Appendix A (Multiple Choice Questions on Statistical Significance)
Self-developed multiple choice questions - Stat 217 final
Questions 1-7 concern the following scenario:

You want to investigate a claim that women are more likely than men to dream in color.  You take a random sample of men and a random sample of women (in your community) and ask whether they dream in color.  

Note: A “statistically significant” difference provides convincing evidence (e.g., small p-value) of a difference between men and women – This note is optional to include.

1) If the difference in the proportions (who dream in color) between the two groups turns out not to be statistically significant, which of the following is the best conclusion to draw?

	26%
	a) You have found strong evidence that there is no difference between the groups.

	62%
	b) You have not found enough evidence to conclude that there is a difference between the groups.

	12%
	c) Because the result is not significant, the study does not support any conclusion.


2) If the difference in the proportions (who dream in color) between the two groups does turn out to be statistically significant, which of the following is a valid conclusion? 
	12%
	a) It would not be surprising to obtain the observed sample results if there is really no difference between men and women. 

	82%
	b) It would be very surprising to obtain the observed sample results if there is really no difference between men and women.

	6%
	c) It would be very surprising to obtain the observed sample results if there is really a difference between men and women.


3) Suppose that the difference between the sample groups turns out not to be significant, even though your review of the research suggested that there really is a difference between men and women.  Which conclusion is most reasonable?

	6%
	a) Something went wrong with the analysis.

	6%
	b) There must not be a difference after all.

	88%
	c) The sample size might have been too small.


4) If the difference in the proportions (who dream in color) between the two groups does turn out to be statistically significant, which of the following is a possible explanation for this result?

	8%
	a) Men and women do not differ on this issue but there is a small chance that random sampling alone led to the difference we observed between the two groups.

	30%
	b) Men and women differ on this issue.

	62%
	c) Either (a) or (b) are possible explanations for this result.


5) Reconsider the previous question.  Now think about not possible explanations but plausible explanations.  Which is the more plausible explanation for the result?

	28%
	a) Men and women do not differ on this issue but there is a small chance that random sampling alone led to the difference we observed between the two groups.

	36%
	b) Men and women differ on this issue.

	36%
	c) They are equally plausible explanations.


6) Suppose that two different studies are conducted on this issue.  Study A finds that 40 of 100 women sampled dream in color, compared to 20 of 100 men.  Study B finds that 35 of 100 women dream in color, compared to 25 of 100 men.  Which study provides stronger evidence that there is a difference between men and women on this issue?

78%
a) Study A

2%
b) Study B

20%
c) The strength of evidence would be similar for these two studies

7) Suppose that two more studies are conducted on this issue.  Both studies find that 30% of women sampled dream in color, compared to 20% of men.  But Study C consists of 100 people of each sex, while Study D consists of 40 people of each gender.  Which study provides stronger evidence that there is a difference between men and women on this issue?

82%
a) Study C 

8%
b) Study D

10%
c) The strength of evidence would be similar for these two studies

8) You plan to use a random sample of students at your school to investigate a claim that the average amount spent on the most recent haircut by the population is more than $15.  Why would a large (random) sample be better than a small one?

a) Because you’re more likely to get extreme haircut prices with a larger sample.
b) Because larger samples produce less variability in haircut prices within sample results.
c) Because larger samples produce less variability in average haircut prices from sample to sample.

(CAOS) 9) Researchers surveyed 1,000 randomly selected adults in the U.S. A statistically significant, strong positive relationship was found between income level and the number of containers of recycling they typically collect in a week. Please select the best interpretation of this result.
a) We cannot conclude that earning more money causes more recycling among U.S. adults because this type of design does not allow us to infer causation.
b) This sample is too small to draw any conclusions about the relationship between income level and amount of recycling for adults in the U.S.
c) This result indicates that earning more money influences people to recycle more than people who earn less money.

10) Alicia wants to know if she receives higher tips, on average, when she gives customers her name compared to when she does not.  She decides to track her tips for one week keeping track of the amounts and whether she gives the customers her name or not.  She finds that giving her name led to a statistically significant higher average tip amount.  Of the options below, what additional information is necessary for Alicia to be able to conclude that giving her name causes a higher tip, on average?

a) The number of tables where she does and does not give her name
b) The method Alicia used to decide which tables she would tell or not tell her name
c) No additional information is necessary because the result was statistically significant

CAOS questions - Post-calculus students with ISCAM text
19. A graduate student is designing a research study. She is hoping to show that the results of an experiment are statistically significant. What type of p-value would she want to obtain?


0%      A large p-value. 


100%  A small p-value (vs. 67.9% national comparison group)


0%      The magnitude of a p-value has no impact on statistical 





significance. 
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25.
The probability of getting results as extreme as or more extreme than the ones in this study if the drug is actually not effective.



76.2% Valid

23.8%  Invalid (vs. 57.1%)

14/18 and 18/24

26.
The probability that the drug is not effective.



16.7% Valid

83.3%  Invalid (60.1%)

14/18 and 21/24

27.
The probability that the drug is effective.



26.2%  Valid

73.8%  Invalid (59.4%)

14/18 and 17/24

37. A student participates in a Coke versus Pepsi taste test. She correctly identifies which soda is which four times out of six tries. She claims that this proves that she can reliably tell the difference between the two soft drinks. You have studied statistics and you want to determine the probability of anyone getting at least four right out of six tries just by chance alone. Which of the following would provide an accurate estimate of that probability?

0% 
Have the student repeat this experiment many times and calculate the percentage time she correctly distinguishes between the brands. 

57.1%  Simulate this on the computer with a 50% chance of guessing the correct soft drink on each try, and calculate the percent of times there are four or more 
correct guesses out of six trials.  (vs. 22.4%)

0% 
Repeat this experiment with a very large sample of people and calculate the percentage of people who make four correct guesses out of six tries. 

42.9%  All of the methods listed above would provide an accurate estimate of the probability.
Multiple Choice Questions Used for 2x2 Table Arm of the Experiment

You want to investigate whether a student is more likely to win on a certain video game when they are offered a $5 incentive than when they are simply told to “do their best.”  Forty subjects are randomly assigned to one of two groups, with one group being offered $5 for a win and the other group simply being told to “do their best.”
1. The null model for this study would be that:

a) the $5 incentive makes students more likely to win
b) the $5 incentive does not affect likeliness of winning
c) students are equally likely to win or lose
2. A simulation analysis of this study would mimic which of the following processes?

a) Shuffle and deal 40 cards into 2 groups of 20 each, and repeat that a large number of times (say, 1000).

b) Shuffle and deal 40 cards into 2 groups of 20 each.

c) Shuffle and deal a large number of cards (say, 1000).

3. Suppose that two different researchers (Alicia and Barbara) conduct this study, obtaining the following results:

	Alicia
	$5 incentive
	“Do your best”
	Total

	Win
	16
	8
	24

	Lose
	4
	12
	16

	Total
	20
	20
	40

	Success rate
	.80
	.40
	.60


	Barbara
	$5 incentive
	“Do your best”
	Total

	Win
	13
	11
	24

	Lose
	7
	9
	16

	Total
	20
	20
	40

	Success rate
	.65
	.55
	.60


Who would have the smaller p-value?

a) Alicia

b) Barbara

c) The p-values would be the same.

4. If the difference between the groups does turn out to be statistically significant (with a very small p-value), which of the following is a possible explanation for this result?
a) The $5 incentive is not really helpful, and a surprising result occurred.
b) The $5 incentive really is helpful.
c) Either (a) or (b) are possible explanations for this result.


5. Reconsider the previous question.  Now think about not possible explanations but plausible explanations.  Which is the more reasonable/believable explanation for the result?
a) The $5 incentive is not really helpful, and a surprising result occurred.
b) The $5 incentive really is helpful.
c) Either (a) or (b) are plausible explanations for this result.


6. For each of the following interpretations of p-value, indicate (by circling) whether it is valid or invalid.

a) A p-value is the probability that the $5 incentive is not really helpful.




Valid


Invalid

b) A p-value is the probability that the $5 incentive is really helpful.




Valid


Invalid

c) A p-value is the probability that the $5 incentive group would have a higher success rate than the “do your best” group.




Valid


Invalid

d) A p-value is the probability that she would get a result as extreme as the researcher actually found, if the $5 incentive is really not helpful.




Valid


Invalid

e) The p-value is the probability that a student wins on the video game.




Valid


Invalid

7. Suppose that the study produces a very small p-value.  Which is a legitimate interpretation of this p-value?  (You may circle multiple interpretations here.)

a) Results like theirs would rarely occur if the experiment had been conducted properly.
b) Results like theirs would rarely occur if the null model were true. 
c) Results like theirs would rarely occur if the $5 incentive was really helpful. 
d) Results like theirs are very unlikely to occur. 

8. Suppose that the results turn out to be:

	
	$5 incentive
	“Do your best”
	Total

	Win
	15
	9
	24

	Lose
	5
	11
	16

	Total
	20
	20
	40

	Success rate
	.75
	.55
	.60


This produces a p-value of .053.  Fill in the blanks in the following interpretation of this p-value:  

This p-value says that in _____ % of _____________________, the researchers will find 

a difference in success rates of ________________ , assuming 

_____________________________________________.

Multiple Choice Questions for Binomial Setting Arm of the Experiment (A variation on the MC questions used for the 2x2 setting.)
You want to investigate a claim made by a professor on campus that she can successfully predict,

more often than not, which of two candidates will win an election based solely on looking at

photos of the two candidates. You test this claim by showing her photos of the two candidates in

20 different elections and see how many times she correctly identifies the winner.

1. The null model for this study would be that:

a) she really can predict correctly more often than not

b) she has no ability to predict correctly more often than not

c) she would make 17 correct predictions out of 20

2. A simulation analysis of this study would mimic which of the following processes?

a) Toss a coin 20 times, and repeat that a large number of times (say, 1000).

b) Toss a coin a total of 20 times.

c) Toss a coin a large number of times (say, 1000).

3. Suppose that Alicia correctly identifies the winner in 15 (of 20) elections and Barbara

correctly identifies the winner in 17 (of 20) elections. Who would have the smaller p-value?

a) Alicia

b) Barbara

c) The p-values would be the same.

4. If the number that she predicts correctly does turn out to be statistically significant (with a

very small p-value), which of the following is a possible explanation for this result?

a) She really cannot predict correctly more often than not, and a surprising result occurred (she

got very lucky).

b) She really can predict correctly more often than not.

c) Either (a) or (b) are possible explanations for this result.

5. Reconsider the previous question. Now think about not possible explanations but plausible

explanations. Which is the more reasonable/believable explanation for the result?

a) She really cannot predict correctly more often than not, and a surprising result occurred (she

got very lucky).

b) She really can predict correctly more often than not.

c) Both (a) and (b) are equally plausible explanations.

6. For each of the following interpretations of p-value, indicate (by circling) whether it is valid or

invalid.

a) A p-value is the probability that she can not predict correctly more often than not.

b) A p-value is the probability that she can predict correctly more often than not.

c) A p-value is the probability that she would get more than half of her predictions correct.

d) A p-value is the probability that she would get a result as extreme as she actually did if she

were just guessing.

e) The p-value is the probability that she correctly predicts the outcome of the election.

7. Suppose that the study produces a very small p-value. Which is a legitimate interpretation of

this p-value? (You may circle multiple interpretations here.)

a) Results like hers would rarely occur if the experiment had been conducted properly.

b) Results like hers would rarely occur if the null model were true.

c) Results like hers would rarely occur if she was able to predict correctly more often than not.

d) Results like hers are very unlikely to occur.

8. Suppose that she gets 11 out of the 20 predictions correct, which produces a p-value of .412.

Fill in the blanks in the following interpretation of this p-value:

This p-value says that in _____ % of _____________________, she will get ______

correct predictions, assuming _____________________________________________.
