more stable convergence. So
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choosing between Poisson and negative binomial is more about balancing between running
speed and more accurate informations on the variance of data, instead of right or wrong.

Question6: What is an alternative model if the NB model does not provide a right
form for the modelling of over-dispersion? The author may consider the generalized Poisson
model to enrich the pool of choices for marginal models.

Answer: Thank you for the suggestion. We agree that besides negative binomial, the
generalized Poisson model is another promising option that handles not just overdispersion
but also underdispersion. We will include the marginal distribution
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in the core functions of our package.

Question7: Can this proposed model selection criterion make a choice between Poisson
and NB models?

Answer: Yes, it is possible. Since the Poisson distribution is a special case of NB
distribution where φ→∞ (see Section 3.2 for details), the choice between Poisson and NB
models can be solved by a test deciding whether the dispersion parameter φ should be finite
and present as a model parameter.

Question8: What are general guidelines to form the pool of candidate models?

Answer: Thank you for spotting this. At the moment, the pool of candidate models
is simply all possible 2p candidate models obtained by selecting a subset of the model pa-
rameters, where p is the number of parameters. It is worthwhile to consider in our future
work some preselection step and allow only meaningful candidate models for computational
purpose.
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