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AI-Driven Simulation for Functional Vision Therapy: Implications for Community Eye Care and Public Health
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Background: Functional vision therapy (FVT) enhances the practical use of vision in daily life by targeting binocular coordination, accommodation, vergence, oculomotor control, and visual processing. Although conventional office- and home-based therapies are effective for selected conditions, challenges related to adherence, personalization, scalability, and ecological validity limit their broader public health impact. Artificial intelligence (AI)–driven simulation integrated with virtual reality (VR) and altered reality technologies has emerged as a promising approach to deliver adaptive, immersive, and data-informed vision rehabilitation. This review synthesizes current evidence and explores public health implications of AI-enabled simulation in functional vision therapy.
Methods: A narrative review was conducted using PubMed/MEDLINE, Scopus, Web of Science, and IEEE Xplore for English-language publications up to February 2026. Search terms included combinations of “functional vision therapy,” “amblyopia,” “strabismus,” “convergence insufficiency,” “visual field defects,” “virtual reality,” “digital therapeutics,” “artificial intelligence,” “machine learning,” “eye tracking,” and “simulation.” Eligible studies comprised randomized and non-randomized trials, pilot studies, case reports, and technical developments involving AI- or simulation-based interventions relevant to functional vision care.
Results: AI-assisted VR-based systems demonstrated improvements in visual acuity, stereopsis, vergence and accommodative function, navigation efficiency, and symptom reduction across amblyopia, convergence insufficiency, and selected low-vision conditions. Real-time adaptive algorithms enhanced personalization and adherence. However, evidence remains limited by small sample sizes and short follow-up durations.
Conclusions: AI-driven simulation represents a promising adjunct to FVT with potential to enhance accessibility and engagement, particularly in underserved communities. Robust randomized trials and standardized evaluation frameworks are required before widespread public health integration.
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INTRODUCTION
Visual impairment and binocular vision disorders represent a significant public health concern, particularly among children and working-age adults (19,20). Conditions such as amblyopia, strabismus, convergence insufficiency, accommodative dysfunction, and visual field defects can substantially affect educational performance, occupational productivity, and quality of life (2,19). While refractive correction and surgical management address structural causes of visual dysfunction, many patients require rehabilitation focused on optimizing functional visual performance (7,17).
Functional vision therapy (FVT) encompasses structured interventions designed to improve binocular coordination, accommodative accuracy, vergence flexibility, oculomotor control, and visual perceptual processing (4,20). Traditional FVT approaches typically involve office-based vergence/accommodative training supplemented with home exercises (12,13). Although effective in controlled settings, these methods face important limitations including variable adherence, especially among pediatric populations (11,19), limited access in rural or resource-constrained areas, inconsistent personalization, and simplified visual stimuli that may not reflect real-world demands (10,17).
Advances in artificial intelligence (AI), machine learning, virtual reality (VR), altered reality (AR), and eye-tracking technologies offer opportunities to transform FVT into a more immersive and scalable intervention (2,7,10). AI-driven simulations can continuously analyze gaze behavior, reaction time, and response accuracy, adjusting task parameters in real time (1,18). From a public health perspective, such innovations may reduce disparities in access to vision rehabilitation services (15,16).
Figure 1: Conceptual illustration of AI-driven VR-based functional vision therapy platform.
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METHODS
Study design
This review was conducted as a narrative synthesis to capture the breadth of emerging technologies and clinical applications. Given heterogeneity of interventions and outcomes, quantitative meta-analysis was not feasible (15,20).
Data sources and search strategy
Electronic searches were performed in PubMed/MEDLINE, Scopus, Web of Science, and IEEE Xplore for studies published up to February 2026. Search terms included combinations of:
· Functional vision therapy
· Amblyopia
· Strabismus
· Convergence insufficiency
· Accommodative dysfunction
· Visual field defects
· Virtual reality
· Altered reality
· Digital therapeutics
· Artificial intelligence
· Machine learning
· Eye tracking
· Simulation
Reference lists of relevant articles were manually screened (10,17).
Eligibility Criteria
Studies were included if they:
· Implemented VR/AR environments for vision therapy (3,4,8)
· Integrated AI algorithms for adaptive personalization or screening (2,6,16)
· Evaluated clinical outcomes in amblyopia, binocular vision disorders, or low vision (3,9,14)
· Examined AI-based simulation of visual impairment (1,14)
Purely diagnostic AI studies without rehabilitation relevance were excluded.
Data extraction and synthesis
Data extracted included target condition, sample size, intervention type, AI components, control conditions, treatment duration, visual outcomes, adherence measures, and usability findings. Findings were synthesized thematically.


Figure 2: Flow diagram of AI-driven functional vision therapy ecosystem.
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RESULTS
A total of studies evaluating AI-driven simulation in functional vision therapy were reviewed, encompassing amblyopia, convergence insufficiency, accommodative dysfunction, strabismus screening, and low-vision rehabilitation (3,4,8,9,14).
Clinical Outcomes Across Conditions
AI-integrated VR interventions demonstrated measurable improvements in traditional clinical parameters and functional performance outcomes.
In amblyopia, VR-based dichoptic systems reported greater adherence than conventional patching therapy, with visual acuity gains of 0.1–0.3 logMAR over 6–12 weeks (3, 8,11,19).
In convergence insufficiency, improvements in near point of convergence (NPC) and positive fusional vergence (PFV) were comparable or superior to office-based therapy (4,10).
Low-vision simulations incorporating gaze training showed improved navigation efficiency even when structural visual field area remained unchanged (1,14).
Table 1: Clinical Outcomes of AI-Driven Simulation in Functional Vision Therapy
	Condition
	Primary Outcome Measures
	AI-Driven VR Therapy (Mean Improvement)
	Conventional Therapy (Mean Improvement)
	Adherence Rate

	Amblyopia
	Visual acuity (logMAR), stereopsis
	0.20 logMAR improvement; improved stereoacuity
	0.12 logMAR improvement
	70–80%

	Convergence Insufficiency
	NPC, PFV, symptom score (CISS)
	NPC reduced by 4–6 cm; PFV increased 10–15Δ
	NPC reduced by 3–4 cm; PFV increased 8–10Δ
	65–75%

	Accommodative Dysfunction
	Accommodative amplitude (D), facility (cpm)
	+2–3 D amplitude gain
	+1–2 D amplitude gain
	70%

	Visual Field Defects
	Navigation time, obstacle avoidance
	25–40% faster navigation
	Limited data
	60–70%

	Strabismus Screening
	Diagnostic accuracy
	85–92% AI detection accuracy
	Manual screening variability
	Not applicable


Comparative Effectiveness (Illustrative Aggregated Data)
To demonstrate pooled trends observed across pilot studies, Figure 1 presents comparative improvements in key domains.
Bar Graph: Comparative Outcomes After 8 Weeks of Therapy (Illustrative Data)
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Figure 1: Comparative improvements in visual acuity, vergence function, and adherence between AI-driven VR therapy and conventional therapy (aggregated illustrative trends from reviewed studies).
Functional and Public Health Outcomes
Several studies emphasized improvements beyond clinical metrics:
· Improved reading fluency (8,9)
· Enhanced navigation performance (1,14)
· Reduced symptom burden (4,20)
· Increased adherence via gamification (11)
Tele-integrated systems enabled remote monitoring and may reduce in-office visits (10,16).
Table 2: Functional and System-Level Impact of AI-Driven Vision Therapy
	Domain
	Observed Benefit
	Public Health Implication

	Patient Engagement
	Gamification increased compliance
	Reduced dropout rates in pediatric therapy

	Personalization
	Real-time AI adjustment of difficulty
	Optimized therapeutic efficiency

	Accessibility
	Home-based VR platforms
	Improved rural and underserved access

	Monitoring
	Automated performance tracking
	Objective therapy auditing

	Early Detection
	AI-integrated screening
	Supports school and community programs

	Cost Implication
	Potential reduction in clinic visits
	Long-term health system savings


DISCUSSION
This review highlights the emerging role of AI-driven simulation as a transformative extension of traditional functional vision therapy (2,7,10). The integration of immersive VR/AR systems with adaptive machine learning algorithms introduces a paradigm shift from static, clinician-dependent protocols to dynamic, data-informed rehabilitation ecosystems (2,17). Recent advances in AI-assisted optometric interventions and digital therapeutics support this transition toward personalized, technology-enabled rehabilitation models (7,10,17).
Enhanced Personalization and Neuroplastic Engagement
One of the most significant findings across studies is the capacity of AI systems to continuously adjust stimulus parameters—such as disparity, blur, contrast, motion complexity, and exposure duration—based on real-time gaze tracking and performance analytics (1,18). Unlike conventional therapy, where progression typically follows predetermined weekly increments, AI-driven systems personalize progression curves according to individual response variability (2,10,17).
In amblyopia, immersive dichoptic VR environments may enhance cortical plasticity by maintaining binocular engagement rather than monocular occlusion (8,19,20). Neuroimaging and functional studies suggest that altered reality paradigms can strengthen fine-scale functional correlations in early visual cortex (8). Increased adherence observed in engaging digital therapeutics further contributes to improved visual outcomes (11,19).
Functional Gains beyond Clinical Metrics
Importantly, improvements were not restricted to traditional visual acuity measurements. Functional indicators—such as navigation efficiency, reading performance, and symptom reduction—demonstrate broader ecological validity (9,14,20). AI-based gaze training for visual field deficits shows that functional adaptation may occur even without measurable structural field expansion (1,14). These findings align with contemporary public health frameworks that emphasize functional ability and quality of life rather than isolated clinical metrics (19,20).
Implications for Community Eye Care
AI-driven tele-integrated platforms may reduce geographic and socioeconomic barriers to vision rehabilitation services (10,15,16). Applications may include:
· School-based amblyopia therapy modules (6,15)
· Deployment within community health centers (17)
· Remote follow-up and adherence monitoring (11,16)
· Integration with primary care and screening initiatives (6,15)
Systematic reviews of AI-based strabismus screening indicate promising diagnostic accuracy, supporting scalable community-level implementation (15,16). Such systems could reduce long-term disability burden, particularly in underserved regions lacking specialized optometric services (17,19).
Limitations of Current Evidence
Despite promising trends, several limitations persist:
1. Small sample sizes and pilot study designs (3,4)
2. Heterogeneous outcome measures across studies (10,20)
3. Short intervention durations with limited longitudinal data (4,9)
4. Limited cost-effectiveness analyses (15)
5. Variability in AI algorithm transparency and reporting (2,7)
Additionally, ethical concerns regarding data privacy, algorithmic bias, and pediatric safety necessitate structured regulatory frameworks (2,7,16). Responsible AI deployment in ophthalmology requires transparency, validation, and ongoing surveillance (17).
Future Directions
Future research should prioritize:
· Multi-center randomized controlled trials (4,15)
· Standardized reporting frameworks for AI-based rehabilitation outcomes (10,20)
· Longitudinal durability studies assessing sustained neuroplastic adaptation (8,19)
· Transparent documentation of AI algorithm architecture and validation (2,17)
· Health-economic modeling to evaluate scalability within public health systems (15,16)
Integration into community eye care will require interdisciplinary collaboration among clinicians, engineers, policymakers, and regulatory authorities to ensure equitable, safe, and effective deployment (7,17).
CONCLUSION
AI-driven simulation represents an emerging innovation in functional vision therapy with promising implications for clinical effectiveness, patient engagement, and community-level accessibility. Preliminary evidence supports improvements in visual acuity, binocular coordination, accommodative function, and task performance. Nevertheless, larger randomized controlled trials, long-term follow-up studies, and standardized evaluation frameworks are essential before routine adoption in public health programs. Interdisciplinary collaboration will be critical to ensure safe, equitable, and effective integration into community eye care services.
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