INTERACTION

1 Two-Variable Interaction Model

Y, = By + B1X;1 + BaXjo + Bs X1 Xis + ¢ (1)

X1 and X, are said to be additive in their relationship to Y if the slope of Y with re-
spect to X; does not depend on X, and vice versa; otherwise, they are said to interact.

The hypothesis test of H, : B3 = 0 is equivalent to a test of interaction between X; and Xs.

The meaning of the regression coefficients By and B, here is not the same as that given
earlier because of the interaction term B3 X;; X;2. The coefficients By and By no longer indi-
cate the change in Y with a unit increase in the predictor variable, with the other predictor
held constant at any given level. The change in Y with a unit increase in X; given a value
of Xy is:

Bl + BgXQ (2)

Or that the equation for the 'Simple Slope’ for X is:

~

Y = [By + B3 X5 X; + [B2 X2 + By (3)
Similarly, the change in mean response (Y) with a unit increase in X, given a value of X is:
By + B3X, (4)

The equation for the ’Simple Slope’ of X5 is:

~

Y = [By + B3 Xi]Xo + [B1 X1 + By (5)

What will the value of X; = _B? represent?

What will the Simple Slope of X; be when the value of X, is equal to zero? Similarly
for the Simple Slope of X7

Why would it be valuable for the researcher to center X; and X5?7
Cohen and Cohen recommend that continuous variables always be centered. Reasons for
centering:

e Interpretations are more straight forward for the main effects.

e Removes all nonessential collinearity.

Lets take a look at a model using SAS. First lets look at our X; and X5 in order to get some
values for X, ., Xo,,pan, a0d Xo, ., which we can use for our plots. Then lets run the
model using PROC REG. Using PROC REG enables us to get estimates of the covariance
matrix which will be useful later on.



2 Testing Simple Slopes, and obtaining CI’s

Lets denote the covariance matrix of By, Bs, and Bs by:
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Since there is no readily available way to test simple slopes in SAS (there are available marcos
on the web). Calculations will have to be done by hand. The first thing we would like to
obtain is the standard error of the simple slope for X;. We we can get from the formula:

Ossx, = \/0%1 +2X,y0%,, + X30%, (6)
Using ogsx, and the t-distribution we can obtain the test statistic:

By + BsX;

- with n —k — 1 df (7)
SSX,

tx,
Where k is the number of parameter (3 in our case). Furthermore the equation for t (1 -
a)% confidence interval for the simple slope of X; at the point X, is:

(B1+ B3 Xa) £ t1-g nk-1%0s5x, (8)
Graphing interactions

What we now want to do is obtain a graph of Y by Xj for the three different values of
Xo Xo, 0wy Xoypans and Xo, ., chosen earlier. This can be done using PROC GPLOT.

data generate;

x21ow=1;

x2high=4;

x2mean=2.5;

x1min= 20;

x1max = 40;

range= xlmax-xlmin;

do x1 = ximin to xlmax by range/5;

ylow = (b2 + b3*x2low)xl + (b2*x2low + bO);
ymean = (b2 + b3*x2mean)xl + (b2*x2mean + b0);
yhigh = (b2 + b3*x2high)xl + (b2*x2high + b0);
output;

end;

run;

proc print;

run;

proc gplot data=generate;

* titlel Plot of Interaction;
symboll color=black interpol=join value=none;
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symbol2 color=red interpol=join value=none;
symbol2 color=blue interpol=join value=none;
plot Ylow*X1l Ymean*X1 Yhigh*X1/ overlay;
run;

quit;

Does X5 have a Synergistic effect on X, or does it act as a Buffer??

3 Three-way Interactions
The model for all three way interactions is:

Y: = Bo+ B1Xi1 + BoXio+ B3 Xis+ By Xy Xio+ Bs X1 Xis+ B Xio Xis + Br X Xio Xis + ¢ (9)

Note that to include higher order terms all lower order terms must be left in the model. The
making of plots will be done in a similar fashion as above, but we will now have two, or
three, separte graphs for multiple levels of our X3 variable. The three-way interaction term
test’s if the effect of X5 on Y as a function of X; will differ depending on the level of Xj5.



