SOCY2200 Statistics							Instructor: Natasha Sarkisian

Week 10 Worksheet Answers: Hypothesis Testing for Comparing Two Group Means

Exercises by Hand

1. A study examines gender differences in earnings among childless women and men, hypothesizing that men’s earnings would be higher than women’s. In a sample of 100 men and 100 women, it finds weekly average earnings for men to be $1,100 (SD=1000) and for women $1000 (SD=900). 

a. Using 99% confidence level, what can you conclude from this study? 
b. After finishing the assessment, evaluate the probability of making Type I and Type II errors.
c. Compute the effect size and evaluate the practical significance of this gender difference in earnings. 

1. H0: μ1 = μ2
H1: μ1 > μ2—expecting men’s earnings to be higher, we use a directional research hypothesis  one-tailed test
(μ1 = mean for men, μ2= mean for women)
In words: 
Null hypothesis: Childless women and men will not differ in their earnings in the population.
Research hypothesis: Childless men will have higher earnings than childless women in the population. 

2. We want to be 99% confident alpha = 0.01 (1-.99=.01). 
3. Test statistic: Student’s t
4. Compute: 
t = 

t = 

5. Use Table B2 to find the critical value: df=n1+n2-2=200-2=198, alpha=0.01, one-tailed test  tcrit = 2.327
6. Does computed statistic exceed critical value? It does not.
7. Conclusion: We fail to reject the null hypothesis H0: μ1 = μ2
8. Based on this sample of 100 women and 100 men, we do not have evidence to conclude with 99% confidence that childless women and men differ in the population with regard to their average earnings. t=.74, p>.01

b. Probability of type 1 error is 0 because we failed to reject the null. Probability of type 2 error is moderate because the total sample size is 200.

c. Effect size:
(1100-1000)/sqrt((1000^2+900^2)/2) = .11
The effect is small so it is neither statistically nor practically significant. 

2. A study evaluates whether juniors and seniors differ in their stress levels during finals. A sample of juniors and seniors responded to a survey evaluating their stress levels, and a score was calculated for each person such that a higher number means higher stress. The results are in the following table. 
a. Please use 95% confidence level for this assessment. 
b. After finishing the assessment, evaluate the probability of making Type I and Type II errors.
c. Compute the effect size and evaluate the practical significance of this difference.

	Juniors
Person #
	Stress Score
	Seniors
Person #
	Stress Score

	1
	5
	1
	5

	2
	6
	2
	5

	3
	2
	3
	2

	4
	3
	4
	2

	5
	2
	5
	7

	6
	5
	6
	4

	7
	4
	7
	6

	8
	5
	8
	6

	9
	5
	9
	6

	10
	3
	10
	7



We will need means and variance for both groups. Let’s calculate:

Juniors: 
	Juniors
Person #
	Stress Score
	X- mean
	(X-mean)2

	1
	5
	1
	1

	2
	6
	2
	4

	3
	2
	-2
	4

	4
	3
	-1
	1

	5
	2
	-2
	4

	6
	5
	1
	1

	7
	4
	0
	0

	8
	5
	1
	1

	9
	5
	1
	1

	10
	3
	-1
	1

	Sum
	40
	
	18




Mean= 40/10=4
Variance=18/(10-1)=2

Seniors:
	Seniors
Person #
	Stress Score
	X- mean
	(X-mean)2

	1
	5
	0
	0

	2
	5
	0
	0

	3
	2
	-3
	9

	4
	2
	-3
	9

	5
	7
	2
	4

	6
	4
	-1
	1

	7
	6
	1
	1

	8
	6
	1
	1

	9
	6
	1
	1

	10
	7
	2
	4

	Sum
	50
	
	30



Mean=50/10=5
[bookmark: _GoBack]Variance=30/(10-1)=3.33

1. H0: μ1 = μ2
H1: μ1 ≠ μ2-- since we do not have any expectations who will have a higher stress level  use a non-directional research hypothesis  two-tailed test
(μ1 = mean for juniors, μ2= mean for seniors)
In words: 
Null hypothesis: Juniors and seniors will not differ in their average stress levels in the population.
Research hypothesis: Juniors and seniors will differ in their average stress levels in the population.

2. We want to be 95% confident alpha = 0.05 (1-.95=.05). 
3. Test statistic – Student’s t
4. Compute: 
t = 

t = 

5. Use Table B2 to find the critical value: df=n1+n2-2=20-2=18, alpha=0.05, two-tailed test  tcrit = 2.101
6. Does computed statistic exceed critical value? 1.37 is lower than 2.101 so it does not.
7. Conclusion: We fail to reject the null hypothesis H0: μ1 = μ2
8. Based on this sample of 10 juniors and 10 seniors, we do not have evidence that juniors and seniors differ in their average level of stress in the population on .05 significance level. t=-1.37, p>.05. 

b. Probability of type 1 error is 0 because we failed to reject the null. Probability of type 2 error is likely very large because the sample size is so small. 

c. Effect size: (5-4)/sqrt((2+3.33)/2)=.61
This is medium size difference so it would be practically significant, but since it is not statistically significant, we can’t make claims about the population. We could design a study with larger sample sizes to see if we would then have enough evidence to reject our null hypothesis. 

3. Do those Americans who have ever been picked up or charged by the police come from households with fewer earners on average than those who have never been picked up or charged by the police? 
a. Answer this question using earnrs and arrest variables in GSS 2012 dataset; use 99% confidence level. 
b. After finishing the assessment, evaluate the probability of making Type I and Type II errors.
c. Compute the effect size and evaluate the practical significance of this difference. 

1. State your null and research hypotheses: 
H0: μ1 = μ2
H1:  μ1 < μ2
(where μ1 is the mean number of earners for those who have been picked up or charged by the police, μ2 is the mean number of earners for those who have not been picked up or charged by the police)
H0: Those Americans who have been picked up or charged by the police come from households with the same number of earners on average as those who have not been picked up or charged by the police. 
H1: Those Americans who have been picked up or charged by the police come from households with fewer earners on average as those who have not been picked up or charged by the police. 

2. 99% confidence level means alpha of .01. 
3. Identify the test statistic that you need to use: here, it’s once again the Student’s t .
4. We compute it using Stata:
. ttest earnrs, by(arrest)
Two-sample t test with equal variances
------------------------------------------------------------------------------
   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
---------+--------------------------------------------------------------------
     yes |     373    1.383378    .0502363    .9702246    1.284595    1.482161
      no |    1369    1.409788    .0257431    .9524932    1.359288    1.460288
---------+--------------------------------------------------------------------
combined |    1742    1.404133    .0229075    .9560984    1.359204    1.449062
---------+--------------------------------------------------------------------
    diff |           -.0264102    .0558557               -.1359615    .0831412
------------------------------------------------------------------------------
    diff = mean(yes) - mean(no)                                   t =  -0.4728
Ho: diff = 0                                     degrees of freedom =     1740

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0
 Pr(T < t) = 0.3182         Pr(|T| > |t|) = 0.6364          Pr(T > t) = 0.6818

5. P-value associated for our chosen research hypothesis:  Pr(T < t) = 0.3182        
6. Decision about H0: P-value is larger than alpha  fail to reject H0. t=-0.4728, p>.01 (one-tailed) (or p=.32)
7. Substantive conclusion. We do not have the evidence (on .01 significance level) that those Americans who have been picked up or charged by the police come from households that differ in their average number of earners from those who have not been arrested. 

b. Probability of type 1 error is 0 because we failed to reject the null. Probability of type 2 error is likely very small because the sample size is so large. 

c. Effect size:
(1.41-1.38)/sqrt((.97^2+.95^2)/2)=.03
The effect size is tiny, so it is also not practically significant. 
7

