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Abstract This contribution examines how

Complex Dynamic Systems Theory reframes

individual differences in SLA/T as emergent,

context-sensitive, and non-linear processes.

It discusses implications for longitudinal

research on learner variability, multilingual

classroom attitudes, and technology-enhanced

learning, including CALL and generative AI.

We argue that variability is meaningful and

that group-based and individual longitudinal

approaches should be treated as complemen-

tary in Applied Linguistics.

Keywords complex dynamic systems, comput-

er-asssisted learning, individual differences,

longitudinal research

In his contribution, Lowie (2026, this issue; reprint of Atkinson et al., 2025) articulates

Complex Dynamic Systems Theory (CDST) as a theoretical lens for understanding indi-

vidual differences in second language development. Rather than treating variability

across learners as reducible to fixed traits or static predictors, Lowie frames learners as

complex, dynamic systems whose trajectories emerge from the ongoing interaction of

cognitive, affective, social, and contextual factors. In Lowie’s account, development is

inherently non-linear, punctuated by variability that should be construed not as noise

but as meaningful evidence of system change. Moreover, he critiques approaches that

rely on cross-sectional group averages, arguing instead for longitudinal, intra-individual

designs capable of capturing variability and temporal change. This process-oriented view

shifts explanatory emphasis from static traits to dynamic interactions and emergent

patterns over time.

Building onWander Lowie’s perspective, the present reflection examines the impli-

cations of a complex dynamic systems perspective for (research into) the individual

learner, the multilingual classroom, and technologies in Second Language Development

(SLD) and teaching.
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1 The individual learner: Variability and performance

A central implication of Lowie’s perspective concerns the tension between generaliz-

ing to larger populations and focusing on individual trajectories. He does not dismiss

traditional statistics, but stresses that we should recognize “that research methods only

address specific questions” (2026, this issue, p. 5). Furthermore, traditional research in

the field often relies on aggregating across individuals to identify patterns and more

“global grand-sweep effects” in larger groups (p. 2). Lowie highlights that doing so may

very well mask individual non-linear pathways that are crucial for our understanding of

a learner’s development over time.

Development is change over time and it is usually not linear. Learners can be seen

as a complex system in their own right and their developmental process cannot be

fully captured by using averages and “product” measures. As highlighted by Lowie, we

need multiple longitudinal case studies to uncover patterns that would be masked in

aggregated group studies. A key goal of such longitudinal learner data studies is often to

identify inter-individual variability – the differing developmental paths among learners –

and intra-individual variability – the fluctuations within a single learner’s trajectory.

For example, Lowie and Verspoor’s seminal 2019 study of 22 Dutch learners of English

revealed considerable inter-individual variability in the learners’ text quality develop-

ment over one year: no two learners developed in the sameway (see also Fig. 1 in DeWilde

et al., this issue, for a reanalysis of these data). Importantly, none of the traditional indi-

vidual difference factors predicted the learners’ development rates, but the amount of

intra-individual variability did: greater individual variability in text quality over the year

predicted larger overall gains. As Lowie notes, “variability in language production is

related to developmental steps” (2026, this issue, p. 4).

This mechanism transcends individual cases, illustrating how “longitudinal case stud-

ies are most suitable to explore the principles and mechanisms of the developmental

process” (2026, this issue, p. 5). It also counters Pallotti’s (2022) critique that CDST’s focus

on case studies limits generalizability. More specifically, the discovery of this mechanism

lays the foundation for two testable hypotheses (Verspoor & De Bot, 2022): Higher intra-

individual variability is 1) a sign of the diminished stability of a system, and 2) associated

with more development in the system (e.g., larger gains in proficiency).

With Van Dijk and colleagues (2025, p. 8), we argue that CDST-inspired Applied Lin-

guistics is now at a critical juncture to move from exploring variability (Hiver et al.,

2022) to testing hypotheses about developmental processes (Li & Zheng, 2025). While

investigations testing the first hypothesis are still rare (e.g., Huang et al., 2022), the second

has explicitly been tested (and confirmed) by multiple recent studies (e.g., Baba & Nitta,

2021; Gui et al., 2021; Huang et al., 2021; Lowie & Verspoor, 2019; Pfenninger & Kliesch,

2023; Qin et al., 2024).

In this process, a crucial challenge for Applied Linguistics, apart from the problems

of determining how to measure variability (Verspoor & De Bot, 2022) and separating
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measurement-related from performance-related variability (Thelen & Smith, 1994, p. 86;

Wu et al., 2025), will be to go beyond merely quantifying variability to exploring its

function in language learning.1

If variability enables organisms to find better adaptive solutions (Thelen & Smith,

1994), if “there is no selection of new forms if there is no variation” (Lowie & Verspoor,

2019, p. 191), then what are the selected new forms of language use that constitute a

better adaptation to a specific communicative context?When greater variability in, for

example, a measure of complexity, accuracy or fluency (CAF) correlates with greater

gains in that measure, how does this reflect selecting a more fitting language strategy?

Studies examining how learners explore different strategies for communicative pur-

poses (e.g., Lesonen et al., 2021, on expressing evaluation, varying between verbal and

adjectival constructions; Verspoor et al., 2008, on expressing negation using different

constructions) may offer a path towards answering this question, shifting the focus

from variability as a statistical predictor to its functional role in fostering developmental

gains.

2 The social context: Attitudes andmultilingual classrooms

Lowie’s CDST perspective foregrounds the relational, context-embedded nature of learn-

ing processes. Individual differences are thus understood not as isolated attributes but

as emergent outcomes of systemic interaction within environments that include peda-

gogical practices, peer interactions, learner identities, and experiential histories. This

theoretical move resonates with broader calls in Applied Linguistics to attend to the

ecological and developmental complexity of language acquisition.

Although Lowie does not specifically address multilingual classrooms, applying his

CDST insights to contexts characterized by linguistic diversity – such as Dutch primary

school settings in which learners may have varied home languages and multilingual

repertoires – illuminates important considerations for research and practice. One such

consideration concerns students’ attitudes toward the inclusion of home languages in

instructional contexts. In their recent study, Albaugh and Poarch (2025) investigate how

primary school students perceive the inclusion of home languages, revealing that many

hold neutral rather than strongly positive attitudes toward incorporating home languages

into classroom practices, and that proficiency, usage, and identity interact in shaping

those attitudes.

From a CDST perspective, these attitudes can be seen as part of a dynamic repertoire

of learner beliefs and identity constructions that interact with classroom norms and

learning experiences. Learners’ dispositions toward home language inclusion are not

fixed preferences but evolving patterns shaped by ongoing engagement with peers, the

curriculum, and their own linguistic histories. A dynamic account encourages researchers

to examine how students’ attitudinal trajectories change over time as they experience
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different classroom practices, and how these shifts correlate with academic engagement

and language development outcomes.

Pedagogically, integrating CDST with findings like those of Albaugh and Poarch sug-

gests that educators should design learning environments that acknowledge and adapt

to variability in learners’ attitudes and repertoires, rather than imposing one-size-fits-all

inclusion policies. CDST thus supports more responsive, context-sensitive approaches

to multilingual pedagogy that treat both linguistic practices and individual attitudes as

emergent, interactive phenomena that evolve through classroom engagement.

In sum, Lowie (2026) invites a dynamic, process-sensitive reconceptualization of indi-

vidual differences, and – when complemented with empirical work – underscores the

value of attending to attitudinal and repertoire dynamics in multilingual educational

settings.

3 Beyond the classroom: Technology and SLA/T

Finally, Lowie’s CDST perspective on SLD also fits in naturally with contemporary views

on computer-assisted language learning (CALL). He argues that “the teacher’s task is

to create optimal conditions for learning to develop. These conditions should allow

individual learners to build on their own learning experiences and encourage them

to use language freely in a safe environment.” (2026, this issue, p. 5). Creating optimal

conditions for learning by building on the affordances of technology constitutes the

core of CALL practice and research (e.g., Doughty & Long, 2003). CALL recognizes that

language learning is a highly individual process in which technology may be used to

create adaptive, personalized learning experiences and to provide safe and engaging

learning environments conducive to language development (Chapelle & Sauro, 2017;

Ziegler & González-Lloret, 2022).

A distinction is traditionally made between tutorial and tool applications of technol-

ogy (Hubbard & Siskin, 2004). Tutorial applications embody aspects normally associated

with the role of the teacher, such as providing guidance, explanations, and assessment.

Tool applications, by contrast, relate to the use of generic computer applications, such as

email, chat, and video conferencing, for language learning. Informed by cognitive inter-

actionist and sociocultural traditions, Task-Based Language Teaching (TBLT) provides

a well-known framework to help teachers to select and combine technology applica-

tions for engaging students in meaningful tasks, while heeding linguistic aspects of task

performance at the same time (González-Lloret, 2024).

The CDST perspective helps to better perceive technology as an external influence

in formal and informal SLD settings, with widely varying learning trajectories for indi-

vidual learners, in which classroom based-teaching provides at best a small window of

opportunity. CDST invites us to also look outside this window and consider the role of

technology in the broader context for language development over time.
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In this respect, Generative AI (GenAI), which is likely to affect education and profes-

sional and personal lives like no technology before, provides many of the affordances

experts have been looking for in CALL during the past 30 years (cf. Hubbard & Schulze,

2025). The text or voice-based chat interface offers unprecedented possibilities for indi-

vidual tutoring, situated multimodal dialogue in virtually any language, image and video

generation in support of real-life tasks in TBLT and content knowledge on any topic in

Content-and-Language-Integrated Learning (CLIL). And giving learners control of the

learning process aligns perfectly with the well-established concepts of promoting learner

agency and autonomy.

The role of the teacher in navigating these resources for designing optimal conditions

for language learning is more challenging than ever (Ohashi et al., 2025). Indeed, some AI

companies would claim that the role of the teacher will soon be redundant (Huddleston

Jr, 2025). However, in line with Lowie’s argument, it should be recognized that language

learning “rarely happens in isolation” (2026, this issue, p. 6). It occurs in a process of social

interaction, which builds on learners’ lived experiences – for which GenAI cannot offer

an alternative. SLA/T is “relational and ecological” (Atkinson et al., 2025, p. 56) and in

designing opportunities for learning, person-to-person interactions should be integrated,

with and without technology as the situation requires.

In relation to CALL research, CDST promotes a stronger focus on development over

time, inviting longitudinal studies which go beyond the usual timescale of classes taught

for a specific period. Several CDST studies in CALL in which Lowie was involved as a

PhD supervisor exemplify this approach (Peng, 2021; Peng et al., 2020, 2022). Even more

could be gained, as suggested by Lowie (2026, this issue, p. 6), by implementing personal

portfolios to demonstrate the learner’s evolving communicative competencies over time.

Digital portfolio tools, such as Mahara (https://mahara.org/) and recognized models,

such as the European Language Portfolio (https://www.coe.int/en/web/portfolio), are

available to support this approach. New avenues for longitudinal research are also facili-

tated through Learning Analytics tools integrated inmany learningmanagement systems

today. Although, as argued above, this would still provide no more than a limited view of

the complex process of SLD going on over time.

To conclude, we view generalization based on group data and non-linear time-series

data based on individuals as complementary – the former for summarizing more gen-

eral tendencies, the latter for illuminating dense and non-linear pathways underlying

language development – and, in line with Lowie, argue that both types of research are

needed for advancing Applied Linguistics.

Personal note

Sake: DearWander, we have shared an interest in using technology for language learning

from the early 90’s when we both started in the English Department until today. Our
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paths separated professionally – you focused on language learning and I on technology –

but our friendship deepened and we continued to work together in innovation projects

and in the Applied Linguistics programme on technology-related topics. Although our

professional careers have now formally come to an end, our friendship continues and

our interest in technology will probably continue to develop in innovative ways!

Rasmus: Dear Wander, I feel incredibly lucky to have had you as a close colleague

and head of our chair group. Your kind, sensible, and sensitive approach to everything,

and your leadership style based on integrity, openness, and a consideration of every-

one involved was a blessing to witness. In our meetings, I enjoyed tremendously how

we would continually dive deeper into theoretical discussions and end up with more

questions than answers. I will miss this. But most of all, I will miss your support and

guidance – and our talks about (university) politics, food, and cats.

Greg: Dear Wander, it has been a genuine privilege to teach the “Theory of Second

Language Development” course alongside you over the past six years. I deeply appreciate

the flexibility and care you brought to both our teaching and our grading practices. At

the same time, I have also learned a great deal from your thoughtful perspectives on

university and faculty policy. Your collegiality, judgment, and steady presence made

university life much more pleasant (not so much the cycling with you, though). You will

be sincerely missed, both in the classroom and as a trusted colleague and friend.

Notes

1 It must be noted that stability also has its function for development. If, to take a random

example, a chair group in Applied Linguistics is considered a system in Lowie’s terms, namely

“composed of coupled components working together to achieve a collective purpose” (2026,

this issue, p. 2), then the stability provided by the head of the group (the full professor) can

afford the other components, a.k.a. his colleagues, the freedom to develop and thrive individu-

ally.
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