





Software for Computing the Tetrachoric Correlation Coefficient

In this section, we apply the tetrachoric correlation in those
three different situations and combine this method with
factor analysis techniques. The data-files used are available
in the ViSta’s folder named “Sample Data”. The user will
find them in the “Tetrachoric” subfolder. Loading them
into ViSta is carried out using the item menu Open Data
in the menu File.
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Figure 1. Dialog box for the Tetrachoric Correlation analysis in the ViSta's menu bar.
Example 1. 2x2 frequency table

The data file named ‘Datal.lsp’ contains a 2x2 table with
the first example presented by Bonett & Price (2005).
These data are taken from Guilford and Fruchter (1973),
who reported a 2x2 table for two questions in a personality
inventory in which respondents answered either Yes or
No to each question (Figure 2). This is a scenario where
application of the tetrachoric correlation coefficient is
usually recommended. The analysis can be performed
by clicking on the corresponding item in the ‘Analyze’
menu, and then selecting the option “2x2 Frequency
Data” (Figure 1). To see the result of the analysis, the
uset might go to the ‘Model” menu bar item and click on
the ‘Report Model” option with the result of a statistical
report as displayed in Figure 3. The reported tetrachoric
correlation coefficient for the example data is .333 (95%

CI: .237, .424), which indicates a low positive correlation
between both items.

Figure 2. Example of a 2x2 frequency table suitable for tetrachoric correlation.

Figure 3. Report associated to a tetrachoric correlation analysis in ViSta.

The tetrachoric cotrelation coefficient can also be
calculated from the ViSta’s listener by directly typing the
frequency values of a given table. For the previous example,
we would write: (tetrachoricl ‘(203 186 167 374)). Figure
4 shows this expression and the result generated in the
ViSta’s Listener-window.

Figure 4. Entering frequency-table values from the ViSta’s Listener.
Example 2. Bivariate Raw Data

The tetrachoric cortrelation coefficient can also be used
as a measure of inter-rater agreement, for the situation
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when there are two raters that classify subjects in two
categories (Bonett & Price, 2005; Uebersax, 2000). Notice
that Cohen’s kappa is often associated to that scenario
even though there are sufficient reasons (e.g, Cicchetti
& Feinstein, 1990; Feinstein & Cicchetti, 1990) for using
the tetrachoric correlation instead (e.g., Bonett & Price,
2005; Hutchinson, 1993).

The second example by Bonett & Price (2005) illustrates
the use of the Tetrachoric correlation coefficient as a
measure of inter-rater agreement. The File named ‘Data2.
Isp” contains the example in ‘raw data’ format (Figure 5).
These data were obtained from Fleiss (1981, p. 213) and
contain an example where 100 patients were classified
into Neurosis (1) or Other (0) disorders categories by two
raters. Computing the tetrachoric correlation is performed
as in the previous example, but selecting the option named
“Two Numeric Variables in Binary Format” instead (see
Figure 1). Bonett and Price (2005, p. 22) noted that “SPSS
gives an estimate of kappa equal to .50 (95%CI:.184,.816),
which is much too wide to be of any value”. Use of the
tetrachoric correlation outputs .831 (95% CI: .488, .950),
“which is not neatly as wide as the confidence interval for
kappa” (Bonett & Price, 2005, p. 22).
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Tetrachoric Correlation
by Ruben Ledesma

MODEL: Tetrachoric correlation

Tetrachoric coefficient: .8312
95% Confidence Interval: (.4877 .9561)

Figure 5. Example of tetrahoric correlation analysis with a bivariate raw-dataset.
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Example 3. A Multivariate Raw Dataset

Given several variables, ViSta-Tetrachor may output all
tetrachoric pairwise correlations and report them as a
matrix. This requires a ViSta’s multivariate data file (i.e.,
more than two binary variables in numeric format) as
input. The file named ‘Data3.Isp’, which contains the
LSAT-6 data provided by Bock and Lieberman (1970), is an
example of a dataset of this type (see figure 6). Responses
from 1000 examinees to five items of the LSAT (Law
School Admission Test), where 1 indicates a correct answer,
and 0 represents an incorrect response, are the column
variables. Obtaining the matrix of tetrachoric correlations
is attained choosing “More than two numeric variables in
binary format” (Figure 1) and clicking “OK”. ViSta will
produce a Report as shown in Figure 6.

Notice that this matrix is very different than the Pearson’s
correlations matrix displayed in Figure 8 (equivalent to the
Phi coefficients). As stated by several authors, tetrachoric
correlation is better at this case because it does not depend
on the table margins or the pattern of difficultness of the
items (see for example Kubinger, 2003).
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Tetrachoric Correlation
by Ruben Ledesma

MODEL: Tetrachoric correlation
VARTABLES: (Iteml Item2 Item3 Itemd Item5)

Tetrachoric correlation matrix:

Iveml Item2 [Item3 Itemd

Itent 1 0.172 0.215 0.116 o cas
Iten2 0.172 1 0.182 0.113 g 171
Item3 0.215 0.182 1 0177 g ges
Itemd 0.116 0.113 0.177 1 0208
ItemS 0.088 0.171 0.09%9 0.20% 1

Figure 6. Example of ViSta’s multivariate dataset and report with a matrix of tetra-
choric correlations.
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Correlation matrix:

Iteml Item2 Item3 Itemd I tend
Iteml 1.000 0.074 0.099 0.044 0.024
I vem2 0.074 1.000 0.115 0.062 0.086
Iten3 0.099 0.115 1.000 0.109 0.053
Itemd 0.044 0.062 0.108 1.000 0.083
Itens 0.024 0.086 0.053 0.033 1.000

Figure 7. Matrix of phi correlation coefficients for the example data.

Example 4. Factorizing a matrix of tetrachoric
correlations

Besides the three previous cases presented above, there is
still a fourth way of applying the tetrachoric correlation
analysis in ViSta. Thus, inside the Exploratory Factor Analysis
module of ViSta the user may opt between using a Pearson
correlations matrix or a tetrachoric correlations matrix as

Table 1.

input for the analysis. As using tetrachoric correlations option
is often recommended for analyzing the dimensionality of
binary data (Lord & Novick, 1968), it is certainly hard to
believe that commercial programs like SPSS do not offer
this option as, in practice, EFA may produce substantially
different results (e.g., Kubinger, 2003). As a demonstration,
Table 1 shows the factorial loadings of two EFAs for the
dataset in example 3 with very different results in each case.

ViSta allows carrying out the factor analysis in an easy
way. Figure 8 shows the user interface, an example of
numerical output and a partial visual representation of a
Factor Analysis obtained from a tetrachoric correlations
matrix. This example illustrates the user-friendliness of the
ViSta-Tetrachor software and its educational applicability
in teaching statistics.

Factor analysis of data in the example 3, based on Pearson and tetrachoric correlations.

Type of correlation matrix

Pearson Tetrachoric

Factor 1 Factor 2 Factor 1 Factor 2
[tem1 16 -16 23 -.35
ltem2 .26 -11 .30 -23
ltem3 32 -31 .28 -45
ltem4 25 -.06 32 -15
ltem5 45 31 74 23
Eigenvalues (explained variance) 1.31(26%) 1.00 (20%) 1.62 (32%) .98 (19%)

Note: Extraction method=MV, number of retained factor= two.
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Figure 8. Exploratory Factor Analysis of a matrix of tetrachoric correlations.
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Conclusions

Although tetrachoric correlation analysis is considered
a fundamental topic in several statistical courses, many
textbooks discuss it only partially. This occurs because: 7) it
is difficult to compute manually and, 7) there are not many
statistical programs available for computing this method
efficiently. As pointed by Bonett and Price (2005), the use
of the tetrachoric correlation analysis might increase if
students and researchers had the opportunity of applying
it in practice instead of only reading the discussion of it
as provided in textbooks.

Tetrachoric coefficient is a better alternative than others
used for the case of binary data. It provides a more realistic
estimation than phi coefficientif applied to 2x2 tables (Bonett
& Price (2005), and its value is generally larger. Hence, its
use should be more frequent than it is in current practice.
Besides, it has been suggested as a better choice than Cohen’s
kappa when agreement between raters is analyzed (Bonett
& Price, 2005; Uebersax, 2006). Moreover, factorial analysis
using tetrachoric correlations may be more appropriate than
using Pearson’s r or Phiif the vatiables analyzed are binary,
(e.g., Muthén, 1989; Ferrando-Piera, 1996; Richard, 2005)
and when the assumption of bivariate normality is shown
to be plausible (Muthén & Hofacker, 1988).

The ViSta-Tetrachor software here presented performs
the computations needed to obtain the point and interval
estimates of the tetrachoric correlation. The main advantage
of this free available program is that it applies the Bonett
& Price (2005) approximation, which is easier to teach
and compute and more accurate than other methods
implemented in some frequently used packages (e.g., Stata).
It is also friendlier than the R functions and SPSS macros
needed to estimate the tetrachoric correlation. Additionally,
ViSta-Tetrachor is integrated in a broad statistical system
with many other related functions and is freely available

(Young, 19906).

It is worth to mention that ViSta-Tetrachor calculates
and reports the confidence intervals for the tetrachoric
correlation coefficient, as described in Appendix B.
Additionally; ViSta-Tetrachor can be applied in the context
of factor analysis with psychometric purposes. In summary,
we believe that this software constitutes a useful tool that
simplifies the computation of an otherwise complex to
calculate coefficient.
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Appendix A

Approximation to the tetrachoric correlation coefficient, point estimate by Bonett & Price (2005).

Let fj be the value of the elements in a 2x2 frequency table with two dichotomous variables like the following,

X

Y S S
Y f21 f22

Y

and P be the tetrachoric correlation defined in Equation 1,

p= cos(1 _:T(DC j o)

1_@ -(05-p,,

2
by the smallest marginal proportion. The population odds ratio indicated by ® in Equation 1 is given in Equation 2,

where , . _ and the P proportions are given by Py = Pyt Pia, Py = Piy + Py, and Prin

_PuPy
PP

()

2

The estimator of Equation 1 proposed by Bonett & Price (2005) is indicated in Equation 3,

A T
p :COS(IHﬁéj 3)

whete ¢ is obtained like in Equation 1 by adding 0.5 to each cell frequency and the odds ratio estimator is computed

through Equation 4,

_ U +0.5)f,, +0.5)
(f,, + 0.5)(f, +0.5) *

)
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Appendix B
Confidence interval estimation for the tetrachoric correlation coefficient,
approximation by Bonett & Price (2005)
Let Equation 5 be the 100(1 —at )% confidence interval for the population odds ratio (Agresti, 2002),
exp{nd + z,,,5e(Ind) } ©)

where the standard error is computed by Equation 6,

Se(In®) = r ,t .t , 1 ©)
fu+05 f,+05 f,+05 f,,+05

and the odds ratio estimator @ is given by Equation 4.

The lower and upper interval estimates of Equation 1 proposed by Bonnet & Price (2005) are the following limits of

Equations 7 and 8,

Y
lower limit: COS( Z j )
1+ L

(8)

limit: CcoS -
upper mi (1+ch

where the lower point of Equation 5 is L and the upper point is U.
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