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ABSTRACT 

 
Cognitive neuroanalytics is a nascent interdisciplinary research area that unites neuroscience, artificial intelligence 

(AI), and cognitive psychology with the aim of designing pedagogy in the English language (ELT). Cognitive neuroanalytics is 

being theorized as a foundation for neural processes in language acquisition that promotes adaptive pedagogy to learners. 

Towards this purpose, the author describes how neuroimaging, AI cognitive models, and neuroplasticity improve language 

instruction. It is interested in the potential that cognitive circuit mapping offers to inform adaptive pedagogy, actively engage 

learners, and maximize retention. Certain ethical concerns and potential research avenues for applying cognitive neuroanalytics 

in ELT are also addressed in the article. 
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I. INTRODUCTION 
 

ELT use of cognitive neuroanalytics is a 

pedagogy revolution. It is essentially standardized 

courses of historical past language learning exercises 

with no regard to human neural variation (Pulvermüller, 

2021). Through AI-based analytics and neuroimaging 

today, it is now possible for instructors to design neural 

circuits involved in language processing, which 

corresponds to adaptive and individualized pedagogic 

practice (Gazzaniga, 2018). The second section explains 

how cognitive neuroanalytics can maximize language 

learning through the integration of neurosciences 

research, cognitive psychology, and artificial 

intelligence. 

1.1 Cognitive Neuroanalytics and Language Learning 

Cognitive neuroanalytics is an interdiscipline of 

research that integrates cognitive science, neuroscience, 

and artificial intelligence to examine how human 

subjects process, store, and retrieve linguistic 

information. Unlike normal protocol-dependent 

pedagogy, cognitive neuroanalytics offers immediate 

feedback on brain processing, and hence the possibility 

of being able to offer adaptive learning interventions 

(Goswami, 2020). 

Application of neural mapping technologies 

like functional MRI (fMRI), electroencephalography 

(EEG), and magnetoencephalography (MEG) enables 

teachers to understand which parts of the brain are 

utilized most when acquiring language (Petersen et al., 

2021). Data-driven approach enables teacher material, 

learning rate, and teaching to be calculated based on 

learners' brain profile (Friederici, 2020). 

1.2 Traditional vs. Neuroadaptive ELT Methodologies 

The classic ELT methods borrowed heavily from 

the behaviorist, cognitive, and communicative paradigms 

whose underlying assumptions were based on the 

hypothesis that all language learners learn languages in a 

uniform manner (Krashen, 1982). Cognitive 

neuroanalytics contradicts this by indicating that: 

• learners of different varieties use different neural 

networks to process input in language. 

• Cognitive loads in difference dictate the manner in 

which they can learn new words and grammatical 

structures (Sweller et al., 2019). 
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• Monolingual and bilingual brains process language 

differently and therefore need special pedagogical 

treatments (Abutalebi & Weekes, 2021). 

Through the use of real-time neural feedback, 

instructors can develop adaptive lesson plans sensitive to 

the strengths and weaknesses of individual students. This 

is a radical shift from fixed, rigid one-size-fits-all 

paradigms to adaptive, personalized learning that is a 

revolutionary leap in language pedagogy (D'Mello & 

Kory, 2019). 

1.3 Familiarity with Neural Pathways in Language 

Acquisition 

Language acquisition is a high-order cognitive 

process that engages many populations of neurons in 

many areas of the brain. The most central brain regions 

engaged in ELT are: 

• Broca's Area (left frontal lobe): Coordinates speech 

production as well as syntactic processing 

(Friederici, 2020). 

• Wernicke's Area (left temporal lobe): Responsible 

for processing language and meaning (Hickok & 

Poeppel, 2016). 

• The Angular Gyrus (parietal lobe): Active in 

reading, writing, and semantic processing (Price, 

2018). 

• The Hippocampus (medial temporal lobe): Active in 

the process of memory consolidation and retention 

of vocabulary (Binder et al., 2019). 

Cognitive neuroanalytics applies brain imaging 

methods to explore the efficiency and integration of 

regions responsible for learning some of the language 

learning tasks (Goswami, 2020). Identification of the 

patterns of neural activation assists the teachers in 

developing particular interventions to strengthen the 

weak connections and establish good learning 

procedures (Pulvermüller, 2021). 

1.4 Adaptive Learning using Neuroanalytics 

Cognitive analytics based on AI can be 

employed within ELT courses so that they are 

dynamically modified according to the neural response 

of a student towards various pedagogies. Some of the 

key technologies used are: 

• EEG measurement of cognitive load to measure the 

degree of interest of a learner and adjusting the level 

of complexity within course material accordingly 

(Brouwer et al., 2020). 

• Eye-tracking sensors that track reading behavior and 

reading difficulty in real-time (D'Mello et al., 2022). 

• Machine learning software that track neurocognitive 

data to detect more effective styles of learning 

(Chen et al., 2022). 

The technologies unmythologize the manner in 

which pedagogy can intersect with neuroscience, and 

instructors can calibrate teaching practices based on 

cognitive trends and not second language acquisition 

abstractions (Pliatsikas, 2020). 

 

 

1.5 Cognitive Neuroanalytics in ELT benefits 

Applying cognitive neuroanalytics in English 

teaching has a number of important advantages: 

1. Personal Learning Paths – Lessons are specifically 

tailored according to the brain wave and mental 

pattern of each learner. 

2. Improved Recall and Recall – Facilitating 

hippocampal consolidation of memory allows 

students to learn words better (Binder et al., 2019). 

3. Increased Student Engagement – In-real-time 

neurofeedback allows for learning strategy 

management such that cognitive loads are neither 

overloaded (Sweller et al., 2019). 

4. Increased Flexibility for Dyslexic, Bilingual, and 

Neurodiverse Learners – Neuroadaptive learning 

provides dyslexic, bilingual, and neurodiverse 

learners with more (Howard & Borenstein, 2022). 

Increased Language Learning – Some brain 

stimulation methods, like transcranial direct current 

stimulation (tDCS), hasten language learning (Marini et 

al., 2019). 

1.6 Challenges and Ethical Issues 

As great as it sounds, even cognitive 

neuroanalytics in ELT is not without some challenges 

and ethical issues: 

• Data privacy – Ethical data storage and utilization of 

neurocognitive data (Kumar & Shukla, 2021). 

• Algorithmic bias in AI – Minimizing the likelihood 

of inconsistency of adaptive learning systems' 

calibration towards students (Howard & Borenstein, 

2022). 

• Access and Affordability – Extensive application of 

neuroadaptive learning involves investment in 

advanced technology and teacher training (Racine et 

al., 2020). 

• Student Autonomy – Preserving students' autonomy 

in learning amidst AI-suggested alternatives 

(D'Mello & Kory, 2019). 

 

II. NEURAL PROCESSES OF 

LANGUAGE ACQUISITION 
 

Language acquisition is a higher-order 

cognitive process that needs multiple neural processes to 

occur together. Understanding the neurobiological 

processes involved in language acquisition can be 

utilized to help teachers to develop adaptive models of 

language teaching. The following are brain areas 

implicated in language processing, neuroplasticity, and 

cognitive processes in language learning and memory. 

2.1 Brain Areas Implicated in Language Acquisition 

Language processing is achieved through an 

integration of separate regions of the brain that all co-act 

on behalf of assisting in reading, speech, writing, and 

comprehension. These include: 

• Broca’s Area (Frontal Lobe) – Broca’s area, which 

is found in the left hemisphere, is the brain area that 

generates speech and handles grammar (Friederici, 
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2020). Injury to the area leads to Broca’s aphasia, 

where patients have difficulty speaking fluently but 

are able to understand words. 

• Wernicke’s Area (Temporal Lobe) – The area is 

responsible for the understanding of language. 

Wernicke’s aphasia patients can speak but neither 

read nor listen (Hickok & Poeppel, 2016). 

• Angular Gyrus (Parietal Lobe) – The angular gyrus 

is responsible for reading comprehension, word 

recognition, and meaning (Price, 2018). It is 

responsible for the conversion of written symbols to 

phonetic and meaning ones. 

• Hippocampus (Medial Temporal Lobe) – 

Consolidation of memory in the hippocampus, 

learning of new vocabulary and storage of language 

(Binder et al., 2019). Hippocampus is responsible 

for long-term storage of language form and 

meaning. 

• Basal Ganglia and Cerebellum – Subcortical 

structures with automatic processing of language 

and speech motor aspects (Ullman, 2016). 

Articulation and fluency of speech production are 

their concerns. 

These parts of the brain communicate with one 

another in complex neural loops in an effort to enable 

students to transition from awareness of phonetics into 

more sophisticated language processing. 

2.2 Neural Plasticity and Language Acquisition 

One of the most powerful language acquisition 

motivators is neuroplasticity, or the capacity of the brain 

to reorganize and establish new neural pathways 

following learning activities. Neuroplasticity matters: 

• First Language Acquisition (L1) – The child's brain 

is highly plastic, and babies can acquire languages 

easily. Exposure to language at a young age has 

been found to build synaptic connections in 

language-processing regions of the brain (Kuhl, 

2011). 

• Second Language Acquisition (L2) – Adult 

neuroplasticity renders one eligible to learn a second 

language (L2) but to a lesser extent compared to 

childhood. fMRI has shown that, in bilinguals, there 

is greater interaction among both hemispheres, most 

notably the prefrontal cortex, which handles 

executive control of bilingual switching (Abutalebi 

& Weekes, 2021). 

• Cognitive Flexibility and Multilingualism – 

Learning several languages enhances the density of 

gray matter in the brain and enhances cognitive 

flexibility, overall problem-solving ability, and 

executive function ability (Mechelli et al., 2004). 

• Impact of Immersion Learning – Immersion 

learning enhances neural efficiency. EEG has found 

that immersed language learners under normal 

interaction have higher activity in the superior 

temporal gyrus, which is one of the key components 

in auditory language processing (Pliatsikas, 2020). 

 

2.3 Cognitive Processes in Language Acquisition 

Cognitive neuroanalytics enables us to identify 

cognitive processes in successful language acquisition. 

The significant cognitive processes engaged are: 

• Phonological Processing – Capacity to perceive and 

process speech sounds. Auditory cortex neural 

oscillation enables students to perceive phonetic 

contrasts in an additional language (Giraud & 

Poeppel, 2012). 

• Lexical Access and Retrieval – Word-dependent 

access of words from semantic memory networks in 

the left temporal cortex (Binder et al., 2019). 

Slowing of lexical retrievals is a sign of difficulty in 

neural strength of connections, difficulties that 

could be compensated for through the use of AI-

based neurofeedback. 

• Language Processing and Working Memory – 

Working memory plays a vital role in sentence 

comprehension and syntax creation. Increased 

activity in the dorsolateral prefrontal cortex has 

been associated with increased working memory 

capacity among bilinguals (Costa & Sebastián-

Gallés, 2014). 

• Semantic Processing and Meaning Construction – 

The inferior frontal gyrus is involved in semantic 

processing to construct meaningful meanings in 

words and texts. Dysfunctions of this region can 

cause impairments in reading comprehension (Price, 

2018). 

• Implicit vs. Explicit Learning – Implicit learning is 

unconscious pattern detection, and explicit learning 

is conscious attention to grammaticality. Cognitive 

neuroanalytics have ensured equal accessibility to 

the two modes leading to general proficiency 

(DeKeyser, 2020). 

2.4 Neural Correlates of Successful Language 

Teaching 

Educators create language teaching models that 

adapt with implications to brain language processing 

through cognitive neuroanalytics. They are: 

• Real-time fMRI and EEG data feedback – These 

mechanisms are accountable for the detection of 

superior levels of language input in a manner that 

prevents over-stimulation or under-stimulation of 

the students (D'Mello et al., 2021). 

• Neuroadaptive AI Learning Environments – AI-

learning language environments address content 

based on neural function and cognitive workload 

(Chen et al., 2022). 

• Personalized Learning Environments – Cognitive 

neuroanalytics enables program adjustment to meet 

the deficits and abilities of the individual learner's 

neural structure (Meyer et al., 2019). 

2.5 English Language Teaching (ELT) Implications 

Understanding how neural processes handle 

information places at English language teaching's 

disposal useful guidelines: 
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• Creating engaging environments for the facilitation 

of neuroplasticity and memorization. 

• Adapting vocabulary and grammar practice based 

on working memory capacity. 

• Using neuroadaptive AI systems for timely language 

proficiency monitoring. 

• Using EEG-based attention monitoring to maximize 

classroom interaction strategy. 

ELT can transition to evidence-based, brain-

compatible pedagogies to promote language proficiency 

and long-term retention through the use of cognitive 

neuroanalytics. 

 

III. COGNITIVE NEUROANALYTICS 

AND ADAPTIVE LEARNING 
 

3.1 AI and Neural Path Mapping 

Cognitive neuroanalytics apply AI and 

neuroimaging instruments for discovering and 

investigating the neural processes of language 

acquisition. AI application in language acquisition has 

transformed learning in cognitive process and 

neurological response of learners to a point where 

responsive and adaptive learning models could be 

constructed (D'Mello et al., 2021). 

Artificial intelligence (AI) technologies like 

electroencephalography (EEG), functional magnetic 

resonance imaging (fMRI), and near-infrared 

spectroscopy (NIRS) assist the researchers in monitoring 

real-time brain activity. The technologies assist the 

researchers in monitoring cognitive load, emotional 

arousal, and memory consolidation during learning a 

language. AI-powered technology can suggest the most 

appropriate mode of instruction for individual learners 

by creating a mapping of neural networks (Chen et al., 

2022). 

For example, artificial intelligence-based 

machine learning algorithms process brain waves in an 

EEG to identify how difficult it is for the student to learn 

new grammar or new vocabulary (Meyer et al., 2019). 

They can adjust the level of complexity accordingly in 

class based on real-time cognition feedback. 

While this occurs, natural language processing 

(NLP) software identifies mistakes in students' 

pronunciation and fluency requirements in their oral 

responses and signals how they can be corrected. Speech 

recognition computer software compares students' 

pronunciation to native speaker pronunciation and 

provides immediate feedback in the form of. phoneme 

accuracy and intonation patterns (Zhang et al., 2020). 

3.2 Neural-Feedback Based Adaptive Language 

Instruction 

It is likely the most significant application of 

cognitive neuroanalytics in ELT that instruction methods 

are designed to listen for neural feedback processes in 

real time. These processes track and trace brain activity 

among students as they perform language learning tasks 

and alert teachers to regions of mental struggle. Based 

on indications of brain activity observed, teachers can 

further refine instruction (Petersen et al., 2021). 

1. Neurofeedback and Real-Time Lesson Adjustment 

• Lesson delivery pace: Neurofeedback enables 

instructors to adjust the delivery pace of lessons 

depending on cognitive response by students. When 

brain architecture scanning determines cognitive 

load was elevated, the rate at which lessons can be 

taught is set quicker in an attempt to re-scan for 

learned gains (Sweller et al., 2019). 

• Difficulty levels at the neural: Neural feedback is 

reported to indicate an increase or reduction to the 

next level of proficiency by the learner, and 

therefore content difficulty should ideally be at the 

point of learning. 

• Neural-gamification: Artificial intelligence-powered 

learning games adapt based on learners' cognitive 

load in a bid to add complexity where high interest 

is met and simplify tasks where cognitive overload 

is met (Vasquez & Griffiths, 2021). 

2. Measurement of Cognitive Load for Personalized 

Learning 

Measurement of cognitive load has been the 

most significant account of successful language 

acquisition. Cognitive load is measured through the 

learners' cognitive load by: 

• Pupil dilation measurement – One of the most 

prevalent cognitive load measurements in terms of 

brain effort used in processing new linguistic 

material (Paas et al., 2019). 

• EEG measurement of cognitive load – New EEG 

brain scans quantify mental effort to process 

grammar and lexis (Brouwer et al., 2020). 

• HRV analysis – It quantifies emotional engagement 

and learning motivation so that teachers can be sure 

whether students are distracted or overwhelmed 

(D'Mello & Kory, 2019). 

3. Neural-Driven Personalized Curriculum Design 

• Weak Spot Identification: AI cognitive 

neuroanalytics identifies the weak areas of the 

students and allows the teachers to re-nutrition some 

of the concepts with exercises in such weak areas. 

• Multimodal Learning Strategy: Neuroscientific 

evidence has shown that a strategy on multimodal 

combination of auditory, visual, and kinesthetic 

learning style improves memory storage and 

language learning efficiency (Marini et al., 2019). 

• Predictive Learning Progression Analytics: 

Predictive machine learning models identify future 

learning progressions based on trends in neural 

response and allow teachers to provide 

individualized learning plans (Howard & 

Borenstein, 2022). 
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IV. PRAGMATIC USES IN 

TEACHING ENGLISH 

LANGUAGE 
 

Cognitive neuroanalytics stands at the forefront 

of reshaping English language teaching (ELT) by 

harmonizing real-time neurological information with 

adaptive pedagogy. Neuroscientific principles, AI-driven 

learning software, and cognitive feedback systems allow 

teachers to tailor language instruction based on the 

cognitive ability of individual learners. This section 

highlights major applied uses of cognitive neuroanalytics 

in ELT, recognizing its contribution towards developing 

neuroadaptive models of language learning, 

engagement-maximizing approaches, and customized 

curriculum design. 

4.1 Neuroadaptive Language Learning Models 

1.  Gamification and Learning Gamification engages 

higher cognitive processes by stimulating reward 

systems in the brain, and this results in motivation and 

increased memory retention. EEG-based monitoring of 

cognition is applied on neuroadaptive interfaces to 

dynamically adjust difficulty level in real-time to keep 

learners at the optimal level of challenge (Vasquez & 

Griffiths, 2021). For instance: 

• Content modification by AI-driven personalization 

of Duolingo to adjust cognitive load. 

• Neuroadaptive learning-driven serious games 

maximize vocabulary learning through dynamically 

adaptive learning challenges based on brain activity 

patterns.  

2.  AI-supported speech and pronunciation training 

Neural processing of data facilitates practice in 

pronunciation through the use of tracking phoneme 

articulation and auditory feedback systems (Zhang et al., 

2020). AI-based speech recognition technology 

translates real-time speech patterns and offers the 

equivalent of corrective feedback in terms of neural 

activation levels. The applications include: 

• Personalized pronunciation training based on 

auditory discrimination ability. 

• AI-based speech modulation software that adjusts 

feedback intensity according to cognitive processing 

speed. 

3.  Multisensory Learning Strategies 

Neuroscience research demonstrates that 

multisensory stimulation increases memory and 

understanding through engaging multiple neural 

pathways at the same time (Marini et al., 2019). 

Examples of practical application are: 

• Visual-auditory integration instruments connecting 

phonemic awareness with text-based instruction. 

• Kinesthetic and tactile learning environments, such 

as VR-based language immersion training. 

4.2 Boosting Student Engagement Based on 

Neuroscience 

1.  EEG-Based Attentional Tracking Cognitive 

neuroanalytics allows for real-time EEG-based 

monitoring of attention levels to optimize classroom 

engagement (Brouwer et al., 2020). EEG sensors can 

identify instances of student inattention and dynamically 

adjust pacing in response. This application case benefits 

from being applied to: 

• Online language learning platforms, where real-time 

tracking optimizes lesson responsiveness. 

• Face-to-face language teaching, allowing teachers to 

receive neurocognitive engagement feedback. 

2.  Emotional AI Integration to Facilitate Language 

Acquisition Long-term memory is heavily rooted in 

affective interaction with language. Affective AI systems 

employ facial expression, tone, and physiological signals 

to track frustration or engagement levels of students 

(D'Mello & Kory, 2019). Neuroadaptive intervention 

involves: 

• Adjustment of lesson difficulty based on frustration 

detection. 

• Content recommendation based on the learner's 

engagement. 

3.  Real-Time Neurofeedback Error Correction 

Neuroadaptive ELT systems feedback immediately as 

event-related potentials (ERP) of neural activity (Meyer 

et al., 2019). When they sense linguistic errors, 

neurofeedback protocols correct instructional material 

by: 

• Repeated detection and correction of error. 

• Tuning learning rate to error-processing rate. 

 

V. COGNITIVE LOAD AND 

LANGUAGE ACQUISITION 
 

5.1 Explaining Cognitive Load in Learning 

Cognitive load theory (CLT) accounts for how 

learners learn and store information in terms of working 

memory capacity (Sweller et al., 2019). Cognitive load, 

when applied to language learning, is the mental effort 

required to understand, process, and produce linguistic 

forms. In English language teaching (ELT), cognizance 

of cognitive load is essential to design teaching 

strategies that optimize learning efficiency without 

overwhelming the learner. 

Cognitive load is categorized into three 

categories: 

• Intrinsic Load: Inherent difficulty of the content 

matter itself, such as mastering the rules of English 

grammar or the syntax patterns (Van Merriënboer & 

Sweller, 2010). 

• Extraneous Load: Excess mental effort due to 

instructional design weakness, such as unclear 

definitions, distracting images, or excessively 

convoluted exercises (Mayer & Moreno, 2003). 
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• Germane Load: Mental effort involved in learning 

deeply, constructing schemas, and recalling 

knowledge (Paas & Ayres, 2014). 

Successful ELT approaches must reconcile 

these forms of cognitive load in a manner that allows 

learners to work with significant content without being 

overwhelmed by excessive demands. 

5.2 Cognitive Load and Language Acquisition 

Cognitive overload during language learning can 

result in mental exhaustion, withdrawal, and reduced 

retention (Sweller et al., 2019). The main issues are: 

• Parallel Processing of Different Aspects of a 

Language: The learner needs to process vocabulary, 

grammar, sentence structure, and intonation in 

parallel. 

• Limits on Working Memory Capacity: There can be 

only a limited number of pieces of information that 

can be held in the human brain at one time, and 

therefore language content must be presented in 

terms of amounts of manipulable information 

(Baddeley, 2012). 

• Transfer of Learning: Increased cognitive load 

would impede transfer of acquired learning to 

language application in the outside world (Van Gog 

et al., 2010). 

Cognitive neuroscience research indicates that 

language learners learn better when instruction is 

structured in a manner to minimize cognitive overload 

and maximize germane load (Sweller, 2016). 

5.3 Cognitive Load Management Strategies 

In order to optimize English language learning, 

teachers must develop instructional strategies that reduce 

extraneous load but increase germane load. Effective 

strategies are: 

1.  Chunking Information 

Breaking down challenging linguistic ideas into 

smaller, manageable chunks reduces the information 

load and enables learners to process information 

effectively. For example: 

• Rather than demonstrating a complete system of 

verb tenses at once, instructors can demonstrate 

present, past, and future tenses in succession and 

work towards combining them (Mayer, 2014). 

• Learning vocabulary in semantic clusters (e.g., food, 

transport, and emotion) results in retention since 

they form associative memory connections (Paivio, 

2007). 

2.  Scaffolding Techniques 

Scaffolding offers systematic support that allows 

learners to make progress without risking mental 

overloading. The strategies are: 

• Incremental Increasing Complexity: Step-by-step 

building from sentence level to compound and 

complex sentences enables smooth progression in 

learning (Wood et al., 1976). 

• Pictorial Representations: Use of concept maps, 

infographics, and diagrams enables the student to 

visualize the language and minimize the verbal load 

of working memory (Sweller & Chandler, 1994). 

• Directed Practice: Pre-empting the practice in detail 

before independent practice enhances learning 

without overloading the learners (Rosenshine, 

2012). 

3.  Multisensory Learning 

Utilization of more senses engages more than 

one channel through the brain, thus it is more efficient in 

learning a language: 

• Visual Input: Pictures, video, and written words 

offer support (Mayer & Moreno, 2003). 

• Auditory Input: Hearing native spoken patterns 

makes phonemic sensitivity improved (Kuhl, 2010). 

• Kinesthetic activities: Interactional exercises and 

movements with role-play are effective in recalling 

(James & Swain, 2011). 

5.4 Adaptive Learning Technologies and Cognitive 

Load 

Modern adaptive AI-driven learning systems can 

adjust instruction according to students' cognitive load: 

• Real-time Assessment: AI technologies monitor 

students' performance and change lesson difficulty 

in real time (Chen et al., 2022). 

• EEG-Based Measurement of Cognitive Load: 

Monitoring brainwaves allows teachers to see when 

students become overloaded (Brouwer et al., 2020). 

• Intelligent Tutoring Systems (ITS): AI-powered 

chatbots and language assistants give instant 

feedback while learning to cater to the specific 

needs of individual learners (D'Mello et al., 2021). 

5.5 Implications for English Language Teachers 

Teachers have an important role in effective 

cognitive load management. Best practices are: 

• Using Simple and Clear Instructions: Minimizing 

excessive jargon or complicated explanations 

minimizes extraneous load (Clark et al., 2006). 

• Real-Time Error Correction: Real-time error 

correction reinforces learning before cognitive 

overload (Hattie & Timperley, 2007). 

• Active Learning: Problem-solving activities, 

discussion activities, and collaborative learning 

decrease passive cognitive load (Chi & Wylie, 

2014). 

 

VI. FUTURE RESEARCH 

DIRECTIONS 
 

The cognitive neuroanalytics of English 

language teaching still develop with a series of research 

and innovation possibilities. While the earlier work has 

determined the potentiality of neuroimaging, AI-assisted 

adaptive learning, and pedagogy inspired by 

neuroplasticity, there are real-time testing of application 

of thinking, adjustment in learning multilingually, and 

ethics that remain to be tackled. Future work will have to 

be on these lines so that language learning models 
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become better, AI teaching is better optimized, and 

education becomes more inclusive. 

6.1 Building Non-Invasive Neural Test Instrument 

Supporting methods such as EEG and fMRI are 

beneficial in comprehending neural activity but are just 

not possible to employ in classrooms due to cost, 

intricacy, and invasiveness (Petersen et al., 2021). Future 

research focus in this regard will need to encompass the 

development of non-invasive, cost-effective neural test 

equipment to be deployed in regular ELT environments. 

Possible research fronts include: 

• EEG Headsets – Minuscule, wearable EEG sensors 

capturing language learning brain activity without 

interrupting classroom environments (D'Mello et al., 

2022). 

• Eye-tracking and Pupil Dilation Measurement – 

Artificial intelligence-powered eye-tracking 

equipment to capture cognitive load, reading ability, 

and word recognition effectiveness (Kuhl & Rivera-

Gaxiola, 2021). 

• Integration of Neurofeedback into Learning 

Applications – Cognitive involvement in real time 

via computer-based language training software with 

biofeedback (Meyer et al., 2019). 

These developments will enable personalized 

intervention teaching from true real-time cognitive 

states, easing learning constraints among various student 

populations. 

6.2 Multilingual Exposure and Neurocognitive 

Adjustment 

Although bilingualism has been associated with 

superior cognitive flexibility, memory, and executive 

function (Abutalebi & Weekes, 2021), more 

investigation must be conducted to determine the role of 

exposure to two languages on neural processing during 

the life course. Future work should investigate 

• X-Linguistic Influence on Neural Tracks – 

Examining the influence of mother-tongue (or L1) 

control upon second-language (L2) acquisition at 

the neural level (Pliatsikas, 2020). 

• Best Age for Multilingual Acquisition – 

Determining stages of language acquisition at which 

neuroplasticity levels are best (Mechelli et al., 

2004). 

• Cognitive Load Differences for Various Writing 

Systems – Examining how alphabetic (English) and 

logographic (Chinese) writing scripts entail 

differential neural operations (Tan et al., 2021). 

6.3 Models of Real-Time Neural Decoding of 

Language Assessment 

Existing testing methods under ELT, i.e., 

standardized tests and oral proficiency interviews, are 

non-adaptive in real-time and unreliable in measuring 

true cognitive effort. Employing neural decoding models 

has the potential to transform language testing by 

examining brain activity patterns to identify: 

• Real-time Language Comprehension – Measuring 

the extent to which students can comprehend written 

and spoken language through neural signals (Price, 

2018). 

• Vocabulary Long-Term Retention – Utilizing 

neuroimaging to monitor the performance of 

vocabulary recall and long-term retention (Binder et 

al., 2019). 

• Cognitive and Affective Load in Completing 

Language Tasks – Monitoring levels of stress and 

mental effort to enable appropriate adaptation of 

learning materials (Brouwer et al., 2020). 

Such outcomes can generate real-time brain-

based language testing technologies, in place of static 

measurement metrics by utilizing adaptive AI-based 

performance monitoring. 

6.4 Hyper-personalized Curricula using AI and 

Cognitive Neuroanalytics 

Technologies in machine learning and cognitive 

modeling enable hyper-personalized language curricula 

based on an individual's unique personal neural 

fingerprint (Chen et al., 2022). Future research would 

have to investigate: 

• AI-Adaptive Textbooks – Digital adaptive textbooks 

whose level of difficulty adjusts in real time based 

on cognitive feedback (Zhang et al., 2020). 

• Neurofeedback Speech Recognition – Artificial 

intelligence-based pronouncing correction systems 

providing immediate feedback from the brain 

(Vasquez & Griffiths, 2021). 

• Emotion-Aware Language Learning Systems – 

Artificial intelligence-based systems that modulate 

difficulty of material based on learner frustration or 

interest levels (D'Mello & Kory, 2019). 

Such innovations would make it possible for 

very adaptive ELT systems where no two learners are on 

the same rigid course but one with his intellectual 

capability. 

6.5 Ethics and Bias Reduction in Neuroanalytics 

To the extent that cognitive neuroanalytics 

become increasingly involved in ELT, there is also 

growing concern about ethics, data protection, and bias 

in algorithms, which have to be taken care of. Future 

study research priorities include: 

• Data and Privacy Laws – Building strong ethical 

standards for storing and collecting neurocognitive 

data (Howard & Borenstein, 2022). 

• Bias Elimination in AI-Based Assessments – 

Removing race, gender, or socio-economic status-

based biases in AI-based language-learning 

applications (Kumar & Shukla, 2021). 

• AI Algorithm Accountability – Creating open-

source platforms to inform teachers about how 

adaptive learning suggestions are created (Racine et 

al., 2020). 

 

VII. CONCLUSION 
 

Cognitive neuroanalytics' application to ELT is 

an important move towards adaptive, neuroscience-
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driven instruction. In doing so, it has been shown that 

tracing neural paths can make language learning more 

effective by making pedagogy sensitive to individual 

cognitive needs. The important findings are: 

• Identification of the most important brain regions 

for language processing, namely Broca's area, 

Wernicke's area, and the hippocampus. 

• Neuroplasticity in language learning, focusing on 

repetition, exposure, and multimodal learning as 

neural path activation. 

• Integration of AI-based cognitive neuroanalytics to 

permit real-time tracking of acquisition markers and 

adaptive methodology. 

• Optimization of cognitive load through systematic, 

individualized models of teaching to ensure optimal 

engagement and memorability.  

 

COGNITIVE NEUROANALYTICS' 

IMPLICATIONS IN ELT 
 

With the availability of neuroimaging data and 

AI, teachers are now able to create more evidence-based 

teaching practice. ELT practice today is one-size-fits-all 

and does not include cognitive diversity. Cognitive 

neuroanalytics fills this shortcoming in that: 

• decision-making is made using EEG and fMRI-

based facts in order to ascertain levels of 

understanding and set levels of difficulty in lessons. 

• if information content is calibrated to the real 

cognitive state of a learner. 

• learners are motivated even more by neuroadaptive 

feedback mechanisms, which change difficulty and 

pace. 

These developments make ELT more efficient, 

effective, and inclusive, with learners being instructed 

based on their brain learning ability. 

Application of cognitive neuroanalytics in ELT 

is a paradigm shift towards evidence-based, 

neuroadaptive language acquisition. From a 

breakthrough in neuroscience and artificial intelligence, 

the teacher can turn language learning into a new 

revolutionary experience of adaptive learning. Despite 

limitations, the future of ELT is neuroadaptive learning 

with its scientifically correct, immersive, and effective 

paradigm of learning a language. 
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