Psy 633 ANCOVA 

Adapted from Statsoft's entry: http://www.statsoft.com/textbook/anova-manova/

Suppose that we want to compare the math skills of students who were randomly assigned to one of two alternative textbooks. 
One-Way ANOVA:  In the F test, to evaluate the statistical significance of between-groups differences, we compute the ratio of the between-groups variance (MSeffect) over the error variance (MSerror).  I.e., F =  (MSeffect)  / (MSerror)
Larger (MSeffect) ( greater power to detect statistically significant diffs between the textbooks
Smaller (MSerror) ( less power to detect statistically significant diffs between the textbooks
Variance between groups: "explained variance" ( effect of the IV (textbook)

Variance within groups: "unexplained variance" ( effect of individual diffs + exper error

We want explained variance to be large & unexplained variance to be small.

How do we achieve this?  One way would be to reduce unexplained variance.

ANCOVA:  Imagine that we also have data about the general intelligence (IQ) for each student in the study. We suspect that general intelligence is related to math skills, and we can use this information to make our test more sensitive to the effects of the textbooks themselves. Specifically, imagine that in each one of the two groups we can compute the correlation coefficient between IQ and math skills. 
Once we have computed the correlation coefficient we can estimate the amount of variance in math skills that is accounted for by IQ, and the amount of (residual) variance that we cannot explain with IQ.  This variance due to IQ can be used to reduce error variance in the ANOVA, since it is part of "individual differences," which are a major component of error variance.
The situation noted above for the case of a single covariate (IQ) can easily be extended to the case of multiple covariates. For example, in addition to IQ, we might include measures of motivation, spatial reasoning, etc., and instead of a simple correlation, compute the multiple correlation coefficient. 

In some studies with covariates it happens that the F value actually becomes smaller (less significant) after including covariates in the design. This is usually an indication that the covariates are not only correlated with the dependent variable (e.g., math skills), but also with the between-groups factors (e.g., the two different textbooks). For example, imagine that we measured IQ at the end of the semester, after the students in the different experimental groups had used the respective textbook for almost one year. It is possible that, even though students were initially randomly assigned to one of the two textbooks, the different books were so different that both math skills and IQ improved differentially in the two groups. In that case, the covariate will not only partition variance away from the error variance, but also from the variance due to the between- groups factor. Put another way, after controlling for the differences in IQ that were produced by the two textbooks, the math skills are not that different.
Further issues#1 – interactions with the IV:  Imagine that one of the textbooks is particularly suited for intelligent students, while the other actually bores those students but challenges the less intelligent ones. As a result, we may find a positive correlation between IQ and math skills in the first group (the more intelligent, the better the performance), but a zero or slightly negative correlation in the second group (the more intelligent the student, the less likely he or she is to acquire math skills from the particular textbook).

In this case, adding IQ as a covariate interacts with the IV (textbook).  SPSS can identify this kind of interaction, and comments about it should be included in one's Discussion section of a research report.

Further issues #2 – repeated measures:  Perhaps a person is interested in the effects of math anxiety on math skills. The students in the two textbook groups could be tested at the beginning and at the end of the semester. Math anxiety is another "individual differences" variable, so it would directly affect error variance. If changes in math anxiety over the semester correlate with changes in math skills, then this covariation would reduce error variance in the ANCOVA. and increase the likelihood of our detecting a significant effect of textbook on math skills.  

