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D8.1 Interpreting One‐Way ANOVA.
A three one-way ANOVA test was run to statistically scrutinize the discrepancies between the achievement, high school, and visualization mean test scores.
Its results show:
High school grades: F(2, 70)= 4.091, p = 0.021
Math achievement mean scores: F(2, 70) = 7.881, p = 0.001
Visualization mean scores: F(2, 70) = 0.763, p = 0.470
The high school mean grades and math achievement mean grades were pairs of means that exhibit significant differences. The p values: 0.021 & 0.001 are less than 0.05. As a result, the alternative hypothesis abides as Ha: u1; u2 and u3 are not equal. The null hypothesis (Ho: u1=u2=u3) is rejected and does not hold as the means are dissimilar. Contradictorily, the visualization mean scores were not statically significant as 0.470 > 0.05. Thus, the alternative hypothesis is abandoned while the null hypothesis is held (Morgan et al., 2013).
A limitation of this test is its lack of confidence intervals. Confidence intervals compute the range of difference of the means and resolve their significance or insignificance. Further, a pairwise comparison or a post hoc analysis is necessary as 2 pairs are statistically significant and 1 mean is insignificant (Keller & Alsdorf, 2014).
 
 
 
D8.1 Interpreting One‐Way ANOVA with Post Hoc test
A pairwise comparison Post Hoc test was then carried out to limit type 1 error and ensure a clear comparison. The Post hoc Tukey test signified that similarities exist between the results from outputs 11.1 and 11.3 as both show significant differences concerning math achievement, with p=0.001 (Morgan et al., 2013)
The initial hypothesis was that results from outputs 11.1 and 11.3 would be significantly different from math achievement. From the results, it is argued that this hypothesis is bolted by ANOVA and Tukey test (Morgan et al., 2013). However, a limitation to this test is a lack of homogeneity of variance test. Its results are predicted to have p values above .05. This would show a significant variation and further bolster the result that the means vary (Keller & Alsdorf, 2014).
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D7.1 Interpreting Independent Samples
D7.1.a In Output 10.2, are the variances equal or significantly different for the three dependent variables? Explain your answer.
Morgan et al. (2013) state that the Independent Samples Test provides two statistical tests. The two left columns of numbers are Levene’s test for the assumptions that the variances of the two groups are equal. The authors note that this is not the t-test as it will only assess an assumption.  Levene (1960) states that equal variances across samples is called homogeneity of variance. Some statistical tests including the analysis of variance (ANOVA), assume that variances are equal across groups or samples. The Levene test is one test that can be used to verify that assumption.
Output 10.2 indicates that math achievement and grades in high school variables do not violate the assumption and do not have unequal variances. Equal variances assumed is the line used for the t-test and related statistics with these two sets.
Morgan et al. (2013) state that if Levene’s F is statistically significant (Sig. < .05), as shown for the visualization test variable, then variances are significantly different statistically and the assumption of equal variances is violated. In this case, the Equal variances not assumed line is used, and the t. df. and Sig. are adjusted by the program.
D7.1.b Write the appropriate t, df, and p (significance level) for each t-test as you would in a dissertation.
According to Morgan et al. (2013), the scores show that males were different from females on math achievement with p value on the t-test of  .009 (p < 0.05), which is statistically significant. The average math achievement score for female students (M = 10.75) is significantly lower than the score for male students (M = 14.76). The difference between the scores for males and females is 4.01 indicating males score 4.01 points higher than females on average in a 25-point test. The degree of freedom is 73. For math achievement, there is a significant difference between math achievement test scores for males and females (t=2.70, p=.009, df = 73). Males have a significantly higher math achievement score than females.
Morgan et al. (2013) note that there is not a significant difference in males and females between grades in high school with the p value on the t-test, .37 (p > .05). The degree of freedom is 73.  There is no strong evidence to indicate that there is a systemic difference between males and females on graded in high school (t = .90, p = .37, df = 73).
            Morgan et al. (2013) note that on the visualization test, males scored significantly higher than females (t = 2.39, p = .02). The degree of freedom is 57.15. The equal variances are not assumed so the t and df were adjusted because the variances were not equal. The Sig is .013 which is very small so the null of Levene’s test is rejected, and the conclusion is that the variance in the visualization test for males is significantly different than that of females (t = 2.39, p = ..02, df = 57.15).
D7.1.c Which t-tests are statistically significant? Explain your answer.
            Morgan et al. (2013) note that in the section t-test for equality of means, the t-tests are statistically significant for math achievement and visualization test. The appropriate values for math achievement are t = 2.70, p = .009, and df = 73. This t is statistically significant because p = .009, thus males have higher means, leading to the conclusion that males score higher on math achievement. The appropriate values for visualization are t = 2.39, p = .02, and df  = 57.15. This t is statistically significant so based on an examination of the means, it can be said that boys have higher visualization scores than girls.
D7.1.d Write sentences interpreting the gender difference between the means of ‘grades in high school’ and ‘visualization’. Interpret the 95% confidence interval for these two variables. Discuss the effect sizes as you would in a dissertation.
            Morgan et al. (2013) state that the 95% Confidence Interval of the Difference tells us that if the study was repeated 100 times, 95 times the difference would fall between the confidence interval. If the same sign for both the upper and lower bounds are the same, either both +, or both -, the difference is statistically significant because this means that the null finding of zero difference lies outside of the confidence interval. On the other hand, if zero lies between the upper and lower limits, there could be no difference.
            A paired samples t-test was conducted to determine if there are differences between males and females in grades in high school and visualization. The 95% Confidence Interval of the Difference for grades in high school are -1.06 and .38, which indicates the null finding of zero differences lies inside of the confidence interval. The 95% Confidence Interval of the Difference for math achievement is between 1.05 points and 6.97 points, which indicates the difference is statistically significant because this means the null finding of zero difference lies outside of the confidence interval. The lower limit of the confidence interval on math achievement tells us that the difference between males and females could be as small as 1.05 points out of 25, which is the maximum possible score. The lower limit of the confidence interval for grades in high school, tells us that the difference between males and females might be as little as .347 points apart, either positive or negative. This means we cannot be confident that males or females have significantly higher grades in high school.
D7.2  Interpreting Paired Samples t-Test
D7.2.a In Output 10.4, what does the paired samples correlation for ‘mother’s education’ and ‘father’s education’ mean?
The paired samples correlation tells us that there is a high correlation between mother’s and father’s education level (r = .68, p < .000). Highly educated men tend to marry highly educated women and vice versa. Morgan et al. (2013) state that this information provides correlations of the mother’s education with the father’s education but does not tell us whether men or women have more education.
D7.2.b Interpret and explain the results of the t-test.
Morgan et al. (2013) state that Sig. in the paired samples t-test comparing the average education level of the students’ mothers and fathers was p = .019 indicating that the difference in educational level is statistically significant. The means from the first table show that the fathers have more education than the mothers. However, according to Cohen (1988), the effect size is small (d = .28). The effect size is computed by dividing the mean of the paired differences (.59) by the standard deviation (2.3) of the paired differences. The confidence interval indicates that the difference in the means could be as small as .10 or as large as 1.08 points on the 2 to 10 scale.
D7.2.c Explain how the correlation and the t-test differ in what information they provide
            Morgan et al. (2013) state that the correlation provides different information than the paired t-test. The correlation results ensure that we are using the right t-test. When there is a correlation between the two variables then the paired t-test is the right test. The paired t-test results tell us that fathers have a significantly higher education than mothers.
D7.2.d Describe the results if the r was 0.90 and the t was 0.00.
Morgan et al. (2013) state that if the correlation r = .90, this would show a significant correlation between mother’s education and father’s education. This high correlation indicates that highly educated men are more likely to marry highly educated women and vice versa. If the t = 0.00 it indicates that the sample results are exactly equal to the null hypothesis. In this case, it indicates that the mother’s education level and the father’s education level are similar. The two variables are highly correlated but there is not a significant difference between the two sets of scores.
D7.2.e Describe the results if the r was 0.00 and the t-test was 5.0.
            If the r = 0.00, there is no correlation between the mother’s education and the father’s education variables. If the t-test = 5.0, it would indicate there is a great difference between the mother’s education level and the father’s education level. However, if r = 0.00 and the variables are not correlated, an independent t-test should be used, instead of the paired t-test. With a t-test score that is very high, if the independent t-test is run, it is assumed there will still be significance between the variables, in this case, mother’s education level and father’s education level.  
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