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Abstract

Sequence analysis is an established approach to study life courses. In this

context, multichannel sequence analysis (MSA) and the extended alphabet

(EA) approach are the most frequently used strategies when multiple life do-

mains are considered simultaneously. We compare these two methods using

real data composed of four life domains. We focus on clustering since sequence

analysis usually aims to identify typical patterns in sequences. The analysis is

first done on the full dataset. Then, since at least professional status trajecto-

ries proved to be different between men and women and, potentially, their link

with the other domains, the same analyses are run separately by sex. Finally,

two extreme cases of optimal matching, namely Levenstein and Hamming dis-

tance, are explored. Neither of the approaches is clearly superior. Indeed, the

results of both methods are often close. Although MSA is generally easier

to use and applies to a broader range of situations, EA can provide original

typologies in some cases.

Keywords: sequence analysis, multiple life domains, real data, clus-

tering, multichannel sequence analysis, extended alphabet
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1 Introduction

Life course analysis is concerned with the many events that punctuate the lives of

individuals from birth to death. The focus is often on several supposedly interrelated

domains, the idea being that resources, behaviours, and goals in one domain are

linked with the resources, behaviours, and goals of other domains (Bernardi et al.,

2019). Therefore, to fully understand a given life domain, its linked domains are

considered simultaneously. One of the most striking examples is that of work and

family, where numerous studies have demonstrated, for example, the impact of the

birth of children on women’s occupational trajectories (Piccarreta and Billari, 2007;

Widmer and Ritschard, 2009; Aisenbrey and Fasang, 2017).

Sequence analysis, a central tool in the study of life courses, aims to determine

their most important features. Possible situations occurring during the life course are

represented by a finite set of mutually exclusive states, whose succession over time

is called a sequence. These sequences are considered as a whole, with the idea that

events cannot be isolated from each other (Piccarreta and Studer, 2019). A standard

sequence analysis is typically conducted by computing the pairwise dissimilarities

between the sequences of different individuals before applying clustering to identify

a typology (Abbott and Tsay, 2000). Optimal matching, which was first applied

to social sciences by Abbott and Forrest (1986), is often used to compute these

pairwise dissimilarities. In this framework, the minimum effort necessary to change

one sequence into another through the insertion, deletion, and substitution of states

is determined. Since the introduction of optimal matching to social sciences, many

variations of optimal matching and other types of dissimilarities have been provided

(Studer and Ritschard, 2016). However, basic optimal matching remains the most

often used approach. Sequence analysis has often been applied in the life course

approach in such domains as transition into adulthood (Oris and Ritschard, 2014;

Lorentzen et al., 2019), work pathways (Malin and Wise, 2018; Wahrendorf et al.,

2018), and union trajectories (Jalovaara and Fasang, 2017).

Multiple sequences are sometimes considered simultaneously. This happens in

broadly two types of situations (Studer, 2015). First, these sequences could be subdi-

mensions of the same concept. For example, income and labour market positions are

two indicators of careers trajectories (Mattijssen and Pavlopoulos, 2018). Then, se-

quences from different life domains could be considered simultaneously. The latter is

either done to summarize the association between life domains (Spallek et al., 2014)

or to reduce the information for a further analysis (Müller et al., 2012). With mul-

tiple sequences, joint sequence analysis, which is an extension of standard sequence

analysis, can be used. Joint sequence analysis involves the computation of dissimilar-

2



ities based on all domains (Piccarreta, 2017). The two most common strategies are

the extended alphabet (EA) approach and multichannel sequence analysis (MSA)

(Gauthier et al., 2010). With the former, the states of each domain are combined to

build a single set of super-states, called an extended alphabet, each super-state being

defined by combining one state from each of the original domains. Then, to com-

pute the pairwise dissimilarities between the sequences, optimal matching is usually

used with substitution costs based on transition rates (Piccarreta and Billari, 2007;

Lesnard, 2008). On the contrary, MSA extends optimal matching to the multidi-

mensional case. Concretely, the substitution cost needed to align two multichannel

sequences at a given timepoint is defined as the mean, possibly weighted, of the sub-

stitution costs needed to align each channel separately. Insertion/deletion (indel)

costs are set as half the highest substitution cost for EA, while they are averaged

over the different channels for MSA. Moreover, these two strategies are combinable:

some channels can be first aggregated before applying MSA, as in Schwanitz (2017),

where three channels relative to family where first aggregated before applying MSA

to family and professional sequences. Whatever the approach, after the computa-

tion of pairwise dissimilarities, a clustering is often used to identify the most typical

patterns in the data. However, the application of other sequence analysis tools such

as pseudo-ANOVA (Studer et al., 2011) and regression trees (Studer, 2018) is also

possible.

The goal of this paper is to compare empirically, via cluster analysis, EA with

MSA. To the best of our knowledge, this has never been achieved using real data, the

idea being to understand the differences in behavior of EA and MSA, and to deter-

mine which method is the most suited depending of the context. Concretely, we use

four channels with various interrelations between them in order to consider a broad

range of situations. We determine the ability of MSA and EA to produce clusterings

that take the link between channels into account, when there is one, summarize in-

dividual channels efficiently, and have homogeneous clusters. Moreover, we look at

the fundamental differences between EA and MSA clusterings, particularly in terms

of duration, timing and sequencing. We use the last methodological developments

in multichannel analysis for this purpose.

The remainder of this paper is organised as follows. The empirical dataset is

described in Section 2 and the methodological tools used to compare EA with MSA

are presented in Section 3. The results are presented in Section 4 and a discussion

ends the paper.

3



2 Data

We used data from the Swiss Household Panel (Tillmann et al., 2016), a yearly panel

study that started in 1999. People living in Switzerland are interviewed on different

topics such as family, work, and health. In 2013, a third sample of 4093 households

comprising 9945 individuals was added into the panel. In addition to the standard

questionnaires, a retrospective life history calendar was used (Kühr et al., 2013).

Life domains such as residential trajectory, residency, living arrangements, partner

relationships and changes in civil status, family events, professional activities, and

health issues are investigated from birth to 2013. Here, we considered sequences

of individuals between the ages of 20 and 45 who had answered questions in the

domains of professional activities, health issues, living arrangements, and family

events and who responded without interruption, for a total of 1707 respondents. We

then defined four independent channels with the following states:

� Child: 0 to 4 years old, if at least one child between the age of 0 and 4 lives

in the same household, 5 to 18 years old, if there is at least one child between

5 and 18 but no child between 0 and 4, and No otherwise.

� Cohabitational status: living with Both parents, living with One parent, living

with a Partner, living Alone, and Other situations.

� Professional status: Education, Full-time employment, Part-time employment,

and Non-working.

� Health issues: Yes if the person has during the considered year suffered an

illness/accident or undergone surgery or psychological issues and No otherwise.

Cohabitation and child trajectories are expected to be highly interrelated and

are often considered in the literature as a single trajectory. They can be seen as two

indicators of the family trajectory. The simultaneous analysis of occupational and

family sequences is a typical application of MSA, especially for women, while we do

not expect a link between health and any other domain.

Although we did not intend to draw conclusions about the Swiss population, the

1707 respondents were weighted to better account for selection bias and allow us to

work with a more representative sample.

3 Methods

As pointed out by Gauthier et al. (2010), a joint analysis is suitable only if the

domains are associated. Therefore, the first point is to check whether their degree
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of association is sufficient to justify a joint analysis. Even when the channels are

indicators of the same dimension, their supposed interrelation need to be verified.

For that purpose, Piccarreta (2017) extended the Cronbach’s α and principal com-

ponent analysis (PCA) approaches. Consider p dissimilarity matrices D1, . . . , Dp

containing the pairwise dissimilarities computed on p domains. One can then con-

sider d1, . . . , dp, the vectors of the respective upper triangular values of the matrices

D1, . . . , Dp, as p measurements of the same concept. Cronbach’s α can then be ap-

plied to assess the similarity between the measurements. PCA can also be applied

to the set of vectors d1, . . . , dp to detect the relations between domains by inspecting

the loadings. Moreover, when a joint sequence analysis is selected and its related

dissimilarity matrix DJSA is computed, the correlations between the ds, s = 1, . . . , p,

and dJSA shed light on how well the domain-specific information is summarised by

the joint method. All these measures depend on the choice of dissimilarity measure

used to compute the pairwise dissimilarities on the individual domains.

To derive a typology, a hierarchical clustering with Ward linkage is commonly

used with sequences. The average silhouette width (ASW) (Rousseeuw, 1987) and

Hubert’s C index (HC) (Hubert and Levin, 1976) are standard criteria for selecting

the number of clusters. For each element, the silhouette value is a comparison

between the cohesion of this element in its assigned cluster and its separation from

other clusters. The ASW is the mean of these values. It ranges from −1 to 1;

the higher the value, the better it is. When the data are weighted to account for

selection bias, the weighted version of the ASW (ASWw) is used (Studer, 2013).

The ASW can also be computed independently for each cluster to determine its

internal cohesion. HC compares the sum of the obtained within-cluster distances

with the minimum possible value with the same distance and number of groups.

Contrary to the ASW, a smaller value is better for HC.

On the one hand, a clustering provides results even if the domains are fully

dissociated. On the other hand, even with channels that are supposedly interrelated,

some clusterings could take accordingly their link into account, while others may not.

Therefore, to validate a joint typology, Studer (2019) extended the work of Hennig

and Liao (2010) and Hennig and Lin (2015) to sequences to study the behaviour of

a clustering quality measure with similar but unstructured data using permutation

tests. More precisely, with multichannel sequences, one channel is kept fixed and the

others are randomly permuted. A clustering is then applied and a cluster quality

index is computed. This process is repeated many times, usually 1000 times, to build

a bootstrap confidence interval for the desired quality index under the hypothesis

that the domains are not associated. Comparing the value obtained by clustering the
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empirical data with that from clustering the unstructured data, we can determine

whether the clustering takes into account the interrelation between the domains or

not. When more than two domains are involved, this procedure can also be applied

to ensure that a given domain is taken into account by the clustering. In this

context, the sequences of each domain are fixed except for those of the considered

domain, which are randomly permuted. A bootstrap confidence interval for the

desired cluster quality index is then built under the hypothesis that the domain

of interest is not associated with the others. Comparing the bootstrap confidence

interval with the value obtained from the empirical data allows us to deduce whether

the clustering takes into account the individual domain or not.

Another useful tool to determine if a clustering takes into account each individual

domain is the domain-specific R2 (Piccarreta, 2017). This represents the share of

the total pairwise dissimilarities of a domain explained by a clustering. If the R2

computed on an individual domain is low, the clustering does not explain this domain

satisfactorily.

We compared MSA and EA on their ability to produce meaningful results in

different contexts. To do so, we first determined if the domains are linked using

Cronbach’s alpha and PCA. Since we did not have any clear cut value to decide

that some domains are linked or not, we studied a large range of possibilities. This

also gave a broad idea on the behavior of Cronbach’s alpha and PCA with real

data. Then, for each of the two methods, we determined the clusterings that were

significant according to bootstrap validation. Even in the case of cohabitational

status and child trajectories, which are supposedly intrinsically linked, the bootstrap

procedure is useful to discard the clusterings that did not take accordingly the link

into account. We then compared how the clusterings fundamentally differ between

the two methods using chronograms and index plots. We particularly focused on the

central aspects structuring sequences, namely timing (i.e the age of an individual in

a specific state), sequencing (i.e the ordering of the states) and duration (i.e the age

of an individual in a specific state). Moreover, when deriving a joint typology, it is

desirable that each cluster is well-defined, that all channels are considered equally

and efficiently, and that the result represents a decent part of the population. We

determined how the clusterings satisfy these criteria.

We separated the analysis into three parts. First, the full dataset of 1707 indi-

viduals was analysed. Then, since at least the professional status trajectories proved

to be different between men and women as well as, potentially, their relationship

with the other domains, the same analyses were run separately by sex. Finally, we

explored the two extreme cases of standard optimal matching, namely, when only
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substitution costs are involved (Hamming distance) and when only indel costs are

used (Levenstein distance). Indeed, as noted by Studer and Ritschard (2016), one

can control the sensitivity of optimal matching to differences in timing and dura-

tion by controlling the trade-off between the substitution and indel costs. With the

Hamming distance, the sensitivity is at its maximum for timing and minimum for

duration, whereas the opposite is true with the Levenstein distance. Considering

these two extreme cases of optimal matching thus provides a better comprehension

of the behaviour of the EA and MSA methods. All the computations were per-

formed within the R statistical environment (R Core Team, 2019). Specifically, the

TraMineR package (Gabadinho et al., 2011) and WeightedCluster package (Studer,

2013) were used for most of the analyses.

4 Results

This section presents the comparison of the EA and MSA methods using our em-

pirical data. First, we used the full dataset (see Section 4.1), then the analyses were

performed separately by sex (4.2), and finally we considered two extreme cases of

optimal matching based on the Hamming and Levenstein distances (4.3).

4.1 Full dataset

Figure 1 summarizes the full dataset by showing the chronograms of the four do-

mains for the 1707 respondents, and we first used the tools developed by Piccarreta

(2017) to assess the interrelation between the domains. We restricted ourselves to

the standard features of the algorithms because we wanted to concentrate on the

substantial differences between the EA and MSA approaches, without the risk of

perturbations caused by subtle variations in the algorithms. Therefore, in each do-

main, optimal matching was used with a substitution cost of 1 and an indel cost

of 0.5 to compute the dissimilarity between each pair of sequences. Considering all

the domains together produced a Cronbach’s α of 0.26, which is low. Removing

the health issues or professional status domain slightly increased the value, while

discarding the child or cohabitational status trajectories produced a Cronbach’s α

close to zero. Only considering the child and cohabitational status domains provided

the best Cronbach’s α (0.53). This was still below the usual acceptable threshold

of 0.7; however, how the raw Cronbach’s α value is interpretable in the context

of sequences is unclear. The computation of Cronbach’s α on each other pair of

domains produced values lower than 0.1. Therefore, only the cohabitational status

and child domains seemed potentially interrelated. These results were confirmed by

7



the outcome of the PCA, as shown in Table 1. Indeed, the first principal component

was highly associated with the cohabitation and child domains, while the second was

mainly related to the professional status domain and the third was almost totally

related to health issues. We chose to focus only on the domains possibly suitable for

a joint analysis according to the Cronbach’s α and PCA, namely, the cohabitational

status and child domains with the idea of deriving a family typology.

Table 1: Loadings of the PCA applied to the pairwise dissimilarities computed on
the four domains.

Domain PC1 PC2 PC3
Child 0.83 0.14 -0.04
Cohabitational 0.82 -0.16 0.05
Professional -0.01 0.99 0.03
Health issues 0.01 0.03 1
Eigenvalues 1.36 1.02 1

In the next step, we performed a joint analysis using MSA and EA alternatively.

We again restricted ourselves to the standard features of these algorithms. According

to the correlation between the vectors containing the pairwise dissimilarities, both

methods seemed to summarise the information from the single domains well, but

the results were slightly better for MSA. Indeed, we found correlations of 0.811

and 0.814 between dMSA and, respectively, dChild and dCohab, while the respective

correlations for dEA with the individual domains were 0.752 and 0.749, respectively.

In both the MSA and the EA approaches, the optimal number of groups was

somewhere between two and five. Figure 2 shows the considerable drop in ASWw

and increase in HC between five and six groups, with these changes more pronounced

for EA. In the case of MSA, both cluster quality indices were better for the two-

cluster solution, whereas ASWw was the best for two clusters and HC was the best

for five clusters in the case of EA. We used the procedure developed by Studer

(2019). Figure 3 provides the values obtained with our data, represented by the

dots, and the 95% bootstrap confidence intervals for both HC and ASWw under

the null hypothesis that the domains are not significantly associated. In the case

of EA, both HC and ASWw were significant between two and five groups. Since

the relative distance between the dot and confidence interval is at its maximum for

the separation in four and five groups, the most significant results were obtained

with these two clusterings. The picture was less clear for MSA. Both cluster quality

indices were significant for the clustering in two and four groups, but ASWw was

not significant for any other number of clusters.

The final step consisted in analysing the different clusterings in two to five groups
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and showing how they differ between the MSA and EA approaches. On the one hand,

the two-cluster solutions for both MSA (Figure 4) and EA (Figure 5) were almost

identical, and these methods mainly separated the individuals according to whether

they lived with a child, with the exception of individuals living with a child at an

older age after living for a long time alone or having short periods with a child in

their household. Both approaches agreed on the assignment of 99% of the sequences.

The first group contained about 73% of the individuals and the second one 27%.

On the other hand, the results differed for the three-cluster solution. In comparison

with the two-cluster solution, the child cluster was split according to the timing

of childbirth for MSA (Figures 6 and 7), while for EA the non-child cluster was

split with respect to cohabitational status (alone vs partner) (Figure 8). Thus, both

approaches involved an additional cluster of individuals living with a child and other

types of cohabitational statuses, which led to the four-cluster solutions (Figures 10,

11, 12, and 13). Finally, the separation into five groups provided by MSA involved

two clusters of individuals living with a child that depended on the timing, two

clusters of people not living with a child split according to cohabitational status,

and one cluster of individuals living with a child and alternative cohabitational

statuses (Figures 14 and 15). The five-cluster solution provided by EA (Figures 16

and 17) contained three groups of individuals without children. These three groups

were split according to cohabitational status: living alone, living with a partner, and

living neither alone nor with a partner. In addition, MSA tended to provide more

balanced clusters than EA did. Indeed, the largest group in the five-cluster solution

of MSA (group 1) represented about 48% of the total sample and three of the other

groups represented more than 10% of respondents each. By contrast, group 1 of the

five-cluster solution of EA represented about 68% of the total sample and only one

of the four other groups comprised more than 10% of respondents.

On the basis of the MSA approach, one would select either the two- or the four-

group solution. The separation into two groups was more significant according to

bootstrap validation and the groups were relatively homogeneous with an ASWw of

0.48 for the first cluster and 0.38 for the second one (Table 2). The clustering was

more driven by the child domain since the R2 values of the individual domains were

0.8 (child domain) and 0.67 (cohabitational status domain). Although less significant

according to the bootstrap validation, the separation into four groups allowed for a

more detailed typology, and the clusters were balanced with ASWw values between

0.2 and 0.28. The last group is relatively small though. This is more problematic

when the typology is the goal because the generalisability of the results is limited

than when the typology is built to reduce the information for a further analysis.
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For the EA approach, the clustering in five groups was the most suitable. It was,

with the four-group clustering, the most significant one according to the bootstrap

validation, and we observed a clear drop in terms of ASWw between the five-group

and six-group solutions. Moreover, this explained almost the same share of the

discrepancy by individual domain (0.8 for the child and 0.79 for the cohabitational

status domain). However, the last group is ill-defined (ASWw by group of 0.02)

and the first cluster contains almost 70% of the total weighted sample inducing

small clusters. Therefore, the selected typologies differed depending on whether the

MSA or EA approaches were used, thereby changing the conclusions drawn from

the statistical analyses.
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Table 2: Summary of the results obtained by clustering the child and cohabitational
status channels with MSA and EA. The cluster quality indices (CQI) that are sig-
nificant according to bootstrap validation are in bold. The minimum and maximum
size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab

2
MSA 0.45 0.09 0.38 0.48 27 73 0.8 0.67

EA 0.42 0.09 0.25 0.47 27 73 0.8 0.67

3
MSA 0.24 0.15 0.23 0.25 20 53 0.86 0.69

EA 0.4 0.08 0.1 0.51 9 73 0.8 0.72

4
MSA 0.26 0.12 0.2 0.28 5 48 0.86 0.73

EA 0.36 0.06 0.1 0.51 5 68 0.8 0.76

5
MSA 0.25 0.1 0.14 0.32 5 48 0.86 0.78

EA 0.37 0.05 0.02 0.47 5 68 0.8 0.79

6
MSA 0.17 0.11 0.11 0.39 5 40 0.88 0.78

EA 0.18 0.14 0.02 0.47 5 40 0.84 0.8

7
MSA 0.18 0.1 0.05 0.39 5 40 0.88 0.82

EA 0.18 0.14 0 0.46 5 40 0.8 0.79

8
MSA 0.17 0.1 0.04 0.39 5 40 0.88 0.82

EA 0.19 0.13 0 0.46 5 28 0.85 0.82

9
MSA 0.16 0.1 -0.06 0.35 5 26 0.89 0.83

EA 0.19 0.13 -0.08 0.44 5 28 0.86 0.84

10
MSA 0.16 0.1 -0.06 0.45 5 26 0.9 0.84

EA 0.19 0.12 -0.01 0.44 2 28 0.86 0.85
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Figure 1: Chronograms for the child, cohabitational, professional and health issues
trajectories over the entire dataset.
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Figure 4: Chronograms (top) and index plots (bottom) of the two-group typology
of cohabitational and child status obtained with MSA on the full dataset.
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Figure 5: Chronograms (top) and index plots (bottom) of the two-group typology
of cohabitational and child status obtained with EA on the full dataset.
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Figure 6: Chronograms of the three-group typology of cohabitational and child
status obtained with MSA on the full dataset.
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Figure 7: Index plots of the three-group typology of cohabitational and child status
obtained with MSA on the full dataset.
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Figure 8: Chronograms of the three-group typology of cohabitational and child
status obtained with EA on the full dataset.
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Figure 9: Index plots of the three-group typology of cohabitational and child status
obtained with EA on the full dataset.
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Figure 10: Chronograms of the four-group typology of cohabitational and child
status obtained with MSA on the full dataset.
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Figure 11: Index plots of the four-group typology of cohabitational and child status
obtained with MSA on the full dataset. 22
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Figure 12: Chronograms of the four-group typology of cohabitational and child
status obtained with EA on the full dataset.
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Figure 13: Index plots of the four-group typology of cohabitational and child status
obtained with EA on the full dataset.
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Figure 14: Chronograms of the five-group typology of cohabitational and child status
obtained with MSA on the full dataset.
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Figure 15: Index plots of the five-group typology of cohabitational and child status
obtained with MSA on the full dataset. 26
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Figure 16: Chronograms of the five-group typology of cohabitational and child status
obtained with EA on the full dataset.
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4.2 Analysis by sex

As pointed out by Levy et al. (2006) and Widmer and Ritschard (2009) among

others, the professional status trajectories differ between men and women. An in-

terrelation could exist between the child and professional status domains for women

since their working rate often decreases when a child is born, whereas the same is

barely observed for men. This is confirmed by the chronograms (Figure 18) and

index plots (Figure 19), which are computed separately for each sex. Indeed, the

professional status trajectories of men are mainly characterised by full-time work,

while women are more prone to non-working and part-time work, and these states

seem synchronised with the arrival of a child in the household. Moreover, women

have children slightly earlier than men. These findings motivated us to re-run all

the analyses presented in Section 4.1 separately by sex.
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Figure 18: Chronograms of child, cohabitational, professional and health issues
domains in function of sex.
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Figure 19: Index plots of child, cohabitational, professional and health issues do-
mains in function of sex.
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4.2.1 Men

We first determined which domains were associated. Considering all four domains

together produced a Cronbach’s α of 0.31. Discarding the professional status domain

slightly increased the value to 0.34, while removing both the professional status and

the health issues domains yielded a value of 0.5. Therefore, the cohabitational status

and child domains were, as for the full dataset, the most interrelated ones according

to Cronbach’s α. This was confirmed by the PCA (Table 3) since the first principal

component was highly correlated to the child and cohabitational status domains.

We also analysed the Cronbach’s α produced by each pair of domains to determine

if any other pairs were linked. Table 4 presents the results. Unlike the full dataset,

the pair composed of the health issues and cohabitational status domains as well

as the pair of the professional status and cohabitational status domains produced

Cronbach’s α values larger than 0.1 (0.17 and 0.11, respectively). Although these

values were still small, we chose to investigate these combinations of domains, as

interpreting raw Cronbach’s α values to evaluate joint domains can be unclear.

Moreover, this provided information on how the two approaches (MSA and EA)

behave when domains are weakly linked.

Table 3: Loadings of the PCA applied to the pairwise dissimilarities computed on
the four domains in the case of men.

Domain PC1 PC2 PC3
Child 0.83 -0.09 -0.06
Cohabitational 0.80 0.15 0.09
Professional 0.02 0.01 1
Health issues 0.03 0.99 0.01
Eigenvalues 1.34 1.01 1

Table 4: Cronbach’s α of each pair of domains in the case of men.

Domains Child Cohabitational Professional Health issues
Child 1 0.5 0 0.02
Cohabitational 1 0.11 0.17
Professional 1 0.06
Health issues 1

Cohabitational status–Health issues In the first step, we computed the cor-

relations between the vectors containing pairwise dissimilarities. The correlations

between dEA and, respectively, dHealth and dCohab were 0.45 and 0.91. For MSA,
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the correlations were 0.68 and 0.77, respectively. Therefore, the values given by

MSA were more balanced than those from EA. Moreover, dMSA explained a larger

proportion of health-based dissimilarities, while dEA explained a larger proportion

of cohabitational status-based dissimilarities. None of the clusterings realised with

MSA were significant neither in terms of ASWw nor in terms of HC (Figure 20).

For EA, only the three-cluster solution was significant both in terms of ASWw and

in terms of HC. This grouping consisted of one large cluster of individuals mostly

living with a partner and having at most small periods of health issues, a cluster of

people mostly living with a partner and having health problems, and one cluster of

individuals not living with a partner with diverse health statuses (Figures 21 and

22). The first two groups were relatively homogeneous, with ASWw values of 0.52

and 0.44, while the third group had a value of 0.13. The proportion of total pair-

wise dissimilarities explained by this grouping was 0.72 for the cohabitational status

domain and 0.85 for the health issues domain (Table 5). Therefore, although dEA

was more correlated with dCohab, the clustering represented a more important share

of the dissimilarities in the health issues domain. This is in line with that pointed

out by Piccarreta and Studer (2019): when domains are not clearly interrelated, the

clustering is driven by the less turbulent domain (health issues in our case).

Table 5: Summary of the results obtained by clustering the health issues and co-
habitational status channels for men with MSA and EA. The cluster quality indices
(CQI) that are significant according to bootstrap validation are in bold. The mini-
mum and maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max cohab health

2
MSA 0.55 0.16 0.32 0.56 6 94 0.59 0.87

EA 0.41 0.07 0.02 0.57 18 82 0.7 0.74

3
MSA 0.47 0.06 0.02 0.55 6 78 0.72 0.88

EA 0.39 0.07 0.13 0.52 4 82 0.72 0.85

4
MSA 0.20 0.14 -0.03 0.33 6 44 0.76 0.88

EA 0.19 0.16 0.07 0.43 4 48 0.77 0.85

5
MSA 0.21 0.12 -0.12 0.42 6 44 0.8 0.88

EA 0.20 0.14 -0.07 0.44 4 38 0.8 0.85
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Figure 20: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that cohabitational and health issues domains are not associated.
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Figure 21: Chronograms of the health issues and cohabitational status typology in
three groups obtained with EA for men.
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Figure 22: Index plots of the health issues and cohabitational status typology in
three groups obtained with EA for men.
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Cohabitational status–Professional status The case for these correlations was

similar to the case for the cohabitational status and health issues domains. Indeed,

the professional status trajectories, which are mainly characterised by full-time work,

are relatively homogeneous, and the pairwise dissimilarities were therefore more cor-

related with the cohabitational status domain. The correlations between dEA and,

respectively, dProf and dCohab were 0.51 and 0.84, while, again, the correlations com-

puted from MSA were more balanced (0.65 and 0.77). Concerning the extraction

of a joint typology of the cohabitational status and professional status domains,

none of the clusterings built by MSA and EA were significant (Figure 23). Since

the Cronbach’s α for these two domains (0.11) was even smaller than that of the

cohabitational status and health issues domains (0.17), the link between the cohab-

itational status and professional status domains was probably too weak to allow for

the extraction of a joint typology.

37



2 4 6 8 10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

ASWw confidence intervals for MSA

Number of clusters

A
S

W
w

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

HC confidence intervals for MSA

Number of clusters

H
C

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

ASWw confidence intervals for EA

Number of clusters

A
S

W
w

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

HC confidence intervals for EA

Number of clusters

H
C

 v
al

ue

Figure 23: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that cohabitational and professional domains are not associated.

Cohabitational status–Child As for the full dataset, the cohabitational status

and child domains were also the most linked in the case of men. We thus investi-

gated whether the results obtained with men only differed from the results obtained

using the full dataset. The correlations between dMSA and, respectively, dChild and

dCohab were 0.8 and 0.81, while, for EA, both correlations were 0.74. Therefore, the

individual domains were almost equally summarised by both approaches, whereas

the values were slightly higher for MSA.

The most significant grouping for the two approaches was obtained by splitting

the individuals mainly according to whether they had a child, with the exception
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of people having a child at a late age or people living for short periods with a

child. The groupings in the two clusters created by both approaches (Figure 25

and 26) were almost identical since they agreed on the assignment of 97% of the

sequences. However, the solution provided by MSA was slightly more balanced

in terms of ASWw by group. The logic behind the three-group clusterings was

similar to those of the full dataset: MSA built two clusters of individuals having

a child depending on the timing (Figures 27 and 28), while EA split the non-child

cluster according to with whom a person is living (Figures 29 and 30). The third

cluster of both clusterings were relatively ill-defined (ASWw values of 0.07 for MSA

and 0.09 for EA). Then, the four-group solutions were based on the same idea for

the two approaches: two clusters of childless people differentiated by the type of

cohabitation (partner vs no partner) and two clusters of individuals having a child

split according to timing. However, although the idea behind these two groupings

was relatively similar (Figures 31, 32 and 33, and 34), the two approaches agreed

on only 77% of the assignment of sequences. Moreover, by examining the ASWw

computed by group, the second and last clusters built by EA, which had values of

0.05 and 0.07, respectively, were ill-defined, while only the third cluster built by

MSA was so (ASWw of 0.04). According to the bootstrap validation (Figure 24),

only the grouping obtained with MSA was significant, which may explain why some

groups were ill-defined: there should not have been so many groups. According to

the R2 computed by domain (0.86 for the child and 0.75 for the cohabitational status

domains), this clustering took account of the two domains relatively well; however,

a larger share of the child domain was explained. Some clusterings in more groups

were also significant for MSA, but not for EA. Figure 35 presents the seven-group

clustering, which was, apart from the two-group clustering, the most significant for

MSA. However, some clusters were ill-defined. For instance, the fifth cluster had

an ASWw by group smaller than 0 (Table 6), while the value was even negative for

the fourth one. Moreover, some clusters became small, limiting the generalisability

of the results. This shows the limits of automatic clustering. Although significant

from a statistical point of view, a given clustering can prove unsatisfactory from the

point of view of thematic analysis. Therefore, it is always important to keep in mind

the final goal of the analyses when looking for a typology.

Summary To summarise, as hypothesized, there were no clear link between pro-

fessional and family domains for men. Even if the pair of cohabitational status and

professional status domains provided a Cronbach’s α value (0.11) slightly higher

than on the full dataset, neither MSA nor EA could extract a joint typology of the
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Figure 24: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that child and cohabitational domains are not associated.

professional status and cohabitational status domains. We hypothesised that the

link between the two domains was too weak for that. Unexpectedly, the pair of

cohabitational status and health issues domains were, exception of child and cohab-

itational domains, the most interrelated one according to Cronbach’s α. Clusterings

in two and three groups were slightly significant for EA, in line with our expec-

tation: the weaker the link between domains, the harder it is to extract a joint

typology. The derived typologies for the cohabitational status and child domains

were slightly different from those extracted from the full dataset. The two-cluster

solutions, which separated the dataset according to whether an individual had a
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Table 6: Summary of the results obtained by clustering the child and cohabitational
status channels for men with MSA and EA. The cluster quality indices (CQI) that
are significant according to bootstrap validation are in bold. The minimum and
maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab

2
MSA 0.42 0.11 0.37 0.43 27 73 0.76 0.66

EA 0.41 0.07 0.23 0.46 28 72 0.75 0.67

3
MSA 0.28 0.12 0.07 0.43 27 41 0.86 0.69

EA 0.39 0.07 0.09 0.57 9 72 0.75 0.73

4
MSA 0.28 0.10 0.04 0.43 13 41 0.86 0.75

EA 0.19 0.16 0.05 0.56 9 41 0.83 0.75

5
MSA 0.27 0.09 -0.07 0.38 10 41 0.86 0.78

EA 0.20 0.14 0.02 0.53 9 41 0.83 0.77

6
MSA 0.27 0.07 -0.14 0.36 4 41 0.87 0.79

EA 0.21 0.13 0.08 0.52 5 41 0.83 0.8

7
MSA 0.28 0.07 -0.14 0.47 4 41 0.87 0.81

EA 0.18 0.15 0.03 0.52 5 21 0.84 0.81

8
MSA 0.18 0.1 -0.16 0.47 4 21 0.89 0.81

EA 0.19 0.13 -0.05 0.51 5 21 0.85 0.83

9
MSA 0.19 0.1 0.02 0.46 1 21 0.9 0.82

EA 0.19 0.12 -0.01 0.48 5 21 0.85 0.85

10
MSA 0.19 0.09 0.02 0.44 1 21 0.9 0.83

EA 0.21 0.11 -0.07 0.48 5 20 0.85 0.86

child, were still among the most significant clusterings for both approaches. How-

ever, a broader range of clusterings was significant for MSA in comparison with the

full dataset, while the opposite was true for EA. In general, timing was an important

feature for classifying men’s sequences into clusters since most clustering involved

separations according to the arrival of a child in the household and MSA was better

at taking that into account.
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Figure 25: Chronograms (top) and index plots (bottom) of the child and cohabita-
tional status typology in two groups obtained with MSA for men.
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Figure 26: Chronograms (top) and index plots (bottom) of the child and cohabita-
tional status typology in two groups obtained with EA for men.
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Figure 27: Chronograms of the child and cohabitational status typology in three
groups obtained with MSA for men.
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Figure 28: Index plots of the child and cohabitational status typology in three groups
obtained with MSA for men.
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Figure 29: Chronograms of the child and cohabitational status typology in three
groups obtained with EA for men.
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Figure 30: Index plots of the child and cohabitational status typology in three groups
obtained with EA for men.
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Figure 31: Chronograms of the child and cohabitational status typology in four
groups obtained with MSA for men.
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Figure 33: Chronograms of the child and cohabitational status typology in four
groups obtained with EA for men.
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Figure 34: Index plots of the child and cohabitational status typology in four groups
obtained with EA for men.
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Figure 35: Chronograms of the child and cohabitational status typology in seven
groups obtained with MSA for men.
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Figure 35: Chronograms of the child and cohabitational status typology in seven
groups obtained with MSA for men (continued).
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4.2.2 Women

For women, as for the full dataset, the health issues trajectories were disconnected

from all other domains. Each pair of domains involving health issues had a Cron-

bach’s α smaller than 0.04. The conclusion was different for the professional status

domain. Although the cohabitational status and child trajectories, which had a

Cronbach’s α of 0.54, were still the most interrelated domains, the professional

status domain was somehow linked to them. Taking the three domains together,

we obtained a Cronbach’s α of 0.51, while the pairs of professional status and,

respectively, child and cohabitational status domains gave values of 0.39 and 0.26,

respectively. Although these values are not high, they are larger than those obtained

with the full dataset. Therefore, a joint typology of the cohabitational status, child,

and professional status trajectories might be suitable, like expected beforehand, in

addition to those typologies involving only two domains.

Child–Cohabitational status–Professional status At first sight, MSA seemed

better at summarising the information issued from the three domains. We obtained

correlations of 0.75, 0.63, and 0.7 between dMSA and, respectively, dChild, dProf , and

dCohab, while the respective correlations for dEA with the single domains were 0.48,

0.7, and 0.48.

As before, we determined which clusterings were meaningful using bootstrap

validation. Figure 36 shows that the solutions in the two and six groups built by

MSA were significant in terms of both ASWw and HC, with splitting into two groups

clearly more significant than into six groups. For EA, the solution in three groups

was significant. Other clusterings were also significant, but the number of groups

was too important (e.g. nine or ten). Therefore, some were ill-defined, while others

were too small to allow us to generalise (Table 7).

Since more than two domains were involved, we applied the bootstrap proce-

dure to determine whether each individual domain was taken into account by these

clusterings. Figure 37 shows that the three domains were taken into account by

the two-group solution built by MSA since, for each individual domain, the ASWw

and HC obtained with our data were respectively above and below the confidence

intervals built under the hypothesis that the individual domain is disassociated from

the others. However, there was a larger significance, both in terms of ASWw and

in terms of HC, when the sequences of the child domain were randomly permuted

compared with randomising the two other domains, probably because the child do-

main was more linked, according to the Cronbach’s α value, to the other domains.

Concerning the grouping in three groups built with EA, the cohabitational status
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domain was clearly not taken into account (Figure 38). We cannot really draw

any conclusions for the other two domains since only ASWw was significant. This

suggests that EA had some difficulties combining the information issued from the

different domains. This is explainable by the fact that combining the three domains

produced an extended alphabet of 60 states, with a few rare categories. Some substi-

tution costs violated the triangle inequality producing an inconsistent dissimilarity

measure. It was, for example, less costly to first substitute the extended state 0 to

4 years old/Both parents/Education with 5 to 18 years old/Other/Education before

substituting the latter with 0 to 4 years old/Other/Education than to directly substi-

tute 0 to 4 years old/Both parents/Education with 0 to 4 years old/Other/Education.

Therefore, we have reached a limitation of the EA approach here.

The two-group solution built with MSA and presented in Figure 39 was charac-

terised by one cluster of women having a child, mainly living with a partner, which

were more prone to part-time working or non-working, and one cluster of women

not having a child with a variety of living statuses and working mainly full-time.

Both groups were relatively homogeneous since the ASWw values by group, 0.36 and

0.35, were balanced. The R2 values by group were 0.82 for the child domain, 0.66

for the cohabitational status domain, and 0.47 for the professional status domain.

These values confirmed that the clustering was more driven by the central domain

according to Cronbach’s α, namely, the child one.
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Figure 36: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that child, cohabitational and professional domains are disassociated.
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Figure 37: ASWw and HC values obtained by clustering the data with MSA, rep-
resented by the dots, together with bootstrap confidence intervals built under the
hypothesis that the professional (top), cohabitational (middle) or child domain (bot-
tom) is disassociated from the others.
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Figure 38: ASWw and HC values obtained by clustering the data with EA, rep-
resented by the dots, together with bootstrap confidence intervals built under the
hypothesis that the professional (top), cohabitational (middle) or child domain (bot-
tom) is disassociated from the others.
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Table 7: Summary of the results obtained by clustering the child, cohabitational and
professional status channels with MSA and EA. The cluster quality indices (CQI)
that are significant according to bootstrap validation are in bold. The minimum
and maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab prof

2
MSA 0.36 0.11 0.35 0.36 23 77 0.82 0.66 0.47

EA 0.14 0.38 0.01 0.47 26 74 0.51 0.6 0.57

3
MSA 0.19 0.21 0.01 0.35 23 45 0.82 0.67 0.62

EA 0.19 0.27 0.01 0.42 26 43 0.63 0.68 0.68

4
MSA 0.2 0.15 0.01 0.28 20 32 0.84 0.67 0.69

EA 0.21 0.23 0 0.42 10 33 0.69 0.71 0.69

5
MSA 0.21 0.13 0.14 0.26 9 32 0.88 0.68 0.72

EA 0.17 0.26 -0.01 0.3 10 33 0.7 0.71 0.73

6
MSA 0.21 0.11 0.12 0.26 7 32 0.88 0.7 0.74

EA 0.18 0.18 -0.12 0.3 10 26 0.75 0.73 0.74

7
MSA 0.17 0.14 0.08 0.29 7 25 0.9 0.7 0.76

EA 0.18 0.17 -0.14 0.44 6 26 0.75 0.77 0.75

8
MSA 0.17 0.12 0.07 0.29 4 21 0.9 0.73 0.76

EA 0.19 0.14 -0.11 0.44 5 26 0.78 0.77 0.76

9
MSA 0.16 0.13 0.03 0.26 45 18 0.9 0.73 0.79

EA 0.2 0.12 -0.08 0.44 4 26 0.81 0.78 0.77

10
MSA 0.16 0.12 0.07 0.25 4 18 0.9 0.74 0.81

EA 0.21 0.12 -0.1 0.4 4 26 0.81 0.78 0.78
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Figure 39: Chronograms of the child, cohabitational and professional status typology
in two groups obtained with MSA for women.
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Cohabitational status–Professional status Among the three related domains

(child, cohabitational status, and professional status), the cohabitational status–

professional status pair had the lowest Cronbach’s α (0.26). According to the cor-

relations, EA summarised the professional status domain well (correlation of 0.80),

probably at the expense of the cohabitational status domain (0.53). On the con-

trary, both correlations were higher than 0.7 for MSA, with a slightly higher value

for the cohabitational status domain (0.76 vs 0.73).

Regarding the clusterings, only separation into two groups was significant for

MSA in terms of both HC and ASWw (Figure 40). The first cluster (Figure 41) was

composed of women working part-time or not working any longer in their forties

who mainly lived with a partner. The second cluster contained women that worked

full-time in their forties. The women in this cluster had a variety of cohabitational

statuses. The first group, which had an ASWw of 0.32, was more homogeneous than

the second group, which had an ASWw of 0.24. The R2 was 0.63 for the cohabita-

tional status domain and only 0.57 for the professional status domain. Therefore,

this clustering was slightly more driven by cohabitational status (Table 8).

For EA, only the three-group solution was significant in terms of both HC and

ASWw. The women were mainly split according to their professional status (part-

time vs non-working vs full-time) (Figure 42). The second group was the most

homogeneous (ASWw of 0.49). The first group was still relatively well defined

(ASWw of 0.28), while the last group was ill-defined (0.09). According to the R2

values (0.73 for the professional status domain and 0.69 for the cohabitational status

domain), the clustering was also slightly more driven by the professional status.
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Figure 40: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that cohabitational and professional domains are disassociated.
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Table 8: Summary of the results obtained by clustering the cohabitational and pro-
fessional status channels for women with MSA and EA. The cluster quality indices
(CQI) that are significant according to bootstrap validation are in bold. The mini-
mum and maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max cohab prof

2
MSA 0.3 0.19 0.24 0.32 27 73 0.63 0.57

EA 0.23 0.3 0.09 0.52 32 68 0.6 0.61

3
MSA 0.27 0.18 0.16 0.45 27 41 0.64 0.76

EA 0.3 0.16 0.09 0.49 32 36 0.69 0.73

4
MSA 0.26 0.16 0.14 0.43 13 41 0.7 0.76

EA 0.31 0.12 -0.05 0.49 12 36 0.74 0.75

5
MSA 0.24 0.12 -0.1 0.38 13 32 0.75 0.78

EA 0.31 0.1 -0.11 0.47 6 36 0.77 0.75

6
MSA 0.25 0.1 0.01 0.38 7 32 0.77 0.78

EA 0.26 0.12 -0.11 0.44 6 32 0.77 0.78

7
MSA 0.2 0.11 -0.04 0.26 7 32 0.77 0.82

EA 0.24 0.11 -0.12 0.42 6 32 0.77 0.81

8
MSA 0.19 0.11 -0.05 0.3 7 25 0.77 0.84

EA 0.25 0.09 -0.08 0.42 4 32 0.78 0.82

9
MSA 0.2 0.1 -0.05 0.35 5 25 0.8 0.84

EA 0.26 0.09 -0.05 0.42 3 32 0.8 0.83

10
MSA 0.2 0.09 -0.12 0.44 5 25 0.8 0.85

EA 0.22 0.11 -0.05 0.42 3 21 0.8 0.85
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Figure 41: Chronograms of the cohabitational and professional status typology in
two groups obtained with MSA for women.
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Figure 42: Chronograms of the cohabitational and professional status typology in
three groups obtained with EA for women.
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Child–Professional status Since the Cronbach’s α obtained from these two do-

mains was 0.39, it was worth extracting a joint typology based on the child and

professional status domains for women. According to the correlations, MSA sum-

marised the pairwise dissimilarities from each individual domain almost equivalently

(0.78 for child and 0.77 for professional status), while EA placed higher importance

on the professional status domain (0.81) than the child domain (0.55).

Separation into two clusters was significant both in terms of ASWw and in terms

of HC for MSA, while only ASWw was significant for EA. Thus, both approaches

provided significant clusterings for the separation into three and four groups (Figure

43). Clusterings into seven and eight groups were also significant for EA but not

as much as for the two others. The two-group solution of MSA mainly separated

women based on whether they had a child (Figure 44), while the separation made

by EA involved one cluster of women having a child and not working and a cluster

aggregating women not having a child and women working and having a child (Figure

45). The groups were more homogeneous for MSA since the ASWw values by cluster

were 0.33 and 0.55 compared with 0.43 and 0.12 for EA. Then, separation into

three groups (Figures 46, 47, 48, and 49) and four groups (Figures 50, 51, 52, and

53) obtained by both approaches were relatively similar (85% and 95% agreement,

respectively). However, the three-group solution built by MSA was less balanced

in terms of ASWw by group. The value of the second cluster was only 0.1, while

none of the values were smaller than 0.2 for EA. The solution was more driven by

the child domain for MSA, while the clustering made by EA explained an almost

equivalent part of the variance in pairwise dissimilarities for each of the individual

domains (Table 9). For both approaches, the ASWw by group values were relatively

balanced for the four-group solution. They were between 0.33 and 0.39 for EA, while

the values for MSA were more heterogeneous, varying between 0.27 and 0.43. Both

four-group solutions had almost identical R2 values and were more driven by the

child domain.

With EA, one would either choose the three-group solution because it had the

larger relative distance to the confidence intervals in terms of both ASWw and

HC and R2 was almost equal for both channels or the four-group solution because

ASWw by group was well-balanced and we observed an important increase in the R2

of the child domain between the three- and four- group solutions. With MSA, the

relative distance to the confidence intervals was also maximised for the clustering

into three group. However, one of group had a small ASWw and R2 was imbalanced.

The four-group solutions was therefore preferable. This illustrated that it was not

always possible to find a solution that optimize all the criteria.
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Figure 43: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that professional and child domains are disassociated.
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Table 9: Summary of the results obtained by clustering the child and professional
status channels for women with MSA and EA. The cluster quality indices (CQI)
that are significant according to bootstrap validation are in bold. The minimum
and maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child prof

2
MSA 0.38 0.12 0.33 0.55 23 77 0.82 0.47

EA 0.26 0.25 0.12 0.43 42 58 0.57 0.61

3
MSA 0.3 0.14 0.1 0.51 23 40 0.83 0.64

EA 0.32 0.13 0.24 0.36 24 42 0.7 0.74

4
MSA 0.33 0.09 0.27 0.43 12 40 0.83 0.74

EA 0.35 0.09 0.33 0.39 11 42 0.83 0.75

5
MSA 0.25 0.12 0.19 0.41 12 26 0.86 0.75

EA 0.28 0.12 0.18 0.39 11 30 0.83 0.78

6
MSA 0.24 0.12 0.12 0.41 7 24 0.86 0.78

EA 0.3 0.1 0.17 0.58 5 30 0.83 0.82

7
MSA 0.23 0.11 0.1 0.37 6 23 0.88 0.79

EA 0.3 0.09 0.16 0.6 2 30 0.83 0.83

8
MSA 0.22 0.1 0.04 0.61 6 19 0.88 0.81

EA 0.28 0.09 0.05 0.6 2 30 0.85 0.84

9
MSA 0.23 0.1 0.04 0.61 5 19 0.9 0.82

EA 0.24 0.12 -0.01 0.6 2 17 0.85 0.85

10
MSA 0.24 0.09 0.1 0.58 3 19 0.9 0.83

EA 0.24 0.11 -0.01 0.6 2 17 0.87 0.85
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Figure 44: Chronograms (top) and index plots (bottom) of the child and professional
status typology in two groups obtained with MSA for women.
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Figure 45: Chronograms (top) and index plots(bottom) of the child and professional
status typology in two groups obtained with EA for women.
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Figure 46: Chronograms of the child and professional status typology in three groups
obtained with MSA for women.
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Figure 47: Index plots of the child and professional status typology in three groups
obtained with MSA for women.
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Figure 48: Chronograms of the child and professional status typology in three groups
obtained with EA for women.
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Figure 49: Index plots of the child and professional status typology in three groups
obtained with EA for women.
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Figure 50: Chronograms of the child and professional status typology in four groups
obtained with MSA for women.
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obtained with MSA for women. 76
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Child–Cohabitational status This pair of domains was, as for the full dataset,

the most interrelated. According to the correlations between dissimilarities, both

domains were equivalently taken into account but the values were slightly better for

MSA (both correlations equal to 0.82 for MSA and 0.76 for EA).

Only the two-group solution was significant for MSA both in terms of ASWw

and in terms of HC, while, for EA, the clusterings from two to four groups were

significant. Other groupings were therefore not able to summarize accordingly the

link between the channels into account. The two-group solution built with MSA

split women according to whether they had a child (Figure 55), while under the

EA approach, women with other cohabitational statuses and a child were associated

with childless women (Figure 56). The clusters were more homogeneous for MSA.

Indeed, the ASWw by group values were 0.5 and 0.46, respectively, while they were

0.52 and 0.17 for EA. The clustering issued from MSA was more driven by the child

domain, while EA produced more balanced R2 values (Table 10). The three-cluster

solution built by EA involved one cluster of women having a child and living with a

partner, one cluster of women not having a child and living either with a partner or

alone, and one residual cluster of women having a child with other cohabitational

statuses and women not having a child and living with one of their parents (Figures

57 and 58). This latter group was ill-defined since the ASWw by group value was

0.06. To build the four-cluster solution, the group of women not having a child

was mainly split according to cohabitational status (partner vs alone) (Figures 59

and 60). However, the last group was still ill-defined and the groups were relatively

small, giving poor generalisation. The solution provided by MSA had better defined

clusters since ASWw by group was more balanced, while for EA the R2 by group

was more balanced.

Summary To summarise, in the case of women, three domains were linked, namely,

the child, cohabitational status, and professional status domains. These three do-

mains were first considered simultaneously. Owing to the number of states in the

alphabet, EA was unable to extract a typology. On the contrary, the clustering in

two groups built with MSA, which mainly separated women according to whether

they had a child in their household at some point, was significant and took into

account each individual domain. The EA and MSA approaches provided rela-

tively similar clusterings for the pairs of cohabitational status–professional status

and child–professional status domains. For the child and cohabitational status do-

mains, as for the full dataset, the clustering in two groups was significant for MSA

and split women mainly according to whether they had a child. Concerning EA, the

79



2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

ASWw confidence intervals for MSA

Number of clusters

A
S

W
w

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

HC confidence intervals for MSA

Number of clusters

H
C

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

ASWw confidence intervals for EA

Number of clusters

A
S

W
w

 v
al

ue

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

0.
4

HC confidence intervals for EA

Number of clusters

H
C

 v
al

ue

Figure 54: ASWw and HC values obtained by clustering the data, represented by
the dots, together with bootstrap confidence intervals built under the hypothesis
that the child and cohabitational status domains are disassociated.

clusterings between two and four groups were significant but some clusters were ill-

defined or too small, inducing poor generalisation, and the groupings were difficult

to interpret overall. Therefore, only the separation into two groups built by MSA

was suitable in this case.
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Table 10: Summary of the results obtained by clustering the child and cohabitational
status channels for women with MSA and EA. The cluster quality indices (CQI)
that are significant according to bootstrap validation are in bold. The minimum
and maximum size of the weighted clusters are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab

2
MSA 0.49 0.08 0.46 0.5 21 79 0.82 0.66

EA 0.44 0.07 0.17 0.52 29 71 0.73 0.69

3
MSA 0.25 0.17 0.18 0.39 21 43 0.89 0.67

EA 0.45 0.05 0.06 0.5 11 71 0.78 0.73

4
MSA 0.27 0.12 0.1 0.39 10 36 0.89 0.74

EA 0.42 0.05 0.03 0.65 6 71 0.78 0.78

5
MSA 0.24 0.11 0.1 0.47 9 36 0.89 0.78

EA 0.22 0.12 0.01 0.65 6 50 0.84 0.79

6
MSA 0.18 0.12 0.05 0.47 9 36 0.9 0.78

EA 0.23 0.11 0.1 0.64 3 50 0.86 0.81

7
MSA 0.17 0.11 0.05 0.42 5 31 0.92 0.78

EA 0.23 0.11 0.13 0.64 3 50 0.86 0.83

8
MSA 0.18 0.1 0.05 0.4 4 31 0.92 0.81

EA 0.18 0.14 0.02 0.64 3 34 0.89 0.83

9
MSA 0.2 0.1 0.03 0.4 4 21 0.92 0.83

EA 0.19 0.13 0.01 0.64 1 34 0.89 0.84

10
MSA 0.19 0.1 0.03 0.57 3 21 0.92 0.85

EA 0.2 0.13 0 0.64 1 34 0.9 0.85
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Figure 55: Chronograms (top) and index plots (bottom) of the child and cohabita-
tional status typology in two groups obtained with MSA for women.
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Figure 56: Chronograms (top) and index plots (bottom) of the child and cohabita-
tional status typology in two groups obtained with EA for women.

83



Cluster 1 − EA − Child

F
re

q.
 (

w
ei

gh
te

d 
n=

58
8.

32
)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Cluster 1 − EA − Cohabitational

F
re

q.
 (

w
ei

gh
te

d 
n=

58
8.

32
)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Cluster 2 − EA − Child

F
re

q.
 (

w
ei

gh
te

d 
n=

14
4.

8)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Cluster 2 − EA − Cohabitational

F
re

q.
 (

w
ei

gh
te

d 
n=

14
4.

8)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Cluster 3 − EA − Child

F
re

q.
 (

w
ei

gh
te

d 
n=

90
.8

8)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

0 to 4 years old
5 to 18 years old

No

Cluster 3 − EA − Cohabitational

F
re

q.
 (

w
ei

gh
te

d 
n=

90
.8

8)

20 23 26 29 32 35 38 41 44

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Both parents
One parent

Partner
Alone

Other

Figure 57: Chronograms of the child and cohabitational status typology in three
groups obtained with EA for women.
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Figure 58: Index plots of the child and cohabitational status typology in three groups
obtained with EA for women.
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Figure 59: Chronograms of the child and cohabitational status typology in four
groups obtained with EA for women.
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Figure 60: Index plots of the child and cohabitational status typology in four groups
obtained with EA for women.
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4.3 Alternatives for the computation of pairwise dissimilar-

ities

As explained before, it is of interest to explore the behaviour of the EA and MSA

approaches under different computations of pairwise dissimilarities. Owing to the

principles of the MSA algorithm, we were constrained to use optimal matching al-

gorithms. As pointed out by Studer and Ritschard (2016), the sensitivity of optimal

matching to the difference in timing can be controllable by modifying the ratio be-

tween the substitution and indel costs. In the extreme case with high indel costs,

only substitution costs were used. With this algorithm, called the Hamming distance

(Hamming, 1950), the sensitivity to timing is at its maximum. On the contrary, the

sensitivity to duration is at its maximum with the Levenstein distance, where only

substitutions are available. The full dataset was used here.

4.3.1 Levenstein distance

With the Levenstein distance, only insertions and deletions are used. Therefore,

EA and MSA give identical results. Indeed, with MSA, the synchronisation of the

sequences is a crucial hypothesis. States are inserted or deleted simultaneously in all

the channels, which mimics EA behaviour. To illustrate this, consider the example

in Table 11. We have two domains, where the states are coded as A, B and C, D,

respectively. Theoretically, the extended alphabet can thus be composed of four

super-states (AC, BC, AD, BD); however, in this example, the combination BC

never appears, meaning that the extended alphabet comprises only the remaining

three super-states.

Denote by c the indel cost, which is the cost for either the insertion or the deletion

of a state. In the EA representation, to transform the second sequence into the first

one, state AD is inserted in the third position. The dissimilarity between the two

sequences is therefore c, the cost of one insertion. For MSA, we also add an indel in

the third position of the second sequence: state A is inserted in the first domain and

state D is inserted in the second domain. Both operations have a cost of c; however,

since MSA considered the average cost per domain, we finally have (c + c)/2 = c,

which is the same cost as under the EA approach. Hence, both approaches behave

identically when no substitution between states is considered.

The value of Cronbach’s α depends on how the dissimilarities are computed on

the individual domains. We therefore determined the interrelation between domains

when the pairwise dissimilarities are computed with the Levenstein distance. The

results of the Cronbach’s α were similar to those obtained with the standard optimal
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Table 11: Example with two multichannel sequences (seq 1 and seq 2) on two
domains, and their equivalent representation with an extended alphabet (ext 1 and
ext 2).

MSA representation EA representation

seq 1
domain 1 A A A B B B

ext 1 AC AC AD BD BD BD
domain 2 C C D D D D

seq 2
domain 1 A A B B B

ext 2 AC AC BD BD BD
domain 2 C C D D D

matching algorithm. Indeed, the child–cohabitational status pair provided a value of

0.53, while all the other pairs of domains gave values smaller than 0.1. Adding either

the health issues or the professional status domain to the pair of child–cohabitational

status domains decreased the Cronbach’s α value substantially.

As with standard optimal matching, the two-group clustering obtained from the

child and cohabitational status domains separated individuals mainly according to

whether they had a child (Figure 62). The solution in three groups was composed

of two groups of childless people differentiated by who they live with and a group of

individuals having a child. The two first clusters were relatively homogeneous since

their ASWw values were respectively 0.42 and 0.49, while the third one was more

heterogeneous with an ASWw value of 0.15. For both solutions, R2 was larger for

the child domain (Table 12).
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Figure 61: ASWw and HC values, represented by the dots, obtained by clustering
the data when the Levenstein distance is used, together with bootstrap confidence
intervals built under the hypothesis that child and cohabitational status domains
are disassociated.
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Table 12: Summary of the results obtained by clustering the child and cohabitational
status channels with Levenstein distance. The cluster quality indices (CQI) that
are significant according to bootstrap validation are in bold. The minimum and
maximum size of the weighted clusters are given in percent.

Clusters
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab

2 0.41 0.08 0.25 0.46 24 76 0.78 0.66

3 0.4 0.08 0.15 0.49 11 76 0.78 0.71

4 0.18 0.18 -0.01 0.48 11 42 0.82 0.73

5 0.19 0.15 0.05 0.47 5 42 0.83 0.77

6 0.19 0.14 0.11 0.43 5 42 0.84 0.79

7 0.2 0.13 -0.01 0.5 5 42 0.84 0.81

8 0.19 0.13 -0.01 0.5 5 32 0.85 0.82

9 0.15 0.14 -0.04 0.5 5 22 0.86 0.83

10 0.15 0.14 -0.08 0.49 5 22 0.86 0.84
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Figure 62: Chronograms of the child and cohabitational status typology in two
groups obtained with Levenstein distance on the full dataset.
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Figure 63: Chronograms of the child and cohabitational status typology in three
groups obtained with Levenstein distance on the full dataset.
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4.3.2 Hamming distance

When pairwise dissimilarities are computed with the Hamming distance, only sub-

stitution costs are used. In this case, the MSA and EA approaches give different

results. For instance, returning to the example in Table 11 and considering a substi-

tution cost between the states of c, the transformation of the second sequence into

the first one in the EA representation involves two substitutions: substitute state

BD in the third position by state AD and substitute the missing state in the last

position by state BD. The total cost is then equal to 2c. For the MSA representa-

tion, three substitutions are necessary: substitute state B in the third position of

domain 1 by state A, substitute the missing data in the last position of domain 1

by state B, and substitute the missing data in the last position of domain 2 by state

D. Therefore, the average cost by domain is 3c/2 = 1.5c. In this example, the cost

is lower under the MSA approach than under the EA approach.

Compared with the standard features of optimal matching, the Cronbach’s α

value obtained with the pair of child and cohabitational status domains was lower

(0.39 vs 0.53). Only the clustering in two groups was significant for MSA and

EA, both in terms of ASWw and in terms of HC (Figure 64). However, there was

only a 77% agreement between the two clusterings. We found that MSA seemed

to group individuals having a child at a late age with childless individuals (Figure

65), while EA grouped individuals not having a child, individuals with another

cohabitational status, and individuals having a child after living alone (Figure 66).

In both approaches, the first group was more homogeneous than the second (values

of 0.43 and 0.2 for MSA and of 0.37 and 0.16 for EA). EA was more balanced in

terms of R2 by domain than MSA (Table 13).

4.3.3 Summary

The Levenstein and Hamming distances are two extreme cases of the standard opti-

mal matching algorithm. By modifying the ratio between the substitution and indel

costs, the focus of optimal matching is shifted between the duration spent in each

state and the timing of the states. With the Levenstein distance, the MSA and EA

approaches become identical since state insertions and deletions behave identically

in both cases. The clusterings are, as expected, driven by the duration spent in

each state. Regarding the Hamming distance, the results differ between the MSA

and EA approaches markedly. In our experiments, timing is a central focus for MSA

since the clusterings are mainly driven by the arrival of a new-born in the household.

On the contrary, EA has more trouble accounting for the timing compound and the

clusterings are more difficult to interpret.
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Figure 64: ASWw and HC values obtained by clustering the data when the Hamming
distance is used, represented by the points, together with confidence intervals built
under the hypothesis that child and cohabitational status domains are disassociated.
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Table 13: Summary of the results obtained by clustering the child, cohabitational
and professional status channels with MSA and EA when Hamming distance is
used. The cluster quality indices (CQI) that are significant according to bootstrap
validation are in bold. The minimum and maximum size of the weighted clusters
are given in percent.

Clusters Method
CQI Group ASWw Size clusters (%) R2 by channel

ASWw HC min max min max child cohab

2
MSA 0.34 0.2 0.2 0.43 44 56 0.78 0.65

EA 0.31 0.12 0.16 0.37 32 68 0.73 0.69

3
MSA 0.29 0.15 0.27 0.29 19 56 0.87 0.69

EA 0.19 0.23 0.12 0.3 32 35 0.81 0.7

4
MSA 0.23 0.15 0.2 0.27 19 36 0.9 0.69

EA 0.2 0.19 -0.01 0.34 14 35 0.82 0.74

5
MSA 0.23 0.13 0.09 0.29 4 32 0.9 0.72

EA 0.22 0.17 0.12 0.31 5 35 0.88 0.77

6
MSA 0.21 0.12 0.06 0.41 4 32 0.9 0.76

EA 0.18 0.18 0.08 0.31 5 35 0.89 0.77

7
MSA 0.18 0.11 0.06 0.41 4 32 0.9 0.77

EA 0.16 0.18 0 0.28 5 26 0.9 0.78

8
MSA 0.19 0.1 0.08 0.39 4 32 0.91 0.78

EA 0.16 0.17 0.03 0.28 5 24 0.9 0.8

9
MSA 0.16 0.12 0.05 0.39 4 20 0.91 0.79

EA 0.17 0.16 0.03 0.3 4 24 0.9 0.81

10
MSA 0.16 0.1 0.03 0.36 4 20 0.92 0.8

EA 0.17 0.15 0.03 0.38 4 24 0.9 0.83
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Figure 65: Chronograms (top) and index plots(bottom) of the child and cohab-
itational status typology in two groups obtained with MSA using the Hamming
distance on the full dataset.
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Figure 66: Chronograms (top) and index plots(bottom) of the child and cohabita-
tional status typology in two groups obtained with EA using the Hamming distance
on the full dataset.
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5 Discussion

Life domains often influence each other and cannot be considered separately. In

this context, EA and MSA are the two main strategies that allow us to combine

sequences from different domains. To compare, in a real context, these two ap-

proaches, we used data from the Swiss Household Panel. Four domains, namely

child, cohabitational status, professional status, and health issues, were considered.

Child and cohabitational trajectories were expected to be highly interrelated, since

they are often considered as two facets of a family trajectory. Family and profes-

sional domains are the typical application of a joint analysis, especially for women.

On the other hand, no link was expected between health issues and any other do-

mains. We first determined which domains were linked using Cronbach’s α and

PCA, which were adapted to this specific situation by Piccarreta (2017). Only the

cohabitational status and child domains were linked for the full dataset according to

these tools. The pairwise dissimilarities between sequences were computed on one

side with MSA and on the other side with EA. The standard parameters of these

algorithms were used following the literature. Then, a hierarchical clustering with

Ward linkage was applied to extract a joint typology of the cohabitational status and

child domains. A procedure involving the randomisation of the link between these

domains was then applied to validate the typology. Moreover, we also examined the

ASW computed by domain to determine the homogeneity of the individual clusters.

Finally, R2 values were used to assess the share of the discrepancy in the individual

domains explained by each clustering.

The evidence in the literature suggests that trajectories differ between women

and men, at least in the professional status domain, and our dataset confirmed this

finding. Therefore, the research approach described herein for the overall sample

was replicated separately by sex. Finally, we analysed the two extreme cases of

optimal matching using the Levenstein and Hamming distances. In standard optimal

matching, by controlling the ratio between the substitution and indel costs, one can

shift the focus of optimal matching between the differences in the total duration

spent in each state and the timing of states, meaning the age someone is in a specific

state. By studying these two extreme cases, we obtained a better understanding of

the relationship between timing and duration, on the one hand, and the MSA and

EA approaches, on the other. Concerning the third type of sequence feature, namely

sequencing, no clear differences were screened between MSA and EA. However, the

chosen dataset may not be ideal to investigate differences in terms of sequencing.

To the best of our knowledge, this research is the first to systematically compare

the MSA and EA approaches using a real dataset, and results show that neither of
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the approaches is obviously superior. This is not surprising, since there is generally

no absolute truth when examining a typology based on real data. The results pro-

vided by both approaches are relatively similar but differ significantly in some cases.

When MSA and EA are used with their standard features, MSA seems to emphasise

the timing of the occurrence of the states. Indeed, when the cohabitational sta-

tus and child domains are considered simultaneously, the typologies extracted with

MSA are often driven by the timing of the arrival of a new-born in the household,

while EA focuses more on the time spent in each state overall. Moreover, when

the Hamming distance, which tends to focus on timing, is used, the typologies built

with MSA are driven by such timing, while the results provided by EA are more

difficult to interpret. At the other extreme, using the Levenstein distance, the focus

was clearly on the time spent in each state, and both approaches provide identical

results in this case.

In practice, MSA is easier to use than EA and works in a broader range of

situations. For example, with a relatively small dataset, EA is difficult to use when

the extended alphabet is large (e.g. when the cohabitational status, child, and

professional status domains were considered simultaneously for women). This could

even induce violations of the metric properties, such as the triangle inequality. Since

algorithms computing optimal matching distance assume that the metric properties

are satisfied by the costs, extended alphabet with substitution costs derived from

transition rates should not be used in this case. Moreover, although this was beyond

the scope of the present research, individual domains can be weighted differently

with MSA, allowing us to place different levels of importance on them. However,

the drawback is that a clear strategy to determine the weights to be given to each

domain is lacking, and there is a risk of influencing the analysis toward a specific

result. EA can overcome this shortcoming by allowing the use of a larger range

of dissimilarity measures, but only when optimal matching-like dissimilarities are

available with MSA.

It was worth testing both approaches since they generally provide slightly differ-

ent results. However, it led to a difficulty in identifying a final clustering. For that

purpose, joint sequence analysis tools are useful. The bootstrap procedure developed

by Studer (2019) allows us to determine whether a clustering takes into account the

association between domains and it is usable both with two and with more than

two domains simultaneously. The R2 value by domain also provides the share of

the variation in a domain explained by a clustering, allowing us to verify that no

clustering is too influenced by any one domain in particular. Finally, the ASW

computed for each group of a clustering measures the degree of internal cohesion.
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However, in addition to all these statistical coefficients, it is worth remembering that

the experience of the researcher and her/his knowledge of the data are essential to

extract a useful typology and interpret it correctly.

The main limitation of this research lies in its empirical nature. Therefore, our

conclusions could have been different with another dataset. However, most of our

findings can be related to the existing literature. Moreover, given the complexity

of the algorithms used here and the number of possible choices during their utilisa-

tion, a theoretical comparison does not seem possible. By selecting only complete

sequences without any missing data, we based our analyses on a relatively simple

dataset, which could also be considered as a limitation even though our goal was to

better evidence the strict comparison between MSA and EA. Moreover, we restricted

ourselves to the standard features of the algorithms, but a number of parameters

could have been set differently, possibly providing different conclusions than those

resulting from our analyses. First, with the exception of the Levenstein and Ham-

ming distances, we restricted ourselves to standard optimal matching even though

a large range of alternative dissimilarity measures are available. Then, we used a

hierarchical clustering with Ward linkage, whereas many other clustering algorithms

are available. We could have opted for a different linkage (e.g. a complete one) and

partitioning around medoids would also have been possible. Finally, a broad range

of cluster quality indices are available that have the ability to capture the additional

characteristics of a clustering.

As mentioned before, when the dataset is small, the EA approach becomes dif-

ficult to use. In this case, some states are rare and therefore the substitution costs

may not be well estimated with the transition rates. However, except for potential

computational issues, a sufficiently large dataset should allow the use of a large ex-

tended alphabet. The link between the size of an extended alphabet and number

of sequences necessary for its use could be interesting to examine. More broadly,

this raises questions about the number of independent sequences necessary to use

sequence analysis tools and thus the statistical power of sequence analysis.

Although we decided to keep only sequences without missing data to avoid an

interaction between them and the object of our research, missing data are unavoid-

able in practice. It would thus be interesting to determine how missing data, and

the procedures to deal with them, interact with the MSA and EA approaches. The

two most commonly used strategies to deal with missing data in the case of se-

quences are to consider missing data as an additional state in the alphabet, or to

impute missing data. With the first strategy, an extended alphabet could become

even larger, especially if the missing data in each domain correspond are replaced
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by a different additional state. For example, in the case of the child, cohabitational

status, and professional status domains, the extended alphabet would have a size of

120 with missing data as an extra state in each individual domain, while it would be

60 with no missing data. Moreover, when states are missing in multiple channels,

EA takes that into account since it is considered as a different state, while this does

not affect MSA markedly since the missing data are substituted into each chan-

nel separately. Regarding an imputation strategy such as that proposed by Halpin

(2017), the impact on the results provided by both approaches is less clear. Never-

theless, if multiple imputation is used and if the typology is identified on the basis

of a large dataset combining all replications of the multiple imputation instead of

working independently on each replication, the size of the extended alphabet could

increase greatly. More research is clearly necessary on this point.

To summarise, we found that although the results are sometimes close, the MSA

and EA approaches are still two distinct methods. In particular, they do not con-

sider the timing of an event or time spent in a specific state in the same way, and

this mean that they can be useful in different contexts. Although MSA is generally

easier to use, and since it applies to more situations, EA can sometimes identify

original typologies. Hence, it should also be considered when multiple domains are

analysed simultaneously. It could also be of interest to combine the two approaches

by building an extended alphabet from some domains and then using MSA to com-

bine it with other domains. In this way, it could be possible to control for the risk

of a too large extended alphabet.
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