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ABSTRACT 

An improved version of ROTOPLOT, ROTOPLOT II, was presented in this 
article. ROTOPLOT described a computer assisted strategy enabling one to 
perform visually guided graphical rotations upon pairwise combinations of 
factors. ROTOPLOT II, expanded upon this routine by adding the options of 
Procrustes and the derivation of congruence coefficients. Step by step instruc
tions for use of the strategy were included, and a source for the computer program 
was discussed, as were its uses and limitations. 

A BRIEF HISTORY 

The basic procedure and program for ROTOPLOT was first developed by 
Cattell and Foster (1963) to provide computer assisted graphical rotations for 
factor matrices. During my year as a research associate in Cattell's lab at the 
University of Illinois, Champaign-Urbana, needless to say, I had considerable 
use for the program. 

I left the lab about the time of its closing. Upon arriving at Wichita State 
University I discovered that I still had a need for the routine, and our computer 
center (as often happens) had no version of the program. Due to the usual com
munication problems ensuing from the shut down of the iab and the discontinuity 
between the lab and the computer center at Illinois, I was unable to obtain a copy 
of the program from Illinois. Being my usual optimistic self I viewed this as 
an opportunity to "tailor make" a ROTOPLOT program for myself- a chance 
to improve upon certain aspects of the original ROTOPLOT program which 
tended to irritate me during my previous experience with the procedure. I'll not. 
list these improvements as they are somewhat minor and do not effect the 
operation of the routine. 

In addition and because it was relatively simple, I chose to include two 
procedures in the program which were not in the original. 1) Procrustes and 2) 
congruence coefficients. I felt these additions valuable ~ecause they are often 
desired procedures for which routines are not readily available. 

I decided to write the program in FORTRAN IV because of the great general
izability between computers. Also, I did everything I could to make the program 
adaptable to other computer systems.2 As it turns out, this was a wise decision 
as I have since discovered that Cattell now has some difficulty in obtaining the 
source coding for ROTOPLOT. I will happily make the source coding available 
to anyone who wants it for my cost in reproducing it plus mailing and handling 
charges. 

To cover printing costs, reprints of this article may be obtained from the 
Multivariate Experimental Clinical Research for $1.00 U.S. and $1.50 out of U.S. 
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I do sincerely hope many of you interested in factor analytic research will 
utilize the graphical rotations rather than rely on inadequate push button 
analytical routines. Finally although great care has been taken in the prepara
tion of ROTOPLOT II and considerable checking has been done as to its accuracy, 
the author and the Journal assume no liability with regards to ROTOPLOT II. 

. WHAT ROTOPLOT II WILL DO FOR YOU 

GRAPHING FACTOR MATRICES 

One of the prime functions of ROTOPLOT II is to graph all pair-wise com
binations of m factors. Each graph occupies an entire sheet of computer paper 
which usually results in considerable printout (m(m-1)/2 pages). However, we 
have found this size of graph necessary for good results. The vector and factor 
cosines (correlations) for the particular pair on each graph are provided. 

The program is designed to execute rotations upon which you have decided 
by inspecting the graphs. The rotations are entered in a shift deck in the form of 
the tangent of the angle of rotation. Why tangents? Each graph is outlined with 
dots. If one draws the angle ofrotation from the origin to one of the border dots, 
it just happens that each dot represents a tangent of approximately .04. Thus if 
the angle falls 4 dots from the origin, the rotation is .16. (The sign of the rotation is 
determined by the quadrant.) The tangents are converted to sines by the 
program. 

GENERATING VARIOUS AND ASSORTED MATRICES 

If perchance all rotations are orthogonal (a highly unlikely event) only one 
factor matrix can be generated. In the more usual oblique case, six different 
factor related matrices can upon request be obtained. They are: 

1. Vrs (reference vector structure): an n x m matrix of the correlations of 
_the variables with the reference vectors. 

2. Vrp (reference vector pattern): an n x m matrix of the projections of the 
variables upon the factors. 

3. Vfs (factor structure): an n x m matrix of the correlations of the variables 
with the factors. 

4. Vfp (factor pattern): an n x m matrices of the projections of the variables 
upon the factors. 

5. Rrv (reference vector correlations): an m x m matrix of the intercorrela
tion of the reference vectors. 

6. Rf (factor correlations): an m x m matrix of the intercorrelations of the 
factors. 

PROCRUSTES SOLUTION 

ROTOPLOT II contains the Procrustes procedure which permits one to enter 
an origmal factor matrix (Vo) and a hypothetical factor matrix (Vbyp). The proce
dure then rotates the Vo as closely as it can to the Vbyp. Congruence coefficients 
are provided to give some indication of closeness of fit. Be warned: always check 
the factor correlations when using this procedure. Procrustes can usually give 
pretty good fit in terms of the Vrs, but often the factor correlations become un
usually high requiring some graphical rotations before an actual estimation of 
goodness of fit can be made. 
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CONGRUENCE COEFFICIENTS 

If you have two factor matrices each with the same variables and the same 
number of factors the only difference being that they were derived from different 
samples, congruence coefficients can be calculated to discover how similar the 
factor matrices are. 

COMBINATIONS OF THE ABOVE 

Generally speaking, one can utilize any logical combinations of the above 
described functions; e.g., one can rotate a matrix and graph the results, or one 
can perform a Procrustes and graph the results, etc. 

LIMITATIONS 

As currently programmed, ROTOPLOT II is limited to 198 variables and 35 
factors. This will vary from computer to computer so one should check with their 
local center for specific limitations. 

HOW TO MAKE ROTOPLOT II DO THE ABOVE 

Before I describe how to set up for any of the _specific functions previously 
described, I will give a general description of the control cards. I am not going 
to cover the systems cards as they vary from computer to computer and installa
tion to installation. 

A General Description of the Control Cards 

The "PROBLM" Card 

One "PROBLM" card must proceed each run. The format for the card is: 

Column No. 

01-06 
08-10 
12-13 
15-17 
19-21 
23-25 
27-29 
31-33 

35-37 
39-41 

43-45 
47 
48 
49 
50 

Contents 

"PROBLM" 
number of variables 
number of factors 
"YES" if a LAMBDA matrix is to be read 
"YES" if a shift matrix is to be read 
"YES" if a new lambda is to be punched 
"YES" if the Vrs is to be plotted 
"YES" if the diagonal of the .shift matrix is set to 
unities 
"YES" for Procrustes option 
"YES" if a lambda for Vhyp for Procrustes or for 
comparison matrix for congruence coefficients is 
to be read 
"YES" for congruence coefficients 
"P" if final lambda is to be printed 
"P" if Vrs is to be printed 
"P" if Vrp is to be printed 
"P" if Vfs is to be printed 
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51 
52 
53 
54 

56-57 
59-61 

The "TITLE" Card 

"P" if Vfp is to be printed 
"P" if Rf is to be printed 
"P" is Rrv is to be printed 
"P" if Vhyp is to be printed 
input unit for various matrices. "5" is default 
"YES" if input unit is rewound leave blank for card 
input 

A title card must immediately follow the "PROBLM" card. The purpose of 
this card is simply for job identification. The format for this card is: 

Column No. 

01-05 
07-38 

Description 

"TITLE" 
any identifying information you wish 

THE VARIOUS REQUIRED MATRICES 

Various input matrices are required depending upon the options selected. 
The only matrix which will be present for all options is the Vo. All decks must be 
preceded by a variable format card utilizing E, F, X, and / conversions only. 
NOTE: when inputting a lambda for the Vo which was produced by ROTOPLOT 
II, a format card for that deck is punched by ROTOPLOT II immediately 
preceding the lambda, saving you the effort. 

A brief description of each deck follows. They are presented in the order in 
which they must be placed: 

Vo. This is an orthogonal factor matrix. If you are actually starting from an 
oblique position, what you must do is provide your original Vo from which the 
oblique position was obtained and the Lambda (lambda for Vo) which produces 
the oblique position. This deck will be present for all options. 

Vhyp or Vcom. This is also a factor matrix. In the case of the Procrustes 
option it is the hypothetical target matrix. In the case of the congruence co
efficients option it is the matrix with which the Vo or Vo x Lambda is compared. 
This matrix does not have to be orthogonal. 

Lambda for Vhyp or Vcom. If desired, a lambda matrix for Vhyp or Vcom 
may be read. If this is the case, Vhyp or V com is multiplied by this lambda before 
the Procrustes or congruences are done. 

Lambda for Vo. If this option is chosen, the Vo is multiplied by this matrix 
to produce a Vrs. If a shift matrix is used, the effect of the shift is incorporated 
into the input lambda resulting in a new lambda before the multiplication is done. 
Thus wheh doing graphical rotations the effects of the rotations are compiled in 
the lambda for the Vo requiring that it be punched for succeeding rotations. 

The Shift Deck. The shift deck is am x m deck of signed tangents representing 
the rotations to be carried out. In most cases the diagonal of this deck should 
contain 1 's. 

The Basic ROTOPLOT Procedure 

THE PROCESS CONCEPTUALLY 

The graphical rotation procedure may start with almost any factor matrix. 
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In the oblique case, one does not use the oblique matrix itself as input to ROTO
PLOT, rather an orthogonal matrix is used along with the transformation matrix 
(lambda) which produces the oblique solution. 

In any case, the basic ROTOPLOT process is this: 
1. Graph the factor matrix (ROTOPLOT) 
2. Make the desired rotations on the graphs. 
3. Record the tangents of the shift angles on a "shift" sheet. 
4. Produce a "shift" deck from the "shift" sheet. 
5. Execute the rotations by feeding ROTOPLOT a) the factor matrix (Vo), 

b) a lambda if the Vo is oblique, c) the shift deck. 
6. ROTOPLOT will: 1) do the rotation, b) graph the results, c) provide a 

hyperplane count, d) punch on cards a new lambda deck which will con
tain the results from the rotation compounded with any previous rota
tions. 

7. Repeat steps one thru six until rotation is complete. 

HOW TO CARRY OUT THE PROCESS (Hand Rotations) 

Step la: How to Graph an Orthogonal Factor Matrix 
Decks Needed. Vo 
Set up. 1) system cards 2) ROTOPLOT II control cards and appropriate decks 
a) PROBLM cards: 

Column Number Content 

1-6 "PROBLM" 
8-10 number of variables 
12-13 number of factors 
15-25 blank 
27-29 "YES" 
31-45 blank 

47 blank 
48 "P" 

49-54 blank 
56-57 your option 
59-61 your option 

b) TITLE CARD: (as previously described) 
c) format card for Vo 
d) Vo 

Step 1 b : How to Graph an Oblique Factor Matrix 
Decks Needed. 1) Lambda for rotation to oblique position. 2) Vo: unrotated 

factor matrix. 
Set up. l)systemcards. 2)ROTOPLOTIIcontrolcardsandappropriatedecks: 
a) PROBLM card: same as for la except col. 15-17 should contain "YES." 

One may request any of the options which are indicated in columns 47 
thru 53. 

b) TITLE card 
c) Format for Vo 
d) Vo 
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e) Format for Lambda 
f) LAMBDA 

Step 2: How to Carry Out tne Hand Rotations. 
The Process. The first step in this process is obviously to do the rotations on 

the graphs provided in steps la or lb. The rotations are then recorded upon a 
"shift sheet." This is a form that can be produced by the user. An example of such 
a form may be found in figure 1. 

Figure 1 

A Sampl e Shi f t Shee t 

1 2 3 4 5 6 8 9 10 11 12 13 

1 I/ 
2 I/ 
3 I/ 
4 1/ . 

I/ I 

5 

6 I/ 
I V 

8 V 
9 I/ 

10 V 
11 l7 
12 / 
13 V 

The method of recording the angles varies depending upon the purpose of 
the rotations. The two main purposes are 1) rotation for simple structure and 
2) rotation for meaning. In the first case one actually rotates hyperplanes rather 
than factors. In case 2 the factors are rotated. 

In both cases the signs of the cartesian coordinates are backwards from 
what one would expect. A rotation into quadrants one or three is a negative 
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rotation while rotations into two or four are positive. In the case of the rotation 
of hyperplanes (the most common procedure), the rotation of the x-axis is · 
recorded ABOVE the diagonal on the shift sheet, while the rotation of the y-axis 
is recorded BELOW the diagonal on the shift sheet. For the case of rotating 
factors just the opposite is true. 

The shift sheet is then punched upon cards producing the "shift deck." 
Usually unities are punched in the communality of the shift deck. ROTOPLOT 
II may be instructed to assume unities in the diagonal. 

Cases When Unities are Not Used in the Diagonal of the Shift Deck. Occa
sionally one may wish to change all the signs for a given factor. To do this, one 
need simply place a -1 (rather than a +1) in the diagonal position in the shift deck 
for the given factor; e.g., if factor 3 is to be reflected, then cell 3, 3 of the shift deck 
would contain -1 instead of + 1. 

Occasionally one wishes to alter the order in which factors are printed. For 
example, in one item analysis of the 16PF, it was desired that the factors be 
printed in the order in which they appear on the test. To do this, place the·columns 
of the shift deck in the desired order. If for example you wish factor 3 to become 
factor 2 and factor 2 to become factor 3, simply exchange columns two and three 
in the shift deck. 

Note that both of those procedures have a permanent effect which is incor
porated into the new lambda along with the rotations. 

Decks Needed. 1) Vo, 2) if the starting position is oblique, a previous lambda, 
3) a shift deck. 

Set up. 1) system cards, 2) ROTOPLOT II control cards and appropriate 
decks: 

A) PROBLM card. 

Column No. 

01-06 
08-10 
12-13 
15-17 

19-21 
23-25 

27-29 
31-33 
35-45 
47-53 

54 
56-61 

B) Title card 
C) Format for Vo 
D) Vo 

"PROBLM" 
number of variables 
number of factors 

Contents 

a) "YES" if starting from an oblique position 
b) blank if starting from an orthogonal position 
"YES" 
"YES" in order to obtain a new lambda which will 
be input for your next rotation 
"YES" for new graphs after rotation 
your option 
blank 
your option; usually Vo, Lambda, Rt-, Rrv, and V!p 
are req nested 
blank 
your options 

E) Format for Lambda (if starting from oblique position) 
F) Lambda (if starting from oblique position) 
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G) Format for Shift deck 
H) Shift deck 

Some Random Notes on Avoiqing Problems 

The Vo. Remember all phases of hand rotation start with a Vo which is an 
orthogonal factor matrix. If you are starting from an oblique solution, you still 
need the orthogonal Vo but you also need a lambda which rotates the Vo to your 
oblique position. This usually occurs when your starting point for hand rotations 
is the result of an analytic rotation such as OBLIMAX. In such case you do not 
input the rotated matrix, rather the unrotated matrix plus the lambda which 
yields the OBLIMAX solution. 

The New Lambda. The effect of each hand rotation is accumulated into a new 
lambda which you usually order punched on cards. (NOTE: When you request 
the lambda to be punched, a format card for the new lambda is also punched.) 
This means that for successive rotations, the Vo stays the same but the inputed 
lambda is the one produced by the previous rotation. 

The Procrustes Solution 

THE PROCESS CONCEPTUALLY 

This process (Hurley and Cattell, 1962) is derived from the following defining 
equation: 

Vrs = Vol 
Solving for l 

Vo' Vrs = Vo' Vo A 
(Vo'Vo) -l Vo'Vrs = (Vo'Vo) -1 (Vo'Vo)l 
(Vo'Vo) -l VoVrs = 1 

But what happens if instead of the Vrs, one substitutes a hypothetical Vrs 
(Vhyp )? A lambda is produced which rotates the Vo as closely as possible to the 
Vhyp. This is the procedure carried out by the Procrustes Solution section of 
ROTOPLOT II. 

It should be again noted that this is a "power" process, i.e., Procrustes will 
attempt to force a fit even when an actual fit does not exist. Also even when there 
is a relatively good fit, the push for an exact fit can lead to problems. In both 
cases, this difficulty is usually indicated in the factor correlations. Often the 
mean factor correlation will be unusually high. In order to eliminate this problem, 
the best procedure for Procrustes is: 

A) Perform the Procrustes 
B) Carry out hand rotation to 

1. lower the correlations and 
2. improve the hyperplane count 

C) When this is done, do congruence coefficients between the final position 
and the V hyp. 

Although one can provide a lambda with the original Vo for this procedure, 
it is not necessary. As any rotation is a linear transformation, the same result 
should occur whether one starts from the original Vo or from a rotated Vrs. 
Finally one is allowed to provide a lambda for the Vhyp. 
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HOW TO CARRY OUT THE PROCESS (Procrustes) 

Decks Needed 
1) Vo, 2) Vhyp, 3) Lambda for Vhyp if desired. 
Set Up 
1) System cards, 2) ROTOPLOT II control cards and appropriate decks: 

A) PROBLM card 

Column No. 

01-06 
08-10 
12-13 
15-21 
23-25 
27-29 

31-33 
35-37 
39-41 

43-45 

47-54 
56-57 
59-61 

B) Title Card 
C) Format for Vo 
D) Vo 
E) Format for Vhyp 
F) Vhyp 

"PROBLM" 
number of variables 
number of factors 
blanks 
your option 

Contents 

your option but it is a good idea to have the results 
graphed 
blank 
"YES" 
"YES" if there is a lambda for the Vhyp otherwise 
blanks 
blanks (congruence coefficient will be supplied 
between the results and the Vhyp in any case) 
your options 
your option 
your option 

G) Format for Lambda for Vhyp if Col. 39-41 of PROBLM card contains 
"YES" 

H) Lambda for Vhyp if Col. 39-41 of PROBLM card contains "YES" 

Congruence Coefficients 

THE PROCESS CONCEPTUALLY 

Often one has two factor matrices that have the same variables and the same 
number of factors but were computed from different samples. When this occurs, 
one may wish to find the relationship between the factors in the two different 
matrices. Congruence coefficients (Burt, 1940) may be calculated in order to 
measure the relationship. The formula for computing a congruence coefficient 
between any two factors from different studies is as follows: 

re =~Xi Yi/ J'"i:, Xi2 ~ Yi2 

where Xi is the i th loading on the first factor and Yi is the i th loading on the 
second factor. 

The congruence coefficient option of the ROTOPLOT II computes congruence 
coefficient for all pairwise combinations of factors between two factor matrices 
which have the same variables and the same number of factors. 
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HOW TO CARRY OUT THE PROCESS (Congruence Coefficients) 

Decks Needed 
1) Vo 
2) Comparison Factor Matrix 
3) Lambda for Vo (optional) 
4) Lambda for Comparison Matrix (optional) 

Set Up 

1) Systems cards 
2) ROTOPLOT II control cards and appropriate decks. 

A) PROBLM card 

Column No. 

01-06 
08-10 
12-13 
15-17 
19-37 
39-41 

43-45 
47-61 

B) Title Card 
C) Format for Vo 
D) Vo 

"PROBLM" 
number of variables 
number of factors 

Contents 

"YES" if a lambda is to be read for the Vo blank 
blank 
"YES" if a lambda for the comparison matrix is to be 
read 
"YES" 
your option 

E) Format for Comparison matrix 
F) Comparison Matrix 
G) Format for Lambda for Comparison if Col. 39-41 on PROBLM card is 

"YES" 
H) Lambda for Comparison Matrix if Col. 39-41 on PROBLM card is 

"YES" 
I) Format for Lambda for Vo if columns 15-17 on PROBLM card is "YES" 
J) Lambda for Vo if columns 15-17 on PROBLM card is "YES" 

SOME USEFUL HINTS ON HAND ROTATION TO SIMPLE STRUCTURE 

Hand rotation to simple structure is a skill which develops only with practice. 
There are several points which, if followed, will aid in the process. 

Essentially the process involves attempting to get as many "dots" in a hyper
plane (for convenience, on one of the axes) as possible (actually within two points 
of the axis approximately represents the .10 hyperplane). When rotating remem
ber the following: 

(1) Tend to make small shifts (tangents less than .30) unless you are truly 
sure of the shift. Over shifting generally results in two problems: (a) a drop 
in hyperplane count and (b) extremely high correlations between factors. 

(2) When in doubt about a rotation, leave it for the next time around. Often 
other rotations will help clear previously cloudy positions. 

(3) Though one should keep factor correlations from becoming too large (say 
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greater than .8), remember that the factors may actually be correlated. 
Thus, if a rotation clearly improves simple structure, yet also raises the 
factor correlation, it still should be done. 

(4) Because one is actually rotating reference vectors, a rotation with the 
same sign as the factor correlation will reduce it. 

(5) Be patient with the rotations. If one is starting from an orthogonal posi
tion, the first rotation may improve the .10 hyperplane by as much as 
10-15 percent. After the initial rather large improvement, an increase of 
one to three percent per rotation is good. 

(6) The most difficult factor matrices to locate simple structure are those with 
less than 30 variables. 

DEFINING EQUATIONS 

THE ROTATION 
1 c ~c-1 S normalized by columns 

le = lambda for current rotation 

l c-1 = lambda from previous rotation 

S = shift matrix 
Vrs (Reference Vector Structure) 

Vrs = Vole 
Rrv (Reference Vector Correlations 

Rrv (Reference Vector Correlations) l 
'l Rrv= cc 

Rr (Factor Correlations) 
let D = a diagonal matrix containing the reciprocal of the square roots of the 
diagonal in Rrv -1 

Rv = D Rrv -1D 
V,p (Reference Vector Pattern) 

Vr., (Factor Structure) 

VrP (Factor Pattern) 

Vrp = Vrs Rrv -1 

Vrs = Vrp D 

Vrp = Vrs R(l 

FOOTNOTES 

1. A debt of thanks goes to my graduate a88istant Randy Timpe who was crucial in programming the 
graphing phase of the program. 

2. I have a great deal of sympathy for you computer folks (I used to be one myself) who are often faced 
with the task of someone walkinJr in with a huge program written in 370 assembler and are ordered 
to convert the program to 1620 SPS by tomorrow. A brief note on how to make the program run will be 
supplied with the source coding. 

3. Anything between double quotes (" ") goes exactly as is on the card excluding the double quotes. 
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