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SIC Noticias:

Provavelmente, o pior 

conjunto de gráficos da noite. 

Se alguém algum dia me 

entregar uns gráficos destes 

pode desitir da cadeira de 

Ecologia Numérica –

dedique-se antes à pesca.

Sem escala, sem eixos, sem 

explicação do que é o quê, e 

com informação claramente 

contraditória… alguêm 

consegue sequer adivinhar o 

que isto era?

Um bom exemplo de 

péssimo jornalismo, 

absolutamente deplorável.







Remember last week’s hands-on on-the-fly exercise about: 

1. simulating data from a regression model, and 

2. fitting regression models to data.

My attempt at it – explore it – really important concepts here!!! 



Regression Analysis

Regression and GLMs



• What is the analysis one should implement when we
have a dependente variable and one, or more, 
independente variables?

• What is the potential, and the limitations, of regression
analysis?

• How to interpret results?

• How can we generalize regression when the usual 
assumptions do not hold?

Regression and GLMs



Regression analysis

Scope:

Evaluate the relationship between two (or
more) variables

Objectives:

• Modeling/Explaining (an ecological event)
• Testing hypothesis
• Prediction (via a predictive model)

Regression and GLMs



The (simplest) linear model (just the equation of a line!)

XY 10  +=

Each observation is given by:

iii XY  ++= 10

Regression and GLMs



Estimators of the regression coeficients:
(minimum square estimators)




−

−−
=

21
)(

))((

XX

YYXX

i

ii


XY 10  −=

Regression and GLMs

In practice in fact, we (typically) use maximum likelihood estimators!
(in this simple case, they are one and the same!)



The slope (positive, negative ou null i.e. = 0) determines the type of relationship !

Regression and GLMs

Regression analysis



Análise da regressão

Same slope, different intercepts

Regression and GLMs



Análise da regressão

Same intercept, 

different slopes

Regression and GLMs



Do it yourself: regression

http://drawdata.xyz/

data <- read.csv("C:/Users/tam2/Downloads/data.csv")
with(data,plot(y~x,col=as.numeric(z)))
dataA=data[data$z==“a”,]
with(dataA,abline(lm(y~x)))

http://drawdata.xyz/


F tests

Hypothesis :

H0: β0= β1=0    
H1: At least one of the βi is 
different from 0

SQTOTAL = SQREGRESSION + SQresidual (error)

Hypothesis tests in regression analysis

Regression and GLMs

H0: β1=0    
H1: β1 is different from 0

Correct!
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Regression and GLMs

SQTOTAL = SQREGRESSION + SQresidual (error)

Hypothesis tests in regression analysis
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SQTOTAL = SQREGRESSÃO + SQresidual (erro)



regressão e MLG

Valor crítico:

erroreg
F  ,,

Critério de decisão:

Rejeitar H0 se:

Não rejeitar H0 caso contrário
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ERRO
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REGRESSÃO
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Estatística de 
teste:

sendo glregressão = p -1 (p=nº de coeficientes) e

glerro = n - 2 (n=nº observações)

erroreg
FF  ,,

Testes de hipóteses na análise da regressão



Implementing in R

http://analyticspro.org/2016/03/15/r-tutorial-how-to-interpret-f-statistic-in-regression-models/



Challenge: 

Do it yourself, based on 

the formulas!

Calculate:

• Degrees of freedom

• Test statistic

• P-value!

g.l. = p-1 e n-2

?



regressão e MLG

TOTAL

REGRESSÃO

SQ

SQ
R =2

The determination coeficient R2

Is the portion of total variability explained by the regression model,
and it is a measure of the adequacy of the linear relationship, i.e. of
the fit of the model.

10 2  R

Variance explained by the regression model

R is the (linear) correlation coefficient between Y and X



Multiple Regression



Scope:

Evaluate the relationship between a dependent
variable and multiple independent variables

Objectives (just as before!!):

Multiple regression analysis

• Modeling/Explaining (an ecological event)
• Testing hypothesis
• Prediction (via a predictive model)

Regression e MLG



When we have more than a single independente variable

pp XXXY  ++++= ...22110

Each observation is now given by:

ippii ii
XXXY  +++++= ...22110

Análise da regressão múltipla

Regression e MLG



Variability explained by the model
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O coeficiente de determinação R2 depende de p e n
e, por isso, uma estimativa mais adequada é o R2

ajustado, dado por:

Multiple Regression Analysis

Regression e MLG



Testes F

Hipóteses:

H0: β1= β2=…= βp= 0    

H1: Pelo menos um dos βi é diferente de 0

Testes de hipóteses na análise da regressão

Regression e MLG



Valor crítico:

erroreg
F  ,,

Critério de decisão:

Rejeitar H0 se:

Não rejeitar H0 caso contrário
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Estatística de 
teste:

sendo glregressão = p -1 (p=nº de coefientes) e

glerro = n - 2 (n=nº observações)

erroreg
FF  ,,

Testes de hipóteses na análise da regressão

Regression e MLG



gl=n-2=10-2=8gl=p-1=2-1=1

H0: xs e ys são

independentes, ou xs não

influencia ys

H0: β0=0

H0: β1=0



Valor crítico:

2),2( −nt

Critério de decisão:

Rejeitar H0 se:

Não rejeitar H0 caso contrário
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Estatística de teste:

onde 

Hipótese:

H0: βi=0    
H1: βi ≠0
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Testes de hipóteses na análise da regressão

No caso de uma regressão multipla com p 

parâmetros n-2= n-p
Regression e MLG



Assumptions of linear regression

• The distribution of the errors is Gaussian with mean 0
and constant variance σ2;

• The residuals/errors are independent, i.e. uncorrelated;

• There are no errors in X (in practice, measurements in X
are made with negligible error compared to those of Y)

Regression e MLG



• Gaussian errors

• Homogeneity of variances

• Independent errors (absence of autocorrelation of
residuals)

How to evaluate assumptions: residual analysis

Regression e MLG



par(mfrow=c(1,1),mar=c(4,4,2,1))
set.seed(123)
n=100;slope=4;intercept=3
xs=runif(n,3,6)
ys=intercept+slope*xs+rnorm(n,mean=0,sd=2)
plot(xs,ys,ylim=c(15,28),xlim=c(3,6),main="")
mylm1=lm(ys~xs)
abline(mylm1,col=4)



par(mfrow=c(2,2),mar=c(4,4,2,1))

plot(mylm1)

Análise de resíduos: normalidade, 
homocedasticidade e independência



Non-Gaussian Errors



Non-Gaussian Errors



Heterocedastic errors



Heterocedastic errors



Non-independent errors



Non-independent errors



Análise de resíduos

regressão e MLG



• Outliers (exploratory analysis and residual analysis)

• Influential observations (e.g. Cook distance)

Residual Analysis : 
outliers e influential observations

regressão e MLG



Análise de resíduos: 
outliers e observações influentes

regressão e MLG



Análise de resíduos: 
outliers e observações influentes

regressão e MLG



Influential observations



Influential observations



Model selection in regression

• Forward selection

• Backward elimination

• Stepwise selection

• Test all combinations

We often want to select a subset of available covariates to use in
a regression model (those more important/relevant to explain the
response) and hence obtain a simplified model.

The regression coefficients of the simplified models are different
from those of the original model (saturated model, if the model
with all variables)

Regression e GLM

• statistical tests

•Information criteria

Framework:

Method:



• “Dummy” variables (used to code factos, R does it for you! – but is key 

to understand it – interpreting model coefficients depends on it)

• Interaction between independent variables (multicollinearity –

one should only consider variable ecologically relevant and remove those highly 
correlated, especially those less ecologically relevant)

• Other fitting approaches not MSM (Maximum likelihood, REML)

• Non-linear models

Some aditional topics about regression

Regression e GLM


