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• PROVIDE INTUITIVE SENSE OF HOW WE ESTIMATE

CORRELATIONS FROM ORDINAL DATA

• INTRODUCE THE CONCEPT OF LIABILITY THRESHOLD

MODELS

• PROVIDE A MATHEMATICAL DESCRIPTION OF THE MODEL



• WE OFTEN MEASURE BEHAVIORS USING A LIMITED NUMBER OF ORDERED

CATEGORIES:

• ABSENCE (0) OR PRESENCE (1) OF A DISORDER

• SEVERITY OF A DISORDER

• SCORE ON A SINGLE LIKERT ITEM ‘NONE/SOME/LOTS’

• NUMBER OF SYMPTOMS (FAR FROM IDEAL)

ORDINAL DATA REQUIRES DIFFERENT STATISTICAL METHODS
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*

Taken from Verhulst & Neale, 2021



1.

• LIABILITY

2.



•

• ASSUMPTIONS: 

1. CATEGORIES REFLECT AN IMPRECISE MEASUREMENT OF AN UNDERLYING NORMAL

DISTRIBUTION OF LIABILITY.  THIS LIABILITY IS THOUGHT TO BE INFLUENCED BY MANY

MANY THINGS, EACH OF WHICH DOES ALMOST NOTHING.  THE CENTRAL LIMIT

THEOREM PREDICTS THAT VARIATION SHOULD BE DISTRIBUTED ACCORDING TO THE

NORMAL OR GAUSSIAN DISTRIBUTION.

2. THE LIABILITY DISTRIBUTION HAS 1 OR MORE THRESHOLDS
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MEAN ASSUMPTION

OR

•

VARIANCE ASSUMPTION

ASSUMPTION 3

•

The traditional 

assumption

The Probit Model

The Logit Model



• THE ASSUMPTIONS ARE ARBITRARY

•

• THE ASSUMPTIONS ARE NECESSARY. 

•
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The threshold is just a z 

score and can be 

interpreted as such

If τ is -1.65 then 5% of the 

distribution will be to the 
left of τ and 95% will be to 

the right
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If we had 1000 people, 50 
would be less than τ and 

950 would be more than τ
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The threshold is just a z 

score and can be 

interpreted as such

If τ is 1.96 then 97.5% of the 

distribution will be to the 
left of τ and .025% will be to 

the right
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If we had 1000 people, 975 
would be less than τ and 

25 would be more than τ



CONTINGENCY TABLE WITH 4 OBSERVED CELLS:

CELL A: PAIRS CONCORDANT FOR UNAFFECTED

CELLS B&C: PAIRS DISCORDANT FOR THE DISORDER

CELL D: PAIRS CONCORDANT FOR AFFECTED

0 = unaffected
1 = affected
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1 c d
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• PAIRS ARE ASSUMED TO FOLLOW A BIVARIATE NORMAL

DISTRIBUTION, WHERE BOTH TRAITS HAVE A MEAN OF 0 AND

STANDARD DEVIATION OF 1, AND THE CORRELATION BETWEEN

THEM IS WHAT WE WANT TO KNOW.

• THE SHAPE OF A BIVARIATE NORMAL DISTRIBUTION IS DETERMINED

BY THE CORRELATION BETWEEN THE TRAITS

r =.00 r =.90
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• The observed cell proportions relate to the proportions of the 

Bivariate Normal Distribution with a certain correlation between 

the latent variables (y1 and y2), each cut at a certain threshold 

In other words, the joint probability of a certain response 

combination is the volume under the Bivariate Normal 

Distribution surface bounded by appropriate thresholds for each 

liability



To calculate the cell proportions we rely on Numerical 

Integration of the Bivariate Normal Distribution over 

the two liabilities

e.g. the probability that both twins are above Tc : 

Φ is the bivariate normal probability density function,

y1 and y2 are the liabilities of twin1 and twin2, 

with means of 0, and  the correlation between the two liabilities

Tc1 is threshold (z-value) on y1, Tc2 is threshold (z-value) on y2





Estimation of Correlations and Thresholds 

y1
0 1

0 .87 .05

1 .05 .03

• Since the Bivariate Normal distribution is a known mathematical 

distribution, for each correlation (∑) and any set of thresholds on the 

liabilities we know what the expected proportions are in each cell. 

• Therefore, observed cell proportions of our data will inform on the most 

likely correlation and threshold on each liability.

r = 0.60

Tc1=Tc2 = 1.4 (z-value)

Y1

Y2
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What happens if we change the default assumptions?

Mean Assumption
The intercept (mean) is 0 
or 
The threshold is 0 (τ = 0)  

Variance Assumption
Var(ε|x) = 1 in the normal-ogive model

Remember we can  make different identifying assumptions but 
the model fit will stay the same



 

τ1 τ2 τ3 τ4Distribution 

of the 

liability 
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The distance between τ1 

and τ2 is 1

Mean of the 

distribution

The mean is 

freely estimated



• ESTIMATE CORRELATION IN LIABILITIES SEPARATELY

FOR MZ AND DZ PAIRS FROM CONTINGENCY TABLE

• VARIANCE DECOMPOSITION (A, C, E) CAN BE APPLIED

TO THE LIABILITY OF THE TRAIT

• CORRELATIONS IN LIABILITY ARE DETERMINED BY PATH

MODEL

• ESTIMATE OF THE HERITABILITY OF THE LIABILITY




