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BIO 181 Handout 
Probability 
 
Most events that occur in living systems are best described as random, meaning that they are 
unpredictable.  For example, suppose a woman has just discovered that she is pregnant. Without 
further tests, the child’s gender is unknown.  However, we can say that  there is about a 50-50 
chance that the child is female.  (In fact, chances are slightly in favor of the child being male.)  
The word “random” applies to such a situation—a strictly unpredictable one, but one that can 
often be expressed in terms of “chances,” or better, probability. 

The meaning of “probability” 

 To a scientist, a probability is a quantitative measure of chance.  Strictly speaking, a 
probability is always a number between 0 and 1, inclusive.  Therefore, strictly speaking, when 
someone says something like “the probability of having a boy is about 50%” they are speaking 
nonsense.  Again, to be picky, the correct statement is, “the probability of having a boy is about 
0.5 or 1/2.”  

A notion basic to probability theory is the random experiment.  A random experiment is 
an occurrence for which the outcome is unpredictable except in the probabilistic sense.  It need 
not be an actual scientific experiment.  The random experiment can have different outcomes, 
called events, to which we assign probabilities. A certain event has probability 1, and an 
impossible event occurs with probability 0.  An event with probability x between 0 and 1 occurs 
on average proportion x of the time.  The “on average” part is very important.  What we mean is 
that if the random experiment repeated an arbitrarily large number of times, the proportion of 
times the event occurs becomes closer and closer to x as the number of repetitions increases.   

For example, suppose we randomly sample the medical charts of newborn babies 
throughout the United States.  Each chart would be a random experiment. We wish to calculate 
the probability that a child is male or female.  To make that determination we simply count the 
number of males and divide by the number of children in our sample.  That proportion would 
estimate the probability we seek.  (To obtain an estimate of the probability of a baby being 
female, simply subtract the estimated probability of being male from one.) The more children we 
sample, the closer to this number the proportion will get (almost always1).   

For our purposes, at least for now, we can understand the probability of a discrete event 
as the number of ways the event can occur divided by the number of outcomes possible in the 
random experiment, if each possible outcome is equally probable.  Here are two examples: 

EXAMPLE 1:  Suppose we chose a card at random from a regular deck of playing cards.  Suppose 
further that the deck has been shuffled thoroughly so that no card is more likely to be picked than 
any other.  What is the probability of picking the ace of spades? 

SOLUTION:  Since there is only one ace of spades in the deck, and the deck has 52 cards in it, the 
probability is 1/52, or about 21.9231 10−× . 

                                                 
1 This phrase has a technical meaning, and I include it simply to make my statement strictly correct.  To see why it’s 
required, note that it is possible that all of the children in the sample could be the same sex.  In that case our 
probability definition fails.  However, for our purposes, this technicality is largely irrelevant because the probability 
of obtaining a sample of only males approaches zero as the number of children sampled approaches infinity. 
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EXAMPLE 2:  What is the probability of pulling a spade at random from a deck of regular playing 
cards? 

SOLUTION:  Since there are 13 spades in the deck, the probability is 13/52, or 0.25. 

The probability of multiple, independent events 

Toward the end of the Second World War and afterward, this country relied on a factory 
in Hanford, Washington to produce plutonium for our atomic and thermonuclear weapons.  
Workers in that plant, perhaps also others living near the plant, were exposed to relatively high 
radiation levels, sparking concerns for their health.  In particular, exposure to the type of 
radiation common at the plant is thought to produce cancer, especially leukemia.  As a result, 
researchers have kept tabs on 26,389 former employees of the plant who worked there between 
1944 and 1978 to see if their cancer rates were larger than normal.  

The details of these studies are beyond our reach at the moment, but we know enough to 
at least understand some of the rationale of the research.  The Center for Disease Control and 
Prevention’s statistics tell us that the incidence of leukemia in the general population is about 
14.6 per 100,000 individuals per year.  Therefore, if you were to randomly choose a person in the 
United States on January 1, the probability that they would be diagnosed with leukemia before 
December 31 is 414.6/100,000 4.46 10−= × .  That also means the probability that the person is 
not diagnosed with leukemia in that time interval is 41 4.46 10 0.99985−− × = .  Therfore, almost 
certainly, any single individual will not be diagnosed with leukemia in a given year. 

Does that result mean we should be surprised if any of the 26,389 former employees of 
the Hanford plutonium plant get leukemia?  To find out we need to find a way to answer 
questions like the following: 

PROBLEM :  Suppose we choose two people randomly and independently from the general 
population, which is very large.  What is the probability that neither of them is diagnosed with 
leukemia in the subsequent year? 

SOLUTION:  The solution depends on the following fact: 

If two random events are independent, then the probability that they both occur is 
the product of their individual probabilities. 

Your book calls this the product rule, and it applies when  the events are independent, meaning 
the outcome of one has no effect on the probability of the outcome of the other. In our case the 
rule applies because if one person does or does not develop leukemia, that has no effect on the 
probability that another person does—leukemia of this type is not communicable.  We have 
already established that, for one person, the probability of being diagnosed with leukemia is 
0.99985.  Therefore, the probability that neither person  is diagnosed, using the product rule, is  

20.99985 0.99970= , 

still a near certainty.   

From here one can see how to use the product rule to determine how alarmed we should be if any 
one of the 23,389 workers are diagnosed with leukemia.  Let’s assume for the sake of argument 
that plutonium has no effect on leukemia rates.  If that’s true, then as we have just established, 
the probability that any single worker is diagnosed is so low that we would be surprised if he or 
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she developed leukemia.  However, we are not dealing with a single worker, but over 23,000 of 
them.  So, we need to know the answer to the following question: 

PROBLEM :  What is the probability that none of the 23,389 Hanford workers is diagnosed with 
leukemia in a single year, assuming that exposure to plutonium or anything else at the plant has 
no effect on leukemia rates? 

SOLUTION:  Leukemia is a non-communicable disease, so if the null hypothesis is true—that 
working at the plant has no effect on one’s likelihood of getting leukemia—one worker’s getting 
leukemia will have no effect on any other worker’s probability of getting it.  Therefore, workers 
develop leukemia independently of each other, and the product rule applies.  We have 23,389 
independent cases, so the probability that none of them develops leukemia is 

23,389 times

23,3890.99985 0.99985 0.99985 0.99985 0.02994× × × = =
644444474444448

L . 

PROBLEM : What is the probability that at least one worker develops leukemia in a given year? 

SOLUTION:  Since the probability that no one develops leukemia is only 0.02994, the probability 
that at least one does is  

1 0.02994 0.9701− = . 

So, about 97 years out of 100 we would expect at least one of 23,389 people to develop leukemia 
just in the background population.  So, not only would have no reason to believe that working 
with plutonium is dangerous if one or more workers developed leukemia, we would be surprised 
if none of them did.  

Although the product rule is very powerful, as we’ll see when we study genetics, it 
doesn’t always apply.  Here is an example : 

EXAMPLE:  Suppose in the ESP experiment that, instead of shuffling after each attempt to “send” 
the identity of the card, we did the following: the sender shuffled once, took the top card off the 
pack and tried to send it, then set that card aside and took the next card off the top and tried to 
send it, and so on.  What is the probability that the first two cards drawn are both spades? 

SOLUTION:  The probability that the top card is a spade is 13/52, as we established above.  
However, the probability that the second card is a spade depends on what the first card was.  If 
the first card is a spade, then the second card is also a spade with probability 12/51, because one 
of the 13 spades is known—it’s the top card—and there are only 51 cards left in the deck.  On 
the other hand, if the top card is not a spade, then the probability that the second card is a spade 
is 13/51.  Since the probability associated with the second draw depends on the what the first 
card was, the cards’ suits are not independent, so the product rule does not apply.  One can solve 
this problem, but it requires a little more probability theory than the scope of this handout allows.  
(The actual probability is 0.05882.  If we had unconsciously applied the product rule we would 
get the incorrect value 0.06250.) 


