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Birth Order Studies: Some Sources of Bias

ByJ. S. PRICE and E. H. HARE

they both felt, after the conclusion of their work, very doubtful as to the possibility of definitely proving the
existence of a real differential incidence of any character in order of birth. The whole question seemed so open to
fallacious possibility in different directions.â€•

[Report of comment by G. Udney Yule in the discussion following his joint paper with M. Greenwood
at the Royal Statistical Society in 1914.]

Recently there has been an upsurge of interest
in the association between behaviour, both
normal and abnormal, and birth order. For
instance, Barry (1967) has pointed out that in
certain societies excessive parental demands
are made on the first-born child, and â€œ¿�excessive
parental demands could lead to superior
achievement in a robust individual or to
psychiatric illness in a child who was especially
vulnerable . . .â€œ;thus putting into modern
language an interesting genotypeâ€”environment
interaction which was summed up in the ancient
Chinese proverb â€œ¿�fireburns wood but tempers
ironâ€•.

Barry's hypothesis is based on the finding of
an excess of schizophrenia in the first-born,
not only in some oriental countries but among
upper class Americans. In lower class American
families, on the other hand, the excess appears
to be in the later-born positions. Of course,
social class is related to family size, and from
this point of view the schizophrenics show an
excess of first-born in small sibships and of
last-born in large sibships. These, and other
findings relating to birth order in psychiatric
patients, may be due to differences in suscepti
bility to mental illness of individuals in the
various birth ranks, or they may be due to one
or more of several biases which are liable to
affect the data.

The history of birth order studies is not a
happy one. The subject matter is particularly
difficult to think about clearly, even for the
mathematician. There has been much con
troversy about the methods which can be
used to determine whether the observed
distribution of birth ranks in a sample differs
from the expected distribution. In 1914, for
example, Greenwood and Yule pointed out a

serious fallacy in the method used by Pearson
and his colleagues (e.g. Heron, 1907); and over
50 years later attention has been drawn to a

fallacy in the method suggested by Greenwood
and Yule (Barker and Record, 1967a). In the
present paper we will not consider this aspect
ol methodology, but rather various biases
which may distort the observed distribution
of patients by birth-rank. These fall under four
main headings. Firstly, there are biases in the
sample due to biases in the population from
which the sample is drawn. Secondly, there is
the distortion introduced when sibships are
not complete. Then there are the biases which
the investigator may introduce in his manipu
lation of the data. And finally, there is the
possibility of a correlation between birth order
and the proportion of missing or unreliable
information. Most of these sources of bias have
been pointed out before and have been reviewed
by several authors, such as Greenwood and
Yule (1914), Gregory (1958), Chen and Cobb
(1960), and Barker and Record (m 967b).

However, the pitfalls of the subject are so
great that a further and perhaps more syste
matic review of this particular aspect of birth
order studies seems justified.

633

COMPLETE SIBsIIIPs

Let us first of all consider a sample of patients
whose sibships are complete; that is, a sample
whose mothers have all passed the end of the
reproductive period. For convenience we will
call all people from complete sibships â€œ¿�adultsâ€•.
Let us also assume that these adult patients are
suffering from a disease which obeys the â€œ¿�null
hypothesisâ€•; that is, that there is no correlation
between the disease and birth rank; or, in
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other words, that people of all birth ranks are
equally likely to develop the disease and to be
included in a sample of patients suffering from
the disease. In such a sample, with certain
qualifications, we expect the patients in each
size of sibship to be randomly distributed
between the various birth ranks (first, second,
third, etc.); and over the sample as a whole we
expect there to be approximately as many first
born as last-born, and as many early-born
(from the first half of the sibship) as later-born
(from the last half of the sibship). This is
obvious if one considers the whole population,
because for every sibship of two there must
be one first-born and one second-born, and so
on. The sample of patients will reflect the ran
dom distribution in the general population,
provided that the character of being a patient
is not correlated with birth rank.

It has been supposed, mistakenly, that since
the chances of developing a disease increase
with age, a sample of patients will contain
more older (early-born) siblings; but a little
reflection will show that this is not so, provided
that the inclusion of a patient in the sample
does not lead to the inclusion of affected siblings
in the sample too (Gregory, 1958). If two or
more patients from the same sibship are
independently ascertained, they may be included
in the sample without introducing any bias.
But if, as might happen with a rare disease in
which every effort is being made to increase
the number of cases, some patients are included
in the sample as a result of being siblings of
patients who have already been ascertained,
then, if the patients are being studied before
the risk period of the disease is passed, the
inclusion of such extra siblings will result in an
excess of older (early-born) patients in the
sample; because, of course, the early-born
siblings will have passed through more of the
risk period than the later-born siblings, and
therefore more of them will have manifested
the disease and more extra early-born than
later-born siblings will be added to the sample.

In certain circumstances, the principle of
random distribution of adults by birth rank
in the general population may not hold good.
There are two main causes for this: a change in
the reproductive habits of the population, and a

change in the birth rank distribution of the
population between birth and the age range
from which the sample is selected. Both these
points require some elaboration.

i. Changes in the Xumber of Birthsfrom Tear to Tear

J. A. Cobb(1914)pointedout that if a man
is born in 1870, say, and has, or had, a brother
five years older or younger, then as there were
more births in 1875 than in 1865 the brother
is more likely than not to have been born in
1875 and therefore to be the younger of the

pair. To take it to an extreme, if there were no
births at all during the 30 years preceding
1870, then the brother must be younger and the
man himself must be first-born. As a general
rule, then, we may say that when the number
of births is increasing the population will
contain an excess of first-born and other early
born (from the first half of their sibships); and
conversely, when the number of births is
falling the population will contain an excess
of last-born and other later-born.

The number of births may change either
because of a change in the number of families
being started or because of a change in the size
of families. Both kinds of change have been
taking place in our population over the past
8o years and it may be helpful to consider their
effects separately. The first alters the ratio
of early-born to later-born in the whole of the
sample. The second also has an effect on the
whole sample, but its main effect is seen when
the sample is subdivided into small and large
sibships, since it has an opposite effect on the
two subdivisions. It will be seen later that a
decline in family size produces much the same
effect as incompleteness of the sibships.

The numberoffamilies started is closely related
to the number of marriages. In Scotland in
1945, for example,@ per cent. of first-born

children were born within one year of marriage,
63 per cent. within two and 75 per cent.
within three years (Registrar General for
Scotland, 1945). It can be seen from Fig. i
that marriages in England and Wales have
increased steadily from i88i to 1950, since when
they have levelled off. It is possible to calculate
roughly the effect of this rise on the relative
number of first-born and last-born in a sample
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Fmo. i.â€”Marriages and births in England and Wales for five-year periods 1881â€”1965 (Registrar General, 1954; 1967).
The straight line is discussed in the text.

born during this period. Let us assume for
simplicity that the span of all sibships, from
first-born to last-born, is 10 years, and that a
first-born arrives two years after every marriage.
If in 1967 we consider all the people in England
and Wales aged 50, we will find the following
number of first-born and last-born (assuming
none have died, etc.):

First-born. In 1915 there were 290,000
marriages (using the straight line in Fig. i,
drawn by eye, to even out the fluctuations)
and therefore according to our convention
there were 290,000 first-born born in 1917,
who will be aged 50 in 1967.

Last-born. In 1905 there were 258,000
marriages, and therefore, with a sibship
span of 10 years, there were 258,000 last-born
in 1917, who will be aged 50 in 1967.
The ratio of first-born to last-born in the

general population is thus 290,000 : 258,000
or I â€¢¿�124: I. The sample of patients aged 50

can be expected to exhibit the same ratio. The
ratio will vary a little with age, since the
increase in marriages is linear and not com
pound, but a sample of psychiatric patients over
15 will have a ratio of about the same order.

In a sample of 4,000 patients, assuming half
to be either first- or last-born, such a difference
would be significant at the I per cent. level.
(It is interesting to note the relatively large
number needed to detect a 12 per cent. excess
of first-born; if the general population distri
bution were unbiased, and first-born were
12 per cent. more likely to become psychiatric

patients than last-born, it would require, on
average, a similar sample of 4,000 to demon
strate the difference at the i per cent. level of
significance.)

A similar though less marked effect occurs
with the intermediate birth-ranks, a rise in
marriages resulting in an excess of early-born
over later-born.
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From 1938 onwards the Registrar General
has been presenting the annual births sub
divided by birth-rank (in Part 2 of the Statistical
Review), so that in the future it will not be
necessary to infer the number of families
started from the number of marriages. Which
ever source of data is used, it would be as well
to take it as a rather general guide, unless the
sample being studied matches the general
population very closely in social and ethnic
variables. If matching were good, or if one
were able to ascertain all cases of a disease
in England and Wales, the birth ranks of the
patients could then be compared directly

with the birth ranks of the general population
for the appropriate years of birth. This possi
bility will not be explored further, as it is
unlikely to be practicable in the case of
psychiatric illness.

During most of this time when the number
of marriages has been rising, the number of
births has been falling (Fig. i), and this is
due to the reduction in family size which has
occurred during the same period.

â€œ¿�Theperiod up to the Second World War
saw â€˜¿�marriagecohorts' (i.e. women married
in a particular year) with steadily decreasing
family sizes. These ultimate family sizes

decreased from 6@i6 for women married in

i86 m to 1869 to 3@30 for those married in

1900 to 1909 and to 2@o8 for those married

in 1929â€• (Registrar General, 1965; see also

Table VII in Gregory, 1958). Family size
reached its nadir in 1940, and has been rising
steadily since then.

It is easiest to comprehend the effect of

declining family size by considering a highly

simplified population. Let us imagine a popu

lation in which moo families are started every

year. Ten per cent. of the mothers have red

hair, and all these red-haired women have 20
children at one-year intervals. All the other
women have 10 children each at one-year
intervals. The breeding pattern is stable so
that moo families are completed every year.
Now let us indulge in the fantasy that in 1920
a red-haired primipara's club is started to which
all red-haired women having their first child
in 1920 or subsequent years belong. Family
planning is in vogue and a group norm is

immediately established that members have
exactly five children at one-year intervals. All
members are strict conformers to the group
norm.

We can examine the resulting population
with the advantage of hindsight. In 1919 the
red-haired women produced io first-born and
10 last-born (in sibships of 20) and the others

produced 90 first-born and 90 last-born (in
sibships of io). In each of the years 1920 to
1923 inclusive, the red-haired women produced

10 first-born (in sibships of five) and 10 last

born (in sibships of 20). The other women
continue as before to produce 90 first-born and
90 last-born in sibships of io. In the population

born during these years there is no disturbance
in the overall ratio of first-born to last-born,
but there is a marked excess of first-born in
small sibships and last-born in large sibships.
During each of the years 1924â€”1938inclusive,
the red-haired women produced io first-born
(in sibships of five) and 20 last-born (mo in
sibships of five, and mo in sibships of 20).
During these years there is thus an overall
excess of last-born, a marked excess of last-born
in large sibships but no difference in small
sibships of five. Taking the whole population
born 1919 to 1938 we find the following:

From this highly simplified and exaggerated

model, the overall effect of a reduction in

family size can be seen:
(a) A slight overall excess of last-born.
(b) A moderate excess of first-born in small

sibships.
(c) A marked excess of last-born in large

sibships.
The same effects can be seen from the model

in Table III. This model shows the effect of
studying a sibship before the last sibling has
been born; but if the last sibling is not born at
all the result is of course the same. The two
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separate phases (outlined above) can be ob
served, one in the cohort enclosed in the
rectangle and the other in the cohort following.

Family size is now increasing in England
and Wales, and the effect of this will be the
reverse of the above. Evidently if a sample of
patients is drawn from a wide age range, so
that their years of birth include both increasing
and decreasing family sizes, the two biases will
tend to cancel each other out.

2. A Correlation between Birth Rank and Movement
into (or out of) the Population

The two factors we will consider here are
migration and death.

Most birth order studies are carried out in
large cities or university towns, and a relatively
high proportion of the subjects will be imini
grants from abroad or at least from other parts
of the same country. Perhaps the days are past
when the eldest son stayed to till the family
plot of land while the younger sons came to the
city to seek their fortunes, but it might be
premature to assume that population movements
are independent of birth rank. Younger
children, for instance, lose their parents at an
earlier age; and it has been suggested (Hill
and Price, 1967) that the loosened family
ties of such bereaved children may facilitate
migration. Three control groups studied in
London by Dennehy (1966) showed an excess
of parental bereavement in childhood, possibly
reflecting an excess of later-born siblings. For
tunately, it is easy to control for this bias:
if birth-place is recorded during the collection
of the data, a separate analysis can be made for
natives and immigrants.

Another change in the population which
may be related to birth order is death in child
hood. Newcombe (1965) studied the relation
between death in infancy and pregnancy
order, using the British Columbia record
linkage system. Compared with all live births,
child deaths increased with increasing preg
nancy order; the effect was greatest from one
month to one year and for pregnancies after
the fifth. The births of subsequent siblings
could not be taken into account, and therefore
it is not known whether the trend would hold
good if sibship size were held constant. It

would be reasonable to suppose that it would.
Deaths from rhesus incompatibility, for instance,
increase with birth-rank for any sibship size,
and maternal care is likely to deteriorate
towards the end of a sibship. Schreider (1967)
has pointed out a further possible source of
disadvantage for later-born children; he studied
the rise in serum iron of 32 pregnant women,
and showed a correlation of â€”¿�0.55 between
serum iron and number of previous pregnancies.
For a number of reasons, therefore, it seems
likely that more later-born children die in
childhood, and therefore, the surviving popu
lation will contain an excess of early-born.

The differential death rate falls rapidly after
the first year of life, so that most of this bias
could be excluded by counting as a sibling only
those individuals who have survived to the age
of one. This, of course, excludes from the
analysis any living siblings under the age of one.
If any of the patients in the sample do in fact
have siblings under one, the sibsb.ips are not
likely to be complete, and excluding those
under one will have the effect of making them
even less complete. The biases outlined in the
next section will, therefore, be increased. In
such a case the choice of procedure will depend
on a weighing-up of the relative importance of
the two sources of bias.

INcoMPi.E@m Smsm@s

When one examines the birth order of a
population of children or young adults, it is
likely that some members will come from
incomplete sibships; that is, their mothers will
have further children after the date of the
investigation. This fact disturbs the random
distribution of individuals by birth rank.
Let us consider, first of all, what sort of biases
are produced and how they arise, and then how
their importance in any given population may
be assessed.

We are fortunate in having data from an
actual population to present as an example.
Table I is derived from the report of the Scottish
Council for Research in Education (i@i@g),
and gives birth-rank by sibship size for practi
cally all the children attending grant-aided
schools in Scotland who were II in June, 1947.
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T@ui I

Birth-rankandsibshipsize of Scottishchildrenagedxi injwze z@j. The totalpopulationof zx-,ear-oldchildrenin Scotland
at this time was estimatedb@theRegistrarGeneralas 8o,300. (Referencein tart.)

This material has already been discussed from
the point of view of birth order by Berg et al.
(1967). We can expect many children of i i to
come from incomplete sibships, and it is very
evident from Table I that the distributions arc
far from random. Each sibship size is represented
by a column, and when sibships are complete
we should expect all the cells in a column to be
approximately equal. But in sibships of two and
three we have a marked excess of early-born,
and in sibships of six and over we have an even
more marked excess of later-born. There is an
overall excess of first-born over last-born; this
is an unexpected finding, and will be discussed
in a later section.

If one looks at Table I, it is clear that the
children in some cells of the matrix are more
likely to come from incomplete sibships than
others. For instance, io8 children are tenth
in sibships of 10. This means that I I years ago
their mothers had a tenth child, since when they
have had no more children. It is almost certain
that these mothers are past the childbearing
age and that these sibships are complete. The
case is quite different with the four children
who are first-born in sibships of io. These
mothers are clearly very fertile and probably

started their families at an early age. Now they
are likely to be in their early thirties or even
late twenties, and probably had their last
child only a year or two ago. There is every
likelihood, therefore, that they will have one
or even several more children, and these four
first-born will end up as first-born in sibships of
I I or more.

As a general rule, then, the earlier the birth
rank a child is in, the more likely is the mother
to have more children and thus for the sibships
to be incomplete. Another important factor is
the time that has elapsed since the mother had
her last child. For a child in any given birth
rank, the chances of the sibship being complete
are greater when the child is towards the end
of the sibship; if he is last, his mother has not
given birth for I i years, and after this length of
childlessness the chances of further children are
much reduced.

This correlation between â€œ¿�completenessâ€•
of sibship and the time since the last member
of the sibship was born will be of importance
in considering the reason for the excess of early
born in small sibships. Take the first-born in
sibships of one and two, for instance. The
mothers of these children all had their first
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child@ i years ago; one group has had a further
child, the other has remained without further
children for u years; which will have more
children in the future? We would expect,
on general grounds, that the mothers who have
been longer childless will have less children,
being probably older than the others; but we
cannot be certain, because the two probabilities
are to some extent independent. If, for example,
it was considered shameful in the population to
have only one child, and downright disgusting
to have more than two, then the mothers of the
only children would probably be our best bet
for further births. Fortunately, the Registrar
General for England and Wales provides
empirical data on the number of births per
year for cohorts of women married in certain
specified years, subdivided by the number of
children they have already had (Part 3 of the
Annual Statistical Report). These Tables show
that child-bearing goes on longer the more
children the mother has already had, roughly
at the rate of two years per child. Although
these mothers are matched for year of marriage
rather than year of first child, the two events
are so closely related that it seems reasonable
to conclude that, according to our expectation,
for any birth rank the chances of incompleteness
of the sibship will increase with the size of the
sibship.

Let us now consider the biases in more
detail.

Overall Excess of First-born

Shortly after they were born, all these Scot
tish children were of course last-born (ignoring
twins). If we had drawn up Table I at that
time, they would all have appeared in their
present rows but would have been crowded
into the left hand cell of each row; that is,
they would all have been in the principal
diagonal, stretching from only children to
tenth-born in sibships of 10, which contains
all the last-born. As further children were born
in their sibships, they would have migrated
towards the right along the cells of each row,
and we would expect this process to go on
until there were just about as many last-born
in the lower diagonal as first-born in the top

row. At no stage should the number of last
born fall below the number of first-born.

However, in the case of the Scottish school
children, there are 28,426 first-born and only
26,548 last-born, giving a first-born-last-born
ratio of@ .071. This difference is large and highly
significant, too large to be explained by the
5,ooo-odd children who were living in Scotland
but not included in the sample (presumably
because they were not attending grant-aided
schools) even if it were thought that such
exclusions would contain an excess of last-born,
which on the face of it seems unlikely.

We expect an excess of last-born but in fact
find an excess of first-born. How are we to
explain this paradox? Clearly it must be due
to one of the biases discussed in the previous
section. It is too great to be accounted for by
the increased childhood mortality of last-born.
With children of this age, it is not likely to be
due to last-born going off to America to seek
their fortunes. It is not due to a change in
family size; in the â€˜¿�thirtiesfamily size was still
falling, and this would tend to give an excess
of last-born rather than first-born. It must
therefore be due to the increase in families
being started, as reflected in an increase in
marriages. We have seen earlier from the
English data that the rise in marriages would
give a first-bornâ€”last-born ratio of 1124, which
is enough to cover the observed ratio of I â€¢¿�O71
in the Scottish children and allow a little for
incomplete sibships. In fact, we probably do
not need to allow much for an excess of last
born due to incomplete sibships; as we have
seen earlier, the incomplete sibships in this
population involve mainly the early-born, and
not many mothers will have a further child
after a lapse of i@ years. This is just as well for
our argument, because Scottish marriages have
not increased as much as English marriages
and there was a marked increase after the
First World War which would have affected
this population a little. Nevertheless, the
majority of first-born in the Scottish cohort were
probably born of parents married in @934and
1935, and from the data in Table II it can be
seen that marriages in Scotland were higher
then than for any period in the preceding 13
years.
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T@i.a II
Marriages in Scotland in the years preceding the birth of

the 1936 cohort. (Registrar General for Scotland,1968.)

discussion of his paper with Greenwood in
1914, it requires some time to become the

first-born of a sibship of 10, and it is not sur
prising that not many have achieved it by the
age of i @.

A similar bias is given by a reduction in
family size, and part of the excess of later-born
in the large sibships of Table I is probably
due to this.

Excess of Earlj-born in Small Sibships

This bias seems rather unexpected at first
sight, and its presence is contingent on the
rates at which women of different parity have
children. But we have seen above that the
mothers of the first-born in sibships of two,
having had their first child@ i years ago and one
subsequent child, continue to have children
later than either the mothers of only children
or the mothers of the second-born of sibships
of two, both of which groups of mothers have
been childless for i i years. There will be a time,
therefore, when some of the first-born in sib
ships of two are due to become first-born in
sibships of three, whereas the second-born in
sibships of two and the â€œ¿�onlychildrenâ€• are all
from complete sibships. Since in the final state
there will be equal numbers of first-born and
last-born in sibships of two, there must be an
excess of first-born at least for the last year
or two before the final first-born become first
born in sibships of three.

This rather complex argument can, perhaps,
best be appreciated by the model breeding
population illustrated in Table III, which is
based on those used by Barker and Record
(i967b). In this highly artificial population
with constant birth interval and only one final
sibship size, there is, at the age of I I, a clear
excess of early-born in the smaller of the two
sibship sizes which then exist. The same applies
if larger families or mixed family sizes are
considered.

This distortion of small incomplete sibships
may be of some importance. There is a temp.
tation to consider only a single sibship size
in studying birth order, e.g. sibships of three
(Grosz and Miller, 1958), because of the great
simplification of the calculations. If sibships are
incomplete, a false excess of first-born may

Incidentally, this excess of first-born not
only conflicts with the bias expected from
incomplete sibships, but also flouts Cobb's law.
Earlier we mentioned Cobb's deduction that a
rising number of births is associated with an
excess of first-born, and a falling number of

births with an excess of last-born. But in the case
of the Scottish children, the excess of first-born
occurred against a background of falling number
of births. In the decade 1926â€”1935there were
929,900 births in Scotland compared with

912,140 births in 1937â€”1946 (Registrar General
for Scotland, ig68). In this case an increase in
marriages and a reduction in family size are
acting in opposite directions on the first-born
last-born ratio. But the change in family size,
as we have seen earlier, has only a slight effect
on the ratio, and therefore it is not sufficient
to balance the effect of the increase in marriages,
even though it outweighs the latter when it
comes to the total number of births.

Excess of Later-born in Large Sibships

This is the largest bias and the one which
is likely to be present to a significant extent in
a population of adolescents or young adults.
We have seen earlier that whereas the later
born children (lower rows of Table I) are likely
to come from complete sibships, the early
born have younger mothers and their sibships
are more likely to be incomplete. Thus there is
likely to be a migration towards the right in the
upper rows of the table, so that the excess
of later-born in the large sibships will become
balanced by those who are now early-born in
small sibships. As Yule pointed out after the
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TArn2 III
A modelpopulationof 3-childfamilies breedingat 7-year
intervals: each family is depicted on a separate line, and
the numbers refrr to the birth-rank. The children, who are
ii years old at the time of the investigation, are enclosed in
the rectangle. There are two childrenfrom 3-Childfamilies,
(marked *) so that@ child would be expected in each birth
rank; in fact there is none in the first birth-rank and one
in each of the second and third. There is one child from a
2-child family (marked t) [the third child in thisfamily had
not been born at the time of the investigation], so that we
would expect@ child in each of the two birth-ranks. In fact
the child is in the first birth-rank. Thus a sample of such
cohorts would contain morefirst-born children than expected
in sibships of two (small sibships) and more last-born than
expected in sibships of three (large sibships, relatively).

when patients have been born at a time of
increasing family size, they will tend to cancel
each other out.

At what age does the completeness of sib
ships cease to become a problem? A woman's
capacity for childbearing does not last for more
than about 30 years, so that, in patients over
30, sibships will certainly be complete (a

sibship is usually defined as all the children
born alive to the patient's mother). From
figures published annually by the Registrar
General (Part 3 of the Statistical Report) it
is clear that after 25 years of marriage the
fertility of women (married once only) is
negligible. At the age of I i, as we saw with the
Scottish children, the distortion is very marked.
If one were to investigate birth order in a
population under 15, say, some control for
incomplete sibships would be essential. In the
case of patients between 15 and 25 the position

is more doubtful, particularly if only a pro
portion of the patients fall into this age range.
Here one could adopt the strategy of Granville
Grossman (i966b) and analyse the over
thirties separately from the under-thirties. If,
on the other hand, it were thought that birth
order effects might be more important in the
younger group, it might be wise to adopt one
of the tactics described later.

Some idea of the incompleteness of the sib
ships may be obtained from data on sibship
span (the interval between the birth of the
first and last member of the sibship). For
demographic reasons the investigator would be
wise to use his own population to calculate
sibship span, but some of our own data are
shown in Table IV. Patients were asked the
ages of the first and last children born to their
mothers, span being the difference between these
ages.

7.4 per cent. of sibships span more than 20
years, and therefore of first-born aged 20 we can
expect 7 â€¢¿�4per cent. to come from incomplete
sibships. Allowing a birth interval of two years
between first-born and second-born, we can
also say that 7 â€¢¿�4per cent. of second-born
aged i8 will come from incomplete sibships,
and so on for each birth rank and age group in
the period of risk. These figures are prob
ably underestimates, because some of the

Hypothetical 7-year birth intervals.

appear, or a real excess of last-born be obscured.
To take an extreme case, we might take a
sample of children who pass the i i-plus and study
birth order separately for small and large
sibship sizes. If, as is likely, we obtained a
distribution similar to that in Table I, we might
be tempted to conclude that in small families
the first-born are at an advantage (private
coaching from parents) while in large families
the last-born are favoured (private coaching
from older siblings).

Conclusions about Incomplete Sibships

When sibships are incomplete, there is an
excess of early-born in small sibships, an excess
of later-born in large sibships, and an overall
excess of later-born. These effects are the same
as those produced by declining family size; in
fact, whether the tail-ends of some sibsh.ips are
cut off by family planning or by the fact that
the population is studied before they have been
born makes little difference to the statistics.
The important point is that the two sources of
bias are both likely to be operating in a popu
lation of young adults studied today, and they
will thus augment each other. In a few years,
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T@i..a IV
Age span of the sibships of 363 patients. The patients are consecutiveadult admissions to the Maudsl@yand Bethlem Royal
Hospitals, September, 1967, to March, 1968, age range 16-65. Excludedfrom the data are 49 patents who wereonly children

and RI who were not able to give the ages of their oldest andyowzgest siblings.

sibships in Table IV must be incomplete,
and long spansare probablyover-represented
in the â€œ¿�notknownsâ€•.Precisioncould be
increased by calculating span of sibship
separately for each size of sibship (the present
data are too few for this) and also by taking
other variables into account, such as the age of
the mother and the age of the youngest member
of the sibship. The proportion of incomplete
sibships can then be assessed in relation to the
object of the study and the magnitude of the
birth order effect which it is desired to detect.

EXCLUSIONS OF SIBLINGS OR SIBsmPs

Sibships may be incomplete in another way.
Although all the siblings may have been born,
some may not have lived through the whole
period of risk of the disease being considered.
This becomes important if the investigator wishes
to exclude some of the siblings or whole sibships
from the data.

Thus, Dalen (1965) argued that familial
cases could with advantage be excluded from a
birth order study, on the ground that these
cases are likely to be genetically determined
and so their presence might obscure some
environmental influence correlated with birth
order in the non-familial cases. Or again, it
might be thought reasonable to exclude a
sibship of two in which both members are
affected, on the ground that such a sibship
provides no information about the relation
between birth order and the disease.

Yet such exclusions would introduce a bias.
For, since the chances of having manifested
the disease increase with age, more older
siblings than younger siblings will have con

tracted the disease, and therefore more later
born than early-born patients will be excluded
There will thus be an apparent excess of first
born patients and patients from the first half
of their sibships. The parents, uncles, etc., of
later-born patients are all on average older
than those of early-born patients, and thus
more likely to have manifested the illness, so
the exclusion of any â€œ¿�familialcasesâ€•will lead
to a similar false excess of early-born patients.
The effect is similar if ill siblings are excluded
from the sibships; for when older siblings are
excluded, the patient appears more â€œ¿�early
bornâ€• than he really is and there will be an
apparent deficit of later-born patients. The same
argument applies to the exclusion of siblings
who have died, since death is also correlated
with age, and is more likely to have affected
the older than the younger siblings. If, however,
the whole study could be carried out retro
spectively on patients admitted many years
ago, whose siblings had all died, it would be
reasonable to exclude siblings who had also
had the disease and who had died before a
certain age, since the chances of having done
either would be independent of birth order.
Such a study would of course be impracticable
in this country because of the difficulty of
following all the siblings to the end of the
risk period.

These arguments apply not only to studies
of birth order and ordinal position, but also to
studies of variables which are correlated with
birth order, such as parental age and bereave
ment, in which the siblings are used as controls.
For instance, Granville-Grossman (1966a) in a
study of parental age in schizophrenia, excluded
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siblings who had either died or developed
schizophrenia. He also excluded siblings under
the age of i6, which introduces the same bias as
isfoundwithincompletesibships.

Exclusion of siblings is, of course, acceptable
if the criterion of exclusion is as likely to
exclude a younger as an older sibling. This is
the case with the ingenious method described
by Barker and Record (I967b) to control for
incomplete sibships, changes in population size
and other complicating factors. The method
isdesignedforthestudyofcongenitalanomalies
and other diseases in which complete ascertain
ment in a population is possible, and some
modifications would be necessary if it were to
be used for adult psychiatric patients. The
method requires a knowledge of the ages of all
siblings.

This caveat about excluding patients or
siblings also applies to any other manipulation
of the data which is liable to upset the random
distribution of birth ranks. It has been pointed
out that the sexesmay not be uniformly
distributed by birth rank (Loxton, 1962), so that
a breakdown by sex may introduce an artefact
intotheresults.

EXCLUSIONS BECAUSE OF INCOMPLETE DATA

In the first study of birth order in mental
illness, published by the Eugenics Laboratory
in 1907,Heron wrote:

â€œ¿�Whatappears from the statistical side at present
so urgent is the need that those who have not only the
opportunity but the clinical training necessary for
accurate observation should record their facts in a
form in which the trained statistician can apply to
them the methods of modern statistics.â€•

This advice, along with his strong plea for
a central register of psychiatric patients, has
not received the attention it deserves, and in
many studies which are based on case notes
the proportion of patients excluded because of
incomplete data is rather large. It is not at all
unlikely that these exclusions are correlated
with birth order, since the family history is
often based on the information provided by
the patient, who is more likely to have accurate
information about the ages of his younger

than of his older sibs. J. A. Cobb (1914)
pointed out that a patient may not even know
of the existence of older siblings, especially if
these died in infancy, whereas he is likely to
know about younger siblings who have died.
This bias would lead to an apparent excess of
early-born patients.

Smmas OF POPULATIONSAMPLES

After considering all these sources of bias in
birth order studies, one is tempted to ask: do
they really amount to anything in practice?
It might seem that there are so many biases
operating in so many directions that the
chances are they will cancel each other out.
What happens if one studies a whole population,
or a random sample of one? We have already
seen, in the case of the I I-year-old Scottish
schoolchildren, the marked distortions of distri
bution by birth-rank and sibship size which
occur when sibships are incomplete; and we
also noted that not all the distortion could be
accounted for by incompleteness of sibships,
but that the excess of first-born over last-born
indicated that some other bias was operating
in the population. Unfortunately, no complete
adultpopulationhas been studiedin relation
to birth order. In the case of population samples,
we require that the numbers should be large,
at least in the thousands, and that they should
show as little selection bias as possible.

The nearest approach to a random sample of
a general population is probably the random
sample of employed males in the U.S.A.
studied by Kohn and Schooler (in preparation).
We are indebted to Dr. Schooler for some prelim
inary unpublished information from this sample
(Table V). Out of a total of 3,091 individuals,
775 were first-born and 646 were last-born,
giving a first-bornâ€”last-born ratio of I@2OO;
the proportion of first-born in the first- and last
born is 0@5454, and this differs from the
expected proportion of 0@5 at the o â€¢¿�oo i level
of significance. The excess of first-born is
limited to family sizes two to four; the larger
families show no deviation from the expected
distribution. Even in families of four the dis
tortion is probably not so marked, and it is
interesting to see that there are slightly more
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T@az..aV
Position in sibship of a random sample of employed males in the U.S.A.;

data of Kohn and Schooler

third-born than second-born in the families of
four (i I5 compared with 98). It must be said
that Kohn and Schooler's sibships included all
children brought up in the same family as the
indexindividuals(notonly thoseborn to the
same mother),but itisdifficulttoseehow this
could account for the excess of first-born.

More plentiful, although less random, is the
sample mentioned briefly by Wahl (1956).
Of these ioo,ooo naval inductees in the U.S.A.,
27 per cent. were first-born and 27 per cent. were

last born. Here we find no excess of first-born,
although it is possible that such an excess has
been balanced by an excess of last-born due to
incomplete sibships, or even by a tendency for
last-born to want to go to sea.

In this country, the largest mentally healthy
sample to be investigated for birth order is
Norton's (1952) control group of 500 medical
and surgical in-patients at a London hospital.
This sample showed no deviation from random
distribution by birth-rank. The numbers are
comparatively small, however, and it might not
be wise to generalize the finding. Moreover,
since it was a metropolitan population, it is
possible that an excess of first-born due to an
increase in marriages was balanced by an

excess of last-born due to immigration; if this
was the case, we would expect the immigration
effect to be greater in Norton's psychiatric
group, because of the association between

geographical mobility and mental illness;
and in fact there was a highly significant excess
of last-born among the 2,500 psychiatric
patients.

CONCLUSIONS

Certainpracticalsuggestionsfortheplanning
and reporting of birth order studies arise from
the foregoing considerations. In view of the
complex nature of the subject, they are presented
more as a stimulus to thought than a rigid set
of rules.

I. There should be an investigation of changes

in the number of births and family size during
the years when the sibships in question were
being born, and some estimate of the effect of
these changes should be made. If it is large, the
method of Barker and Record (I967b) should
be considered. The method would have to be
modified for use with adult patients: perhaps
the number of patients for each year of birth
should be made proportional to the number of
births in the parent population for that year.
Another possibility is to compare the sample
with a control group matched for age; however,
the problems of matching for other relevant
variables such as social class would probably
be prohibitive.

2. Much of the bias due to the correlation

between birth order and neo-natal death can
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be removed by definingas siblingsonlythose
who survivethefirstyearoflife.

@. A separate analysis should be made for

patientswho havenotmigratedintothearea.

4.Ifthemothersofany ofthepatientshave
not passedthe reproductiveage,care should
be takento eliminatebiasdue to incomplete
sibships. This can be done by redefining a
sibshipasthechildrenborn toa motherwithin
X years of the birth of her first child, where X
is the age of the youngest patient in the sample.
The sibshipsare thusmade complete.A few
patients will, of course, be lost because they

are no longer members of sibships,as redefined.

If the hypothesisbeing testedparticularly
concernsthe lastpositionin the sibship,then
thismethod willnot be so appropriate,as the
reallast-bornswillbe dilutedby a number of
technicallast-bornswho have not,of course,
had theexperienceofbeinglast-bornina family.
In thiscasethemethod ofBarkerand Record
(1967b) should be considered. On the other
hand, Barkerand Record'smethod requiresa
knowledgeof the agesof allsiblings,whereas
forthe presentprocedureitisonly necessary
to know the agesofsiblingsyounger than the
patient, and for this reason it may be more
reliablewitha patientpopulation,particularly
ifa proportionof the familyhistoriesare not
supplementedby informationfrom one of the
patient'sparents.

5.No siblingsor sibshipsshouldbe excluded
from theanalysisbecauseofdeath,or because
furthercasesof the diseasein questionhave
occurredeitherin siblingsor in more distant
relatives.Death and themanifestationofdisease
are correlated with age, and exclusions on

these grounds will lead to a deficit of patients in
the later birth ranks.

6.Care shouldbe takenin subdividingthe
patientsin any way which might distortthe
random distributionof the sample between
birthranks.There may, forinstance,be more
last-bornboys than girlsin thegeneralpopu
lation. Any subdivision by sibship size will tend
to exaggerate bias due to incomplete sibships
or to secular changes in family size.

7. Every effort should be made to obtain
data for every patient in the sample, and the

number excludedon grounds of insufficient
datashouldbe stated.Of thoseincludedinthe
analysis, the number for whom the family
history is confirmed by a member of an older
generationof the patient'sfamilyshould be
givenifpossibleand,ifthisfallsfarshortofthe
whole sample,the resultsshould be viewed
withcaution.The patientswithfamilyhistories
confirmedin thisway shouldnot be analysed
separately,becausethe probabilityof confir
mationisitselflikelytobe correlatedwithbirth
rank.

Su@sAnY

The followingsourcesofbiasin birthorder
studiesarediscussed:

i. Changes in number of births, number of

marriages and family size in the general
population.

2. Differential survival by birth rank, and

differentialmigrationtosourcesofascertainment
ofpatients.

3.Incompletenessofsibships.

4. Exclusions from the sample, either deli
berate or because of incomplete data.

Some of the biases have opposite effects in
smalland largesibships,so thatsubdivisionof
thepopulationby sibshipsizeislikelytomagnify
the biases.In the Britishpopulation,thereis
likelyto be an excessof early-bornin small
sibshipsand of later-bornin largesibships
(duetoincreaseinmarriagesand reductionin
familysize)and thiswillbe evenmore marked
ina samplewhose sibshipsarenotcomplete.
Some suggestionsaremade fortheplanning

and reportingofbirthorderstudies,andamethod
is proposed for overcoming the problem of
incompletesibships.
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