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(3) On the other hand, if the (X,Z) data appear in clusters, centering is unlikely

to reduce the problem of multicollinearity.

We have included the R code used to generate our example figures in the Supplementary

Material as a teaching resource for introductory regression courses.

Finally, we remark that our investigations in this paper apply only to the bivariate

setting of model (1). In higher dimensional settings, the issue of multicollinearity becomes

considerably more complicated. Indeed, centering will actually change the least squares

estimators and standard errors of the pairwise interaction term coefficients when third-

order (or higher) interactions are present in a linear regression model. Thus, a researcher’s

ability to detect pairwise interaction effects can be greatly altered by choosing to center

variables when three or more predictors (and their interactions) are under consideration.

Supplementary Material

We present the R code used in Section 3.

library(MASS)
library(mvtnorm)
library(copula)
set.seed(123)

##### FIGURE 1. Bivariate Normal ####
set.seed(123)

norms <- data.frame(mvrnorm(1000, c(10,5), matrix(c(10,5,5,10),2,2)))
colnames(norms) <- c("x", "z")

norms$xc <- norms$x - mean(norms$x)
norms$zc <- norms$z - mean(norms$z)

norms$xz <- norms$x * norms$z
norms$xz_c <- norms$xc * norms$zc

cor(norms$z, norms$xz)
cor(norms$zc, norms$xz_c)

##### FIGURE 2. Bivariate Normal Mixture ####
set.seed(123)
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dat1 <-rmvnorm(1000,mean=c(4,4),sigma=matrix(data=c(1,0.6,0.6,1),nrow=2))
dat2 <- rmvnorm(100,mean=c(7,-1),sigma=matrix(data=c(1,0.1,0.1,1),nrow=2))
dat <- rbind(dat1,dat2)
d <- as.data.frame(dat)
colnames(d) <- c("x","z")
d$xc <- d$x - mean(d$x)
d$zc <- d$z - mean(d$z)
d$xz <- d$x*d$z
d$xzc <- d$xc*d$zc

cor(d$x,d$xz)
cor(d$xc,d$xzc)

##### FIGURE 3. Bivariate Joe copula with normal marginals ####
set.seed(125)

CopSEM <- function(copmvdc, Sigma, nw = 100000, np = 1000)
{
Xw <- rMvdc(nw,copmvdc)
Sw <- cov(Xw) ## warm-up VC matrix
Sigma.eigen <- eigen(Sigma)
Sigmaroot <- Sigma.eigen$vectors%*%sqrt(diag(Sigma.eigen$values))%*%t(Sigma.

eigen$vectors)
Sx.eigen <- eigen(solve(Sw))
Sxroot <- Sx.eigen$vectors%*%sqrt(diag(Sx.eigen$values))%*%t(Sx.eigen$vectors

)
X <- rMvdc(np,copmvdc)
Y <- (X%*%(Sxroot)%*% Sigmaroot)
list(Y = Y, covY = (cov(Y))) ## return Y and cov(Y)
}

## Sigma specification
Sigma <- matrix(c(10,5,5,10),2,2)

## Copula specification
coppar <- joeCopula(19, dim = 2)
copjoint <- mvdc(coppar, margins = c("norm","norm"), paramMargins = list(list

(mean=15,sd=10), list(mean=5,sd=10)))

## Apply two-stage function
res.sim <- CopSEM(copjoint, Sigma, np = 1000, nw = 100000)
data <- res.sim$Y

d <- as.data.frame(data)
colnames(d) <- c("x","z")
d$xc <- d$x - mean(d$x)
d$zc <- d$z - mean(d$z)
d$xz <- d$x*d$z
d$xzc <- d$xc*d$zc

cor(d$x,d$xz)
cor(d$xc,d$xzc)



Centering in multiple regression... 15

dat1 <-rmvnorm(1000,mean=c(4,4),sigma=matrix(data=c(1,0.6,0.6,1),nrow=2))
dat2 <- rmvnorm(100,mean=c(7,-1),sigma=matrix(data=c(1,0.1,0.1,1),nrow=2))
dat <- rbind(dat1,dat2)
d <- as.data.frame(dat)
colnames(d) <- c("x","z")
d$xc <- d$x - mean(d$x)
d$zc <- d$z - mean(d$z)
d$xz <- d$x*d$z
d$xzc <- d$xc*d$zc

cor(d$x,d$xz)
cor(d$xc,d$xzc)

##### FIGURE 3. Bivariate Joe copula with normal marginals ####
set.seed(125)

CopSEM <- function(copmvdc, Sigma, nw = 100000, np = 1000)
{
Xw <- rMvdc(nw,copmvdc)
Sw <- cov(Xw) ## warm-up VC matrix
Sigma.eigen <- eigen(Sigma)
Sigmaroot <- Sigma.eigen$vectors%*%sqrt(diag(Sigma.eigen$values))%*%t(Sigma.

eigen$vectors)
Sx.eigen <- eigen(solve(Sw))
Sxroot <- Sx.eigen$vectors%*%sqrt(diag(Sx.eigen$values))%*%t(Sx.eigen$vectors

)
X <- rMvdc(np,copmvdc)
Y <- (X%*%(Sxroot)%*% Sigmaroot)
list(Y = Y, covY = (cov(Y))) ## return Y and cov(Y)
}

## Sigma specification
Sigma <- matrix(c(10,5,5,10),2,2)

## Copula specification
coppar <- joeCopula(19, dim = 2)
copjoint <- mvdc(coppar, margins = c("norm","norm"), paramMargins = list(list

(mean=15,sd=10), list(mean=5,sd=10)))

## Apply two-stage function
res.sim <- CopSEM(copjoint, Sigma, np = 1000, nw = 100000)
data <- res.sim$Y

d <- as.data.frame(data)
colnames(d) <- c("x","z")
d$xc <- d$x - mean(d$x)
d$zc <- d$z - mean(d$z)
d$xz <- d$x*d$z
d$xzc <- d$xc*d$zc

cor(d$x,d$xz)
cor(d$xc,d$xzc)


