SOCY2200 Statistics							Instructor: Natasha Sarkisian

Worksheet Week 8: Hypothesis Testing for Comparing One Sample Mean to a Number

To learn the basic hypothesis testing process, we will start with situations when you need to compare one sample mean to a number that you have from prior research or your theory. 

Example: the one we considered in our lecture. We know that the average height of women in the U.S. is 64”. In our sample of 100 women enrolled in college, average height is 65.5” and SD=5. Can this be due to the chance or does this mean that women who are in college have different average height than American women in general?
(In other words: Does our sample come from a population with a mean of 64” or a different population with another mean?)

Formal process: 

1. State your null and research hypotheses: 
H0: μ = number 
The research hypothesis can be directional (use one-tailed test): H1: μ > number or H1: μ < number 
Or it can be non-directional (use two-tailed test): H1: μ ≠ number 

Our example: 
H0: μ = 64  The average height of women in college in the population is 64”.
H1: μ ≠ 64 The average height of women in college in the population is different from 64”.
(non-directional H1 because no direction is hypothesized in the way the problem is formulated – we have no expectations before looking at our sample data)

2. Select the alpha level (the level of risk of Type I error that you are willing to take): the most common choice is 0.05; other common choices for more stringent tests are 0.01 and .001; for smaller samples, we sometimes use .10. 

Our example: let’s select 95%.

3. Identify the test statistic that you need to use. This will depend on the type of test we do; we will address these choices as we learn different types of tests.

Our example: We will use the Student’s t (which is very similar to z scores after sample size reaches 30). 

4. We compute it using the formula: 
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Our example: Here, we calculate (65.5-64)/(5/sqrt(100))=1.5/0.5=3

5. Use the table to find the critical value: We need to use Table B2 and find the value of t based on three pieces of information: df=n-1, our selected alpha level, and whether our test is one-tailed vs two-tailed. 

Our df=100-1=99, we will use 100. 
Our alpha is .05.
The test will be two-tailed because H1 is non-directional.

From Table B2  1.984.

6. Compare computed value with the critical value – we compare the absolute values, so if the computed value is negative, change it to a positive one , then compare. 

Our example: test statistic of 3 is larger than the critical value of 1.984.

[bookmark: _GoBack]7. State your decision about H0: If your computed value is larger than the critical value reject H0 in favor of H1. If your computed value is smaller or equal to the critical value fail to reject H0. 

Our example: we reject H0 in favor of H1. 

8. State your substantive conclusion. If you rejected H0, you can state that you are 95% (or 90%, or 99%, or 99.9%) confident that the mean is different (larger or smaller) from the one you assumed originally. If you failed to reject H0, you can state that we do not have evidence to conclude that the mean is different from the one you assumed. 

Our example: Based on the results from a random sample of 100 women in college, we are 95% confident than college women, on average, are taller than women in the general population. 
[If we would fail to reject H0, we would say: Based on the results from a random sample of 100 women in college, we do not have enough evidence to conclude with 95% confidence that college women, on average, have different height than women in the general population.]

What is our probability of Type I and Type II error in this case?

We rejected H0  probability of Type II error is 0
Probability of Type I error = alpha we selected = .05

Another Example 

Suppose we know that in the general population of students, the average SAT math score is 511. We developed a new program that is designed to help students improve their math scores. We randomly select 25 students to participate in the program; after that, they take SAT and get an average math score of 547, and a standard deviation of s=120. Based on that, can we conclude that our program works – that is, that it actually improves students’ SAT scores? We want to have 99% certainty about our conclusion before recommending that this program is implemented everywhere. After reaching the decision, discuss the probability that you are making Type I and Type II 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 is no different from the one for the general population (511). 
H1: The average SAT math score for students exposed to this program is higher than that for the general population (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(25)) = 36/(120/5) = 1.5 

5. Use Table B2 to find the critical value: df=n-1=25-1=24, alpha=0.01, one-tailed test. We find tcrit = 2.492. 

6. Does the computed statistic exceed the critical value? 1.5 < 2.492 so it does not exceed the critical value. 

7. Conclusion: We cannot reject the null hypothesis H0: μ = 511. 

8. Based on the data from 25 students who participated in the program, we do not have enough evidence to be 99% confident that students who participate in such a program would have different SAT scores as compared to the general population of students. 

That means, these 25 students most likely differ from the general population of SAT takers only by chance, not because of our program. We don’t have the evidence that our program works. 

Error probability: We failed to reject the null Probability of Type I error is 0; probability of Type II error is likely very high because of small sample size (n=25).

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. 

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. Does the new drug differ in its pain reducing abilities from 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.
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