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A 8.1a:Problem 11.1: One Way ANOVA
[bookmark: _Toc529359668][bookmark: _Toc529449460][bookmark: _Toc31899674]

One way ANOVA compares the means of the samples or groups in order to make inferences about the population means. One way ANOVA is also called single factor analysis of variance because there is only one independent variable or factor.
ASSUMPTOINS OF ANOVA
1. Observations are independent
2. Variances on the dependent variables are equal across groups
3. The dependent variable is normally distributed for each group

Since ANOVA is robust, it can be used when variances are only approximately equal if the number of subjects in each group is approximately equal. ANOVA also is robust if the dependent variable data are approximately normally distributed. Thus, if assumption #2, or, even more so, #3 is not fully met, you may still be able to use ANOVA. There are also several choices of post hoc tests to use depending on whether the assumption of equal variances has been violated. Dunnett’s C and Games–Howell are appropriate post hoc tests if the assumption of equal variances is violated.
RESEARCH QUESTION
Are there statistically significant differences among the three father's education revised groups on grades in h.s., visualization test scores, and math achievement?
Oneway
Means to be compared.
95% Confidence Interval for Mean
Descriptives
N grades in h.s.	HS grad or less	38	5.34	1.475	.239	4.86	5.83	3	8
Mean
Some College	16	5.56	1.788	.447	4.61	6.52	2	8 BS or More	19	6.53	1.219	.280	5.94	7.11	4	8 Total	73	5.70	1.552	.182	5.34	6.06	2	8
HS grad or less	38	4.6711	3.96058	.64249	3.3692	5.9729	-.25	14.8 Some College	16	6.0156	4.56022	1.14005	3.5857	8.4456	-.25	14.8 BS or More	19	5.4605	2.79044	.64017	4.1156	6.8055	-.25	9.75 Total	73	5.1712	3.82787	.44802	4.2781	6.0643	-.25	14.8
Std. Deviation
Std. Error	Lower Bound	Upper Bound	Minimum	Maximum
visualization test
math achievement test HS grad or less	38	10.0877	5.61297	.91054	8.2428	11.9326	1.00	22.7 Some College	16	14.3958	4.66544	1.16636	11.9098	16.8819	5.00	23.7 BS or More	19	16.3509	7.40918	1.69978	12.7798	19.9221	1.00	23.7 Total	73	12.6621	6.49659	.76037	11.1463	14.1779	1.00	23.

 Descriptives, provides familiar descriptive statistics for the three father’s education groups on each of the three dependent variables (grades in h.s., visualization test, and math achievement) that we requested for these analyses. Remember that, although these three dependent variables appear together in each of the tables, we have really computed three separate one-way ANOVAS.
Test of Homogeneity of Variances
Note: This tests an assumption	of	ANOV A, not the main hypothesis. The Levene test is significant for math achievement so the variances of the three groups are significantly different, indicating that the assumption is violated.
Levene Statistic
df1 1.546	2	70	.220
df2
Sig.
grades in h.s. visualization test	1.926	2	70	.153 math achievement test	3.157	2	70	.049

Test of Homogeneity of Variances provides the Levene’s test to check the assumption that the variances of the three father’s education groups are equal for each of the dependent variables. Notice that for grades in h.s. (p = .220) and visualization test (p = .153) the Levene’s tests are not significant. Thus, the assumption is not violated. However, for math achievement, p = .049; therefore, the Levene’s test is significant and thus the assumption of equal variances is violated. In this latter case, we could use the similar nonparametric test (Kruskal‒Wallis). Or, if the overall F is significant (as you can see it was in the ANOVA table), you could use a post hoc test designed for situations in which the variances are unequal.
ANOVA
Within Groups	155.227	70	2.218 T otal	173.370	72
Between Groups	22.505	2	11.252	.763	.470 Within Groups	1032.480	70	14.750 T otal	1054.985	72
Sum of Squares	df
Mean Square grades in h.s.	Between Groups	18.143	2	9.071	4.091	.021
F	Sig.
visualization test
math achievement test	Between Groups	558.481	2	279.240	7.881	.001 Within Groups	2480.324	70	35.433
T otal	3038.804	72

The ANOVA table in Output 11.1 is the key table because it shows whether the overall Fs for these three ANOVAs were statistically significant. Note that the three father’s education groups differ on grades in h.s. and math achievement but not visualization test. When reporting these findings one should write, for example, F(2, 70) = 4.09, p = .021, for grades in h.s. The 2, 70 (circled for grades in h.s. in the ANOVA table) are the degrees of freedom (df) for the between- groups “effect” and within-groups “error,” respectively. F tables also usually include the mean squares, which indicate the amount of variance (sums of squares) for that “effect” divided by the degrees of freedom for that “effect.” You also should report the means (and SDs) so that one can see which groups were high and low. Remember, however, that if you have three or more groups you will not know which specific pairs of means are significantly different unless you do a priori (beforehand) contrasts (see Fig. 11.1) or post hoc tests


	
A 8.1b: Problem 11.2: Post Hoc Multiple Comparison Tests
 Post hoc comparisons sometimes called follow up test. When you compare three or more group means, you know that there will be a statistically significant difference somewhere if the ANOVA F (sometimes called the overall F or omnibus F) is significant.

However, we would usually like to know which specific means are different from which other ones. In order to know this, you can use one of several post hoc tests that are built into the one- way ANOVA program. The LSD post hoc test is quite liberal and the Scheffe test is quite conservative so many statisticians recommend a more middle of the road test, such as the Tukey HSD (honestly significant differences) test, if the Levene’s test was not statistically significant, or the Games–Howell test, if the Levene’s test was significant. Ordinarily, you do post hoc tests only if the overall F is statistically significant.
Oneway
grades in h.s.
This is the same as in Output 10.1.
ANOVA
Sum of Squares
df	Mean Square Between Groups	18.143	2	9.071	4.091	.021
F	Sig.
Within Groups	155.227	70	2.218 Total	173.370	72

Post Hoc Tests
Dependent Variable: grades in h.s. Tukey HSD
(I) father's education revised HS grad or less	Some College	-.22	.444	.873	-1.28	.84
(J) father's education revised
Mean Difference (I-J)
95% Confidence Interval Lower Bound	Upper Bound
Sig.
BS or More	-1.18*	.418	.017	-2.19	-.18 Some College	HS grad or less	.22	.444	.873	-.84	1.28 BS or More	-.96	.505	.144	-2.17	.25 HS grad or less	1.18*	.418	.017	.18	2.19 Some College	.96	.505	.144	-.25	2.17
BS or More
Homogeneous subset
This way of computing and displaying the post hoc tests is more appropriate when group sizes are quite different. Groups listed in the same subset are not significantly different. Thus, the grades of students whose fathers were HS grads or less
grades in h.s.
Tukey HSDa,b father's education revised
Subset for alpha = .05 1	2
Std. Error
N HS grad or less	38	5.34	are not different from those
Some College	16	5.56	5.56
whose fathers had some college. Likewise, those with some college are not different from those with a BS or more, but HS grads or less are different from those with a BS or more. This is the same conclusion from the Post Hoc Tests table.
BS or More	19 Sig.
6.53 .880	.096
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 21.209.
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not guaranteed.
Oneway
math achievement test
ANOVA
Sum of Squares
df 558.481	2	279.240	7.881	.001
Mean Square
F	Sig.
Between Groups Within Groups	2480.324	70	35.433 T otal	3038.804	72
Post Hoc Tests
Dependent Variable: math achievement test Games-Howell
Multiple Comparisons
We used Games–Howell because the Levene’s test indicated that the variances are unequal.
Mean Difference (I-J)
95% Confidence Interval Sig.	Lower Bound	Upper Bound HS grad or less	Some College	-4.3081*	1.47969	.017	-7.9351	-.6811 BS or More	-6.2632*	1.92830	.008	-11.0284	-1.4980 Some College	HS grad or less	4.3081*	1.47969	.017	.6811	7.9351 BS or More	-1.9551	2.06147	.614	-7.0308	3.1205 HS grad or less	6.2632*	1.92830	.008	1.4980	11.0284 Some College	1.9551	2.06147	.614	-3.1205	7.0308
(I) father's education revised
(J) father's education revised
Std. Error
BS or More
*. The mean difference is significant at the .05 level.
A 8.1c: Problem 11.1 & 11.2 one way ANOVA with post hoc tests.
A statistically significant difference was found among the three levels of father’s education on grades in high school, F(2, 70) = 4.09, p = .021, and on math achievement, F(2, 70) = 7.88, p = .001. Table 11.2a shows that the mean grade in high school is 5.34 for students whose fathers had low education, 5.56 for students whose fathers attended some college (medium), and 6.53 for students whose fathers received a BS or more (high). Post hoc Tukey HSD tests indicate that the low education group and high education group differed significantly in their grades with a large effect size (p < .05, d = .85). Likewise, there were also statistically significant mean differences on math achievement between the low education and both the medium education group (p < .017, d = .80) and the high education group (p = .008, d = 1.0) using the Games–Howell post hoc test.
Table 11.2a
Means and Standard Deviations Comparing Three Father’s Education Groups
Father’s education
HS grad or less (low) Some college (medium) BS or more (high) Total
n	M
38	5.34 16	5.56 19	6.53 73	5.70
SD
1.48 1.79 1.22 1.55
Grades in H.S.
Math achievement	Visualization
M SD M SD
10.09 5.61 4.67 3.96 14.40 4.67 6.02 4.56 16.35 7.41 5.46 2.79 12.66 6.50 5.17 3.83
A 8.2: Problem 11.3: Non Parametric Kruskal Wallis test
RESEARCH QUESTION
 	Are there statistically significant differences among the three father’s education groups on math achievement and the competence scale?
Kruskal–Wallis Test
High mean ranks indicate high math achievement and competence scores.
Ranks
father's education revised
N
Mean Rank
math achievement test
HS grad or less
38
28.43
Some College
16
43.78
BS or More
19
48.42
T otal
73
Competence scale
HS grad or less
37
36.04
Some College
16
35.78
BS or More
18
36.11
T otal
71
TestStatistics a,b
math achievement test
competence scale
Chi-Square
13.384
.003
df
2
2
Asymp. Sig.
.001
.999
a. Kruskal Wallis Test
b. Grouping Variable: father's educ revised
The Test Statistics table shows whether there is an overall difference among the three groups. Notice that the p (Asymp. Sig.) value for math achievement is .001, which is the same as it was in Output 11.1 using the one-way ANOVA. This is because K–W and ANOVA have similar power to detect a difference. Note also that there is not a statistically significant difference among the father’s education groups on the competence scale (p = .999).
Results
A Kruskal–Wallis nonparametric test was conducted to test for statistically significant differences between father’s education groups in math achievement because there were unequal variances and ns across groups. The test indicated that the three father’s education groups differed on math achievement, χ2 (2, N = 73) = 13.38, p = .001. Post hoc Mann–Whitney tests compared the three pairs of fathers’ education groups on math achievement, using a Bonferonni corrected p value of .017 to indicate statistical significance. The mean rank for math achievement of students whose fathers had some college (36.59, n = 16) was significantly higher than that of students whose fathers were high school graduates or less (23.67, n = 38), z = 2.76, p = .006, r = .38, a medium to large effect size according to Cohen (1988). Also, the mean rank for math achievement of students whose fathers had a bachelor’s degree or more (38.47, n = 19) was higher than that of students whose fathers were high school graduates or less (24.26, n = 38), z = 3.05, p = .002, r = .40, a statistically significant difference with a medium to large effect size. There was not a statistically significant difference on math achievement between students whose fathers had some college and those whose fathers had a bachelor’s degree or more, z = –1.23, p = .23.

A 8.3: Problem 11.4: Two Way (Factorial) ANOVA
RESEARCH QUESTION
Do math grades and gender each seem to have a statistically significant effect on math achievement, and do the effects of math grades on math achievement depend on whether the person is male or female (i.e., on the interaction of math grades with gender)?

Between-Subjects Factors
gender
Value Label	N math grades	0	lessA-B
44 1 mostA-B 31 0	male	34 1	female	41
Descriptive Statistics
Dependent Variable: math achievement test
The cell means are important for interpreting factorial ANOVAs and describing the results.
math grades less A-B
gender male female T otal
Mean
12.8751 8.3333 10.8106 19.2667 13.0476 15.0538 14.7550 10.7479 12.5645
Std. Deviation	N 5.73136
5.32563 5.94438 4.17182 7.16577 6.94168 6.03154 6.69612 6.67031
24 20 44 10 21 31 34 41 75
most A-B	male female
T otal
T otal male female T otal
INTERPRETATION OF RESULTS
The ANOVA table, called Tests of Between-Subjects Effects, is the key table. Note that the word “effect” in the title of the table can be misleading because this study was not a randomized experiment. Thus, you cannot say in your report that the differences in the dependent variable were caused by or were the effect of the independent variable. Usually you will ignore the lines in the table labeled “corrected model” (which just summarizes all “effects” taken together) and intercept (which is needed to fit the best fit regression line to the data) and skip down to the interaction F(mathgr * gender) which, in this case, is not statistically significant, F(1, 71) = .337, p = .563. If the interaction were significant, we would need to be cautious about the interpretation of the main effects because they could be misleading
These Fs and significance levels tell you important information about differences between means and the interaction.
Tests of Between-Subjects Effects
Dependent Variable: math achievement test
Type III Sum Source	of Squares	df
F
Partial Eta Sig.	Squared
Mean Square Corrected Model	814.481a	3	271.494	7.779	.000	.247
Intercept 11971.773	1	11971.773	343.017	.000	.829 MATHGR 515.463	1	515.463	14.769	.000	.172 GEND 483.929	1	483.929	13.866	.000	.163 MATHGR * GEND	11.756	1	11.756	.337	.563	.005 Error 2478.000	71	34.901
T otal	15132.393	75 Corrected	T otal	3292.481	74
a. R Squared = .247 (Adjusted
R Squared =
.216)
Percent of variance in math achievement predictable from both independent variables and the interaction.
Profile Plots
Eta squared is an index of the effect size for each independent variable and the interaction. Thus, about 17% of the variance in math achievement can be predicted from math grad
Next we examine the main effects of math grades and of gender. Note that both are statistically significant. The significant F for math grades means that students with fewer As and Bs in math scored lower (M = 10.81 vs. 15.05) on math achievement than those with high math grades, and this difference is statistically significant (p < .001). Gender is also statistically significant (p < .001). Because the interaction is not statistically significant, the “effect” of math grades on math achievement is about the same for both genders. If the interaction were statistically significant, we would say that the “effect” of math grades depended on which gender you were considering. For example, it might be large for boys and small for girls. If the interaction is statistically significant, you should also analyze the differences between cell means (the simple effects). Leech et al. (2011) shows how to do this and discusses more about how to interpret statistically significant interactions. The profile plots may be helpful in visualizing the interaction, but you should not discuss statistically no significant differences because the plots may be misleading
A 8.4, APPLICATION PROBLEM ANOVA (a)
RESEARCH QUESTION
Is student scholastic aptitude test (satm) independent of  the mean score based on ethnicity (ethnic)?
Ho: satm and ethnic are independent


	Descriptives

	satm

	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	1
	41
	492.44
	96.327
	15.044
	462.03
	522.84
	250
	710

	2
	15
	466.00
	74.143
	19.144
	424.94
	507.06
	300
	590

	3
	10
	482.00
	134.726
	42.604
	385.62
	578.38
	250
	730

	4
	7
	547.14
	52.825
	19.966
	498.29
	596.00
	500
	610

	98
	1
	500.00
	.
	.
	.
	.
	500
	500

	99
	1
	460.00
	.
	.
	.
	.
	460
	460

	Total
	75
	490.53
	94.553
	10.918
	468.78
	512.29
	250
	730


Figure1
Figure 1 shows the descriptive statistics of the students scholastic aptitude test and the mean scores based on ethnicity 

	Test of Homogeneity of Variances

	Satm

	Levene Statistic
	df1
	df2
	Sig.

	.885a
	3
	69
	.453

	a. Groups with only one case are ignored in computing the test of homogeneity of variance for satm.


Figure 2
Test of Homogeneity of Variances provides the Levene’s test to check the assumption that the variances of the students scholastic aptitude are equal for each dependent variable

	ANOVA

	Satm

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	33359.712
	5
	6671.942
	.733
	.601

	Within Groups
	628218.955
	69
	9104.623
	
	

	Total
	661578.667
	74
	
	
	


Figure 3
Since p  >0.05 we fail to reject Ho and conclude that satm and ethnicity are independent

	Warnings

	Post hoc tests are not performed for satm because at least one group has fewer than two cases.




b)
RESEARCH  QUESTION
Is Students height is independent of gender and marital status?
Ho: students height, gender and marital status are independent 

	Between-Subjects Factors

	
	N

	gender
	1
	26

	
	2
	23

	marital
	1
	20

	
	2
	18

	
	3
	11




	Descriptive Statistics

	Dependent Variable: height

	gender
	marital
	Mean
	Std. Deviation
	N

	1
	1
	69.7143
	2.64367
	14

	
	2
	72.1429
	2.19306
	7

	
	3
	69.0000
	3.16228
	5

	
	Total
	70.2308
	2.80439
	26

	2
	1
	64.6667
	1.75119
	6

	
	2
	63.9091
	1.57826
	11

	
	3
	63.5000
	3.01662
	6

	
	Total
	64.0000
	2.02260
	23

	Total
	1
	68.2000
	3.34978
	20

	
	2
	67.1111
	4.49691
	18

	
	3
	66.0000
	4.09878
	11

	
	Total
	67.3061
	3.98018
	49




	Tests of Between-Subjects Effects

	Dependent Variable: height

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Corrected Model
	514.951a
	5
	102.990
	18.042
	.000
	.677

	Intercept
	193618.932
	1
	193618.932
	33918.869
	.000
	.999

	gender
	420.666
	1
	420.666
	73.694
	.000
	.632

	marital
	21.230
	2
	10.615
	1.860
	.168
	.080

	gender * marital
	24.268
	2
	12.134
	2.126
	.132
	.090

	Error
	245.457
	43
	5.708
	
	
	

	Total
	222736.000
	49
	
	
	
	

	Corrected Total
	760.408
	48
	
	
	
	

	a. R Squared = .677 (Adjusted R Squared = .640)
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