Activity #20: Hypothesis Testing

Over the past few activities, we have conducted statistical inference through the construction of confidence intervals. We sampled some data, calculated a sample statistic

(X or f) ), and constructed an interval for the population parameter of interest. A second and more popular (although overused, in my opinion) method is hypothesis testing.
We have already informally conducted hypothesis tests when we learned about Fisher's Exact Test, the binomial test, and the Sign test.

Resist the temptation to concentrate on the formulas for the rest of the semester. | guarantee you will have enough practice with the formulas in the next few weeks. Instead,
I want you to focus on the concepts behind hypothesis tests. The most difficult aspect of this third unit is the non-numeric concepts.

We've already learned about the thinking behind statistical hypothesis testing. We first create two competing hypotheses. We then assume one of the hypotheses is true and
investigate the plausibility of that hypothesis based on the data we collect from our experiment. We’re now ready to take an in-depth look at hypothesis tests.

Situation:

In 2002, 483 Canadian citizens reported seeing a UFO (Canadian Press; 2/12/2003). Many of these UFO sightings were later explained (the objects were
identified to be airplanes, weather balloons, reflections, etc.), while some of the objects remain unidentified. Some believe these UFOs are actually alien ships
visiting Earth. Skeptics believe all the UFO sightings can be explained by natural phenomena. These skeptics also tend to believe that individuals reporting UFO
sightings are of low intelligence (because more intelligent individuals are able to identify objects they see). Believers think that UFO observers are of high
intelligence, since they are open to all possible explanations

To study the intelligence of UFO observers, the United States UFO Information and Research Center conducted a study. After receiving hundreds of responses
to an ad on their website, they randomly sampled 25 Canadian citizens who had officially reported a UFO sighting and administered an 1Q test to these subjects.
Our task is to formally conduct a hypothesis test for this study and decide whether or not UFO observers have lower intelligence than the general public.

1) Is this an observational or experimental study? Will the sampling procedure introduce bias into the study/results?

2) Before we begin, let’s identify key information from the study.

a.

b.

Goal of study: e Parameter of interest:

Target Population: f Observed statistic (estimator):
Sample: e Dependent Variable:
Sampling Procedure: e Independent Variable:



3) The next step is to formulate the two competing hypotheses about our parameter of interest. The null hypothesis (Ho) is typically a statement that the independent
(treatment) variable has no impact on the dependent (outcome) variable. What is the null hypothesis in this study? Note: the average IQ score is defined to be 100.

4) After stating the null hypothesis, we need to formally state an alternate hypothesis. If our study is an exploratory analysis (we have no preconceived belief that UFO
observers have higher or lower I1Qs), we state a two-tailed alternate hypothesis. If our study is confirmatory (we believe UFO observers have lower I1Qs; we want to confirm
this), then we should state a one-tailed alternate hypothesis. Let's proceed as if this is a confirmatory analysis. State the alternate hypothesis.

5) Before we continue, let’'s examine potential decision errors we might make in this study. There are two possible decisions we can make — we can either retain or reject the
null hypothesis as being true. There are also two possible realities (true states of nature unknown to us) — UFO observers either have average |Qs or they don’t have
average 1Qs. The following table summarizes the potential correct and incorrect decisions we can make from our sample data:

Decision (based on observed sample)

Retain Ho Reject Ho
Hois true Correct Decision Type | Error (! )
Outcome
Hois false Type Il Error (B) Corrt(e;:,vl\)’z::)lsmn

Express (in plain English) all possible outcomes from this UFO Observer study. Be sure to think of potential consequences of the Type | and Type Il errors. Use the table
on the following page.



Decision (based on observed sample)

Reality

6) As we'll discover over the next few classes, the researcher has direct control over a (Type | error; the probability of incorrectly rejecting a true null hypothesis). If the
researcher believes the consequences of a Type | error are more costly than the consequences from a Type Il error, the researcher can use alow a-level. If the

researcher believes Type Il errors are more costly, the a-level can be set higher. In your opinion, what type of error will lead to the most serious consequences in this
study? Should the researcher set a high or low a-level?

7) Suppose the researcher sets the o-level at a = 0.05. Express what this represents.



8) The researchers in this study know that IQ scores are normally distributed with L = 100and ! =16 (an unusual situation where we know population parameters).
Sketch this distribution of 1Q scores.

9) Researchers randomly selected 25 UFO observers for this study. Assuming the null hypothesis is true, sketch the sampling distribution of the sample mean 1Qs for UFO
observers. What is the standard error of this distribution?

10) Explain what the sampling distribution represents.

In this study, we will only sample one group of 25 subjects and calculate their average 1Q. If the X computed for this sample is near the center of this sampling distribution,
we will conclude it is likely that our sample comes from this distribution (and, therefore, the null hypothesis may be true). If, on the other hand, the sample mean we compute
is near the extreme tails of this distribution, we will conclude it is unlikely that our sample came from this distribution (and, therefore, the null hypothesis must be false).



Sketch a plot of the sampling distribution. Note that we can only draw this if we assume the null hypothesis is true (otherwise, we wouldn’t know where the distribution is located).

11) As we stated earlier, the researchers in this study decided upon a significance level of a = 0.05. In other words, if the sample mean calculated from the 25 UFO
observers falls in the bottom 5% of the hypothesized sampling distribution, they will conclude that the null hypothesis must be false. Find the critical value for this study
(the point at which 5% of the distribution falls below). Label and shade in this area in the above distribution. Note: Since we know the population standard deviation, we
know our sampling distribution follows a Z-distribution.

Logic: If we assume UFO observers have average 1Qs (the null hypothesis is true), then all we've done is sample 25 random people from a population with i = 100 and
0 =16. Thus, we know we should expect a sampling distribution that is normal with ¢ =100 and ox = 16/\/ 25=3.2.
We can then use this sampling distribution to determine the plausibility that our sample did come from this population. Given the null hypothesis is true, there is a 5%

chance that our sample of 25 subjects will have an average IQ less than 94.736. Therefore, if we do actually calculate our sample mean to be less than 94.736, we can
conclude that it is not likely that our sample came from this distribution. We can therefore conclude the null hypothesis is most likely not true.



12) Suppose we administer an IQ test to our subjects and compute the sample mean to be 97.2. Locate this point on the sampling distribution on the previous page. From
this observation, what do we conclude about the null hypothesis?

13) What is the p-value for this observed sample mean of 97.2?7 In other words, if we assume the null hypothesis is true, how likely is it that we would observe 25 subjects
with an 1Q of 97.2 or less?



Once again, the sampling distribution is displayed below. This time, the 5% critical area has been shaded-in. Remember this shaded region represents our “rejection region.” If our
sample mean fell in this region, we’d reject the null hypothesis. The size of this critical region was entirely in our control (if we used a = 0.10, the region would be much larger).

Suppose the null hypothesis was, in fact, false. Suppose that UFO observers really have an average IQ of 98. If this is true, the sampling distribution would actually be shifted
slightly to the left (see Ha below).

Using the two distributions below, shade in and label a, B, and power (1-B). Then calculate the probabilities of each.

Reject null Retain null
Critical value: 94.736




I =0.05 (selected by the researcher)

Beta = probability of retaining a false null hypothesis. So we know the alternate is true.

Power = Complement of Beta =



