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Abstract—Based on parish registers, demographic histories of Crulai (France),
Tourouvre-au-Perche (France), and Geneva (Switzerland) established
the childhood mortality experienced by complete sibships during periods
of at least half a century before the French revolution. These observations
may be presented as frequencies in incomplete five-dimensional con-
tingency tables. The five dimensions are: survival (living or dead),
completed sibship size, birth order, type of family (according to com-
pleteness of information about family), and epoch (period in which
the family lived).

This paper reanalyzes these published data, using hierarchical log-linear
models to discern which interactions among the five variables can justifi-
ably be inferred from the data. The neonatal and infant mortality rates
of firstborn are probably higher than those of later sibs (in Crulai
and Tourouvre). But mortality by age 20 (in Geneva) is associated
strongly with the epoch, type of family, and family size, and not sig-
nificantly with birth order. The increase in mortality with completed
family size is insufficient to select, in an evolutionary sense, for limited

family size.

1. INTRODUCTION

This paper reanalyzes published data
which describe the survival or the fail-
ure to survive to given ages of children
in human families in Europe between
1550 and 1900. The purpose is to put
inferences from the data about the rela-
tions among completed family size, birth
order, childhood mortality, and parental
cohort mortality on a more explicit sta-
tistical footing. The analysis is also
intended to illustrate the power of log-
linear models of incomplete multidimen-
sional contingency tables and to empha-
size with concrete examples needs for
further theoretical development.

Many studies relating birth order to
other variables are reviewed by Altus
(1966) and Kammeyer (1967). Method-
ological problems are discussed by Mac-
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Mahon, Pugh, and Ipsen (1960), Mantel
and Halperin (1963), Barker and Rec-
ord (1967), Haldane and Smith (1947),
James (1969), and Veevers (1973).

Eighteenth-century data from En-
gland (McKeown and Brown, 1955, p.
133) demonstrate an apparent decrease
in survival with increasing birth order.
But completed sibship sizes were not
included in the original observations, so
either birth order or completed sibship
size may control mortality.

In modern Birmingham, England
(Gibson and McKeown, 1952), children
of birth orders 4 and later suffered more
than twice the infant mortality of first-
born. Since this study included all and
only births occurring in 1947, completed
sibship size could not be considered.

The need to observe completed sibship
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size in testing for the effect of birth order
is clear from an example (Magaud and
Henry, 1968): Suppose that, within a
family of a given final size, survival is
identical for all birth orders, but that
the larger the family, the lower the sur-
vival. Then if individuals are sampled
at random, there will be an apparent
inverse relation between birth order and
survival only because higher propor-
tions of the later birth orders will come
from larger families.

Magaud and Henry (1968, p. 890) cite
a 1906 study of Statistique Général de la
France which found this hypothetical
possibility to be real: “While they were
living without either brothers or sisters,
the firstborn incurred risks of death de-
pendent on the final future size of the
family.” Magaud and Henry conclude
that there is no influence of birth order
on infant mortality. But they use no sta-
tistical tests for the randomness of the
observed fluctuations in death rates by
birth order.

Section 2 of this paper describes the
sources and characteristics of the data
used. Section 3 reviews briefly the
method and models used. Section 4 pre-
sents the results of applying the methods
. of section 3 to the data described in
section 2. Section 5 summarizes the con-
clusions drawn from the data in a way
that is intended to be comprehensible in
the absence of sections 3 and 4 and
compares these conclusions with those
drawn by the original authors of the
data. An Appendix provides methodo-
logical details.

2. Tue Data

Procedures for reconstructing demo-
graphic histories of local European pop-
-ulations are described by Fleury and
Henry (1965) and Henry (1970).

A family is defined as initiated by the
marriage of a couple and terminated by
the death of one spouse, separation, or
disappearance from observation of the
couple. If the family terminates after

the wife reaches age 45, hence after the
(presumptive) end of her childbearing
years, the family is termed “complete.”
If the family terminates before the wife
reaches age 45 because of the death of
one of the partners, separation, or di-
vorce, the family is termed “incom-
plete.” If the family is not known to
belong to one or another of these cate-
gories, it is called “other.”

Gautier and Henry (1958) study mar-
riages in Crulai in Normandy (France).
For marriages between 1688 and 1742
whose children did not disappear from
observation before they reached one year
of age, they report the numbers living or
dead (hereafter to be referred to as
variable 1), according to the total num-
ber of children born into the family, or
family size (hereafter variable 2), and
according to the birth order (hereafter
variable 3) of each child. They pool
complete, incomplete, and other families.
For consistency of format with the data
reported for Geneva (to be described
below), in families of three or more chil-
dren, I collapse all the intermediate
categories of birth order into one cate-
gory called “middle.” Hence the three
categories of birth order are first, middle,
and last for families of size three or
more. For families of size two, there are
no observations of middle births. For
families of size one, there are observa-
tions of first births only.

The numbers of children who survived
or died by one month are reported along
with the corresponding numbers for the
same families for one year. In the fol-
lowing analysis I treat these survivorship
figures separately as two sets of data:
“Crulai 1 month” and “Crulai 1 year.”

Charbonneau (1970) reconstitutes the
families formed by marriages between
1670 and 1769 in Tourouvre-au-Perche
(France). Again, I collapse the catego-
ries of birth order into first, middle, and
last. Each observation is classified by
type of family (variable 4) as complete
or not complete. The data on survivor-
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ship to one month and to one year are
here treated separately as the data sets
“Tourouvre 1 month” and “Tourouvre 1
year.”

Henry (1956) studies marriages
among the bourgeoisie (the hereditary
ruling class) of Geneva, from approxi-
mately 1550 to 1899. He reports the sur-
vival to age 20 (variable 1) of children
by size of family (variable 2) and the
three categories of birth order (variable
3) according to whether the families
were complete, incomplete, or other
(variable 4) and according to which
of seven half centuries (variable 5) the
father of the family was born in. Since
Henry (1956) uses only three categories
for birth order (first, intermediate, and
last) in Geneva, there is no choice but
to use that or an even grosser classi-
fication.

Table 1 summarizes the characteris-
tics of the data. The sources of the data
analyzed here do not tabulate survival
by sex of the child. Hence it is impossi-
ble to learn from these data whether the
secular decline in childhood mortality
affects the sexes differently.
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3. METHODS AND MODELS

One approach to the data considers
survival as a dependent variable (or an
effect or response variable). A second
approach considers all variables other
than chronological time as possibly, in-
teracting dependent or response vari-
ables.

Under the first approach, only the
interaction between survival and the re-
maining variables, singly or jointly, is
examined. This approach assumes that
the variables other than survival may
affect survival, but not conversely.

The second, scientifically more con-
servative approach seeks a minimal
model to describe the data. This ap-
proach assumes that only time is a truly
independent variable. The interactions
among the remaining variables are of
interest.

In the following analyses, the second
approach is used first for all five sets
of data. Then survival is treated as a
response variable in the four sets of data
(Geneva excluded) and in an incomplete
way for the Genevan data. With these
data, these two approaches yield no dif-

TaBLe 1.—Characteristics of the Data

Crulai Tourouvre-au-Perche Geneva
Variable Variable Number Number Number
Number Name Cells Range Cells Range Cells Range
1) (cy) (cy) (cp)
Survival 2 living/dead 2 living/dead 2 living/dead
Family size 13  1,2,...,13 15 4,5,...,18 1 2,3,...,11,212
3 Birth order 3 first/inter- 3 first/inter- 3 first/inter-
mediate/last mediate/last mediate/last
4 Type of family 1 complete and 2 complete/other 3 complete/incom-
other plete/other
5 Epoch 1 marriages from 1 marriages from 7 half-century of
1688 to 1742 1670 to 1769 father's birth:
_before 1600 to
1850-1899
Total cells 78 180 1,386
Total logical zeros 6 0 42
Total families 287 351 561

Note: Family size is the number of live-born siblings.
fetal losses and stillbirths. I
but not Geneva, survival is reported for each birth order separately.

Sources:
1970, pp. 409-413; for Geneva, Henry, 1956, pp. 216-217.

Both family size and birth order omit
In the original data from Crulai and Tourouvre-au-Perche,

For Crulai, Gautier and Henry, 1958, p. 269; for Tourouvre-au-Perche, Charbonneau,
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ferences in substantive conclusions, and
such small quantitative differences in
the measures of the association of sur-
vival with other variables, that it is
judged not worth completing the treat-
ment of survival as a response variable
for the Genevan data.

If survival were assumed to be a re-
sponse variable, then the continuously
variable infant mortality rates could be
approached by analysis of variance. But
the assumed independent normal distri-
bution of errors in the response variable
seems sufficiently implausible for the
present data to exclude analysis of vari-
ance or, equivalently, regression analysis
on first approach.

This paper organizes the data into a
multidimensional contingency table. A
multidimensional contingency table is a
generalization of an ordinary two-way
‘contingency table with rows and col-
umns. In the cells of a two-way table
are counts of frequencies of occurrence.
For example, a two-way table might
be formed from one of the present sets
of data by considering only variable 1
(survival) and variable 2 (family size).
If the first row of such a table showed
the number of children living after one
month and the second showed the num-
ber dead while each column were identi-
fied with a given size of family, such a
table would be appropriate for studying
the possible interaction between family
size and mortality.

Now suppose that the data in this
two-dimensional contingency table were
subdivided into a set of two-dimensional
tables according to the birth order (vari-
able 3) of the children within the fami-
lies. For example, one two-way table
would show the relation between sur-
vival and family size among firstborn

-children,; another table, among children
of middle birth order; and a third,
among last-born children.. (Since there
are no children of middle birth order in
families of size two, the two-way table

for middle birth order would contain
“logical zeros” for the numbers of sur-
viving and of dead children in families
of size two.) The resulting set of three
two-way contingericy tables is called a
three-dimensional contingency table.

If this three-dimensional table were
then subdivided into two or more three-
dimensional tables according to the com-
pleteness of information about the fam-
ily (variable 4), the resulting set of
three-dimensional tables could be viewed
as a four-dimensional table; and this in
turn could be refined by the epoch of
observation (variable 5) to give a set of
four-dimensional tables or a single five-
dimensional table.

The two-way table has two margins:
one, the list of row sums, and two, the
list of column sums. In the present ex-
ample, the row sums show the number
of children who lived and the number
who died, irrespective of family size.
The shorthand which will be used for
this margin is [1], because the margin
describes the frequency distribution of
variable 1. Similarly, [2] is the list of
column sums showing the frequency dis-
tribution of live births by family size.

From the perspective of the five-
dimensional table, the two-way table of
survival versus family size is also a
margin. This margin shows the joint fre-
quency distribution of variables 1 and
2, irrespective of the remaining vari-
ables. It will be denoted by [1, 2]. For
the Genevan data, this margin appears
in Table 8.

The models used in this paper to gen-
erate expectations with which the ob-
served data may be compared are called
hierarchical log-linear models. These
models generalize the model of inde-
pendence in a two-way (two-dimen-
sional) table. That madel of indepen-
dence says that the relative frequencies
(or probabilities) of the cells in the joint
distribution of variables 1 and 2 should
be the product of the relative frequen-



