
Extra exercise 19
(Continuation of previous supplementary exercises 7.102-104 with data for added groups)

Data: 4 samples of changes (improvements, differences after-before) in spatial-temporal reading test
scores for 34 children attending six months of piano lessons and a total of 44 children in three groups
(computer, singing, none) considering as a single control group in previous analyses.

We start with some descriptive statistics and a data display by a dotplot.

The descriptive statistics show the 4 groups to differ in several ways. Looking at the means, the
piano groups is clearly highest. Looking at the standard deviations, the singing group is clearly
lowest, and the IPS guideline for equal variances is violated (3.191/1.494 = 2.14 > 2). However,
testing homogeneity of variances does not give clear significance with any of the two tests (see next
page). Therefore it might be ok to use the variance homogeneity assumption, with a small reservation
perhaps. As to the normal distribution, only the singing group presents some problems (P = 0.015);
next page. The low value of −4 falls outside the others (and if it was removed, the standard deviation
would drop dramatically). It is fair to say that we may proceed with the analysis, with a small
reservation for the singing group. If results are not clear, we may want to rerun the analysis without
that group.

Model: If we denote the change in scores for child j in activity group i (where i = 1, 2, 3, 4 and
j = 1, . . . , ni, with (n1, n2, n3, n4) = (20, 14, 34, 10)), the statistical model is that the Xij ’s are
normally distributed N(µi, σ), and all observations are independent.
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We start with the basic 1-way ANOVA, including only the overall test for homogeneity between the
groups in the ANOVA table, and the confidence intervals for groups.
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Our statistical testing is for the hypothesis

H0 : µ1 = µ2 = µ3 = µ4 versus Ha : some of the µ’s differ,

and with a test statistic of F = 9.24 corresponding to P < 0.0005 in the F (3, 74)-distribution we
conclude the test to be clearly significant and to strongly indicate that some differences exist between
groups. That is, the type of lesson has some impact on the changes in test scores. The estimated
means and confidence intervals suggest that the piano group has higher score changes than the other
groups, which have more or less equal score changes. Actually, if we were satisfied with inference
not adjusted for multiple comparisons, we could directly infer this conclusion from the groupwise
confidence intervals (based on the rules from slide 10−12).

We supplement the analysis with an additional Minitab listing for multiple comparisons. Among 4
groups there are 4 · 3/2 = 6 comparisons, so for the Bonferroni method the individual error rate
should be 0.05/6 = 0.0083333 (which needs to be entered as the error level for Fisher comparisons,
when using Minitab’s One-Way ANOVA menu).

None of the confidence intervals for comparisons with the piano group contain zero, and significant
differences at the overall 5% error level therefore exist between the piano and all other groups. The 3
remaining confidence intervals all contain zero; there are no significant differences between the other
groups. Therefore, we conclude that there is evidence for the piano group to be above all others, but
there is no evidence to distinguish the other groups. This conclusion is represented by the letter-
coding graphic above the comparisons: the piano group has letter A, and all the other groups have
letter B. Note that contrary to what the listing says, the P -values are not adjusted for multiple
comparisons, but if we assess them at a significance level of α = 0.0083333 we will get significance
assessments corresponding to the Bonferroni method for an overall significance level of 0.05.
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