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Today’s Lecture

● Analysis of Covariance - Chapter 15.

● ANCOVA v. ATI (in our author’s mind).

● When ANCOVA is invalid: group equating.

● ANCOVA with multiple covariates.
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ANCOVA For Control

● Analysis of covariance (ANCOVA) is used for two different
purposes:

1. Statistical control of relevant variables that are not part of
the model.

2. Adjustment for initial differences among groups being
compared.

● ANCOVA for #1 is warrented, and is the focus of today’s
lecture.

● ANCOVA for #2 is questionable at best.
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ANCOVA For Control

● It is often beneficial to control outside factors that may affect
the results of an analysis.

● These factors often are unable to be controlled by the
experimenter due to design constraints.

✦ Random assignment to groups is needed, but often not
possible.
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Teaching Method Example

● As an example, suppose you want to study the effects of
achievement due to teaching method.

● You cannot control the intelligence of the individual you are
testing.

● If you control for intelligence, significant results will indicate
that one testing method was better than the other, regardless
how smart the individual is at the beginning of the class.

● Being able to control for influential factors allows for a much
more powerful conclusion.
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Teaching Method Example

● There are two ways to control for intelligence in this example:

1. Experimental design:

✦ Group subjects based on ability, then randomly assign
the same number of individuals from each group the
each treatment.

2. Statistically:

✦ We can partial out the variance associated with the
factor and then look at the results. This is called adding
a covariate.

● It can be much simpler to use statistical methods to control
for intelligence.
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The Logic of ANCOVA

● Recall that a residualized variable is a variable which has all
information shared with a predictor variable has been
removed.

● The correlation between the residualized variable and the
predictor is then zero.

● So, back to our example, if we take the predicted
achievement of the subject and subtract off the expected
achievement, this would be standardizing.

● We can then look at the effects of our treatment based on
this standardized achievement.
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The Logic of ANCOVA

● The same logic follows for the ANCOVA, which can be
expressed by the following equation:

Yij = Ȳ + Tj + b(Xij − X̄ij) + eij

● Yij is the score of subject i under treatment j.
● Ȳ is the grand mean of the dependent variable.
● Tj is the effect of treatment j.
● b is a common regression coefficient for Y on X .
● Xij is the score of the covariate for subject i in treatment j.
● X̄ is the grand mean of the covariate.
● eij is the error associated with the score of subject i under

treatment j.
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The Logic of ANCOVA

● Notice how the previous equation:

Yij = Ȳ + Tj + b(Xij − X̄ij) + eij ,

can be re-written as:

Yij − b(Xij − X̄ij) = Ȳ + Tj + eij .

● This helps to better understand what we are doing.

● We are standardizing achievement based on the intelligence
of the individual.

● Note the lack of the interaction term here in this model
statement.
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Homogeneity of Regression Coefficients

● Controlling for the covariate involves applying the common
regression coefficient that we discussed last time to the
deviation of X from the grand mean of X.

● The common regression coefficient is the coefficient found
when estimating the ANCOVA model without the interaction
term.

● Not using the interaction term means that the regression line
for each group must be equivalent with respect to the slope.

● Hence the term “common regression coefficient.”
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Then what is ANCOVA?

● Our author differentiates between ANCOVA (where no
interaction term is present) and ATI designs (where
interactions are present).

● ANCOVA (according to our author) is a valid procedure once
we assume that differences among the b parameters for the
regression of Y on X in the different treatment groups are not
statistically different.

● In other words, once we determine that no interaction is
present, ANCOVA is a valid procedure to use.
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Then what is ANCOVA?

● In other words, we must assume the covariate affects each
variable the same (the regression lines would have the same
slope or be parallel).

● You can test this assumption by performing the techniques
from the previous chapter based on separate regression
equations.

● Once we are happy with this assumption being met, the
techniques used in ANCOVA are analogous to testing the
intercepts of each regression equation to see if they are
equal.

● The “ANCOVA” technique is much simpler and more
powerful, which is why we it is done this way.
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ANCOVA Example

● As an example, consider an experiment with:

✦ Four different treatment groups (T ).

✦ A dependent variable (X).

✦ A single covariate (Y ).
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In SPSS...

● Using Analyze...General Linear Model...Univariate

● First, test for presence of significant interaction.

● This must be done under the Model Box:
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In SPSS...
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Omitting the Interaction

● Using Analyze...General Linear Model...Univariate

● Second, remove interaction term.

● Save the means for each group.
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Omitting the Covariate

● Using Analyze...General Linear Model...Univariate

● Remove the covariate altogether.

● Save the means for each group.
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Adjusted Means

● ANCOVA adjusts the mean for each treatment group by that
of the mean deviation for the covariate:

Ȳ
j(adj) = Ȳj − b(X̄j − X̄)

● Although not easily found in SPSS, consider the following
(with b = 1.013):

Group Ȳ X̄

1 15.8 7.4
2 17.9 7.0
3 19.1 7.2
4 17.4 6.9

Overall 17.55 7.125



Overview

ANCOVA For
Control

Homogeneity of
Regression
Coefficients

ANCOVA Example
● ANCOVA Uses

ANCOVA with
Multiple Covariates

Factorial ANCOVA

ANCOVA for
Adjustment

Problems with
Interpretation

Wrapping Up

®

Slide 19 of 33

Tests for Differences of Adjusted Means

● With the ANCOVA adjusted means, one can now test for
differences between the means (using, for example, multiple
planned comparisons).

● Using Analyze...General Linear Model...Univariate

● Use the covariate.

● Go under Options...



Overview

ANCOVA For
Control

Homogeneity of
Regression
Coefficients

ANCOVA Example
● ANCOVA Uses

ANCOVA with
Multiple Covariates

Factorial ANCOVA

ANCOVA for
Adjustment

Problems with
Interpretation

Wrapping Up

®

Slide 20 of 33

ANCOVA Uses

● ANCOVA was initially developed in the context of
experimental research to increase the precision of statistical
analysis by controlling for sources of systematic variations.

● It is misused when applied is cases of quasi-experimental or
nonexperimental research in order to equate groups.

● Outline of steps of ANCOVA with one covariate.

1. Create a vector of responses for the dependent variable.

2. Create a vector of responses for the covariate.

3. Create coded vector of group membership (treatment
group).
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ANCOVA Uses

● Outline continued:
4. Multiply covariate by coded variable.

5. Test whether the proportion of variance accounted for by
adding the vector is step #4 to the model is significant. If
significant, do not use ANCOVA (interpret groups
separately).

6. Test whether the proportion of variance accounted for by
adding the vector is step #3 to the model is significant as
compared to vector #2 alone. If yes, there are group
differences in treatment groups.

7. Look at differences between adjusted means of the
groups to find the differences present.

● Note that steps 1-4 are accomplished automatically using
SPSS.
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ANCOVA with Multiple Covariates

● Often, there is more than one variable that you would like to
control for.

● This approach generalizes to any number of covariates that
you would like to add.

● All other generalizations are valid, except now to adjust the
means you use:

Ȳ
j(adj) = Ȳj − bX(X̄j − X̄) − bZ(Z̄j − Z̄)
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Factorial ANCOVA

● The examples given so far all deal with a single independent
variable.

● ANCOVA is not limited in this respect.

● You are able to use multiple factors (categorical independent
variables) along with multiple covariates.

● The extension of ANCOVA is similar to that of the factorial
design of the ANOVA.

● The variables are coded in the same manner as in the
factorial design in ANOVA, then the covariates are added to
the model.
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ANCOVA for Adjustment

● ANCOVA is also used in some contexts in an attempt to
equate groups that are essentially nonequivalent, or to adjust
for differences among preexisting groups on a covariate.

● These uses are not always valid applications of this
procedure.

● Here are some examples of these uses:

1. When one or more manipulated variables are used with nonequivalent groups,
ANCOVA is used in an attempt to equate these groups (referred to as
quasi-experimental design).

2. In nonexperimental research, ANCOVA is often used to compare the performance
of two or more groups on a given variable while controlling for one or more relevant
variables.

3. Sometimes one wants to compare regression equations obtained in intact groups
while controlling for relevant variables.
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Problems with Interpretation

● Recall that the use of ANCOVA in experimental research is
aimed at identifying and removing extraneous variance,
thereby increasing the precision of the analysis.

● In addition to the assumptions present in ANCOVA, it is also
necessary that the treatments do not affect the covariate
either directly or indirectly.

● Any effect will cause the adjustment due to the covariate to
remove not only extraneous variance but also variance due
to the treatments.
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Problems with Interpretation

● The situation on the previous slide, however, is different
when ANCOVA is used in quasi-experimental or
nonexperimental research in an attempt to equate groups.

● Many statistical and theoretical problems arise when these
methods are used in this manner.

● The following are some errors that arise when ANCOVA is
used this way:

✦ Specification Errors

✦ Extrapolation Errors

✦ Differential Growth

✦ Nonlinearity

✦ Measurement Errors
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Specification Errors

● Specification errors refer to misspecified models.

● These errors lead to biased estimates of the common
regression coefficient for the covariate and an
overadjustment or underadjustment of treatment means.
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Extrapolation Errors

● When there are considerable differences in the covariate
between two groups (i.e. there is little overlap of the
distributions), the process of arriving at the adjusted means
involves two extrapolations, one for each distribution.

● There are often adjustment errors that arise.
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Differential Growth

● ANCOVA is often used to equate two groups when
attempting to test group differences in growth due to an
independent variable.

● Using this technique assumes the covariate affects each
group equally, which may not be the case in terms of growth
rate.
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Nonlinearity

● One assumption of ANCOVA is that the regression of the
dependent variable on the covariate is linear.

● If this relationship is nonlinear, ANCOVA is not a valid
approach.

● Plot the relationship before running the analysis to check this
assumption.
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Measurement Errors

● When measurement errors are present in the covariate, this
will lead to underadjustments for the initial differences among
groups.

● This may greatly mislead you in terms of your conclusions.

● This problem is omnipresent in research, giving a total of
three certainties in life:
1. Death.

2. Taxes.

3. Measurement errors deteriorating any treatment effects.



Overview

ANCOVA For
Control

Homogeneity of
Regression
Coefficients

ANCOVA Example

ANCOVA with
Multiple Covariates

Factorial ANCOVA

ANCOVA for
Adjustment

Problems with
Interpretation

Wrapping Up
● Final Thought
● Next Class

®

Slide 32 of 33

Final Thought

● ANCOVA is referred to by
Pedhazur as regression
with categorical and
continuous variables when
no interaction is present.

● ANCOVA is typically used
in experimental designs.

● Care must be taken to ensure valid uses of ANCOVA in
quasi-experiment or nonexperimental research protocols.
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Next Time

● Final exam discussion.
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