
simple_effects_keywords.txt
                       TESTING SIMPLE EFFECTS IN MA NOVA

                               David P. Nichols
                         Senior Support Statisticia n
                                  SPSS, Inc.
                         From SPSS Keywords, May 19 93

Factorial designs in analysis of variance and covar iance, including designs
with within subjects factors, are very common in ma ny fields of research.
The SPSS MANOVA procedure provides a powerful and f lexible set of tools for
performing most of the analyses that are available under the general linear
model framework. A very common problem is that of a n experiment in which
interactions have been found and the researcher wan ts to explore the data
more carefully to determine what statements may be made about main effects
or interactions in the presence of the two-way or h igher order interaction
effects. Tests of such simple main effects or simpl e interaction effects
are generally easily handled in MANOVA through the flexibility in model
specification offered by the DESIGN and WSDESIGN su bcommands.

                   Two-way Between Subjects Models:
                    Estimating Simple Main Effects
                         

Let's begin with the simplest case in which we migh t want to test for
simple effects: a two-way factorial design in which  we have found an
interaction effect. If the two factors are both bet ween subjects factors
and have two and three levels respectively, we migh t have the following
syntax for the factorial analysis:

MANOVA Y BY A(1,2) B(1,3).

This one line of syntax will produce the full facto rial analysis (MANOVA
always does a full factorial model by default), equ ivalent to specifying
either

MANOVA Y BY A(1,2) B(1,3)
 /DESIGN

or

MANOVA Y BY A(1,2) B(1,3)
 /DESIGN=A, B, A BY B.

If the A by B interaction term is nonzero, the effe cts of the two factors
A and B are not the same across all levels of the o ther factor. That is,
it is possible for A to have a positive effect on t he dependent variable
at one level of B, no effect at another level and a  negative effect at a
third level. Such a situation might lead to an over all main effects test
for A in which no evidence of any A effect was disc overed. This is because
the effect of A is confounded with the A by B inter action effect. It is
also possible that A has a positive (or negative) e ffect at each level of
B, but that this effect is stronger at some levels of B than at others.
In this case it does make sense to talk about an ov erall positive (or
negative) main effect for factor A, but discussion of the magnitude of
this effect must be conditioned on the particular l evels of the B factor
within which these effects do not differ.

In each of these cases what is called for is to exa mine the effects of the
A factor separately within each level of the B fact or. These effects are
what are known as simple main effects. Specificatio n of such effects in
MANOVA is simple, following a logical algorithm app lied to our model
specifications on the DESIGN subcommand. The genera l algorithm is as
follows: To obtain the proper simple effects estima tes and tests of one
factor at (within) each level of a second factor, r eplace the main effect
of the factor of interest and the two-way interacti on involving these two
factors with the simple effects of the factor of in terest within each 
level of the other factor. For our example, we woul d replace the main 
effect of factor A and the A by B interaction with the simple effects of
factor A at each level of factor B:

MANOVA Y BY A(1,2) B(1,3)
 /DESIGN=B,
         A W B(1), A W B(2), A W B(3)

where the W operator is an acceptable shorthand for  the WITHIN keyword.

Important notes to keep in mind here are the follow ing: We have simply
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removed the main effect of the A factor and the A b y B interaction term
from a full factorial specification and have replac ed them with a request
for the simple effects of A within (separately for)  each level of factor
B. The effect of this substitution is to repartitio n the same overall model
into different effects, but to maintain the same to tal model (total degrees
of freedom, total sums of squares accounted for, sa me predicted values and
residuals, etc). That is, we are estimating the sam e B main effect as in
the original full factorial model, and repartitioni ng the A main effect and
the A by B interaction effect into the simple main effects of A at each
level of B.

This is important to note for two reasons. First, w hen working with data
with unequal numbers of observations in the cells o f the design (generally
referred to as unbalanced data), the sums of square s for a particular
effect such as A W B(1) will generally not be the s ame when specified alone
on the DESIGN subcommand as when specified as part of a larger model, due
to the intercorrelation among the factors in an unb alanced design. The
algorithm outlined here is designed to maintain the  same overall model
throughout the testing of simple effects so that th e simple effects
estimated are logical followups to the results of t he overall full factorial
analysis. Second, in releases beginning with versio n 5.0 the default error
term in MANOVA has been changed from WITHIN CELLS t o WITHIN+RESIDUAL. Thus
even in balanced designs, the error term and degree s of freedom used for
testing simple effects would not be the same as in the original analysis
unless the same overall model was estimated or unle ss the user explicitly
specified /ERROR=WITHIN on the ERROR subcommand.

So far we have talked only in terms of the simple m ain effects of A at
each level of B. However, the implications of an in teraction effect are
completely symmetric. That is, to say that the effe cts of factor A are
different at different levels of factor B is equiva lent to saying that
the effects of factor B are different at different levels of factor A.
Thus we would probably also want to test the simple  main effects of B at
each level of A. To do this we would simply follow the same algorithm,
reversing the role of factor A and factor B. That i s, we remove the main
effect of factor B from the full factorial specific ation, along with the
A by B interaction and substitute the simple main e ffects of B at each
level of A. Our syntax would thus be:

MANOVA Y BY A(1,2) B(1,3)
 /DESIGN=A,
         B W A(1), B W A(2).

One important point to note is that since the A and  B simple main effects
each involve a repartitioning of the interaction te rm, attempting to fit
both sets of simple main effects on one DESIGN subc ommand would introduce
redundant effects and should thus be avoided. Estim ation of both sets of
simple main effects in one MANOVA run can be accomp lished simply by stacking
two DESIGN subcommands:

MANOVA Y BY A(1,2) B(1,3)
 /DESIGN=B, A W B(1), A W B(2), A W B(3)
 /DESIGN=A, B W A(1), B W A(2).

                   General Between Subjects Models:
                    Estimating Simple Main Effects

The algorithm outlined above generalizes immediatel y to cases of higher
order designs. Let's illustrate with the case of a three-way design, with
factors A, B and C. For the sake of brevity we will  assume that each
factor has only two levels, since there is no loss of generality in our
discussion and this saves us from writing out more terms in our DESIGN
specifications.

If in a higher order design we wish to estimate sim ple main effects, the
procedure is exactly that outlined above, except th at we would have other
terms also listed on the DESIGN subcommand. For exa mple, in an A by B by C
design in which we wanted to estimate the simple ef fects of A at each 
level of B, we would perform the same replacement o f main and interaction
effect terms as before, but would maintain the mode l specifications
involving the C factor. Thus our full factorial syn tax

MANOVA Y BY A B C(1,2)
 /DESIGN=A, B, C, A BY B, A BY C, B BY C, A BY B BY  C

would become
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MANOVA Y BY A B C(1,2)
 /DESIGN=B, C, A BY C, B BY C, A BY B BY C,
         A W B(1), A W B(2).

Since we are using UNIQUE or regression approach su ms of squares, the
order of effects specified makes no difference, ass uming that each cell
of the design contains at least one observation (de signs involving empty
cells are much more complicated and require careful  special handling).

Many statisticians might object to the foregoing si mple effects tests
because they are being conducted in a model in whic h a higher order
interaction is being estimated which contains the e ffects in question. 
The logic behind this objection would be that first  we should test the
three-way interaction. If this is significant we sh ould then proceed to
test simple, simple main effects and/or simple inte raction effects. If
it is not significant, remove the three-way interac tion and re-estimate
the model. That is, follow-up tests on simple effec ts should not be
performed until a final model has been chosen. The algorithm outlined
here is not affected by this approach. We would hav e first re-estimated
the model without a three-way interaction term, as

MANOVA Y BY A B C(1,2)
 /DESIGN=A, B, C, A BY B, A BY C, B BY C

and the same substitutions would apply, resulting i n

MANOVA Y BY A B C(1,2)
 /DESIGN=B, C, A BY C, B BY C,
         A W B(1), A W B(2).

Others would consider this approach somewhat rigid.  That is, though an
interaction effect in a sample was not of sufficien t magnitude to provide
evidence at (say) the .05 alpha level of an interac tion effect in the
population, the assumption of no interaction effect  as opposed to a small
one might be presumptuous. Thus another strategy wo uld be to fit the
simple effects in the context of the overall factor ial model, estimating
them in the presence of the estimated questionable interaction effects.
Each user is responsible for coming to her or his o wn conclusions as to
what procedures should be followed in this case; MA NOVA can be made to
analyze the data in either case.

                   General Between Subjects Models:
                Estimating Simple, Simple Main Effe cts
                    and Simple Interaction Effects

If the three-way interaction had been significant i n the above model, we
would be faced with a more complicated situation. T hat is, not only do the
effects of factor A depend on which level of factor  B we consider, but
they also depend on the level of factor C in which our A by B designation
of interest is found. The logical step at this poin t is to examine the
two-way interactions at each level of the third fac tor (such as A by B
within each level of C) to see if within each level  of the third factor
the main effects of the other two factors are invar iant. Generalization
of the algorithm discussed in the two-way case resu lts in the A by B and
A by B by C interactions being replaced by the simp le interaction effects
of A by B at each level of C. Thus

MANOVA Y BY A B C(1,2)
 /DESIGN=A, B, C, A BY B, A BY C, B BY C, A BY B BY  C

becomes

MANOVA Y BY A B C(1,2)
 /DESIGN=A, B, C, A BY C, B BY C,
         A BY B W C(1), A BY B W C(2).

If the simple interaction effects are nonzero, the next step is to 
estimate the simple, simple main effects of say, fa ctor A at each level
of the two-way breakdown of factors B and C. The si mple, simple effects of
A at each level of factors B and C involve a repart itioning of the A main
effect, the A by B, A by C and A by B by C interact ions:

MANOVA Y BY A B C(1,2)
 /DESIGN=A, B, C, A BY B, A BY C, B BY C, A BY B BY  C

becomes 
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MANOVA Y BY A B C(1,2)
 /DESIGN=B, C, B BY C, 
         A W B(1) BY C(1), A W B(1) BY C(2),
         A W B(2) BY C(1), A W B(2) BY C(2).

An equivalent specification would be

MANOVA Y BY A B C(1,2)
 /DESIGN=B, C, B BY C, 
         A W B(1) W C(1), A W B(1) W C(2),
         A W B(2) W C(1), A W B(2) W C(2).

As with the more simple two-way case, the factors h ere are perfectly
symmetric, so we could just as sensibly be using B or C in place of A.
Also, the substitution rules used here generalize t o designs with any
number of factors.

               Models Involving Within Subjects Eff ects

As most users are aware, MANOVA offers the capabili ty of using the
multivariate approach to analyzing data involving w ithin subjects (often
involving repeated measures) effects. The within su bjects part of the
model is specified separately from the between subj ects part, but in an
analogous manner, via the WSDESIGN subcommand. Thus  a two-way completely
within subjects design involving two two-level fact ors A and B could be
specified as:

MANOVA V1 TO V4
 /WSFACTORS=A(2) B(2)

which would be the same as

MANOVA V1 TO V4
 /WSFACTORS=A(2) B(2)
 /WSDESIGN

or

MANOVA V1 TO V4
 /WSFACTORS=A(2) B(2)
 /WSDESIGN=A, B, A BY B.

The estimation of simple effects in completely with in subjects designs
requires no new concepts; we simply apply the same rules to the WSDESIGN
subcommand that we applied to the DESIGN subcommand . So the simple effects
of A at each level of B would be specified as

MANOVA V1 TO V4
 /WSFACTORS=A(2) B(2)
 /WSDESIGN=B,
           A W B(1), A W B(2).

This is also true for the more complicated three-wa y and higher order
cases.

         Models Involving Between and Within Subjec ts Effects

Since the between and within subjects parts of the model are specified
separately in MANOVA, the case of a design involvin g both between and
within subjects factors presents some complications . The specifications
for each part of the model are crossed by default. That is, all between
subjects factors are automatically crossed with all  within subjects
factors. Since MANOVA will not allow the specificat ion of between subjects
factors on the WSDESIGN subcommand or within subjec ts factors on the DESIGN
subcommand, we need a way to tell the procedure tha t we want to fit the
effects of a factor of one type at each level of on e or more factors of
the other type. Fortunately, there is a method for doing this, and the
algorithm involved is generally no more complex tha n the earlier one, and
in many cases it is even simpler.

Take the case of a two-way model involving one betw een subjects factor
(call it A) and a within subjects factor (TIME). Th e standard syntax for
the full factorial model is

MANOVA V1 V2 BY A(1,2)
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 /WSFACTORS=TIME(2)
 
which is equivalent to specifying either TIME on th e WSDESIGN or A on the
DESIGN subcommand, or both. If we want to estimate the simple effects of
time for each level of A, we use the MWITHIN keywor d on the DESIGN
subcommand, and replace the main effect of A with M WITHIN A(1) and 
MWITHIN A(2):

MANOVA V1 V2 BY A(1,2)
 /WSFACTORS=TIME(2)
 /DESIGN=MWITHIN A(1), MWITHIN A(2).

MWITHIN stands for mean within, and it effectively turns the crossing of
A and TIME into the nesting of time within each lev el of A. This case
requires some special caution in reading the output , since what we are
thinking of as a simple main effect, TIME at each l evel of A, is listed
on the output as an interaction effect. This analys is produces two tables,
the first of which contains the between subjects pa rt of the analysis:

* * * * * * A n a l y s i s   o f   V a r i a n c e  -- design   1 * * * * * *

Tests of Between-Subjects Effects.

 Tests of Significance for T1 using UNIQUE sums of squares
 Source of Variation          SS      DF        MS         F  Sig of F

 WITHIN+RESIDUAL           60.64      17      3.57
 MWITHIN A(1)             441.80       1    441.80    123.85      .000
 MWITHIN A(2)             440.06       1    440.06    123.36      .000

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

What is actually being tested by the MWITHIN A(1) a nd MWITHIN A(2) terms
here are the null hypotheses that the average value  across all time points
(represented to within a constant multiple by trans formed variable T1) is
zero within level 1 and level 2 of A, respectively.  These are in general
not hypotheses in which we are usually interested. The hypotheses of common
interest are to be found in the within subjects sec tion of the output:

* * * * * * A n a l y s i s   o f   V a r i a n c e  -- design   1 * * * * * *

Tests involving 'TIME' Within-Subject Effect.

 Tests of Significance for T2 using UNIQUE sums of squares
 Source of Variation          SS      DF        MS         F  Sig of F

 WITHIN+RESIDUAL           78.64      17      4.63
 MWITHIN A(1) BY TIME       9.80       1      9.80      2.12      .164
 MWITHIN A(2) BY TIME      20.06       1     20.06      4.34      .053

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Transformed variable T2 represents a normalized dif ference variable comparing
the two TIME points. Thus a test of MWITHIN A(1) BY  TIME represents a test of
the null hypothesis that the TIME differences are z ero at level 1 of factor
A, and MWITHIN A(2) BY TIME corresponds to a simila r test at level 2 of
factor A.

The substitution rule in this case is even simpler than in cases in which
all factors are either between or within subjects i n nature. That is, all we
had to do was to remove the A effect from the DESIG N subcommand and replace
it with MWITHIN each level of A. The same rule appl ies when we want to go
the other way, to look at A differences at each TIM E point:

MANOVA V1 V2 BY A(1,2)
 /WSFACTORS=TIME(2)
 /WSDESIGN=MWITHIN TIME(1), MWITHIN TIME(2)

produces tests of corresponding null hypotheses wit h the roles of the two
factors reversed. However, in this case the tables are presented somewhat
differently, as all four hypothesis degrees of free dom in the analysis are 
defined as within subjects effects. In each case we  have a constant or
intercept term, followed by the term of interest, l abeled essentially as
an interaction term.

* * * * * * A n a l y s i s   o f   V a r i a n c e  -- design   1 * * * * * *

Tests involving 'MWITHIN TIME(1)' Within-Subject Ef fect.
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 Tests of Significance for T1 using UNIQUE sums of squares
 Source of Variation          SS      DF        MS         F  Sig of F

 WITHIN+RESIDUAL           65.29      17      3.84
 MWITHIN TIME(1)          408.71       1    408.71    106.42      .000
 A BY MWITHIN TIME(1)      10.82       1     10.82      2.82      .112

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* * * * * * A n a l y s i s   o f   V a r i a n c e  -- design   1 * * * * * *

Tests involving 'MWITHIN TIME(2)' Within-Subject Ef fect.

 Tests of Significance for T2 using UNIQUE sums of squares
 Source of Variation          SS      DF        MS         F  Sig of F

 WITHIN+RESIDUAL           74.00      17      4.35
 MWITHIN TIME(2)          473.68       1    473.68    108.82      .000
 A BY MWITHIN TIME(2)      18.95       1     18.95      4.35      .052

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

In this case T1 is simply V1 and T2 is simply V2. T hat is, the transformation
applied to the dependent variables was an identity transformation. Thus the
MWITHIN TIME(1) effect tests the null hypothesis th at the mean of V1 is zero,
averaged across both levels of A, and MWITHIN TIME( 2) tests a similar 
hypothesis concerning V2. As before, these tests of  constant or intercept
terms are not generally of interest. The terms labe led as interactions,
A BY MWITHIN TIME(1) and A BY MWITHIN TIME(2) are t he effects we want, as
they test the null hypotheses that there are no pop ulation differences
between the levels of factor A for V1 and V2, respe ctively.

The general substitution rule for designs with both  between and within
subjects factors is to substitute MWITHIN each leve l of a particular main
or interaction effect for that factor or interactio n and all effects
encompassed by that term. So if we wanted to estima te the effects of TIME
at each level of the breakdown of an A by B between  subjects design, (the
simple, simple main effects of TIME within A by B) we would specify:

MANOVA V1 V2 BY A B(1,2)
 /WSFACTORS=TIME(2)
 /DESIGN=MWITHIN A(1) BY B(1), MWITHIN A(1) BY B(2) ,
         MWITHIN A(2) BY B(1), MWITHIN A(2) BY B(2) .

Thus MWITHIN A BY B specifications replace the A by  B interaction and the
A and B main effects, which are encompassed within A by B. If we wanted to
estimate TIME effects only within the levels of A, we would specify:

MANOVA V1 V2 BY A B(1,2)
 /WSFACTORS=TIME(2)
 /DESIGN=B, A BY B,
         MWITHIN A(1), MWITHIN A(2).

The same logic applies completely when testing simp le effects of between
subjects factors at different levels of within subj ects factors. The
substitution algorithm here can also, as in the cas e involving only between
or within subjects factors, be extended to as many factors as necessary. 

As mentioned earlier, while it is possible in some designs to estimate
more than one set of simple effects at a time, it i s safest to do them
individually, as the results of specifying redundan t requests are often
meaningless ANOVA tables. This is particularly true  with regard to use
of the MWITHIN keyword in releases prior to verion 5.0 of SPSS. In later
releases only one term can be used with MWITHIN, bu t in earlier releases
use of redundant MWITHIN requests may produce outpu t of questionable
validity that some users will not be able to proper ly interpret.

Finally, there is some disagreement in the ANOVA li terature about the use
of error terms in designs involving both between an d within subjects
factors. Specifically, it is sometimes claimed to b e desirable to use a
pooled error term when fitting A within each TIME p oint, just as a pooled
error term is used when fitting TIME effects within  each A level. However,
the simple effects of A at each level of TIME are s imply the A effects 
for the original correlated dependent variables. Th ey are therefore not
independent and cannot be pooled to obtain a test s tatistic with a proper
F-distribution under the null hypothesis. Therefore , in this situation
MANOVA uses a separate error term at each level of TIME, equivalent to a
simple univariate analysis of variance on each depe ndent variable.
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