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1 Important Preliminary Notes

(i) Please re-read all the General Notes and Technical Notes on assignments.

(ii) A preliminary draft of this project is due in class two weeks before the end of term.
Please submit pdf files of the main paper and supplementary material, and a com-
pressed folder containing all source files (by e-mail only).

As usual, filenames should contain your group name and no spaces or non-alphanumeric
characters (except _, - or .). GroupNameProject.pdf is one acceptable example.

(iii) The final version of this project is due in the last class of the term.

(iv) Carefully read the instructor’s solutions to all assignments.

(v) Start your personal project notebook in which you keep track of what work you have
done personally on the project. Use the project notebook template available on the
course web site. You will be required to e-mail this notebook to the instructor twice
(once when the preliminary version of the project is submitted and again when the
final version of the project is submitted). The subject line of your e-mail must be one
of the following:

Math 4MB3 Project Notebook: Group Name: My Name (Today’s Date)

Please copy and paste “Math 4MB3 Project Notebook:” into your subject line to
avoid typos. This will ensure I can find your e-mail by subject. Please attach both
the knitr source file and the compiled pdf file to your e-mail message. The filename
for your project notebook must be MyNameGroupNameNotebook.pdf, where MyName and
GroupName are substituted with your name and your group’s name, respectively.

Do not leave out the sum of group and solo time spent on the project at the end of the
notebook.

(vi) A number of different possible directions for your project are described in §2. You can
also suggest your own direction for a project. In any case, you must discuss and have
your plans approved by the instructor.

(vii) Information about the required structure of your project is given in §4.

(viii) Please include line numbers in your project documents. This is done by including
\usepackage{lineno} in your preamble and then having \linenumbers immediately
after \begin{document}. You also need to enclose all displayed equations in an addi-
tional linenomath environment to ensure that paragraphs containing equations receive
line numbers. Here’s an example:

\begin{linenomath}

\begin{equation}

\pi \simeq 3.1415926

\end{equation}

\end{linenomath}

(ix) Check the course web site for updates of this document.
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2 Possible Research Directions

Choose one of the following research directions, propose a modified version of one of the
directions below, or propose your own. Your research direction must be approved by the
instructor.

2.1 Why are influenza epidemics seasonal?

Background: “The underlying cause of seasonal oscillations in influenza incidence remains
unclear despite at least 80 years of investigation” (Dushoff et al. 2004, [1]). This possibly
surprising statement remains valid today, though quite a bit has been learned since 2004.

Your challenge: For context, read the short review article on the ecology and evolution
of influenza by Earn et al. [2]. Then read the very brief (two page) paper by Dushoff et al.
[1] and do the following.

(a) Explain in your own words why an SIRS model is suitable to address the problem under
consideration.

(b) Prove the claim that the intrinsic period of oscillation for an SIRS model (as defined in
[1]) is approximately

T = 2π

√
DL

R0 − 1
,

where D and L are the mean durations of infectiousness and immunity, respectively.
How good is this approximation?

(c) Explain in your own words the concept of “dynamical resonance” and why this might
explain influenza seasonality.

(d) Using , reproduce the two figures in the paper of Dushoff et al. [1]. This involves
solving both the deterministic and stochastic SIRS models in .

Notes:

• The “resonance prevented” lines in Figure 1 of Dushoff et al. [1] are obtained by
imagining that at each time t, the system reaches the equilibrium that would be
associated with β(t) if t were a constant. You should explain why this achieves
what Dushoff et al. [1] intended.

• The appropriate initial state for your stochastic simulations is the endemic equi-
librium of the unforced deterministic model (or at least near to this state). You
should explain why.

• There is an error in the vertical axis scales in Figure 1 of Dushoff et al. [1]. Using
the parameter values stated in the paper, the prevalence range of the deterministic
attractor in Figure 1b should be approximately 750–2300 (not approximately 400–
3800 as in the published graph).
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• Running large numbers of Gillespie simulations with a population size N = 500, 000
(as in Dushoff et al. [1]) will be too slow to be practical for you given the time
available for this project. You can use N = 50, 000 instead (and much smaller than
that when debugging your code). Alternatively, you can use a hybrid algorithm that
is available in the adaptivetau package; this algorithm is certainly practical to
use for stochastic simulations with N = 500, 000. If you use adaptivetau then
you should read the vignette about this package (type vignette("adaptivetau")

from the prompt) and explain why it is OK to use the adaptive algorithm for
the problem you are addressing.

• Your figures do not need to look identical to those of Dushoff et al. [1]. In particular
you can make your own aesthetic choices and you should also be aware that it would
be impossible to reproduce precisely the same stochastic realizations shown in [1].
Nevertheless, the message of your figures should be the same as those in [1].

(e) At the time of publication of the Dushoff et al. paper [1], R0 for influenza was thought
to be fairly high (4 . R0 . 16), whereas most more recent work has suggested a
substantially lower range (1.2 . R0 . 6). How does this affect the inferences of Dushoff
and his collaborators? Is dynamical resonance still relevant to influenza seasonality?

(f) Use the Web of Science and/or Google Scholar to search for research papers published
since 2004 that shed light on biological and/or environmental processes that affect in-
fluenza seasonality. Note that not all relevant papers will contain the word “influenza”
in the title or keywords (e.g., [3]). Summarize what you discover and, if possible, com-
ment on the relationships among the biological and environmental mechanisms and the
dynamical mechanism proposed by Dushoff et al..
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2.2 Mechanistic models vs statistical time series models

Background: In class we discussed two very distinct types of epidemic models, in the
context of recurrent epidemics of childhood infectious diseases.

(i) Mechanistic mathematical models such as the SIR and SEIR models. These
models, whether deterministic or stochastic, explicitly formalize the biological pro-
cesses associated with disease transmission (e.g., contact, infection, recovery, etc.) and
demographic processes (e.g., birth, death, migration).

(ii) Statistical time series models such as auto-regressive (AR), moving average (MA)
and auto-regressive-integrated-moving-average (ARIMA) models. These models are
based on the assumption that the observed disease time series are generated by tempo-
rally correlated random processes and that knowledge of past observations is sufficient
to forecast the future.

Your challenge: Provide evidence for or against each of the following claims:

(a) It is relatively easy to fit an ARIMA model to a time series that was truly generated by
an ARIMA process.

(b) It is hopeless to forecast future measles epidemics using a statistical time series model,
but possible using a deterministic, mechanistic mathematical model.

(c) Chicken pox epidemics can be forecast equally effectively with either type of model.

(d) For time series of reported infectious disease incidence, to obtain fits of similar quality,
far more parameters are required for statistical time series models than for mechanistic
mathematical models.

In addition:

(d) Use the Web of Science and/or Google Scholar to search for research papers that use
time series models to forecast infectious disease epidemics. Summarize what you discover
and comment on it in relation it to your work.

Note: As mentioned in Lecture 12, has built-in functions for fitting statistical time-
series models to time-series data. In particular, the ar() function fits auto-regressive models,
while the arima() function fits much more general ARIMA models. Particular ARIMA
simulations can be generated with arima.sim().

Warning: The instructor has never used to fit statistical time series models. Conse-
quently, he is not familiar with any specific challenges associated with using ’s ar() and
arima() functions. Of course, he will do his best to help you resolve any technical difficulties
as quickly as possible.
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2.3 The challenge of eradicating polio

Background: “Poliomyelitis vaccination via live Oral Polio Vaccine (OPV) suffers from
the inherent problem of reversion: the vaccine may, upon replication in the human gut,
mutate back to virulence and transmissibility resulting in circulating vaccine derived polio
viruses (cVDPVs).” (Wagner and Earn 2008, [4])

Your challenge: Read the paper by Wagner and Earn [4]. Then do the following.

(a) Explain in your own words why the model depicted in Fig. 1 of the paper is suitable to
address the problem under consideration. What is your opinion of the assumption that
a fixed proportion of those vaccinated will become infected by the revertant virus?

(b) Using , reproduce the Figs. 4 and 5 in Wagner and Earn [4] and explain their signifi-
cance in your own words.
Note: Your figures do not need to look identical to those of Wagner and Earn[4]. You
can make your own aesthetic choices.

(c) Measles vaccine (which is injectible, not oral) is also a live-attenuated vaccine. Is rever-
sion more or less of a concern for eradication of measles?

(d) Implement both deterministic and stochastic (Gillespie or adaptivetau) versions of
your model in and check that both generate reasonable results. In particular, verify
that the deterministic model approaches the equilibrium (for any initial conditions you
choose1). In addition, the ensemble mean of many stochastic realizations should agree
with the associated deterministic solution.

(e) In their Figs. 7 and 8, Wagner and Earn [4] show the effects of various “end game”
strategies designed to eradicate polio in a relatively short time. But they do not show
the corresponding curves for the case of continuous OPV vaccination. Construct the
“missing curves” for Figs. 7 and 8, and comment on what you learn. Note: Do not
attempt to run Gillespie simulations with a population size 100 million. Either use a
much smaller population size or use the adaptivetau package mentioned in §2.1.

(f) The model you have investigated includes only the (negative) effect of reversion, but
not the (positive) effect of “contact vaccination”. Explain the meaning of “contact
vaccination” and construct a model that includes both effects.

(g) Graphically compare the equilibrium prevalence in both (deterministic) models as a
function of the OPV vaccination proportion p. (Note that it is always possible to find
an equilibrium numerically even if you do not succeed in finding it analytically.)

1Start by choosing initial conditions near the endemic equilibrium (EE). Convergence to the EE should
then occur quickly. Some initial states yield solutions that take a long time to converge to the attractor.
You might like to test your intuition by trying to predict which kinds of initial conditions will yield solutions
that take a long or short time to get to within some distance of the EE, and then checking to see if you’re
right. In the stochastic setting, some types of initial conditions yield a higher probability of extinction of
the pathogen. Again, try to test your intuition.
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(h) Use the Web of Science and/or Google Scholar to search for research papers published
since 2008 that shed light on feasible strategies for polio eradication. Also look at
the World Health Organization (WHO) web site. Summarize what you discover and, if
possible, comment on the relevance of your analysis to polio eradication in light of recent
developments.
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2.4 Effects of medieval practices on epidemic dynamics

Proposed by “Puns R0 4 Us” in 2013.

Background: Many medieval medical practices are now known to have done more harm
than good, at least insofar as they helped individual patients. Depending on the practice in
question, transmission of infection to others might have been increased or decreased. What
were the population level (epidemiological) effects of medieval medical practices that were
harmful to the individuals being treated?

Your challenge: Address this question as follows.

(a) Use the Web of Science, Google Scholar and/or other means to research infectious disease
treatments that were common in the Middle Ages. Select a disease (or class of diseases)
for which the transmission dynamics can be reasonably approximated by an SIR model,
and for which the common treatments often caused patients to die. Explain the rationale
for your choice, and back it up with appropriate references.

(b) Explain clearly the biological process or processes that you need to formalize mathemat-
ically in order to explore the epidemiological effects. You will need to ask yourself many
questions. For example, you might consider the following (and other questions).

(i) Does everyone get treated? If not, are individuals selected at random to be treated?

(ii) When does treatment begin? As soon as symptoms are evident? Only if the patient
becomes extremely ill? Before illness as a prophylactic measure?

(iii) Is everyone equally susceptible to the harmful effects of treatment? If not, why
not? Is this determined genetically, environmentally or by some other means?

(iv) How does treatment affect transmission? Death of the patient? Increase in infec-
tiousness? Degree of contact with others?

You do not need to take every aspect of biological reality into account, but you do need
to be crystal clear about what you are assuming. Ideally, you would consider a variety
of different scenarios, but for the purpose of this project it is probably best to focus on
one.

(c) Formalize your assumptions in a deterministic model that generalizes the SIR model.
Express your model both as a flow chart and as a system of ODEs. Discuss your model
with the instructor ASAP before continuing your research.

(d) Consider the special case of your model without vital dynamics, which is appropriate for
studying a single epidemic. Find the expected final size of the epidemic and compare
it to the final size predicted by the basic SIR model. Using , make a graph that
compares the predicted final sizes, and explain what you learn from this graph.

(e) For the full model (including vital dynamics), find all equilibria and determine their
local stability. If possible, find conditions under which each equilibrium is globally
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stable. Graphically compare the equilibrium prevalence of infection in the population
with and without treatment. Explain what you learn from your figure(s).

(f) Implement both deterministic and stochastic (Gillespie or adaptivetau) versions of
your model in and check that both generate reasonable results. In particular, if the
deterministic model has an equilibrium then your solutions should converge to it, at
least if sufficiently close. In addition, the ensemble mean of many stochastic realizations
should agree with the associated deterministic solution.

(g) Compare the mean time to extinction predicted by your model with that of the standard
SIR model. Discuss the implications (e.g., ethical) of what you find. What advice would
you have offered to medieval politicians and health workers?

(h) Research epidemiological models for the Black Death, which we now know was caused
by bubonic plague [5] (the causative agent of which is the bacterium Yersinia pestis).
What treatments and precautionary measures were used during the Black Death? Select
one (or more) of these measures and construct a flow chart and derive a set of equations
to represent the dynamics of this infectious disease. Note that the normal mode of trans-
mission for bubonic plague is rodent → flea → human, with the primary transmission
dynamics occurring in the rodent population. How would your model differ if the disease
were pneumonic plague rather than bubonic plague? Could the Black Death have been
an epidemic of pneumonic plague?
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2.5 Spatial epidemic dynamics: Synchronization

Background: Synchronizing epidemics has the potential to reduce the eradication thresh-
old for measles. But under what circumstances can we expect epidemics to synchronize?
And how big is the effect if they do?

Your challenge: Read the paper of Earn et al. [6]. (If you want to learn more about the
analytical theory, [7] and [8] might also be of interest to you.) Then do the following.

(a) Explain in your own words why synchronization might reduce the eradication threshold.

(b) Construct a spatial SIR model based on n identical patches (cities) with identical popu-
lation sizes. Do not consider explicit movement of individuals among patches. Instead,
assume that connectivity arises from individuals visiting other patches for short periods,
which creates a source of infection into a focal patch from the other patches. Check your
model structure with the instructor before you proceed further with the project.

(c) Implement both deterministic and stochastic (Gillespie or adaptivetau) versions of
your model in and check that both generate reasonable results. In particular, if the
deterministic model has an equilibrium then your solutions should converge to it, at
least if sufficiently close. In addition, the ensemble mean of many stochastic realizations
should agree with the associated deterministic solution.

(d) Using the deterministic version, make the equivalent of Fig. 1 in Earn et al. [6] for your
model. Your horizontal axis should be R0. What should the parameter on your vertical
axis be?

(e) Based on Gillespie or adaptivetau simulations of the stochastic version of your model,
make the equivalent of Fig. 3 in Earn et al. [6] for your model.

(f) Make a conjecture concerning an analytical criterion that would guarantee synchrony in
your system.

(g) Use the Web of Science and/or Google Scholar to search for research papers published
since 2000 that shed light on epidemic synchrony and its relationship to eradication.
Summarize what you discover and, if possible, relate it to your work.

Notes:

• This project will generate boring results if you do not include seasonal forcing. Why?
A reasonable implementation of seasonally forced transmission would be sinusoidal
forcing, β(t) = 〈β〉(1 + α cos (2πt)) [t measured in years], with a seasonal amplitude
α = 0.1.

• When running simulations of your models, it would be sensible to focus on initial con-
ditions that are close (e.g., within 5–10%) of the endemic equilibrium of the unforced
deterministic model. Why?
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2.6 Predicting transitions in epidemic patterns via bifurcation
analysis using XPPAUT

Background: The bifurcation diagrams discussed in class were constructed by “brute
force”, meaning by direct simulation of the model in question and plotting a representation
of the one-year stroboscopic map associated with the system. While this method identifies
the attractors of the model, it cannot easily provide information about the period of damped
oscillations onto those attractors.

Your challenge: Begin by learning the basics of XPPAUT using Bard Ermentrout’s book
(see the Software page on the course web site).

(a) Read Chapter 2 and do Exercise 2.3 on page 26.

(b) Read Chapter 3, sections 3.1 to 3.4, and do Exercise 2 on page 34. Plot x, y and Q as
a function of time for a particular parameter set.

(c) Read Chapter 7, sections 7.1 and 7.2, and do Exercise 1 on page 182. Produce a bifur-
cation diagram similar in style to the left panel of Figure 7.5 on page 180.

(d) Read Chapter 7, section 7.4.

Continue to enhance your skill with XPPAUT by reading and learning the methods described
in “Bifurcation analysis of the seasonally forced SIR model using XPPAUT”, which is one
of the electronic supplements to a 2013 paper by Krylova and Earn [9].

(e) Obtain the source code for the electronic supplement to [9] from your instructor and make
sure you can reproduce the results. (earnpubs/KrylEarn2013_JRSI_Transitions_supp.tgz)

(f) Write code that computes the period of damped oscillations onto the attractors and
reproduce Figure 2 in the main body of the paper by Krylova and Earn [9] or Figure 6
in the more recent paper by Hempel and Earn [10].

(g) With the help of your figure, explain the observed dynamics of measles in New York
City from 1890 to 1984 (see Figures 2 and 5 in [10]).

(h) Investigate the robustness of this “transition analysis” by making the equivalent of the
figure you made in part (f) for modified SIR models as follows.

(1) Replace the standard incidence term βSI with the “pseudo-heterogenous” incidence
term βShI. Consider h = 1/2 and h = 2 and explain how these modified models
mimic heterogeneous transmission without adding additional compartments (see the
papers by Liu and co-workers [11, 12] for detailed discussions of these models). By
carefully selecting values of the seasonal forcing amplitude α, can you force the h 6= 1
models to make the same transition predictions as you find with h = 1?

(2) Replace the sinusoidal seasonal forcing function with a square wave. Is the square
wave more realistic than a sinusoid? Is it now possible to choose values of α such
that the h 6= 1 models make the same transition predictions as with h = 1?

Your solutions must include your .ode files and graphs (made in ).
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2.6.1 Notes on combining XPPAUT and

Embedding an XPPAUT.ode file in a knitr script. There are many ways to do this, but
one convenient way is to use the LATEX listings package. To do this include

\usepackage{listings}

in your LATEX preamble, and then include the file (say mycode.ode) via

\lstinputlisting{mycode.ode}

If you want to get fancy, you can learn a lot about the listings package online (e.g., http:
//en.wikibooks.org/wiki/LaTeX/Source_Code_Listings). If you’re very ambitious, you
could write an XPPAUT style definition for the listings package and get beautifully high-
lighted code.

An alternative that is straightforward and yields aesthetically pleasing results is to let
knitr think that XPPAUT code is actually code and typeset it accordingly. Provided the
chunks of XPPAUT code are not evaluated (chunk option eval=FALSE), this will work just
fine and will at least distinguish between comments and executable code. The principal
disadvantage of this approach is that the XPPAUT code needs to be duplicated in the knitr

document and in the .ode file, which tends to generate accidental inconsitencies between
the two.

Making graphs in from XPPAUT output. Your knitr script (.Rnw file) should ac-
tually run the .ode files and then read and plot the data in the output files that XPPAUT

produces. You can run XPPAUT in silent mode from within in the appropriate place in
your project via

system("xppaut -silent mycode.ode")

By default, XPPAUT will produce an output file called output.dat, but you can change the
name via the OUTPUT=filename option in your .ode file; you will need to do this so that
when you run your project .Rnw file, the second execution of XPPAUT does not overwrite
the output from the first. You will then need to read the XPPAUT output into and make
the plots described in the exercises above. Note that it is important to learn to use XPPAUT

interactively, since that’s the easiest way to use it for initial exploration. But it is equally
important to know how to create scripts that produce easily reproducible results.

By setting things up this way, your project will be exactly reproducible.
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FURTHER PROJECT IDEAS

Note: These are just brief notes about project ideas that could be developed. If you are
interested in developing any of these project ideas, discuss your proposal with the instructor.

2.7 Effects of demographic stochasticity on epidemic dynamics

Analytical and/or numerical anlysis of:

• mean time to extinction, and distribution of time to extinction

• distributions of peak prevalence and time to peak prevalence

• other dynamical characteristics

as a function of N , R0, mean generation interval, birth rate, vaccination level, etc. What
can be learned from branching processes? Gillespie simulations? adaptivetau simulations?
other methodologies?

2.8 Analysis of chaos in seasonally forced epidemic models

Dissect the dynamical behaviour of the sinusoidally forced SIR model, with attention to

• Lyapunov exponents

• co-existing attractors

• effects of chaotic repellors

• fractal basin boundaries

2.9 Pair formation / Moment closure

Review and explore moment closure techniques for approximating inhomogeneities in epi-
demic dynamics. One likely useful reference is Diekmann and Heesterbeek [13].

2.10 Fever

Read and follow up on recent work on the population level effects of common use of fever-
reducing medication (Earn et al 2014,[14]). Note that whether or not this topic interests
you, this paper [14] provides a potentially helpful example of reproducible research: all
computations and statistical analysis are performed in a knitr supplement.

Theme song for this project.

2.11 Google Trends

Suggested by 4MB student Melody Fong in 2017:
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“Google Flu and Dengue Trends have weekly data estimates for multiple countries
on predictions of cases of Flu and Dengue Fever based on user search patterns
for years 2003–2015. Perhaps a group could come up with something creative to
do with this data?”

Things to note:

• Google Flu Trends made a big splash with the paper by Ginsberg et al (2009, [15]).

• Check out https://www.google.org/flutrends/about/.

• Google has a form for academic researchers to fill in if they want to collaborate with
Google. Unfortunately, they no longer make the current data available publicly. Why
that decision was made would be interesting to explore.

• Other relevant articles: [16] (policy forum), [17].
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3 Executive Summary

In at most one page, summarize the aspects of your project that you think would be of
greatest interest to the Public Health Agency of Canada (PHAC) in language that PHAC
employees are likely to be able to understand.

Note: It is imperative that the one-page executive summary be printed on its own page. To
start a new page in LATEX, use the \newpage command. Also, as usual, your summary should
be in 12 point font. Don’t try to cram in as much as possible. Make that page as clear and
concise as you can, so that a public health planner can absorb its content quickly and easily.

4 Structure of Your Final Project Document

Your project document must have the following form:

1. Cover page (2 marks), including the title of your paper, the name of your group, the
names and e-mail addresses of all group members, and the word count for the main
paper.

2. Executive summary (4 marks). See §3 above.

3. Main paper (24 marks). See further specifications below.

4. Supplementary material (10 marks), comprising a knitr script that reproducibly gen-
erates all of your results. See further specifications below.

The hardcopy version that you bring to the final class must be provided as two documents,
printed in colour, double-sided, and stapled together in the order indicated above. The first
document must contain the first three parts above. The second document must contain the
last part (the knitr supplement). Make sure to print using a colour printer that
has plenty of toner! There is a print shop in MUSC that can always produce
excellent quality printouts.

The main paper and executive summary should be LATEX documents, whereas the sup-
plement must be written using knitr. The instructor must be able to create your final pdf
files without modifying your .tex and .Rnw source files. Everything you want to be marked
should be contained in your final project pdf files. When submitting the electronic version of
your project, include both the final pdf files and zip archive or tarball of all the files required
to generate your pdfs.

Further specifications for the Main paper:

(a) Structure. The main paper should be presented in the style of a research paper for publi-
cation, as a self-contained coherent document. It should have an abstract, introduction,
body, discussion and references to literature cited. The body will contain multiple sec-
tions. You can name the sections of the body however you feel is appropriate. It is OK
to use “Methods” and “Results” as section names but there is no need to do so. Design
the paper with a sensible logical flow and section names that summarize their content.
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(b) Abstract. Should not exceed 100 words.

(c) Reference list. Use BibTEX. Call your BibTEX library GroupName.bib. To obtain a
formatted reference list at the end of your paper, use the following:

\bibliographystyle{vancouver}

\bibliography{GroupName}

(d) Replication of results. If you are replicating the results of a published paper then say
so and cite the paper appropriately. Never give the impression that you are presenting
new research unless you are.

(e) Typos and spelling errors. Run your documents through a spell-checker and have every
group member proofread the final version. Do not submit a paper with obvious spelling
errors. See the Software page on the course web site for hints.

(f) Word limit: 3000 words. If you exceed the word limit for the main paper you will
lose a full letter grade. In your electronic submission, you must include a script that
reproduces your word count (e.g., using texcount on Mac). See the Software page on
the course web site for hints.

Marking will be based on the following criteria:

• Correctness: of analysis (both analytical and numerical).

• Communication: clarity of thought, quality of exposition of methods and results.

• Thoroughness: were suggested directions completed? If not, were they discussed co-
herently as future directions for research, and were scientifically sensible alternative
directions explored?

For further details about marking, see the rubric on page 23 of this document.

Further specifications for the supplementary material:

(a) The supplement must be written in knitr.

(b) Because I will be running your code to reproduce your results, it is important that I
know how long to expect it to take to run. To that end, you must include the following
in your knitr script so that it times itself and prints the total CPU time taken at the
end of the pdf file.

At the the start of your knitr script, include a chunk that saves the initial process time:

start.time <- proc.time()
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At the end of your knitr script, include another chunk that computes the total time it
took to run the script:

total.time <- proc.time() - start.time

cpu.seconds <- summary(total.time)["user"]

cpu.time.string <- as.character(lubridate::seconds_to_period(cpu.seconds))

Then after this chunk you can have a statement in your .Rnw file such as “CPU time to

generate this document: \Sexpr{cpu.time.string} seconds.”

More fussy points

• Margins: set margins with \usepackage[margin=1in]{geometry}. This is especially
relevant for the executive summary, since it makes the one-page constraint much more
precise.

• Never use undefined acronyms. In particular, the executive summary must be self-
contained!

• Print your project on decent paper with a colour printer that has plenty of toner.

• If you are replicating results from a published paper, make that crystal clear. Do NOT
present things as if they are new if they are not. Summarize replication briefly. Use
most of your paper to describe the novel results, not the replicated results.

• Don’t put critical info in figure captions only; they must be in the main text as well.
Word count must include figure captions.

• In the main paper, if you refer to the supplementary material, give a specific section
and/or page and/or figure reference so it is easy to find what you’re referring to.

• Look at Earn et al (2014, [14]) for an example of a published paper that has a carefully
written knitr supplement. Your supplement should not be “just code” and it should
not contain the text of the main paper.

• You must explain exactly how to reproduce your results. Include a README file in the
zipped folder you send. For example, did you use a Makefile or RStudio to convert
your .Rnw into .pdf? Provide a recipe for construction of your final documents.

• If your supplement takes a long time to compile (typically because you need to run
a bunch of simulations), then design your knitr code so that simulation results are
saved in a .RData file that your script loads if it exists (that RData file should include
the CPU time required to generate it). This will make it much easier for you to work
on the layout of your final document.
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PRESENTATIONS

5 Oral Presentations

Pay close attention to the following points when preparing your oral presentation.

1. Make your presentation using the beamer LATEX package.

2. Graph annotation and thickness of curves must be large on slides.

3. Don’t include slides that you are going to fly through so quickly that nobody can
absorb them.

4. Don’t just read your slides (use bullet points on slides, and remember that bullet points
do not need to be full sentences).

5. Remember that the audience will have difficulty remembering your notation. For
example, it is better to refer to “transmission rate β” and “recovery rate γ” than to
refer just to β and γ. Also, time is easier for people to grasp than rates. So, for
example, it is better to make plots wrt mean infectious period than wrt recovery rate.

6. Aim for 15 minutes plus 5 minutes for questions.

7. Include a slide that summarizes what you discovered in your project (think of this as
“take-home messages”). Also include a slide listing the papers you studied and used
for your project (that slide is to help people with whom you share your presentation;
you do not need to present the reference list orally).

8. Send me your presentations (pdf of final presentation and and zipped folder with all
source files).

9. See the presentation evaluation form on the next page to understand how oral presen-
tations will be evaluated. You will evaluate each other’s presentations (and your own)
using this form. I will also use this form, as will the TA.

10. It is a good idea to try out your presentation in the room where you will be presenting,
so you reduce the probability of technical/equipment problems when you are actually
presenting.
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Oral Presentation Evaluation Form - Math 4MB3/6MB3 - December 2019

Evaluator's name:  _________________________
Evaluator's group:  _________________________
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CONTENT:

Introduction:  background and objectives

Introduction:  motivation for research 
understandable for this audience

Methods:  clearly explained for this audience

Results:  logical, clear, pertinent

Conclusions:  supported by presented 
information, clear summary

SUM:

PRESENTATION:
Presentation:  voice clear, loud enough, voice 
modulations appropriate, eye contact 
maintained, comfortable pace
Organization and timing:  logical sequence, 
appropriate time management of talk
Audiovisuals:  well organized, appropriately 
used throughout talk, easy to understand, not 
cluttered
Style:  liveliness, stage presence

Responses to questions:  clarity, effectiveness

SUM:

OVERALL IMPRESSION:
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