
Hypothesis Testing: Finding Unusual Values

First of all, we need to define an unlikely event.  An unlikely event is one that happens only rarely
by chance.  Try to think of some examples of unlikely events (hell freezing over, winning a lottery,
tossing a fair coin and having it come up heads 20 times in a row, a human gestation period of 11 months,
having an IQ of 160, getting a perfect score (1600) on the SATs, becoming president of the U.S. or a
college or major business, etc.).  What all such events have in common is that, all else being equal, they
will occur only rarely.

In order to use statistical information to guide us in making decisions, we need to decide — in
advance — what we’re going to define as a rare statistical event.  The norm that has developed in
psychology (and other disciplines) is to use a probability of .05 as determining a rare event.  In other
words, if an event is so unlikely as to occur only 5% of the time by chance, we are going to consider it to
be rare.  Because we want to detect events that are rare in both directions, we will typically consider the
upper and lower 2.5% to determine the unlikely events to have occurred by chance.

Suppose that we know that IQ scores are distributed with µ=100 and σ=15.  Further, suppose that
I want to know how likely it is that your class is average in IQ.  (First, think of how likely it would be for
college students to have average IQs.)

In hypothesis testing terms, we are testing the null hypothesis (H0) that your class’s mean IQ was

sampled from the normal population with µ=100 and σ=15.  Or, to put it succinctly:

H0:  µ = 100.

If our evidence suggests that H0 is false, we will reject H0 and conclude that an alternative explanation
(H1) is preferable.  In this example, H1 would be that your class’s IQ was either higher or lower than

normal (µ ≠ 100).  For a class of 25 students, the mean IQ scores that would cut off the upper and lower
tails of the distribution would be 105.9 and 94.1, respectively.

Suppose that I obtain a sample mean IQ for a class (n=25) of 109.  Thus, the mean IQ of the class
would be significantly greater than 100.  Keep in mind that a mean IQ of 109 could represent one of two
possibilities:

1. an unlikely event from the distribution of normal IQ scores,  or
2. a more probable event from a different distribution with higher IQ scores.

As statisticians, an outcome such as this would lead us to believe in the second alternative — that
Skidmore students are sampled from a population whose mean was greater than 100.  Would we be right?
Possibly, but you need to remember that we are never certain of our statistical decisions, because there is
always the possibility — however slim — that the event we’re observing is simply an unlikely event from
the null distribution.  In this case, that would mean that Skidmore students actually have normal IQs.

We will characterize our options in the jargon displayed in the table below:

H0 is True H0 is False
Reject H0 Type I Error Correct Rejection
Retain H0 Correct "Acceptance" Type II Error

When we make a decision to reject H0, we could be correct or we could be making a Type I error.  When
we make a decision to retain H0, we could be correct or we could be making a Type II error.

The probability of making a Type I error is α, and the probability of making a Type II error is β.  We call

the probability of a correct rejection power, and it has a probability of 1-β.



In order to get a sense of the origin of Type I and Type II errors, you should understand the figure
seen below:

We first propose the null hypothesis, which is the curve seen on the left.  We then identify the unlikely
events in that curve (the two tails, each with 2.5% of the curve’s area).  Suppose that we could know that
the score we’re talking about came from the distribution on the right (the Real distribution).  Most of the
scores from that distribution would fall in one of the rejection regions (the right tail in this case).  Thus, we
could determine the probability of correctly rejecting H0 (power), by finding the area under the Real curve
marked off by scores that would lead us to reject H0.  We could also determine the probability of making a
Type II error by finding the area under the Real curve marked off by scores that would lead us to retain
H0.

1 − ββ

94.1         105.9

In this particular example, IQ scores between 94.1 and 105.9 would be consistent with H0.  IQ scores less
than 94.1 or greater than 105.9 would be inconsistent with H0.  As you think about this issue, it should
strike you that the population of IQs for college students is unlikely to be centered around 100.  Instead,
college students would have IQs that were higher, on average, than the normal population.  Thus, the
“Real” population of IQs for college students might be centered at 106, as illustrated above.  What would
be the impact on power if the “Real” population had a mean of 115?


