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SHORT ABSTRACT 

Previous studies, based on event-history methods, reported that highly educated women in Northern, 

Western and Southern Europe are now more likely to have the second child than the low educated. 

Event-history models do not allow, however, for concluding whether they had the second birth earlier 

or were indeed more likely to have it. We address this oversight by estimating cure models, which 

allow to assess the effects of education on the timing of the event and the probability of its occurrence. 

We use Harmonized Histories and cover 16 European countries and the US. We find that highly 

educated women display higher probability to have the second child only in Belgium. In many other 

Western European countries and the US no educational gradient in second births persist, while in 

Eastern Europe it is negative. Finally, we find no evidence for a reversal in the educational gradient in 

second births over time. 

 

  



EXTENDED ABSTRACT 

This study contributes to the discussion on the educational gradient in second births among women 

who have not yet completed their reproductive careers across 16 European countries and the US. 

Background  

Expansion of higher education among women is one of the important factors that contributed to a 

decline in fertility in the developed world (NiBhrolchain 1986, Blossfeld and Huinink 1991, Basten et 

al. 2014). Highly educated women have less time to realise their fertility intentions as they spend more 

time in education (Ní Bhrolcháin and Beaujouan 2012) and right after finishing education postpone 

childbearing to establish their position in the labour market (Gustafsson 2001, Nicoletti and Tanturri 

2008). Furthermore, women with university degree face high opportunity costs of parenting (Mincer 

and Ofek 1982, Ermisch 1990). Recently, it has been argued, however, that highly educated women 

might be starting to have larger families than the low educated (e.g. Esping-Andersen and Billari 2015, 

Goldscheider et al. 2015). This reversal in the educational gradient in fertility might be taking place as 

the increasing welfare support for work and family reconciliation and a gradual increase in men’s 

involvement in childcare and housework make it easier for highly educated women to reconcile paid 

work and family life. Furthermore, women’s economic resources increasingly improve conditions for 

family formation by offering couples more financial security (e.g. Oppenheimer 1997). 

Studies on women who completed their reproductive careers do not provide support for the 

change in the educational gradient in fertility. Sobotka et al. (2015) and Sobotka et al. (2016) showed 

that completed fertility among highly educated women is persistently lower than among the low 

educated, apart from some Nordic countries where hardly any educational differences in completed 

fertility are observed (see also Kravdal and Rindfuss 2008, Andersson et al. 2009). Wood et al. (2014) 

provided detailed evidence on the topic, by looking at parity progression of women born 1940-1961. 

They showed that highly educated women from these birth cohorts are more likely to be childless and 

are usually less likely to progress to the third child. The authors found less clear evidence on the 

educational gradient in parity progression ratios to the second child, which turned out to be weak in 

many countries apart from Southern and Eastern Europe where they turned out to be clearly negative 

(German-speaking countries were not analysed). Finally, Brzozowska et al. (2016) analyzed trends in 

the proportion of women born 1916-1970 with two children by education. They found that the 

proportion of highly educated mothers with two children in Northern and Western Europe (except for 

German-speaking countries) was quite stable and did not fall below the proportion of two child 

mothers among the low educated. In Southern Europe and German-speaking countries, in contrast, 

the educational differences in the share of mothers with two children started to increase for cohorts 

born in the late 1940s. Since then highly educated women are less likely to have two children than the 

low educated. Overall, these studies show that highly educated women born before 1970, who have 

already completed their reproductive careers, were either less likely to have two children than the low 

educated (e.g. Southern Europe or German-speaking countries) or as likely as the low educated (Nordic 

and remaining Western Europe).   

Recent studies conducted for cohorts which have not yet completed their reproductive careers, 

provide some evidence for a change in the educational gradient in fertility, however. While highly 

educated women are more likely to postpone their transition to motherhood, they are also increasingly 

found to be more likely to progress to the second child than the low educated. Such findings were 

obtained for Nordic countries (Olah 2003, Vikat 2004, Kravdal 2007), France (Köppen 2006), United 

Kingdom (Mathews and Sear 2013) or Italy (Impicciatore and Zuanna 2016). At times, these micro-level 

findings are interpreted as a sign of the changes in the educational gradient in fertility. 



In this study, we demonstrate that the evidence provided by the micro-level studies does not 

imply a change in the educational gradient in fertility. Event history models, commonly applied in 

micro-level research on women’s education and birth transitions, are designed for studying the effects 

of covariates on the timing of events that will eventually occur. Second births are not such events. 

Ignoring this fact leads to a bias in the effect of the estimated coefficients on the timing of the event 

(e.g. Arranz and Muñoz-Bullón 2016). Consequently, not only do event-history models provide us with 

no information on whether highly educated women are more likely to experience the birth, but they 

also give biased information on the effect of the education on the timing of the second birth.  

 

Data and Method 

This study utilizes mixture cure models in order to investigate the effects of women’s education on (1) 

the probability of giving birth to the second child and (2) the timing of this event. These models were 

proposed as an extension of the conventional survival analysis for studying events that may not occur 

to all individuals (McDonald and Rosina 2001). They allow for assessing the effect of explanatory 

covariates on the timing of the event and the probability of its occurrence. They are well established 

in the medical literature and allow to study the effect of covariates on the probability of being cured 

from a disease and the timing of death otherwise. They have been, however, rarely applied in family 

demography, although there has been some exceptions (Gray et al 2011, Bremhorst et al 2016, 

Beaujouan and Solaz 2013, Locatelli et al. 2007, Rosina 2006 or Pinnelli et al. 2002), including the very 

recent study by Bremhorst et al (2016) looking at the effects of women’s education on birth risks. 

We rely on parametric mixture cure models for which the survival function takes the following 

form: 

S(𝑡)=𝜋+(1−𝜋)∙𝑆𝑢 (𝑡) 

where: 

π – the proportion cured (the proportion who are not susceptible to experiencing the event, i.e. the 

second birth), 

𝑆𝑢(𝑡) - survival function for the uncured individuals. 

We model the probability of giving birth to the second child with the logit model and the time-to-the-

second birth with the log-normal hazard model.  

 For a comparison, we also estimate piecewise constant hazard models for the transition to the 

second child, which is a common way to analyse the effects of covariates on birth risks. This allows us 

to better understand whether mixture cure models indeed provide additional information about the 

process of interest.  

 We focus on cohorts born 1940-1979 and adopt a comparative approach. We study several 

countries which are representative for different fertility regimes, welfare states and cultural settings 

and thus constitute a very informative framework for a comparison. To this end, we use data from 

Harmonised Histories. Harmonised Histories is a compilation of retrospective databases for 17 

European countries and the US that provide full fertility and partnership histories as well as 

information on the year of obtaining highest education (Perelli-Harris et al 2010). Most of the data 

come from the first wave of the Generations and Gender Programme conducted in the previous 

decade (Austria, Belgium, Bulgaria, Czech Republic, Estonia, France, Germany, Hungary, Lithuania, 

Norway, Poland, Romania, Russia and Sweden), although the database harmonises also data from 

panel and retrospective surveys from Spain, United Kingdom and the US.  



Preliminary Findings 

Below we discuss our preliminary findings. First, we demonstrate what the mixture cure models tell us 

about the relationship between education and second birth risks and what the piecewise constant 

hazard models cannot tell us. In the next step, we address the question whether there was a change 

in the educational gradient in second birth probabilities over time.  

Findings from standard piecewise constant models versus mixture cure models 

Tables 1 and 2 show findings from piecewise constant hazard models and mixture cure models 

respectively. Piecewise hazard models suggest that highly educated women in Belgium, Norway and 

Sweden are more likely to have the second child. No significant difference between the low and high 

educated women in second birth risks is observed in Northern and Western Europe (Austria, Germany, 

UK, France) or in Spain. In Eastern Europe and the US, second birth risks for highly educated women 

are clearly lower than for the low educated. It is not clear, however, whether these findings imply 

educational differences in the tempo or the probability of having the second child (or both). In other 

words, we cannot know whether Belgian, Norwegian or Swedish highly educated mothers are indeed 

more likely than the low educated to end up having at least two children or they simply have the 

second child sooner. Likewise, it is not clear whether highly educated women in Eastern Europe and 

the US display higher probabilities of stopping at parity one or they wait longer to have the second 

child after they enter motherhood than the low educated mothers. 

The mixture cure models provide us with more information. They contain two sets of 

parameters: parameters from the log-normal hazard model (the lower panel of Table 2), which indicate 

the effects of education on second birth risks, and parameters from the logit model (the upper panel), 

which measure the effects of education on the probability of not giving birth to the second child, π. 

The parameters in the upper panel of the table inform us that among the three countries, where highly 

educated women seemed to be more likely to have the second child (i.e. Belgium, Norway and 

Sweden), only in Belgium and Norway the probabilities of not having the second child are significantly 

lower for highly educated women. In Sweden and, in fact, many other Western European countries 

(Austria, Germany, France, UK) and the US education does not differentiate the probabilities of having 

the second child. In Eastern Europe, in turn, highly educated women display clearly lower probabilities 

of second child than the low educated.  

The mixture cure model informs us also about the relationship between women’s higher 

education and the timing of second births. The negative parameter in the lower panel of Table 2 

suggests that the location parameter of the log-normal distribution gets closer to zero, which implies 

a faster transition. Our findings show that highly educated women in Belgium, Sweden and Norway 

have their second children sooner than the low educated (counting the time elapsed since the first 

birth). Highly educated women in Eastern Europe and the US, in turn, are more inclined to postpone 

the second birth.  

 



Tables 1. Findings from piecewise constant hazard models, second birth risks

 



Table 2. Findings from mixture cure model, second birth risks 

   



Tables 2. Findings from mixture cure model, second birth risks (continues…) 

 



Has there been a reversal in the educational gradient in second birth probabilities? 

In order to see whether there has been a reversal in the educational gradient in second birth 

probabilities over time, we predicted the probabilities of not giving birth to the second child by 

education for women born 1940-59, who have already completed their reproductive careers, and 

separately for women born 1960-79, who have not. To this end, we used the mixture cure model. In 

addition, we validated our predictions for older cohorts by comparing them with the inverse of parity 

progression ratios extracted from the Cohort Fertility and Education Database (CFE)1. This database 

contains information on completed cohort fertility and parity distribution by education for cohorts 

who largely completed their reproductive careers. The data is mainly derived from censuses and large 

sample surveys.  

Figure 1 displays the predicted probabilities of not giving birth to the second child with their 

95% CIs among women who completed their reproductive careers (born 1940-59). In addition, the red 

points represent the inverse of the parity progression ratios to second births extracted from the CFE 

database. The inverse of the parity progression ratios to second births largely fall into the confidence 

intervals which provides confidence into the reliability our findings. These findings show that many of 

the Eastern European countries (Bulgaria, Romania, Russia, Poland) and Spain display higher 

probabilities of having no second child among the high rather than the low educated women (negative 

gradient in second birth probabilities). In many other countries no significant differences between the 

low and highly educated women are observed. Finally, a positive educational gradient in second birth 

probabilities is visible in Belgium.  

Figure 2 shows the predicted probabilities of not giving birth to the second child with their 95% 

CIs among women who have not yet completed their reproductive careers (born 1960-79). The findings 

are largely similar to those observed in Figure 2: negative educational gradient in second birth 

probabilities in Eastern Europe, no gradient in Austria, Germany, France, US, UK and Nordic countries 

and a positive gradient in Belgium.  

 

Figure 1 Predicted proportion not having the second child, cohorts 1940-1959, 95% CI 

 

 

                                                           
1 http://www.cfe-database.org/  

http://www.cfe-database.org/


Figure 2 Predicted proportion not having the second child, cohorts 1960-1979, 95% CI 

 

 

Abridged conclusions 

Overall, our findings do provide rationale for distinguishing between timing and quantum effects in 

modelling effects of women’s education on second birth risks. Highly educated women who 

progressed to the first child are more likely to have the second child than the low educated only in 

Norway and Belgium. They also have it faster.  In all other Western and Northern European countries, 

the two groups are equally likely to have the second child. In Eastern Europe and the US, in turn, an 

opposite pattern is observed: highly educated women are less likely to have the second child than the 

low educated. They are also more likely to postpone this transition.  

Furthermore, we find no evidence for a change in the educational gradient in second births 

over time.  

 

References 

Andersson, G., M. Rønsen, L. B. Knudsen, T. Lappegård, G. Neyer, et al. (2009). "Cohort Fertility 
Patterns in the Nordic Countries." Demographic Research 20(14): 313-52. 

Arranz, J. M. and F. Muñoz-Bullón (2016). "Unemployment benefits and recall jobs: a split population 
model." Applied Economics Letters 23(13): 940-4. 

Basten, S., T. Sobotka and K. Zeman (2014). Future Fertility in Low Fertility Countries World Population 
and Human Capital in the Twenty-First Century. W. Lutz, W. P. Butz and K. Samir. Oxford, Oxford 
University Press: 39-146. 

Beaujouan, E. and A. Solaz (2013). "Racing Against the Biological Clock? Childbearing and Sterility 
Among Men and Women in Second Unions in France." Eur J Population 29(1): 39-67. 

Blossfeld, H. P. and J. Huinink (1991). "Human-Capital Investments or Norms of Role Transition - How 
Womens Schooling and Career Affect the Process of Family Formation." American Journal of Sociology 
97(1): 143-68. 

Bremhorst, V., M. Kreyenfeld and P. Lambert (2016). "Fertility progression in Germany: An analysis 
using flexible nonparametric cure survival models." Demographic Research 35(18): 505-34. 



Brzozowska, Z., É. Beaujouan and K. Zeman (2016). Is two best for everyone? Trends in parity 
distribution across education in low-fertilitycountries. Human Fertility Database Symposium. Berlin. 
Ermisch, J. F. (1990). "European women’s employment and fertility again." J Popul Econ 3(1): 3–18. 

Esping-Andersen, G. and F. C. Billari (2015). "Re-theorizing Family Demographics." Population and 
Development Review 41(1): 1-31. 

Goldscheider, F., E. Bernhardt and T. Lappegård (2015). "The Gender Revolution: A Framework for 
Understanding Changing Family and Demographic Behavior." Population and Development Review 
41(2): 207-39. 

Gray, E., A. Evans, J. Anderson and R. Kippen (2010). "Using Split-Population Models to Examine 
Predictors of the Probability and Timing of Parity Progression." Eur J Population 26(3): 275-95. 

Gustafsson, S. (2001). "Optimal age at motherhood. Theoretical and empirical considerations on 
postponement of maternity in Europe." J Popul Econ 14: 225-47. 

Impicciatore, R. and G. D. Zuanna (2016). "The impact of education on fertility in Italy. Changes across 
cohorts and south–north differences." Quality & Quantity: 1-25. 

Köppen, K. (2006). "Second births in western Germany and France." Demographic Research 14(14): 
295-330. 

Kravdal, Ø. (2007). "Effects of current education on second- and third-birth rates among Norwegian 
women and men born in 1964: Substantive interpretations and methodological issues." Demographic 
Research 17(9): 211-46. 

Kravdal, Ø. and R. R. Rindfuss (2008). "Changing Relationships between Education and Fertility: A Study 
of Women and Men Born 1940 to 1964." American Sociological Review 73(5): 854-73. 

Locatelli, I., A. Rosina, P. Lichtenstein and A. I. Yashin (2007). "A correlated frailty model with long-term 
survivors for estimating the heritability of breast cancer." Statistics in Medicine 26(20): 3722-34. 

Mathews, P. and R. Sear (2013). "Family and fertility: kin influence on the progression to a second birth 
in the British Household Panel Study." PloS one 8(3): e56941. 

McDonald, J. and A. Rosina (2001). "Mixture modelling of recurrent event times with long-term 
survivors: Analysis of Hutterite birth intervals." Statistical Methods and Applications 10(1-3): 257-72. 

Mincer, J. and H. Ofek (1982). "Interrupted Work Careers: Depreciation and Restoration of Human 
Capital." The Journal of Human Resources 17(1): 3-24. 

Neels, K., M. Murphy, M. N. Bhrolcháin and É. Beaujouan (2014). Further Estimates of the Contribution 
of Rising Educational Participation to Fertility Postponement: a Model-Based Decomposition for the 
UK, France and Belgium. Population Association of America Annual Meeting. Boston. 

Ní Bhrolcháin, M. and É. Beaujouan (2012). "Fertility postponement is largely due to rising educational 
enrolment." Population Studies 66(3): 311-27. 

NiBhrolchain, M. (1986). "Women's paid work and the timing of births. Longitudinal evidence." 
European Journal of Population/Revue européenne de Démographie 2: 43-70. 

Nicoletti, C. and M. L. Tanturri (2008). "Differences in Delaying Motherhood Across European 
Countries: Empirical Evidence from the ECHP." European Journal of Population 24: 157–83. 

Olah, L. S. (2003). "Gendering fertility: Second births in Sweden and Hungary." Population Research 
and Policy Review 22(171-200). 

Oppenheimer, V. K. (1997). "Women's Employment and the Gain to Marriage: The Specialization and 
Trading Model." Annual Review of Sociology 23: 431-53. 

Perelli-Harris, B., Kreyenfeld, M., & Kubisch, K. (2010). Harmonized histories: manual for the 
preparation of comparative fertility and union histories. MPIDR Working Paper, 11. 



Pinnelli, A., A. DeRose, D. G. Paola and A. Rosina (2002). Interrelationships between partnrship and 
fertility behaviour. Dynamics of fertility and partnership in Europe. Insights and lessons from 
comparative research. . M. Macura and G. Beets. Geneva, United Nations: 77-98. 

Rosina, A. (2006). "A Model with Long-Term Survivors for the Analysis of Current-Status Nuptiality 
Data." Population Studies 60(1): 73-81. 

Sobotka, T., É. Beaujouan, Z. Brzozowska and K. Neels (2015). Diminishing differentials? Persistent 
education gradients in fertility in post-transitional countries. Education and Reproduction in Low 
Fertility Settings. Vienna. 

Sobotka, T., A. Matysiak, Z. Brzozowska and E. Beaujouan (2016). Gender revolution, family reversals 
and fertility. European Population Conference. Mainz, Germany. 

Stevenson, B. and J. Wolfers (2007). "Marriage and Divorce: Changes and Their Driving Forces." The 
Journal of Economic Perspectives 21(2): 27-52. 

Vikat, A. (2004). "Women’s labor force attachment and childbearing in Finland." Demographic 
Research 3(8): 175-212. 

Wood, J., K. Neels and T. Kil (2014). "The educational gradient of childlessness and cohort parity 
progression in 14 low fertility countries." Demographic Research 31(46): 1365-1416. 


