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This document presents a worked example for Goldberg’s Bass Ackwards method using procedures
outlined in Waller (2006). To allow readers to concentrate on the underlying logic of the method,
without being overwhelmed by numbers, we will consider a so-called “toy” data set borrowed from
Tabachnick & Fidell (2007, p. 617). The data represent the simulated responses from five subjects
trying on ski boots. Each subject was asked to rate the importance of four variables when selecting
a ski resort.

• cost of ski ticket: COST

• speed of ski life: LIFT

• depth of snow: DEPTH

• moisture of snow: MOISTURE

The following table presents the raw data as reported in Tabachnick & Fidell (2007, p. 617).

Table 1 Simulated Data on Ski Resorts

Variables
Skiers COST LIFT DEPTH POWDER
1 32 64 65 67
2 61 37 62 65
3 59 40 45 43
4 36 62 34 35
5 62 46 43 40
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Several methods are available for getting these data into R . Perhaps the easiest method, considering
the size of the data set, is to input the data directly into a matrix. Larger data sets can be entered
into R with the read.table or scan functions. The commands reproduced below will read the
data into R , standardize the data (i.e., convert them to z scores) and compute correlations among
the four variables. In this example the correlations will be saved in a 4× 4 matrix called R.

> SkiData <- matrix(c(32, 64, 65, 67, 61, 37, 62, 65, 59, 40, 45, 43, 36,

+ 62, 34, 35, 62, 46, 43, 40), nrow = 5, ncol = 4, byrow = TRUE)

> Z <- scale(SkiData)

> R <- 1/4 * t(Z) %*% Z

> colnames(R) <- rownames(R) <- c("COST", "LIFT", "DEPTH", "POWDER")

> round(R, 3)

COST LIFT DEPTH POWDER

COST 1.000 -0.953 -0.055 -0.130

LIFT -0.953 1.000 -0.091 -0.036

DEPTH -0.055 -0.091 1.000 0.990

POWDER -0.130 -0.036 0.990 1.000

At this stage you should enter the BASS function (Waller 2006) into an active R session. One method
for doing so is to copy the commands in Table 2 into a text file and then source the file into R
using the source command located under the File drop down menu in the R GUI (note that if
you enter these commands into a text file then you should not include the “+” sign that begins each
line). We will use the BASS function to demonstrate how easy it is to perform a Bass Ackwards
analysis without computing principal component (PC) scores.

To run a Bass Ackwards analysis one simply calls the BASS function with three arguments: (1) the
correlation matrix of trait indicators, (2) the desired number of levels in the hierarchical analysis
and (3) a logical on/off switch that instructs the program to output summarized results to the
screen. The following single line of code demonstrates the ease at which a Bass Ackwards analysis
can be performed in R . In this example we instruct the program to analyze the matrix R, to extract
1 - 3 rotated solutions, and to print summarized results (i.e., the across hierarchy correlations) to
the screen.

> results <- BASS(R, maxP = 3, Print = "ON")

Correlation of Z1 with V2

V2.1 V2.2

Z1 0.904 -0.427
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Table 2: The Bass Function

> BASS <- function(R, maxP, Print = "OFF") {

+ varNames <- rownames(R, do.NULL = FALSE, prefix = "var")

+ ULU <- eigen(R)

+ U <- ULU$vectors

+ L <- ULU$values

+ key <- sign(apply(U, 2, sum))

+ key[key < 0] <- -1

+ U <- U %*% diag(key)

+ P <- U %*% diag(sqrt(L))

+ p <- ncol(R)

+ CrossLevelCors <- list(rep(0, p - 1))

+ T <- list(rep(0, p - 1))

+ PCloadings <- list(rep(0, p - 1))

+ for (i in 2:maxP) {

+ vout <- varimax(P[, 1:i], normalize = TRUE, eps = 1e-15)

+ T[[i - 1]] <- vout$rotmat

+ PCloadings[[i - 1]] <- vout$loadings[1:p, ]

+ rownames(PCloadings[[i - 1]]) <- varNames

+ }

+ Z <- paste("Z", 1:maxP, sep = "")

+ V <- paste("V", 1:maxP, sep = "")

+ if (Print == "ON") {

+ cat("\nCorrelation of", Z[1], " with ", V[2], "\n")

+ }

+ out <- T[[1]][1, ]

+ dim(out) <- c(1, 2)

+ rownames(out) <- Z[1]

+ colnames(out) <- paste(V[2], ".", 1:2, sep = "")

+ CrossLevelCors[[1]] <- out

+ if (Print == "ON") {

+ print(round(out, 3))

+ }

+ for (i in 2:(maxP - 1)) {

+ if (Print == "ON") {

+ cat("\n\n\nCorrelation of", V[i], " with ", V[i + 1], "\n\n")

+ }

+ S <- cbind(diag(i), matrix(0, i, 1))

+ out <- t(T[[i - 1]]) %*% S %*% T[[i]]

+ rownames(out) <- paste(V[i], ".", 1:i, sep = "")

+ colnames(out) <- paste(V[i + 1], ".", 1:(i + 1), sep = "")

+ CrossLevelCors[[i]] <- out

+ if (Print == "ON") {

+ print(round(out, 3))

+ }

+ }

+ invisible(list(T = T, cors = CrossLevelCors, loadings = PCloadings))

+ }
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Correlation of V2 with V3

V3.1 V3.2 V3.3

V2.1 1 0 -0.021

V2.2 0 1 0.003

Following the notation in Waller (2006), Z1 denotes the principal component (PC) scores for the
first PC; V i.j denotes the rotated scores for the i-component solution (j = 1 . . . i). In this example
the summarized results were printed to the screen. More detailed results were saved to an object
called “results.” You can think of this object as a file cabinet with three draws. The first drawer
is labelled “T.” This drawer contains the T ransformation matrices that rotate the unrotated PC
loadings to the varimax position. The second drawer is labelled “cors.” This drawer contains the
across hierarchy correlations between the principal component scores (e.g., the correlations between
the rotated PC scores from a 2 component solution with the rotated PC scores from a 3 component
solution). Finally, the third drawer contains the varimax rotated PC loadings. To access these data
one simply “opens” the appropriate drawer with the “$” command. For instance, if you wish to
inspect the across hierarchy correlations, you would type:

> results$cors

[[1]]

V2.1 V2.2

Z1 0.9043011 -0.4268952

[[2]]

V3.1 V3.2 V3.3

V2.1 9.997833e-01 0.0001010504 -0.020817526

V2.2 -2.901005e-05 0.9999940109 0.003460834

Similarly, if you wanted to inspect the rotated PC loadings for each solution you would enter:

> results$loadings

[[1]]

[,1] [,2]

COST -0.08710492 0.98770296

LIFT -0.07236193 -0.98859356

DEPTH 0.99729937 0.02570595

POWDER 0.99761998 -0.04010730

[[2]]

[,1] [,2] [,3]

COST -0.08443287 0.98724257 0.13402689
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LIFT -0.06958149 -0.98904963 0.12948586

DEPTH 0.99819760 0.02562127 0.03288048

POWDER 0.99672282 -0.03989290 -0.05366582

Of course, you can also look at the data from a single analysis by subscripting your call.

> results$loadings[[2]]

[,1] [,2] [,3]

COST -0.08443287 0.98724257 0.13402689

LIFT -0.06958149 -0.98904963 0.12948586

DEPTH 0.99819760 0.02562127 0.03288048

POWDER 0.99672282 -0.03989290 -0.05366582

Furthermore, you can round your results to any desired degree of accuracy (within the limits of
machine precision) by applying the list apply function with the round argument.

> lapply(results$cors, round, 3)

[[1]]

V2.1 V2.2

Z1 0.904 -0.427

[[2]]

V3.1 V3.2 V3.3

V2.1 1 0 -0.021

V2.2 0 1 0.003

> lapply(results$loadings, round, 3)

[[1]]

[,1] [,2]

COST -0.087 0.988

LIFT -0.072 -0.989

DEPTH 0.997 0.026

POWDER 0.998 -0.040

[[2]]

[,1] [,2] [,3]

COST -0.084 0.987 0.134

LIFT -0.070 -0.989 0.129

DEPTH 0.998 0.026 0.033

POWDER 0.997 -0.040 -0.054

These results—which are based on hypothetical data—suggest that two components are involved in
the evaluation of ski resorts. Inspection of the rotated PC loadings suggests that the first component
concerns snow quality and the second component concerns the relative cost of skiing (the cost of a
lift ticket relative to the speed of the ski lift).
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A closer look at the math of a Bass Ackwards analysis

In this section we take a closer look at the underlying math of a Bass Ackwards analysis. Waller
(2006) showed that correlations between components scores from different levels of a Bass Ackwards
analysis can be computed without computing the actual scores. Specifically, using notation from
the original paper, Waller showed that for models with orthogonal rotations (such as varimax)

Cor(Vi, Vj) = T ′
iSTj

In this notation, S is a selection matrix that is formed by appending a column of zeros to the right
side of an appropriately sized identity matrix. The order of the identity matrix is determined by the
number of columns in the transformation matrix Ti. For example, if we wish to compute the cross
hierarchy correlations between component scores from a two and three component solution then S
will be built up from a 2× 2 identity matrix. Note that in this case S will have two rows and three
columns.

S =

[
1 0 0
0 1 0

]
The basic steps of the analysis require the computation of the unrotated principal component
loadings, P , from the eigenvalues and eigenvectors of a correlation matrix R. When conducting the
analysis in R P is easily obtained as follows (note that the signs of the first eigenvector have been
reflected for interpretation purposes):

> Q <- eigen(R)$vectors

> Q[, 1] <- Q[, 1] * -1

> L <- eigen(R)$values

> L.sqrt <- diag(sqrt(L))

> P <- Q %*% L.sqrt

Next, we save the rotation matrices from each solution, create an appropriately sized matrix S, and
calculate the across hierarchy correlations.

> T2 <- varimax(P[, 1:2], normalize = TRUE, eps = 1e-15)$rotmat

> T3 <- varimax(P[, 1:3], normalize = TRUE, eps = 1e-15)$rotmat

> S <- cbind(diag(2), rep(0, 2))

> cor.V2.V3 <- t(T2) %*% S %*% T3

> round(cor.V2.V3, 5)

[,1] [,2] [,3]

[1,] 0.99978 0.00010 0.02082

[2,] -0.00003 0.99999 -0.00346

The BASS function automates these calculations (and more) and creates additional output for further
analyses.
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