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SUMMARY

1.
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How to measure association between ordinal variables: Pearson,
Spearman or Polychoric?

The Polychoric correlation: theoretical background
Where can we get Polychoric correlations: The R polycor package
How about PASW? The PASW Statistics R integration package

Getting the polycor into PASW Statistics menus: The PASW
Custom Dialog Builder
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1.

How to measure association between ordinal variables:

Pearson, Spearman or Polychoric”



Ordinal variables

are quite frequent in the social, biomedical and engineering sciences:

A Likert scales, e.g. Agreement with social policies: [Completely Disagree; Disagree a
little; Neither Agree or Disagree; Agree; Completely agree]

Pain severity [It hurts a lot; It hurts; It hurts a little; Doesn’t hurt]
Concrete cracking [No cracks; a very few cracks; some cracks; lots of cracks]
Mineral Hardiness [1 — Talc; 2 — Gypsum, 3 — Calcite; ... ;10 — Diamond]

To Do Iw

Ordinal variables (following Stevens, 1946):

Reflect qualitative appreciations

Have ordering properties

But quantification of categories do not make sense

Numbers, generally, assigned to categories only reflect ranks and not quantities
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How do we measure correlations between ordinal variables?

1. Pearson Product-moment correlation: frequently used when categories are coded
numerically vvri1th a ranking nature and linear relationship assumed:
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Controversial:
I Requires calculations of Means and SD
I Quite frequent in Psychometrics. Stevens criticized its use in this field:

@©As a matter of fact, most of the scales used widely and effectively by
psychologists are ordinal scales. In the strictest propriety the ordinary statistics
involving means and standard deviations ought not to be used with these scales,
for these statistics imply a knowledge of something more than the relative rank
order of data? (&tevens, 1946, p. 679).

I ‘Tolerated” when the number of categories are large (5, 7 or even 10)



2. Spearman Correlation: Proposed by British psychologist Charles Spearman.

Assesses how well an arbitrary monotonic function (ranking) could describe the
relationship between variables, without making any assumptions about the nature of

the relationship: n
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A It's just Pearson correlation on ranks.

A Frequently used for Descriptive Statistics

A But not for multivariate correlacional techniques like Factor Analysis (which, by the
way, was first proposed by Spearman, 1904).



3. Polychoric correlation

Psychometricians theorize that most psychometric tests produce interval scale
measures of cognitive abilities.

Thus, ordinal items in psychometric scales are just a ‘practical’ operationalization of
real continuous (latent) variables which can only be assed by means of ordinal scaled

(manifest) categories.

To assess the ‘true’ construct and their associations, we should estimate the correlation
between the latent continuous variables operationalized by the ordinal items

Polychoric correlations does that. Early work done by Pearson, who acknowledge the
facility of measuring variables in ordered categories

[Polyserial: one variable ordinal and one variable quantitative]
[Tethracoric: same as polychoric but for dichotomous variables]



Which correlation coefficient should one use?

Babakus, Ferguson, & Joreskog (1987) in the context of Confirmatory Factor Analysis:

©T'he polychoric correlation [as compared to Product-moment, Spearman's
rho, and Kendall's tau] procedure was found to provide the most accurate
estimates of pairwise correlations and factor loadings®©
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2.

The Polychoric Correlation:

Theoretical Background



What is a Polychoric correlation?

Estimate of the association between two latent normally distributed continuous latent
variables, from which the two ordinal observed variables are manifestations.

Example:

Association between

&, - Satisfaction with service’ (from ‘1- Very dissatisfied’ to ‘5 — Completely satisfied’)
and

‘X,-Recommend service to a friend (fom ‘1- Definitively not’ to ‘5- Definitively yes’)

| ets assume:

1. ‘Satisfaction’ is a (approximately) normally distributed latent continuous variable, for
which X, is a categorical ordered operationalization

2. ‘Recommendation’ is (approximately) normally distributed latent continuous variable, for
which X, is a categorical ordered operationalization



operationalized as:

Vi1 VipVi3Vi4 <— (thresholds)

Fz 3. Xy,

'1 — Completely dissatisfied'if ¢ < &,
'2 — Dissatisfied'if &, < & < &y,

'3 — Indiferent’ se¢, < ¢, < &5

'4 — Satisfied'if &, < & < &4,
'5 — Completely Satisfied'if & > &,
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Vo1 Voo Vo3 Vypy

Fz 3. X2

'1— Definitivelynot' if & <&,
'2 — Probablynot' if &, < &, < &,

1'3— Maybe' set,, < &, < &,

'4 — Probablyyes'if &, < &, < &,
'5 — Definitivelyyes' if &, > ¢&,,




Combining the two variables:

The Polychoric Correlation
(ppL) is the product-moment

X Vsl Vi1 V1M1V, PpL <—— correlation between the two
latent normally distributed
variables

/’ Vo1
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’ 2 // Vo3
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How do we estimate Polychoric correlations?

0. Polychoric mathematical series decomposition (not in use anymore)

1. Maximum Likelihood:

a. Estimate combined probability for observations Xx;; and x,; from standard normally
distributed v, and v, as

& & [ —1 (2o +£2
Py = [ [ e 00e8E, whoro dléy &5) = — e xelZA
&ic182-1 27T\/(1_ p2)
is the standard normal bivariate density of v, and v,
b. Obtain Maximum likelihood estimate of po¢
r S
L = kH HPijn” where ny — number of observations of X;; & Xy;
1=1j =1 r,s — number of ordered categories of v; and v,

Differentiate the Ln(L) with respect to all model parameters (p *, 7 v, /,* 0 V™, oMy
equate to zero the resulting partial derivatives, and solve this equation system.



1. Maximum Likelihood:
b. Obtain Maximum likelihood estimate of py¢

for example, the partial derivative of pis

aLn(L) ZE Y K& 600 —H& 1€ A | =G G nd + €816 )
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c. Solve iteratively using the L information matrix ... Computationally demanding!

2. Two-step algorithm
a. Fit univariate standard normal distributions to the marginal distributions of X; and X,
separately and estimate thresholds
b. Solve the Ln(L) for ponly
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4.

Where can we calculate polychoric correlations:

The R polycor package
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Where can we get Polychoric correlations?

Commercial software:
APRELIS/ LISREL
ASTATA 8 (Polychoric program by Stas Kolenikov )
ASAS (Polychoric Macro from SAS)

Open Source software
AR (Polycor package by John Fox)
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The R polycor package

‘Polychoric and Polyserials correlations package’ by John Fox (fox@mcmaster.ca)

Freely available at CRAN’s R repositories

Computes polychoric and polyserial correlations by quick “two-step” methods or ML,
optionally with standard errors.

Three programs:

AHetCor : Computes a heterogeneous correlation matrix, consisting of Pearson product-
moment correlations between numeric variables, polyserial correlations between numeric
and ordinal variables, and polychoric correlations between ordinal variables.

weeeed |

A polyserial



