
likelihood vs. p-values
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density 
p-values 
critical values 
random numbers

F-distribution

observed F

Maximum Likelihood Estimate (MLE)
(at the maximum value on the likelihood curve)

called a support function when the 
log of the likelihood is plotted  

(because numbers can be very small)

rate

maximum likelihood 
estimates

number of 
chocolate chips per 

cookie

best estimate of a 
parameter

Likelihood Ratio
(scaling likelihood curves by the MLE)

rate

maximum likelihood 
estimates

likelihood / 
maximum likelihood 

Negative Log-Likelihood
(MLE is therefore at the minimum)

rate

because we generally minimize functions in statistics



Shape of likelihood curves with sample size
(larger sample sizes decrease uncertainty in the MLE)

can be used to create confidence intervals

Two parameters have a likelihood surface

MLE

Model Selection 1

Likelihood Ratio Test: Simple (s) vs. Complex (c) model   

p-value from chi-squared distribution

log-likelihoods
likelihoods

(for nested models)
Model Selection 2

Akaike Information Criterion (AIC)
For models (i) differing in the number of parameters (K)

best model has the lowest (most negative) AIC

log-likelihood 
for model i

parameters 
in model i

AIC 
for model i

(works with nested & non-nested models)



Model Selection 3

Bayesian Information Criterion (AIC)
For models (i) differing in the number of parameters (K)

best model has the lowest (most negative) BIC

log-likelihood 
for model i

parameters 
in model i

BIC 
for model i

sample 
size

(works with nested & non-nested models)
Example: evolutionary history

Gene Hunt (2008, Paleobiology 34:360)

random walk?

directional?

one punctuation?

two punctuations?

one punctuation, 
then random walk?

stasis?

best model, 
ignoring the 
number of 

model 
parameters

best model, 
penalizing for 
the number of 

model 
parameters

Hunt (2008, Paleobiology 34:360)

model 
complexity

ways of choosing the 
best model

largest smallest largest

Hunt (2008, Paleobiology 34:360)

best model, 
ignoring the 
number of 

model 
parameters

best model, 
penalizing for 
the number of 

model 
parameters

largest smallest largest



Bayes Rule

probability of the hypothesis, 
given the data

probability of the data, 
given the hypothesis

probability of  
the hypothesis

probability of  
the data

Likelihood

Bayes Rule

prior probabilitylikelihoodposterior probability

Estimating the time 
of extinction (𝜃)

maximum 
likelihood 
estimate

what we 
think before 
we collect 

data

updating existing 
knowledge with data 

prior x likelihood

fossil 
occurrences

Bayesian problems are simple 
when the distributions are simple



Strategy 1: calculate likelihood for every combination of parameters

Strategy 2: random walk, looking for higher likelihoods

Random walk would be repeated many times to avoid local maxima/minima


