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Appendix D. Discussion of univariate and multivariate analysis of 

variance 

The univaria te a nalysis o f va rianc e (ANOVA) uses the ord inary least sq uare s to test the 

fixed effects.  It req uire s eq ua l time spac ing o f me asure me nts, and assumes co mpo und symmetry 

of co variance structure o f eq ual variance and co varia nce acro ss milea ge. The assump tio ns made 

fo r ANOVA are no t true fo r e missio n measure me nts in the curre nt dataset a nd thus, it ma y use 

incorrect standa rd errors for the co mpariso n o f me a ns at d iffere nt mileage s resulting in Type I 

error o f rejecting the null hypothesis when it is true. i,ii 

The multivariate a nalysis o f varia nce (MANOVA) also uses o rd ina ry least sq uares to test 

the fixed effects. It assumes an unstructured co va ria nce structure, and may re sult in less 

powerful test by wasting info rma tio n inhe re nt in repea ted mea s ures data. iii Furthermo re, it 

require s re gularly spaced time intervals for a ll vehic les which we re no t the case in the “sulfur 

le vel” data where emissio ns were measured at d ifferent acc umulated milea ge s. The ac tual 

mile age accumulated varied fro m vehic le to vehic le for se veral rea so ns.  The most ob vio us is the 

mod ificatio n to the L p roced ure d uring the test pro gram, whe re e venly spa ced milea ge intervals 

occurring in emissio n tests were rep laced with an alterna ting mix o f o n-road and test ce ll driving. 

Besid es this, major adjustment d iffe re nces a lso exist d ue to vo ided tests, lo ng weekend s or 

ho lidays necessitating add itio nal re-preps p rior to testing, a nd o ccasio nal erro rs in record ing of 

odometer read ings. 

i Littell, R. C., Henry, R. C. , & A mmerman, C.B. (1998) . Statis tica l analys is of repeated meas ures data us ing SAS 
procedures . J. Anim. Sci. 76:1216–1231. 

ii Te mple man, R.J. , Douglas s , L.W. & Cra ig, B.A. (2002) . NCR-170 FASS Mixed Model Works hop 2002 ADSA -
ASASCSAS Nat ional meet ings , Quebec City, QC. 24– 25. 

iii SAS Ins titute, Inc. (2002). SAS cours e notes on Mixed Model Analys is Us ing SAS Sys tem. SAS Ins titute, Inc., 
Cary, NC. 


