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Abstract

The main goal of this paper is to suggest a combination of data analyses — notably generalized additive models,
time-series clustering methodology, visual methods for significance testing and qualitative analyses — that relate
to Complex Dynamic Systems Theory (CDST). To this end, we report on findings from a larger project conducted
in a bilingual (pre)primary school in Switzerland, aiming to elucidate the complex ways that L2 English
development emerges over time in 45 children who received German/English bilingual instruction over a period
of eight years (age 5-12) in combination with emerging extracurricular exposure to English. The results reveal
that increased extracurricular activities in English are particularly noticeable during periods of rapid development,
but the effects seem temporally limited to the end stages of testing and strongly hinge on the cluster in question
(i.e., learners with trajectorial similarities). We relate the findings to the “authenticity gap” between English inside
and outside of school, as clusters who perceive a discrepancy between in- and out-of-school encounters with
English also show rapid development that is characterized by increased English exposure during extracurricular
activities. Methodological implications of adopting non-linear models, which can model complex dynamic
relationships in order to better reconcile generalizability, variability, and individuality, are discussed.
Keywords: Dynamic Integrative Analysis, Variability, Cluster Analysis, Primary School, English

Development, Switzerland

Introduction

The dynamic turn in SLA (e.g. de Bot, 2008; Doérnyei, 2009; Jessner, 2008; Larsen-Freeman,
2006; Larsen-Freeman & Cameron, 2008; Mercer, 2011; Verspoor et al., 2008) has not only
afforded new ways of “seeing” but also “doing” research (Benson, 2019; Larsen-Freeman,
2018; Serafini, 2020). For instance, in a complex world, “we lose predictability; the nature of
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explanation changes; cause and effect work differently” (Larsen-Freeman & Cameron, 2008,
p. 72). As a consequence, the conceptions of the causal structures underlying outcomes from
the perspective of Complex Dynamic Systems Theory (CDST) are at odds with the assumptions
required for standard regression techniques and conventional comparative methods to provide
valid causal inferences.

In this paper, we suggest a combination of data analyses — notably generalized additive
models, time-series clustering methodology, visual methods for significance testing and
qualitative analyses — afforded by dynamic systems frameworks in order to elucidate the
complex ways that L2 English development emerges over time in bilingual pre/primary schools
through dynamic, reciprocal interactions with context, i.e. extracurricular use of English. We
argue that CDST warrants change from a traditional focus on hypothesis testing and
generalizability of results (see also Serafini, 2020). Even if the readers do not explicitly adopt
a dynamic systems framework, the overall emerging picture is that of a broad shift that has
departed in several respects from traditionally established perspectives of causality in applied
linguistics (Waninge et al., 2014). Process-oriented approaches, such as the longitudinal micro-
development approach adopted in this paper, fundamentally question the feasibility of
investigating cause-effect relations, the traditional basis of generalizable theories: since it is
highly unlikely that a single cause (or a handful of independent variables) will give rise (in a
linear fashion) to such a complex event as L2 learning, some complexivists caution that
“differences between individuals cannot and need not be generalized beyond the individual
learners we are observing” (Lowie & Verspoor, 2018, p. 20). Others (e.g. de Bot & Larsen-
Freeman, 2011, p. 23) suggest focusing on “tendencies, patterns and contingencies” rather than
simple cause-effect explanations. Yet others (e.g. Hiver & Al-Hoorie, 2020) make specific
suggestions how generalizable statements can be made at the level of system dynamics.

In order to demonstrate how variability and generalizability can be reconciled, we draw on
parts of the dataset used in Pfenninger (2020, 2021a, 2021b), where dense longitudinal written
and spoken data as well as information on extracurricular use of English was collected from 45
pre/primary school children in Switzerland who received German/English bilingual instruction
over a period of eight years (age 5-12). The overall goal is to operationalize the main tenets of
the dynamic approach in actual applied linguistics (AL) research; specifically, we attempt to
outline ways of identifying L2 developmental patterns that transcend individual L2
developmental trajectories and subsequently explain these clusters quantitatively and
qualitatively in terms of individual learner differences in extracurricular L2 use.

Literature Review

Linearity vs. Non-linearity of L2 Processes

Fundamental to the conceptual transformation described above is that the centrality of variation
and nonlinearity in understanding the system is key (Larsen-Freeman 2015). For one, it is well-
known that the process of L2 development may take a variety of forms and can even be
characterized as specific to each individual (Peng et al. 2022). This is particularly important in
today’s multilingual and technology-supported culture, which is redefining when, why, and
how languages — in particular English as a foreign language (EFL) — are learned and used
(Douglas Fir Group 2016; Larsen-Freeman 2017), which may lead to divergent learning
experiences and developmental processes (Peng et al. 2022). What is more, the individual-level
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L2 change over time is a nonlinear process rather than product. It is characterized by phases of
stability, called ‘attractor states’, which alternate with periods of high variability that
accompany phase shifts indicative of rapid developmental change, often referred to as ‘repeller
states’ (de Bot et al., 2007; Verspoor et al., 2011). Identifying phase shift, however, has proven
difficult in the AL literature. For instance, strong peaks or dips in variability have been tested
for significance through resampling techniques and Monte Carlo analyses (Penris & Verspoor,
2017; van Dijk et al., 2011; Yu & Lowie, 2020), using Poptools (Hood, 2004). By randomly
reshuffling the data 5000 times, a Monte Carlo analysis calculates how often a similar peak
occurs in the data set when shuffled. If a peak occurred less than 250 times, it was deemed
significant (a at .05). In order to neutralize the variability to some degree, they were supplanted
with LOESS curves (Penris & Verspoor, 2017). This is tricky as it has been suggested that “[i]n
a complex systems approach, there is no need to smooth away specific variability or to decide
some detail is superfluous” (Larsen—Freeman & Cameron, 2008, p. 75).

Individual versus Group-based Designs

The non-linearity of L2 processes and the interconnectedness of variables can only be
investigated by including the time dimension, “which at the same time blurs the neat two-
dimensional results of group studies” (Lowie et al., 2015, p. 79, our emphasis). Or, in Larsen-
Freeman & Cameron’s (2008, p. 238) words, “variability in data is not noise to be discarded
when averaging across events or individuals, or the result of measurement error” (see also Ellis
& Larsen-Freeman, 2006). This stands in stark contrast to the urge in AL to group
data/participants into aggregate, social, non-individual entities according to various individual
learner differences i.e. to spuriously suggest the presence of cut-offs or threshold effects:
English as a native language vs. English as a second language vs. English as a foreign language;
monolinguals vs. bilinguals vs. multilinguals; sequential vs. simultaneous bilinguals; 5-7-year-
olds vs. 8-9-yr-olds vs. 10-12-yr-olds; etc. In MacIntyre and Mercer (2014, p. 166), for
instance, we can read that “[r]esearch that uses group averages and correlations among
variables has been a mainstay of SLA theory development over the years”. Furthermore, group
observations are analyzed “using statistical procedures that are widely accepted as proof for
effects and relationships, and that results in generalizations of sample group scores to
population” (Lowie, 2017, p. 125).

Grouping participants comes with several issues. As with many other participant features,
proficiency level or nativelikeness is not inherently categorical (see e.g. Birdsong, 2018;
Vanhove, 2020). That is, individuals are not simply “native” or “non-native” speakers, or low-
or high-proficiency learners, but they are native-like or proficient in English to varying degrees.
Accordingly, so as to more faithfully capture these constructs, it is advantageous to
operationalize and analyze them as a continuous (rather than a categorical) subject factor. As
with any other continuous variable, (arbitrarily) assigning participants to categories (e.g. low-,
advanced-, and high-proficiency learners) may mask intra-group variability and result in loss
of statistical power (see, e.g., Altman, 1998).

Furthermore, studying the aggregate of a group to which the individual belongs raises the
important question whether the observed effect is realized in each one of the individuals to
whom the treatment condition or personal attribute producing that effect applies (Lowie, 2017).
Can aggregated and statistical techniques do any more than “hint at” possible causal patterns
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on an aggregated measure? Is the average “grand sweep” (Larsen-Freeman, 2006, p. 594)
representative for any of the individual of the population? Several AL researchers have
addressed this question from various theoretical angles. Within the CDST framework, in
particular, scholars have discussed the issue of aggregation: “A group trend, however
significant it may be, cannot accommodate the dynamic multicausality of the emerging
language system of an individual, and interpreting a developmental phenomenon on mean
trends and variance of group scores at one point in time underestimates the complexity of the
developmental process” (Lowie & Verspoor, 2015, p. 78).

Along those lines, Pallotti (2022) cautions that the finding that, oftentimes, individuals do
not fit the mean pattern of the group is not an empirical discovery, but a mathematical truism
stemming from the very properties of the average; that is, by virtue of being a model, it can
only provide a synthetic summary of several cases, without necessarily matching any one of
them: “The fact that the average, or a regression line, do not correspond to any particular data
point is not a limit of these relatively simple models, nor an issue to wonder about; rather, these
models help us to solve concrete problems, like that of making sense of a number of sparse
observations” (5). However, in our view, the main problem does not lie with the observation
that group measurements may not say much about the individual (which might be obvious
indeed) but with the fact that this equivalence (the learner being similar to the group) is an
assumption implicitly held by many studies in AL, which is reflected in the widespread use of
statistical models that employ analyses comparing means as a default (e.g. ANOVA-based
analyses). Presumably this is because CDST proponents have argued that the starting point in
research design should not necessarily be the distinction between quantitative and qualitative
approaches, or even mixed methods, but rather the distinction between individual versus group-
based designs (i.e. idiographic versus nomothetic, see Allport, 1937).

Variability vs. Generalizability

“If we reject simple linear causality, do we have to give up on generalizability?” (Larsen-
Freeman, 2017, p. 34) As applied linguists we often want to assess whether a certain effect
generalizes beyond the participants sampled to the wider population; i.e. we will want to test if
results generalize both to the wider population of learners and the wider population of linguistic
materials (Cunnings & Finlayson, 2015). However, in CDST and other process-oriented
research agendas, the ways generalizability and prediction are employed are somewhat
unconventional, i.e. the problem of the compatibility of CDST research with generalization has
been widely discussed. On the one hand, the advantage of longitudinal studies with enough
data points, in which various sub-components of the system under study are plotted and traced,
is that they show in detail how each individual develops over time; however, they do not lend
themselves to generalizations or general trends. On the other hand, Molenaar and Campbell
(2009) argue based on the classic ergodic theorem observations across individuals can only be
generalized under two strict conditions. The first condition is that the population should be
homogenous and the statistical model which describes the group as a whole should apply to all
subjects in the population. When the units of a group are strongly similar to each other, then
we have an ergodic ensemble, where generalization from the individual to the group is
justifiable. However, this condition is more often than not absent in data. The second condition
stipulates that the data must remain temporally stable, such that the mean and variance should
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not change between the measurements. However, developmental processes are almost always
nonstationary and therefore nonergodic — and there is no evidence that the interaction of
variables over time is the same for different individuals. In other words, the assumption in
Gaussian statistics is that for different individuals within a single category or similar in some
demographic way (e.g., intermediate learners of English with the same first language),
generalizations can be made from a sample that transfer to the population they represent.
Importantly, these generalizations are not warranted for development in the time domain, as
the dynamic network of coupled variables impacting on the developmental trajectory of an
individual cannot and should not be equated with interindividual variation at one moment in
time (e.g., van Geert, 1991).

This is why many CDST scholars agree that the enterprise of generalizing across contexts,
time, and systems is not realizable (or indeed necessary): “Instead of generalizable predictions,
then, we are content to point to tendencies, patterns, and contingencies. Instead of single causal
variables, we have interconnecting parts and subsystems that co-adapt and that may display
sudden emergence of new modes of behavior” (de Bot & Larsen-Freeman, 2011, p. 23).
Similarly, van Geert (2011) argues that case studies can have a generalizing power, depending
on how they are linked to a particular theory: “a truly general theory of development processes
is one that can be ‘individualized’ — it can generate theory-based descriptions of individual
trajectories in a nontrivial sense” (276). What strikes us as important is that “contingency” does
not preclude generalizing (Larsen-Freeman, 2017, p. 34). In other words, CDST is not purely
descriptive, and it does not necessarily rule out causal explanations, falsifiability,
generalizability, or prediction — consider, for instance, the hypothesis about “high degrees of
variability accompanying rapid [L2] development” (Lowie & Verspoor, 2019, p. 2) — see also
Hiver and Al-Hoorie’s (2020) description of how generalizable statements can be made at the
level of system dynamics. Also, complex systems are not always in a state of unpredictable
flux; we can often identify relatively stable phases and recurring patterns within the variation
of system behavior, as discussed above. However, it raises the problem of (statistics-based,
quantitative) methodology; i.e. it calls for an expansion of available methods. Specifically, it
has been suggested (e.g. Hiver & Al-Hoorie, 2020) from a CDST perspective that causal
relations — that is, dynamic causalities in language development — can only be disclosed in
microgenetic, dynamic analyses. Such microgenetic studies do not necessarily have to focus
on the individual. We agree with Bulté and Housen (2020) that it is also worthwhile to look for
developmental patterns across learners, for example by combining multiple case studies (which
does not necessarily involve averaging scores across learners), as demonstrate in this study.

Importantly, CDST supporters do, in fact, also value group studies for identifying general
regularities or behaviors that hold for (a majority of) language learners (e.g., Verspoor et al.,
2012). Molenaar’s work is not necessarily a plea for a focus on the individual case, but rather
strives to build more adequate models that account for individual factors without giving up the
search for general laws: “starting with analyses of intra-individual variation does not preclude
valid generalization across subjects [...] In this way nomothetic knowledge about idiographic
processes can be obtained” (Molenaar, 2015, pp. 37-40) — at least as long as the sample
represents an ergodic ensemble. We thus believe, with Pallotti (2022), that rather than
renouncing the construction of general, predictive, and thus falsifiable models, we should strive
to develop multifactorial, non-linear and probabilistic models with a better fit to the data than
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those currently available — such as generalized additive models (GAM), which strike what
Pallotti (2022) calls “the right balance between over-simplification distorting reality and under-
simplification presenting an overwhelming amount of unmanageable information” (691), i.e.
the balance between the theoretical premise that everything is complex and dynamic, and thus
irreducible to simple models, and the need to provide accounts of complex dynamic systems
that are not limited to individual cases. By being able to (a) reconcile variability and
generalizability (by analyzing nonlinear change over time in iterated learning and still detecting
a general trend) and (b) disentangle mechanisms that have differing inherent time-courses
GAM can contribute to our knowledge of how different individual learner differences work
and over what time.

Quantitative vs. Qualitative Research

Finally, from a CDST perspective, it is assumed that individuals during L2 development are
sensitive to learner-internal (e.g., cognition, socioaffect) and environmental-external (e.g.,
input, interactions) factors (Larsen-Freeman & Cameron, 2008; Lowie & Verspoor, 2015;
Verspoor, 2017): “[W]e need to look at the ‘messy little details’ that make up the ‘here and
now’ of real time. We need to take into account learners’ histories, orientations and intentions,
thoughts and feelings” (Larsen-Freeman & Cameron, 2008, p. 159).

Particularly appropriate to the longitudinal study of complex systems is the use of
“combinations or blends of methodologies” (Larsen-Freeman, 2015, p. 233), which are
uniquely equipped to elicit and examine data through both quantitative and qualitative means.
We suggest that combining methods to support a single, unified causal inference is also crucial
for a more nuanced view of causality. Effects and outcomes are produced through a
combination of complex conditions; e.g. more often than not, select phenomena can only
retrospectively be interpreted as an effect, rather than being put forth as a prediction that
linearly and causally extends into the future and thus also unobserved cases — which Larsen-
Freeman and Cameron (2008) refer to as ‘retrocasting’ as opposed to ‘forecasting’.

Summary

On the whole, exploring processes as opposed to products in L2 development requires an
adaption of existing methodologies, the goal being not necessarily to capture acquisitional
outcomes at a single point in time, but rather to home in on the temporal specificity and scales
of variability as concerns how, when, and why L2 development emerges. While many previous
CDST-inspired approaches have focused on non-/linear change in individuals or smaller groups
of learners, it has recently been argued (e.g., Kliesch & Pfenninger, 2021; Pfenninger, 2020)
that a relatively large number of participants, each with sufficient repeated measures, can be
helpful in generating more stable and generalizable results. That said, even group-based micro-
longitudinal studies (though comparatively limited to date), which draw their statistical power
from repeated measurements rather than from sample size alone, run the risk of falling victim
to a ‘grand sweep effect’, i.e., presenting developmental trajectories that may hold at the group
level, but which fail to generalize to the individual (e.g., Peng et al., 2022). Adequately
addressing this group-to-individual generalizability issue necessitates not only micro-
longitudinal designs that can capture temporal effects, but also more nuanced statistical
procedures that are capable of reconciling generalizability, variability, and especially
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individuality. To this end, Peng et al. (2022) argue in favor of the usefulness of person-centered
approaches that start at the level of the individual and search for general developmental
regularities by aggregating similarly structured processes in a bottom-up manner and, in an
additional step, generalize the identified patterned outcomes to a larger group (see also
Molenaar, 2015). While initial attempts at applying such person-centered approaches to L2
development do exist (see, e.g., Peng et al., 2022; Wirtz & Pfenninger, 2023), these have not
attempted to exploit the strengths of GAMs as multifactorial, non-linear, and probabilistic
models for operationalizing individual-level developmental trajectories in combination with
time-series cluster analyses to identify ensembles of similarly structured learners. What is
more, the present study is particularly noteworthy as concerns the developmental time span
(i.e., eight years) and number of data collection points (i.e., 32). Thus, combining a micro-
longitudinal study with dense time serial measurements over the course of a significant life
period ([pre]primary school) with more nuanced statistical procedures tailored to capturing
both the temporal specificity of development and the individuality involved therein position
this study as uniquely qualified to answer outstanding questions concerning not only which and
how individual differences variables work in L2 development, but more specifically for whom
and over what time period?

The Study

Research Questions

The study reports on findings from a larger project conducted in a bilingual (pre)primary school
in Switzerland, aiming to elucidate the complex ways that L2 English development emerges
over time in 45 children in Switzerland who received German/English bilingual instruction
over a period of eight years (age 5-12) in combination with emerging extracurricular exposure
to English. Specifically, the following RQs will be addressed:

RQi: Can we identify L2 supra-developmental patterns that transcend individual L2
developmental trajectories in primary school children?

RQ2: To what extent can periods of rapid development in these supra-developmental patterns
be explained by individual learner differences in extracurricular L2 use?

RQs: How can we qualitatively explain the cluster-related differences found in the quantitative
analyses?

Participants

The dataset was taken from the AIM (‘Age and Immersion’) project (Pfenninger 2020, 2021a,
2021b). This study aimed to explore the factors that contribute to significant L2 (second
language) growth in children attending bilingual and regular (pre)primary programs in
Switzerland. It investigated how the development in L2 writing and oral language skills can be
explained by a complex and dynamic interplay of individual and social factors. For this paper,
we used the data obtained from 45 children who had received 50/50 bilingual instruction in
German and English (so-called “partial CLIL” programs), 25 of whom were from German-
speaking homes (new to English; 15F), while 20 were from English-speaking homes (new to
German; 11F). The former were referred to as ‘earlyPAC’ due to their rather early age of onset
of L2 acquisition (age 5), compared to the other groups in the project. The latter comprises
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students for whom German was both their L2 and the language spoken locally, and whose
parents were native speakers of English. Following Festman's classification in 2018, they were
identified as ‘international students’ (referred to as earlyPAC-int). These were children born
outside of Switzerland, raised with another language (English) abroad, and continuously
exposed to it within their international families even after relocating to Switzerland (i.e., while
living and working there). These international students were integrated into the same classes
as the children in the earlyPAC group.

All children were matched for socioeconomic status (and comparable home literacy
environments) and were 5 years old during the initial data collection, with the study continuing
until they reached the age of 12. Throughout this period, they received between 28 lessons
(Grades 1-3) and 30 lessons (Grades 4—6) per week, amounting to approximately 6.5 to 11
hours spent at school each day. Additionally, they were provided with conventional
English/German-as-a-second language instruction: 6 hours in Grade 1, 5 hours in Grades 2 and
3, and 4 hours in Grades 4-6 (for further details, refer to Pfenninger, 2020).

Tasks and Procedure
Data collection took place four times a year spanning eight school years, from ages 5 to 12, at
consistent intervals of every 3 months. This resulted in a total of 32 data collection points for
each participant and task. At each measurement, participants wrote a timed English narrative
(topic: the plot of their favorite movie, book or TV series) and completed a re-telling task,
which required them to narrate the plot of a silent video they had previously watched at the end
of primary school — see Pfenninger (2020) for a more detailed description of these tasks (both
45 minutes). Furthermore, participants were tasked with completing a language awareness
questionnaire comprising open-ended questions. Additionally, individual semi-structured
interviews, each lasting 10 minutes, were conducted with the students. These interviews aimed
to collect information about various aspects, including their use of English in daily activities
(extracurricular pursuits), language proficiency, emotional experiences (motivation, anxiety,
enjoyable and challenging moments, etc.), the influence of parents, peers, teachers, and
language assistants, their English language progress, and their self-reflections on the narratives
they created, highlighting both strengths and areas needing improvement. Verbatim transcripts
were generated from the recorded interviews. Finally, a questionnaire including 16 closed-
ended items on a 10-point scale was administered at each data collection time, tapping into the
children’s extracurricular use of English:

e using (learning) apps in English (2 items, o = .880)
using English for gaming (4 items, o = .891)
surfing the net/checking pages in English (3 items, o = .884)
using English on social media (2 items, o = .879)
watching movies, series, YouTube in English outside of lessons (3 items, o = .893)

listening to English songs (2 items, a. = .896)
All materials are available at http://www.iris-database.org.

Data Analysis
Children’s essays were transcribed using the CLAN program and CHILDES (McWhinney
2000), and, once the transcripts were completed, coders with expertise in linguistics and who
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were additionally bilingual English-German speakers coded the student’s speech using the
koRpus package in R (version 0.11-5). Transcripts were coded for the following aspects:

e morphosyntactic complexity and fluency:

0 mean length of utterance (MLU, i.e. number of morphemes per word)
0 text length in tokens i.e. word count (W)
0 clauses per T-Unit (C/T)

e lexical diversity:

0 Measure of Textual Lexical Diversity (MTLD) (McCarthy & Jarvis, 2010),
which is independent of text length;

e accuracy: total number of utterances produced correctly, total number of utterances that
contained morphosyntactic and/or semantic errors (token errors and type errors).

To answer the above-mentioned RQs we proceeded in four phases: (1) Generalized additive
modeling to quantify individual-level oral and written developmental trajectories; (2) time-
series clustering methodology to identify ‘supra’ developmental patterns (see below); and (3)
visual-quantitative analyses alongside (4) qualitative content analyses, both of which were
geared towards describing trajectorial differences, homing in specifically on factors relating to
extramural exposure to English. The coding procedures and analysis scripts for the quantitative
phases outlined below can be found on this article’s OSF repository
(https://osf.io/purk9/?view_only=13823b261t744bd593c4c9d404e0ed8c).

Phase 1 (individual-level written and oral GAMs for each participant)

In order to be able to model complex nonlinear L2 trajectories and intra- and inter-individual
variation as well as to take account of autocorrelation (nested dependencies, multivariate data,
repeated measures), GAM was employed using the mgcv R package (Wood, 2006). We
included the sole nonlinear predictor Time, thus giving us the individual trajectories of each
subject for their oral and written GAM. To account for potentially nonlinear differences over
time with respect to the general time pattern for each of the five written and oral L2 measures
per participant, we included factor smooths for Time and L2 Measure. Importantly as it
concerns this modeling procedure, we did not fit the Time effect for groups. Instead, we aimed
to assess development at the broader level, taking the respective group into account only after
the cluster analysis to determine the extent to which the earlyPAC vs. earlyPAC-int binary was
represented at the cluster level (see next phase).

Phase 2 (time-series cluster analysis using individual-level predicted Time Os, intercepts, and
edfs as inputs)

Besides depicting individual-level trajectories of L2 development, we intended to distill
developmental patterns that transcend the individual heterogeneity as they emerge from the
data. In other words, while learners may indeed evince individually owned developmental
trajectories, salient between-person patterns — so-called “supra patterns” (Baba & Nitta, 2014,
p- 30) —may yet be hidden in the data; clustering methodologies aid in identifying these. What
is more, time-series cluster analyses facilitate the additional investigation of the time domain,
reconciling inter- and intra-individual variation in order to advance our understanding of
“lawful regularities about L2 learners’ developmental processes” (Peng et al., 2022, pp. 905—
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906). To this end, we extracted several parameters from the individual-level written and oral
GAMs that should be representative of critical aspects of their developmental pathways:

e Predicted Time 0: In order to capture subjects’ respective baseline L2 performance,
each learner’s performance was estimated at time point 0, using their individual-level written
and oral GAMs. This was done also in order to account for intra-individual fluctuations in L.2
performance at the onset of the study, which, if neglected, runs the risk of producing over- or
underestimations of subjects’ actual baseline performance (see also Kliesch et al., 2022).

e Intercept: Note that, in non-linear GAMs, the intercept refers to the conditional mean
of the response variable (i.e., participants’ L2 scores). Simply put, the intercept in this case
approximately represents subjects’ mean development over time.

e Edf: The effective degrees of freedom (edf) is an estimate of how many parameters
are needed to represent the respective smooth (Wieling, 2018), which essentially indicates
the amount of nonlinearity of the smooth (the higher the edf, the higher the nonlinearity).
Thus, by extracting the edf parameter from each learner’s individual GAMs, we account for
the degree of nonlinearity in participants’ respective developmental pathways. Importantly,
the edf does not indicate the directionality of said nonlinearity; that said, as Pfenninger (2020)
showed, there were only exceedingly few periods of (significant) decline in learners’
development, so the edf, in our specific case, can be taken as the amount of nonlinearity in
participants’ upwards developmental trajectories.

By employing these three parameters as our participant-level inputs for the time-series
clustering, we follow Molenaar and Campbell (2009), Peng et al. (2021, 2022) and Wirtz and
Pfenninger (2023), who suggested to not only adopt a person-centered approach but also to
identify subgroups of similar individuals as ergodic ensembles so that the findings at the
subgroup level and those of the individuals composing the subgroup are mutually inferable. At
the cluster level, components in each cluster that emerged from the analysis evince similar
developmental characteristics (based on the statistical parameters); therefore, the clusters
arguably satisfy the condition of being homogeneous: “This improvement in ergodicity is
important to the group-to-individual generalizability issue. That is, although it may not be
appropriate to directly generalize between an individual and the group as a whole, it is feasible
to generalize between an individual and the cluster identified” (Peng et al., 2022, p. 18; see
also Wirtz & Pfenninger, 2023). We then conducted a time-series hierarchical cluster analysis
(HCA), a multivariate exploratory technique used for identifying new groups or patterns in a
bottom-up manner (Staples & Biber, 2015). Within the HCA, we used the Manhattan distance
matrix to quantify and reflect the (dis)similarity between individuals’ respective Time 0,
intercept, and edf parameters. We adopted Ward’s method as a linkage method so as to
minimize within-cluster variance during the clustering process. Overall, the time-series HCA
computed subgroups of similar ‘objects’ in the data, in this case subgroups of similarly
behaving learners. After determining a solution to the cluster via the average silhouette width
(see Levshina, 2015, p. 311), we plotted (a) a dendrogram and (b) the individual clusters
according to the writing and oral data.
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Phase 3 (Visual quantitative analysis of earlyPAC vs. earlyPAC-int binary, L2 extracurricular
use) and Phase 4 (qualitative content analysis to describe differences in clusters, i.e., learners
with trajectorial similarities)

Phases 3 and 4 involved a multidimensional, integrative approach to explaining the trajectorial
differences as captured and modeled by the clustering procedure, guided by the notion that
“[i]t’s not enough to highlight individual variability [...] We still have to explain [it].” (Ellis,
2007, p- 23). In terms of potential signature dynamics—i.e.,
qualitatively/quantitatively/visually determined underlying dynamic patterns (Dornyei, 2014;
Hiver, 2017)—we place special focus on the role of extramural exposure to English during
learner development, and additionally how this may relate to, e.g., changes in strategies, shifts
in affective states and motivational flow, cognitive events, and (emergence of new) strategies
(i.e., phenomena identified as contributing to periods of rapid development [see Pfenninger,
2020]). More specifically, in addition to whether the earlyPAC vs. earlyPAC-int binary was
represented at the cluster level, we (a) addressed in what constellations differences in the
extracurricular L2 use was represented in the different clusters and (b) explored which or
whether any qualitative aspects set the clusters apart from one another, so implying that the
clusters characterized by trajectorial differences were also distinctive of certain qualitative
aspects. This qualitative component helps make sense of the quantitative data. Understanding
that development is non-linear and varies for different linguistic features or writing abilities in
different learners is crucial. However, it remains uncertain how this knowledge can help us
interpret a series of elicited oral language and writing episodes (see Norris & Manchon, 2012).
The procedure for reconciling quantitative and qualitative approaches to explaining rapid
development was as follows:

e In order to identify repeller states (i.e., rapid L2 developmental phases) as opposed to
attractor states (i.e. more stable phases), we used visual methods for significance testing by
fitting additive models with superimposed periods of significant L2 change for the individual
slopes (see Simpson, 2014), which highlight phases of significant growth in each participant’s
trajectory (see also Pfenninger, 2021; Pfenninger & Kliesch, 2023; Wirtz & Pfenninger, in
press). We then plotted learners’ extracurricular English use to visually determine how such
extramural exposure relates to participants’ rapid developmental phases.

e Following this, we extracted the periods of significant change and categorized them
binarily (i.e., significant change [repeller state] versus non-significant change [attractor state]).
Our goal here was to assess the cluster-specific differences in the scores of subjects’
extracurricular English use during rapid development, focusing specifically on (a) whether
extracurricular English use was higher during periods of rapid development (variable:
Significant Increase [TRUE/FALSE]), (b) for which extracurricular domain (variable:
Extracurricular Activity), and (c) for which clusters (variable: Cluster). To this end, we
specified a linear mixed-effects model with a three-way interaction effect:

Imer(Extracurricular English Use ~ Extracurricular Activity * Significant Increase
[TRUE/FALSE] * Cluster + (1 | id))

We included by-participant random intercepts to account for repeated measures and
subject-level idiosyncrasy. Importantly, the time domain was not included in this analysis, as
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the primary question was whether extracurricular English use was more prominent during
periods of rapid development or more stable periods.

e Finally, we complemented the quantitative results with a qualitative thematic analysis,
focusing on moment-to-moment changes, stimuli for change, and phase shifts from repeller to
attractor states. Specifically, we follow a method integration approach as proposed by
Seawright (2016), which involves applying one method to “produce the final inference” while
the other — in this case the qualitative approach — “is used to design, test, refine, or bolster the
analysis producing that inference” (8). Thus, instead of ‘mixing and matching’ two methods
independently and then comparing the results at the end, “one method is used to overcome the
weaknesses of another method while that method is being applied” (Hiver et al., 2021, p. 10,
italics original). The qualitative data were transcribed and digitalized for analysis using the
software MAXQDA (http://www.maxqgda.com/). Following Mercer (2015), the data were first
coded first in an open, grounded manner, coding line-by-line to allow all aspects of the data to
be considered and to ensure potentially unexpected features were included in the analysis. In
the following rounds of coding, codes were combined or expanded until categories began to
form. The codes, categories, memos and matrices were then examined specifically with CDST
in mind, with a focus on characteristics of complex dynamic systems, their interrelations and
dynamics. Specifically, the categories that emerged included indications of possible changes
to contingent stabilities, as revealed by the quantitative analysis. This process was done

separately for each learner — focusing on each individual and developing their profile before
moving on to the next. Finally, after the individual level of analyses, the data were examined
for possible patterns and interactions across each level and for both learners.

Results

In the following, results will be presented corresponding to the four phases of analysis outlined
above. Phases 1 and 2 are geared towards answering RQ1 concerning the identification of supra
developmental patterns, whereas Phases 3 and 4 address RQ2 and RQ3 as it relates to
explaining cluster-related trajectorial differences.

Phase 1: Individual-level written and oral GAMs for each participant

Figure 1 presents the descriptive statistics, that is, the 45 individual developmental pathways
of the earlyPAC (n = 25) and earlyPAC-int (n = 20) learners over the course of eight years. It
becomes clear that the participants differed in terms of their rate of oral and written
development alongside the degree of idiosyncrasy subjects evinced throughout (pre-)primary
school. The GAMM analyses in Pfenninger (2020) assessing the effects of time and age of first
bilingual exposure (i.e., age of onset, [AO]) also show that learners made significant L2 gains
over time across the oral and written measures. Based on these visualized descriptive
trajectories, individual GAMs for the oral and written data were run and the three parameters
of interest (predicted Time 0, i.e., initial starting-point of development; intercept, i.e., predicted
mean development; and the edf value, i.e., the subject-specific degree of nonlinearity in each
learner’s trajectory of development) were extracted, in accordance with the first phase of
analysis.
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Figure 1
Individual L2 Trajectories across Written and Oral Modalities for the Earlypac and Earlypac-
int Groups
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Phase 2: Time-series clustering of learners’ developmental pathways
Figure 2 shows the dendrogram for the four-cluster solution from the time-series cluster
analysis on subjects’ predicted Time 0, intercept, and edf values. On the basis of the average
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silhouette width, a two-cluster solution emerged as the optimal clustering solution (average
silhouette width = 0.452), which strictly — and perhaps unsurprisingly — captured the
earlyPAC—earlyPAC-int binary, with the exception of three earlyPAC-int subjects who were
found to cluster with the earlyPAC students (subj_72, subj 85, subj_88). That said, in order to
better capture more nuanced differences within the two-cluster solution and thus better delimit
how certain students stand out against the backdrop of the (sub-)group, we proceeded under
the second-best cluster solution, a four-cluster solution (average silhouette width = 0.333),
which resulted in the original cluster 2 housing the earlyPAC students being separated into
three clusters (visualized by the green, dark blue and light blue rectangles in Figure 2).

Figure 2
Dendrogram of the Four-cluster solution from the Time-series Cluster Analysis

Note. Green = Cluster I; dark blue = Cluster I1; light blue = Cluster 111; red = Cluster IV

Figure 3 displays the cluster-related differences in learners’ edf, intercept, and predicted
Time 0 values. A non-parametric Kruskal-Wallis rank sum test revealed significant differences
between the four clusters across the six measures of interest: Predicted Time 0 (written data:
H@y=8.74, p = 0.033; oral data: H3) = 33.30, p < 0.001), intercept (written data: Hz) = 32.87,
p < 0.001; oral data: Hg3) = 36.07, p < 0.001), and edf (written data: Hz) = 19.15, p < 0.001;
oral data: Hizy=25.15, p < 0.001).
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Figure 3
Cluster-related Differences in the Predicted Time 0, Intercept, and edf Parameter Inputs

Note. Violin plots visualize the probability density of the data at different values and boxplots indicate the median
and the respective quartiles. The rhombus at the center represents the mean, and the grey dots are outliers.

Phase 3: Unraveling the idiosyncrasy and commonality in developmental processes

In order to visually inspect how the clusters developed (differently) over the course of the
testing period, we plotted the aggregated written and oral developmental trajectories with
superimposed periods of significant change, operationalized as periods during which the 95%
confidence interval on the first derivative (i.e., rate of change) of the trend did not include zero
(see also Pfenninger, 2020; Kliesch & Pfenninger, 2021; Wirtz & Pfenninger, in press) and the
z-scored extracurricular English exposure (see Figures 4, 5, 6, and Al in the appendix). This
aids us in evaluating (a) the extent to which the clusters differed in their (periods of significant)
development and (b) whether these rapid developmental states were characterized by higher
extracurricular English exposure.

Figures 4 and 5 illustrate the visual methods for significance testing for Clusters 1 and 2.
Between these two clusters, there are clear trajectorial differences as captured by the edf
parameter, i.e., the degree of nonlinearity extracted from the individual GAMs in Phase 1.
Specifically, Cluster 1°s writing and oral trajectories tend to develop at largely different rates,
though comparatively linearly, whereas Cluster 2°s writing and oral trajectories follow similar
pathways at the inter-individual level, but nonlinearly by comparison. Additionally, across both
clusters, trajectorial directionalities differed temporally such that the oral trajectories were
steeper in slope during initial periods, but by the end of testing (i.e., typically around Time 25),
the writing trajectory became both steeper in slope and overall higher than the oral one.
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Figure 4
Fitted Additive Model with Superimposed Periods of Significant Change in Cluster 1 Students’
Aggregated Writing (BLUE Overlays) and Oral (RED Overlays) Developmental Trajectories

é% surfing the net/checking pages

watching movies, series, YouTube in English

outside of lessons

R‘! using English for gaming

% listening to English songs

E using (learning} apps in English

D using English on social media
The emojis represent the z-scored extracurricular English exposure values: Cell phone (using [learning] apps in
English); controller (using English for gaming); internet (surfing the net/checking pages in English); computer
(using English on social media); film (watching movies, series, YouTube in English outside of lessons); music
notes (listening to English songs).
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Figure 5
Fitted Additive Model with Superimposed Periods of Significant Change in Cluster 2 Students’
Aggregated Writing (BLUE Overlays) and Oral (RED Overlays) Developmental Trajectories
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As Figure 6 illustrates, Cluster 3 houses a single earlyPAC (Subject 16) in addition to three
other earlyPAC-int students, and Cluster 4 (Figure Al in the appendix) exclusively includes
earlyPAC-int students. As it concerns Cluster 3, we note the similar intra-cluster trajectorial
shapes, both for subjects’ writing and oral development. Specifically, there appears to be rapid
development in the early stages (typically until Time 10), after which periods of comparative
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stability can be observed, i.e., what appears to be attractor states. During later stages of
development (i.e., at Time 20), subjects again evince phase shifts as captured by the
superimposed periods of significant change. Concerning Cluster 4 (exclusively earlyPac-int),
the writing and oral developmental trajectories do not develop as closely in tandem as do those
of Cluster 3. The attractor states are also less systematic in Cluster 4, and, moreover, do not
occur at similar periods inter-individually as was observed in Cluster 3.

Figure 6
Fitted Additive Model with Superimposed Periods of Significant Change in Cluster 3 Students’
Aggregated Writing (BLUE Overlays) and Oral (RED Overlays) Developmental Trajectories
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Despite idiosyncratic developmental avenues, increased extracurricular activities in
English were particularly noticeable during periods of rapid development (as captured by the
superimposed periods of significant change), but the effects seem temporally limited to the end
stages of testing. That is, in the early stages of the data collection, in which the GAMs also
recorded (statistically) significant development, students indicated lower rates of English use
during extracurricular activities, though this is likely attributable to subjects’ young age, i.e., 5
years old at the beginning of the experimental procedure. In light of this, the increased
extracurricular activities in English are likely dynamically intertwined with subjects’
increasing age and thus also more avid use of, e.g., apps, social media, etc. That said, we indeed
observed individual cases in which extracurricular reports closely coincided with
developmental jumps throughout (most of) the data collection, e.g., Subjects 11 and 19 in
Cluster 2, Subject 16 in Cluster 3, and Subjects 74, 78, 79, 81, and 91 in Cluster 4, i.e., across
clusters and regardless of any earlyPAC—earlyPAC-int binary. On the flip side, there were also
cases of disparity in which extracurricular English exposure was particularly high during both
the quantitatively captured attractor states as well as during repeller states/phase shifts, e.g.,
Subjects 13 and 18 in Cluster 2 and Subjects 72 and 88 in Cluster 3.
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While the GAM visualizations with superimposed periods of significant change and the
plotted extracurricular English exposure do indeed allow for a time-dependent visual analysis
concerning whether increased extramural English exposure temporally coincides with rapid
development, such visual inspection may not necessarily lend itself to generalizable statements.
In order to counterbalance this and so facilitate initial insights concerning the relationship
between cluster-related rapid development and increased extracurricular English use, we
modeled a three-way interaction taking into account whether increased rates of extramural
English exposure were related to significant development for each cluster, the results of which
are visualized in Figure 7.

As it concerns the writing data, Figure 7 illustrates that periods of rapid development were
characterized by higher extracurricular activities in English, but exclusively for Clusters 1 and
2. Contrariwise, Clusters 3 and 4 (i.e., the earlyPAC-int students and one earlyPAC) evinced
more cases of disparity, such that the quantitatively captured phase shifts were not indicative
of higher use of extracurricular English. With respect to the oral data for the Clusters 1, 3, and
4, we similarly found no evidence that rapid development was characterized by increased
English exposure during extracurricular activities. Exclusively Cluster 2’s phases of
statistically significant developmental jumps in their oral production temporally coincided with
higher reports of extracurricular English use.

Phase 4: Qualitative content analysis to describe differences in clusters, i.e., learners with
trajectorial similarities

The analysis of the interviews addressed RQ3 and provided additional qualitative support
for the meaningfulness of the GAMs and the cluster analysis. For instance, it explained the
constellation of Cluster 3 above, which included one student from a German-speaking home
(subject 16) and three children from English-speaking homes. The fact that subject 16 showed
similar trajectorial shapes as subjects 72, 85 and 88, both for subjects’ writing and oral
development, could be a reflection of her close ties with subject 85, who she became friends
with in Grade 1 of primary school (age 7):

(1) “Jessica is my new friend. I always wanted to have a best friend.” (earlyPAC 16 t11)
(2) “I try to listen well to Jessica and learn from her.” (earlyPAC 16 t18)

The four students in Cluster 3 showed impressive oral and written L2 development (see
Figure 6); although they also experienced phases of stability at the beginning of primary school,
their learning trajectories included long stretches of significant L2 growth. What is striking
about their qualitative data is that they reported positive levels of confidence, high achievement
motives, and a sense of progress throughout the 8 years of data collection, which could have
contributed positively to her degree of in-class comfort:
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Figure 7
Conditional Effect Plot Showing the Fixed Interaction Effects between Rapid Developmental

Phases and Clusters on Degree of Extracurricular English Use for each Extracurricular
Activity
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(3) “I would like to learn to write better because I want to be famous.” (earlyPAC 16 t9)

(4) “I try to use the most difficult words in my vocabulary when writing the essays. I
compose sentences using adjectives, verbs and nouns for precision, clarity and impact.”
(earlyPAC-int 72 t26)

(5) “My parents and friends also read my essays, and they like them, too. That’s why I
really make an effort every single time.” (earlyPAC-int 88 t29)

The content analysis of the qualitative data also revealed that clusters who showed rapid
development that was characterized by increased English exposure during extracurricular
activities were also the ones who perceived a discrepancy between in- and out-of-school
encounters with English. To be more specific, the biggest difference between Clusters 1 and 2
vs. Clusters 3 and 4 was what Henry (2013) called the “authenticity gap” (133) or the
“credibility problem” (13) i.e. the perceived gap between the English students learn in school
and the English they use outside (see also Sundqvist & Olin-Scheller 2013). To give an
example, some of the children interviewed — both in Cluster 2 — described in Grade 5 (age 11)
how difficult it was to reconcile English inside and outside of school:

(6) “The English in our free time is cool, but the English in school is a bit monotonous.”
(earlyPAC 15 t28)

(7) “I like the English language because I watch YouTube videos in English. However, |
don't have good English grades at school, which demotivates me.” (earlyPAC 10 t26)

While participants in Clusters 1 and 2 praised the opportunities for creativity and authentic
self-expression they experienced in the bilingual program they attended, English lessons had
little to offer in developing language competence, compared to digitally mediated English-
language environments outside of school:

(8) “I think my English is very good because I use it while gaming and watching YouTube
and Tiktok. At school, the vocabulary is always the same.” (earlyPAC 9 t27)

In stark contrast, the learners in Clusters 3 and 4, who exclusively included PAC-int
students except for one child from a German-speaking home, did not experience an authenticity
gap, i.e. they did not report that the language classrooms poorly replicated patterns of
interaction in real life.

Discussion

Our study corroborated previous findings (e.g. Henry et al., 2018; Henry & Lamb, 2020) that
digital technologies can provide unrivaled opportunities to engage with learning in innovative
and identity-congruent ways. In line with, for instance, de Graff (2015), we found that contact
with English outside of school was a particularly strong predictor for learner outcomes,
specifically as it concerns the extension of students’ network of social ties beyond school
boundaries. Indeed, Pfenninger (2020, 2021a) also found both from a cross-sectional and
longitudinal perspective that increased extracurricular activities were beneficial for L2
outcomes at the end of primary school. The current analysis expanded on these results, taking
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a temporal-relational perspective on developmental growth and its quantitative and qualitative
relationship to extramural English exposure.

Whereas extracurricular English use seems to temporally coincide with significant
developmental jumps in certain clusters (50% of the identified clusters of learners — and only
in relation to the last 2-3 years of English acquisition in primary school [ages 10-12]), pointing
towards temporally limited effects of extramural English exposure, neither the visual-
quantitative GAM analyses nor the linear mixed-effects models could explain cluster-related
disparity in terms of why, in select clusters, phase shifts were indicative of increased
extracurricular English activities. For this, it was necessary to draw on participant-level
qualitative data (see, e.g., Pfenninger & Singleton, 2017; Pfenninger & Kliesch, 2023),
considering introspective accounts as to the similarities and differences of cluster-specific
drivers for change in rapid developmental phases.

Clusters 1 and 2, who were all earlyPAC students (i.e. children coming from German-
speaking families) and who experienced rapid L2 growth characterized by increased English
exposure during extracurricular activities, perceived a discrepancy between in- and out-of-
school encounters with English. Interestingly, the learners in Clusters 3 and 4 did not perceive
difficulties in bridging these two cultures, arguably because the classroom environment was
not the only learning context for them (all but one came from English-speaking families).
Students tend to expand this gap due to the lack of acknowledgement and utilization of their
skills gained by extramural exposure (Sundqvist & Olin-Scheller, 2013, p. 332), which leads
to “motivational dissonances between school and extramural English” (Sundqvist & Olin-
Scheller, 2013, p. 330). In this context, Henry (2013, p. 133) has argued for enhancing learners’
“self-authenticity.” He defines the latter as engagement with language and with activities
congruent “with core self-conceptions” and which, according to him, can have motivating
forces (Henry, 2013, p. 141; see also Pinner, 2014).

Criticizing the often “oversimplified” and smooth interactions in textbooks and the
classroom, several scholars investigating learner autonomy (e.g. Roberts & Cooke, 2009;
Ushioda, 2011) have also highlighted how important it is for learners to find their “authentic
voice.” Ushioda (2011), for instance, argues that in order to become autonomous learners,
students should “speak as themselves.” She refers more specifically to the often simplistic and
pseudo-communicative texts and tasks in textbooks and in the classroom context, which (over-
Jemphasize language practicing instead of the expression of personal ideas or identities.
However, learners should “through the medium of the target language [...] express their own
preferred meanings, interests and identities” (Ushioda, 2011, p. 17).

According to Leona et al. (2021, p. 11) countries are still “very behind” in addressing the
increased extramural exposure to English of young students and its potentially highly
motivating effect on students to learn English. The perceived gap concerning the use of English
inside and outside of school calls for methods and techniques that allow teachers to “(1) build
scope for agency into activity designs, (2) craft activities in ways that accommodate the
interests and concerns of students as unique individuals, and (3) make flexible accommodations
that support personal preferences and enable authentic self-expression” (Henry, 2021, p. 229).
This demonstrates how the shift in students’ encounters with English has serious implications
for teaching, not least in terms of motivation (Henry 2013).
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What is more, the cluster analysis appears to be catching trajectorial differences alongside
differences in starting conditions, albeit unsurprisingly in light of the cluster inputs (i.e., Time
0 and edf). This illustrates that even if the “outcome” is identical under experimental and non-
experimental conditions, there is no logical rationale to assume that the “process” is also the
same (Hiver et al., 2021), both with respect to L2 development alongside the factors that
influence it. In a complementary vein, the qualitative explanations of the cluster analyses
underlined the importance of positive social relations at school for L2 learning. Interactions
with classroom friends may be an important contributor to L2 development in multilingual
primary school classrooms (Bushati et al. 2023), such that bilingual learners must acquire
linguistic communication skills in addition to literacy and academic language skills.

Finally, this study showed that there are ways to transcend individual learner variety in
order to reconcile an idiodynamic approach with generalizability by capitalizing on
commonality and variability in processes of language development. Although statistical
robustness and generalizable results are not always the goal of CDST-informed studies,
arguably there is value in identifying developmental regularities, i.e., interindividual recurring
phenomena (Ellis, 2007; Pfenninger, 2021a). In this study, we advocate for the use of
generalized additive modeling procedures not only in order to account for autocorrelation in
nonlinear patterns and capture periods of rapid development (repeller states) versus periods of
more stability (attractor states), but more importantly to better operationalize individual-level
developmental pathways, e.g., through the extraction of GAM parameters such as subject-level
intercepts, predicted Time 0, and edfs. These take into account mean development, starting
levels, and the degree of nonlinearity respectively; by combining these parameters with time-
series clustering methodologies, we can operationalize individuality in order to transcend the
individual heterogeneity and make inferences that are more strongly predictive of the trends of
certain subgroups of individuals (e.g., Molenaar & Campbell, 2009; Peng et al., 2022; Wirtz &
Pfenninger, 2023). In so doing, our goal is “not only to do justice to the state of affairs in the
population at large, but also to the individuals therein” (Wirtz, 2023, p. 263, italics original).

Conclusion

Content-wise, this study addressed outstanding issues regarding both the quantitative and
qualitative role of extracurricular English exposure and its temporal coincidence with language
development during (pre)primary school. We found that increased extracurricular activities in
English were particularly noticeable during periods of rapid development (as captured by the
superimposed periods of significant change), but the effects seem temporally limited to the end
stages of testing and strongly hinged on the cluster in question (i.e., learners with trajectorial
similarities). These findings appear to be related to the so-called “authenticity gap” between
English inside and outside of school, as clusters who perceived a discrepancy between in- and
out-of-school encounters with English also showed rapid development that was characterized
by increased English exposure during extracurricular activities.

Methodologically speaking, the design of this study is noteworthy among the growing body
of CDST-inspired studies because of its longitudinal design (i.e., 8 years), dense data collection
points (i.e., 32 time points per participant and task), and its number of learners (i.e., 45
children). As such, the study strikes a balance between more ‘traditional’ longitudinal group
studies with a classical pre-post-test design (2—4 data collection points) and more recently
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emerged CDST-inspired longitudinal microgenetic case studies. Additionally, instead of
readily assuming a binary distinction between the groups earlyPAC and earlyPAC-int, we
proceeded in a bottom-up investigative manner, taking the earlyPAC / earlyP AC-int binary into
account only after the cluster analysis. This does justice to recent calls not to obscure within-
group variation in lieu of focusing exclusively on between-group variance (e.g., Siegelman et
al., 2023; Ozsoy & Blum, 2023). Finally, we believe the dynamic integrative approaches
blending quantitative and qualitative analyses — notably generalized additive modeling, time-
series clustering methodology, visual methods for significance testing and qualitative content
analysis — are particularly novel for CDST-guided studies and studies in SLA more generally.
Combining quantitative scales with qualitative, time-dependent data allowed us to qualitatively
trace introspective development across the testing period and juxtapose this with quantitative
tools, resulting in a more extensive analysis of change during the experiment and thus giving
us “a better chance of observing complex, emergent and qualitative changes over time” (Hiver
etal., 2021, p. 11).

There are likely to be further factors that contribute to more wholly explaining the observed
processes and products found in the present study. Potential variables include, e.g., cognitive
resources such as working memory and explicit/implicit language learning aptitude; further
data-rich studies may attempt to explore how within-person fluctuations in cognitive
functioning temporally relate to periods of significant development as well as comparative
stability. Moreover, while we homed in on a comparatively large sample of learners, future
work may limit the number of focal learners in order to zoom in on how processes relating to,
e.g., extramural English exposure impacts individual-level processes and outcomes in language
development. Finally, on a more computational note, we attempted to operationalize supra-
developmental patterns using three parameters from GAMs (intercept, predicted Time 0, and
edf), which may yet underestimate individual differences in students’ learning trajectories.
Additional research should thus attempt to extract a larger number of parameters from the
individual-level generalized additive models (e.g., length of attractor states versus length of
repeller states, intensity of phase shifts, etc.) in order to, with a more fine-tuned lens, capture
learners’ individual developmental pathways. In so doing, it should be possible to more heartily
address (supra-developmental) patterned outcomes often overshadowed by learner variety and
learning heterogeneity and thus better reconcile generalizability, variability, and individuality.
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Appendix
Figure Al

Fitted Additive Model with Superimposed Periods of Significant Change in Cluster 4 Students’
Aggregated Writing (BLUE Overlays) and Oral (RED Overlays) Developmental Trajectories
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