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OBJECTIVES: 

1. Describe the characteristics of a good research hypothesis.

2. Describe the difference between a one-and two-sided hypothesis and when a one-sided approach is legitimate.

3. Explain how the concepts of alpha, beta, Type I error, Type II error, and power are related to the concepts of sensitivity and specificity.

4. Appreciate the difference between the common understanding of P value and the correct definition of P value.

READING:

Hulley, Chapter 5: Hypotheses and Underlying Principles. p 51–63.

OPTIONAL ADVANCED READINGS:

Norman and Streiner. Statistical Inference. p 14–34.

Blume J, Peipert J. What your statistician never told you about P values. J Am Assoc Gynecol Laparosc 2003;10:?

Sterne JAC, Smith GD. Sifting the evidence—what’s wrong with significance tests? BMJ 2001;322:226–231.

Goodman S. Toward evidence-based medical statistics. 1: The P value fallacy. 2: The Bayes factor. Ann Intern Med 1999;130:995-1013. (Excellent but difficult.)

Rothman and Greenland. Modern Epidemiology. 2nd Ed. p 183-199.

Moher, Dulberg, Wells. Statistical power, sample size, and their reporting in randomized controlled trials. JAMA 1994;272:122-4.

Goodman and Berlin. The use of predicted confidence intervals when planning experiments and the misuse of power when interpreting results. Ann Intern Med 1994;121:200-206.

QUESTIONS:

1. What’s the definition of a false positive rate:
· probability of a false result if Test +, or
· probability of a false result if there truly is no disease (Disease –)?

As a clinician, which of the two probabilities above is most important for making decisions?

What do you need to know in order to calculate the first probability?

2. Is a P value a false positive rate?


If yes, then which one:

· probability of a false result if the study is positive (shows difference); or
· probability of a false result if there truly is no difference?

As a clinician, which of the two probabilities is most important for making decisions?


What do you need to know to calculate the first probability?

3. The ACP Journal Club describes 25 studies, each with at least one P value and corresponding 95% confidence interval. Assume that the 25 studies are independent. What’s the probability that all 25 of the 95% confidence intervals really contain the true result? (Or, alternatively, how likely is it that at least one of the confidence intervals is “wrong,” ie, misses the true value because of error due to chance?)

4. Suppose you are designing a trial that compares a brief educational intervention to improve the cardiovascular physical examination skills for Medicine residents with the usual educational approach. The intervention is cheap and without risk. If it’s demonstrated to be successful, then patients will benefit tremendously and the resident physicians will swell with professional pride. In planning the sample size, you must choose acceptable levels of alpha and beta errors. In this example, which is most important, alpha or beta error? Ideally, how will you make your choice? Justify your decision; and note that an appeal to “tradition” or “authority” is unacceptable (since we are dealing with science, not law or politics).

5. The trial described above is carried out with 20 residents in each of two groups (experimental and control). The outcome is a continuous measure that assesses CV examination skills. The t test is significant (t=2.7, d.f.=18, P=0.01). Mark each of the following 6 statements as either True or False.
a) You have absolutely disproved the null hypothesis (that there is no difference between the population means).

b) You have found the probability of the null hypothesis being true.

c) You have absolutely proved your experimental hypothesis (that there is a difference between the population means).

d) You can deduce the probability of the experimental hypothesis being true.

e) You know, if you decided to reject the null hypothesis, the probability that you are making the wrong decision.

f) You have a reliable experimental finding in the sense that if, hypothetically, the experiment were repeated a great number of times, you would obtain a significant result on 99% of occasions.

6. Which of the six statements above (a-f) is the usual interpretation you place on the outcome of a significance test? If none fits your usual interpretation, then write down your usual interpretation and be prepared to share it in class.

7. A clinical trial of a new drug gave a higher proportion of successes than did the placebo. The report ended with the statement that the statistical test was significant 
(P < 0.05). Which of the follow are valid implications of these results:

· Fewer than 1 patient in 20 will fail to benefit from the drug.

· The chance that an individual patient will fail to benefit is less than .05.

· If the drug were effective, the probability of the reported finding or one more extreme is less than 1 in 20.

· If the drug were ineffective, the probability of the reported finding or one more extreme is less than .05.

· The power of the test exceeds 0.95.

8. The Cook County Asthma Study is a randomized trial with quality of life as a major outcome measure. The quality of life instrument has 4 subscales: physical function, symptoms, emotional function, and social function. Because of concern about multiple hypothesis testing, the investigators used a Bonferroni correction, dividing the usual alpha by 4 (.05/4 = .0125). Therefore, only p values less than 0.0125 would be considered significant. What effect will this have on:

· Type I error rate.

· Type II error rate.

· Power.

9. Does your research project have a “good” hypothesis? See Hulley and Cummings for their perspective on “good” hypotheses—simple, specific, and stated in advance.

10. Does your research question require a two-tailed or one-tailed hypothesis?

11. Suppose the CV Exam investigators choose a one-tailed test and the result is significant (t=2.77, P=0.009, two-tailed) for their sample size of 40 subjects. These results are important, so you decide to replicate the results with 20 new subjects. When these 20 new subjects are analyzed separately (ie, not combined with the earlier 40), what is the likelihood that the results will be significant at P<0.05? No calculation is expected; just use your intuition:  low (0-30%), medium (30-70%), or high (70-100%).

12. Suppose, instead, that the original study only had 20 subjects and the results were nonsignificant (t=1.39, P=0.18, two-tailed). Since you think this is a potentially important intervention, you decide to repeat the study with a larger sample, 40 subjects. What is the likelihood that the repeat study (twice the sample size) will yield a significant result at P<0.05? (Intuitive guess: low, medium, or high.)
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