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Abstract 
We propose here a new way to look for evidence of fertility control.  Most previous studies have 
relied on age-specific patterns of marital fertility, which do not provide sensitive measures of the 
timing of  “stopping” behavior and do not consider “spacing” at all.  We show that both stopping 
and spacing can be identified in birth interval survival curves. Analysis of data from nineteenth-
century Belgium finds that changes in both stopping and spacing were at work.  The fertility 
transition was characterized by an increase in stopping, but there was also a decrease in spacing, 
which began earlier and continued while stopping was spreading.  We also introduce a statistical 
technique, known as the “cure model,” which allows us to estimate the effects of covariates on 
stopping and spacing separately. 
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Introduction 

This paper describes a new way of looking for evidence of fertility transitions.  We begin 

with a brief description of the controversies that have characterized the debate about historical 

fertility transitions for the past two decades.  In our view, this debate has reached a theoretical 

and empirical impasse, and new approaches are needed to move forward.  We introduce here a 

new empirical approach based on survival curves for birth intervals, and we show that both 

stopping and spacing can be detected in these curves.  Next, we show that our interpretation of 

the curves is not an artifact of other factors affecting birth intervals, such as age, marital status, 

and breastfeeding.  Then, we examine results from a statistical procedure that models both 

stopping and spacing as we observed them in birth interval survival curves.  This procedure, 

which is known in biostatistics as the “cure model,” was introduced to fertility analysis by 

Yamaguchi (1995) and Li and Choe (1997), but it has received surprisingly little attention.  We 

use this model to evaluate alternative explanations for the rise in fertility that often precedes the 

fertility transition (Dyson and Murphy 1985), which some have taken as evidence of pre-

transition fertility control.   

 

The Impasse in Historical Studies of Fertility Transtions 

It is now twenty years since the publication of the summary volume of the European 

Fertility Project (Coale and Watkins 1986).  While the project still stands as a major turning 

point in understanding the nature of historical fertility transitions, controversies that grew out of 

the European Fertility Project have not been resolved (Friedlander, Okun and Segal 1999; 

VandeKaa 1996).  Although the European Fertility Project highlighted the diffusion of ideas 

within culturally homogeneous areas, it was not designed to identify the content of those ideas.  

Two conflicting schools of thought quickly emerged.  A number of the participants in the 

European Fertility Project argued that the diffusion process consisted of information and 
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attitudes about birth control (Knodel and van de Walle 1979).  Since evidence from nineteenth- 

and early twentieth-century Europe points to the importance of coitus interruptus, most 

researchers did not argue that the means to control fertility were unavailable (Fisher and Szreter 

2003; Santow 1995).  Rather, they argued that fertility control was “unthinkable” (Aries 1980) or 

outside the “calculus of conscious choice” (Coale 1973).  In this view, opposition to birth control 

by the Catholic Church and other institutions was only overcome as the spread of secular and 

scientific ideas developed during the Enlightenment spread through the population.     

An alternative interpretation emphasizes not birth control but attitudes about children.  

The 18th  century is considered a turning point leading to increasingly sentimental views about 

childhood, which spread more broadly through European society during the Victorian era  

(Hutton 1998; Plumb 1975).  In addition, parents’ aspirations for their children rose during the 

19th century as changes in the economy increased the value of education and created new 

opportunities for social mobility and less reliance on inherited wealth.  Caldwell (1976; 1982)  

characterized this as a shift in the “intergenerational flow of wealth,” which resulted in more 

parental investment in “child quality” and less reliance on economic transfers from children to 

parents.  This approach has some things in common with economic theories of fertility 

emphasizing the importance of “child quality” (Becker and Lewis 1973).   The quality/quantity 

tradeoff implies that increasing income results in changing preferences about investing in 

children (Robinson 1997; Sanderson 1976), but Caldwell argues that preferences can change 

before income rises.  Recently, there has been a new form of this argument.  Lucas  (2002)  

argues that couples begin investing more in child quality than in quantity when they see that 

returns to human capital are rising.  According to Galor and Weill  (1999), this model differs 

from Becker’s formulation, because investments in child quality do not depend upon the level of 

income.   
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A division has also emerged between those who view the demographic transition as a 

unified process and those who see a multiplicity of unique local transitions (Mason 1997).   

Cleland and Wilson (1987) emphasize how rapidly fertility decline spread across Europe.  Others 

argue that adoption of family limitation depended upon social, economic, and political contexts 

that varied within and between communities.  Szreter (1996) argues that attitudes favoring family 

limitation in the English working class were not simply borrowed from the middle classes.  

Rather, workers constructed their own world view in which small families became associated 

with emerging concepts of “respectability” and citizenship, a process that varied from 

community to community depending upon economic conditions, community structure, and the 

availability of female employment (See also Seccombe 1990; Szreter and Garrett 2000).  

Schneider and Schneider (1996) trace three separate transitions in a Sicilian town.  Fertility 

among the gentry fell during the 1890s, among artisans in the 1920s and 1930s, and only after 

1945 among farm laborers.  In their view each transition was separate and determined primarily 

by changes in the circumstances of a particular group. 

In addition to their theoretical dimensions, these debates raise questions about methods 

for measuring the prevalence of birth control and the timing of fertility transition.  Since 

European Fertility Project relied on data aggregated to the province level, the methods used to 

date fertility transitions were arbitrary and not reliable.  Brown and Guinnane (2003) point out 

that calculations based on geographic units, like provinces, tend to underestimate differences 

between urban and rural areas, because cities were usually surrounded by much more populous 

rural districts.  Guinnane, Okun, and Trussell (1994) argue that neither Ig nor the Coale-Trussell 

Mm model are good indicators of turning points in fertility control, especially if spacing was 

present before the transition.   The Coale-Trussell (1974)  model is based on a strong form of the 

natural fertility hypothesis, which assumes that fertility control follows a fixed pattern of age-

specific deviations from the natural fertility pattern.  Okun (1994) used simulations to show that 
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Mm does not capture early stages of the fertility transition, when only a small sub-population is 

practicing fertility control.  Age at last birth, which is used as a criterion of family limitation in 

family reconstitution studies, cannot be calculated when fertility histories are censored by 

migration or death.  This makes it very difficult to apply to mobile urban populations.  Moreover, 

all of these approaches measure changes in fertility by age, when we really want to know how 

fertility responds to changes in the number of surviving children. 

The “natural fertility” hypothesis is central to the debate about identifying fertility 

transitions.  Henry (1961) observed that decreases in age-specific marital fertility rates tended to 

be concentrated at older ages in the early stages of fertility decline.   Some historical 

demographers interpret this to mean that: (a) fertility transitions were due to “stopping” rather 

than “spacing;” and (b) pre-transition populations did not use either stopping or spacing to limit 

family sizes  (Knodel 1987; Knodel and Vandewalle 1979).  This view has been challenged by 

studies arguing that intentional spacing was used either during the transition or earlier (Anderton 

and Bean 1985; Mineau, Bean and Anderton 1989; Szreter and Garrett 2000; Van Bavel 2004; 

Van Bavel and Kok 2004), and some researchers reject the “natural fertility” model completely 

(Bledsoe 1996; Skinner 1997). 

One of the problems impeding this debate has been lack of agreement about a way to 

measure birth spacing.  By assuming the prevalence of natural fertility, the Coale-Trussell Mm 

model effectively assumes that intentional birth spacing did not exist.  Methods intended to 

demonstrate the existence of birth spacing have not been generally accepted.  We believe that the 

approach described here offers a way forward by conceptualizing stopping and spacing in a 

simple and intuitive way. 

Visualizing stopping and spacing  

We propose Figure 1 as a picture of a typical fertility transition. The figure is based on 

data from the nineteenth-century population registers of Sart, Belgium, a poor agricultural 
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community on the frontier between Belgium and Germany.  (For more information about fertility 

in Sart see Alter, Neven, and Oris (2005).)  The lines in Figure 1 are “survival curves,” which 

show the proportion of women who are still waiting for a birth by time since last birth.  These 

curves were computed by the Kaplan-Meier method, which allows us to use information from 

incomplete (censored) life histories.  Only women who have had at least one birth are included in 

these calculations, and women who had more than one birth are included once for each birth.  

Each curve in Figure 1 remains at 100 percent during the nine months required for 

gestation, but falls quickly between nine months and four years.  Since very few births occur 

after six years, the curves level off and become approximately horizontal.   These two features of 

the curves correspond to spacing and stopping.  The spacing between births is reflected in the 

slope of the declining survival curve in the first five years after the previous birth.  If the curve 

decreases more steeply, births will be closer together.  The height of the curve after ten years 

measures the proportion of intervals that will never be closed by another birth, i.e. stopping.  

When this proportion rises, family limitation is increasing.   

Figure 2 examines the fertility transition in Sart in more detail by dividing the century 

into three periods: 1812 to 1846, 1847 to 1875, and 1876 to 1900.  We see here that the increase 

in stopping only occurs in the last period.  The percentage of unfinished intervals fell from 15.2 

in 1812-1846 to 13.7 percent in 1847-1875 before rising to 19.4 percent after 1875.  An increase 

of less than six percent does not seem large, but it has a compound effect.  If a couple does not 

complete the birth interval after their third child, they are never at risk of having a fourth, fifth, 

or sixth birth.  The six percent increase in incomplete intervals after 1875 corresponds to a 

decrease in the Total Fertility Rate for ages 20-49 of 0.6 children (Table 1). 

In Figure 3 we remove differences in stopping to highlight changes in “spacing.”  We 

follow a suggestion in Yamaguchi and Ferguson (1995), who point out the similarity between 

this problem and Hajnal’s (1953) construction of the Singulate Mean Age at Marriage.  Hajnal 
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treats age-specific proportions never married as a distribution of the survival curve for marriage, 

and he subtracts the proportion never married at age 50 to get the distribution of those who will 

eventually marry.  In Figure 3 we focus on the speed of completing birth intervals by removing 

birth intervals that were incomplete ten years after the last birth.  This shows that transition rates 

increased and birth intervals became shorter in each successive period.   

The pattern in Figures 2 and 3 is a classic case of the “ski-jump,” a brief increase in 

fertility before it begins a precipitous decline (Dyson and Murphy 1985; Van de Walle 1974).  

Decomposing the survival curve for birth intervals into spacing and stopping reveals that the rise 

in fertility was due to a trend toward shorter birth intervals, which continued even after fertility 

began to decrease because of family limitation.  This pattern is only partially captured by the 

Coale-Trussell model, which is included in Table 1.  The estimate of M, Coale and Trussell’s 

index of the level of marital fertility, does increase between 1812-1846 and 1847-1875, but it 

does not capture the additional increase after 1875.  The Coale-Trussell index of fertility control, 

m, is very close to zero in the first two periods but rises to 0.13 during 1875-1899.  Since the 

interpretation of values of m below 0.2 has always been uncertain, it would not have been 

possible to conclude that a fertility transition was underway without other evidence (Okun 1994).   

Disaggregating Birth Interval Survival Curves 

Figure 2 includes all birth intervals regardless of age and parity, and it is reasonable to 

ask whether our interpretation is affected by changes in composition of the population.  In this 

section we examine several possible confounding factors.   

1. Age  

Figure 4 presents birth interval survival curves by age to show that age has a powerful 

effect on both spacing and stopping.  Older women had longer birth intervals and were less likely 

to complete birth intervals.  While both factors are important, the proportion of incomplete 

intervals increases dramatically after age 40.  Could the pattern observed in Figure 2 be due to 
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changes in the age distribution of the population?  This interpretation is invalidated by the age-

specific birth interval survival curves shown in Figure 5.  The proportion of incomplete intervals 

increased after 1875 in all four of the five-year age groups shown in Figure 5.  The overall 

pattern in Figure 2 is clearly dominated by women in their thirties, whose birth interval survival 

curves show all of the features discussed above.   

2. Duration of Marriage 

Hillary Page (1977) pointed out that models of fertility can be improved by the inclusion 

of marital duration.  Figure 6 shows that spacing and stopping can be detected in birth interval 

survival curves controlling for both age and marital duration.  We present curves for women 

aged 30-34 who had been married 5-9 years and for women aged 35-39 who had been married 

10-14 years.  These curves are more irregular than the previous figures, because they are based 

on smaller sub-samples, but they tell the same story.  

3. Infant Survival 

Changes in infant survival can also influence fertility, because infant death terminates 

breastfeeding and reduces the duration of lactational amenorrhea.  In Figure 7 we present birth 

interval survival curves separately by the survival of the previous infant.1  The curves for birth 

intervals following a surviving infant (Figure 7a) are the same as the overall pattern.  The curves 

following an infant death (Figure 7b) differ in an interesting way.  As we would expect, birth 

intervals following an infant death are shorter than those in which the previous infant survived.  

We also see that the proportion of incomplete intervals (stopping) increased after 1875 regardless 

of the status of the previous.  We cannot be certain about changes in birth spacing over time in 

Figure 7b, however.  The curves after 1846 in Figure 7b do appear to decrease more quickly than 

                                                 
1 The survival of the previous infant is a time-varying covariate, so a birth interval contribute to both Figures 7a and 
7b.  In this analysis we truncate intervals on the previous infant’s date of death, but it would be more appropriate to 
add nine months for gestation to this date (Alter 1988).  This will be done in future drafts of this paper. 
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the pre-1846 curve in the first two years after a birth, but the difference is much less than in 

Figure 7a.  We return to this issue below. 

The “Cure Model” 

A number of researchers have applied survival analysis to birth intervals from historical 

sources (Alter 1988; David and Mroz 1989; Ewbank 1993; Gutmann and Watkins 1990; Mroz 

and Weir 1990; Van Bavel 2004; Van Bavel and Kok 2004).  We believe that this is the correct 

approach, but previous analyses have foundered on a fundamental misspecification of the 

statistical model.  Conventional survival analysis assumes that all individuals will eventually 

experience the event if they live long enough.  In practice, all individuals are assumed to be at 

risk of the event, even if their life histories are censored (e.g. by death) before the event 

occurred.  This assumption excludes the kind of behavior that interests us here.  If a couple 

intends to stop childbearing after reaching a certain family size, their hazard rate falls to zero as 

soon as their last child is born.  We want to know which attributes make a couple more likely to 

stop childbearing, and these attributes may have quite different effects on the hazard rates of 

those who are continuing to have children.2

A distinct class of models, known as “cure models” in biostatistics and sometimes called 

“split population” models in the social sciences, offers a solution to this problem (Farewell 1982; 

Kuk and Chen 1992; Li and Choe 1997; Yamaguchi 1998, 2003; Yamaguchi and Ferguson 

1995).  These models assume that a population consists of “movers” and “stayers,” and they 

apply two linked sub-models to the data.  One part of the model predicts being a stayer, who will 

never experience the event.  The second part of the model is a survival analysis of the timing of 

transitions among movers.  Each sub-model includes covariates, which affect the proportion of 

stayers and the rate at which movers make transitions respectively.  The two parts of the cure 

                                                 
2 We note also that the survival curves for Sart shown in Figure 2 violate the proportional hazards assumption that 
underlies some forms of event history analysis, such as the Cox partial-likelihood model.  If hazard rates are 
proportional, survival curves will not cross, as they do in Figure 2.   
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model correspond to the behaviors of stopping (“cure fraction”) and spacing in fertility analysis.  

As we show below, we expect some covariates to affect stopping and spacing in contrary 

directions, increasing stopping and reducing spacing.   

In this paper we use an accelerated failure time version of the cure model. The proportion 

of the population surviving at time t is 

),;())(1()(),;( ztSxxzxtS mππ −+=  

where )(xπ  is the proportion of stayers in the population (also called the “cure fraction” 

or “stoppers”).  The proportion of stayers is modeled by the logistic link function 

)),exp(1/(1)( βπ xx ′−+=  

where x is a vector of explanatory variables.  The survivor function of movers is modeled 

in the accelerated failure time (AFT) framework with a lognormal function 
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where Φ() is the cumulative distribution for the Gaussian (normal) distribution and z is a 

vector of explanatory variables. Thus, the model includes two vectors of covariates, x and z, 

which are used to explain stopping and spacing respectively.3   

Spacing and Stopping in Sart 

Table 3 presents the results of a cure model regression on birth intervals for Sart from 

1812 to 1899.  There are two sub-models, which we have labeled the “Stopping model” and the 

“Spacing model.”  We include mother’s age, occupation of head of household, and year of 

observation in both sub-models. The Stopping model also includes the sex composition of 

surviving children, and the Spacing model includes measures of active breastfeeding and 

duration of marriage.  Distributions of all covariates are found in Table 2.   

                                                 
3 The statistical model used here does not address an important problem.  Available software assumes that each 
spell, in this case a birth interval, is independent.  This is not the case for fertility analysis, where each woman may 
have ten or more birth intervals.  We are working on cure model software that will handle repeated events, but it is 
not available yet.  
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Interpretation of the estimated coefficients is easiest to see by examining the effects of 

mother’s age.  In the Stopping model a positive coefficient indicates that a larger proportion of 

birth intervals are never completed.  The estimated coefficients in the Stopping model increase 

rapidly after age 35, which indicates that a rising number of women are no longer fertile.  The 

Spacing model measures the probability of another birth, and covariates with positive 

coefficients in this model increase the likelihood of another birth, which shortens birth intervals.  

The negative coefficients for ages above 35 in the Spacing model mean that birth intervals 

became longer at older ages. 

The coefficients for year of observation in Table 3 show that the cure model can capture 

the key aspects of the fertility transition in Sart, which we identified in the survival curves.  In 

the Stopping model we find a decrease in the proportion of incomplete intervals in the middle 

period (1847-1875) and an increase in the third period (1875-1899) in comparison to the period 

before 1847, which is used as the reference group.  Although the positive coefficient for the last 

period is not statistically significant when compared to 1812-1846, the coefficient for 1847-1875 

is negative and statistically significant.  This implies that the increase in stopping after 1875 

would have been unlikely to occur by chance.  The coefficients for year of observation in the 

Spacing model in Table 3 tell a different story.  Since the probability of the next birth increased 

after 1847 and again after 1875, birth intervals became shorter in each successive period.    

Thus, the cure model captures the conflicting trends in stopping and spacing that we 

identified in Figure 2.  This is only possible in a compound model that describes stopping and 

spacing separately.  The results from a standard event history model will be unreliable in this 

situation.  Indeed, these data clearly violate the assumptions of proportional hazard models, like 

the Cox (1975) partial likelihood model, which assume that survival curves do not cross as they 

do in Figure 1. 
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Parity, Fecundity, and Selectivity 

Even when individual life histories are available, it is difficult to devise a test for parity-

specific fertility control in a historical population.  Two kinds of unobserved heterogeneity tend 

to conceal the behavior that interests us.  First, fecundity varies among couples for biological or 

behavioral reasons that cannot be measured.  Second, fertility control is itself a kind of 

unobserved heterogeneity, because we can only infer the intention to stop from behavior.  

Selection effects due to these differences among couples create associations between fertility and 

parity in aggregate data that differ from the true relationship at the individual level. 

  Controlling for other factors, unobserved differences in fecundity create a positive 

correlation between fertility and parity, such that birth intervals become shorter (hazard rates 

increase) as the number of children ever born increases.  This pattern results from the changing 

distribution of women by fecundity as parity increases.  Women who tend to have long birth 

intervals are much less likely to reach higher parities than women who tend to have short birth 

intervals.    A woman who has her first birth at age 20 and tends to have children five years apart 

can only expect six more births before reaching menopause, while a woman whose births tend to 

be two years apart can have fifteen births in the same time.  Consequently, the proportion of 

women with long birth intervals decreases as parity increases. 

During a fertility transition, we expect family limitation to have a similar effect.  Couples 

who have a target family size will continue having children until they reach their target and then 

they will stop.  This means that the proportion of couples who are practicing birth control goes 

up at the target family size, but it decreases at higher parities, because couples who reach higher 

parities do not intend to stop having children.   

Table 4 and Figures 8 and 9 show that the cure model captures both of these selection 

effects.  In Table 4 we estimate a cure model including covariates for children ever born (1, 2,…, 

8 or more) in each time period in Sart.  The estimated coefficients for children ever born are 
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compared in Figure 8 for the spacing model and in Figure 9 for the stopping model.  In Figure 8, 

we observe that the hazard rate increases (birth intervals become shorter) as parity increases.  

This pattern begins after the second birth, and it is very regular in the periods before 1847 and 

after 1875.  No pattern is evident in the middle period.   

Table 4 and Figure 9 show no relationship between parity and stopping in the first two 

periods, but women with more than four births were less likely to stop after 1875.  This suggests 

that some couples were aiming for target family sizes between two and four children.   

Thus, both kinds of selection effects appear in these results.  There is a positive 

relationship between parity and short birth intervals in the spacing model, because of 

unmeasured differences in fecundity.  In the post-1875 period, there is a negative association 

between parity and stopping, because couples using birth control do not reach higher parities.   

In the future, we hope to add features to the model to capture differences due to 

fecundity.  In conventional event history models, differences between women can be modeled by 

adding a random “frailty” effect.  This specification is not yet available for cure models, 

however. 

 

The “Ski Jump” 

Table 4 also offers new insight into the fertility transition in Sart.  Consider first the 

rising level of fertility and shorter birth intervals after 1846.  Previous studies have suggested 

that fertility may have increased because of better nutrition or shorter duration of breastfeeding.  

Neither of these explanations finds strong support in Table 4.   

If improvements in nutrition caused the rise in fertility after 1846, we would expect to 

find large differences in birth spacing among social strata in the pre-1846 period and smaller 

differences after 1846.  In previous research we found large socio-economic differentials in 

heights of military recruits in Sart in the early nineteenth century (Alter, Neven and Oris 2004).  
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Men who were wealthy enough to be students at age 20 were nearly ten centimeters taller than 

day laborers of the same age.  Differences in heights by occupation narrowed but did not 

disappear after 1850.  We do find a positive (0.23) estimated coefficient for high status families 

in the 1812-1846 period indicating shorter spacing than in farmers’ households.  But laborers, 

who were under the most economic stress in the early nineteenth century, hardly differed from 

farmers before 1847.  Paradoxically, differences in birth spacing emerged after 1846 when 

fertility was higher.  Laborers had longer birth intervals than farmers in the middle and later 

periods, when improvements in nutrition should have produced more convergence between rich 

and poor.  Birth intervals were shorter among higher status families between 1847 and 1875, but 

they had longer intervals after 1875.   

Knodel (1988) has shown the important effect of breastfeeding on fertility, and he 

suggests that the rise in fertility in 19th-century German villages may have been due to earlier 

weaning later in the century.  We investigate the influence of breastfeeding on fertility by 

constructing a time-varying covariate capturing the impact of infant deaths.  We assume that 

breastfeeding only affected fertility during the first year of an infant’s life.  Most infants were 

partially or fully weaned by age one, and breastfeeding stopped when an infant died.  

Consequently, we create a binary variable that takes the value of one during the period from 9 to 

21 (=12 months + 9 months gestation) months after the last birth if the previous child was alive.  

This variable is set to zero after 21 months for all infants and 9 months after an infant death.   

Table 4 shows that breastfeeding had a large effect on birth spacing.  The estimated 

coefficients for women with a surviving infant are -0.62, -0.59, and -0.44 for periods 1812-46, 

1847-75, and 1875-99 respectively.  These coefficients are large – about the same size as the 

effect of being over age 45.  The stability of these coefficients in the first two time periods means 

that the effect of breastfeeding did not diminish after 1846 when fertility increased.  
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Breastfeeding did have less effect after 1875, but we expect this effect to be less pronounced 

when some women are using family limitation. 

Thus, estimates of the cure model for Sart do not support the two most prominent 

physiological explanations for rising fertility: improved nutrition and shorter breastfeeding.  This 

suggests that we must look more closely at behavioral explanations.  It is possible that some 

forms of birth control (such as abstinence) were used to delay births in the early nineteenth 

century before the fertility transition began (Bengtsson and Dribe 2006; Perrenoud 1988). 

The cure model also tells us who began stopping first.  Only one of the occupation groups 

has a statistically significant coefficient in the stopping model: high status families in the middle 

time period.  The estimated coefficient of .97 for high status families from 1846 to 1875 means 

that these women were more than twice as likely to stop with the most recent birth than farmers’ 

wives.  In other words, high status families led the way in family limitation in Sart, as they did in 

other places.  The difference between high status families and farmers diminished after 1875, 

when farmers had begun to adopt family limitation too.   

 

Conclusion 

Our goal has been to provide a new way of looking at an old problem.  We have argued 

that both stopping (i.e. family limitation) and birth spacing can be observed in birth interval 

survival curves.  With the cure model we can translate this insight into a statistical analysis that 

considers factors affecting stopping and spacing separately.   

The statistical analysis in this paper is only a first step, and it is intended primarily to 

illustrate the promise of this approach.  We have shown that the cure model does capture the 

opposing movements in stopping and spacing that produced the ski jump of rising and falling 

fertility in Sart.  We have also seen that the nineteenth century rise in fertility cannot be 

attributed to physiological processes associated with better nutrition or shorter breastfeeding.   
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Much remains to be done to develop this approach.  The cure model can be parameterized 

in many different ways, and we need to carefully consider which covariates belong in the 

stopping and spacing sub-models.  The model also needs to be expanded to incorporate repeated 

observations and other aspects of birth interval analysis.  
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Table 1. 

Measures of Marital Fertility in Sart, Belgium 

 
Coale-Trussel Model 
of Marital Fertility 

 

Total Marital 
Fertility Rate 
Ages 15-49 

Total Marital 
Fertility Rate 
Ages 20-49 M m 

1812-1846 9.9 8.0 0.87 0.00 
1847-1875 10.7 8.6 0.96 0.01 
1875-1899 11.1 8.0 0.95 0.13 
* Parameters of the Coale-Trussel model were estimated from age-
specific marital fertility rates in five year age groups using the 
maximum likelihood procedure described by Brostrom (1985). 
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Table 2. 

Summary Measures and Variable Distributions 
 1812-1846 1847-1875 1876-1899 Total
Number of birth intervals 2521 2068 1565 5883
Number of births 1809 1477 1044 4330
Person years at risk 7550.3 5598.8 4447.6 17596.6
     
Age of mother      
15-24 8.0 6.4 6.8 7.2
25-29 20.1 17.5 19.3 19.1
30-34 26.6 26.2 23.4 25.7
35-39 23.7 25.8 25.6 24.9
40-44 16.1 16.9 17.6 16.8
45-49 5.5 7.2 7.4 6.5
Total 100.0 100.0 100.0 100.0
     
Occupation of head of 
household      

Farmer 44.5 62.7 59.7 54.1
High status 1.8 5.4 10.2 5.0
Industrial or artisan 5.5 11.5 18.0 10.5
Laborer 7.6 13.0 4.8 8.7
Other and n.a. 40.6 7.4 7.4 21.7

Total 100.0 100.0 100.0 100.0
     
Surviving children      

1+ son & 1+ dau 51.8 65.1 61.2 58.4
1+ dau, 0 son 18.8 15.2 18.2 17.5
1+ sons, 0 dau 24.3 16.7 17.8 20.2
No surviving children 5.1 3.1 2.9 3.9

Total 100.0 100.0 100.0 100.0
     
Breastfeeding      

Dead or 1+ 57.0 56.0 56.8 56.6
Surviving infant 43.0 44.0 43.2 43.4

Total 100.0 100.0 100.0 100.0
     
Marital duration      

0-4 years 24.7 20.9 22.8 23.0
5-9 years 21.3 22.6 21.0 21.7
10+ years 54.0 56.6 56.2 55.4

Total 100.0 100.0 100.0 100.0
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Table 3. Estimated Coefficients of a Cure Model 

Regression for the Probability of a Birth, Sart, Belgium, 
1812-1899 

 Stopping model Spacing model 
Age of mother     

15-24 0.02  0.07  
25-29 0.01  0.07 ** 
30-34 0.00 ref. 0.00 ref. 
35-39 0.97 ** -0.13 ** 
40-44 2.93 ** -0.29 ** 
45-49 4.75 ** -0.28 ** 

Occupation of head of 
household       

Farmer 0.00 ref. 0.00 ref. 
High status 0.38  0.04  
Industrial or artisan -0.11  -0.04  
Laborer -0.06  -0.07  
Other and n.a. -0.06  -0.03  

Year of observation       
1812-1846 0.00 ref. 0.00 ref. 
1847-1875 -0.37 ** 0.11 ** 
1876-1899 0.26  0.22 ** 

Breastfeeding     
Dead or 1+   0.00 ref. 
Surviving infant   -0.56 ** 

Marital duration      
0-4 years   0.00 ref. 
5-9 years   -0.20 ** 
10+ years   -0.23 ** 

Surviving children      
1+ son & 1+ dau 0.00 ref.   
1+ dau, 0 son -0.02    
1+ sons, 0 dau -0.17    
No surviving children -0.01    

Constant -3.48 ** -0.51 ** 
Shape constant    0.63 * 
*   p < .05 
** p < .01 

 



Table 4. Cure Regression Models for Birth Intervals by Time Period in Sart, Belgium 
 1812-1846 1847-1875 1876-1899 
 Stopping model Spacing model Stopping model Spacing model Stopping model Spacing model 
Covariate Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient 
Age of moth  

19 

er             
15-24 -0.24  0.00  2.38 * -0.12  -0.17  0.02  
25-29 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 
30-34 -0.69  -0.10 * 1.65 * -0.13 ** 0.12  -0.09  
35-39 0.71 * -0.27 ** 2.56 ** -0.32 ** 1.05 ** -0.28 ** 
40-44 2.74 ** -0.47 ** 4.79 ** -0.51 ** 3.29 ** -0.57 ** 
45-49 4.18 ** -0.45 ** 7.03 ** -0.58 ** 5.61 ** -0.53 * 

Occupation of head of household              
Farmer 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 
High status 0.47  0.23 * 0.97 * 0.17 * 0.24  -0.18 * 
Industrial worker or artisan -0.08  0.05  -0.24  0.00  -0.10  -0.13 * 
Laborer 0.42  -0.01  -0.29  -0.09 * -0.43  -0.07  
Other and not reported -0.15  0.02  0.31  0.04  0.13  -0.16  

Children ever born              
1 -0.11  0.14 ** -1.20  0.24 ** -0.37  0.26 ** 
2 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 0.00 ref. 
3 0.34  -0.08  0.22  -0.07  -0.53  0.03  
4 0.21  -0.07  0.64  -0.02  -0.26  0.08  
5 0.05  0.07  0.32  -0.04  -0.80 * 0.13  
6 -0.10  0.13  -0.10  -0.12  -0.99 * 0.16  
7 0.03  0.07  0.45  -0.01  -0.82  0.21 * 
8+ 0.01  0.24 ** -0.11  0.06  -1.67 ** 0.32 ** 

Previous child             
>12 months or Dead   0.00 ref.   0.00 ref.   0.00 ref. 
Alive and <12 months    -0.62 **   -0.59 **   -0.44 ** 

Constant -3.36 ** -0.60 ** -5.76 ** -0.43 ** -2.70 ** -0.50 ** 
             
Likelihood ratio chi-squared 853.31    856.58    433.62    
Degrees of freedom 33    33    33    
Time at risk 7550.3    5598.8    4447.6    
Births 1811    1477    1045    
* p<.05; ** p<.01 

 

 



Figure 1 

Percent of Women Who Have Not Had a Birth by Time 
Since Last Birth, Sart, Belgium, 1847-1899

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.75 1.75 2.75 3.75 4.75 5.75 6.75 7.75 8.75 9.75
Time since last birth (years)

1847-1875 

1876-1899 

Rate of 
decrease 
indicates 
spacing

Increasing percent of 
incomplete birth intervals

 

 20



 

Figure 2 

Kaplan-Meier Survival Estimates for Birth Intervals 
by Time Period, Sart, Belgium
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Figure 3 
 
 Kaplan-Meier Survival Estimates for Completed Birth Intervals 

by Time Period, Sart, Belgium
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Figure 5 
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Figure 6a 
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Figure 6b 
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Figure 7a 
 
 
 
 
 

Figure 7b 
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Figure 8. 

Estimated Spacing Coefficients for Children Ever Born 
by Time Period, Sart, Belgium
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Figure 9. 

Estimated Stopping Coefficients for Children Ever Born 
by Time Period, Sart, Belgium
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