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Program Abstracts/Algorithms

In Formula 1, the identity ofthe variables X and Y is ex
pressed as their mean squared difference, which is 0 if the
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A Turbo Pascal program for the computation
of scale-dependent association coefficients
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A Turbo Pascal program is described that computes
scale-dependent association coefficients belonging to
Zeger's general family of association coefficients. Mem
bers of this family can be constructed that are adapted to
the scale type ofthe variables, in that they are insensitive
to admissible transformations of the variables but sensi
tive to inadmissible transformations. The program can
compute (chance-corrected) association coefficients be
tween variables ofeight different scale types and between
variables ofmixed scale type.

variables are identical and becomes larger the more the
variables differ. By subtracting the sum of squared differ
ences from +1, the coefficient is limited to +1, in the case
of identity. By dividing the mean squared difference be
tween X and Y by the denominator given in Formula 1, the
coefficient cannot attain values less than - 1 in the case of
reversed identity. Because Formula 1 satisfies the require
ments ofa scalar product between normalized vectors in a
Euclidean space (Vegelius, 1978), members belonging to
this family are called E-coefficients.

The family of association coefficients based on For
mula 1 has several properties that make members quite in
teresting as measures ofcorrelation and interobserver agree
ment. Association coefficients derived from Formula I
are insensitive to the order of associated variables (sym
metry) and have a fixed minimum and maximum (i.e., they
are restricted to a bounded interval; cf. above). If the as
sociation between variables X and Y is perfect and the as
sociation between Yand Z is perfect, then the association
between X and Z will be perfect (transitivity). Moreover,
association ofa variable with itself is perfect. If two vari
ables are statistically independent, then the association is
zero. Finally, there is an additional characteristic that is of
special practical importance. Given a set of variables be
tween which association coefficients are computed, it can
be shown that the corresponding association coefficient
matrix is positive semidefinite (Gramian). Although a dis
cussion of this characteristic is not appropriate here (see
Zegers, 1986b, for discussion and proof that coefficients
based on Formula 1are Gramian), it is important to note its
consequences. If a coefficient matrix is Gramian it can be
used in various multivariate techniques, such as principal
component analysis. Moreover, the association matrix can
be converted into a Euclidean distance matrix by comput
ing for each association value

,---

dx y = VI - gXY' (3)

with dX Y the distance between variables X and Y, and gXY

the association between X and Y. In this way, a Gramian
coefficient matrix can be used in metric multidimensional
scaling techniques.

Scale-Dependent Modifications ofthe General
Association Coefficient

Formula 1 is a coefficient ofabsolute identity and should
therefore be used when the variables are absolute scales.
However, by defining X and Y in Formula 1 as uniforming
transforms ofone another, the formula can be modified to
express relational agreement and scale-dependent corre
lation in general. The term relational agreement was
coined by Stine (1989) to express the identity between val
ues of two variables up to admissible transformations, as
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In the literature,a large number ofassociation coefficients
have been described, all with their particular advantages
and disadvantages (see, e.g., Suen & Ary, 1989; Vegelius,
1978). However, it would be quite useful if coefficients,
differing in appropriateness with respect to scale types,
would be otherwise equivalent. In this way, both the com
parison of coefficients included in the family and the de
velopment of new members would be made easier. One
such a set ofassociation coefficients has been described by
Janson and Vegelius (1982; Vegelius, 1978), given a sys
tematic treatment in Zegers (1986a, 1986b, 1991; Zegers
& Ten Berge, 1985, 1986), and extended by Stine (1989).

The general format for coefficients belonging to this
family is

which is equivalent to the computationally simpler

N

2LXi Y;
i=l
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with go the observed association, gm the maximal possible
value ofassociation, and S; the association to be expected
by chance.

Fol1owing this logic, it can beshown (Zegers & TenBerge,
1985; see also Zegers, 1986a) that the general chance
corrected coefficient in Formula 1 is

Scale-Dependent Coefficients Corrected
for Chance

Besides the basic scale-dependent association coeffi
cients, Zegers and Ten Berge (1985, 1986; see also Zegers,
1986a) provided a way to correct them for chance associ
ation. To do this, they used the method proposed by Cohen
(1960), in which an observed association value was cor
rected by comparing it with the maximal possible value of
association and the association to be expected by chance,
combined into Formula 4:

defined in measurement theory (e.g., Krantz, Luce, Suppes,
& Tversky, 1971; Roberts, 1979). That is, these coeffi
cients measure the degree to which judges attribute the
same empirical structure to the task at hand or the degree
to which two variables with the same kind of structure
correlate. In particular, E-coefficients can be constructed
that are (I) insensitive to admissible transformations of
the variables but (2) sensitive to inadmissible transforma
tions (Stine, 1989; Zegers, 1986b; Zegers & Ten Berge,
1985).

The modification ofFormula 1 to take the scale type of
the variables into account consists of specifying uniform
ing transforms that "change the two variables so that they
approximate one another as much as possible without al
tering what they indicate about the empirical events that
they describe" (Stine, 1989, p. 344). Zegers and Ten Berge
derived uniforming transforms for the absolute, ratio,
additive, and interval scales (Zegers & Ten Berge, 1985;
see also Zegers, 1986a), for nominal scales (Zegers &
Ten Berge, 1986), and for cases in which interval, ordinal,
and nominal scales are mixed (Zegers & Ten Berge, 1986).
Stine (1989) provides additional uniforming transforms
for log-ratio, log-interval, and ordinal scales.

With respect to the case of mixed scale types, the for
mula can deal with combinations of interval, ordinal, and
nominal scales. Because it is an E-coefficient, it can be
used in multivariate and multidimensional analysis tech
niques. Consequently, the use of the scale-dependent E
coefficients allows one to compute an association matrix
based on variables ofdiffering scale type and, at the same
time, allows one to use analysis techniques commonly
thought to be restricted to interval scales.

SDAC: A Turbo Pascal Program to Compute
Scale-Dependent Euclidean Association
Coefficients

SDAC computes association coefficients for variables
of eight different scale types and for variables of mixed
scale type (interval, ordinal, or nominal). The scale types
included are the absolute, ratio, log-ratio, additive, inter
val, log-interval, ordinal, and nominal scales. The formu
las are taken from Stine (1989) and Zegers (1986a). Com
putation of log-interval scaled variables should be done
with care. Unusual values can occur, and this could possi
bly be due to the fact that the dispersion measure, as de
fined in Stine (1989) and computed in SDAC with the
function GEOMEANDEY, is not robust enough. Although
SDAC ignores this problem, it may be advisable to trans
form log-interval scales into interval scales (both contain
equivalent information in the measurement theoretical
sense). For nominal scales, the program function is based
on a formula that does not presuppose that the variables have
an equal number ofcategories. Chance-corrected versions
ofthese association coefficients can also be computed.

The program was written in Turbo Pascal Version 6, but
it does not use any special features not already present in
previous versions. There is one version that requires a math
ematical coprocessor, and one version that does not. An
ordinary PC/AT 286 with 640K suffices.

The data should be written into an ASCII file and can
not be larger than 100 X 100. The balance between num
ber ofjudges and number of variables can be changed in
the code (to, e.g., a 150 X 50 matrix), as long as the data
matrix does not contain more than 10,000 data points. The
program assumes that the columns are the variables/
judges, the rows are the stimuli/items, and the cells are real
valued. Inaddition, one should also write a data definition
file that indicates the scale type of each variable on the
first row and the number of categories on the second row,
in case nominal scales are included.

When the program is started, one is asked to give the
name of the data file and its structure (number of rows and
colums). Next, the program will ask you to define the data
set as either uniform or mixed. A uniform matrix is de
fined as one in which all variables are of the same scale
type and which does not contain any nominally scaled vari
ables. A mixed matrix is defined as one in which different
scale types, including nominal ones, are present.

If one works with a uniform matrix, there are three
possibilities in computing association coefficients: (1) se
lection of two variables, (2) computation of the associa
tion matrix, and (3) computation ofa split-halfassociation
coefficient. In each case, you are asked to select an asso
ciation coefficient (chance-corrected or not). In the sec
ond case, one can ask either to write the association val
ues to an output file or to transform the association
values to distance measures (in case you would like to use
the output in, for example, multidimensional scaling).

In the third case, the built-in RANDOMIZE procedure
of Turbo Pascal is used to select a random half of the vari
ables. Then, variables in each ofthe two groups are aggre-
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gated, and the two aggregates are defined as the new vari
ables. The aggregation is done in one of three possible
ways. If the scale type of the variables as defined in the
data definition file is ratio, additive, or power, the geomet
ric mean is used to average over variables-for ratio scales,
the geometric mean is invariant in the measurement theo
retic sense (Aczel & Roberts, 1989; Narens & Luce, 1993).
If the variables are interval, log-interval, or absolute, the
arithmetic mean is used. If the variables are ordinal, the
median is used as the merging function. The split-half op
tion cannot be used ifnominal variables are involved.

Ifthe datamatrix is ofa mixed type, only the first two op
tions are available. If two variables are of the same scale
type, the appropriate chance-corrected association coeffi
cient is computed. If they are ofa different scale type, the
following procedure is used: (1) If the two variables in
volved are both nominal, the appropriate nominal scale as
sociation coefficient is used. (2) If the two variables in
volved are nominal and ordinal, or nominal and interval or
higher, the mixed scale association coefficient is used. (3) If
the two variables are ordinal and interval or higher, then the
interval-scaled variable is rank ordered, and the ordinal
scale association coefficient is computed. (4) If one variable
is additive or power and the other is ratio, then the addi
tive/power variable is transformed to a ratio scale (by tak
ing the logarithm), and the ratio scale association coeffi
cient is computed. (5) Ifone variable is log-interval and the
other is interval, the log-interval variable is transformed to
an interval scale (by exponentiation), and the interval scale
association coefficient is computed. (6) For all other com
binations, the interval scale association coefficient is used.

Availability
The computer program, including the executable and

source file, can be obtained by writing to Stef Decoene,

Centrum voor Mathematische Psychologie, Tiensestraat
102, 3000 Leuven, Belgium, and including $25 for copy
ing and shipping.
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