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Abstract

Survival and event history analyses have become widely used techniques in life-course and
longitudinal research. Machine learning methods such as survival trees and tree ensembles are
a useful alternative to classical methods. This paper aims to illustrate the advantages of random
survival forest (RSF). We apply the method to analyse migrant fertility: the probability of
having a first, second and third birth among immigrants and their descendants in France. The
results of the RSF indicate that even though immigrants have a higher probability of having a
birth than natives, highly educated immigrants are much closer to natives in their childbearing
patterns than low educated migrants. Our findings illustrate the usefulness of machine leaning
techniques in two ways. First, RSF allows us to easily identify the most important predictors
of a life event. Second, it allows us to detect and visualize interactions and therefore to identify

groups of individuals with different survival probability.
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1. Introduction

An important aim in life-course and longitudinal research is to understand the multiple factors that shape
people’s life outcomes. The most common method to study life events or transitions in the life course of
individuals is the technique of survival analysis. Yet, this technique is not without limitations. For instance,
survival analysis method cannot be applied directly in high-dimensional settings (Wang and Li 2017;
Spooner et al. 2020): as the number of covariates increases, the saturation of statistically insignificant
covariates can inhibit effect interpretation (Witten and Tibshirani 2010; Dudoit, Shaffer and Boldrick 2003;
Whetten, Stevens and Cann 2021). Collinearity also jeopardizes interpretation of the results. Furthermore,
it is difficult to detect and visualize interactions between two or more variables. Lastly, many parametric
models require the proportional hazards assumption to hold.

Non-parametric methods such as survival trees and tree ensembles are a useful alternative to
classical survival analysis (Breiman et al. 1984; Breiman 2001; Ishwaran et al. 2008; Ishwaran and Kogalur
2008, 2014). To date, only a limited number of studies in demography have used machine learning
techniques. De Rose and Pallara (1997) show the usefulness of using a tree methodology to examine the
predictors of marriage formation among women in Italy. Billari et al. (2006) also apply decision tree
learning and classification rules to detect determinants of the transition to adulthood in Austria and Italy.
More recently, Arpino, Le Moglie and Mencarin (2021) depart from the strategy of using single trees and
apply random survival forest (RSF) to analyse the determinants of divorce among married and cohabiting
women in Germany. Apart from these studies, RSF has been applied so far mostly in bio-medical research
(Breiman 2001; Fawagreh, Gaber and Elyan 2014; Ishwaran et al. 2008; Wang and Li 2017; Rezaei et al.
2020; Hsich et al. 2011; Miao et al. 2015; Scheffner et al. 2020; Adham et al. 2017; Hanson et al. 2019;
Cafri et al. 2018). Overall, previous studies have stressed the usefulness of machine learning techniques
mostly to identify the most important predictors of a specific behaviour; much less attention has been paid
to their ability to detect interaction effects.

This paper applies RSF to study the fertility behaviour of immigrants and their descendants. This
field has witnessed increasing interest in the demographic life course literature (Kulu and Gonzalez-Ferrer
2014; Kulu and Hannemann 2016a). The results of previous studies indicate that immigrants exhibit higher
fertility levels than natives; they also have children earlier compared to natives; the descendants of
immigrants often follow similar patterns to the natives. However, there is considerable heterogeneity within
migrant groups and along sociodemographic characteristics. For instance, immigrants’ fertility patterns
differ by origin and age at arrival (Andersson 2004; Pailh¢ 2017; Kulu and Gonzalez-Ferrer 2014; Milewski
2010; Andersson and Scott 2007; Kulu and Hannemann 2016a; Kulu et al. 2017; Delaporte and Kulu 2021).
Fertility differences between immigrants and natives are significantly reduced once we focus on highly

educated individuals (Pailhé 2017; Krapf and Wolf 2016). Technically, this implies that there are important



interaction effects, which are often difficult to detect using conventional methods. We contribute to the
existing literature on the fertility dynamics of immigrants and their descendants by showing how RSF can
be used to better detect and understand patterns specific to population subgroups.

To illustrate the application of RSF, we use a rich survey from France named Trajectories and
Origins. This survey collects detailed information on immigrants, immigrants’ descendants, and French
natives. It contains retrospective biographical data on individuals’ childbearing histories as well as detailed
information on their sociodemographic characteristics. We examine the likelihood of having a first, second,
and third birth. We will first compare the predictive performance of the Cox proportional hazards model
with RSF. We will then examine which variables are the most important determinants of a first or
subsequent birth. Lastly, we will examine possible interaction effects to detect subgroup-specific patterns.
Our findings illustrate the competitive performance of the RSF algorithm in two ways. First, RSF allows
us to identify the most important predictors of a life event. Second, it allows us to detect and visualize
interactions and therefore identify groups of individuals with different survival probability.

The rest of the paper proceeds as follows. Section 2 presents the main functions of survival analysis,
whereas Section 3 introduces the ensemble learning methods with a focus on random survival forest.
Section 4 presents the application of RSF to the analysis of migrant fertility behaviour. Lastly, Section 5

concludes on the advantages and potential pitfalls of the method.

2. Survival Analysis

Basic functions
Let T be a continuous random variable to represent the duration of an episode, the waiting time, until an

event occurs (Cleves et al. 2010). The hazard function, h(t), is defined as follows:

Pr(t<T<t+At,T=t
PET=lol20) =1,
At

h(t) = Altizn)0 2,..K ¢
The numerator of the formula is the probability that an event occurs for a randomly selected individual in
the time interval from t to t + At given that they have not experienced an event before. The denominator
includes the length of the interval. The survivor function, S(t), is defined as follows:

S@) =Pr(T =¢t) (2)
The survivor function of T represents the probability that the episode’s duration is at least t. The survivor
function thus measures the likelihood of ‘surviving’, i.e., not experiencing an event up to the time point t.
If we know the hazard function, then we can calculate the value of the survivor function at ¢ by integrating

the hazard function from 0 to t:

S(t) = exp {— IN h(r)dr} 3)



The cumulative hazard function, H(t), is another function often used in survival analysis. It measures the

total amount of hazard that has been accumulated up to time t.
t

H(t) = f h(t)dt 4)

0
In non-parametric analysis, the value of the cumulative distribution function rather than the hazard function
is often calculated at duration t. This is because the length of the intervals used to estimate the hazard at
various durations vary in empirical applications. Therefore, the values of the hazard function are erratic,
and the pattern identification is difficult. It follows from 3 and 4 that the survivor function can easily be

calculated using the cumulative hazard function:

S(t) = exp{—=H(t)} )

Maximum likelihood estimation

Parameters of a survival model are estimated using the maximum likelihood method (Hosmer and
Lemeshow 1999). The first step is to construct a likelihood function. For episode i ending with an event,
E, we calculate the probability of having an event at the observed time point, ¢;:

f@) =Pr(T; = t;) (6)
where f(t) denotes the probability density function. For episode i ending with right-censoring, Z, we
calculate the probability of surviving until time point, ¢;:

S(t) =Pr(T; = t) (7)
The likelihood function for all episodes, N, is the joint probability:

Lot = | [re ] [s@ ®)
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Given that f(t) = S(t)h(t), the likelihood function may be written:
Lot = | [ | [6@ ©
iEE iEN
We now take the natural logarithm of both sides to obtain the log-likelihood function for censored survival
data:
UGt 1 t) = ) logh(e) + ) logS(ty) (10)
i€EE iEN
The final step is to maximise the log-likelihood function. This involves taking the derivative of the log-
likelihood function with respect to unknown parameters (e.g., the hazard rate for a model without
covariates), setting the derivate of the function equal to zero and solving the resulting equation, and conduct
the second derivative test. Standard software uses a numerical iteration procedure to maximise the log-

likelihood function (Hosmer and Lemeshow 1999).



3. Ensemble Learning Methods
The main objective of supervised machine learning techniques is to estimate a model for predicting an
outcome as a function of covariates. The outcome can be categorical, discrete, or continuous (Loh 2011).
There are many different supervised machine learning models; among them, we have the ensemble learning
methods. These methods aim to obtain so called “trees” by recursively partitioning a data set into subsets
called nodes. The final regions created on termination of the growth of a tree are known as terminal nodes,
or leafs, while the initial node is commonly referred to as the root node. These trees aim to classify
individuals into classes based on the values taken by their covariates. Each class has a specific outcome.
Among these ensemble learning methods, one technique used for classification and regression is random

forest (Liaw and Wiener 2002; Fawagreh, Gaber and Elyan 2014).

Random forest

Developed by Breiman (2001), random forest combines Breiman’s bagging sampling approach! and the
random selection of features?®, introduced by Ho (1995, 1998) and Amit and German (1997) to construct a
collection of decision trees. In practice, random forest runs the analysis over many sub-datasets made by
randomly selecting features (Breiman 2001). The prediction is obtained by averaging over hundreds or
thousands of distinct regression trees that differ from one another in the sense that the correlation between
trees is low (Taylor 2011). This allows the reduction of overfitting issues and the mitigation of the instability
of regression trees (Jiang 2019). Random forest can be used with a large number of variables, even if they
are highly correlated with each other. Besides, both numeric and categorical variables can be included.
Lastly, the method allows us to identify interactions and non-linear associations. Random forests are one
of the most popular supervised machine learning techniques. Over the last two decades, many applications

of random forest were developed across different disciplines (Fawagreh, Gaber and Elyan 2014).

! The bagging sampling approach is an important characteristic that allows the reduction of overfitting issues. As
each split of a node is dependent on previous partitioning, a single tree can be unstable. Therefore, the sensitivity of a
single tree to minor training data variations is likely to result in poor generalization to new data. Introducing
bootstrapping consists of having individual trees that are grown for multiple bootstrap samples. These trees are
subsequently aggregated instead of producing a single ensemble tree.

2 The term “features” refer to variables. The random selection of variables allows for the selection of less strong
predictors as splitting variable. This could lead to the inclusion of relevant interaction effects that would be missed
otherwise in standard bagging procedure. The random selection of features also ensures that the individual trees in the
forest differ from each other.



Random survival forest

Random forests can be extended to right-censored survival or time-to-event data with RSF (Ishwaran 2007,
Ishwaran et al. 2008).% In RSF, the outcome is an ensemble cumulative hazard estimate which is calculated
over all trees in the forest (Ziegler and Konig 2014). As illustrated in Figure A.1 in the Appendix, the
application of RSF involves the following principles: a) survival trees are grown using bootstrapped data;
b) random feature (or variable) selection is used when splitting tree nodes; c) trees are generally grown
deeply; and d) the survival forest ensemble is calculated by averaging tree survival predictors (Ishwaran et
al. 2019; Wang, Li and Reddy 2019). Each step of the algorithm involves defining specific parameters (see
Figure 1) which we discuss in the results section.

Survival trees are binary trees grown by recursive splitting of tree nodes. A tree is grown starting
at the root node, which is the top of the tree comprising all the data. Using a predetermined survival
criterion, the root node 1 is split into two nodes: 2 and 3. Each new node, in turn, is split into two further
nodes, 2 into 21 and 22 and 3 into 31 and 32. The process is repeated for each subsequent node. An optimal
split for a node maximises survival difference between the two new nodes. There are several methods to
determine the difference between the nodes; the log-rank test, often used in survival analysis to compare
survival of two groups, is a commonly used method (Ishwaran et al. 2008). Eventually, the survival tree
reaches a saturation point when no new nodes can be formed. The ends of the tree are called the terminal
nodes.

Let r be a terminal node of the tree. There are k points in time where at least one of the episodes
ends with an event:

0 <ty < tyr < ts, < < ty,
For each node, the cumulative hazard function (CHF, see formula 4) is calculated using the Nelson-Aalen

estimator (Ishwaran et al. 2008; 2009):
Ek,r
Nk,r

H(t,) =

tgrst

(11)

Where Ej, denotes the number of events in node r at t, and N is the number of episodes (or

individuals) in the risk setin r at t;. The survivor function is estimated using the Kaplan-Meier estimator:

_ Ek,r
S(t,) = 1_[ <1 - N}q) (12)

tgr st

3 Within the framework of random survival forest, a number of extensions have also been developed (Wang and Li
2017) such as random survival forest to competing risks (Frydman and Matuszyk 2020; Ishwaran et al. 2014; Keramati
et al. 2020; Hamidi 2017; Wang, Li and Reddy 2019).



All episodes (or individuals) within r have the same CHF and the survivor function. This is because the
survival tree has partitioned the data into homogeneous groups (i.e., terminal nodes) of individuals with
similar survival behaviour. If we wish to estimate H(t|X) and S(t|X) for a given feature (or variable) X,
we drop X down the tree. Because of the binary nature of a tree, X will fall into a unique terminal node 7.
The CHF and survival estimator for X’s terminal node are then (see Ishwaran et al. 2019):

H(t|X) = H,, S(t|X) = S,, if X er, (13)
The ensemble CHF and survivor function are calculated by averaging the tree estimator (Ishwaran et al.

2008; 2019):

N N

— 1 _ 1

A =5 ) B0, S0 = 5 ) S0 (14)
n=1 n=1

where H,, is the nth survival tree with N trees.

4. Application: Immigrant Fertility Behaviour in France

We use the RSF technique to analyse the fertility behaviour of immigrants and their descendants in France.

4.1. Data
This analysis uses Trajectories and Origins, a rich retrospective French survey collected in 2008.
Information is collected on immigrants, immigrants’ descendants, and French natives. The sample consists
of 20,380 individuals including 8,259 immigrants, 8,614 descendants of immigrants and 3,507 French
natives. The survey provides retrospective childbearing histories for all individuals on a monthly time scale.
For the purpose of this study, we examine three outcomes: the event of having a first birth, a second birth
and a third birth. If individuals have not experienced an event, they are right-censored.

We include in our models the following time-constant variables: gender, origin group, birth cohort,
size of the family of origin, education, and religiosity. The origin group distinguishes immigrants and their
descendants from North Africa, Sub-Saharan Africa, South East Asia, Turkey, Southern Europe and other
Europe. In some models, we include a variable which only distinguishes immigrants, their descendants, and
natives. The birth cohorts are: 1948-1959, 1960-1969, 1970-1979 and 1980-1989. We exclude individuals
who were born in 1990-1999 since they were too young at the time of interview. The family size refers to
the respondent’s number of siblings. The educational levels are low (no qualification or primary education),
middle (lower- and higher-secondary education) and high (two years or more in higher education). Lastly,
religiosity is a dummy variable equal to 1 if the respondent reports that religion was important in his/her

upbringing, 0 if otherwise. We use the RSF algorithm as implemented in “randomForestSRC” package in



R.* An analysis of the fertility behaviour of immigrants and their descendants in France provides an ideal
case study to illustrate the advantages of using RSF. We discuss the existing literature to explain further

how the use of RSF can improve our understanding of determinants of migrant fertility.

4.2.  Understanding Immigrant Fertility Behaviour
Previous studies show that immigrants tend to have higher fertility levels than the natives (Kulu and
Gonzalez-Ferrer 2014; Kulu et al. 2019) and they start childbearing at a younger age compared to natives
(Rojas, Bernardi and Schmid 2018); the descendants of immigrants are more similar to natives in their
fertility behaviour. This pattern has been observed in many European countries. For instance, Andersson
and Scott (2007) report that immigrants from high fertility countries in Sweden have significantly higher
second- and third-birth levels than Swedish-born women. Similarly, Milewski (2010) show that second and
third-birth levels were relatively high for immigrant women from Turkey in West Germany. Mussino and
Strozza (2012) draw similar conclusions from the analysis of second-birth rates among immigrants in Italy.

However, there is considerable heterogeneity among migrant populations. For instance,
immigrants’ and natives’ fertility differ at different ages (Wilson 2020). Fertility levels are also different
by origin groups and generations (Kulu and Hannemann 2016b; Pailhé 2017; Mussino and Strozza 2012;
Andersson and Scott 2007; Delaporte and Kulu 2021). For instance, in France, women of Southeast Asian
origin deviate from the fertility pattern of their parents, while those of Turkish descent exhibit fertility
patterns similar to those of their parents (Pailhé 2017). Similarly, in the UK, immigrants from Pakistan and
Bangladesh have higher first-birth risks than the natives, whereas European and other immigrants have
lower first-birth levels (Kulu and Hannemann 2016b). In Italy, immigrants from North Africa had
significantly higher fertility levels than those who came from Eastern European countries (Mussino and
Strozza 2012).

Fertility differentials between immigrants and natives may also vanish as the sociodemographic
structure of an immigrant group grows to resemble that of the native population (Milewski 2007, 2010).
Indeed, there are significant differences between immigrants from lower and higher socio-economic
backgrounds (Krapf and Wolf 2016). Besides, access to a higher level of education is a crucial factor in
reducing the differences between the groups (Pailhé 2017). Further, it is likely that education and
employment-related factors play a key role in shaping the fertility behaviour of the descendants of
immigrants. Successful structural integration suggests that high educational aspirations may lead to a

significant postponement of family formation and smaller family size among ethnic minority women. In

4 A useful document to get to know the package on R is Ehrlinger (2016).
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contrast, poor employment prospects among some ethnic minority groups due to lower levels of education
and/or discrimination in the labour market may promote high completed fertility.

These differences within migrant and descendant groups suggest the presence of so-called
interaction effects and the need to explore the role of different sociodemographic characteristics in reducing
or deepening fertility differences between immigrants and natives. Yet, conventional survival analysis
methods are not best suited to detect interaction effects, especially if more than two variables are involved.
The next section highlights the advantages of using RSF to determine the most important predictors of

childbearing events and to identify important interaction effects.

4.3, Results

Growing the forest in R

We grow the forest for each outcome of interest — the event of having a first, second and third birth. The
RSF algorithm consists of four main steps. First, a fixed number of bootstrap samples are drawn randomly
from the dataset.’ This number of bootstrap samples leads to an equal number of trees. In our case, we opt
for the default number of trees: niree = 1000.° Several options are also available for the bootstrap. By
default, about 63% of the original observations will occur one or more times in the bootstrap sample and
37% of the original data will not occur in the bootstrap sample. These observations are said to be out-of-
bag (OOB) with respect to the bootstrap sample.

The second step of the algorithm involves the splitting of the nodes. For each bootstrap sample, a
survival tree is built by randomly selecting features. The number of candidate variables is specified through
mtry. We used the default setting where mtry is equal to the square root of the total number of features. This
gives us mtry = 3. The number of split points considered for each variable is also given by nsplit. We use
nsplit = 10. The node is split by using the candidate feature that maximizes the difference in survival
between child nodes. The difference in survival is evaluated by a log-rank splitting rule.” We use the default
option: the random splitting rule. The third step of the algorithm consists in growing the tree to the full size
under the constraint that each leaf node contains no less than a single unique event. Additional constraints

can be imposed by increasing the minimal size of the terminal nodes (nodesize) and by limiting the total

> We do not split our dataset into a training and a test set. Indeed, RSF does not need an independent validation dataset
to get an unbiased estimate of the test set error, as it is estimated internally during the run of the algorithm.

® We demonstrate later on that our results are robust to a different number of trees.

7 A splitting rule needs to be defined, which can be logrank, logrankscore or random. The former two rely on the log-
rank-score statistic, respectively, both of which quantify the difference in survival curves between two groups in this
context between the two daughter nodes for a potential split point. When random is specified as the splitting rule, a
single split point is randomly chosen on each variable, and the largest log-rank statistic decides the choice of split.
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number of splits (nodedepth). By default, in survival, nodesize = 15. Lastly, using the non-parametric
Nelson-Aalen estimator, the ensemble cumulative hazard function (CHF) of OOB data is calculated by
taking the average of the cumulative hazard function of each tree (Wang, Li and Reddy 2019). We can then
calculate the prediction error for the ensemble CHF using only the OOB data.

4.3.1. First Birth
Our first outcome of interest is the likelihood of having a first birth among the French population. We first

examine the predictive performance of the model.

Predictive performance

To assess the performance of the algorithm in predicting the birth event, we calculate the “Out-of-Bag”
error rate (OOB) and the concordance index (c-index). The OOB error rate is obtained as follows. First,
each tree of the forest is constructed by bootstrapping a sample from the original data and leaving out one-
third of the cases, which represents the OOB sample. The algorithm then estimates the percentage of times
that the outcome assigned to each OOB case is not equal to the true outcome. Finally, the total OOB error
rate is obtained as the average of this estimate across all the trees of the forest.

The c-index is another measure that allows us to assess the performance of the algorithm. It can be
interpreted as the probability of correctly classifying two cases as it is related to the area under the receiver
operating characteristic (ROC) curve. More specifically, it estimates the probability that, in a randomly
selected pair of cases, the case that fails first had a worst predicted outcome. The c-index differs from other
measures of survival performance as this measure does not depend on the survival time. Therefore, the c-
index provides a general evaluation of the performance: a value of 0.5 is not better than random guessing,
whereas a value of 1 denotes full-discriminative ability.®

We obtain an OOB error rate of 36% while the c-index is 0.65, suggesting that the RSF algorithm
does a good job in predicting individuals’ parenthood status. Figure A.2 in the Appendix plots the value of
the OOB error rate according to the number of trees within the forest. We can see that the OOB error rate
stabilizes around the value of 36%. The figure also demonstrates that a similar OOB error rate is reached
when specifying a smaller number of trees than 1000. We also assess the performance of the RSF (i.e.,
goodness of fit) at different survival times. Specifically, we plot in Figure 1 the ROC curve at four points
in time: at the individuals’ ages of 20, 30, 40 and 50. FP on the x-axis refers to “False Positive” and TP on

the y-axis refers to “True Positive”. The Area Under the Curve (AUC) tells us how well we can classify

8 The literature so far does not provide more guidance on whether these numbers can be interpreted as rather high or
low.
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individuals in two groups: those who experience the outcome of interest and those who do not. AUC ranges
in value from 0 to 1. A model whose predictions are 100% wrong has an AUC of 0 while one whose
predictions are 100% correct has an AUC of 1. According to the results displayed in the figure, the algorithm
has a good discriminative ability over the life course. The performance of the algorithm is the best at the
age of 20.
< Figure 1 here >

It is also possible to compare the predictive performance of the RSF with conventional survival
analysis methods such as the Cox proportional hazards regression model (CPH). We examine each model’s
concordance index (c-index) over time. The c-index gives the probability of concordance between the
predicted and the observed survival. Figure A.3 in the Appendix shows that the RSF outperforms CPH

when it comes to predicting the event of having a first birth throughout the life course.

Variable selection
Next, we examine the importance of the variables to predict the likelihood of having a first child. We use
both Variable Importance (VIMP) (Breiman 2001) and Minimal Depth (Ishwaran et al. 2010; Ishwaran et
al. 2011) methods and compare the results (Figure 2).” VIMP for a variable is the difference between the
prediction error when the variable is randomly permuted compared to the prediction error under the
observed values. Therefore, a large VIMP value indicates that misspecification detracts from the predictive
accuracy in the forest. A VIMP close to zero indicates that the variable contributes nothing to predictive
accuracy, and negative values indicate the predictive accuracy improves when the variable is misspecified.
Therefore, we ignore variables with negative and near zero values of VIMP and rely on the variables with
large positive values. Using the VIMP method, we find that the most important feature to predict the event
of having a first birth is the level of education of the individual, followed by gender and birth cohort (Figure
2 panel a).

An alternative method to identify the most important predictors is to use minimal depth (Ishwaran
2007; Ishwaran et al. 2010, 2011). This method assumes that variables with high impact on the prediction
are those that most frequently split nodes nearest to the root node, where they partition the largest samples
of the population. These variables have smaller minimal depth values. Using minimal depth, the results
show that the most important features are now the educational level of the individual, gender, and the family
size (Figure 2 panel b). Since the VIMP and Minimal Depth measures use different criteria, it is not
surprising that the variable ranking tends to be somewhat different. We compare the rankings between

minimal depth and VIMP (Figure 2 panel c). The points along the red dashed line indicate where the

9 We report the results obtained when including migrant generation rather than migrant origin. Indeed, we do not
include both variables in the same model since the two variables refer to similar characteristics.
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measures are in agreement. Points above the red dashed line are ranked higher by VIMP than by minimal
depth, indicating that the variables are more sensitive to misspecification. Those below the line have a
higher minimal depth ranking, indicating they are better at dividing large portions of the population. The
further the points are from the line, the larger the discrepancy between measures. Our results indicate that
both measures are in agreement about the importance of the education level of individuals to predict the
event of having a first birth.

< Figure 2 here >

Response dependency

Once we have identified the most important predictors, we can examine how these variables are related to
the likelihood of having an event. We focus on the birth cohort, the educational level and origin group. We
can either examine variable dependence plots or partial dependence plots. While variable dependence plots
show the predicted response relative to a covariate of interest, partial dependence plots give us an adjusted
variable dependence. In other words, partial dependence plots are generated by integrating out the effects
of variables besides the covariate of interest. We choose to report partial dependence plots. We start with a
two-way interaction and examine the differences in fertility behaviour between immigrants, the
descendants, and natives at two points in time: by the ages of 30 and 45. This allows us to check if the
proportionality assumption holds.

The results (not reported but available upon request) show that natives have a slightly higher
probability of having a first birth by the age of 30 compared to immigrants and the descendants, whereas
immigrants are more likely, although only marginally, to have a first birth by the age of 45 compared to the
descendants and natives. As expected, Turkish and Southern European immigrants are the most likely to
have a first birth by the age of 30 compared to other groups. Similarly, among the descendants of
immigrants, the children of Turkish and Southern European immigrants have the highest probability of a
first birth. The differences in the predicted probabilities between groups are reduced when we examine the
probabilities by the age of 45. The results thus show some group differences in the share of childlessness

and also indicate differences in the timing of childbearing.

Interactions

We now examine whether and how the relationship between migrant generation and fertility changes by
birth cohort (Figure 3). The results show that the differences in the likelihood of having a child between
migrants and natives are stable across birth cohorts. Overall, individuals in more recent cohorts have a
lower probability of having a first birth, especially by age 30 suggesting the postponement of parenthood.
The analysis supports that the French natives are slightly more likely to have a first birth compared to

12



immigrants and their descendants by the age of 30. By the age of 45, however, immigrants are slightly more
likely to have a first birth.
< Figure 3 here >

Next, we examine a four-way interaction by also including the educational level of individuals
(Figure 4).!°!! Interestingly, if we focus on the likelihood of having a first birth by the age of 30, the patterns
do not differ considerably between immigrants and natives among low educated individuals; only their
descendants have slightly lower first-birth levels. By contrast, for highly educated individuals, both
immigrants and the descendants are less likely to have a first birth compared to natives. This pattern remains
similar across birth cohorts, although the predicted probabilities are lower for all population groups among
more recent cohorts. If we examine the likelihood of having a child by the age of 45, we see that among
low educated individuals, immigrants are more likely to have a first birth compared to the descendants and
natives. By contrast, among highly educated individuals, immigrants’ fertility differentials are reduced.
Highly educated immigrants are much more similar to natives in their likelihood of having a child by age
45 than low educated immigrants.

< Figure 4 here >

4.3.2. Second Birth
Next, we examine the probability of having a second birth among parents. As previously, we examine the
effect of a number of time-constant variables on the probability that the event occurs. First, we explore
variable importance using VIMP and minimal depth (See Figure A.5 for the results using VIMP and
minimal depth). Figure 5 shows that migrant generation is the most important variable to predict whether
individuals have a second birth; education was the most important variable for having a first birth.
< Figure 5 here >

We then examine how the likelihood of having a second child differs across migrant generations
and birth cohorts 5 and 10 years after the first birth (Figure A.6 in Appendix). We find no significant
differences across birth cohorts: immigrants are more likely to experience a second birth than the
descendants or natives and for all birth cohorts. Furthermore, the difference in the probabilities between
immigrants and natives is stable over time since the first birth. This result supports that birth cohort is not

important to predict the event of a second birth.

10" Additionally, Figure A.4 in the Appendix also presents the predicted probabilities of having a first birth by age 30
and age 45, by migrant origin, birth cohort and educational level.

11 We also examine whether these patterns are similar for men and women. The results (not reported but available
upon request) show that the patterns are overall similar for men and women, except that men overall have lower
probabilities of a first birth than women, especially by the age of 30. Second, among low educated individuals,
immigrants’ and descendants’ fertility differentials are larger among men than among women.
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Lastly, we examine the probability of having a second birth by migrant generation, birth cohort and
educational level (Figure 6).?'* Among individuals who have low levels of education, immigrants are more
likely to have a second birth compared to the descendants and natives, at both durations and across all birth
cohorts. By contrast, among highly educated individuals, the natives are slightly more likely to have a
second birth compared to immigrants and the descendants. Most importantly, the group differences are
reduced for highly educated individuals.

< Figure 6 here >
4.3.3. Third Birth
Finally, we examine the probability of having a third child among individuals who already have two
children. We identify the most important variables to predict the likelihood of having a third child (Figure
7, see Figure A.8 in Appendix for the results using VIMP and minimal depth methods separately). The
ranking is different from the previous ones: family size is now the most important variable to predict the
event of having a third birth.

< Figure 7 here >

We first examine how the probability of having a third birth differs by migrant generation and birth
cohort (Figure A.9 in Appendix). There are no significant differences across birth cohorts. Immigrants are
more likely to have a third birth compared to the descendants and natives. This is the case both at 5 years
and at 10 years after the second birth. Next, we examine the probability of having a third birth by migrant
generation, birth cohort and educational level (Figure 8).'*!> Immigrants are more likely to experience an
event, irrespective of the birth cohort and level of education. Again, the differences in the third-birth
probabilities between immigrants, descendants and natives are reduced for highly educated individuals.

< Figure 8 here >

12 Figure A.7 in the Appendix also presents the predicted probabilities of having a second birth 5 and 10 years after
the first birth, by origin group, birth cohort and educational level.

13 We examine whether the results differ for men and women. The results (available upon request) show that overall,
the patterns are similar. Among low educated individuals, immigrants have the highest probability while among highly
educated individuals, the natives have the highest probability. However, one difference to note is that the patterns
differ among men and women for the most recent cohort. Among men born in the 1980s, immigrants have the highest
probability of having a second birth no matter the level of education, while among women born in the 1980s, the level
of education matters: while among low educated individuals, immigrants have the highest probability, among highly
educated individuals, the natives have the highest probability.

14 Figure A.10 in the Appendix also presents the predicted probabilities of having a third birth 5 and 10 years after a
second birth, by origin group, birth cohort and educational level.

15 When exploring potential differences between men and women, we find significant differences among the most
recent cohorts. For individuals born in the 1950s and in the 1960s, among both men and women, immigrants have the
highest probability. Among individuals born in the 1970s, for men, immigrants have the highest probability no matter
the level of education whereas for women, immigrants have the highest probability only among low educated
individuals. For highly educated women, natives have the highest probability. Lastly, among individuals born in the
1980s, the fertility differentials are larger among women than men.
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5. Discussion

This paper demonstrates that random survival forest can be useful as a substitute or a complement to
standard survival and event history analysis. We applied the RSF technique to examine the probability of
having a first, second and third birth among immigrants, their descendants, and natives using rich
longitudinal data from France. Our analysis shows some interesting findings in relation to the fertility
behaviour of immigrants. On average immigrants have a higher probability of having a first and third birth
compared to natives. However, and importantly, fertility differences between immigrants and natives are
much smaller among highly than low educated individuals. In other words, the study shows that highly
educated immigrants are very similar to natives in their childbearing behaviour.

Our results highlight some advantages of RSF over conventional survival analysis. First, the
method requires no pre-selection of variables. Second, the technique allows us to assess the predictive
importance of the covariates. In particular, our results show that the educational level matters the most to
explain the probability of a first birth. Migrant generation matters the most for the probability of a second
birth, whereas family size is the most important predictor of a third birth. Third, the method is ideally suited
for detection of complex interaction effects, thus helping to define groups of individuals with specific
survival probability.

Although RSF allows us to address some issues that conventional methods of survival analysis
face, the technique of RSF also suffers from shortcomings. The most notable drawback of RSF and machine
learning techniques in general is that the models are “black boxes” that can be hard to interpret. This is due
to the fact that RSF is completely data driven and thus independent of any hypothesis testing. It simply
seeks a model that best explains the data. RSF may nevertheless represent a suitable tool for exploratory
analysis of survival or time-to-event data where previous knowledge is limited. Our application of the
method to the analysis of immigrant fertility behaviour shows that random forest can easily be applied to
different settings in life-course research and that research on migrant fertility should pay more attention to
how education shapes childbearing patterns among minority populations. We hope that our paper

demonstrates the potential of RSF and other machine learning techniques for demographic research.
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Tables and Figures

Figure 1. ROC Curves at Different Surviving Time
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Source: Trajectories and Origins, authors’ own calculations.

Figure 2. Random Forest Variable Selection — Probability of a First Birth
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results using Minimal Depth. Low minimal depth indicates important variables. All variables are
above the threshold of maximum value for variable selection. Lastly, in (c), we compare the two
variable rankings.
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Figure 3. Predicted Probability of a First Birth by Age 30 and Age 45, by Migrant Generation

and Birth Cohort
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1.0

0.8 ©
= @
& =
o« 0.6 o
=
=
B 0.4+
'® 1.0
o
=
= ot

0.589 w
= g
o ©
Z067 =
=
W
8041
&
oo
o
o =
S 0.3 3
o =

=
0.6 =
0'4_ T T T T T T
Immigrants Descendants Matives Immigrants Descendants Matives

Population group
Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the

median values for each group. There are no predicted probabilities for the cohort 1970-1979 by
the age of 45 since they have not reached this age yet.

Figure 4. Predicted Probability of a First Birth by Age 30 and Age 45, by Migrant Generation,
Birth Cohort and Educational Level
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1979 by the age of 45 since they have not reached this age yet.
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Figure 5. Random Forest Variable Selection — Probability of a Second Birth
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Figure 6. Predicted Probability of a Second Birth at 5 and 10 Years Since First Birth, by

Migrant Generation, Birth Cohort and Educational Level
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the
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natives. There are no predicted probabilities for the cohort 1980-1989 for the period 10 years
after the first birth since they have not reached this stage yet.
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Figure 7. Random Forest Variable Selection — Probability of a Third Birth
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Figure 8. Predicted Probability of a Third Birth at 5 and 10 Years Since Second Birth, by
Migrant Generation, Birth Cohort and Educational Level
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of the boxes are the median values for each group. The vertical size of the boxes represents the
interquantile range. Lastly, the flattened arrows extending out of the box are the minimum and
maximum values. There are no predicted probabilities for the cohort 1980-1989 for the period
10 years after the second birth since they have not reached this stage yet.
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Appendix

Figure A.1. Steps of the Random Survival Forest Algorithm
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Figure A.2. Out of Bag Errors (OOB)
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Figure A.3. Comparison of c-indexes
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Figure A.4. Predicted Probability of a First Birth by Age 30 and Age 45, by Migrant Generation, Birth Cohort and
Educational Level
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the median values for each
group. “Low”, “Middle” and “High” refer to the level of education. The population groups from 1 to 13 stands for:
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Europe”, “2G North Africa”, “2G Sub-Saharan Africa”, “2G South East Asia”, “2G Turkey”, “2G Southern Europe”,
“2G other Europe” and lastly “Natives”.
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Figure A.5. Random Forest Variable Selection — Probability of a Second Birth
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results using Minimal Depth. Low minimal depth indicates important variables. All variables are
above the threshold of maximum value for variable selection.
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Figure A.6. Predicted Probability of a Second Birth at 5 and 10 Years Since First Birth by
Migrant Generation and Birth Cohort
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the
median values for each group. There are no predicted probabilities for the cohort 1980-1989 for

the period 10 years after the first birth since they have not reached this stage yet.
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Figure A.7. Predicted Probability of a Second Birth at 5 and 10 Years After the First Birth, by Migrant Generation,
Birth Cohort and Educational Level
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the median values for each
group. “Low”, “Middle” and “High” refer to the level of education. The population groups from 1 to 13 stands for:
“1G North Africa”, “1G Sub-Saharan Africa”, “1G South East Asia”, “1G Turkey”, “1G Southern Europe”, “1G other

Europe”, “2G North Africa”, “2G Sub-Saharan Africa”, “2G South East Asia”, “2G Turkey”, “2G Southern Europe”,
“2G other Europe” and lastly “Natives”.

30



Figure A.8. Random Forest Variable Selection — Probability of a Third Birth
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Source: Trajectories and Origins, authors’ own calculations. Notes: In (a), we present the results
of Variable Importance (VIMP). Importance is relative to length of bars. In (b), we present the
results using Minimal Depth. Low minimal depth indicates important variables. All variables are
above the threshold of maximum value for variable selection.
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Figure A.9. Predicted Probability of a Third Birth at 5 and 10 Years Since Second Birth, by
Migrant Generation and Birth Cohort
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the
median values for each group. There are no predicted probabilities for the cohort 1980-1989 for

the period 10 years after the second birth since they have not reached this stage yet.
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Figure A.10. Predicted Probability of a Third Birth at 5 and 10 Years After the Second Birth, by Migrant
Generation, Birth cohort and Educational Level
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Source: Trajectories and Origins, authors’ own calculations. Notes: The black lines are the median values for each
group. “Low”, “Middle” and “High” refer to the level of education. The population groups from 1 to 13 stands for:
“1G North Africa”, “1G Sub-Saharan Africa”, “1G South East Asia”, “1G Turkey”, “1G Southern Europe”, “1G other
Europe”, “2G North Africa”, “2G Sub-Saharan Africa”, “2G South East Asia”, “2G Turkey”, “2G Southern Europe”,
“2G other Europe” and lastly “Natives”.
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