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The intangibles
John Stockton



Reading a Scientific paper
Journal club at MBC



Examples on how to organize a project



Combine texts and R codes and 
then generate a HTML



Using games to explain a concept



The Intangibles

Diverse research topics and meet new friends

Improved your english: listening, speaking, and reading

Extensive tutorial, R code, debugging, and good coding practice

Asking a scientific question
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Understanding model fit with R-squared





Constructing discrete and continuous time 
models



Solve a differential equation in R



Optimization
Automatic optimization



Optimization
Semi-manual optimization



Construct a Phylogenetic Tree from DNA 
sequence
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Mechanistic model: 
thinking about causation



Basic population models



Two species model



Epidemiological model and R0



Discrete vs. Continuous time

Biological assumptions

Bacteria multiplication vs. seasonal breeding

Daily number of fish captured vs. the height of Ikopa river during a rainy season

Tradition: what does exist that is similar to what I do

Underlying behavior, mathematical toolkits, ease of simulation

Familiarity



Other “family” of models

Spatial or non-spatial model

 With or without age/stage-structure

Stochastic or deterministic model



Inclusion or exclusion of processes



It is all about your question



Context and question

Initiative Covax : Madagascar reçoit un premier lot de 250 000 doses de 
vaccins

How to allocate to doses for 
each region to minimize death 

due to COVID19?





Model description



Scenarios on doses allocations



Key results
How to allocate to doses for 
each region to minimize death 

due to COVID19?

Most effective allocation is 
based on the number of 
people over 60 years old 

or population size





Context and question

Can we predict the order of 
reported arrival of COVID19 

using mobility data?

Rank for 1st case Rank for 5th case





Model description

Discrete time Stochastic Spatial explicit No age-structure



Mobility scenarios



Key result
Can we predict the order of 
reported arrival of COVID19 
using mobility data? NOOO



Context and question

COVID-19 testing | March 31, 2020

Who should we test to minimize 
the spread of the COVID-19 in 

two villages in SAVA?
(Tests are limited)





An example of result
Who should we test to minimize 
the spread of the COVID-19 in 

two villages in SAVA? 
(Tests are limited)

Testing regularly people with lots 
of contact is most effective in 

reducing and slowing the number 
of infected individuals



Examples in ecology



Taken by the International Space Station (2020)

“We have destroyed the island, 
almost not forest left”

http://www.traveladventures.org/continents/africa/tsiroanomandidy-ankavandra09.html

“Proofs and consequences,  
Look at these erosions all over the island”  

Lavaka





Forest
Fire-maintained 

grasslands
Grazing-maintained 

grasslands

Aristida tenuissima

Photos: Maria Vorontsova

Paspalum conjugatum



Forest
Fire-maintained 

grasslands
Grazing-maintained 

grasslands

• Without disturbance forest expands by outcompeting grasses
• With disturbance:

• Fire kills forest and fire-maintained grassland expands
• Grazing kills seedlings and grazing-maintained grasslands

• With high precipitation, fire does not occur, forest expands
• With intermediate precipitation, fire occurs and kills forests, FMG expands
• With low precipitation, forest and no biomass accumulation, GMG expands
• With grazing by herbivores, GMG persists (no fire and no colonization)



Original model



Continuous time Deterministic Spatial (implicit) No age-structure



Lake Mýtvan, Iceland



Midge swarms (still no clear explanation of the phenomenon)



What are the effect of midge 
swarm on nitrogen cycle within 

the terrestrial foodweb?





Sources of the original models



Continuous time Deterministic Non-spatial No age-structure



An example of result



How does the occupancy of a 
species decline if the corridor is 

deforested ?





Simulated deforestation scenarios



Sources of the original models



Model description

Discrete time Stochastic Spatial (discrete) No age-structure



Example of result

- Active dispersers are not affected 
by destruction of the corridor

- Passive disperser can go extinct in 
2089, especially if they have a long 

dispersal range



Yellowstone National Park (9000 km2 = 900000 ha )













Serotinous lodgepole pine needs fire to release 
seeds





Continuous time Stochastic Spatial With stage-structure



A snapshot of an output



-  Total tree density gradually declines as 
fires become larger and more frequent

- Forest composition will change
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Statistical model: 
Thinking about correlation



Semantic

Explanatory, predictor, independent, X

Response, dependent, predicted,  Y

Type of variables: 

Qualitative/Factor/Category/Group/Class

Quantitative



Basic statistics



Revisiting correlation



A recipe for choosing a model



Normal distribution is symmetric (no skew), i.e., mean = mode = median

Using shapiro.test(variable) in R



A tale of linear model: Part 1



A tale of linear model: Part 1

Linear model:  where  or in R formula notation 

 Variants:

(Multivariate) ,  or 

(Still linear)  or 

(Interaction)  or 

y = ax + b + e e ∼ N(0, σ2) y ∼ x

y = a1x1 + a2x2 + ⋯ + anxn + e y ∼ x1 + x2 + ⋯ + xn

y = a1x1 + a2x2
2 + a3 x3 + e y ∼ x1 + x2

2 + x3

y = a1x1 + a2x2 + a3x1x2 + e y ∼ x1 * x2





A tale of linear model: Part 2

Switching notation

Linear model:  where 

 A math transformation 

y = ax + b + e e ∼ N(0, σ2)

m + N(0, σ2) = N(m, σ2)

y ∼ ax + b + N(0, σ2) ⇔ y ∼ N(ax + b, σ2)



A tale of linear model: Part 2

When normality is not satisfied i.e.,  , pick a different distributiony ≁ N(ax + b, σ2)



A tale of linear model: Part 2

When normality is not satisfied i.e.,  

In other words, the response variable is not a real number 

If the response variable is a count (positive integer) 

We can assume that ,  is called the intensity and should be a positive number

The model becomes , because the exponential is always positive

By the taking the reciprocal of exponential, log, we have a linear model 

y ≁ N(ax + b, σ2)

y ∼ Poisson(μ) μ

y ∼ Poisson(eax+b)

log(y) = ax + b

For Poisson process, the variance is equal to the mean. You need to check that the dispersion parameter is one,
otherwise a different family (quasipoisson) might be more appropriate



A tale of linear model: Part 2

When normality is not satisfied i.e.,  

In other words the response variable is not a real number (could be negative and continuous)

If the response variable is binary (presence or absence, 0 or 1)

We can assume that , where p is the probability of success after one trial

But p is a probability and needs to be between 0 and 1, we take , for any a, x, and 

b, p is always between 0 and 1

The reciprocal of f, is the logit function , we have a linear model 

y ≁ N(ax + b, σ2)

y ∼ Binomial(1, p)

p = f(ax + b) =
eax+b

1 + eax+b

log(
p

1 − p
) logit(p) = ax + b



A tale of linear model: Part 3



A tale of linear model: Part 3

When independence is not satisfied i.e.,  y ∼ N(ax + b, σ2(x))



A tale of linear model: Part 3

Fixed or Random?

Half of E2M2 students worked with Tanjona for their research questions and the other half worked 
with Sophie

For each student, the response variable is happiness after the meeting, the explanatory variables are: 
age, sex, familiarity with mathematics, and the identity of the instructor

We include instructor as fixed effect (Tanjona OR Sophie) if we want to compare if we want to 
know the difference in happiness after meeting with Tanjona and Sophie

We choose instructor as random effect if we are not interested in comparing the two instructors 
but want to acknowledge that their happiness could depend on the instructor 





A tale of (non-)linear model: Part 4

When linearity is out of reach



A summary

ANOVA is a generalization of t-test (two or more categories of qualitative explanatory 
variable)

lm is a generalization of an ANOVA (explanatory variable can be qualitative or quantitative)

glm is a generalization of lm (response variable does not need to follow normal distribution)

glmm is a generalization of glm (data points are correlated/non-independent/
pseudoreplication)

gam relaxed the linearity of the explanatory variables
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How to choose a mechanistic model

Context and question

Modify existing model

Capacity to solve or/and simulate the 
model



How to choose a statistical model

Depends on the structure of your data

Ideally, choose before collecting your data











Statisticians also recommend to move away from AIC

Nothing wrong with these concepts, (uniformed) people just misuse them



Take-home messages

Scientific questions

• Be inspired

• Be reasonable

Hypothesis and data

• Be precise especially about the control

• Be thoughtful

Models

• Be knowledgable



How to choose a model
There is no perfect rule: be knowledgable

Ask a person how they make hena ritra and each one will give you different recipe




