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In late nineteenth-century England, marital fertility rapidly declined.
Demographers debate whether this was a behavioral ‘innovation’ or a
rational ‘adaptation’. This paper argues for the latter hypothesis with
evidence from a London charity (1758—1870) exhibiting the existence of
within-marriage fertility choice before the demographic transition. Un-
married women eligible for a £100 wedding lottery could re-enter sub-
sequent draws if unsuccessful, delaying their marriage. Without fertility
choice, later marriage would lead to fewer births. However, delayed
marriage was compensated through shorter birth intervals, resulting in
no difference in completed family size by lottery outcome—evidence that
pre-transition married couples controlled births.
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After centuries of relative stability, the mean number of children born to a woman in
England (cohort fertility rate) declined from approximately 5 in the generation born in
the 1830s to approximately 2 in the generation born in the 1900s (Guinnane, 2011).

Although total fertility had fluctuated in line with changes in food availability and age
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of marriage in the past (Scott and Duncan, 1999), the nineteenth-century ‘demographic
transition’ was marked by a decline in the fertility of married couples ostensibly practic-
ing forms of birth control (Szreter, 1996). Opinion is divided on whether this represented
a behavioural ‘innovation’ that was culturally proscribed and possibly inconceivable to
earlier couples or an ‘adaptation’ to changing incentives (Carlsson, 1966). This ques-
tion has been the subject of recent debate (Cinnirella, Klemp and Weisdorf, 2017; Clark
and Cummins, 2019; Cinnirella, Klemp and Weisdorf, 2019), with Clark, Cummins and
Curtis (2020) arguing that it is possible to regard ‘all the variation in family size as exoge-
nous’ in pre-transition families. This paper presents empirical evidence of endogenous

fertility in a relevant pre-transition population, arguing against this view.

It is possible that marriage age (or the onset of reproduction) is decided to achieve a
desired family size; in other words, fertility and nuptiality may be part of one endogenous
system. As discussed in more detail below, this is one reason that it is difficult to draw
conclusions about the presence or absence of birth control from demographic data. How-
ever, a London charity and its archive provide a unique natural experiment with which to
address these methodological challenges in this period (The London Archive, 1736). To
women who had graduated from Raine’s school and worked as domestic servants in good
character, Raine’s charity offered a ‘marriage portion” of £100, which was distributed to
the woman whose name was randomly drawn at a semi-annual public ceremony. Unsuc-
cessful applicants were able to re-submit for the prize at subsequent ceremonies. This
sum provided a major incentive to delay marriage until one’s name was drawn, and be-

cause the draw was random, the effects of this delay can be interpreted as causal.

Reconstructing the life histories of married couples who received the portion suggests
women responded rationally to these incentives. First, I demonstrate that later marriage
caused by the lottery did not lead to significantly reduced family size. Rather, these
couples compensated their late start with shorter birth intervals, the hazard of subsequent
birth being around 13 per cent greater per six-month delay. This pre-transition group,
therefore, exhibited evidence of family planning. Lottery participants had preferences

over the timing of marriage, failing which they adopted shorter birth intervals to mitigate
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impacts on marital fertility.

Section one reviews the relevant literature, contrasting the behavioural assumptions of
historical demographers to those underlying growth models with endogenous fertility.
Section two reconciles these two views under a combined marital search and dynamic
fertility framework. Section three describes the data, its representativeness, and the na-
ture of the natural experiment. Section four estimates the effect of lottery outcome on
family size and birth intervals. Section five concludes. In sum, this study provides impor-
tant empirical microeconomic evidence of the existence of pre-transition marital fertility
choice in the first population to experience an ‘industrial revolution’ and sustained eco-

nomic growth.

I. Literature review

Demographic transition entails change from a world in which the income elasticity of
population is strictly positive to one in which it is not (Galor and Weil, 2000; Galor,
2011). However, as Guinnane (2011) has emphasised, in European societies this was
achieved through a change in the mechanism of fertility control: ‘the fertility transi-
tion reflects a shift from controlling marriage to controlling fertility within marriage.
In other words, the fertility of pre-transition populations was largely determined by the
duration and prevalence of sexual partnership, while post-transition families with com-
parable marital careers became smaller. This distinction is consequential.

The ‘natural fertility’ hypothesis, particularly as argued by Coale, holds that pre-
transition fertility lay ‘beyond the calculus of conscious choice’ (Coale, 1973; Coale
and Treadway, 1986; Clark, 2007; Alter, 2019). Incentives could therefore not act on

fertility except indirectly, i.e.,

(1) flim*(X)],

where f is the number of children born per woman and m* is some mediator variable re-

lated to fertility whose value maximizes utility over a vector of relevant choice variables,
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X.

Demographers working with the concept of ‘natural fertility’ regularly interpret the
effect of marriage age and the extent of lifetime celibacy on total fertility in this way.
For instance, in pre-transition England, Wrigley and Schofield (1989) argue single men
and women entered annual service contracts to save for land, housing, and other produc-
tive capital necessary to establish independent households. Lower wages necessitated
longer periods of saving and, because annual service contracts forbade it, later marriage.
Celibacy has been attributed to the failure to achieve even a minimum level of savings
for household formation, or possibly to female independence and skewed adult sex ra-
tios related to migrant labour (Van Zanden, De Moor and Carmichael, 2019; Weir, 1984).
As these examples demonstrate, because changes in the prevalence of marriage do not
necessarily imply choices about fertility, demographers have tended to favour declining

fertility within marriage as clearer evidence of deliberate birth control (Coale, 1967).

The evidential basis of this view for England is depicted in figure 1, copied from
Woods (2000). The vertical axis is a measure of the fertility of married women indexed
to a theoretical maximum at one.! The horizontal axis is a measure of the proportion of
married women between the ages of 15 and 50, which decreases in both mean marriage
age and the prevalence of lifetime celibacy. Isoquants are drawn at different levels of
total fertility, also indexed relative to a theoretical maximum. Between the late sixteenth
century and mid-nineteenth century, the index of marital fertility changed very little, and
the primary engine of fertility change remained the prevalence of marriage. After the
end of the nineteenth century, however, the pattern is practically reversed. The engine of
fertility change was now marital fertility. It is this sharp break that demographers asso-
ciate with the demographic transition and take to be indicative of a radical ‘innovation’

in sexual behaviour.

Although fertility decline is an important factor in unified growth models, radical ‘in-

novation’ fits awkwardly with their assumption of endogenous fertility because appar-

!Hutterites are held to exhibit the theoretical maximum fertility for human societies with monogamous marital insti-
tutions.
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FIGURE 1. ENGLISH FERTILITY TRANSITION

Source: Woods (2000)

ently novel behaviour must emerge from a single dynamic system. For example, in
Galor (2011), households derive utility from the number of quality-adjusted surviving
children and consumption. In the Malthusian era, a subsistence consumption constraint
binds, leading to a corner solution in which there is a gap between the desired and ac-
tual number of surviving children, as households must attain the subsistence constraint
at minimum. Any additional resources are expended on producing children, leading to
the predicted positive income elasticity of population in the pre-transition period. When
subsistence constraints no longer bind, the income elasticity of fertility is no longer pos-
itive but responds instead to the demand for human capital. This shift occurs without

modifying the underlying utility function.

In (1), however, the number of children is the outcome of a choice about marriage.

This choice may also lead to a positive income elasticity, but this correspondence may
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only be accidental, as in the example above emphasizing the institution of yearly service.
Indeed, this example runs contrary to theoretical expectations, as search models applied
to marriage markets generally predict that income (of singles) positively affects marriage
age by raising the opportunity cost of search (Keeley, 1977). Horrell, Humphries and
Weisdorf (2020) find evidence of this positive relationship in a time series of women’s

wages for pre-transition England.? If later marriage lowered fertility ( 3‘9’7{ - < 0), as is

likely, the income elasticity of fertility would then be negative. Unified theories are not

built on specific institutions and contingent behavioural responses.

It is also possible to rule out a shock to contraceptive technology at this time. Rudi-
mentary and expensive physical contraceptives made of sponges and animal intestines,
for example, had long existed. The invention of vulcanized rubber in 1844 and its appli-
cation to condom technology improved access but not sufficiently to account for observed
changes in fertility (Youssef, 1993; Szreter, 1996). In the earliest surveys, only 15 per
cent of those married before 1910 reported using birth control, but this predominantly re-
ferred to coitus interruptus and was concentrated among the upper classes (Cook, 2004).
Rather, the most plausible mechanism of fertility control in the late nineteenth century
was decline in the frequency of sex in marriage (Szreter, 1996). This was clearly not a

technological novelty but may have been a behavioural innovation.

On the other hand, applying a less restrictive behavioural model, fertility may have

always been part of the decision set, i.e.,

2) U(f,mX),

where fertility and nuptiality are jointly selected to maximize utility. Moreover, it is pos-
sible that the optimally chosen marriage age is affected by planned fertility. In this case,
there is no inconsistency for the theory of endogenous fertility, and declining marital
fertility after about 1870 may have simply reflected an ‘adaptation’ to the relative costs

They find a negative association with men’s wages, which is consistent with economic theory because higher male

wages are thought to increase the gains from trade in marriage and raise the marginal benefit of search. However, women’s
age at marriage and wages would seem to be the more relevant factors determining fertility.
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of delayed marriage versus fertility control.

In support of the ‘innovation’ hypothesis, early research looked for the presence or ab-
sence of ‘stopping’, a decrease in fertility after a target number of living children (parity)
had been reached. Louis Henry’s seminal essay argued that this behaviour was the clear-
est evidence of birth control, as constant differences in birth intervals could result from
confounding biological factors, such as innate fecundity, the duration of breast-feeding,

or the effects of disease and nutrition, or from unconscious cultural taboos (Henry, 1961).

These arguments relied for evidence on aggregate data and deviations of age-fertility
schedules from norms derived from high-fertility populations assumed to practice no
birth control (Wilson, Oeppen and Pardoe, 1988). So-called ‘parity progression ratios’
indicated that the probability of having a subsequent child did not decline in the number
of already-born children after holding maternal age constant (Wilson, Oeppen and Par-
doe, 1988). Where fertility fell sharply from the norm at older ages or higher parities,
demographers interpreted this as evidence of ‘stopping’. However, endogeneity issues
have plagued these methods from the beginning. For instance, Van Bavel pointed out
that the lack of a fall in fertility at higher parities may be a compositional artifact, as
more fecund couples are more likely to achieve higher parities (van Bavel, 2004b). On
the other hand, individual-level data with which researchers might control for such is-
sues are prone to truncation and censoring, as these datasets drop migrants and analysts
struggle to identify the population that has become sterile. As Alter (2019) points out,
this can lead to an underestimate of the population at risk of an event and bias estimated

hazard ratios if truncation or censoring is also correlated with the covariate of interest.

An adjacent literature has demonstrated the importance of culture to fertility decline.
For example, France’s fertility transition occurred very early, corresponding roughly with
the French Revolution (c. 1789), and a series of recent papers has pointed to cultural
change as an important mechanism in this context (Blanc, 2024; Blanc and Wacziarg,
2020; de 1a Croix and Perrin, 2018; Perrin, 2022). Beach and Hanlon (2023) have demon-
strated how the fertility of culturally English migrants living abroad declined in response

to the widely-publicized Bradlaugh-Besant trial in England, which encouraged the pub-
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lication of information on birth control. These studies tend to lend credibility to the
‘innovation’ argument insofar as they demonstrate fertility is driven by a series of exoge-

nous cultural shocks.

On the other hand, a series of papers have demonstrated that wider birth spacing fol-
lowed real-wage shocks and interpreted this as evidence of birth control (van Bavel,
2004a; Bengtsson and Dribe, 2006; Cilliers, Mariotti and Martins, 2024). Cinnirella,
Klemp and Weisdorf (2017), with a paper in this genre, triggered a critical response call-
ing into question the methodology and a defense from the original authors (Clark and
Cummins, 2019; Cinnirella, Klemp and Weisdorf, 2019). Clark, Cummins and Curtis
(2020) then published further evidence against the existence of birth control in three
pre-transition populations. Because real wages may affect birth intervals through health
and breastfeeding duration (Oris, Mazzoni and Ramiro-Farifias, 2024), it is not clear that
such studies identify deliberate birth control. Therefore Clark, Cummins and Curtis’s
claim to identify exogenous variation in fertility through twin births, overcoming stub-
born endogeneity problems in this literature, deserves attention. In their study, families
that experienced twinning had one additional child on average, suggesting these families
did not compensate for the unexpected additional child and were therefore not practicing

birth control.

However, while monozygotic twins occur more or less randomly, the same biologi-
cal processes that make dizygotic twinning more likely also increase overall fecundity
(Tong and Short, 1998). It is not possible to distinguish these twin types in historical
data. Additionally, twin pregnancies are at greater risk of miscarriage and neonatal mor-
tality, leading to survivorship bias, particularly in developing contexts where maternal
health is likely poor (Guo and Grummer-Strawn, 1993). Without measuring underlying
fecundity, health, and zygosity, twin births cannot be interpreted as exogenous.® This
paper therefore adopts a different approach to addressing endogeneity, randomization

through a lottery, to better understand pre-transition fertility.

31 thank James Fenske for pointing this out.
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II. Theory

This section attempts to reconcile the views of historical demographers and economic
historians on fertility behavior in a common framework derived from the microeconomic
theory of marital search and dynamic fertility. A formal model is not developed.* Rather,
the theoretical literature is surveyed to clarify ideas.

First consider a single woman choosing when to marry. In Keeley’s (1977) seminal
article, this choice is decomposed into entry to the marriage market and the subsequent
duration of search. In the model, individuals receive a marital ‘wage’ once married,
conventionally conceived as gains from the specialisation of women in household work
and men in market work but possibly also reflecting other intrahousehold bargaining
outcomes or preferences. In each period on the marriage market, our single woman
receives marital wage offers, random draws from a known distribution, which she may
either accept or decline. On the other hand, search on this market carries time costs
(wages) and direct costs. The single woman will only enter the marriage market if her
expected benefit of search exceeds these costs. Because Keeley models this process
over an infinite time horizon without life-cycle variation in preferences, marriage-market
entry is effectively a one-off choice about whether to marry at all.

If our single woman has decided to enter the marriage market, she must decide which
offers she will accept. Keeley assumes she knows the distribution of marital wage offers
and therefore the expected value of her search. Our single woman will continue to search
if her realized offer falls below this value and accept otherwise. Generally, the duration
of search will be decreasing in the direct costs of search and increasing in the single
wage.

Reproduction is also understood as a random process, with the risk of pregnancy de-
creasing in contraceptive effort. Given the historical discussion above, it is helpful to
think of contraceptive effort as a measure of the infrequency of sex. Contraceptive effort

is costly in terms of utility, and these costs are an increasing convex function of effort.

4Many dynamic fertility models have no closed-form solution and must be solved numerically or adopt very restrictive
assumptions about the utility function (Arroyo and Zhang, 1997)
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The equilibrium level of contraceptive effort requires the usual condition that the ex-
pected marginal benefits of contraception (EMBC), avoiding the direct and opportunity
costs of birth and raising children, equal the marginal costs of contraceptive effort (MCC)
(Arroyo and Zhang, 1997). Where time horizons are not infinite, then such models gen-
erally predict declining contraceptive effort over time because there are fewer periods
over which to reap the returns of contraception (Arroyo and Zhang, 1997). Contracep-
tive effort may also decline after several periods without a birth if the planning horizon

is finite and couples have preferences over completed family size (Newman, 1988).

Fertility is related to marriage as a utility component of the marital wage. Child-
birth outside of marriage in the past carried substantial social stigma, increased house-
hold exposure to downside labour-market risk, and limited women’s prospects for future
marriage (Gibson, 2022; Humphries, 1998). To avoid these negative outcomes, single
women exerted greater reproductive effort, giving up some utility relative to married
women. In other words, the EMBC was greater for unmarried women. Ceteris paribus,

the larger this penalty, the larger the relative marital wage, and the earlier the marriage.

Figure 2 illustrates the basic concept, with the EMBC curve flat in contraceptive effort
and at a lower level for married women (EMBC’) than for unmarried women. Equilib-
rium occurs where these curves intersect the MCC curve, leading unmarried women to

exert greater contraceptive effort.

Now imagine that there is a secular increase in the expected marginal benefit of con-
traception, for example, as technological change drives a shift in the value of quality over
quantity. If this change affects children born to both married and unmarried women, there
may be no change in the prevalence of marriage because deciding to marry involves a
comparison between married and unmarried states and not the level of contraceptive ef-
fort directly (Keeley, 1977). In other words, if both married and unmarried women move
up the contraceptive effort curve, there may be little change in marriage age, yet couples

would exert greater contraceptive effort both within and without marriage.

This conceptual framework is consistent with the empirical pattern in figure 1 without

requiring radical behavioural change. However, if correct, we would also expect to see
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Marginal Utility

Contraception

FIGURE 2. MODEL OF FERTILITY CHOICE

Note: EMBC is the expected marginal benefit of contraception for unmarried women and EMBC' is for married women.

unmarried women exert greater contraceptive effort. In fact, the ratio of extramarital to
marital births declined during the English demographic transition (Laslett, 1980), sug-
gesting that the trend towards greater contraceptive effort was steeper among unmarried
women, even more so due to the assumption of convexity. Perhaps social stigma asso-
ciated with extramarital childbirth was also increasing at this time, raising the EMBC of
unmarried women even faster than that of married women. In theory, this would incen-
tivize earlier marriage, counteracting any effect of lower fertility.> However, the larger
point is that while changes affecting only one of either married or unmarried women’s
EMBC may affect marriage age, changes affecting both need not.

The natural fertility hypothesis can be quite naturally incorporated in such a framework
by assuming that only two levels of contraceptive effort are possible, some minimum

determined by, for instance, biology, breastfeeding, and maternal health, and a maximum

SIndeed, marriage age did briefly decline around this time (Wrigley and Schofield, 1989).
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of total abstinence. New behavioural possibilities, perhaps as a result of cultural change
during the fertility transition, would introduce intermediate levels of contraceptive effort
which may have been optimal in earlier populations but were not technically feasible.
This discussion suggests a viable test. Evidence in the pre-transition period that (1)
contraceptive effort responded marginally to relevant incentives and (2) that the level of

contraceptive effort was not at the biological minimum would contradict this hypothesis.
ITII. Data and identification

To study fertility choice before the demographic transition, I construct a dataset con-
taining information on the marriage and birth histories of women who attended Henry
Raine’s charity school in London and married between 1762 and 1872. Uniquely, this
school offered a £100 marriage portion to eligible graduates through a lottery that created
random variation in marriage timing.® Because girls could re-enter subsequent rounds of
the lottery if unsuccessful, the treatment here is not the £100 itself but rather the change
in marriage timing induced by the lottery. Under the natural fertility hypothesis, such
variation should not affect fertility beyond any impact of biological age on fecundity. In
contrast, if fertility (birth interval) responds to delayed marriage, perhaps because the
remaining fecund period is shorter or because the expected benefit of contraception is
lower over a shorter horizon, this would cast doubt on the hypothesis. Moreover, be-
cause this variation is random it will be uncorrelated with background characteristics
known to affect fertility, such as underlying health or propensity to breastfeed, which
are difficult to observe but may contaminate efforts to identify fertility control. Lottery
outcome should also be uncorrelated with any censoring or truncation in the sample.
Henry Raine (1679-1738) was a brewer who made a considerable fortune quenching
the thirst of sailors in East London’s dockland (Lincoln, 2018; Cockburn, King and Mc-
Donnell, 1969). Simultaneously, he was an active and devout member of the Church of
England. Raine apparently resolved the contradiction between his pious spirit and his

profane livelihood through charitable acts, including a school established in 1719 that

Revaluing from 1760 to 2023 by the RPI gives £19,100 and by relative earnings £226,700. The same conversion
from 1870 would be £11,280 and £71,040, respectively (Measuringworth.com, 2024).
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admitted boys and girls. Raine’s was part of an evangelical wave of charity school foun-
dations sweeping over London in the early eighteenth century in reaction to perceived
irreligion among the poor (Rose, 1991). In addition to learning to read bible verses,
however, girls who attended Raine’s school had a chance to win the ‘marriage portion’.
Although his precise motives are not exactly clear, it seems that Raine introduced
the marriage portion out of a similar concern for maintaining church membership, as
his will required that both bride and groom were members of the Church of England
(Rose, 1991). Per Raine’s instructions, girls had to go through a number of steps before
they could be eligible for the prize (Raine, 1748). First, to be admitted to the school
they needed to have character references from six local residents. At the same time,
the school’s trustees had a mandate to admit children of poor families in the parish of
St. George in the East who could not otherwise afford school fees. These combined con-
straints meant school children likely came from the households of local artisans or sailors
who adopted middle-class respectability without the standard of living to match (Rose,
1991). For instance, Ann Cater’s admission record in 1822 noted simply, ‘Mother dead,
father left with 7 small children’.” Next, girls were selected from the lower school to
enter the upper ‘asylum’, where they were taught skills relevant to eventual employment
in domestic service, which the school arranged (Cockburn, King and McDonnell, 1969).
Finally, subject to a positive character reference from their employers, these women
could step forward to claim the marriage portion after their twenty-second birthdays.
These conditions were not extraordinary for the time period despite their apparent
strictness. For example, the Church of England, the state church, accounted for 49 per
cent of all church attendances in 1851 and was the single-largest denomination, making
a large pool of potential lottery participants (Snell and Ell, 2004). At a time of high fer-
tility and growing dependency ratios, the average family experienced life-cycle poverty
when young children were present in the household, making many potential candidates
for charity (Horrell, Humphries and Weisdorf, 2022). Further, domestic service was a

common experience for young girls. It was the largest occupational group in the nine-

TTLA ACC/1811/8/11/1.
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TABLE 1—SAMPLE REPRESENTATIVENESS

HISCLASS QOdds Ratio S.E.
12 — Unskilled farm workers 1.05 (1.29)
11 — Unskilled workers 0.81 (0.19)
10 — Lower-skilled farm workers 1.05 (0.92)
9 — Lower-skilled workers 1.88 (0.63)
8 — Farmers and fishermen - -

7 — Medium-skilled workers 1.56 0.37)
6 — Foremen - -

5 — Lower clerical and sales personnel (low skill) 0.29 (0.32)
4 — Lower clerical and sales personnel (medium skill) 0.36 (0.18)
3 — Lower managers 0.29 (0.32)
2 — Higher professionals 2.11 (2.99)

1 — Higher managers - -

Note: Estimated from a series of logistic regressions of occupational class on a dummy variable indicating lottery par-
ticipation. The comparison group was a random sample of fathers’ occupations from the St. George in the East parish
registers for 1730-1840. The sampling scheme took the first occupation on every fifth page from 1730-1812 and every
twentieth page after 1812, when register entries became lengthier. This scheme resulted in approximately three random
occupations per year. These were classed using the HISCLASS schema. Missing values indicate the absence of that class

in at least one of the comparison groups.
Source: The London Archive (2010a)

teenth and possibly eighteenth centuries, employing as much as 40 per cent of all women
in 1851 (Schwarz, 1999; You, 2024). There is no sign that these girls were employed in
exceptionally ‘elite’ households. The school briefly recorded girls’ wages in service be-
tween 1780 and 1790. Their median yearly earnings were £3, far below the £7.35 median
wage earned by other domestic servants in London at the same time.® Further, character
references were common in the labour market for domestic servants. Thus while it was
unusual for girls to have their lives so thoroughly defined by a charitable institution, the
actual content of marriage portion candidates’ lives was not.

Table 1 compares the occupations of fathers of girls who participated in the lottery to a
random sample of fathers’ occupations taken from the baptismal registers of St. George
in the East between the years 1730-1840, roughly corresponding to the birth cohorts
that could have been eligible for the portion. The table reports odds ratios and standard
errors estimated from a series of logistic regressions of occupational class (HISCLASS)

on a dummy variable indicating lottery participation. In general, lottery participants

8TLA ACC/1811/8/14; London average from personal correspondence with Moritz Kaiser on basis of forthcoming
article.
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were more likely to come from semi-skilled and artisan families and slightly less likely
to come from unskilled families. However, they were also much less likely to come
from professional families and those of retailers and wholesalers trading on their own
account. This agrees with the intuition above that lottery participants came from modest

backgrounds and were objects of charity more due to bad luck than destitution.

Twice yearly, up to six such women could stand for the marriage portion. They drew
paper tickets from a tin canister, one of which was marked. The winner was then allowed
six months to find a suitable groom-to-be, whose character was also evaluated by the
trustees. According to one trustee, most women had suitors at the time of the draw, but
this was not always the case (Jones, 1875). Eligible grooms needed to be resident in St.
George in the East or two neighbouring parishes. Women who stood for the prize but
drew blank tickets were allowed to re-enter subsequent draws ‘so that every every one
of them may happen, at one Time or other, to be elected, and entituled to such Sum of
One Hundred Pounds for a Marriage Portion’ (Raine, 1748). After the draw, £5 were

expended on a wedding feast.

These terms were set out in Raine’s will in 1736. However, because Raine had only
endowed the fund with £4,000 in 3 per cent gilts, it was left to accumulate until it yielded
the required £210 per year. This apparently occurred in 1758, when the first marriage lot-
tery is recorded in surviving archival registers (Cockburn, King and McDonnell, 1969).
This delay created a large pool of eligible women at the beginning of the lottery, making

the early draws more competitive.

The last competitive lottery occurred in 1872, after which time the number of appli-
cants declined, often leaving only one candidate for each lottery. This decline may have
related to wider policy changes occurring at the time. The Endowed Schools Act of 1869
created a commission with wide powers to intervene in the administration of secondary
schools, and trustees felt their rights threatened. To try to head off forced reform, the boys
school voluntarily dropped elementary teaching and developed its secondary-level cur-
riculum for fee-paying students, with the charity providing scholarships to examination

candidates. One trustee of the charity expressed the urgency of reforming the marriage
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portion as well, and the girls’ asylum appears to have admitted far fewer girls after 1869
(Jones, 1875). The asylum ultimately closed in 1883 (Cockburn, King and McDonnell,
1969). During its functional lifetime, then, the charity executed approximately 228 mar-

riage lotteries according to the system described in Raine’s will.

Two primary sources of information on the lottery are held in The London Archives:
lot books and trustees’ receipts (The London Archive, 1736). The former relate to the
administration of the lottery. Every page contains the date of the draw, a list of can-
didates, the number of times each candidate participated, the winner, the name of her
groom, the groom’s occupation, and the date of their marriage. Occasionally, if the win-
ner did not present a suitable groom, it is noted that she instead received a £5 gift. The
trustees’ receipts were produced during the £100 transaction and duplicate much of the
information on brides and their grooms. These are a useful check on the lot books, which

occasionally neglect to record an occupation or may be illegible.

I hand-link the information contained in these sources to the collection of genealogical
sources digitized by The London Archives and hosted on Ancestry.co.uk (The London
Archive, 2010a,b). 1 draw particularly on records of baptism and marriage, although
I also cross-check against the census once this becomes available in 1851 for greater

accuracy. ?

My starting point is marriage. After 1837, parish marriage registers were required to
note the bride’s father’s name. Because lottery weddings could only occur on one of two
days in the year in the parish church of St. George’s, I am able to confidently identify 91

per cent of these lottery marriages in genealogical sources.

Using the bride’s maiden name, her father’s name if available, and her approximate age
(> 22) I search for the bride’s own baptismal certificate in the records of St. George’s,
where she must have been born to be eligible for entry to the school. Notably, the school
would have checked these same registers when admitting students (Rose, 1991). Because
Bailey et al. (2020) caution that bias introduced by false matches tends to be more serious

The first nominal census in England was in 1841, but the place identifiers used in this census were not sufficiently
detailed and the quality is generally poor. The next census in 1851 improved on these shortcomings.
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than low match rates, I opt to discard ambiguous matches at this stage. For the pre-1837
period, the procedure is the same but, without father’s names, more dependent on brides
having relatively unique names. From baptismal certificates, I note brides’ birth date,

which provides the basis for all subsequent age calculations.'®

For women who drop out of the lottery, I possess far more limited information, only a
name, place of birth, and approximate age. Of these, only their name would be recorded
on any eventual marriage document. This makes linking these women to marriage and
subsequent childbirth very difficult and strongly dependent on girls having a unique
name. In a large city like London, the problem is compounded. Therefore, I currently
make no effort to identify later life outcomes of women who dropped out of the lottery
without marrying. Subsequent estimates must therefore be interpreted as giving the local
average treatment effect among compliers. A further discussion of the potential biases

introduced by this choice is left to the next section.

The crucial next step is to look for evidence of fertility in the London baptismal
records, which are also digitized by The London Archives. I restrict my search to the
30-year period after marriage. Here, I link on spouse-parent names and rely on rule-
of-thumb tie breaking. Where two sets of parents share identical names, I favour those
whose children were born shortly after the wedding date. Further, because mother and
father must both have lived in or near St. George’s parish to be eligible for the lottery, I
favour matches living in East London. Finally, I use the father’s occupation if this seemed
to provide identifying information. That is, I interpret skilled trades that likely required
an apprenticeship as providing reliable information about identity, whereas unskilled oc-
cupations do not because of the greater potential for occupational change. Where two
potential matches have occupations that are closely related or in the same industry, I do
not rely on this information to break ties. Where none of these rules of thumb provide
grounds for disambiguating a match, I make no match and drop the couple from the

sample.

0Most parishes at this time only recorded the date of baptism, but many parishes in East London, including St.
George’s in the East, fortunately also recorded birth dates for the study period.
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TABLE 2—SUMMARY STATISTICS AND COMPARISONS

mean sd min max
Lotteries 3.17 3.12 1 16
Entry age 238 243 203 30.4
Total Bapt. 4.15 1.53 2 7
Age at final birth 353 435 266 45.2
First child birth interval 242 256 260 123.0
Middle children birth interval 28.3 12.8  10.6 84.8
Last child birth interval 40.8 223 120 1144
National demographic statistics
Female marriage age (1750-99) 24.0
Completed family size (1750-99) 5.61
Age at final birth (1750-99) 39.3
First child birth interval 15.0
Middle children birth interval 29.4
Last child birth interval 41.0

Source: Wrigley and Schofield (1983, 1989)

Once I have identified the first child’s baptismal record and birth date, another baptism
usually follows within roughly two years. Where there is a sequence of baptisms of this
kind, and none of the family’s other details change, I am confident that I am identifying
siblings. If there is a break in the sequence which starts up again roughly two years
later in a nearby parish and the father’s occupation has not changed, I also record these
new children as siblings. I calculate the birth interval as the number of months between

sibling birth dates and between marriage and the birth of the first child.

This linking procedure is not perfect, and I undoubtedly fail to identify all children and
married couples with total accuracy. The dataset includes direct URLs to the sources so
that the quality of links can be checked by interested readers. Nonetheless, because I am
able to narrow my search to the confines imposed by the charity and cross-check against
the charity’s own records, I achieve fairly good results by the standards of the literature.
For instance, I identify records of 71 per cent of brides’ baptisms and identify births
of 46 per cent of married couples, a rate that exceeds most automated census-linking

algorithms and equals hand-linked census samples (Bailey et al., 2020).
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For children, the pattern of birth intervals is broadly consistent with other evidence.
Demographers often find that the first birth interval is the shortest. Middle intervals
are longer because breastfeeding delays subsequent pregnancy, and the final interval is
longest, reflecting declining fecundity near menopause. The same pattern broadly holds
in this sample, as shown in table 2, with the first interval shortest and the last interval
longest. However, the mean interval between marriage and first childbirth in this case is
long (Wrigley and Schofield, 1989). This may be because the charity did not condone
pre-marital conception. Only five brides gave birth within nine months of marriage and
only Mary Downie was in her final trimester at marriage, a fact which did not go unno-
ticed. In contrast, around a third of all first-born children arrived within nine months of
marriage circa 1800 (Wrigley and Schofield, 1989). The linking methodology may also
have missed some first-born children, skewing the data on first birth intervals. Second
and final birth intervals, however, appear broadly in line with what historical demogra-

phers have found elsewhere in England (Wrigley and Schofield, 1989).

Table 2 reports other relevant summary statistics, alongside comparable statistics from
the wider population. Brides tended to stand for the lottery at 23.6 years old. They
waited just over a year (2.21 draws) to marry on average, and they went on to have 4
or 5 births before stopping at around 35 years old. In terms of marriage age and age
at final birth, these are very similar to the national estimates 1750-1799. Family size is
somewhat smaller, which could be due to lower levels of fertility in London or to later
marriage resulting from lottery participation. On the other hand, small families and long
birth intervals may indicate missing birth data. Consequently, I make efforts to check the
robustness of results to this kind of measurement error. More fundamentally, however,
there is no reason to suspect these errors are correlated with the lottery outcome and

confound estimates of its effect on behaviour.

I focus on estimating two effects. In line with the theoretical discussion, I focus first

on contraceptive effort measured by the birth interval using a Cox proportional hazards
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model

(3) k(t\X,-,C,-) = A{)(I)CXP(B]XI'—FC,'[B)

where A represents the conditional hazard function at time #, Ay(¢) is the baseline hazard,
X; is the number of lottery draws by child i’s parents, C; is a set of controls, and f3 are
coefficients. The controls in C; include mother’s age at each birth event to capture the
biological decline in fecundity with age, her age when first entering the lottery, a possibly
endogenous decision, and a time trend.

In practice, a Schoenfeld test indicates that specifying only one baseline hazard func-
tion is not consistent with the proportional hazards assumption. This is unsurprising,
given the discussion of the relationship between birth order and birth spacing above. 1
therefore stratify on birth order, after which I fail to reject the hypothesis of proportional
hazards. I cluster standard errors by family.

Changes to marriage age should also affect fertility. I therefore also regress my proxy

for fertility on lottery outcome as in the following OLS equation

(4) Yi=¢o+¢:X;+Cjp+e¢

where Y; is the number of observed baptisms in family j, and the other variables are as

above.
IV. Results

Table 3 gives the effect of lottery participation on the birth interval in a proportional
hazards framework. Column 1 implies that each round of lottery participation, which
delays marriage by around six months, increases the risk of each subsequent birth by
2 per cent. Column 2 controls for the mother’s age (in years) when first entering the
lottery, a variable which may have been strategically manipulated by lottery participants.
However, this appears to have had little effect on birth intervals in this model, and its

inclusion leaves the lottery effect unchanged.
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TABLE 3—EFFECT OF LOTTERY ON BIRTH INTERVAL, COX PROPORTIONAL HAZARDS MODEL

(€] (@) 3 “ (&)

B. Interval  B.Interval B.Interval B.Interval B. Interval

Lotteries 1.02 1.02 1.08 1.13 1.13
(0.03) (0.03) (0.03) (0.04) (0.03)
Entry age 1.04 1.26 1.27 1.19
(0.03) (0.06) (0.06) (0.05)
Age at birth 0.81 0.81 0.85
(0.03) (0.03) (0.03)
Year 1.01 1.01
(0.00) (0.00)
Sub-sample Int. <70
N Births 226 210 210 210 198
N Families 67 62 62 62 58
Schoenfeld p-value 0.44 0.57 0.27 0.54 0.041

Note: Standard errors clustered by family in parentheses. Exponentiated coefficients. Stratified by birth parity (see text).

Column 3 adds a control for maternal age at each individual birth event. Female fe-
cundity (and male) declines with biological age so that later marriage resulting from the
lottery should make conception less likely, all else equal. Indeed, being one year older
reduces a mother’s risk of childbirth by 19 per cent in this sample. However, the ran-
dom variation in age at marriage caused by the lottery now has a stronger effect on birth
intervals, raising the hazard of subsequent birth by 8 per cent per six-month delay. The
relationship between fecundity and age thus appears to have confounded the effect of
the lottery, which caused couples to pursue closer birth spacing despite these biological
obstacles. Notably, initial lottery entry at older ages now predicts a much greater risk of
childbirth too. This may indicate a similar mechanism to the lottery—couples ‘catching
up’ after later marriage—because finding a suitor for the lottery may itself have been a
stochastic process. The coefficients are similar in size for both variables after accounting
for the fact that the lottery only delays marriage by roughly six months and entry age is
measured in years. However, because later marriage through the lottery is more clearly
exogenous, it provides more compelling evidence of this effect, and there is no need to

pursue this argument much further.
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Column 4 includes a time trend out of concern that unmeasured factors changing over
time may be confounding the primary effect. For example, fertility was rising rapidly
during this period at the national level (Wrigley and Schofield, 1989), and broad factors
responsible for these changes may have affected lottery participants’ decisions (although,
as discussed, this reflected changes in marriage age and not marital fertility). At the
same time, persistent inflation eroded the real value of the marriage portion over time,
changing the marginal benefit of lottery participation. However, the coefficient on lottery
participation becomes stronger after including a time trend, suggesting these concerns
may be unfounded. In this preferred specification, the hazard of birth increases by 13
per cent per six-month delay. Finally, as a robustness check, column 5 drops all birth
intervals greater than 70 months, as these may indicate uncounted births. The coefficients
are largely unchanged. Measurement error, expectedly, does not appear to be driving the

observed effect of the lottery.

Because of the challenge of identifying unmarried women in London, I described
above how the sample is restricted to compliers—those lottery participants who eventu-
ally married and received the marriage portion. This could introduce bias if compliance
is systematically related to birth intervals. However, I argue it is more likely that non-
compliance acted to attenuate any observed effects because exiting the lottery reveals
a relative preference for the non-pecuniary advantages of earlier marriage over money.
Women who desire more children or sex than the others, for example, should tend to
drop out of the lottery earlier (or not participate at all) and realize shorter birth intervals,

but I find the opposite.

Finally, table 4 presents the effect of the lottery on the number of observed baptisms in
each family, a proxy for completed family size. In column 1, each additional lottery pre-
dicts 0.057 fewer births, and including controls in columns 2 and 3 does not materially
alter the coefficient. Given that later marriage shortens the number of available fecund
years, in the absence of shorter birth intervals, the lottery should have reduced fertility.
However, it appears that birth intervals were sufficiently shortened to practically nullify

this effect. Indeed, it is not possible to reject the possibility of no lottery effect on fer-
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TABLE 4—EFFECT OF LOTTERY ON COMPLETED FAMILY SIZE, OLS

()] @ 3 “
OLS: N Bapt. OLS: N Bapt. OLS: N Bapt.  OLS: Corrected Bapt.
Lotteries -0.057 -0.083 -0.046 -0.051
(0.08) (0.08) (0.10) (0.10)
Entry age 0.097 0.10 0.085
(0.10) (0.10) (0.10)
Year 0.0059 0.0048
(0.01) (0.01)
Constant 3.54 1.34 -9.64 -7.08
(0.33) (2.30) (17.46) (17.39)
R2 0.0077 0.036 0.042 0.035
N Families 67 62 62 62

Note: Standard errors in parentheses.

tility in any of the models in the table. In column 4, to correct for the possibility of
unmeasured childbirth, I add one child to each household with an excessively long birth
interval, i.e., greater than 70 months. The results are virtually unchanged, suggesting
again that the effect is not driven by measurement error. Rather, couples whose marriage
was delayed by an unlucky lottery outcome appear to have responded with shorter birth
intervals, resulting in little difference in fertility among lottery participants. Put another
way, absent control a marriage delay equivalent to the average birth interval should re-
sult in one fewer children born. Taking the mean birth interval of middle children at 28.3
months, or 4.72 lotteries, the coefficient in column 4 suggests fertility was reduced by

only 22 per cent relative to this no-control scenario.

V. Conclusion

These results contradict the predictions of the natural fertility hypothesis. First, because
couples’ fertility responded marginally to an exogenous change in marriage age, a range
of different levels of contraceptive effort must have been available to them even before
the fertility transition. Second, sampled couples cannot have been exercising a biological

minimum of contraceptive effort within marriage because they responded to delayed
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marriage by apparently reducing their contraceptive effort still further.

A further point concerns the direction of the effect. Because the lottery would have
led to lower fertility in the absence of a behavioural response, this study hints at the
possibility that pre-transition families valued children positively and were not merely
unwilling or unable to avoid them.

This paper’s claims are based primarily on a novel and possibly unique natural exper-
iment that addresses persistent endogeneity issues in this literature. While this setting
permits a convincingly unbiased estimate of the effect of marriage delay on fertility, con-
cerns about external validity remain. I have argued that lottery participants were not
otherwise exceptional or unusual, suggesting it may be possible to apply these findings
beyond the sample, but there is no way to demonstrate this directly. On the other hand,
internal and external validity may be complementary in the research process (Deaton and
Cartwright, 2017). Studies of larger or more representative samples that argue for birth
spacing as a mechanism of birth control in pre-transition populations may appear more
convincing in light of these results.

More broadly, the evidence of pre-transition birth control is consistent with endoge-
nous fertility in the long run and supports an ‘adaptation’ interpretation of fertility de-
cline. Couples were always capable of exercising some control over their fertility, given
the right incentives. Late nineteenth-century fertility decline in England was a reproduc-

tive evolution, not a revolution.
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