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1.Introduction to latent variable 

models

•Latent class analysis (LCA) may be considered

as a clustering model similar in its spirit to factor

analysis when compared to PCA.

•LCA is a particular mixture model

•We will also focus on the personality of its 

inventor Paul Lazarsfeld (1901-1976) 

considered by many as the father of 

mathematical thinking in sociology
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•A common idea in social sciences is that many

phenomenons or concepts are not directly

observable like intelligence, conservatism,

business confidence, quality of life etc.

•Distinction between observed or manifest

variables (eg survey data) and unobservable or

latent variables

•Latent variables models suppose that manifest

variables may be explained by a few latent

ones: hence a goal of reducing dimensionality.

•LCA provides a single categorical latent

variable, like in non hierarchical cluster analysis
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Factor analysis

•Charles Spearman 

1904

•Louis Leon Thurstone 

1931
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•If each manifest variable is caused by 

latent variables,  covariations between 

manifest variables are explained by the 

relationship of each one with the latent 

variables

•Fundamental hypothesis : manifest 

variables are independent  conditionally to 

latent variables
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Latent traits  :  Item Response Theory

particular case: Rasch models

Latent profiles : specific mixture models 



•Latent Class Analysis (LCA) is a model for 

finding groups of cases (latent classes) 

from multivariate categorical data 

•The latent variable is categorical and 

unique

–2 latent variables with p and q categories are 

equivalent to a unique one with pq categories

•LCA is a clustering technique such that
within each latent class, each variable is
statistically independent of every other
variable.

•A particular mixture model
Data Science Workshop, 2018 8



Data Science Workshop, 2018 9

Comparison with exploratory 

techniques
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PCA versus Factor Analysis

•exploration

•unique solution

•explains variance

•units oriented

•modelisation

• indetermination

•explains correlations

•variables oriented

However frequently close results if specific variances are near equal ,

or if  the p-k last eigenvalues are close to 0
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2. Latent class analysis

•Latent classes and latent traits : 
–"Latent class analysis was developed mainly within

the social and political sciences, whereas latent trait
models have a clear psychometrical background."
(Heinen, 1996, ix)

– Both method developped by P.Lazarsfeld from the
40’still the 60’sunder the common name of latent
structures.

–Context: psycho-social studies on soldiers during 2nd

world war funded by the american war department .
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Stouffer, Samuel A.; Louis Guttman; 

Edward A. Suchman; Paul F. Lazarsfeld; 

Shirley A. Star; John A. Clausen

Published by Princeton University Press 

(1950) 
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From « trace lines » to latent classes
First example

Lazarsfeld, Paul F. [1950a], The Logical and Mathematical Foundations

of Latent Structure Analysis, dans Stouffer, S.A., et al. 

chapter 10, 362-412

Measurement and Prediction, Volume IV of The American Soldier :

Studies in Social Psychology in World War II.

Princeton University Press.



Data Science Workshop, 2018 14

From « trace lines » 

to latent classes

Second example

A 2 classes model
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•1950: no goodnes of fit test, no convenient

estimation technique

•1968: Identifiability, moments estimation

•1974: Leo Goodman identifies the latent class

model as a log-linear model. Treating latent

classes as missing data lead to new interpretations

and EM estimation procedures
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The binary case (may be generalized to 

polytomous manifest variables)

•p binary variables X1, X2,..,Xp with 0 1

values

•Y latent variable with k classes,

•pij=P(Xi=1/ i belongs to class j).

•pj prior probability of belonging to latent

class j
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•The conditional (local) independence 

hypothesis

A mixture model

•Posterior probability that x belong to latent 

class j 
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Parameter estimation

Maximum likelihood with EM:
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Goodness of fit and model choice

•G2 statistic

•number of free parameters :

k –1 class probabilities pj and kp 

conditional probabilities pij

=  k(p+1) –1 parameters.
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•G2 compared to a chi-square with

n=2p –k(p+1) + 1 degrees of freedom 

•Nested hypotheses with k

•However , for large p, observed 

frequencies of the 2p response patterns 

are too small or even null. 

–Chi-square distribution not applicable.

–Simulations, or bootstrap
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•Choice of the number of classes: 

minimizing Akaiké AIC, or Schwartz’sBIC:

AIC= - 2ln(L) + 2(k(p+1) –1)

BIC= - 2ln(L) + ln(n).(k(p+1) –1)
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Example (Bartholomew & Knott)

Survey about British Social Attitudes in1990,

1077 respondents, 10 binary questions on

sexual attitudes
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Among 210=1024 response patterns, only

147 were observed:

   1        90     0110011100

         2        11     0110011000

         3         9     0110111000

         4       117     0110000000

         5        18     0100000100

         6        93     0100000000

         7        19     0111111100

         8        35     0010000000

         9        21     0110001100

        10         6     0111111110
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Nb. of classes AIC  BIC 

2 9328 9432 

3 8946 9105 

4 8850 9064 

5 8852 9121 

 

1
Ĕ́=0.4611   2

Ĕ́ =0.0139   3
Ĕ́ =0.4169   4

Ĕ́ =0.1081
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Conditional probabilities of yes response 

to each question

  classe 1    classe 2    classe 3    classe 4
X1    0.1360    0.0667    0.0947    0.2144

X2    0.7656    0.6000    0.8712    0.9246

X3    0.6319    0.8667    0.8620    0.9635

X4    0.0822    0.2667    0.1319    0.3089

X5    0.0681    0.6000    0.3822    0.8299

X6    0.0081    0.0000    0.8721    1.0000

X7    0.0589    0.2000    0.9829    1.0000

X8    0.2077    0.2667    0.9141    1.0000

X9    0.0463    1.0000    0.1071    0.9790

X10   0.0000    1.0000    0.0000    0.8505

Class 1  non-permissive 

Class 2 whose distinguishing feature is very positive support for homosexual 

adoption, combined with a strong negative attitude to items 6, 7 and 8, 

concerning teaching and holding public positions.

Class 3 permissive on everything except adoption

Class 4 permissive on all issues
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OBS.FREQ.    E(FREQ)                LAT. CLASS           RESPONSE VECTOR

 90      114.608            3     0110011100

 11       10.825            3     0110011000

 9         6.661            3     0110111000

 117     125.255            1     0110000000

 18       19.173            1     0100000100

 93       72.966            1     0100000000

 19       10.831            3     0111111100

 35       38.337            1     0010000000

 21       18.862            3     0110001100

 6         4.348            4     0111111110

 14       16.949            3     0010011100

  1        2.737            3     0111001100

  2        0.315            3     0111001110

 15       11.223            1     0111000000

 11        9.161            1     0110100000

  1        1.583            3     0010101100

  3        1.549            3     0110101000

 32       18.344            3     0100011100

  1        0.142            1     1011000100

 27       33.119            1     0110000100

  8        7.973            4     0110011111

 95       71.011            3     0110111100

  7        3.887            3     0100001100

 40       38.911            4     0110111111

  2        2.252            3     0100011110

 13       15.139            3     0110011110
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Comparison with hierarchical clustering 

•
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Split into 4 classes followed by a k-means 

partitioning

 

                     |CLASSE HIER. 1|CLASSE HIER. 2|CLASSE HIER. 3|CLASSE HIER. 4| ENSEMBLE  

                     |              |              |              |              |  

                     |              |              |              |              |  

--------------------- +-------------- +-------------- +-------------- +-------------- +--------------  

                     |        3     |        0    |       67      |      421     |      491  

CLASSE LAT. 1        |    

--------------------- +-------------- +--- ----------- +-------------- +-------------- +--------------  

                     |        0     |       14    |        0    |         1    |       15  

CLASSE LAT. 2        |    

--------------------- +-------------- +-------------- +-------------- +-------------- +- -------------  

                     |      419      |        0    |       42      |        0    |      461  

CLASSE LAT. 3        |   

--------------------- +-------------- +-------------- +-------------- +-------  ------ +--------------  

                     |        6     |       99    |        5    |         0    |      110  

CLASSE LAT. 4        |    

--------------------- +-------------- +-------------- +-------------- +-------------- +--------------  

                     |      428     |      113     |      114     |      422     |     1077  

ENSEMBLE             |  

------------------------------------------------------------------------------------------------  
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3. Paul Felix Lazarsfeld 1901-1976
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•«One of the four or five sociologists of his generation who
will have most strongly marked the history of their
discipline» (Encyclopedia Universalis, R.Boudon)

•Born in Vienna 1901. Studies in law, economics and
mathematics at University of Vienna.

• In 1922-23, Lazarsfeld spent a year studying at the
Sorbonne, during which he was enrolled in the SFIO section
of the 5th arrondissement of Paris, and from where he
returned francophile enthusiastic, although very insightful to
France and the French, for the rest of his life. *

* Translated from P.L. Lécuyer, Mathématiques et sciences humaines,

157, 2002, p. 49-104



•Ph.D. in applied mathematics 1924 : «Über die
Berechnung der Perihelbewegung des Merkur aus der
Einsteinischen Gravitationstheorie» ie an application of
Einstein's theory of gravitation to the movement of the
planet Mercury.

•Goes to psycho-social surveys. 1932: «Marienthal: The
Sociography of an Unemployed Community » (french
edition 1981, preface written by Pierre Bourdieu).

•1933 Invited in the USA with a Rockefeller scholarship.
When his scholarship expires, he returns to Europe

• In 1934, the Socialist Party of Austria was declared
illegal. Most of his family members are arrested. He
loses his job. Decides to use the remaining dollars on
the purchase of a third-class ticket for the United States.
He settled and became «a marxist on leave»
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•Established in Newark a contract-based institute:
consumption studies for the dairy industry,
Cosmopolitan, etc. To make believe that his institute had
a larger staff, Lazarsfeld also published under a
pseudonym

•Professor of sociology for nearly 30 years at Columbia
University (1940-1969), He was appointed in 1962 as the
first « Quetelet Professor of Social Science » a chair
that has been created for him. He considered Adolphe
Quetelet as the real founder of sociology, rather than
Auguste Comte.

•After his retirement from Columbia he continued to teach
at Pittsburgh University until his death.
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Opinion and mass media 

•Thanks to a new funding of the Rockefeller Foundation
he created in 1937 at Princeton University the Office of
Radio Research in order to look into the effects of mass
media on society

•With Frank Stanton, director of research at CBS (then
CEO 1946-1971), he designed in 1938 the first program
analyzer measuring satisfaction with push buttons the
«Lazarsfeld-Stanton Program Analyzer» also known
as Little Annie

•Transferred to the University of Columbia with
Lazarsfeld, the ORR became in 1944 the Bureau of
Applied Social Research, further remaned Center for the
Social Sciences, then Paul F. Lazarsfeld Center for the
Social Sciences after his death in 1976
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Contributions to opinion surveys

–Paul F. Lazarsfeld studied the determinants of voting

and developed for his first major election study,

during the 1940 presidential elections (F.D.Roosevelt

vs Willkie), an method (called «panel») conducting

repeated interviews with a representative sample of

voters throughout the election campaignThe People's

Choice [1944]

–On the occasion of the 1948 elections (Truman vs

Dewey), Paul F. Lazarsfeld proposed using Markov

chains to model changes of opinion in a panel. He

entrusted the resolution to T.W.Anderson
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•Founder of 4 research institutes, true scientific

entrepreneur and propagandist of the empirical approach

in sociology, P.F. Lazarsfeld considered that he had only

4 original ideas in his life including panel analysis and

latent structures
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Latent classes and social classes

American sociologists have been fascinated from

the very beginning with the idea of social class.

Whether social status is enabled by membership in

a class of persons or should be conceptualized as

a continuous variable has been hotly, warmly and

coolly debated throughout this century.

Lazarsfeld's latent class analysis was taken up by

the class proponents as a method that would allow

the scientific assessment of a person's class

membership. (Paul Henry, Latent Structure

Analysis at Fifty, 1999)
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P.F. Lazarsfeld and french sociologists

•Long collaboration with Raymond Boudon

•Honorary doctorate or « honorary » or

«emeritus» professor * (a title then unregulated)

from Université René Descartes in 1972 on a

proposal from Jean Stoetzel (professor of

sociology and founder of IFOP)

•Complex relationships with Pierre Bourdieu…

* Contradictory sources
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1981
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Polity Press 20082004
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If, in the early 1960s, despite weekly reminders from the

authorized representatives of the master in a missionary

land, I had stubbornly refused to attend the lectures that

Paul Lazarsfeld gave at the Sorbonne, before the assembled

world of French sociology, it was because it had all

seemed to me more like a collective ceremony of submission

than a simple technical enterprise of scientific training

and updating. 

Page 73
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The history of my (at first sight hopeless) confrontation with Paul 

Lazarsfeld, who at that time exercised a social and scientific 

hegemony over world sociology that is difficult to imagine, found, 

for me, something like a satisfying conclusion, one day in the late 

1960s, when, being then at the height of his renown, he had literally 

'summoned' Alain Darbel and me to the Hotel des Ambassadeurs, 

where he habitually stayed when visiting on behalf of the Ford 

Foundation, to tell us his criticisms of the mathematical model of 

gallery visiting that we had published in LôAmour de lart. He arrived 

with a copy of the book on which he had scrawled in blue ink and, 

with a big cigar in his mouth, he pointed out, with some brutality, 

what he regarded as unforgivable errors. é

When these corrections were granted, Lazarsfeld declared with 

some solemnity that 'nothing so good had ever been done in the 

United States'. But he took care never to put it in writing, and 

continued to give his spiritual investiture to Raymond Boudon, the 

accredited agent *of his scientific multinational.

* « chef de comptoir » in french edition

Pages 74-75
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Actes de la recherche en 

sciences sociales. 25, 45-59, 

1979



CONCLUSION

•LCA deserves to be better known from 

statisticians

•Provides an interesting model for cluster 

analysis and gives a solution to the choice of the 

number of classes

•LCA does not have the main drawbacks of 

Factor Analysis (factor indeterminacy)

•Do latent variables exist or not is an other 

issue…
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?
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A few software and websites 

•XLSTAT-LatentClass https://www.xlstat.com/fr/solutions/lg

•SAS Proc LCA  : 
http://methodology.psu.edu/downloads/proclcalta

•R package poLCA

•“Latent Structure Analysis at Fifty” by Neil W. Henry (1999)          
http://www.people.vcu.edu/~nhenry/LSA50.htm

• " Latent Structure Analysis Website ", by John Uebersax :  
http://www.john-uebersax.com/stat/index.htm

https://www.xlstat.com/fr/solutions/lg
http://methodology.psu.edu/downloads/proclcalta
http://www.people.vcu.edu/~nhenry/LSA50.htm
http://www.john-uebersax.com/stat/index.htm
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