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What is a scientist?




0 Literature review

*« Whao has tried ta answer this before and how did they dait?
o Emgirical studies
o Medeling studies

* What are these studies short-comings?

* Are there already parameter estimates or data sets to help you answer

0 Steps in a modeling project el v T

1. Development of the study concept and question === =T 1

2. Literature review e EE

3. Data collection
4. Construction of model framework

5. Model analyses and selection

6. Model validation _
o Manuscript writing and submission

7. Manuscript Writing and SmeiSSiOn *  What are the main results that provide the answer to my question?

« 1to3lgraphs
* Jto3tables
«  What s the Journal that best fits my study?

«  Scope, audience, impact factor, math focus

* How dol present my manuscript?
* Inroduction: s¢t the stage 10 your question
+  Methodology: cescribe explicitly el steps for repliceb ity
= Results: clear and concise

= Discussion explain how yaur study improves previous knovdedge




6 Literature review

*  Wha has tried te answer this before and how did they dait?
o Emgirical studies
o Medeling studics
*  What are these studies short-comings?
* Arethere already parameter estimates or data 5ets to help you answer
i - .

| ohlri you prepare, try to answer the next few questions after reading:

e What are the context and key points of the paper?

e |dentify the problem that inspired the authors to write the article. |

} e« Doyou agree with the methods, the results, and the discussion? %

.« Where do the authors use models to address their questions? What type of models can |
you identify?

e What do you like and what do you dislike about the paper?

e What did you not understand? 3

& e What have you learned from the paper?

e And come up with three questions of your own.
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Study Design

Define the research question: What are we trying to answer?

Define the sample type: What data do we need to answer our question?
. ldentify a system: Where can we collect our data?

Choose a sampling scheme: How should we collect our data?
Acknowledge limitations: What can we actually infer from our data?
QOutline a data organization plan: How should we organize our data?

N ons W e

Be flexible: How can we prepare for potential/unanticipated challenges?

Befine the research question: What zre we trying toanswer? | [ Choose a sampling scheme: How should we collect our data? | , .
[s this data?

Random @ed Contral Trial = suhjectsare rardomly
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Take homes

+ Research question and hypothesis are more important that models
* Any data needs context: the X and Y should be clear
+ Models are rigorous tools to assess how the data support the claim
* There are figuratively an infinite number of models
« Statistical model works with question starting with what

+ Mechanistic model generates data and works with question
starting with how



T'wo broad classes of models

Mechanistic

Correlative Causative



Mechanistic (mathematical) model

* Process-driven with question starting with How

* You generate data with simulation



population size, N,

Discrete vs. continuous

Discrete time Continuous time
]
z
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A=N,,./N, £ =N(t)-N(O)/t

las t—0
time time
N;= AN, dN(t)/dt = rN(t)
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N= A"Np N(t) = N(0)e"



Deterministic vs. stochastic

The basic births

i Mad r deaths
population model ocingeson

starting population if deterministic  “always the same”
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N TN probability of N
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starting population if stochastic? “up to chance”

. N )
R »/—-_l)':;' '\ ‘—:/ » e
] -, .
T e bability of L
=Y N probability o -
S e death =0.5
<) L <)
o . — —Jj) “ -
"



Non-spatal vs. spatial vs. network

The predator-
prey model

lemur reproduction

(8
—~
N
TN lemur death\.
/ » (depends on fossa popul
f

/
l
l

\
\

/
ossa reproduction

(depends on lemur population) s

.———/

fossa death’}/

@ C

" wWhich individuals/species )

constitute a bridge between
other individuals




ompartment models

The predator-
prey model 1. Populations are divided into compartments
2. Individuals within a compartment are
homogenously mixed
lemur reproduction 3. Compartments and transition rates are
(Y determined by biological systems

4. Rates of transferring between compartments
are expressed mathematically

—

N dx
TN lemur death\. — = (a T By)
/ > {depends on fossa population) dt
fossa reproduction /’ d’y

{ (depends on lemur population) s
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N SOME ASSUMPTIONS

» the lemur has an unlimited food supply

« the lemur only dies from being eaten by fossa
« the fossa is tatally dependent on a single prey

fossa deathf)/ species (the lemur) as its only food supply
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Insights

The SIR model : eradication | i

Ma'aria. > 1007, p=33%
Measies, Ro=15 N=95%

Felic, Ho=7, p=§5%

Smallpex, Re=5, p=80%

Influenzs, My=2, p=50%

More transmissible
discascs are harder 1o

vacc nation coverage reeded p.
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T'wo broad classes of models

Mechanistic

Correlative Causative



Staustical model

« Data-driven with question starting with What

* Test patterns in data using predefined functions



Staustical model

« Data-driven with question starting with What

* Test patterns in data

Positive proof of global warming.
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POSITIVE PROOF OF GLOBAL WARMING

Correlation does not imply causation



PR asL aAan e vy

Univariate linear model: simple linear regression | i

o Quantify the relationship between the response variable and each I o A ]
explanatory variable

@ Linear relationship: y =a+ bx + ¢ c N .
» y: response variable, x: explanatory variable o
» a. intercept, b: slope, ¢: Error or residual '_l":', T
e Minimize the error ‘_Cg S —
;C_"; Normal Q-Q Plot Histogram of resikfm1)
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Multilinear model . :
Generalized linear model
e Extend the linear model framework by using a linear predictor and a
link function
Gl @ link function: describe the relationship betwseen the linear
Residuals: response variable
est ",:,-‘: ' 10 PMecien 30 Max @ Reommand: glm(response variable
-12.3695 -4.2168 6.6111 3.3715 9.94€6 explanatory_variable,family= family_distribution)
CoefFicients:
Estimate Std. Error t value Pr(>|t])
(Inle cepl) 24,.37448 1.40044 17.405 < Ze-16 ***
age 0.87527 9.05423 15.141 < Ze-16 ***
sexeMala 10.26143 1.04410 3.771 5.1le-16 *=*
Glparasires -B.38178  0.02601 -11.598 < Ze-16 *** |
malariadui -B.18413 1.04683 -0.108  ©.927 Most common lamlluy function : T
Gaussian : ldentity —
Signif. codes: € "***’ 9. 001 '**’ P.O1 **" @.65 "." 9.1 " "1 Binomial : lcgil . e pee] ¢ ,* 2
sson ;| A
Residual standard error: 5.203 on 25 degrees of freedon ZO sagir.on?& | L=
Multiple R-squared: 0.8463,  Adjusted F-squared: 0.3393 3 + 109 ~ A
F-stalislic: 130.8 un 4 and 95 DF, p-value: < 2,.2e-16 2




Generalized linear mixed models include both fixed effects and
random effects in order to allow for:

Repeated measures

Temporal correlation

= i + i i+ i

- Spatial correlation ‘V XB+Zb+e

- Heterogeneity

- Nested data Fixed Rondom
Effects Effects

The R function to fit a generalized linear mixed model is glmer() which uses the form

fitted.model <- glmer(formula, family="“model family”, data=data.frame)
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Network analyses

+ . .
MRQAP (Quadratic Assignment
Procedure)

m Multiple Regression Quadratic Assignment Procedure

m Basically logistic regression analysis applied to matrix data.

m [s your response variable linked to explanatory variable 1 while
controlling for all other variables?



Fit mechanistic models to data



Fit mechanistic model to data

Combines the best of mechanistic and statistical method Mechanistic model
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Model selection

“ Some methods You can always fit a model,
+ R2, adi-R? and select the best model
But it is just the best based on what
* Least square you tried

* Log likelihood
» AIC

* BIC

* RMSE

“ There is no consensus among

statisticians...it 1s an art



More on quanttative skills






Basic R

RSTUDIO
An Interface for R software
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Consistent dala
What is wrong with this dala frame?

« Inctitut Pasteur de
Medagascar
* Januaty 2020

Writing For Loops, If-Else « e beotogien onc
Statements, and :AP;:’:::':;I;"I(-‘ Modeling ir
Functions in R

Visuvalizing Dala (Present de data)
Polish the plot

"Weight by Ferearm of mala and female” +

x_zontinvous(name="Lenath roream (mm|”,

lirnils=c(20,85) ) +
Wieght by Faream af ma'e sad fenale bats

v _conlinecus{rame-"Weight (q)",
limits=c(0.85)] +

color_discrete(ncme="Sex", 8
brecks-c{"","m"! 1) -
Iabel=c("famala”,'mala’) |+ 2 e

snape dEcrelenome-"Sex",
breaks=c('f'.'m"].

Inbel=c("farmala", " mala’)) y = + - =
Le gt Reman [ew)



cards

15 20 25

10

More advanced R

Model fitting

fimestep

Model construction
Forward simulation in time
Optimization

Precise visualization

Spatial visualization

par(mfrom=c(l,3))

imoge(ndg_preg, col = blueZred(l))
inage(log(mdg_preg+1), col = bluelred(19))
imcge(ndg_preg, zlim = c(0,10)) k

Plotting

44 45 46 47 48 49 B0

Solving differential equations?




Useful math

Greek Ietters
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Advanced R

| Compartment model .\

Basic R



o Steps in a modeling project

1. Development of the study concept and question
2. Literature review

3. Data collection

4. Construction of model framework

5. Model analyses and selection

6. Model validation

7. Manuscript writing and submission




You are now well equipped




1na

baol

Inareo ny

Any am




