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Abstract: The present study aims to investigate whether there are different second lan-
guage trajectories among immigrant children and what influences these trajectories. This
longitudinal study included 443 children all learning German as a second language (49.9%
girls). On average, at T1, the children were 3;6; at T2, 4;9; at T3, 6;2; and at T4, 7;3 years old.
Discontinuous piecewise latent class growth analysis revealed four classes: improvement
to low-level proficiency, improvement to medium-level proficiency, improvement to high-
level proficiency, and permanent high-level proficiency. Class membership was predicted
by early childcare attendance, the duration of the parents’ residence in Switzerland, contact
with German speakers, the child’s cognitive abilities, and the parental socioeconomic status.

Keywords: second language acquisition; dual-language learners; bilingualism

1. Introduction

Due to globalization, economic and geopolitical hardship, and climate change, more
and more people are migrating to safer and wealthier regions. Hence, more children world-
wide are growing up bilingual (Grosjean, 2022). Growing up with multiple languages is
associated with advantages, for example, in cognitive development, such as metacognition
and working memory (Adesope et al., 2010; Bialystok, 2017; Gunnerud et al., 2020). Further,
bilinguals have been found to have advantages over monolinguals in linguistic and social
domains. For example, multilingual children have competencies in at least two languages,
allowing them access to various cultures and sensitivity in perspective-taking (Guan et al.,
2014; Tannenbaum & Howie, 2002). Finally, evidence exists indicating that bilinguals are
better able to learn new languages (Hirosh & Degani, 2018; Montanari, 2019).

Along with these advantages, however, are factual disadvantages related to bilingual-
ism. For example, children from minority-language-speaking homes are less proficient
in the majority language than monolinguals (Hoff, 2013). This difference has been found
in children as young as preschool age and has been shown to continue into school age
(Schmerse, 2021; Van Druten-Frietman et al., 2015). Bilingual children are also often unable
to catch up linguistically during their school years (Marx & Stanat, 2012). However, not
all bilingual children, or children with a migration background, struggle with the acqui-
sition of the majority language, which is usually their second language (L2). Evidence
exists showing that some bilingual children have comparable competency in the majority
language as that of monolingual children, or are able to catch up to monolinguals upon
school entry (Grob et al., 2014; C. S. Hammer et al., 2014). This evidence suggests that
there might be different patterns in L2 language trajectories. Hence, one main goal of the
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current study was to identify the differential L2 development patterns. Another aim was
to identify the key characteristics that are associated with these L2 development patterns
with reference to individual and contextual predictors. Other studies show differences
in L2 trajectories that could be related to the heterogeneity of DLL characteristics (Halle
et al., 2014). Understanding the differences in the key characteristics associated with L2
trajectories is critical to identifying the children at risk of poor L2 skills upon starting school
and creating teaching programs that address the specific needs of these at-risk subgroups.
Educators can implement targeted strategies that address each subgroup’s challenges by
recognizing these central characteristics.

1.1. Patterns of Second Language Acquisition

Oral language proficiency is a multifaceted construct comprising phonological, lexical,
morphological, syntactic, and communicative aspects (Bockmann et al., 2020). Bilingual
children differ significantly in L2 proficiency levels and the development of L2 competences
(C. S. Hammer et al., 2014; Hoff, 2018). However, not all children develop in the same
way. This raises questions about whether different patterns exist in the L2 trajectories of
immigrant children. Recent studies have investigated the various patterns of oral language
proficiency in dual-language learners (DLLs) cross-sectionally (e.g., D.-H. Kim et al., 2018),
but only a few have examined and identified the different L2 trajectory patterns (Collins
et al.,, 2014; Francot et al., 2021; Lépez & Foster, 2021; Subban et al., 2022). These studies
investigated first language (L1) and L2 proficiency in Spanish-English DLLs in the USA and
Turkish-Dutch DLLs in the Netherlands and provided information about how language
dominance changes over time. However, the question of whether there are indeed patterns
in the L2 trajectories (alone, without considering L1) remains unanswered.

1.2. Predictors of Second Language Trajectories

Various theoretical approaches and studies have been proposed to explain individual
differences in early L2 acquisition. These can be categorized into three overarching frame-
works, but appear almost synonymous in psycho- and sociolinguistic theories: inside out
versus outside in, child-internal versus child-external, and i-language versus e-language
(Chomsky, 2007; Hockema & Smith, 2009; Paradis, 2011; Scholer, 2020). Psycholinguis-
tic theories (e.g., Cummins, 1979) focus on the importance of individual conditions and
abilities for L2 acquisition, whereas sociolinguistic theories (e.g., Vygotsky, 1962) focus
on social factors in language development, such as the number of interaction partners,
or the contexts in which the interactions occur. Both these frameworks contribute to the
language development of bilingual children. Some examples of individual factors are age,
cognitive skills, temperament, and the development and transfer of L1 skills (Cummins,
2016; Goodrich & Lonigan, 2017; Keller et al., 2013; Lauro et al., 2020). At the contextual
level, the quality and quantity of language input are also considered to play a key role in L2
acquisition (C. S. Hammer et al., 2020; Lauro et al., 2020; Paradis, 2011). Several American
studies have shown that socioeconomic status (SES) and associated parental stimulation
are relevant for L1 and L2 acquisition (Fernald et al., 2013; Gonzalez et al., 2017; Pace et al.,
2017). Contrastingly, some European studies showed that extra-familial activities such as
attending early care settings are important (Troesch et al., 2021), even more important than
familial language input and activities (Becker, 2010; Keller et al., 2015).

Research in recent decades has thus identified several key predictors of early L2
acquisition. However, since few studies have addressed the extent to which the patterns in
L2 trajectories differ, our understanding of what determines these patterns is limited. An
American study on Latino DLLs that Collins et al. (2014) conducted showed that factors in
the linguistic environments at school (language use at school) and home (mothers’ language
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proficiency and use of Spanish), as well as other familial (the mother’s years of education)
and child (nonverbal IQ) factors, are associated with language classes (competency classes,
such as dual proficiency, Spanish proficiency, and English proficiency; low-performing
classes, including borderline proficiency and limited proficiency). Gender has not been
associated with class categorization though. A study by Francot et al. (2021) confirmed that
the SES of the family and nonverbal IQ are relevant for class membership (dominant L1 use,
high-level L1 and L2 proficiency; dominant L1 use, low-level L1 and L2 proficiency; dual
L1 and L2 use, average L1 and L2 proficiency; dominant L2 use, high-level L2 proficiency).
Contrastingly, the extent to which other factors, like early childcare attendance or contact
with people who speak the majority language, are relevant to the L2 patterns has not
been investigated.

1.3. The Current Study

The first aim (Research Question 1, RQ1) of this paper was to identify the patterns in
L2 trajectories. Based on other studies on the language trajectories of DLLs (e.g., Collins
et al., 2014), we hypothesized that there are different classes of L2 trajectory.

The second aim (Research Question 2, RQ2) of our study was to examine whether
these patterns can be predicted by contextual and individual factors. At the individual
level, age, gender, and cognitive ability were considered. Based on the previous findings
(Collins et al., 2014; Francot et al., 2021), we hypothesized that aging and cognitive ability,
but not gender, are correlated with class membership. At the contextual level, attendance
at early education institutions, parental language use, contact with L2 interaction partners,
parental SES, and the parental duration of residence in the host country were included as
the predictors of L2 trajectory patterns. We assumed that all these factors are correlated
with class membership (Collins et al., 2014; Francot et al., 2021).

2. Materials and Methods
2.1. Participants

The data for this study were drawn from a project ?"VEITSPRACHE that aimed to
investigate language trajectories in L2 children. The project ?"E'TSPRACHE was conducted
in the German-speaking part of Switzerland and comprised four waves: one and a half
years before compulsory kindergarten entry, at the beginning of the first kindergarten year,
at the end of the second kindergarten year, and at the end of first grade in primary school.
Notably, in Switzerland, attendance in early childcare is optional, while kindergarten
attendance is compulsory (Staatssekretariat fiir Bildung, Forschung und Innovation SBFI,
2023) and follows a specified curriculum. There was an average of 15.44 months (SD = 1.78)
between T1 and T2, 16.61 months (SD = 1.18) between T2 and T3, and an average of
13.30 months (SD = 1.48) between T3 and T4.

Families were recruited with the help of the Ministry of Education of Basel-Stadt.
A letter was sent home to all the parents of children aged 3 years to assess their German
language skills. The letter also asked whether the families were interested in participating
in the project. Of the families who returned the completed questionnaire, significantly more
parents (30.3%) gave their consent for us to contact them than we were able to test. As the
ZWEITSPRACHE project focuses on families with German as a L2, multilingual families in
particular were selected for this study. The aim was to achieve as representative a linguistic
distribution as possible among the multilingual families. The aim was to recruit families
primarily in the municipality of Basel-Stadt. It was noticeable that a relatively large number
of English-speaking and Turkish-speaking families agreed to participate. On the other
hand, we had more difficulty recruiting Italian, Portuguese, and Albanian families for this
project. For this reason, these language groups were not only recruited in the municipality
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of Basel-Stadt, but also families in the municipality of Riehen, which also belongs to the
canton Basel-Stadt. As a result, the selected sample was representative of multilingual
families in this area (Staatssekretariat fiir Bildung, Forschung und Innovation SBFI, 2023;
Staatssekretariat fiir Migration SEM, 2018; Statistisches Amt des Kantons Basel-Stadt, 2018).

Through the aforementioned procedure, the parents gave their written consent to
participate in this project. However, the children could end the tests at any time. This
project was approved by the ethics committee Basel-Stadt and Basel-Landschaft (EKBB).

The sample included 443 children with German as their L2 (49.9% girls). The age of the
children was 41.88 months (SD = 4.34) at T1, 57.51 months (SD = 3.81) at T2, 74.02 months
(SD =3.90) at T3, and 87.20 months (SD = 3.79) at T4.

The sample included 51 different L1s, the most common of which were Turkish (1 = 85),
Tamil (n = 46), Albanian (n = 45), Spanish (n = 39), Italian, and English (both n = 38). Most of
the children were born in Switzerland (89.0%). Most mothers were foreign-born (92.2%) and
had been in Switzerland for an average of 11.63 years (SD = 10.23). Most fathers were also
foreign-born (88.3%) and had been in Switzerland for 16.08 years (SD = 11.59). Furthermore,
3.2% of the mothers reported that they had not completed compulsory education, 25.0%
had only completed compulsory education, 18.8% had completed vocational school or
apprenticeship, 17.8% had completed high school, and 34.9% had graduated from a college
or university. The fathers reported similarly; 3.3% of the fathers reported that they had not
completed compulsory education, 22.7% had only completed compulsory education, 23.5%
had completed vocational school or an apprenticeship, 14.8% had completed high school,
and 35.7% had graduated from a college or university.

The monthly household income of our sample was a mean of CHF 5300 (SD = 2595),
equal to approximately USD 5940 (exchange rate on 21 June 2024).

2.2. Measures
2.2.1. Language Measures

The various trajectories of language competencies were captured using the language
test data collected from the children in individual settings at their homes. Since this
ZWEITSPRACHE project aimed to assess the language factors of children with a broad age
range (from 3-8 years), there was no validated instrument available at the time of the survey
that covered all the age groups investigated. Therefore, the instruments were changed
between T2 and T3, i.e., the same instrument was used at T1 and T2, while another was
used at T3 and T4. However, receptive and productive German language competence was
measured at all waves.

At T1 and T2, German language competence was assessed with the standardized lan-
guage development test Sprachentwicklungstest fiir zweijahrige Kinder (SETK-2) (Grimm,
2000). SETK-2 measures children’s German vocabulary comprehension and production,
as well as morphological and syntactical aspects of the German language. SETK-2 was
originally designed for monolingual, German-speaking children aged 2 years, but a pilot
study indicated a very low level of German language competence in DLLs (Keller, 2009).
To avoid floor effects in the DLLs” German language skills, SETK-2 was applied despite the
higher chronological age of the DLL sample compared to test norms. The test consists of
four subtests: Word Comprehension (WC), Sentence Comprehension (SC), Word Produc-
tion (WP), and Sentence Production (SP). In both the language comprehension subtests,
the children were shown four colored pictures from which they must choose the correct
form when orally presented with a word or sentence. In both the language production
subtests, the children were shown picture cards that depict either objects or actions that
must be named or described. Children could score the following on the four subtests (WC,
SC, WP, and SP), 0-9 points, 0-8 points, 0-24 points, or 0-28 points, respectively. In the
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present study, raw scores were used; for each subtest, the proportion of attained scores
relative to the possible score was used to build the total German language score, which
could reach values ranging from 0 (10 points attained) to 1 (all points attained). The internal
consistencies of these subtests were Cronbach’saywc = 0.70, agc = 0.56, aowp = 0.89, and
agp = 0.95 respectively, and the inter-rater reliability was reported to be at a level of 90%
(Grimm, 2000). In the present study, Cronbach’s « for all the four subtests was 0.87 at T1
and o = 0.81 at T2.

At T3 and T4, language competence was measured with two subtests of Sprachstand-
serhebungstest fiir Kinder im Alter zwischen 5 und 10 Jahren (SET 5-10; Tellegen et al., 2007), a
language development test for children aged 5-10 years. In the present study, the subtests
of Language Comprehension (LC) and Picture Naming (PN) were applied. LC measures
the child’s comprehension of complex sentence structures (main and subordinate clauses).
Here, the children were read 12 sentences that had to be re-enacted with toys. PN measures
vocabulary production, so the children were shown 40 picture cards displaying objects or
actions that had to be named (e.g., a stamp, a thermometer, or painting a wall). Again, raw
scores were used and converted into a total score representing the proportion of attained
points relative to the possible points attainable. Internal consistency was « = 0.77 for
the LC subtest and « = 0.91 for the PN subtest (Petermann, 2010). In the present study,
the reliability of the two subtests was measured using the Spearman-Brown coefficient
(recommended for a test with two items (Walther, 2023)), and the scores were 0.79 at T3
and 0.75 at T4.

2.2.2. Predictors

Predictors for the language trajectory classes were the child’s gender, the duration
of residence of both parents in Switzerland (in years), and the SES of the parents, which
comprised the family’s equivalized income and the highest educational level attained
by both parents (we first z-standardized each variable, and then we averaged them).
Language contact variables included the family’s language (rmainly other than German or
mainly German), the frequency of contact with German speakers, and attendance at an early
childhood educational institution before T1 (yes or #0). These variables were assessed using
parents’ questionnaires at T1. The frequency of contact with German speakers was assessed
using two items: how often the child was in contact with German-speaking children outside
of the playgroup or daycare (1 = hardly ever; 2 = once a week; 3 = multiple times per week;
4 = daily) and how often the child was in contact with German-speaking adults (1 = hardly
ever; 2 = once a week; 3 = multiple times per week; 4 = daily). The correlation between these two
items was r = 0.60 (p < 0.001). Both the items were averaged to form a score representing
contact with German speakers.

Furthermore, cognitive abilities were included as a predictor of language trajectory
class membership. Cognitive abilities were assessed at T1 using the categories subtest of
the Snijders-Oomen Nonverbal Intelligence Test (SON-R; Tellegen et al., 2007). This subtest
measures abstract thinking. In easier tasks, cards of the same category are quite similar,
but cards in different categories are significantly different. In more difficult tasks, cards
in different categories are less different. Instructions are given verbally in German and
nonverbally using hand signals. Additionally, the difficulty of the tasks increases with an
increasing degree of abstraction. A maximum of 15 points can be achieved on the categories
subtest. Cronbach’s o of the subtest categories was given as 0.73 (Tellegen et al., 2007).

Table 1 reports the descriptive statistics for all the variables, while Table 2 shows the
correlations among the study variables. In Appendix A, Table A1l compares the predictors
at measurements T2, T3, and T4 between the participants that dropped out and those who
participated at these time points.
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Table 1. Descriptive statistics for study variables (raw scores).

Variable N Missing (%) M SD Min. Max.
Language Measures:
T1 Word Comprehension 443 0 4.53 3.15 0 9
T1 Sentence Comprehension 443 0 295 274 0 8
T1 Word Production 443 0 556 692 0 24
T1 Sentence Production 443 0 319 536 0 28
T2 Word Comprehension 303 31.6 751 217 0 9
T2 Sentence Comprehension 304 31.4 584 278 0 8
T2 Word Production 303 31.6 1350 7.00 0 24
T2 Sentence Production 302 31.8 11.11 835 0 28
T3 Language Comprehension 257 58.0 498 284 0 12
T3 Picture Naming 254 42.7 18.81  8.61 0 40
T4 Language Comprehension 213 51.9 744 266 0 12
T4 Picture Naming 213 51.9 26.09 7.56 0 40
Predictors:
T1 Age (in months) 443 0.0 41.88 4.24 34 52
SES ! 411 7.2 —0.02 0.86 -2.0 1.72
T1 Duration (years) of residence in Switzerland (mothers) 432 2.5 11.63 10.22 0 40
T1 Duration (years)of residence in Switzerland (fathers) 413 6.8 16.08 11.59 0 40
T1 Contact (frequency) with German speaking adults 379 14.4 217 118 1 4
T1 Contact (frequency) with German speaking children 388 124 2.16 1.12 1 4
T1 Abstract thinking 427 29 481 243 0 15
\({Z)s Proportion in %

Gender (female) 443 0.0 221 49.9

Attendance of early childcare before T1 440 0.7 259 58.9

Familial language: mainly other than German 440 0.7 374 85.0

1 SES = socioeconomic status of the family, including the highest educational level attained by both the parents
and familial income (equivalent income based on the number of household members). All the variables were
z-standardized before being averaged to an SES total score.

Table 2. Correlation between study variables.

Predictor Variables 1 2 3 4 5 6 7 8 9 10 11
1 T1 Age -
2. Gender ! 0.03 -
3. T1 Abstract thinking 0.09 0.09 -
4 T1 n.iuration of parents’ residence in 042 005 0.03 _
Switzerland
5 T1 Contact with German speakers 0.00 —-0.06 0.13** 0.09 -
6. Attendance of early childcare before T1 1 0.13*  —0.05 0.12* —0.08 .24 ***
7. Familial language ! 0.05 —0.00 0.02 —0.23 ***-(0.18 **-(0.02 -
8 SES -0.03 —-0.07 019** —0.17**0.10 0.31** —0.05 -
9. T1 Language competence 026**  0.05 0.36%*  0.17** 0.38*** (0.42** —0.20*0.28** -
10. T2 Language competence 0.13* —0.02 0.29**  0.22** (.38** 0.39** —(0.16*0.20** 0.70*** -
11. T3 Language competence 0.08 0.01  0.28**  (0.26** (.27 *** (0.20** —0.22*0.22** 0.60** 0.70*** -
12. T4 Language competence 0.05 —0.05 0.29**  0.19*** 0.24** 0.29** —0.24**0.29 ** (.58 *** 0.67*** (.73

Imputed data. ! Dichotomous variables: gender: 0 = male, 1 = female; attendance in early childcare before T1:
0 = no attendance, 1 = attendance; familial language: 0 = mainly German or half German/half another language,
1 = mainly another language; * p < 0.05, ** p < 0.01, *** p < 0.001.

2.3. Analytic Strategy

Calculations were performed in MPlus version 8.7 (L. K. Muthén & Muthén, 1998).

To answer RQ1, latent class growth analysis (LCGA) was performed. This method
is a person-centered approach. In contrast to variable-centered approaches, the person-
centered approach examine whether distinct groups or classes of individuals with similar
characteristics can be found (e.g., Berlin et al., 2014). In LCGA, classes of different growth
patterns over time are identified (Jung & Wickrama, 2008). In this study, the language
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variables from T1 to T4 were used to determine the classes, wherein two different German
tests were used for T1 and T2 and for T3 and T4 to measure language competence in children
within the age range of 3-8 years. To account for the necessary change in instruments,
discontinuous piecewise LCGA was applied (S.-Y. Kim & Kim, 2012). For each German test,
a distinct growth model with its own intercept (starting point) and slope (growth parameter)
was set up. Despite needing two growth models due to the different instruments, language
development was conceived as one process, so one common class parameter was estimated
for both the pieces. Since each piece consisted of only two measurement time points,
the estimated slope parameters represented the difference from T1 to T2 and from T3 to
T4. To determine the best-fitting class solution, one should consider statistical fit values,
as well as theoretical and content-related considerations (e.g., Spurk et al., 2020). The
following statistical criteria were thus applied (Nylund et al., 2007; Wickrama et al., 2016):
Bayesian Information Criteria (BIC), and especially for multiphase models (S.-Y. Kim, 2014),
sample-size-adjusted BIC (SSABIC); for both information criteria, lower values indicate a
better fit. Additionally, we applied entropy, as well as average posterior probabilities to
the assigned class (values > 0.80 indicate high class separation). The Lo-Mendell-Rubin
likelihood ratio test (LMR-LRT) and the Bootstrapped Likelihood Ratio Test (BLRT) were
used; the latter tests compare a model with k number of classes, with a model witha k — 1
number of classes and a significant test result indicating that the solution with k classes fits
the data better. Furthermore, the size of the smallest class was considered, following the
recommendation that solutions with classes at less than 5% and/or n = 25 should only be
retained for good content-related reasons (Jung & Wickrama, 2008). Notably, the BLRT was
run with 100 bootstrap samples. Following the selection of the best-fit solution, differences
among the classes in terms of estimated means of the German test scores within each time
point (from T1 to T4) were tested with the auxiliary function of MPlus (Berlin et al., 2014).
In addition, differences in the slope parameters within each piece of the model were tested
by employing Wald tests.

To depict language development over time, total scores for the language test from
T1 to T4 were utilized in analysis without standardization, but they were transformed to
represent the proportion of the attained relative to the possible total German language
score (ranging from 0 = no points attained to 1 = all points attained). While language scores
could be directly contrasted within each of the two pieces to determine development,
comparison across the pieces was not appropriate, as the proportional scores related to the
specific instruments. Mplus’ default robust maximum likelihood estimator MLR was thus
employed. Missing data due to dropouts over time (Table 1) were handled with the full
information maximum likelihood (FIML) approach in MPlus. FIML results in unbiased
estimates under the missing-at-random assumption and still provides better estimates
than the other techniques, even when the data are not missing at random (Newman, 2014).
However, we explored whether dropouts over time were associated with the classes and
conducted sensitivity analyses with an extended pattern-mixture model (Muthén-Roy
approach; B. Muthén et al., 2011). The results were comparable to those of the FIML
solution. Therefore, only the FIML results are reported herein. For more information about
our dropout analyses, see Appendix B.

To answer RQ2, the variables of the child’s age at T1, gender, cognitive ability (abstract
thinking), duration of residence of both parents in Switzerland, SES, the family’s language,
contact with German speakers (adults and children), and early childcare attendance be-
fore T1 were related to the classes in multinomial logistic regression, with the classes as
dependent variables. For this purpose, the three-step procedure R3STEP in MPlus was
used (Asparouhov & Muthén, 2014). Notably, all the predictors were analyzed together
in one analysis. Since FIML does not apply to auxiliary variables (predictors are defined
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as auxiliary variables in the R3STEP procedure), the missing data for the predictors were
imputed beforehand per White et al. (2011), who recommended imputing the number of
datasets equal to the percentage of missing cases. Since 19.4% of cases had missing data
for the predictors, 20 datasets were imputed for analysis to answer RQ2. All the variables
included to test RQ2 were used to impute the missing data for the predictors.

3. Results

During the first preparatory step, the longitudinal measurement invariance of the
German language tests was assessed. The baseline model included separate measure-
ment models for T1 and T2 and for T3 and T4. This was necessary because different
language tests are used based on children’s age range. The configural measurement in-
variance model showed a good fit: x%(14) = 48.17, p < 0.001, CFI = 0.983, TLI = 0.966,
RMSEA = 0.074 (90% CI = 0.052, 0.098), and SRMR = 0.032. However, the inclusion of
correlations between the indicator residuals at T3 and T4 over time resulted in an improved
fit, x2(12) = 12.60, p = 0.399, CFI = 1.000, TLI = 0.999, RMSEA = 0.011 (90% CI = 0.000, 0.050),
SRMR = 0.015 (x2g;fe(2) = 35.57, p < 0.001, indicating the better fit of the model with correla-
tions. Next, restrictions on metric invariance and scalar invariance were imposed, resulting
in models with an excellent fit (metric: x*(14) = 17.54, p =0.229, CFI = 0.998, TLI = 0.996,
RMSEA = 0.024 (90% CI = 0.000, 0.055), SRMR = 0.030; scalar: x*(16) = 24.64, p = 0.077,
CFI = 0.996, TLI = 0.992, RMSEA = 0.035 (90% CI = 0.000, 0.061), and SRMR = 0.055). More-
over, the comparison of nested models showed that scalar invariance was given (configural
vs metric: X%gig(2) = 4.94, p = 0.08; ACFI = 0.002; ARMSEA = 0.013; metric vs. scalar:
x2aife(2) = 7.10, p = 0.029; ACFI = 0.002; and ARMSEA = 0.011).

3.1. Research Question 1: Latent Classes of Growth Trajectories

The fit indices of the piecewise LCGA solutions rom one to six classes are shown in
Table 3. Based on statistical considerations, the solutions with five and six classes were
discarded as they showed the lowest entropies (class separation) and non-significant ad-
justed LRM-LRT results, indicating that these additional classes were not needed. Although
both the BIC and SSABIC values decreased for these solutions, the reductions were less
substantial than those in the solutions with fewer classes. In the solutions from two to four
classes, the adjusted LRM-LRT results indicated the need for up to four classes, and the
BIC and SABIC values showed a substantial decrease until the four-class solution. Only
entropy favored the two- over the four-class solution. The four-class solution was also
favored in terms of content. While the two-class solution presented differences in levels
with parallel trajectories, the solutions with three and four classes displayed progressively
distinguishable growth patterns. Consequently, the four-class solution was chosen for
further examination.

The discontinuous piecewise growth trajectories of the four classes are shown in
Figure 1. The four classes could be differentiated primarily by their differing levels. The
first class (C1, 23.5% of the children, “improvement to low-level proficiency”) started with
very little German knowledge (T1: 8% attained score) and improved moderately until the
second measurement (slope = 0.19). Additionally, in the second piece of the model, the
participants attained only a 42% German language test score at T4, which was markedly
below those of the other groups. The second class was the largest group (C2, 38.4% of
the children; “improvement to medium-level proficiency”) and started with relatively
little German knowledge (17% German test score attained at T1). However, following a
steep increase in the first piece (slope = 0.46), they gained markedly more knowledge than
those in C1. At T4, they attained a 59% German test score. The third class (C3, 27.0%
of the children, “improvement to high-level proficiency”) started with 50% attainment
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scores, which increased up to 81% at T2 (slope = 0.31). At T4, they achieved a 72% German
test score. The last group was the smallest (C4, 11.1% of the children, “permanent high-
level proficiency”) and started with much German knowledge (78% attained scores) and
improved until they achieved 91% at T2. At T4, they reached 84% on the respective German
language test. Overall, however, rank stability remained the same among the classes and
across the measurement times.

Table 3. Fit statistics of piecewise latent class growth analysis solutions for from two to six classes
(total N = 443).

Fit Statistics 1 Class 2 Classes 3 Classes 4 Classes 5 Classes 6 Classes
LL (No. of parameters) 62.15 (8) 285.18 (13) 387.23 (18) 428.67 (23) 452.74 (28) 476.96 (33)
BIC —75.55 —491.15 —664.78 —717.19 —734.86 —752.83
SSABIC —100.94 —532.41 —721.90 —790.19 —823.721 —857.56
Entropy 1.00 0.85 0.76 0.77 0.72 0.72
Adj. LMR-LRT (p) - 431.89 (<0.001) 197.61 (<0.001) 80.25 (0.002) 71.96 (0.147) 85.90 (0.641)
BLRT (p) - 446.07 (<0.001) 204.09 (<0.001) 82.89 (<0.001) 74.32 (<0.001) 88.71 (<0.001)
Group n (%); APP C1 443 (100%); 1.00 282 (63.8%); 0.97 110 (24.8%); 0.82 104 (23.5%); 0.81 48 (11.0%); 0.87 111 (25.1%); 0.92
C2 161 (36.2%); 0.94 198 (44.7%); 0.86 170 (38.4%); 0.84 112 (25.4%); 0.89 49 (11.0%); 0.90
C3 135 (30.5%); 0.94 120 (27.0%); 0.88 75 (17.0%); 0.84 79 (17.9%); 0.76
C4 49 (11.1%); 0.91 99 (22.4%); 0.62 46 (10.4%); 0.53
C5 107 (24.3%); 0.78 87 (19.6%); 0.76
Cé6 71 (16.1%); 0.68

LL = Log-Likelihood. No. of parameters = number of estimated parameters. BIC = Bayesian Information Criteria.
SSABIC = sample-size-adjusted BIC. Adj. LMR-LRT = sample-size-adjusted Lo-Mendell-Rubin likelihood ratio
test. BLRT = Bootstrapped Likelihood Ratio Test. p = p-value. Group n = group size. APP = average posterior
probabilities for assigned class. Group size and percentages were based on estimated posterior probabilities.
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Figure 1. The means of the language measures at the four measurement points (T1-T4) for the four
classes (C1-C4). The language tests at T1 and T2: Sprachentwicklungstest fiir zweijihrige Kinder (Grimm,
2000); the language tests at T3 and T4: Sprachstandserhebungstest fiir Kinder im Alter zwischen 5 und
10 Jahren (Petermann, 2010). Due to the change in instruments between T2 and T3, discontinuous
piecewise LCGA with two growth models for each German test, but one common class parameter,
was conducted. The language mean scores represent the proportion of attained scores relative to the
possible score (values ranged from 0 = no points attained to 1 = all points attained) for each language
test separately.

The tests of equality of the estimated means of the German test scores from T1 to
T4 showed that all the scores differed significantly among the classes within each time
point (overall tests for the four classes, T1 x>(3) = 2147.42, p < 0.001; T2 x*(3) = 1420.41,
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p <0.001; T3 X2(3) =402.12, p < 0.001; T4 x2(3) =230.44, < 0.001, with Bonferroni correction
for multiple tests).

Comparisons of the slopes in the first piece (between T1 and T2) revealed significant
differences among the classes, except between the slopes of the lowest and highest classes
(Wald (1) = 4.24, p = 0.040, critical alpha value with Bonferroni correction = 0.004). C2
(slope = 0.46) showed the largest increase between T1 and T2, followed by C3 (slope = 0.31),
while C1 (slope = 0.19) and C4 (0.13) increased the least. In the second piece of the
model, the increases were more similar, with C1 (slope = 0.21), C2 (slope = 0.17), and C3
(slope = 0.21) showing comparable language gains between T3 and T4 (all p-values not
significant). However, all these gains were significantly higher than the increase in C4
(slope = 0.08; all p-values < 0.004).

Overall, although the four classes differed primarily in terms of their German language
levels, different development patterns were also found. Notably, the two classes with
the lowest initial scores showed divergent language gains between T1 and T2, with C2
increasing more than twice as much as C1. Between T3 and T4, contrastingly, the increases
were more homogenous. Finally, possibly due to ceiling effects, the lowest increments were
found in C4, the class with the highest German scores.

3.2. Research Question 2: Predicting Class Membership

To examine whether a predictor was associated with a certain class, two classes were
compared. The reference category chosen for this comparison was the class with the lowest
level of proficiency (C1, “improvement to low-level proficiency”; Table 4). Comparisons
using the other reference categories are shown in Appendix C, but are not discussed in
this section. In addition, for ease of interpretation, the results are represented as expected
probabilities belonging to the four latent classes depending on the different values of the
predictors (Appendix D, Table AS5).

Table 4. Results of multinominal regression analysis predicting language profiles (reference profile:
C1, 23%).

Predictor Variable

Profile C2 (38%) Profile C3 (27%) Profile C4 (11%)

b SE  OR p b SE  OR p b SE  OR p

Intercept
T1 Age
Gender
T1 Abstract thinking
T1 duration of parents’
residence in Switzerland
T1 Contact with German
speakers
Attendance of early childcare
before T1
Familial language: mainly
other than German
SES

-074 311 -024 081 =523 263 —-199 <005 -—-17.66 477 —=3.71 <0.001
—0.08 0.07 0.93 027 —0.02 0.06 0.98 0.73 0.18 0.10 1.20 0.08
—-021 0.54 0.81 0.70 0.02 0.49 1.02 0.96 0.09 0.65 1.09 0.89
0.30 0.19 0.35 0.12 0.39 0.16 147 <0.05 0.63 0.20 1.87  <0.01

0.15 0.06 116 <0.01 0.16 0.05 117 <0.01 0.20 0.06 123 <0.001
0.00 0.25 1.00 1.00 0.52 0.24 1.68 <0.05 0.72 0.35 205 <0.05
2.00 0.65 738 <0.01 278 059 16.06 <0.001 3.86 091 4764 <0.001

0.74 1.08 211 0.49 0.14 0.84 1.15 087 —-141 1.03 0.25 0.17
0.14 0.36 1.15 0.70 0.40 0.32 1.49 0.21 1.27 0.43 354 <0.01

Imputed data. SES: socioeconomic status. SE: standard error. OR: odds ratio.

As assumed, gender was not associated with class membership. Additionally, age and
familial language were not significant predictors of class membership either. The children
who demonstrated higher levels of abstract thinking were more likely to belong to class C3
(“improvement to high-level proficiency”) or C4 (“permanent high-level proficiency”) than
class C1. However, abstract thinking did not differentiate C2 and C1 membership. The
strongest factor in determining class membership was early childcare attendance before T1.
The children in the other three classes attended these more frequently than the children in
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class C1. Moreover, the duration of the parents’ residence in Switzerland was associated
with class membership. The children with parents who had lived longer in Switzerland
showed a better language trajectory; differences were found here between C1 and all the
other classes. The frequency of contact with German speakers was also associated with
class membership, but differences were only found between C1 and C3 and C4. Finally,
SES was associated with class membership. However, only the children in classes C1 and
C4 had different SESs, with the latter having a higher SES overall.

4. Discussion

In this study, we investigated which L2 growth trajectory classes exist and with what
variables the trajectories are correlated. Our linguistically and socially diverse sample
of 443 preschool children, all of whom spoke German as an L2, reflected diversity in the
population of bilinguals. Our longitudinal design, which encompassed four measurement
time points over a span of approximately four years, was another strength of this study.

4.1. Patterns of Second Language Acquisition

Through analyses, four classes were identified based on the degree and development
of L2 skills. These classes were improvement to low-level proficiency (C1), improvement to
medium-level proficiency (C2), improvement to high-level proficiency (C3), and permanent
high-level proficiency (C4). In accordance with our hypotheses, the discovery of diverse
classes of L2 development aligns with the findings in previous research on L1 and L2
acquisition (Collins et al., 2014).

The weakest L2 class (C1; 23% of the children) showed an improvement in L2 skills,
but had permanently poorer skills than the other classes. Interestingly, the largest class (C2;
38% of the children) had a starting score comparable to that of the weakest group, but the
increase between T1 and T2 was more than twice as great as the increase in the weakest
group. The second largest class (C3; 27% of the children) showed better initial German
skills and also a relatively high increase from T1 to T2. Only 11% of the children belong to
the fourth class (C4), which was distinguished by its consistently strong L2 skills. In the
sequences between T3 and T4, the increases are more uniform, with the group that had the
highest initial scores displaying the smallest improvement.

The findings also indicate that some classes of children had a more favorable L2 com-
petency progression than the others. Possible explanations can be found in the following
section, where different predictors for class membership are discussed. However, the order
of the levels of the classes remained consistent throughout the observed period. That
language skills are relatively stable has already been established in previous investigations
(C. S. Hammer et al., 2011; Troesch et al., 2021; Van Druten-Frietman et al., 2015). This
aligns with the cumulative nature of language development. It requires time to compile a
solid (vocabulary) basis in order to achieve greater language proficiency. In addition, some
factors relevant to language acquisition remain relatively stable throughout early childhood
and beyond. The indications of what those might be and which factors are particularly
correlated with L2 development class membership are discussed in the following section.

4.2. Predictors of Second Language Patterns

To determine the predictors of class membership was another aim of this study. To
achieve this, the higher classes were compared with the lowest class. We also assumed
that both the contextual and individual factors were decisive. Based on the previous
findings (Collins et al., 2014; Francot et al., 2021), it was hypothesized that the considered
individual factors of age and cognitive ability, but not gender, would be correlated with
class membership. These assumptions were partially confirmed. The higher classes did not
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show a different gender constellation than that of the lowest class. Cognitive abilities were
a distinguishing factor that differed between the two highest classes and the lowest class,
but not between the two lowest classes. The two highest classes also differed markedly
from the lowest class in their initial L2 competency, while the second lowest class showed
a more comparable initial level of L2 competency. This may have been because cognitive
abilities strongly influence the development of L2 skills from a young age or during the
initial stages of language acquisition, resulting in varying levels of L2 proficiency by the
age of three and a half years. Subsequently, the correlation between cognitive abilities and
the L2 trajectory diminished, or the L2 trajectory was more strongly conditioned by the
other factors.

Contrary to our assumption, age did not correlate with class membership. Neverthe-
less, the correlations showed that there were significant relationships between age and L2
competency at T1 and T2. This indicates that the influence of age was outweighed by other
factors related to the L2 development patterns. For instance, the correlations between L2
competency and age can be explained by significant variations in exposure to the German
language; at a young age, slightly older children may be more interested in and better able
to interact with peers, which, in turn, promotes language development. Simultaneously,
opportunities for engaging with German-speaking peers may be strongly influenced by
whether the child attends early childhood educational institutions. This factor, which was
less contingent upon age, could potentially have outweighed the correlation between age
and the L2 development patterns.

In terms of contextual factors, besides attendance at an early childhood educational
institution, parental language use, contact with L2 interaction partners, parental SES, and
the duration of parental residence in the host country were included as predictors of the L2
trajectory patterns in this study. We assumed that all these predictors would be related to
class membership (Collins et al., 2014; Francot et al., 2021), but this assumption was only
partially confirmed. While there were significant differences between the highest classes
and the lowest class concerning early childcare attendance, contact with L2 interaction
partners, parental SES, and the parental duration of residence in the host country of Switzer-
land, parental language use was not relevant to class membership. Familial language being
irrelevant may seem surprising, especially since the previous studies have indicated the
importance of the familial language for L2 acquisition and usage (Collins et al., 2014; C. S.
Hammer et al., 2011). This may have occurred because parents who also speak German
with their children do not have a great enough knowledge of German to provide their
children with such high-quality linguistic input that would benefit their L2 skills. However,
a study by Troesch et al. (2017) showed that using the majority language in addition to
the minority language does not have a positive effect on children’s L2 skills, even with
good parental knowledge of the majority language. This non-significant finding could also
have been found because this variable was only recorded dichotomously, and thus did not
differentiate sufficiently.

The greatest effect predicting class membership was early childcare attendance. The
children of the lowest class attended such institutions significantly less often. Early child-
care attendance seemed—apart from the duration of residence in the host country—to
explain why children in the class “improvement to medium-level proficiency” showed a
greater L2 improvement from T1 to T2 than that of the children in the class “improvement
to low-level proficiency,” even though their German competency levels at T1 were similar.
By attending early educational institutions, children receive quantitatively, but also quali-
tatively more input in the majority language, both of which are crucial for L2 acquisition
(Aukrust & Rydland, 2011; Becker, 2010; Bihler et al., 2018; Keller et al., 2015). Attending
early educational institutions, however, showed a large correlation, especially between T1
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and T2. During this phase, attendance at educational institutions is generally voluntary in
Switzerland. However, there have been efforts to make attendance compulsory for children
with poor L2 competency in some regions (e.g., Grob et al., 2014) based on the awareness
that early childcare attendance is highly beneficial for L2 acquisition. Contrastingly, kinder-
garten entry is compulsory from T2 onwards (from the age of 4 years) (Grob et al., 2014).
The apparent equalization of the slopes between T3 and T4 could be partly explained by
the unification of the learning environment. That is, in childcare and playgroups, children
learn in small groups with a lenient curriculum, as well as much playtime. In kindergarten
and primary school, children must adapt to a more structured curriculum and learn within
a larger peer group.

In addition to attendance at early educational institutions, the parental duration of
residence in Switzerland was correlated with class membership. The families of the children
in the lowest class lived in the host country of Switzerland for less time than the families
of the children in the other classes. After migration, it takes time to assimilate to the
employment environments (Fernandez & Ortega, 2008), and parents’ participation in the
labor market is an important factor for their children’s daycare attendance (Homuth et al.,
2021; Kingsbury et al., 2021). Therefore, the duration of residence can be confounded
with integration into the labor market, which, in turn, influences daycare attendance.
How long the parents have been in Switzerland could also be related to parental L2 skills.
Consequently, the L2 skills of the parents could also be related to the L2 skills of the children.
To what extent the parents’ language skills are related to the L2 acquisition patterns and
offer an explanation via the duration of residence could be the subject of further research.

No significant difference in contact with German speakers (adults and children) in the
family’s environment was found between the two groups with lower-level L2 competency.
It can be assumed, however, that the children in the second lowest class had more contact
with German-speaking peers due to their daycare attendance.

In line with previous research (Collins et al., 2014; Francot et al., 2021; Hoff, 2013), in
this study, SES was associated with L2 skills and class membership. However, this was only
a distinguishing criterion between the highest and lowest classes. Since the highest class
differed from the lowest class mainly in the starting level of L2 competency from the age of
3.5 years and less in terms of the trajectory of L2 competency, this could be an indication
that SES is mainly significant for the development of L2 skills at younger ages. However,
the correlations of the current study revealed that SES was related to L2 competency at all
the time points. Therefore, it is more likely that the effect of SES was outweighed by other
factors like L2 exposure (Hoff, 2018).

4.3. Implications

Our results show that early childcare attendance is associated with L2 competency.
Therefore, it would be crucial to provide information about childcare as early as possible
after immigration and allocate resources to establish the necessary infrastructure (e.g.,
cultural mediators, more childcare options, and training for early childcare teachers).
Opportunities to participate in early childcare institutions should be available regardless
of the parents” employment situation to promote children’s L2 competency. Sufficient
educational language proficiency has repeatedly been found to be associated with school
achievements (e.g., Whiteside et al., 2017). Hence, fostering L2 competency helps equalize
school and professional career opportunities for developing bilingual children in their
country of residence.

This study also showed that the parental duration of residence in the host country
is important for how children’s L2 skills develop. Although the duration of residence
cannot be changed, it can represent how well the family has integrated into the host country
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(Millan-Franco et al., 2019). Accordingly, to accelerate the process, the social integration of
families into their host country can be strengthened by, for example, promoting contact with
speakers of the majority language, the parents learning the majority language (K. Hammer,
2017; Troesch et al., 2021), or the parents integrating into the labor market (Ferndndez &
Ortega, 2008; Homuth et al., 2021). Additionally, through parenting and educational coun-
seling, parents can learn about the positive effects of early daycare attendance, and families
can be given opportunities for language-rich activity participation in their local area.

4.4. Strengths, Limitations, and Future Research

A strength of our study was the longitudinal structure of the study, which allowed us
to draw conclusions about individual trajectories over a period during which two major
transitions occur. Children were assessed before and during compulsory kindergarten
attendance and first grade, so their learning settings changed. These changes applied to all
the children at the ages studied and were very likely to influence their language learning.
While this true-to-life aspect was a strength, our inability to consider the differential effects
of these setting changes could be seen as a weakness.

The limitations of this study can inform future research. First, the number of linguistic
interactions was captured, but the quality of linguistic interactions and the language skills
of interaction partners were not (Fibla et al., 2022; Schmerse, 2021).

Second, even though a relatively extensive set of predictors of language trajectories
was examined, this set was incomplete. Other variables like L1 skills would also be
interesting to investigate. However, due to the heterogeneity of the L1s included in the
sample and the absence of appropriate validated instruments, we did not measure the
children’s L1 skills. Likewise, the language richness of the activities in the children’s
familial environment was not considered in this study, but may clarify the differences
associated with the influence of the duration of residence on L2 competency (Paradis et al.,
2020). Future research can thus focus on these and other variables and investigate their
significance for language progression.

Third, due to the change in instruments between T2 and T3, language development
could only be captured to a limited extent, as there was no validated German language
instrument that captured different language aspects in the age range of 3-8 years available
at the time of the survey.

Fourth, the present results suggest the assumption that certain factors like cognitive
abilities and age are more impactful in the L2 trajectories of younger children. Accordingly,
it would be interesting to investigate the trajectories and predictors of L2 skill progression
before the age of three and a half years.

5. Conclusions

In the present study, we showed that there are different language trajectories for L2
speakers. Simultaneously, the order of L2 classes remains the same, indicating the relative
stability of L2 competency. Our findings can be used to make supportive resources available
to bilingual children with low-level L2 proficiency. Specifically, attending early childcare
has much potential for explaining why children who start with low-level proficiency make
significantly more gains in their L2 competency within one and a half years.
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Appendix A

To explore whether the predictor variables differed between the participants that
dropped out and the participants that took part in the measurements, the differences were
analyzed at T2, T3, and T4. As the continuous variables were not normally distributed,
Mann-Whitney tests were applied. The dichotomous predictors were analyzed by X2-tests.
Only a few significant differences were found. The children that dropped out showed a
lower SES at T3 and at T4 (Cohens’ d: T3 = 0.22, T4 = 0.26) and less contact with German-
speaking persons (Cohens’ d: T3 = 0.25, T4 = 0.31) than those who participated. As the
effect sizes of these differences are small, it is unlikely that they are the cause of concern.

Table A1. Comparison of predictor variables between participants that dropped out and those that
participated at measurements T2, T3, and T4.

M (SD)In (%) M (SD)In (%) T2~ M (SD)In (%) T3 M (SD)/n (%) T3 M (SD)/n (%) T4 M (SD)/n (%) T4

Predictor T2 Participated Dropped Out Participated Dropped Out Participated Dropped Out
(n = 295-325) (n =96-118) (n = 250-278) (n = 140-165) (n = 202-222) (n =195-221)
T1 Age (in months) 42.03 (4.26) 4147 (4.17) 41.90 (4.16) 41.87 (4.37) 41.76 (4.14) 42.02 (4.33)
SES 0.02 (0.87) ~0.13 (0.82) 0.05 (0.86) —0.15 (0.84) 0.09 (0.85) —0.13 (0.85)
T1 Duration (years) of
parents’ residence in 13.86 (9.03) 13.69 (7.96) 14.01 (9.05) 13.49 (8.24) 14.45 (9.07) 13.17 (8.40)
Switzerland
T1 Contact with
German speaking 2.25 (1.02) 2.09 (1.09) 2.30 (1.01) 2.05 (1.07) 2.37 (1.01) 2.05 (1.04)
persons
T1 Abstract thinking 4.92 (2.41) 4.50 (2.46) 4.96 (2.43) 454 (2.41) 4.93 (2.40) 4.68 (2.40)
Gender (female) 157 (48.31) 64 (54.24) 134 (48.20) 87 (52.73) 116 (52.25) 105 (47.51)
Attendance of early
childcare before T1 195 (60.37) 64 (54.71) 171 (61.96) 88 (53.66) 139 (63.18) 120 (54.55)
(yes)
Familial language:
mainly other than 275 (85.14) 99 (84.62) 235 (85.15) 139 (84.76) 183 (83.18) 191 (86.82)

German (yes)

SES = socioeconomic status. Mann-Whitney test was applied to continuous predictors, and X2-test to dichotomous
predictors. Significant differences (p < 0.05) between children that participated and those who dropped out are
presented in bold.
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Appendix B

Sensitivity analysis with the Muthén—Roy approach (B. Muthén et al., 2011), a not-
missing-at-random (NMAR) technique, was carried out to explore the impact of dropouts
on the profiles. In this approach, two latent class parameters are estimated: one for the
profiles, and one for the dropouts. As in mixture modeling, a series of models with different
amounts of classes, both for the trajectory profiles and for the dropouts, were estimated and
compared by the BIC. The best BIC was shown by the model with four trajectory profiles
and two dropout classes (stronger versus weaker tendency to drop out). This means that
each of the four trajectory profiles can be further differentiated into two classes, one with
more and one with fewer dropouts (hereafter called “dropouts” and “stayers”, respectively).
The overall classification quality was good (entropy = 0.76), as were the average posterior
probabilities for the assigned class (dropout class = 0.84, stayer class = 0.94; low-level
profiles C1 = 0.79, improvement to medium-level profile C2 = 0.87, improvement to high-
level profile C3 = 0.88, permanent high-level profile C4 = 0.93). The estimated means of the
eight classes are shown and compared to the corresponding means of FIML analysis. To
simplify interpretation, the eight Muthén—-Roy (NMAR) classes plus the four corresponding
FIML (MAR) classes are depicted in four figures.

Figure A1 shows the classes with the lowest profiles (C1, improvement to low-level
proficiency). While the NMAR dropout class (triangles) closely parallels the trajectory
of the MAR class (rectangles), the NMAR stayer class (circles) shows a more favorable
course. However, only a small amount of children (n = 12, 3%) pertained to this class. Thus,
while in this low-level proficiency profile C1 dropout seems eminent, the MAR trajectory is
consistent with the NMAR dropout class.

Comparison C1: NMAR vs. MAR
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Figure A1l. Illustration of estimated means for class C1 (improvement to low-level proficiency)
comparing NMAR (stayers and dropouts) and MAR solutions.

Figure A2 shows the classes that start with low language means, and after a steep
increase, achieve medium-level proficiency (C2, improvement to medium-level proficiency).
While the number of children is almost evenly distributed between the NMAR stayers
and dropouts, the MAR profile more closely follows the trajectory of the stayers (with the
biggest discrepancy in dropouts at T2).
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Comparison C2: NMAR vs. MAR
1.00
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Language means
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«-@-- C2_NMAR stayers (n =89; 20%)

= A— C2_NMAR dropouts (n = 102; 23%)
=l C2_MAR (n=170; 38%)

Figure A2. Illustration of estimated means for class C2 (improvement to medium-level proficiency)
comparing NMAR (stayers and dropouts) and MAR solutions.

Figure A3 shows the classes that start at medium-level proficiency and improve to
high-level proficiency (C3, improvement to high-level proficiency). The NMAR stayers
and the MAR profiles are identical, and only 4% of the children are classified as NMAR
dropouts, with a markedly lower trajectory.

Comparison C3: NMAR vs. MAR

1.00
0.80 ]
2 m
S 0.60
g - —A
.-
5 ~
& 040
é@ —————A
< 0.20
—

T1 T2 T3 T4

s+ @+« C3_NMAR stayers (n =107; 24%) == A== C3_NMAR dropouts (n = 18; 4%)
=== C3_MAR (n = 120; 27%)

Figure A3. Illustration of estimated means for class C3 (improvement to high-level proficiency)
comparing NMAR (stayers and dropouts) and MAR solutions.

Finally, Figure A4 shows the permanent high-level proficiency classes (C4). Here,
only one child is considered a dropout, and the NMAR stayers and the MAR profiles are
again identical.
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Language means
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== C4_MAR (n = 49; 11%)

T2

C4_NMAR stayers (n=51; 11%)

T4

== A== C4_NMAR dropouts (n=1; 0.2%)

Figure A4. Illustration of estimated means for class C3 (permanent high-level proficiency) comparing

NMAR (stayers and dropouts) and MAR solutions.

Taken together, though in the lower-level proficiency classes C1 and C2, there appears
to be a higher tendency for dropouts than in the higher proficiency classes C3 and C4, the

NMAR results do not contradict the MAR profiles.

Appendix C
Table A2. Results of multinominal regression analysis predicting language profiles (reference profile:
C2, 38%).
Profile C1 (23%) Profile C3 (27%) Profile C4 (11%)
Predictor Variable
b SE OR p b SE OR p b SE OR p
Intercept 074 311 081 —448 172 <001 —1691 413 <0.001
T1 Age 008 007 108 027 006 004 106 018 026 009 129 <0.01
Gender 021 054 123 070 023 032 126 047 030 050 135 0.5
T1 Abstract thinking 030 019 074 012 009 008 1.09 025 033 012 139 <0.01
T1 duration of parents 015 006 08 <001 001 002 101 081 005 003 105 007
residence in Switzerland
Tl Contact with German 5y 55 100 100 052 016 163 <001 072 029 205 <0.05
speakers
Attendance of early childeare _, o) 165 014 <001 078 039 218 <005 186 078 645 <005
before T1
Familial language: mainly -/ 106 048 049 —060 053 055 025 -215 073 012 <001
other than German
SES 014 036 087 070 026 022 130 023 113 033 3.09 <001

Imputed data. SES: socioeconomic status. SE: standard error. OR: odds ratio.
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Table A3. Results of multinominal regression analysis predicting language profiles (reference profile:
C3, 27%).

Profile C1 (23%) Profile C2 (38%) Profile C4 (11%)
Predictor Variable
b SE OR p b SE OR p b SE OR p
Intercept 5.23 2.63 <0.05 4.48 1.72 <0.01 -—-1243 414 <0.01
T1 Age —0.02 0.06 1.02 0.73 —0.06 0.04 0.95 0.18 0.20 0.09 1.22 <0.05
Gender —0.02 0.49 0.98 096 —023 032 0.79 0.47 0.07 0.51 1.07 0.90

T1 Abstract thinking
T1 duration of parents’
residence in Switzerland
T1 Contact with German
speakers
Attendance of early childcare
before T1
Familial language: mainly
other than German

-0.39 0.16 0.68 <0.05 —0.09 0.08 0.92 0.25 0.24 0.12 1.27 0.05
—-0.16 0.05 086 <0.01 -0.01 0.02 1.00 0.81 0.05 0.03 1.05 0.11

—-052 024 059 <005 —-052 0.16 059 <0.01 020 0.29 1.22 0.50

-2.78 0.59 0.06 <0.001 -0.78 0.39 046 <0.05 1.09 0.80 297 0.17

—-0.14 0.84 0.87 0.87 0.60 0.53 1.83 025 —-155 0.70 021 <0.05

SES —040 0.32 0.67 0.21 —0.26 0.22 0.77 0.23 0.87 0.33 238  <0.01
Imputed data. SES: socioeconomic status. SE: standard error. OR: odds ratio.
Table A4. Results of multinominal regression analysis predicting language profiles (reference profile:
C4, 11%).
Profile C1 (23%) Profile C2 (38%) Profile C3 (27%)
Predictor Variable
b SE OR p b SE OR p b SE OR p
Intercept 17.66  4.77 <0.001 1691 4.13 <0.001 1243 4.13 <0.01
T1 Age —0.18 0.10 0.84 0.08 —-0.26 0.09 0.77 <001 —-020 0.09 0.82 <0.05
Gender —0.09 0.64 0.92 0.89 —-0.30 0.50 0.74 055 —0.07 051 0.94 0.90

T1 Abstract thinking
T1 duration of parents’
residence in Switzerland
T1 Contact with German
speakers
Attendance of early childcare
before T1
Familial language: mainly
other than German

-063 020 0.53 <001 -033 0.12 072 <0.01 -024 0.12 0.79 0.05
—0.20 0.06 082 <0.001 —-0.05 0.03 0.95 0.07 —-0.05 0.03 0.95 0.11

-0.72 035 049 <005 -072 0.29 049 <0.05 -020 0.29 0.82 0.50

-3.86 091 0.02 <0.001 -215 0.73 016 <0.01 -1.09 0.80 0.34 0.17

1.41 1.03 4.09 0.17 2.15 0.73 860 <0.01 155 0.70 470 <0.05

SES -1.27 043 028 <0.01 -123 0.33 032 <0.01 -—-0.87 0.22 042 <0.01
Imputed data. SES: socioeconomic status. SE: standard error. OR: odds ratio.
Appendix D
Table A5. The expected probabilities for the four latent classes depending on the different values of
predictors of multinominal regression analysis.
Class 1 Class 2 Class 3
Class 4 (Permanent
(Improvement to (Improvement to (Improvement to High-Level
Low-Level Medium-Level High-Level Prlogﬁciefl:e )
Proficiency) Proficiency) Proficiency) Y
Low 0.32 0.52 0.17 0.00
AgeT1 Mean 0.38 0.44 0.18 0.01
High 0.43 0.36 0.19 0.01
Gend Male 0.38 0.44 0.18 0.01
ender Female 041 0.39 0.20 0.01
Low 0.57 0.32 0.11 0.00
Abstract thinking T1 Mean 0.38 0.44 0.18 0.01

High 0.21 0.51 0.26 0.01
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Table A5. Cont.

Class 1 Class 2 Class 3
Class 4 (Permanent

(Improvement to (Improvement to (Improvement to High-Level

Low-Level Medium-Level High-Level Progﬁcienc )

Proficiency) Proficiency) Proficiency) ¥
. , Low 0.70 0.22 0.08 0.00
Duration of parents Mean 0.38 0.4 0.18 0.01
residence in Switzerland T1 High 0.14 0.59 0.27 0.01
. Low 0.41 0.48 0.12 0.00
C°“*:“Z‘:E$§T‘“"“ Mean 0.38 0.44 0.18 0.01
P High 0.33 0.39 0.27 0.01
Attendance of early childcare No 0.38 0.44 0.18 0.01
before T1 Yes 0.06 0.48 0.43 0.04
rs Mainly German 0.49 0.27 0.21 0.03

Familial language Mainly other than
Y 0.38 0.44 0.18 0.01
German

Low 0.42 0.43 0.14 0.00
SES Mean 0.38 0.44 0.18 0.01
High 0.33 0.43 0.22 0.01

The expected probabilities for the different values of the predictors are computed by holding the other continuous
predictors constant at the mean and holding the dichotomous predictors constant for the male gender, those
who did not attend an early childcare facility before T1, and those with a family who mainly speak a language
other than German. Low = 1 standard deviation below the mean; high = 1 standard deviation above the mean.
SES = socioeconomic status.
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