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Background

▪ Early-stage neurodegeneration disrupts attentional control, 
episodic encoding, and executive planning.

▪ Dominant AI systems optimize retrieval latency and fluency, not 
cognitive load calibration.

▪ Objective: architect AI to sustain neurocognitive safety across 
fluctuating cognitive states.

Methods

▪ Design science research (DSR) paradigm; AI cognitive-support 
prototype targeting MCI and at-risk populations.

▪ Multi-stage inquiry: semi-structured need-finding, co-design, and 
iterative prototyping cycles.

▪ Clinician-validated evaluation: extraneous load, emotional 
attunement, and perceived clinical utility.

Conclusion

▪ Accuracy and fluency are necessary but insufficient for 
neurologically vulnerable populations.

▪ TRACE operationalizes teleological coherence: affordances aligned 
to autonomy and stability.

▪ Theory-grounded blueprint for neurodegenerative risk 
management and equitable digital health.

Need-finding → Co-design → Prototyping → Evaluation → TRACE Model

Results: From Neurocognitive Vulnerability to Design Principle
Need-finding interviews (n=18; MCI and at-risk status) surfaced five recurring neurocognitive vulnerability 
themes, each mapped to a TRACE design principle.

Cognitive Demand
“By the time I figure out how to use it, I've already lost the thread.” → 1. Adaptive Modulation

Trust and Comprehension
“How am I supposed to know if it's right when I can't always trust my own judgment?” → 2.  Contextual Assemblies

Temporal Continuity
“Every time I open it, I have to start over; I can't remember what I did last time.” → 3.  Temporal Awareness

Emotional Regulation
“Seeing my scores go down doesn't help me; it just makes everything feel worse.” → 4.  Relevance Integration

Agency and Initiation
“The days I need it most are the days I forget it exists.” → 5.  Experiential Rendering

The TRACE Architecture

Principle in order of Importance Design Recommendations Significance · Professional Care Significance · Patients

1 Adaptive Modulation
Dynamic neurocognitive load regulation

• Adaptive complexity modulation via real-time load signals

• Load-aware turn-taking cadence and interruptibility thresholds

• Surfaces cognitive fluctuation phenotypes for individualized care planning

• Reduces triage and intake assessment overhead

• Attenuates extraneous load during diminished-capacity states

• Preserves response autonomy and interaction agency

2  Contextual Assemblies
Cue-proximal knowledge schema activation

• Cue-triggered modular schema retrieval

• Just-in-time scaffolding and risk-proximal guidance injection

• Delivers protocol-aligned guidance at point of care

• Mitigates misinformation risk and knowledge gap propagation

• Delivers situated, cognitively proximal prompts

• Suppresses irrelevant informational and environmental noise

3  Temporal Awareness
Temporal trajectory and drift detection

• Longitudinal baseline-drift detection with anomaly flagging

• Episodic memory anchor insertion and session-state restoration

• Generates objective longitudinal cognitive trajectory signals

• Enables pre-clinical detection and early-decline screening

• Maintains cross-session contextual continuity

• Compensates for episodic encoding and retrieval deficits

4  Relevance Integration
Cross-modal signal fusion and prioritization

• Cross-modal data fusion with salience-weighted synthesis

• Redundancy suppression and provenance-aware summarization

• Produces consolidated, actionable cross-domain clinical summaries

• Informs shared decision-making and family psychoeducation

• Integrates fragmented self-management data into a unified interface

• Reduces information retrieval and navigation burden

5  Experiential Rendering
Dignity-calibrated representational output

• Affect-calibrated plain-language synthesis engine

• Dignity-preserving, alarm-attenuating risk communication framing

• Enhances medical instruction comprehension and retention

• Supports adherence monitoring and care-plan reinforcement

• Reduces burden of probabilistic risk interpretation

• Sustains emotional regulation, security, and self-efficacy

Practical Recommendations · System Designers

• Deploy real-time cognitive load estimators (error rate, response latency, abandonment signals) as adaptive interaction complexity controllers.

• Implement persistent session-state graphs restoring neurocognitive context across asynchronous and interrupted interaction episodes.

• Architect HIPAA-compliant longitudinal pipelines discriminating intra-session fluctuation from inter-session cognitive drift trajectories.

Practical Recommendations · Clinical Care Providers

• Interpret AI-generated risk indices as longitudinal trajectory indicators, not cross-sectional diagnostic thresholds.

• Deploy domain-level cognitive dashboards as structured pre-encounter screening instruments to prioritize clinical inquiry.

• Calibrate intervention timing to system-detected baseline-drift anomalies rather than fixed appointment intervals or calendar schedules.

Call for Collaboration Design Implementation Data Pipeline

The central paradox of cognitive-support AI: those who need it most can afford it least. Individuals experiencing neurocognitive decline are asked to engage the very capacities 
a system is designed to compensate. The proposed TRACE Model resolves this contradiction by inverting the burden — the architecture adapts, the user simply lives.
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Design Solution: Dashboard Prototype 

mailto:kabhari@sdsu.edu
mailto:ezzatia@hs.uci.edu

	Slide 1

