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(Juestions

& There are three conditional probalaliires of interest, each the
probalility of being eaten by a bird grven a particular infection level.
# How do we test if these are the same?

2 How do we estimate differences bebwesn the probability of being
eaten in different growps?

# |5 there a relationship between infection level in the fish and bird
predatson?
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Parasitic Fish

Case Study

Example 9.3 beginming on page 213 of the text describes an expenment
in which fish are placed in a large tank for a perod of time and some
are eaten by large birds of prey. The fish are categorized by their level of
parasitic infection, esther umnfected, hghtly infected, or highly infected. It
i5 o the parasites advantage to be in a fish that s eaten, as this provides
an opportunity to infect the bird in the parasites next stage of life. The
observed proportions of fish eaten are guite different among the categories.

Uninfected  Lightly Infected Highly Infected | Total
Eaten 1 10 7 43
Mot eaten 49 35 g| o3
Total 50 45 46 | 141

The proportions of eaten fish are, respectively, 1,50 = 0,02, 10/45 = 0.222,
and 37 /46 = 0.804.
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Vampire Bats

Case Study

Example 9.4 on page 220 describes an expenment. |n Costa Rica, the
vampire bat Desmodus rotundus feeds on the blood of domestic cattle. IF
the bats respond to a hormonal signal, cows in estrous (in heat) may be
bitten with a different probability than cows not in estrows. [The researcher

could tell the difference by harnessing painted sponges to the undersides of
bulls who would leave their mark during the night.)

In estrous Mot in estrous | Total
Bitten by a bat 15 i1 21
Mot bitten by a bat T 322 329
Tatal X2 328 350

The progortson of bitten cows among those in estrous is 15/22 = 0,682 while
the proportion of bitten cows among those not in estrous is 6328 = 0.013.
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(Juestions

Are the probabslities of being bitten different for cows in estrous oF
not?

# How do we estimate the difference in probabilibes of being bitten?
2 How do we estimate the odds rato?

# Here, the odds of a cow in estrous being bitten are roughly 2 to 1,
while the odds of & cow not in estrous being bitten are roughly 2 to
100, s the odds ratio is about 100 times larger to be bitten for Cows

in estrous compared to those not.
2 How do we quantify uncertainty in this estimate?
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More Probability

@ To understand the methods for companng probabilities in different
populations and analyzing categoncal data, we need to develop
notions of:

v conditional probabidity; and
* independenoe;
# We will also more formally introduce some probability ideas we have
been wsing informally.
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The Big Picture

@ When comparing two categorical vanables, it s useful to summanze
the data in tables.

e Data in the tables can be used to calculate observed proportsons
sampled from different populations.

# We may have interest in estimating differences bebween population
probalbilities.

2 We may wish to test if population proportions are different.

e We may wish to test if two categorncal vanables are independent.
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Running Example

Example
Bucket 1 contains colored balls in the followang proportions:
@ 10% red,
» 60% white; and
= 30% black.
Bucket 2 has colored balls in different proportions:
» 10% red,
@ 40% white; and
= 50% black.

A bucket is selected at random with equal probakslitses and a single ball is
selected at random from that bucket.

@ Think of the buckets as two bological populations and the colors as
Lraits.
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Outcome Space
Definition
# A fandom axperiment 15 a setting where something happens by
chance.
# An ouitcome space 15 the set of all possible elementary outcomes.

# An elemeantary culcome is 3 complete description of a single result
from the random experiment (which, in fact, might be rather
complicated, but is called elementary because it cannot be divided
any further).

Example

@ In the example, one elementary outcome is (1, W) meaning Bucket 1
is selected and a white ball is drawn.

# The oulcome space s Lhe set of six possible elementary culcomes:

2= {(1,R), (1, W), (1, B).(2, RL.(2, W].(2, B]}
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Events

Definition
@ An evenl is a subset (possible emply, possibly complete) of
elementary outcomes from the cutcome space.
# The probability of an event is the sum of probabilitses of the
outosmes it contains.

Example
» P(Bucket 1} = P({(1, B}, (1, W), (1, B)}}) = 0.05+ 0.30 +0.15 = 0.5.
» P(Red Ball) = P{{(L, R).(2, R}}) = 0.05 + 0.05 = 0.1.
» P(Bucket 1 and Red Ball) = P({(1, R)}) = 0.05.
» P() =1.
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Probability

Definition
e A probabilily s a number between 0 and 1 that represents the chance
of an oulcome.
= Each elementary outcome has an associated probabality.

@ The sum of probalelities over all cutcomes in the outcome space 15 1.

Example

P{{1,R)) =005 P{(1,W))=030 P((1,B))=0.15
P{{2,R)) =005 P{(2,W))=020 P((1,B))=025
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Combining Events
Definition
Conssder events A and B.

w The umion {or) of two events is the set of all cutcomes in either or
both esents. Notation: AL EB.

@ The intersection (and) of bwo events is the set of all outcomes in both
events. Motation: AN B.

# The complement (not) of an event is the set of everything in £2 not in
the event. Motation: A

Example

Let A= {Bucket 1} = {(1, R}.{1, W), (L, B)} and

E = {Red Ball} = {(1, R),(2, R)}-
» AU B = {Bucket 1 or Red Ball} = {(1, §), (1, W), (1, B), (2, R)}.
s AN B = {Bucket 1 and Red Ball} = {(1, R}}.
a A° = {not Bucket 1} = {(2, R}, (2, W),(2, B)}.
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