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Example 1: Dolphin Therapy?

Swimming with dolphins can certainly be fun, but is it also therapeutic for patients suffering from clinical depression?  To investigate this possibility, researchers recruited 30 subjects aged 18-65 with a clinical diagnosis of mild to moderate depression.  Subjects were required to discontinue use of any antidepressant drugs or psychotherapy four weeks prior to the experiment, and throughout the experiment.  These 30 subjects went to an island off the coast of Honduras, where they were randomly assigned to one of two treatment groups.  Both groups engaged in the same amount of swimming and snorkeling each day, but one group (the animal care program) did so in the presence of bottlenose dolphins and the other group (outdoor nature program) did not.  At the end of two weeks, each subjects’ level of depression was evaluated, as it had been at the beginning of the study.

(a) Why did the researchers include a comparison group in this study?  Why didn’t they just see how many patients showed substantial improvement when given the dolphin therapy?

The following table summarizes the results of this experiment:

	
	Animal care program

(dolphin therapy)
	Outdoor nature program

(control group)
	Total

	Showed substantial improvement
	10
	3
	13

	Did not show substantial improvement
	5
	12
	17

	Total
	15
	15
	30


Do the data appear to support the claim that dolphin therapy is effective?  A useful first step is to calculate the proportion who improved in each group.
(b) Calculate these proportions.  Did the dolphin therapy group have a higher proportion who showed substantial improvement than the control group?
Yes indeed, the proportion who improved is higher in the dolphin therapy group (10/15 ≈ .667, or 66.7%) than in the control group (3/15 = .200, or 20.0%).  But is it possible that this difference (.667 vs. .200) could happen even if dolphin therapy was not effective, simply due simply to the random nature of putting subjects into groups (i.e., the luck of the draw)?

(c) Is that possible?

Well, yes, it is possible that the researchers were unlucky and happened to “draw” more of the improved subjects into the dolphin therapy group.  But if 13 of the 30 people were going to improve regardless of whether they swam with dolphins or not, how unlikely is a 10/3 split by this random assignment process alone?  If the answer is that this observed difference would be very surprising if dolphin therapy were not effective, then we would have strong evidence to conclude that dolphin therapy is effective.  Why?  Because otherwise, we would have to believe that a rare event just happened to occur in this experiment.
So, the key question now is how we determine whether the observed difference between the groups is surprising under the assumption that dolphin therapy is not effective.  (We will call this assumption the null model.)  The answer is that we will repeat the randomization process all over again, but creating a situation where we know dolphin therapy is not effective.  We’ll start with 13 “improvers” and 17 non-improvers, and we’ll randomly assign 15 of these 30 subjects to the dolphin therapy group and the remaining 15 to the control group.  
Now the practical question is, how do we do this random assignment?  One answer is to use cards, such as playing cards.  We could take 30 cards, designate 13 of them to represent improvers the other 17 as non-improvers, shuffle them up, and randomly deal out 15 to be the dolphin therapy group.  [For example, you might use a regular deck of 52 playing cards, let 13 face cards (jacks, queens, kings, plus one of the aces) represent improvers, and let 17 non-face cards (twos through fives, plus one six) represent non-improvers.]  Then once we’ve done this random assignment, we could construct the 2×2 table to show the results.
I’ll start by doing this once and telling you what happens.  Here’s the resulting table for Repetition 1:

	
	Animal care program

(dolphin therapy)
	Outdoor nature program

(control group)
	Total

	Showed substantial improvement
	8
	5
	13

	Did not show substantial improvement
	7
	10
	17

	Total
	15
	15
	30


(d) Is the result of this random assignment as extreme as the actual experimental data that the researchers obtained?  Hint: One way to answer this is to compare the proportions of improvers in the two groups.  
We see that 8/15 ≈ .533 improved in the “dolphin therapy” group, compared to 5/15 ≈ .333 in the control group.  This difference (.200) is less than in the actual study, where the difference was .467.  So, with this particular random assignment, based on the implicit assumption that dolphin therapy is not effective (and so there is no real difference between the groups), the result is less extreme than the results observed in the actual study.
But what we really need to know is “how often” we get a result as extreme as the actual study by chance alone, so I’ll repeat this random assignment process (with the 30 playing cards) four more times and report the 2×2 table each time (to save space I’ll just give the numbers without the labels this time):
Repetition 2:

Repetition 3:

Repetition 4:

Repetition 5:
6
7

8
5

7
6

7
6
9
8

7
10

8
9

8
11
(e) In how many of these five repetitions are the results as extreme as the actual experimental data?

Technical time-saving note: This procedure ensures that the row and column totals to be the same in all of these tables.  In other words, we always have 13 improvers and 17 non-improvers, and we always have 15 in the dolphin therapy group and 15 in the control group.  A practical benefit of this is that we do not have to calculate the difference in group proportions each time to determine if the result is as extreme as the actual data.  All we have to do is check whether there are 10 or more improvers in the dolphin therapy group.  This is the case for none of these repetitions, so 0 of the 5 repetitions thus far have produced a result as extreme as the actual data.

(f) Now you repeat this randomization process five times, working with your partner(s).  Report the five 2×2 tables each time:

Repetition 6:

Repetition 7:

Repetition 8:

Repetition 9:
Repetition 10:

(g) In how many of your 5 repetitions are the results as extreme as the actual experimental data?

(h) Use the axis below to create a dotplot of the number of improvers randomly assigned to the dolphin therapy group, for these ten repetitions.  
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(i) Granted, ten repetitions is not all that many, but how’s it looking so far?  Does it seem like the actual experimental results would be surprising under the null model that dolphin therapy is not effective?  Explain.
We really need to do this random assignment process hundreds, preferably thousands of times.  This would be very tedious and time-consuming with cards, so let’s turn to technology.  
(j) Log onto the computer and open Internet Explorer.  Follow the link to my (Rossman) webpage, and then to our Stat 217 page, and then to “Dolphins applet” (www.rossmanchance.com/applets/Dolphins/Dolphins.html)  Click on “Randomize” and notice that the applet does what you have done: shuffle the cards and deal them out for the “dolphin therapy” group, separating face cards from non-face cards.  The applet also determines the 2×2 table for the simulated results and creates a dotplot of the number of improvers (face cards) randomly assigned to the “dolphin therapy” group.  Now click on randomize four more times.  Based on what you did above, do these look like believable simulation results?  In other words, do you have any reason to doubt that the applet is performing the simulation correctly?

 (k) Now turn off the “Animate” button, and enter 995 for the number of repetitions.  This produces a total of 1000 repetitions of the random assignment process.  Based on the dotplot, does it seem like the actual experimental results (10 improvers in dolphin therapy group) would be surprising under the null model that dolphin therapy is not effective?  Explain.
(l) Based on your simulation results, what proportion of times did random assignment alone produce results as extreme as the actual study (i.e., 10 or more improvers in dolphin therapy group)?  [Hint: Click on the applet’s “Approx p-value” button, and it will do the counting for you.]
(m) Is this proportion small enough so that you would consider such an outcome surprising under the null model that dolphin therapy is not effective?

(n) In light of your answers to the previous two questions, would you say that the experimental data provide strong evidence that dolphin therapy is effective?  Explain your reasoning, based on your simulation results.  [Answer this on a separate sheet of paper with both your names, to be handed in.]

Example 2: Contagious Yawns?

Are yawns contagious?  Conventional wisdom says yes: when you see someone else yawn, you’re prone to feel sleepy and let out a yawn yourself.  How many times have you caught yourself in this situation, or noticed it in someone else?  But will this hypothesis withstand a scientific test?  Will data support this claim?

The folks at MythBusters, a popular television program on the Discovery Channel, investigated this issue by using a two-way mirror and a hidden camera.  Fifty subjects sat in a booth, accompanied only by an experimental attendee.  For some of the subjects, the attendee yawned (planting a yawn “seed”), while for other subjects the attendee did not yawn.  The researchers decided in advance, with a random mechanism, which subjects would receive the yawn seed and which would not.  As time passed, the researchers watched to see which subjects yawned.  They found that 10 of 34 subjects who had been given a yawn seed actually yawned themselves, compared with 4 of 16 subjects who had not been given a yawn seed.  These data are summarized in the following 2×2 table:

	
	Yawn seed planted
	Yawn seed not planted
	Total

	Subject yawned
	10
	4
	14

	Subject did not yawn
	24
	12
	36

	Total
	34
	16
	50


(a) Calculate the proportion of yawners for each group.  Did the “yawn seed” group have a higher proportion of yawners, as compared to the control group?

(b) Is it possible that yawning is not contagious, and random assignment alone is responsible for the observed difference in proportions of yawners between the two groups?

Sure, it’s possible.  As with the dolphin study, the key question is whether it’s unlikely.  Again, our analysis strategy will follow the three R’s: 1) Re-Randomize, 2) Repeat, 3) Reject the null model (that yawning is not contagious) if the actual result is out in the tail of the randomization distribution.  Instead of using cards this time, let’s turn immediately to technology to conduct this simulation. 
(c) Go back to our course webpage, and now go to the “yawning applet.”  Use the applet to simulate random assignment of these 50 subjects to the two groups, assuming that the two groups are equally LIKELY TO YAWN.  Do this a total of five times.  Record the five resulting 2×2 tables below.  Are any of these tables as extreme as the actual data, which had 10 yawners in the “yawn seed” group?  
(d) Now turn off the “Animate” button” and ask for 995 additional repetitions of this random assignment process.  In what proportion of your 1000 simulated random assignments were the results as (or more) extreme as the actual study (which, you’ll recall, saw 10 yawners in the “yawn seed” group)?
(e) Are these proportions small enough to indicate that the actual results would be surprising if there were no effect of the yawn seed?

(f) Based on your answer to (E), what can you conclude from these data about whether YAWNING IS CONTAGIOUS?  Explain your reasoning, based on your simulation analysis.  [Answer this on a separate sheet of paper (the same one as before is fine) with both your names, to be handed in.]
Wrap-Up
Notice that the dolphin study and the yawning study share several similarities:
· The goal is to compare responses between two groups.

· Researchers started with a conjecture that one particular group would “do better” on the response than the other.

· The response variable is categorical and binary, so the data can be organized in a 2×2 table of counts.

· Researchers used random assignment to put subjects in one of two treatment groups.

But now notice what’s different about our findings in these two examples: 
· With the dolphin study, we found that the observed data are quite surprising under the null model.  So, we had strong evidence to reject the null model that dolphin therapy is not effective, concluding that dolphin therapy is, in fact, effective for treating patients with mild to moderate depression.  
· On the other hand, with the yawning study, we found that the observed data are not at all surprising under the null model.  So, we have no reason to reject the null model that yawning is not contagious.
How did we reach these conclusions?  We used the same reasoning process and analysis strategy in both cases.  Our reasoning process has been to start by supposing that yawning is not contagious, or that dolphin therapy is not effective (our null models), and then ask if the observed experimental results would be unlikely to have occurred just by randomization assuming this null model.  We can summarize our analysis strategy as the three R’s:

· Re-Randomize.  We randomly assigned the subjects into the two treatment groups.  Sure, this was done in the original study, but we did it again assuming the null model that only randomization, not contagiousness of yawns or the effectiveness of dolphin therapy, was at work here.

· Repeat.  To get a sense for how unlikely the observed results were, we had to repeat this randomization process a large number of times.  We started out with hands-on simulations using cards, but then we moved on to using technology for speed and efficiency.

· Reject?  Our strategy is to reject the null model if the actual experimental data are out in the tail of our null distribution.  Such a “tail result” would indicate that the observed data would be very surprising if the null model were true, so the reasonable conclusion would be to reject that null model.  With the dolphin study, the observed result is clearly in the tail, so we have strong evidence to reject the null model.  This gives us strong reason to conclude that dolphin therapy is effective.  On the other hand, with the yawning data, the observed result was not nearly out in the tail, so we have no reason to reject the null model.  Therefore, this study provides no evidence to conclude that yawning is contagious.  

This analysis strategy and reasoning process can be applied to any study with the characteristics that we noted above.

Now let’s introduce some terminology to make it easier to talk about this kind of analysis.

Terminology: The long-run proportion of times that an event happens when its random process is repeatedly indefinitely is called the probability of the event.  We can approximate a probability empirically by simulating the random process a large number of times and determining the proportion of times that the event happens.  

More specifically, the probability that random assignment would produce data as (or more) extreme as an actual study is called a p-value.  Your analyses have approximated this p-value by simulating the random assignment process a large number of times and finding how often we obtained results as extreme as the actual data.  You can obtain better and better approximations by using more and more repetitions in your simulation.  
A small p-value indicates that the observed data would be surprising to occur by random assignment alone, if the null model were true.  Such a result is said to be statistically significant, providing evidence against the null model.  The smaller the p-value, the stronger the evidence against the null model.  Generally speaking:

· A p-value above .10 constitutes little or no evidence against the null model.

· A p-value below .10 but above .05 constitutes moderately strong evidence against the null model.

· A p-value below .05 but above .01 constitutes reasonably strong evidence against the null model.

· A p-value below .01 constitutes very strong evidence against the null model.

--------------------------------------------------------------------------------------------------------------------------------------------

© Rossman, Chance, Cobb, Holcomb
NSF/DUE/CCLI # 0633349
5

