[bookmark: _GoBack]SOCY2200: Statistics                                                                                 Instructor: Natasha Sarkisian
Week 11 Worksheet: ANOVA Exercise Answers

1. You would like to find out whether there are differences in number of children that women have by their employment status. Suppose you sample 5 women from each of three groups (full-time employed, part-time employed, and not employed) and get the following responses:
Full-time employed: 0, 1, 0, 2, 2
Part-time employed: 2, 3, 1, 1, 3
Not employed: 2, 3, 2, 5, 3
Using 95% confidence level, test whether the average number of children differs by women’s employment status. After conducting the test, evaluate the probability of Type I and Type II error. 

Follow-up questions: 
a. If you would want to find out which specific groups differ from each other, how many pairwise comparisons in total would you be making here? Show how to use a formula to calculate that number. 
b. When doing such post-hoc comparisons by hand (and assuming you want 95% confidence level for these as well), what alpha value would you use (after applying the Bonferroni correction)?

Solution Step by Step:

1. 
H0:1=2=3             
H1: 123
We use non-directional alternative hypothesis (always for ANOVA)
H0: There are no differences in the number of children across the three categories of employment status in the population.
H1: At least one of employment status groups differs from the others in terms of the number of children in the population.
2. We choose = .05 (1-.95=.05). 
3. We will use F statistic.
4. Formula and computation: 
[image: Image result for f test formula]
where: 
MS between = (group - grand)2 / (k-1)
MS within = (X - group)2 / (N-k)
Calculate the means first:

group1=(0+1+0+2+2)/5=1;  group2=(2+3+1+1+3)/5=2; group3=(2+3+2+5+3)/5=3

grand=(1*5+2*5+3*5)/15=2
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To check our math, we make sure that 14+10=24.

ANOVA table:
 dfbetween = k-1 = 3-1 = 2      dfwithin= 15-3 =12       dftotal= 15-1 = 14

	Source
	SS
	df
	Mean SS
	F

	Between groups
	10
	2
	5
	4.29

	Within groups
	14
	12
	1.1667
	

	Total
	24
	14
	
	



Computed F statistic = 5/1.1667=4.29

5. Critical value: Use table B3: df for numerator=2, df for denominator =12. Our critical value will be the value for these df and =.05. Therefore, critical value = 3.89.
6. Test statistic > critical value (4.29>3.89)
7. We reject the null hypothesis and conclude that there are statistically significant differences on .05 level among the means of three employment status groups in the population. We can also report our finding as F(2, 12) = 4.29, p<.05.
8. Conclusion: Based on the data from 15 women, we are 95% sure that in the population, for at least one of the three employment status groups, the number of children women have is different from the other employment status groups.

Probability of Type I error is less than .05. Probability of Type II error is zero because we rejected the null hypothesis. 

Follow-up questions: 
a. k*(k-1)/2=3*2/2=3 pairwise comparisons. 
b. To apply Bonferroni correction, we divide alpha by 3 (number of comparisons): .05/3=0.0167. 
2. Using variables adults and race in GSS 2012 data, answer the following question: Does the average number of adults per household differ depending on one’s race, and if so, which groups differ from each other and in what way (that is, what is the direction of each difference)? Please use 99% confidence level in this assessment. After conducting the test, evaluate the probability of Type I and Type II error. 

Follow-up questions: 
a. How many pairwise comparisons in total are you making here? Show how to use a formula to calculate that number?
b. When you are requesting post-hoc comparisons using Bonferroni correction, how exactly does Stata adjust the p-values in the output (that is, how is the adjustment calculated)?
c. Take the p-value for Black vs. White comparison from your Stata output and calculate what that p-value value would be prior to Bonferroni adjustment. 

Let’s find out how many groups:
. tab race

    RACE OF |
 RESPONDENT |      Freq.     Percent        Cum.
------------+-----------------------------------
      white |      1,477       74.82       74.82
      black |        301       15.25       90.07
      other |        196        9.93      100.00
------------+-----------------------------------
      Total |      1,974      100.00

1. State the null and research hypotheses:
H0: The average number of adults per household in the U.S. population does not vary by race. 
H1: The average number of adults per household in the U.S. population varies by race.
Three race groups, therefore:
H0: μ1 = μ2 = μ3   
H1: μ1 ≠ μ2 ≠ μ3 

2. Select the alpha level: 0.01. 
3.  Identify the test statistic that you need to use: here, it is F statistic 
4.  We compute it using Stata: 

. oneway adults race, mean standard obs bonferroni

            | Summary of HOUSEHOLD MEMBERS 18 YRS
    RACE OF |              AND OLDER
 RESPONDENT |        Mean   Std. Dev.        Obs.
------------+------------------------------------
      white |    1.871409   .78913953        1462
      black |   1.7906977   .87142403         301
      other |   2.1897436   .97383154         195
------------+------------------------------------
      Total |   1.8907048   .82828474        1958




                        Analysis of Variance
    Source              SS         df      MS            F     Prob > F
------------------------------------------------------------------------
Between groups      20.9924893      2   10.4962447     15.53     0.0000
 Within groups      1321.61834   1955    .67601961
------------------------------------------------------------------------
    Total           1342.61083   1957   .686055609

Bartlett's test for equal variances:  chi2(2) =  19.3542  Prob>chi2 = 0.000

    Comparison of HOUSEHOLD MEMBERS 18 YRS AND OLDER by RACE OF RESPONDENT
                                (Bonferroni)
Row Mean-|
Col Mean |      white      black
---------+----------------------
   black |   -.080711
         |      0.363
         |
   other |    .318335    .399046
         |      0.000      0.000


5. Identify the F statistic and the associated p-value: F = 15.53, Prob > F = 0.0000
6. The p-value (0.0000) is smaller than our alpha (0.01)
7. Decision about H0: reject H0 in favor of H1.
8.  Substantive conclusion. Based on the data from a nationally representative sample of 1,958 people, we are 99% confident that the average number of adults in household in the U.S. population varies by race. 

Probability of Type I error is less than .0001 (based on p-value). Probability of Type II error is 0 because we rejected the null. 

Posthoc comparisons: 
These are testing pairwise hypotheses for each pair of groups, so we are testing 3 null hypotheses here:
· The average number of adults in the household in the U.S. is the same for Whites and Blacks. 
· The average number of adults in the household in the U.S. is the same for Whites and Other race. 
· The average number of adults in the household in the U.S. is the same for Blacks and Other race. 

We use 3 p-values and compare them to our alpha cutoff (.01). For 2 out of 3 hypotheses, p-values are below alpha, so we reject two null hypotheses:
· The average number of adults in the household in the U.S. is the same for Blacks and Other race. 
· The average number of adults in the household in the U.S. is the same for Whites and Other race. 
And there is only one that we fail to reject: 
· The average number of adults in the household in the U.S. is the same for Whites and Blacks. 

Substantive conclusion: 
Based on this nationally representative sample of 1,958 individuals, we are 99% confident that the average number of adults per household in the U.S. population differs by race. Specifically, we are 99% sure that those reporting race other than White or Black have more adults on average in their households than either Whites or Blacks. In contrast, Whites and Blacks do not differ significantly in the average number of adults they have in their households. 
Follow-up questions: 
a. How many pairwise comparisons in total are you making here? Show how to use a formula to calculate that number?
k*(k-1)/2=3*2/2=3 comparisons

b. When you are requesting post-hoc comparisons using Bonferroni correction, how exactly does Stata adjust the p-values in the output (that is, how is the adjustment calculated)?

P-values are multiplied by the number of comparisons. So the numbers we see in Stata for p-values are all multiplied by 3 already. 

c. Take the p-value for Black vs. White comparison from your Stata output and calculate what that p-value value would be prior to Bonferroni adjustment. 

P value in Stata output is 0.363; that means it was 0.363/3=0.121 prior to adjustment. 
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