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Psychiatric Disorders

University of New Brunswick | Analytics Everywhere Lab

Psychiatric disorders: wide range of mental health 

conditions that affect the mood, thinking, and behavior. 

• Schizophrenia (SZ): psychotic symptoms (e.g., 

delusions, hallucinations) and negative symptoms (e.g., 

alogia, blunted affect).

• Bipolar disorder (BP): extreme mood swings with 

manic and depressive episodes, sometimes 

accompanied by psychotic features.

Affecting 1–3% of the global population.
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Limitations of current diagnoses
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While diagnostic criteria exist:

• Diagnostic and Statistical Manual of Mental Disorders 

(DSM-5)

• International Classification of Diseases (ICD-11)

Current diagnosis relies heavily on subjective self-reports and 

clinical interviews. 

• Positive and Negative Syndrome Scale (PANSS): Despite 

efforts to enhance objectivity, the process remains time-

consuming and error-prone. 

• Blood biomarker approaches require costly laboratory 

testing inaccessible in many regions.
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Potential of Wearable Devices
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https://www.polar.com/ca-en/sensors/h10-heart-

rate-sensor

Chest strap

Hand grip

https://www.verniercanada.ca/product/sensors/heart

-rate-sensors/hand-grip-heart-rate-monitor/

Smartwatches

https://www.apple.com/ca/watch/

https://www.samsung.com/ca/watches/galaxy-watch/

https://www.empatica.com/research/e4/

ECG Patches

https://www.vivalink.com/wearable-ecg-monitor
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Psychiatric disorders often involve physiological 

dysregulation that can be captured via 

cardiovascular biomarkers:

• Autonomic nervous system (ANS): Heart 

functions such as heart rate (HR), blood pressure 

(BP).

• Stress & Emotions: High-frequency (HF) power 

or alterations in low-frequency (LF) power or the 

LF/HF ratio.

• Heart-Brain Feedback Loop (Heart-Brain Axis): 

Serotonin and oxytocin.

Heart-Brain Connection

University of New Brunswick | Analytics Everywhere Lab
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XAI reveals crucial insights into AI decision-making processes:

• How can we make explanations more “human-centered” for end-users?

• In sensitive contexts, the ability to validate or challenge AI models through explanations?

Human-centered Explainable AI (XAI)

University of New Brunswick | Analytics Everywhere Lab
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Our contributions are:

• Psychiatric Disorder Diagnosis System: Time Series Convolutional Attention Network 

(TSCAN) for wearable single-lead ECG to detect psychiatric disorders.

• Dual Visual and Textual Explanations: two visual explanation methods + large vision 

language models (LVLMs).

• Evaluation and Applicability: performance in psychiatric disorders detection and Afib

detection.

Our Contributions

University of New Brunswick | Analytics Everywhere Lab

“Psychiatric Disorder Diagnosis System using Wearable ECG 

Monitors in a Human-centered Explainable manner?”



Psychiatric Disorder Detection System
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Architecture
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ECG Recording Interface (ERI)

Capture and process the ECG data

https://www.polar.com/ca-en/sensors/h10-heart-rate-sensor

Chest strap Hand grip

https://www.verniercanada.ca/product/sensors/heart-rate-sensors/hand-grip-heart-rate-monitor/

Polar H9 or Polar H10

• Capture HR in BPM and R-R Intervals (RRI) in 

milliseconds with a 1-sec sampling rate.

• Polar H10 can record a single-lead ECG at 130 

Hz with measurements in μV.

During the session (>70 minutes), users can follow 

light free-living protocols.
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Time Series Convolutional Attention Network 
(TSCAN)

TSCAN integrates:

• a Temporal Convolutional 

Network (TCN)

• residual blocks

• bidirectional LSTMs 

(BiLSTMs) with multi-head 

attention 

to capture both local and global 

temporal dependencies in RRI 

sequences.



13

Time Series Convolutional Attention Network 
(TSCAN) Performance

We evaluate on the HRV-ACC dataset:

• Contains physiological data of: 

30 SZ/BP, 30 HC.

• 1.5–2h with Polar H10.

• Overall, the results highlight the 

effectiveness of TSCAN in 

accurately and robustly classifying 

instances with strong performance 

of its components.
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Visual Explanations (Two Methods): 

• Attention-based: Heatmaps showing which time periods 

the model focuses on most

• Gradient-based: Highlights input regions with highest 

impact on predictions

Dual Visual and Textual Explanations

Combined Output: 

• Visual heatmaps for pattern identification

• Natural language summaries for clinical understanding

Textual Explanations: 

• Large Vision Language Model (GPT-4o) processes visual 

heatmaps + RRI data

• Generates human-readable clinical interpretations
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True Positive Case:

• Visual explanations show 

consistent attention regions

• Both heatmaps highlight same 

important RRI patterns

• LVLM confirms reliable model 

decision

False Negative Case:

• Disagreement between attention-

based and gradient-based maps

• Inconsistencies in latter part of RRI 

sequence

• LVLM identifies potential model 

uncertainty areas

Explanations for Psychiatric Disorders
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Adaptability: Atrial Fibrillation 

(AF) Detection 2017 PhysioNet 

Challenge dataset.

Key Insights: 

• Explanations reveal feature 

importance patterns

• Highlight model 

agreement/disagreement

areas

• Enable error analysis for 

clinical review

• Improve model interpretability 

and trust

Explanations for A
System Adaptability Test



Future Works & Conclusion
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• A self-adversarial 

explanation module.

• A contestable LLMs 

chatbot.

• Multimodal data 

integration (EEG, activity, 

etc.).

• Comprehensive cognitive 

clinical evaluations.

Future Works
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• Heart-brain connection opens new diagnostic pathways

• Objective biomarker replacing subjective diagnostic 

methods

• Earlier detection potential through continuous monitoring

• Dual explanations (visual + textual) increase transparency + 

User-centered interface for clinician workflow

• Our implementation is at: github.com/Analytics-Everywhere-

Lab/heart2mind

Conclusion

https://github.com/Analytics-Everywhere-Lab/heart2mind
https://github.com/Analytics-Everywhere-Lab/heart2mind
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Development
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Our mission

Affiliated Faculty

Students

Assistant Professor, Lab Director

Analytics Everywhere Lab

University Of New Brunswick, Canada

hcao3@unb.ca

Atah Nuh MihAsfia Kawnine Alireza RahimiHung Nguyen

…

…

Krishno Dey Connor McLenaghan

Pavi P

Ishan Randeniya Simran Dadhich Bohdan Savchuk

Rene Richard, MScPhD

We’re recruiting MSc. and PhD students!

If you are interested, contact hcao3@unb.ca

mailto:hcao3@unb.ca
mailto:hcao3@unb.ca
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