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A beginner’s guide to Bayesian
Statistics

or

Bayes

Thomas Bayes (1702-1761) was a mathematician 
and Presbyterian minister in England. His famous 
theorem was published posthumously in 1763, 
The simple rule has vast ramifications for 
statistical inference. 

Bayes’ successor, Pierre-Simon Laplace should 
really label this type of analysis, because it was 
Laplace who independently rediscovered and 
extensively developed the methods.



4/29/2015

2

Bayes

There is another branch of statistics, called 
frequentist, which does not use Bayes’ rule
for inference and decisions. This approach is 
often identified Ronald Fisher (“F”-test). 

It is curious and re-assuring that the 
overwhelmingly dominant Fisherian approach of 
the 20th century is giving wayin the 21st century 
to a Bayesian approach that had its genesis in the 
18th century.

Bayesian Statistics – NY Times

Some statisticians and scientists are 
optimistic that Bayesian methods can improve 
the reliability of research by allowing 
scientists to crosscheck work done with the 
more traditional or “classical” approach, 
known as frequentist statistics. The two 
methods approach the same problems from 
different angles.

RA Fisher Rev. T. Bayes
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Bayesian Statistics – NY Times

The essence of the frequentist technique is 
to apply probability to data. By contrast, 
Bayesian calculations go straight for the 
probability of the hypothesis, factoring in any 
other relevant information.

Scientists who have learned Bayesian statistics 
often marvel that it propels them through a 
different kind of scientific reasoning than they 
had experienced using classical methods.

Bayesian Statistics – NY Times

One downside of Bayesian statistics is that it 
requires prior information — and often scientists 
need to start with a guess or estimate. 

Assigning numbers to subjective judgments is “like 
fingernails on a chalkboard,” said physicist Kyle 
Cranmer, who helped develop a frequentist 
technique to identify the latest new subatomic 
particle — the Higgs boson.
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Bayesian Statistics – NY Times

Critics of Bayesian Statististics say that the best 
cure for misleading findings is not Bayesian 
statistics, but good frequentist ones.  

A psychologist found common statistical 
shenanigans in his field — logical leaps, unjustified 
conclusions, and various forms of unconscious 
cheating. He looked into Bayesian statistics and 
concluded that if people misused or misunderstood 
one system, they would do just as badly with the 
other.

A beginner’s guide to Bayesian
Statistics

or
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Conditional Probability

Prob (A and C) / Prob C

What is the
probability of

getting sum=7,
Given that the

white die is one?
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Bayesian Probability Reasoning

A model of data specifies the probability of particular 
data values given the model’s structure and parameter 
values.

In other words, a model specifies
p(data values | parameters values)
along with the prior,  p(parameters values)

We use Bayes’ rule to convert that to what we really 
want to know, which is how strongly we should 
believe in the parameter values, given the data:
p(parameters values | data values)
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A beginner’s guide to Bayesian
Statistics

or

Steps to Bayesian Analysis
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Example

Example
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Example

Example
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A beginner’s guide to Bayesian
Statistics

or

Bayes – Pro (Ellison 1996)
In our statistical practice, we ecologists work 
comfortably within the frequentist statistical 
methodology of Fisher. Consequently, our null 
hypotheses do not utilize pre-existing data, 
experiments demand large sample sizes, and we 
rarely use results from one experiment to predict 
the outcomes of future experiments. 

"Bayesian ecology" would (a) make better use of 
pre-existing data; (b) allow stronger conclusions to 
be drawn from large-scale experiments with few 
replicates; and (c) be more relevant to 
environmental decision-making. 
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Bayes – Con (Dennis 1996)
Bayesian statistics involve substantial changes in 
the methods and philosophy of science. Before 
adopting Bayesian approaches, ecologists should 
consider carefully whether or not scientific 
understanding will be enhanced. 

Frequentist statistical methods, while imperfect, 
have made an unquestioned contribution to 
scientific progress and are a workhorse of day-to-
day research. Bayesian statistics, by contrast, have a 
largely untested track record.

Final Thoughts


