SOCY2200  Statistics                                                                 Instructor: Natasha Sarkisian

Week 8 Worksheet Answers: Hypothesis Testing for Single Sample Means 

PART 1: CALCULATING BY HAND
 
Exercise 1. 

Suppose, we had 100 participants in the program and obtained the same results: an average math score of 547, and a standard deviation of s=120. Let’s test the hypothesis again (make sure to write out all the steps, and specify your substantive conclusion). After that, once again evaluate the probability of making both types of error. 

1. H0: μ = 511
    H1: μ > 511  -- since we only expect an improvement in scores, not a decline, we use a directional research hypothesis, and therefore a one-tailed test. 
State hypotheses in words: 
H0: The average SAT math score for students exposed to this program in the broader population of students would be similar to the one for those not exposed to the program (511).  
H1: The average SAT math score for students exposed to this program in the broader population of students would be higher than that for those not exposed to the program (511).
2. We want to be 99% confident if we conclude that this program works – we need to use significance level alpha = 0.01 (1-.99=.01). 
3. Test statistic – Student’s t
4. Compute using the formula: 
t =  (547 – 511)/ (120/sqrt(100)) = 36/(120/10) = 3
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5. Use Table B2 to find the critical value: df=n-1=100-1=99, alpha=0.01, one-tailed test  tcrit = 2.364 (we take a value with df=100)
6. Does computed statistic exceed critical value? 3 is larger than 2.364 so it does exceed the critical value
7. Decision: We can reject the null hypothesis H0:  = 511, in favor of our research hypothesis H1:  > 511. 
8. Substantive conclusion: Based on these data from 100 students, we can conclude with 99% confidence that the program would improves students’ average math SAT scores in the broader population. In other words, the program has a positive effect on math scores, and that effect is statistically significant at .01 level. We can write our finding as: t = 3, p<.01 (one-tailed).

Error probability: We rejected the null  Probability of Type II error is 0; probability of Type I error is based on our alpha, which is .01, so there is a less than 1% chance that we are making Type I error. 
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Exercise 2. 

We know that when taking a commonly used pain medication, patients usually report that their pain is reduced by an average of 3.5 points on the pain scale. We are testing a new pain medication in a sample of 22 patients. We don’t know whether this new medication would work better or worse, but in this sample, we find an average pain reduction of 4.2 points, with a standard deviation of 1.3 points. Is the new drug a better painkiller than the old one? We want to be 95% confident in our conclusion. Once again, write out all the steps, and afterwards, evaluate the probability of making both types of error.

1.  H0:   = 3.5
     H1:   ≠ 3.5  -- we are not sure if the new medication will be better or worse, so we use a non-directional research hypothesis, and two-tailed test.
State hypotheses in words:
H0: New pain medication does not differ from the commonly used pain medication in terms of the average pain reduction it can achieve in the population (i.e., the pain reduction level for new medication is 3.5).
H1: New pain medication differs from the commonly used pain medication in terms of the average pain reduction it can achieve in the population (i.e., the pain reduction level for new medication is different from 3.5).
2. To be 95% confident, we need alpha = 0.05 (1-.95=.05) 
3. Test statistic – Student’s t
4. Compute: t =  (4.2 - 3.5)/ (1.3/sqrt(22)) = 2.53
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5. Use Table B2 to find the critical value: df=n-1=22-1=21, alpha=0.05, two-tailed test  tcrit = 2.08
6. Does the computed statistic exceed critical value? 2.53 > 2.08
7. Decision: We can reject the null hypothesis H0:  = 3.5, in favor of our research hypothesis H1:  ≠ 3.5.
8. Substantive conclusion: Based on these data from 22 patients, we are 95% confident that the new pain medication would provide more pain reduction on average in broader population than the commonly used medication. This effect is statistically significant at .05 level. We can report the result as: t=2.53, p<.05 (two-tailed). 

Error probability: We rejected the null  Probability of Type II error is 0; probability of Type I error is based on our alpha, which is .05, so there is a less than 5% chance that we are making Type I error. 
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