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Chapter 6: Probability 
 
In a more mathematically oriented statistics course, you would spend a lot of time talking about 
colored balls in urns. We will skip over such detailed examinations of probability, but at the 
same time, it is essential that you understand basic concepts of probability. 
 
Some events occur quite frequently, others only rarely. Think of some common occurrences and 
some rare occurrences. Generally speaking, we are going to be dealing with a search for rare 
events throughout the semester…but more on that later. 
 
What did you think of Tversky and Kahneman’s demonstration of the availability heuristic? Did 
you fall for it? Did you think that more words began with the letter K compared to words with K 
in the 3rd position? Tversky and Kahneman have done a lot of research on the degree to which 
people will misperceive probabilities. As they say, “Perhaps the most general conclusion, 
obtained from numerous investigations, is that people do not follow the principles of probability 
theory in judging the likelihood of uncertain events.” The whole area of choice and decision-
making is quite intriguing.  
 
Probability 
As you showed in the probability lab, you already have a good sense of that concept. That is, you 
recognize that if a data set of 16 scores contains only one score of 20, the probability of 
randomly picking that score of 20 from the distribution is 1/16 (.06). The probability of flipping 
a coin and getting heads is 1/2 (.50). And you should recognize that the probability of winning 
the NY Lottery is exceedingly small. 
 
Here’s a question for you: What is the probability that you’ll die due to a terrorist attack on a 
domestic airplane flight? Here’s another question: What is the probability that you’ll die due to a 
form of cancer? Now, consider how much money our government spends to lower each of those 
probabilities. Does the expenditure of money make sense in light of the probabilities? 
 
Later in the course we’ll also talk about joint probabilities. That is, you’ll need to know how to 
determine the probability of a series of events. For instance, what is the probability of tossing a 
fair coin twice and getting heads both times? Even though the probability of getting heads on any 
flip of the coin is 1/2, the probability of getting heads on two tosses is 1/2 • 1/2, or 1/4. In the 
context of a series of events, it’s also important to avoid the Gambler’s Fallacy (which wrongly 
says that an event, like flipping heads, becomes more likely after a series of tails). 
 
Probability and the Normal Distribution 
The normal distribution is a very special type of unimodal, symmetrical distribution. The mean, 
median, and mode are all the same, which means that 50% of the scores are above the mean and 
50% of the scores are below the mean. But we know more than that about how scores are 
distributed in a normal distribution. For instance, we know that ~34% of the scores fall between 
the mean and one standard deviation (so ~68% of the scores are within one standard deviation 
above and below the mean).  
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It’s easiest to talk about the proportions of a normal distribution in terms of standard deviation 
units, or z-scores. That means that all that we have to do is to translate the units of our raw scores 
into z-scores and we can make use of a special table called the Unit Normal Table (Table B.1). 
Below is a portion of the Unit Normal Table: 
 

 
 
Note that you have four columns: z, proportion in body, proportion in tail, and proportion 
between mean and z. Obviously, z is the z-score. The proportion in body, as illustrated in the 
figure, is the proportion of the distribution from the farther tail to the z-score. The proportion in 
tail is the proportion of the normal distribution between the z-score and the near tail. The 
proportion between mean and z is illustrated in the figure on the far right. To save space, only 
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positive z-scores are tabled. The negative z-scores, would simply reverse where the body and tail 
proportions are found. 
 
As you can see, a z-score of 0.00 places .5000 in the body (from the left tail to the z-score), .5000 
in the tail (from the z-score to the right tail), and .0000 between the mean and z. As the z-score 
gets larger (e.g., .25), the proportion in the body increases (e.g., to .5987) and the proportion in 
the tail decreases (e.g., to .4013). The sum of the proportion in the body and tail will always add 
to 1.0.  
 
Using the Unit Normal Table 
 
OK, you’re now ready to use the Unit Normal Table to learn about the world. To do so, let’s first 
consult a famous “statistician”—Dear Abby. 
 
Dear Abby: 
You wrote in your column that a woman is pregnant for 266 days. Who said so? I carried my 
baby for ten months and five days, and there is no doubt about it because I know the exact date 
when my baby was conceived. My husband is in the Navy and it couldn’t have possibly been 
conceived any other time because I saw him only once for an hour, and I didn’t see him again 
until the day before the baby was born. I don’t drink or run around, and there is no way that this 
baby isn’t his, so please print a retraction about the 266-day carrying time because otherwise I 
am in a lot of trouble. 
         San Diego Reader 
Dear Reader: 
The average gestation period is 266 days. Some babies come early. Others come late. Yours was 
late. 
 
I’ll leave it to your own vivid imagination to picture that frantic hour during which the child was 
conceived, but with a bit of tinkering, we’re able to investigate the credibility of this woman’s 
claim. 
 
Current data suggest that the actual mean (µ) gestation period is 268 days, with a standard 
deviation (σ) of 16 days. Moreover, the distribution is roughly normal. And there you have the 
reason that men do not have babies. No matter how much fun might be involved in the 
conception part, a man looking at a modal gestation period of 268 days would surely pick 
watching football with a cold beer over sex, while the human species disappeared! J  
We need to figure out how to translate 10 months and 5 days into days (given variability in the 
length of months), but let’s use 308 days as a fair estimate. We can now translate that gestation 
period into a z-score: 
 

€ 

z =
308 − 268
16

= 2.5  

 
Thus, San Diego Reader’s gestation period is 2.5 standard deviations above the mean. What 
proportion of women would carry their babies that long or longer? The answer to that question 
lies in the Unit Normal Table, under Column C (proportion in tail) for a z-score of 2.5. What you 
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should find in your table is the proportion of .0062. What that means is that fewer than 1% of 
women will carry their babies that long. (I imagine a sigh of relief from the potential child-
bearing members of the class.)  
 
OK, but if you’re the husband, what would you make of that proportion? You could either claim 
that your wife was just very unusual (and unlucky) in her gestation period, but that you believe 
her when she tells you that she didn’t fool around while you were out to sea. Alternatively, you 
could claim that it’s possible, but so very unlikely as to be unbelievable, so that you instead 
believe that it’s not your child. The point is that you have to make a decision one way or the 
other, and you can’t ever really know the “truth.” We’ll have more to say about such decision-
making when we discuss hypothesis testing. (Of course, in the era of DNA analysis, the truth can 
be determined in this example, so paternity claims could be settled quite easily.)  
 
To familiarize yourself with the use of the Unit Normal Table, let’s investigate the normal 
distribution of gestation periods. I think that it’s a good idea to draw a picture and shade in the 
“target” area when answering questions of this sort. 
 

Question Distribution Answer 
What proportion of women carry 
their babies 268 or more days? 
 
 
 
 

 

 

What proportion of women carry 
their babies 240 or more days? 
 
 
 
 

 

 

What proportion of women carry 
their babies between 260 and 280 
days? 
 
 
 

 

 

What proportion of women carry 
their babies 250 days or less or 290 
days or more? 
 
 
 

 

 

What proportion of women carry 
their babies between 270 and 280 
days? 
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What are the gestation periods of the 
most common (middle) 95% of 
women? (Or what gestation periods 
exclude the most extreme 2.5% of 
women in each tail?) 
 

 

 

95% of women have gestation 
periods less than what value? 
(Can you see how this question 
differs from the previous one?) 
  

 

What are the gestation periods of the 
middle 64% of women? 
 
 
  

 

What gestation period is associated 
with a z-score of –1.5, and what 
proportion of women would have 
gestation periods that short or 
shorter? 
 

 

 

 
Of course, the same principles apply to any normal distribution. For example, if IQ scores are 
normally distributed, with a mean (µ) of 100 and a standard deviation (σ) of 15, you can answer 
the following questions. 
 
What proportion of the population 
has IQ scores of 120 or greater? 
 
 
  

 

What proportion of the population 
has IQ scores between 90 and 130? 
 
 
  

 

What proportion of the population 
has IQ scores between 110 and 125? 
 
 
  

 

What IQ scores determine the 
middle 90% of the population? 
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What IQ scores determine the upper 
2.5% of the population? 
 
 
  

 

If a person has an IQ of 98, what 
proportion of the population would 
have an IQ that small or smaller? 
 
 
 

 

 

What IQ scores determine the upper 
25% of the population? 
 
 
  

 

The upper 1% of the distribution of 
IQ scores surely represents unusual 
scores. What IQ scores fall in the 
upper 1%? 
  

 

 


