Examples of hypothesis testing...

1. Someone hands you a box of a dozen chocolate-covered candies, telling you that half are vanilla creams and the other half peanut butter. You pick candies at random and discover that the first three you eat are all vanilla.
    a. If there really were 6 vanilla and 6 peanut butter candies in the box, what is the probability that you would have picked three vanillas in a row?
    b. Do you think there really might have been 6 of each?
    c. Would you continue to believe that half are vanilla if the fourth on you try is also vanilla? Explain.

2. According to a survey of 1000 adult Americans conducted by Opinion Research Corporation, 210 of those surveyed said playing the lottery would be the most practical way for them to accumulate $200,000 in net wealth in their lifetime. Assume that the sample can be regarded as a random sample of adult Americans. Is there convincing evidence that more than 20% of adult Americans believe that playing the lottery is the best strategy for accumulating $200,000 in net wealth?

3. A peony plant with red petals was crossed with another plant having streaky petals. A geneticist states that 75% of the offspring resulting from this cross will have red flowers. To test this claim, 100 seeds from this cross were collected and germinated, and 58 plants had red petals.
    a. What hypotheses should you use to test the geneticist's claim?
    b. Using a statistical significance level of .01, find a p-value and state your conclusion.

4. In a recent poll, 301 of 502 randomly selected US adults interviewed said they would not be bothered if the NSA collected records of personal telephone calls they had made.
    a. Is there sufficient evidence to conclude that a majority of US adults feel this way? Test the appropriate  hypotheses using a .01 significance level.
    b. If it had been 30 out of 50 people instead, would we reach the same conclusion?
    c. If it had been 3 out of 5 people instead, would we reach the same conclusion? [image: image1.png]




5. An experimenter has prepared a drug-dose level that he claims will induce sleep for at least 80% of people suffering from insomnia. After examining the dosage we feel that his claims regarding the effectiveness of his dosage are inflated. In an attempt to disprove his claim, we administer his prescribed dosage to 50 insomniacs and observe that 37 of them have had sleep induced by the drug dose. Is there enough evidence to refute his claim at the 1% level of significance?

6. A company is criticized because only 13 of 43 people in executive-level positions are women. The company explains that although this proportion is lower than it might wish, it's not surprising given that only 40% of all its employees are women. What do you think? Test an appropriate hypothesis and state your conclusion. Be sure the appropriate assumptions and conditions are satisfied before you proceed. 

7. Census data for a certain county show that 19% of the adult residents are Hispanic. Suppose 72 people are called for jury duty and only 9 of them are Hispanic. Does this apparent under-representation of Hispanics call into question the fairness of the jury selection system? Explain.
Mike’s Solutions:


1a. (6/12)(5/11)(4/10) = about 9 percent.

1b. Sure, it’s possible. The probability of getting three vanillas in a row, assuming the distribution to begin with really was 6 vanilla and 6 peanut butter, is about 9 percent – that’s small, but not small enough to really make me doubt the candy-giver.

1c. The probability of that happening, assuming the initial distribution was 6 vanilla and 6 PB, is (6/12)(5/11)(4/10)(3/9) = about 3 percent. That’s smaller. I would start to question whether there really were 6 PB to begin with. 

2. Here are my hypotheses: null hypothesis is that 20% of adults believe this. Alternative hypothesis is that more than 20% believe this. In short: H0 : p = .20. HA: p > .2.

Now we check the conditions for the sampling distribution of 
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 to be Normal. Do we expect 10 failures and 10 successes, given our assumption that the null hypothesis is true and that p = .2? Yes – 20% of 1000 is definitely greater than 10. so is 80% of 1000. Randomization, independence, small enough: all yes. 

We haven’t specified a significance level so I’ll just choose .05. 

We calculate a p-value (I will use 1-propZtest on my calculator) … I get a p-value of .2145, which is larger than my significance level, so I fail to reject the null hypothesis. There is not convincing evidence.


3a. We should use a two-tailed test here, since before we conduct the survey, we are interested in proving the geneticist wrong, either by showing his prediction is too high OR too low. So, our hypotheses should be H0 : p = .75. HA: p 
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 .75.

3b. We get a very tiny p-value, so we reject the null hypothesis – there is strong evidence that it is NOT TRUE that 75% of the offspring will have red flowers.


4a. In this problem, our H0 : p = .5. HA: p 
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 .5. Check conditions: yeah, they’re all good. Our p-value turns out to be really small, so we reject the null hypothesis – yeah, there’s really good evidence that a majority of US adults feel this way.

4b. Same hypotheses. Check conditions: yeah, they’re all good. Our p-value turns out to be .07, which is greater than .01, so we fail to reject the null hypothesis in this case.

4c. Same hypotheses. This time, however, since np < 10 and nq <10, we cannot proceed with a test (our sample size is too small!) so cannot reach the same conclusion.


5. An experimenter has prepared a drug-dose level that he claims will induce sleep for at least 80% of people suffering from insomnia. After examining the dosage we feel that his claims regarding the effectiveness of his dosage are inflated. In an attempt to disprove his claim, we administer his prescribed dosage to 50 insomniacs and observe that 37 of them have had sleep induced by the drug dose. Is there enough evidence to refute his claim at the 1% level of significance?
Our hypotheses: H0 : p = .8. HA: p 
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 .8.

Conditions: met. (you should say more than this on a test/exam!)

p-value: .14. No, there is not enough evidence.


6. 
Hypotheses: H0 : p = .4. HA: p < .4. What does this all mean in this example? Well… our null hypothesis is that the theoretical true proportion of executives who are women in this company would be 40% -- that their selection criteria for executives is gender-blind, but they just happened accidentally to have fewer than 40% female executives through random variation, not through any selection bias. (Our population of interest, in other words, is all hypothetical employees of the company.) Our alternative hypothesis is that the theoretical true proportion of executives who are women in this company would be less than 40%. 

Testing conditions is a little tricky then. We do the best we can. We have a sample of 43 executives which we imagine as being drawn from a population of potential executives.Do we have a random sample? Well, no, not exactly; but the usual thing to do in this case is to proceed anyway. Do we think the sample is independent? IF the null hypothesis is true (which we are assuming) then we can assume the sample is independent, because each candidate is being judged on merits other than their gender. Sample size large enough? Yes, in a sample of 43 people, we would expect the number of successes and failures to both be greater than 10. Sample size less than 10% of the population? Yes, because our population is “all possible” executives.

I choose a significance level of .05. 
My p-value, .09, is greater than that, so I fail to reject the null hypothesis. I find that the evidence suggesting bias in the company’s hiring practice is not sufficient to argue for the existence of such bias.


7. Census data for a certain county show that 19% of the adult residents are Hispanic. Suppose 72 people are called for jury duty and only 9 of them are Hispanic. Does this apparent under-representation of Hispanics call into question the fairness of the jury selection system? Explain.
Hypotheses: my null hypothesis is that Hispanics will be chosen for juries in proportion to their representation in the population. That is, H0: p = .19. My alternative hypothesis is that Hispanics are less likely to be chosen than that: in other words, HA: p < .19.

Assuming my null hypothesis is true, my conditions are met. (my sample size is 72, which is less than 10% of all potential jurors; 19% of 72 is greater than or equal to 10, and so is 81% of 72; people are selected randomly for jury duty).

I choose a significance level of .05. 

My p-value is .08 – I cannot reject the null hypothesis.
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