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1. Introduction

Mannheim (1928,1929) stressed the idea that generations are formed by common
circumstances in the youth of its members (Becker, 1991). One of the aspects that may be
considered as typical for a generation is the educational level of its members (Becker, 1987;
Becker et al., 1989), as well as their father's educational level. Furthermore, current values
that direct educational mobility, and societal structures that channel educational mobility, are
reflected in the degree of educational mobility of the members of a generation, conditional on
father's educational level. If these features, father's educational level and child's educational
mobility, are good indicators for generations, we should be able to attribute cohorts to
generations in an unambiguous way. Cohorts should be fully part of a generation or not at all.

In a 1989 paper in ,Sociale Wetenschappen®“ Ganzeboom and De Graaf analyzed
intergenerational educational mobility in the Netherlands for 14 five-year birth-cohorts, from
1891-1895 to 1956-1960. They found that the association between father's education and
child's education has decreased. In the present paper we use the same data to look for
generational differences, i.e., clusters of cohorts, which display about the same mobility
pattern. Differences between sons and daughters will be taken into account.

2. Method and data

To look into this matter we will employ latent class analysis as a sort of cluster analysis.
Ganzeboom and De Graaf (1989) brought together data on 22787 subjects from 14 surveys,
covering 14 five-year birth cohorts. They recoded the educational level into four categories,
1) primary, 2) junior vocational, 3) general and senior vocational, and 4) vocational colleges
and university. For most respondents educational level is the final educational level, for some
of the youngest cohorts, however, for a few people educational level may have increased
from level 3 to level 4.

The data displayed in Table 1 are summed over the 14 birth cohorts considered. We will
analyze 28 of these tables, 14 for men (sons) and 14 for women (daughters). The complete
28 x 4 x 4 table has 448 cells, that is 447 degrees of freedom when sample size is considered
fixed.
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father’s educational level child’s transition probability, Tjji % 100
1. primary |2.junior | 3. general, |4.voc.col.,
8i100 vocational |senior voc. |university
abs. % %
1. primary 6833 | 30.0 90.6 6.4 2.3 .6
2. junior vocational 7481 | 32.8 71.1 20.1 6.4 2.4
3. general, senior vocational 5656 | 24.8 50.8 23.7 18.6 6.9
4. vocational colleges, 2817 | 124 31.1 24.5 20.3 24.1
university

Table 1: Father's educational level, and child's probability of transition to the same or another
educational level. Source: Ganzeboom and De Graaf (1989)

A latent class model is used to find out whether a small number, S, of latent tables can
describe the H = 28 manifest tables for a specific cohort-gender subpopulation. The model
assumes that the table of a specific subpopulation h is a weighted sum of these S latent tables,
with weight g, for table s. Another way to view the same assumption is that table s is valid
for subpopulation h with weight mg,. When a simple structure would be found, that is when
each subpopulation has a high weight my, on only one of the latent tables, this would support
the assertion that generations are homogeneous with respect to educational mobility. To
develop notation for these tables, let index i denote the four levels of father's education,
mentioned above, and index j denote the four levels of child's education. The proportion in
cell {ij} for manifest table h (h=1,...H) is written Py, (Zj Py, =1). Latent table s
(s=1,...S) is decomposed into a frequency distribution of father's educational level, with
proportions &s, and a matrix of transition probabilities tjjs, as was done with the manifest
data in Tablel. The sum of the S tables, weighted with =y, can be observed,
Pij|h =2 Tsh 6”5 Tilis (25 Th = 1, % 6”5 =1 and 2] Tjjis = 1) In the Sample a mixture
Pijn = Z g Si‘s T, Is observed.

Given the sampling method, each manifest table is expected to contain proportion
vh (h=1,...H) of the sampling population (Ganzeboom and De Graaf, 1989). Due to
mortality short-lived persons from the older cohorts are underrepresented in the sample. In
order to generalize to the target population of complete Dutch cohorts we have to assume that
the same manifest table Pj;, holds for the part of the population that cannot be observed with
the present sampling scheme as for the part that can be observed. The model for the
proportion in cell {h,i,j} then is

Poij = Pijn = Yh 2s T Sijs Tjjis

Wlth zhij Phij =1 and Zh 'Yh =1.

A similar model for univariate latent budgets instead of bivariate latent tables was
proposed by De Leeuw, Van der Heijden and Verboon (1990). In Clogg (1981) and Clogg
and Goodman (1985) also latent class models for parallel groups were discussed. In order to
obtain maximum likelihood estimates for the target population a correction for the
underrepresentation of the older cohorts should be made. We did not do this, however, to
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avoid increased unaccuracy of the estimates. The model is a special case of the mixed
Markov latent class model (Langeheine and Van de Pol, 1990; Van de Pol and Langeheine,
1990; see section 2.2 of chapter 1). Therefore maximum likelihood estimates for the
sampling population could be obtained with the computer program PANMARK (Van de Pol,
Langeheine and De Jong, 1991).

The likelihood ratio gives the comparison with a saturated model. At first sight, it seems
correct to evaluate model fit by looking up the p-value of the likelihood ratio from the
theoretical y2-distribution with degrees of freedom: number of independent cells — number of
parameters. Sample size is large enough. After a closer inspection of the model estimates it
was found, however, that many parameters were estimated to be 0, on the boundary of the
parameter space. This sheds doubt on the validity of the usual degrees of freedom formula for
use with the theoretical y2-distribution. Therefore we used a non-naive bootstrap procedure
(Langeheine et al., 1996) to evaluate LR model fit. This procedure, which is incorporated in
PANMARK, involves drawing many random samples from mobility tables with model-
restricted proportions, estimated on the original sample. Such procedures are also called
Monte Carlo simulation or parametric bootstrap (Van der Heijden et al., 1996).

3. Results of explorative analyses

When only two latent tables are assumed, the data are described parsimoniously with 85
parameters, which is few compared to the number of parameters that Ganzeboom and De
Graaf used. Ganzeboom and De Graaf fitted log-linear models with a constant term and main
effects for each of the 28 tables, i.e., 196 parameters, plus some parameters for the interaction
term. Our two-table solution, however, does not fit the data well (Table 2).

BIC is Schwartz' information criterion (Sclove, 1987), which should be low for a well-
fitting, parsimonious model. BIC suggests the 4-table solution, although the 3-table solution
might be interesting too. According to the LR at least four latent tables are necessary for a
good model fit. Moreover, interpretation of the 4-table solution is not problematic. Hence we
choose the model with four latent tables.

number unrestricted restricted

of para- LR df BIC/10 | restrictions | para- LR df |bootstr. | BIC/10

latent | meters meters p*

tables
2 85 1333 362 | 24035 2 83 1338 364 .00 24033
3 128 725 319 | 24017 15 113 730 334 .00 24002
4 171 316 276 | 24019 48 123 360 324 A7 23975
5 214 216 233 | 24057 112**| 102 1740 345 .00 24092

* At most 500 samples were drawn, unless the standard deviation of the p-estimate became <.05 (as
with the 4-table solution: 130 samples).
** to be described in section 4,“testing part of generation theory*

Table 2: Model fit for 2 - 5 latent tables, without and with restrictions on the weights g,
Cohort weights g, should not fluctuate too much in time; i.e., consecutive cohorts should

not load ,,high-low-high* or ,,zero-zero-something-zero-zero“. This did occur, however, in
the unrestricted 4-table solution, especially with the older cohorts, where sample size is
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small. Therefore equality restrictions were applied in order to eliminate strong fluctuations.
(See appendix.) Moreover, equality restrictions were applied to the latent tables, which can
also be seen in Table 3. Some restrictions are needed for model identification (De Leeuw,
Van der Heijden and Verboon, 1990), others were introduced for smoothing purposes.

latent Table 1: , little mobility** latent Table 2: ,,limited upward mobility*
transition prob. child, education transition prob. child,
education father ... X 100 f. T4, x 100
jji1 jli2

1. primary 93 97 2 0 1 83 29 45 20 7
1 @@ | @ © ©) | @ @ ®Q

2. junior 2 97 2 0 1 10 9 49 25 17
vocational Q) 3) ) Q) 0) ) 3) (6) (5) 4
3. general educat., 3 22 18 51 8 5 11 20 40 30
senior vocationl (D) (6) (7 (8) 9) 1) 4 (6) @) @)
4. voc. colleges 3 22 18 51 8 3 0 0 0 100
university W@ le®@lolelo]l @ [0]l0]l0l0

latent Table 3: ,,fewer with prim. educ. latent Table 4: ,,meritocracy“
only*
transition prob. child, education transition prob. child,
education father ... x 100 f. .., x100
ji3 jli4

8jj3x100 | 1. 2. 3. 4, Sij4 x 100 1. 2. 3. 4,

1. primary 55 5 79 16 0 33 3 10 64 23
©) (12) |1 109 | 3 | ) ®) Mm@ @O

2. junior 24 17 56 25 2 35 3 24 45 28
vocational ®) @16 60 ) Mm@ @O
3. general educat., 13 8 40 41 11 21 3 10 52 35
senior vocationl 2 (2) 4) (@) 3) 1) (D) (2) 2 2
4. voc. colleges 8 1 28 38 33 11 3 10 30 57
university (©) @1 @6 |06 Q) OEECOEEORNC)

Table 3: Latent tables of restricted 4-table solution (with standard errors).

The fit of the restricted 4-table solution is good, according to the bootstrap-procedure. If
the model is true, about 47% of the samples would fit less well than the original sample does,
which means that the model has a good fit. With the theoretical y2-distribution we would
have estimated this percentage to be only 8%. Standard errors of parameters should be
interpreted carefully, as a coarse indication of accuracy.

Table 3 shows the four latent tables, the one which was most prevalent for the older
cohorts first, the most modern one last. Obviously, the level of father's education has
increased throughout the years. Moreover, the latent tables also show the finding of
Ganzeboom and De Graaf (1989) that the association of father's education and child's
education has decreased in time. To find out whether educational mobility can demarcate
generations we should inspect the matrix of weights ry, of cohorts, which are available both
for men and women. These weights are plotted in Figures 1 and 2.
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The year of reference of each cohort is shifted 17 years because this age is thought to be
relatively important for the final educational level attained. Cohort weights were connected
with a ,,spline* using STATA (1988).

Figures 1 and 2 do not show ,,natural”“ demarcation lines between generations. For some
cohorts one latent table is the most important, for other cohorts two or three latent tables are
about equally important.

1 —
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year when son became 17 years of age

z1: latent Table 1, ,little mobility* z2: latent Table 2, ,,limited upward mobility*
z3: latent Table 3, ,,fewer with primary education only* z4: latent Table 4, ,,meritocracy”

Figure 1: Weights Tsih in restricted 4-table solution for men (sons)

[ [ [ [ ! [
19110 1920 1930 1940 1950 1960 1970

year when daughter became 17 years of age

di: latent Table 1, , little mobility* d2: latent Table 2, ,,limited upward mobility*
d3: latent Table 3, ,,fewer with primary education only* d4: latent Table 4, ,,meritocracy”

Figure 2: Weights Ty in restricted 4-table solution for women (daughters)

For men latent Table 2, which may be labeled as ,,limited upward mobility“, has been the
dominant pattern during 40 years. Before this time Table 1 was prevalent, with low
educational level and little mobility, and after the ,limited upward mobility* period Table 4
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is dominant, with high mobility and a high educational level (,,meritocracy*). Latent Table 3
is specific for women.

For women latent Table 1, low educational level and little mobility, has been the dominant
pattern for the first half of the period covered, much longer than for men. Then latent Table 3
takes over, while latent Table 2 is valid for a minority. Table 3, which is specific for women,
differs from Table 2 by fewer fathers with low educational level, and by a higher probability
to obtain junior vocational education. The Netherlands educational system has a junior
vocational school where women learn to become a housewive. This school used to be popular
some decades ago. Finally, later than for men, also for women latent Table 4, ,,meritocracy*,
becomes the most important table for educational mobility.

4. Testing part of generation theory

Our conclusion on the basis of an exploratory analysis is that no sharp demarcation lines
between generations can be found with four latent educational mobility tables. However,
rather than estimating cohort weights, one could fix them also in advance. For this we use
Becker et al.'s (1989) classification into four generations: 1) birth cohorts 1910-1930 (17
years of age around 1937), 2) 1930-1940 (17 around 1952), 3) 1940-1955 (17 around 1965),
and 4) 1955-1970. (The 1956-1960 cohort in the Ganzeboom and De Graaf data was 17 in
about 1975.) We added the 1891-1910 cohorts as a fifth generation. For each of these five
generations one latent table is assumed (s =1,...,5). Cohort weights =y, are 1 if cohort h
belongs to generation s, otherwise 0.

This ,,generation theory model* has 345 degrees of freedom (102 parameters). However,
the model does not fit the data, LR = 1740 with bootstrap p = .00, mostly because gender
differences are not taken into account. In the past century, males seem to have adopted a new
type of educational mobility sooner than females. Also in terms of parsimony the generation
theory model is not preferable, BIC = 240923 (Table 1). When confronted with gender-
specific data, the current pattern of educational mobility does not seem to be very important
for the formation of a gender-inspecific generation.

It is clear that generation theory needs some refinement with respect to its validity for
educational mobility. Which changes are in order is a matter that we would rather leave to
generation theory specialists. Figures 1 and 2 show at any rate that, for each gender, cohorts
can be classified into clusters by calling those clusters after the dominant latent mobility
table.

Acknowledgements

The views expressed in this paper are those of the author and do not necessarily reflect the
policies of the Statistics Netherlands. The author thanks B. Bakker, H. Becker, P. de Graaf
and J. Winkels for ideas and opinions. A previous version of this paper appeared in:
Dynamics of cohort and generations research, H. Becker, ed., 1992, pp. 369-379 (Thesis
publ., Utrecht, The Netherlands).



418 Educational Mobility, Cohort and Gender; A Latent Class Reanalysis of the Ganzeboom
and De Graaf Data

Appendix: Parameter restrictions and estimates of table weights; restricted 4-table
solution

restrictions™ estimates (with standard errors)

latent table, s latent table, s
birth cohort, h 1234 1 2 3 4

men (sons)

1891-1895 (+17) 0 011 70 (07) .30 (.07) .00 (fixed) .00 (fixed)
1896-1900 (+17) 0 011 65 (.06) .35 (.06) .00 (fixed) .00 (fixed)
1901-1905 (+17) 0 0-1 2 48 (05) .49 (.06) .00 (fixed) .03 (.04)
1906-1910 (+17) 0 0-1 2 36 (.04) .61 (.05 .00 (fixed) .03 (.04)
1911-1915 (+17) 0 0-1 2 30 (.04) .67 (.05 .00 (fixed) .03 (.04)
1916-1920 (+17) 0 030 25 (03) .63 (05 .05 (.03) .07 (.04
1921-1925 (+17) 0030 14 (03) 65 (05 .05 (.03) .15 (.05
1926-1930 (+17) 00 30 08 (.03) .67 (05 .05 (.03) .20 (.05
1931-1935 (+17) 00 30 10 (02) 59 (04 .05 (03) .26 (.04)
1936-1940 (+17) 00 40 02 (02) 57 (05 .09 (04) .33 (.04
1941-1945 (+17) 00 40 .00 (bound) .53 (.05) .09 (.04) .38 (.04)
1946-1950 (+17) 0 00O .00 (bound) .38 (.04) .12 (.05) .51 (.03)
1951-1955 (+17) 5 000 03 (02) .22 (06) .12 (.05) .63 (.03)
1956-1960 (+17) 5-1 00 03 (.02) .00 (fixed) .24 (.04) .72 (.04)

women (daughters)

1891-1895 (+17) 0 6 6 -1 79 (05) .10 (.02) .10 (.02) .00 (fixed)
1896-1900 (+17) 0 6 6 -1 79 (05) .10 (.02) .10 (.02) .00 (fixed)
1901-1905 (+17) 0 7 7 8 69 (04) 14 (02) 14 (.02) .04 (.02
1906-1910 (+17) 0 7 7 8 69 (04) 14 (02) 14 (.02) .04 (.02
1911-1915 (+17) 0 9 98 63 (04) 17 (02) 17 (.02) .04 (.02
1916-1920 (+17) 010 10 -1 54 (04) .23 (02) .23 (.02) .00 (fixed)
1921-1925 (+17) 012 13 -1 47 (03) .18 (.04) .36 (.04) .00 (fixed)
1926-1930 (+17) 01213 0 42 (03) .18 (.04) .36 (.04) .05 (.05)
1931-1935 (+17) 014 0 O 29 (04) .20 (.06) .46 (.06) .06 (.03)
1936-1940 (+17) 014 0 O 18 (04) .20 (.06) .50 (.06) .12 (.03)
1941-1945 (+17) 0 00O 09 (04) 24 (07) 53 (.06) .14 (.03)
1946-1950 (+17) 15 0 0 O 07 (03) .21 (.06) .49 (.06) .22 (.03)
1951-1955 (+17) 15 0 0 O .07 (03) .05 (.05 .32 (.05 .56 (.04)
1956-1960 (+17) 15 -1 0 O .07 (03) .00 (fixed) .25 (.04) .67 (.04)
weighted average .20 .34 21 24

*0: free, -1: fixed at zero, 2: n4‘3 = n4‘4 = n4‘5 3: n3‘6 = n3‘7 = 753‘8 = n3‘9 4: etc.

Table A.1: Latent table weights, Tsih
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latent Table 1 latent Table 2
father’s educational child’s educational level, j child’s educational level, j
level, i 1 2 3 4 1 2 3 4
1. primary 21 22 23 24 0 0 0 0
2. junior vocational 21 22 23 24 0 0 0 0
3. general, senior vocat. 25 26 27 28 0 0 0 0
4. voc.colleges, university 25 26 27 28 31 31 31 0
latent Table 3 latent Table 4
father’s educational child’s educational level, j child’s educational level, j
level, i 1 2 3 4 1 2 3 4
1. primary 0 0 0 0 51 52 0 0
2. junior vocational 0 0 0 0 51 0 0 0
3. general, senior vocat 0 0 0 0 51 52 0 0
4. voc.colleges, university 0 0 0 0 51 52 0 0

Table A.2: Restrictions on transition probabilities, from father's education i to child's education j, Tijis
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