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Abstract: This article examines cognitive fatigue as a dynamic neuropsychological
factor influencing second language acquisition (SLA). While SLA research has traditionally
emphasized grammatical competence and lexical development, the fluctuating depletion of
executive cognitive resources during sustained language processing remains
underexplored. Drawing upon executive function theory, cognitive load theory, and
neurolinguistic processing models, the study proposes the Cognitive Fatigue Regulation
Model (CFRM), which conceptualizes how prolonged linguistic effort affects fluency,
comprehension, and learner motivation. Developmental differences in fatigue manifestation
across children, adolescents, adults, and elderly learners are analyzed. The article argues
that sustainable language education requires fatigue-aware instructional design and
adaptive pacing strategies.
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INTRODUCTION

Second language acquisition (SLA) requires sustained engagement of executive
control, working memory, attentional regulation, and inhibitory mechanisms (Baddeley,
2003). Although linguistic competence has been widely investigated, the neurocognitive
consequences of prolonged processing effort remain insufficiently addressed.

Cognitive fatigue refers to a temporary decline in mental efficiency resulting from
extended cognitive demand (Boksem & Tops, 2008). In L2 contexts, learners must inhibit
first-language interference, retrieve unfamiliar lexical items, and monitor syntactic accuracy
simultaneously. These operations impose substantial strain on the prefrontal cortex, the
neural substrate of executive function (Diamond, 2013).

This article conceptualizes cognitive fatigue as a regulatory variable in SLA and
examines its developmental and pedagogical implications.

Theoretical Framework

The analysis integrates the following theoretical perspectives:

Executive Function Theory. Executive control processes, governed primarily by the
prefrontal cortex, regulate attention, inhibition, and cognitive flexibility (Diamond, 2013).

Cognitive Load Theory. Working memory has limited capacity; overload impairs
processing efficiency (Sweller, 2011).
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Attentional Resource Theory. Cognitive resources are finite and subject to depletion
under sustained demand (Kahneman, 1973).

Neurolinguistic Processing Models. Speech production involves sequential stages of
conceptualization, formulation, and articulation, each requiring controlled processing in
non-native contexts (Levelt, 1989).

Together, these frameworks explain how fatigue emerges during prolonged L2
engagement.

Neurocognitive Foundations of Cognitive Fatigue

Executive Resource Depletion

During L2 production, learners continuously suppress automatic L1 structures while
constructing grammatically accurate utterances. Sustained activation of executive control
leads to measurable performance decline, including slower response times and increased
error rates (Boksem & Tops, 2008).

Fatigue-related executive depletion may result in simplified syntax, reduced lexical
diversity, and increased hesitations.

Working Memory Saturation

Working memory plays a central role in maintaining lexical and syntactic elements
during speech formulation (Baddeley, 2003). When its capacity is exceeded, learners
exhibit:

* Increased pause frequency

* Reduced sentence complexity

« Decreased comprehension accuracy

Thus, fatigue is both duration-dependent and capacity-dependent.

Developmental Differences in Fatigue Manifestation

Children

Children demonstrate high neuroplasticity but limited sustained attention. Fatigue
appears rapidly; however, recovery tends to be swift due to flexible neural adaptation.

Adolescents

Adolescents experience ongoing prefrontal cortex maturation (Casey et al., 2008).
Emotional reactivity may intensify fatigue-related stress, particularly in evaluative settings.

Adults

Adults possess mature executive regulation but often face cumulative cognitive
demands from occupational and social responsibilities. Metacognitive awareness may
partially buffer fatigue effects.

Elderly Learners

Older adults may experience reduced processing speed but enhanced emotional
regulation. Although fatigue accumulates gradually, compensatory strategies support
continued engagement (Carstensen, 2006).

The Cognitive Fatigue Regulation Model (CFRM)

The CFRM proposes that cognitive fatigue in SLA emerges from the interaction of:

1. Task Complexity (linguistic novelty and syntactic demand)
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2. Engagement Duration (sustained processing time)

3. Recovery Mechanisms (rest, variation, emotional regulation)

Performance decline occurs when cognitive load multiplied by duration exceeds
recovery capacity. Sustainable language learning requires systematic integration of
restorative intervals.

Pedagogical Implications

Fatigue-aware instructional design enhances both performance and well-being.

1. Segmented Instruction. Lessons structured into focused cognitive intervals
(15-20 minutes) reduce overload.

2. Scaffolded Processing. Visual aids and pre-activated vocabulary decrease real-
time executive burden.

3. Emotional Regulation Integration. Normalizing fatigue experiences reduces
anxiety amplification.

4. Distributed Assessment. Shorter, spaced evaluation sessions provide more
valid performance indicators.

CONCLUSION

Cognitive fatigue represents a critical yet underexamined dimension of second
language acquisition. It influences fluency, comprehension, emotional regulation, and
motivational persistence across developmental stages.

Recognizing fatigue as a natural neurocognitive process allows educators to design
instruction aligned with human cognitive architecture. Sustainable SLA depends not solely
on intensity but on balanced cycles of cognitive effort and recovery.
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