Practice Exam 3
Independent measures t-test

A student completing a senior project decides to investigate stress levels among college students. Specifically, she wants to know if freshmen or seniors experience more stress. To assess stress levels she asks 12 freshmen and 12 seniors to complete a survey designed to measure stress levels. The data are as follows:
Freshmen:
20, 43, 56, 76, 45, 87, 12, 34, 65, 58, 42, 100

Seniors:
90, 30, 80, 60, 64, 37, 84, 27, 87, 54, 38, 92

1. What are the null and research hypotheses for this statistical analysis? Do a two-tailed test.
2. Compute the independent samples t. Do the computations in SPSS as well and make sure you can identify the numbers in the output and understand how they relate to your hand calculations.
3. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05. 
4. Compute the effect size of this study.

5. Write a one-sentence summary of these results in APA style.
6. Explain why a two-tailed test was a more appropriate choice than a one-tailed test. 
7. What is the probability that this researcher made a Type I error?
Repeated t-test
A sports psychologist wants to know if weight training is leads to more positive mood. To assess the effects of weight training on mood, she obtained a sample of 10 people who had never weight trained and measured their mood. She then instructed them in proper weight training techniques and had them follow a training program for one month. At the end of the month the participants’ mood was measured again. The mood scale was scored such that higher numbers indicate more positive mood. The data are as follows:
Subject

Prior to weight training
After weight training
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8. What are the one-tailed null and research hypotheses for this statistical analysis? 
9. Compute the repeated measures t-test. Do the computations in SPSS as well and make sure you can identify the numbers in the output and understand how they relate to your hand calculations.
10. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05, one-tailed. 
11. Compute the effect size of this study.

12. Write a one-sentence summary of these results in APA style.
13. Explain why a one-tailed test was an appropriate choice for this study. 
14. What is the primary advantage associated with using a one tailed test?

15. What is the probability that this researcher made a Type I error?
Single Sample t-test

A recent study revealed that the average weight of babies born in the US is 7.5 pounds. This number is lower than recent years and so researchers are interested in determining what factors are associated with lower birth weights. One researcher decides to look at the age of the mother to determine if younger mothers have babies that are significantly heavier or lighter than average. To study this the researcher collects data from 87 babies who were born to mothers between the ages of 16 and 18. The average weight for these babies was 7.3 pounds with a standard deviation of .6 pounds. 

16. What are the two-tailed null and research hypotheses for this statistical analysis? 
17. Compute the single sample t-test. Do the computations in SPSS as well and make sure you can identify the numbers in the output and understand how they relate to your hand calculations. 
18. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05, two-tailed. 
19. Compute the effect size of this study.

20. Write a one-sentence summary of these results in APA style.
21. For this study, how much of a difference would you expect between the sample mean and the population mean (7.5) assuming that the null hypothesis is true?

Related Samples t-test

After reading an article about the benefits of acupuncture, a researcher decides to conduct an experiment to determine if acupuncture has an effect on back pain. The researcher recruits 11 people with chronic back pain to participate in a study. Each participant rates his/her back pain prior to the acupuncture and following the acupuncture. Ratings are made on a 10 point scale with higher numbers indicating greater back pain. The data are as follows:
Subject

Prior to acupuncture

After acupuncture
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22. What are the two-tailed null and research hypotheses for this statistical analysis? 
23. Compute the repeated measures t-test. 

24. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05, two-tailed. 
25. Compute the effect size of this study.

26. Write a one-sentence summary of these results in APA style.
Independent Measures t-test

A different research reads the results of the acupuncture study described above and thinks that it is possible that the participants rated their back pain as less severe after acupuncture simply because of the placebo effect. To test this possibility he conducts a different study with two separate groups. One group receives acupuncture. The other group receives “placebo acupuncture” and needles are inserted into areas that are not thought to be related to back pain. If the acupuncture is effective, he expects the acupuncture group to have lower levels of reported back pain that the placebo group. The data are as follows:


Acupuncture

    Placebo Acupuncture
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27. What are the null and research hypotheses for this statistical analysis? Do a one-tailed test.
28. Compute the independent samples t. 

29. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05, one-tailed. 
30. Compute the effect size of this study.

31. Write a one-sentence summary of these results in APA style.
32. Which of the following would be the correct way to enter these data into SPSS?

A.                                                      B. 
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Single Sample t-test

The captain of a swim team believes that swimmers are smarter and better students than other students at their college. To test this hypothesis, he obtains the composite ACT scores for all members of the swim mean and compares them to the national average 21.1. The mean for the twenty members of the swim team was 22.6 (SD = 3.40). 
33. What are the one-tailed null and research hypotheses for this statistical analysis? 
34. Compute the single sample t-test. 

35. Locate the critical region and decide if you should you reject or fail to reject the null hypothesis. Use an alpha of .05, one-tailed. 
36. Compute the effect size of this study.

37. Write a one-sentence summary of these results in APA style.
38. The student chose to compare the swim team to the national average on the ACT. What other comparison group might have been more appropriate?

39. What is the probability that this researcher made a Type I error?
SPSS
Researchers have found that sporting events are related to calls to the police for domestic violence cases in which a male assaulted his wife/partner. Recent data suggests that these types of calls increase in areas where the local NFL team lost a game they were favored to win. A sports psychologist is intrigued by these results and designs a study to test this effect under more controlled circumstances. Students are recruited to participate in a study immediately after leaving a football game. Some of the students were recruited after the team lost a game they were expected to win and others were recruited after the team lost a game they were expected to lose. All students were asked to complete a questionnaire assessing anger and propensity toward aggression. Higher numbers indicate greater anger and aggression. The researcher decided to do a one-tailed test with an alpha of .05. The SPSS follows:
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40. What type of t-test was used to analyze these data? 

41. How many students completed the survey?
42. Was the homogeneity of variance assumption violated?

43. What is the value of the t-statistic?

44. What was one tailed p value?

45. Should the researcher reject or fail to reject the null hypothesis?
46. Write a one-sentence summary of these results in APA style.
A clinical psychologist knows that exercise can help alleviate depression, but is not sure how to encourage her clients to exercise and so she decides to collect data as she tests a variety of different approaches. She begins by working with a sample of clients who currently do not exercise at all. The first approach she tries is spending 30 minutes talking with clients about the benefits of exercise and suggesting ways that they could fit exercise into their lives. Each day clients are told to write the total number of minutes they spent engaging in exercise during the day. At the end of the month the psychologist records the average number of  minutes of exercise for each client.  The SPSS output follows:
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47. What type of t-test was used to analyze these data? 

48. How many clients were included in this sample? 

49. On average, how many minutes did the clients exercise each day?

50. What value is the sample mean being compared to?

51. What is the value of the t-statistic?

52. What was one tailed p value?

53. Explain why the researcher MUST use a one tailed test for these data. 

54. Should the researcher reject or fail to reject the null hypothesis? (use alpha of .05)
55. Write a one-sentence summary of these results in APA style.
Research has shown that salt increases the blood pressure of some people but not others. One variable that may influence the effect that salt has on blood pressure is exercise. A researcher recruits a group of people who exercise at least 400 minutes a week to participate in a study. The systolic blood pressure of each person was measured and then they were instructed to eat a high sodium diet for one week while continuing to exercise. After one week, systolic blood pressure was measured again. The SPSS output follows:
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56. What type of t-test was used to analyze these data? 

57. How many people were included in this sample? 

58. What was the mean systolic blood pressure prior to eating a high salt diet?

59. What was the mean systolic blood pressure after eating a high salt diet?

60. What is the value of the t-statistic?

61. What was two tailed p value?

62. Should the researcher reject or fail to reject the null hypothesis?
63. Write a one-sentence summary of these results in APA style.
Pick the correct statistic

You do not need to work out the following problems, just determine which test statistic is appropriate. You may use each statistic more than once and you may not need to use all of the statistics.  When recording your answers use the following letters:

a. z for a single score

c. single sample t

e. repeated/related measures t

b. z for a sample mean

d. independent measures t


64. Does it matter what is on the front of a box of cereal? To determine if children are influenced by the picture on the cereal box a researcher asked children to taste some cereal. All of the cereal was the same, but on half of the boxes there was a picture of a popular TV character. On the other half of the boxes there was no TV character. The children tasted the cereal and indicated how much they liked it on a scale of 1 to 5. Overall, the children who saw the popular TV character on the box thought that the cereal tasted better than the children who did not see the TV character on the box. 
65. A market researcher wonders if consumers are influenced by the color of their orange juice. To determine if consumers prefer orange juice that is more orange, she asks shoppers to taste two “types” of orange juice. One juice is the store brand. The other juice is the store brand with food coloring added to make it appear more orange. All shoppers tasted both types of juice and rated the sweetness of each juice on a 7 point scale, with higher numbers indicating greater sweetness.
66. A recent study in Sweden revealed that mothers take more sick days from work than do fathers. A different study found that men and women do not differ in the number of sick days prior to having children. What statistic could be used for both of these studies? 
67. A CEO hears that women take more sick leave after having babies and decides to work on this problem at her company. Specifically, the company institutes programs that include flexible work hours as well as the opportunity to work at home. Prior to instituting this new plan, the mean number of sick days taken by mothers in the company was µ = 10.2 per year they try to change their policies. The company plans to record the number of sick days mothers in the company take for the year following the implementation of the new program. What statistic should be used to analyze these data?
68. Suppose that sick days at a large company are normally distributed with a mean of 10.2 and a standard deviation of 2.3. What percent of people take 14 or more days of sick leave each year? 

69. A recent study revealed that children who were breastfed for as little as four weeks had higher grades in school than children who were not breastfed. The children in the two groups were matched on a number of important variables, including sex, birth weight, their mother's age and marital status, parents' job status and education, and their home environment. 
70. A researcher wonders if children who were breastfed as babies are doing better in school because they have a higher IQ. To determine if this is the case the researcher obtains a sample of 90 children who were breastfed for at least 8 weeks as babies and measures their IQ. The mean for these children was 102 with a standard deviation of 14. Scores on a popular standardized test have a mean of 100 with a standard deviation of 15. Is there evidence that the children who were breastfed have a higher IQ than the general population? 

71. Research has shown that married people tend to have better psychological health than unmarried people. A student wonders if this is true for young couples. Specifically, the student decides to obtain a sample of fifteen men who are between 19 and 20 years and are married as well as a sample of fifteen men who are between 19 and 20 years old and are single (not in a committed relationship). All men will complete a questionnaire designed to measure their psychological well-being on which scores range from 0-300 with higher numbers indicating greater psychological well-being. Which statistic should be used to analyze these data? 
72. The faculty member supervising the student project is worried that the student may have difficulty finding 15 men who are married and are between 19 and 20. Suppose that the average age of married men is 41.2 with a standard deviation of 5.1 years. Assuming that the ages are normally distributed, what percent of married men are between 19 and 20 years old? 
73. In general, women tend to do worse on the math portion of the SAT than men. In 2010, the mean SAT score for women was 500 with a standard deviation of 112. The mean SAT score for men was 534 with a standard deviation of 118? What percent of women scored higher than the average man?

74. In the US, girls tend score lower on some types of math tests than boys. A psychologist wonders if this difference might be reflected in the toys parents request for boys and girls. The psychologist obtains records for the baby registries for 50 boys and 53 girls. For each registry he records the number of books and toys that are related to math (i.e., toys and books that involve counting, measuring, basic geometry, etc…). What statistic should be used to analyze these data?
An experiment was done to determine if a program designed to improve the body image of young girls and boys was effective. 
75.  In this scenario, which of the following describes what a Type I Error would be?  
a. concluding that the program did improve body image when it really did not. 

b. concluding that the program did not improve body image when it really did not. 

c. concluding that the program did improve body image when it really did. 

d. concluding that the program did not improve body image when it really did. 

76.  In this scenario, which of the following describes what a Type II Error would be? 
a. concluding that the program did improve body image when it really did not. 

b. concluding that the program did not improve body image when it really did not. 

c. concluding that the program did improve body image when it really did. 

d. concluding that the program did not improve body image when it really did. 

77.  In this scenario, which of the following describes what Statistical Power would be?  

a. concluding that the program did improve body image when it really did not. 

b. concluding that the program did not improve body image when it really did not. 

c. concluding that the program did improve body image when it really did. 

d. concluding that the program did not improve body image when it really did. 

78. A researcher gives one group of ten people a placebo for one week and another group of 10 people an anti-anxiety drug for one week. At the end of the week she measures the anxiety levels of the people in the two groups. The anxiety levels for the placebo group M = 54.20 (SD = 8.43) were not significantly different than the anxiety levels for the drug group was M = 50.43 (SD = 9.34), t(18) = .93, p > .01, two-tailed, d =.42. Explain how this researcher could increase statistical power in her next study. You should be able to describe 4 things that could be done. 

79. As n increases, what happens to the critical value (assume that alpha is .05)?


a. it moves closer to 0


b. it moves further from 0

         
c. it does not change

80. As n increases, what happens to the size of the critical region (assume that alpha is .05)?


a. it moves closer to 0


b. it moves further from 0

         
c. it does not change

81. The independent measures t and the related measures t have the same basic structure. Explain what is measured by the numerator and the denominator. 

82. How can you reduce the size of the denominator for a t-test?
83. Explain why you would want to reduce the size of the denominator for a t-test. 
84. What do you expect the t-statistic to equal if the null hypothesis is true?

85. What do you expect the t-statistic to equal if the null hypothesis is false?

86. What are the advantages of a using a related/repeated measures design as compared to an independent measures design? 

87. Compute and interpret a 95% confidence interval for the mean difference between stress levels among Freshmen and Seniors. 
Freshmen: M = 53.17, SD = 26.09, n = 12
Seniors:  M = 61.92, SD = 24.57, n = 12
88. Compute and interpret a 95% confidence interval for the mean difference between mood ratings before and after a one month weight training program. 
MD = .90, SDD = 1.37, N = 10 

89.  Compute and interpret a 95% confidence interval for the weight of babies born to young mothers.

M = 7.3, SD = .6, N = 87
90. True or False. Assuming all everything else is held constant, as the sample size increases, the width of the confidence interval decreases. 

91. True or False. Assuming all everything else is held constant, as the amount of sampling error increases, the width of the confidence interval decreases. 

92. True or False. Assuming all everything else is held constant, as level of confidence increases, the width of the confidence interval decreases. 

Answers
1. H0: Stress levels of freshmen are not significantly different from the stress levels of seniors; µ1= µ2
H1: Stress levels of freshmen are significantly different from the stress levels of seniors; µ1≠ µ2
2. Mfreshmen = 53.17, SD = 26.09

Mseniors = 61.92, SD = 24.57

SDp2 = 642.12

SEM = √(642.12/12) + (642.12/12) = 10.35

t = (53.17-61.92)/10.35 = -.85

3. df = (12-1) + (12 – 1) = 22, reject H0 if t > 2.0739 or t < -2.0739  

4. d = (53.17-61.91)/ √642.12 = -.35, medium
5. Seniors (M = 61.92, SD = 24.57) did not report significantly more stress than freshmen (M = 53.17, SD – 26.09), t(22) = -.85, p > .05, d = -.35, two-tailed.  

6. A two-tailed test is more appropriate whenever there is not a clear prediction about which group should have a higher/lower mean. 

7. 0. You can only make a Type I error if you reject the null hypothesis. 
8. The answers to this problem are reported for Difference scores computed as After weight training – Prior to weight training. If you subtract in the other direction the critical regions and the null and research hypotheses need to change to reflect that. 

H1: Participants will report more positive mood after weight training than prior to weight training; µD> 0 

H0: Participants will not report more positive mood after weight training than prior to weight training; µD< 0 
9. Begin by computing all of the difference scores: 2, 2, 3, -1, 1, 1, 0,-1, 2, 0 
MD = .90, SDD = 1.37, SED = 1.37/√10 = .43, t = .90/.43 = 2.08

10. df = (10-1) = 9 reject H0 if t > 1.8331
11. .9/1.37 = .66, medium

12. Participants reported a significantly more positive mood after weight training (M = 5.50, SD = 1.84) than before weight training (M = 4.60, SD = 1.78), t(9) = 2.08, p < .05, one-tailed, d = .77. 
13. A one tailed test is appropriate whenever there is a clear prediction about which mean should be higher/lower. 

14. More statistical power. 

15. .05 (the alpha level)

16. H0: The babies of young mothers will not be significantly different than the weight of babies in the general population. µ = 7.5

H1: The babies of young mothers will be significantly different than the weight of babies in the general population. µ ≠ 7.5
17. t = (7.3-7.5)/.6/√87 = -3.33
18. df = 86, reject H0 if t < -1.9879 or t > 1.9879
19. d = (7.3-7.5)/.6 = -.33, medium

20. Babies of young mothers between the ages of 16 and 18 weighed less (M = 7.30, SD= .60) than babies in the general population (µ = 7.50), t(86) = -3.33, p < .05, two-tailed, d = -.33.

21. 0; no difference is expected if the null hypothesis is true. 

22. H0: Ratings of back pain will not be significantly different after received acupuncture; µD= 0 

H0: Ratings of back pain will be significantly different after received acupuncture; µD≠ 0 

23. t = (1.36-0)/(1.29/√11) = 3.52   (Difference scores were computed as prior to acupuncture-after acupuncture). If you did it in the opposite direction you will obtain a negative t)

24. df = 10 reject H0 if t >2.2281 or t <-2.2281
25. d = 1.36/1.29 = 1.05, large

26. Participants reported significantly less back pain after receiving acupuncture (M = 7.00, SD = 1.41) than before receiving acupuncture (M = 8.36, SD = 1.21), t(10) = 3.52, p < .05, two-tailed, d = 1.05. 

27. H1: People who receive acupuncture will report less back pain than people who receive the placebo treatment; µ1< µ2
H0: People who receive acupuncture will not report less back pain than people who receive the placebo treatment; µ1< µ2
28. Acupuncture M1 =8.36, SD1= 1.21, SS1 = 14.64; Placebo M2 =7.36, SD2 = 1.57, SS2 = 24.65.
SDp2 = (14.61+24.65) / (10 +10) = 1.96

SEM = √(1.96/11) + (1.96/11) = .60

t = (8.36-7.36)/.6 = 1.67
29. df = (11-1) + (11-1) = 20  reject H0 if t <-1.7247 (despite what the sample means say, you would expect the acupuncture group to have less back pain than the placebo group)
30. d = (8.36-7.36) / √1.96 = .71, medium

31. People who received acupuncture did not report less back pain (M =8.36, SD= 1.21) than people who received the placebo treatment (M =7.36, SD = 1.57), t(20) = 1.67, p > .05, one-tailed, d = .71. 

32. B (the second file with one column for treatment and one column for back pain)

33. H0: The members of the swim team will not have higher ACT scores than the national average. µ < 21.1

H0: The members of the swim team will have higher ACT scores than the national average. µ >21.1

34. t = (22.6-21.1)/3.40/√20 = 1.97
35. df = 19, reject H0 if t >1.73
36. d = (22.6-21.1)/3.40 = .44, medium
37. The members of the swim team had significantly higher ACT scores (M = 22.6, SD = 3.40) than the national average (µ = 21.1), t(19) = 1.97, p<.05, one-tailed, d = .44.

38. Students at the same university. 

39. .05 (alpha)

40. Independent measures t

41. 19

42. No, sig = .810

43. 3.65

44. .002./2 = .001

45. Reject

46. People reported more anger and aggression after watching a game that the team was expected to lose and then did lose (M =7.38, SD= 1.41) than after watching a game that the team was expected to win and then lost (M =4.64, SD = 1.75), t(17) = 3.65, p < .05, one-tailed. 

47. Single sample t
48. 26

49. 6.11

50. 0

51. 2.49

52. .02/2 = .01

53. Because it is impossible to have negative scores. The lowest possible number is 0. If you choose to do a two-tailed test, your alpha value will really be half of whatever it is set at (e.g., .025 instead of .05). 

54. Reject

55. The clients exercised significantly more (M = 6.12, SD = 12.54) than 0 minutes a day, t(25) = 2.49, p<.05, one-tailed, d= .49. Although this effect is statistically significant, it is worth noting that the actual amount of exercise was quite low (an average of 6.12 minutes per day). 
56. Related samples t
57. 22
58. 103.09

59. 104.6

60. -1.51

61. .146

62. Fail to reject

63. For people who exercise at least 400 minutes per week, systolic blood pressure readings were not significantly different when eating their normal diet (M =103.09, SD = 8.59) as compared to a high sodium diet (M = 104.59, SD = 8.61), t(21) = -1.51, p > .05, two-tailed, d = .003. 

64. d
65. e

66. d (assuming that the men and women did not come from the same families)

67. c

68. a

69. e

70. b

71. d

72. a

73. a

74. d

75. a

76. d

77. c

78. statistical power could be increased by using a one tailed test, using an alpha of .05 rather than .01, increase the sample size, or increase the size of the treatment effect (give the drug for more than one week). 

79. a

80. c

81. The numerator is the observed difference between two means. The denominator is an estimate of sampling error. It is the difference you would expect due to chance. 

82. Increase the size of the sample or decrease the variability in the study

83. If the denominator of the t-test is smaller, the overall t should be larger (further from zero) which will make it more likely that you obtain a t in the critical region. 

84. 0

85. There is not a specific value. 

86. Related/repeated measures designs control for individual differences. This tends to decrease the size of the denominator of the t and thus moves the t value further from zero. In other words, you have more statistical power with a repeated measures design than an independent measures design, all other things being equal. 

87. Upper: -8.75 + 2.0739(10.35) = 12.71; Lower:  -8.75 - 2.0739(10.35) = -30.21
We are 95% confident that the difference between stress levels of the populations of freshmen and seniors is between the lower and upper boundaries of -30.21 and 12.71

88.  Upper: .90 + 2.262(.43) = 1.87; Lower:  .90- 2.262(.43) = -.07

We are 95% confident that the mood difference before and after weight training in the population is between the lower an upper boundaries of -.07 and 1.87. 
89. Upper: 7.3 + 1.9883 (.6/√87) = 7.43; Lower:  7.3 + 1.9883 (.6/√87) =  7.17

We are 95% confident that the average weight of babies in the population of babies with young mothers is between the lower an upper boundaries of 7.17 and 7.43. 

90. True

91. True

92. False

