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Appendix D. Discussion of univariate and multivariate analysis of
variance

The univariate analysis of variance (ANOVA) uses the ordinary least squares to test the
fixed effects. It requires equal time spacing of measurements, and assumes compound symmetry
of covariance structure of equal variance and covariance across mileage. The assumptions made
for ANOVA are not true for emission measurements in the current dataset and thus, it may use
incorrect standard errors for the comparison of means at different mileages resulting in Type |

error of rejecting the null hypothesis when it is true.""

The multivariate analysis of variance (MANOVA) also uses ordinary least squares to test
the fixed effects. It assumes an unstructured covariance structure, and may result in less
powerful test by wasting information inherent in repeated measures data." Furthermore, it
requires regularly spaced time intervals for all vehicles which were not the case in the “sulfur
level” data where emissions were measured at different accumulated mileages. The actual
mileage accumulated varied from vehicle to vehicle for several reasons. The most obvious is the
modification to the L procedure during the test program, where evenly spaced mileage intervals
occurring in emission tests were replaced with an alternating mix of on-road and test cell driving.
Besides this, major adjustment differences also exist due to voided tests, long weekends or
holidays necessitating additional re-preps prior to testing, and occasional errors in recording of

odometer readings.
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