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Abstract

The convergence of neurotechnology, artificial intelligence, wearable computing and digital
health is creating new possibilities for monitoring, supporting and augmenting human
cognitive functions. Neurotechnology can capture neural and physiological signals through
techniques such as electroencephalography, functional neuroimaging, brain—computer
interfaces and emerging wearable neural sensors, while artificial intelligence can transform
these signals into estimates of cognitive states, attention, workload, fatigue and emotional
responses. These developments have potential applications in healthcare, education,
rehabilitation, workplace safety, assistive technologies and personal digital well-being.
However, the increasing ability to infer information about human cognition also creates
significant ethical, social and governance challenges. Neural data may reveal highly sensitive
information about individuals, while Al-based cognitive inference can introduce bias,
uncertainty, surveillance risks and questions concerning autonomy, consent, identity and
mental privacy. This paper examines the emerging relationship between neurotechnology and
digital well-being, focusing on Al-assisted cognitive systems and their potential benefits and
risks. A conceptual framework is proposed for integrating neural sensing, Al analytics,
personalised feedback and human-centred governance. Particular attention is given to
cognitive workload monitoring, digital fatigue, adaptive interfaces, mental-health support,
neurorehabilitation and workplace applications. The paper argues that responsible
development requires privacy-preserving architectures, meaningful informed consent,
transparency, uncertainty communication, human oversight and strong safeguards against
coercive cognitive surveillance. The future of Al-assisted neurotechnology should therefore
be guided not only by technical performance but also by principles of human autonomy,
dignity, equity and cognitive freedom.

Keywords: Neurotechnology, Digital Well-Being, Artificial Intelligence, Brain—Computer Interfaces,
Cognitive Systems, Neural Data, Mental Privacy, Cognitive Workload, Digital Health, Al Ethics.
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1. Introduction

Digital technologies have become deeply integrated into everyday cognitive activities.

People increasingly depend on digital systems for:

o Communication.

o Education.

e Work.

« Entertainment.

e Healthcare.

o Decision-making.

« Social interaction.

Although digital technologies can improve productivity and access to information, excessive
or poorly designed digital engagement can contribute to:

e Cognitive overload.

« Digital fatigue.

« Attention fragmentation.

e Stress.

« Reduced concentration.

o Sleep disruption.

This has created growing interest in digital well-being.

Neurotechnology introduces a new dimension by allowing digital systems to obtain
information about human cognitive and physiological states.

When combined with Al, these systems can potentially move from simply measuring
behaviour to estimating underlying cognitive conditions.

2. Concept of Neurotechnology

Neurotechnology encompasses technologies designed to measure, interpret, influence or
interact with nervous-system activity.

Examples include:

o Electroencephalography (EEG).

e Functional near-infrared spectroscopy (fNIRS).

e Functional magnetic resonance imaging (fMRI).

e Brain—computer interfaces (BClIs).

e Neural implants.

o Wearable neurophysiological sensors.

The sophistication of these technologies varies considerably.

3. Digital Well-Being

Digital well-being refers broadly to the ability of individuals to use digital technologies in
ways that support rather than undermine their:

e Physical health.
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e Mental well-being.

« Cognitive functioning.

« Social relationships.

o Productivity.

o Autonomy.

Al-assisted neurotechnology could potentially personalise digital environments according to
an individual's cognitive condition.

4. Al-Assisted Cognitive Systems
An Al-assisted cognitive system can be conceptualised as:
Human

!

Neural / Physiological Signals

!

Sensor

l
Al Analysis

!

Cognitive-State Estimation

!

Adaptive Digital Environment

The system could potentially identify states such as:
« High cognitive workload.

o Fatigue.

e Reduced attention.
o Stress.

e Relaxation.

5. Neural Signal Acquisition
Different neurotechnologies provide different types of information.

EEG
EEG measures electrical activity associated with brain function.

fNIRS
fNIRS measures changes in oxygenation associated with neural activity.
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fMRI
fMRI provides spatially detailed information about brain activity but is generally less suitable
for everyday wearable applications.

Brain—-Computer Interfaces
BCls establish communication pathways between neural activity and external computational
systems.

6. Al-Based Neural Signal Processing
Raw neural signals are complex and noisy.
Al can assist with:
« Noise reduction.
« Feature extraction.
o Signal classification.
o Pattern recognition.
o Cognitive-state prediction.
A simplified workflow is:
Raw Neural Signal

!

Preprocessing

!

Feature Extraction

!

Machine Learning

!

Cognitive-State Prediction

7. Cognitive Workload Assessment

Cognitive workload describes the amount of mental effort required to perform a task.
Al-assisted neurotechnology may estimate workload from combinations of:
o EEG patterns.

e Heart-rate variability.

o Eye movements.

o Facial expressions.

« Behavioural performance.

Applications include:

e Auviation.

e Healthcare.

e Manufacturing.

e Driving.
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8. Workplace Safety
Fatigue and excessive workload can contribute to workplace accidents.
Al-assisted systems could potentially identify elevated cognitive workload and provide
adaptive interventions.
For example:
High Workload Detected

l
System Alert

!

Task Simplification / Break Recommendation
This may be particularly valuable in safety-critical environments.

9. Digital Fatigue

Continuous digital engagement can create cognitive fatigue.

Potential indicators include:

e Reduced attention.

e Increased reaction time.

e Changes in neural activity.

« Eye strain.

e Reduced task performance.

Al systems could combine these indicators to estimate digital fatigue.

10. Adaptive User Interfaces

A conventional digital interface treats users largely the same.

An Al-assisted cognitive interface could adapt to estimated cognitive states.
For example:

High Workload
Reduce notifications and simplify the interface.

Low Attention
Provide reminders or task restructuring.

Fatigue
Suggest a break.

Focused State
Minimise interruptions.
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This represents a shift from user-controlled interfaces toward context-aware interfaces.

11. Personalised Digital Well-Being

Different individuals respond differently to digital environments.

Al could learn individual patterns and develop personalised recommendations.
Potential recommendations include:

o Break timing.

« Notification management.

e Screen-use limits.

e Task scheduling.

« Relaxation activities.

However, personalisation should remain under meaningful user control.

12. Neurotechnology in Healthcare

Neurotechnology has applications in:

o Neurological rehabilitation.

e Assistive communication.

o Cognitive assessment.

« Neuroprosthetics.

« Mental-health research.

Al can help analyse complex neural data and identify patterns relevant to clinical decision-
making.

13. Neurorehabilitation

Patients recovering from neurological injuries may require intensive rehabilitation.
BCl-based systems can potentially translate neural signals into commands controlling:
« Robotic devices.

o Computer interfaces.

e Prosthetic systems.

e Rehabilitation equipment.

Al can personalise training based on individual neural patterns.

14. Assistive Communication

BCIs may support communication for individuals who cannot communicate effectively
through conventional motor pathways.

Potential systems can interpret neural activity and translate it into:

o Text.

e Speech synthesis.

« Computer commands.

Al plays an important role in decoding neural patterns.
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15. Mental-Health Applications

Al-assisted neurotechnology is being investigated for understanding cognitive and emotional
states.

Potential applications include:

o Stress monitoring.

o Cognitive assessment.

« Neurofeedback.

« Mental-health research.

However, neural signals should not be interpreted as direct or definitive measures of complex
psychological states without appropriate clinical validation.

16. Neurofeedback
Neurofeedback provides individuals with information about selected aspects of their
physiological or neural activity.
A simplified loop is:
Neural Activity

l
Al Analysis

!
Feedback

!

User Response

l
Updated Neural Activity

This creates a closed-loop system.

17. Education

Neurotechnology may potentially support personalised learning.
Al could estimate aspects of:

e Attention.

o Cognitive workload.

o Engagement.

Learning environments could then adapt:

« Difficulty.

o Pace.

« Content format.

o Break frequency.

However, educational deployment raises significant questions concerning consent and student
privacy.
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18. Human—Computer Interaction
Neurotechnology may fundamentally change interaction with computers.
Traditional interaction involves:

Human — Keyboard / Touch / Voice — Computer
Neurotechnology can introduce:

Human — Neural Signal — AI — Computer
This could enable hands-free and assistive interaction.

19. Cognitive Augmentation

Some neurotechnologies aim not only to monitor cognition but potentially to enhance
cognitive capabilities.

Possible objectives include:

e Improved attention.

« Faster interaction.

e Enhanced communication.

o Cognitive assistance.

This creates difficult questions concerning:
o Fairness.

e Access.

e Human identity.

« Performance pressure.

e Social inequality.

20. Mental Privacy

One of the most important ethical issues is mental privacy.

Neural information may potentially reveal sensitive information about:

o Cognitive states.

e Preferences.

e Responses to stimuli.

e Attention.

« Behavioural tendencies.

Therefore, neural data may require stronger protection than ordinary digital data.

21. Cognitive Liberty

Cognitive liberty refers broadly to the principle that individuals should retain meaningful
control over their mental processes and cognitive autonomy.

Al-assisted neurotechnology raises questions such as:

e Who controls neural data?
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o Can employers require cognitive monitoring?
e Can schools mandate neuro-monitoring?
o Can insurance companies use inferred cognitive information?

22. Informed Consent

Consent becomes particularly important when neural data are collected.
Meaningful consent should explain:

e What is being measured.

e Why it is being measured.

e How data will be processed.

« Who can access the data.

e How long the data will be stored.

o Whether Al inference will be performed.

Consent should also be revocable.

23. Algorithmic Bias

Al models trained on limited populations may not perform equally across individuals.
Bias can emerge from differences in:

e Age.

« Physiology.

e Neurodiversity.

e Cultural context.

e Sensor placement.

o Data quality.

Therefore, diverse datasets and subgroup validation are necessary.

24. Uncertainty of Cognitive Inference

A major conceptual problem is that neural signals do not provide a perfect window into
cognition.

For example:

EEG Pattern # Direct Measurement of a Specific Thought
Al predictions should therefore be presented as probabilistic estimates rather than absolute
interpretations.

25. Explainability

Users should understand how cognitive-state predictions are produced.
A trustworthy system could report:

Estimated State: High Workload

Confidence: Moderate

AJAMRI Volume 7, Issue 5, September —October 2025 62



http://www.ajamri.com/

(\-- American Journal of Advanced Multidisciplinary
,Q/@ Research and Innovation (AJAMRI)
==

AJAMRI

E-ISSN: XXXX-XXXX e Website: www.ajamri.com e Email: editor@ajamri.com

Main Signals: Neural + physiological indicators
This is preferable to presenting an unexplained categorical judgement.

26. Surveillance Risks

Workplace neurotechnology could create new forms of employee surveillance.

If employers continuously monitor cognitive states, workers may experience:

e Reduced privacy.

e Psychological pressure.

o Performance anxiety.

e Loss of autonomy.

The distinction between safety monitoring and productivity surveillance is therefore critical.

27. Workplace Ethics

Consider a hypothetical system that detects reduced concentration.

A responsible system might:

Suggest a voluntary break.

An unethical system might:

Automatically record the worker as unproductive.

The same technology can therefore have radically different social consequences depending
on system governance.

28. Data Ownership

Questions of ownership include:

e Who owns raw neural data?

e Who owns Al-generated cognitive profiles?
e Can users delete their information?

« Can data be sold?

o Can derived information be shared?

Clear governance mechanisms are essential.

29. Data Security

Neural data systems require strong cybersecurity.
Security measures may include:

e Encryption.

e Access controls.

« Secure authentication.

« Data minimisation.

o Local processing.

e Privacy-preserving machine learning.
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30. Edge Al and Privacy
Local processing can reduce the need to transmit raw neural signals.
A privacy-oriented architecture could be:

Neural Sensor

l
Local Al

!

Cognitive-State Estimate

!

Only Necessary Information Transmitted
This can reduce exposure of sensitive raw data.

31. Federated Learning

Federated learning can allow models to learn across multiple devices without centrally
collecting all raw data.

Conceptually:

Device A — Local Training

Device B — Local Training

Device C — Local Training

!

Shared Model Update

This may offer privacy advantages, although it does not eliminate all security risks.

32. Human-Centred Design

Neurotechnology should be designed around human needs rather than technological
capability alone.

Important principles include:

e Autonomy.

e Transparency.

e Accessibility.

e Privacy.

o Safety.

e User control.

33. Human-in-the-Loop Systems
Al should not automatically make high-impact cognitive decisions.
A safer approach is:
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Al Prediction
l

Human Review

!

Decision

This is particularly important in employment and healthcare contexts.
34. Digital Well-Being Intervention Framework
A potential framework is:

Stage 1
Measure cognitive and physiological signals.

Stage 2
Estimate cognitive state.

Stage 3
Assess confidence.

Stage 4
Identify potential digital stressors.

Stage 5
Recommend intervention.

Stage 6
Allow user choice.

Stage 7
Evaluate outcome.

35. Example Adaptive System

Suppose a user is working continuously for several hours.

The system detects:

« Increasing cognitive workload.

« Reduced attention.

o Increased physiological stress indicators.

Instead of forcing an action, it could provide:

“Your recent activity suggests elevated cognitive load. Would you like to take a five-minute
break or reduce notifications?”
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This preserves user autonomy.

36. Research Framework
A comprehensive Al-assisted neurotechnology framework can contain seven layers:

Layer 1 — Neural Sensing
EEG, fNIRS, BCI and related technologies.

Layer 2 — Physiological Sensing
Heart rate, skin conductance, eye movement and related signals.

Layer 3 — Signal Processing
Noise reduction and feature extraction.

Layer 4 — Al Analytics
Cognitive-state estimation.

Layer 5 — Personalisation
Individual cognitive profiles.

Layer 6 — Adaptive Interface
Context-sensitive digital interaction.

Layer 7 — Governance
Privacy, consent, security and human oversight.

37. Conceptual Architecture
Neural + Physiological Signals

l
Multimodal Data Processing
l
Al Cognitive-State Model
l
Uncertainty Estimation
l
Personalised Recommendation
l
User Decision
l

Adaptive Digital Environment
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!

Continuous Feedback

38. Applications

Application Potential Al-Neurotechnology Role
Healthcare Cognitive assessment and rehabilitation
Workplace Workload and fatigue monitoring
Education Adaptive learning

Driving Fatigue and attention monitoring

Accessibility Assistive communication

Digital well-being Personalised interventions
Robotics Human—machine interaction
Research Cognitive-state analysis

39. Key Research Questions

How accurately can Al infer cognitive workload from multimodal neural signals?

How can individual differences be incorporated into cognitive-state models?

What types of neural data should be considered particularly sensitive?

How can cognitive privacy be protected?

How can Al uncertainty be communicated to users?

What safeguards should govern workplace neurotechnology?

Can edge Al reduce neural-data privacy risks?

How can neurotechnology support digital well-being without becoming surveillance

technology?

9. What regulatory frameworks are appropriate for Al-assisted cognitive systems?

10. How should cognitive augmentation technologies be evaluated for fairness and
accessibility?

©ONOoGaRWDNE

40. Future Research Directions

Future research should investigate:

o Wearable neural sensors.

e Multimodal cognitive-state modelling.
e Privacy-preserving neural Al.

o [Federated neurotechnology.

« Explainable cognitive Al.

o Adaptive digital environments.
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« Personalised neurofeedback.

o Al-assisted rehabilitation.

« Ethical workplace neurotechnology.
« Neurotechnology standards.

« Cognitive-data governance.

41. Challenges
Major challenges include:

Technical

« Noisy neural signals.

e Individual variability.

o Limited wearable accuracy.
o Battery constraints.

Computational

o Real-time processing.
e Model generalisation.
e Uncertainty estimation.

Ethical
e Mental privacy.
o Consent.

o Surveillance.
e Autonomy.

Social

e Inequality.

e Accessibility.
e Stigma.

o Workplace pressure.

42. Governance Framework
Responsible deployment should incorporate:
Privacy by Design
!

Meaningful Consent

!

Data Minimisation

!
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Transparency
!
Human Oversight
!

Continuous Auditing

This approach can reduce the risk that powerful neurotechnologies are deployed without
adequate safeguards.

43. Ethical Design Principles

An Al-assisted cognitive system should ideally satisfy six principles:
Autonomy — users retain meaningful control.

Privacy — sensitive neural information is protected.

Transparency — system capabilities and limitations are disclosed.
Fairness — performance is evaluated across diverse populations.

Safety — harmful interventions are prevented.

Accountability — responsibility for system decisions is clearly established.

I

44. Discussion

The convergence of neurotechnology and Al represents a significant shift in human—
computer interaction.

Traditional digital systems observe:

Clicks + Text + Movement + Usage Behaviour
Emerging neurotechnology can potentially add:

Neural + Physiological Information

This creates opportunities for more personalised and adaptive digital environments.
However, it also creates a fundamentally different privacy challenge.

The question is no longer simply:

“What did the user do?”

It increasingly becomes:

“What can the system infer about the user's cognitive state?”

This distinction should be central to ethical governance.

45. Balancing Innovation and Protection

The objective should not be to prevent neurotechnology development.
Instead, innovation should be accompanied by safeguards.

A balanced model is:
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Technological Innovation

Scientific VValidation

Ethical Governance

User Control

Responsible Neurotechnology

46. Conclusion

Neurotechnology combined with artificial intelligence has the potential to transform digital
well-being by enabling systems that respond to human cognitive and physiological states
rather than treating users as passive recipients of digital information. Applications in
healthcare, rehabilitation, education, workplace safety, accessibility and adaptive human—
computer interaction demonstrate substantial potential.

However, the same technologies that enable personalised assistance can also enable
unprecedented forms of cognitive surveillance. Neural data and Al-generated cognitive
inferences raise important concerns regarding mental privacy, autonomy, informed consent,
algorithmic bias, data ownership and social inequality.

The future development of Al-assisted cognitive systems should therefore move beyond a
technology-centred approach toward a human-centred neurotechnology paradigm. Privacy-
preserving architectures, edge Al, uncertainty-aware models, transparent interfaces,
meaningful consent and human oversight should become integral components of system
design.

Ultimately, digital well-being should not mean optimising human cognition solely for
productivity. It should mean designing digital environments that respect human limitations,
support healthy interaction with technology and preserve individual autonomy.

The long-term goal should therefore be:

Sense Responsibly — Interpret Carefully — Assist Transparently — Respect Autonomy.
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