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• Subjective trust measures
• Invasive

• Biased

• Discrete and sparse

• Lack of human centered metrics
• Human performance

• Human behavior

• Physical and cognitive states

• Hardcoded interaction

Current Methods and Challenges

Need for New Perspectives
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Multimodal Physiological Measurements

Actiheart
Measures Heart 
Rate Variability

Empatica E4
Measures Heart 
Rate Variability & 
Skin Conductance

fNIRS
Measures Brain Activity Tobii Pro 

Measures Pupil 
Dilation, Gaze & 
Eye Tracking, & 
FP-View Camera



Aakash (@nimrobotics)Industrial and Systems Engineering

Brain Activity

Brain Activations Functional Connectivity Effective Connectivity

• Unbiased, objective, and continuous
• Why fNIRS/EEG? Cost effective, and ambulatory data collection in 

naturalistic settings
• Neural correlates of trust

Reliable Unreliable Reliable Unreliable Reliable Unreliable
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• Types of eye-movements: gaze, saccade, and fixation
• Bottom-up: stimulus that attract fixations independent of the 

internal state of an observer.
• Top-down: cognitive influences on the chosen fixation locations 

based on the current aims of an observer

Eye-tracking
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• Estimates overall 
spatial dispersion 
of gaze

Eye-tracking: Gaze entropy

Stationary Gaze Entropy (SGE) Gaze Transition Entropy (GTE)

• Estimates uncertainty 
when predicting the next 
fixation location given the 
current fixation

Subjective trust
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• Insight into parasympathetic 
and sympathetic nervous 
systems

• Frequency domain HRV
• HF – Parasympathetic Activity

• LF & VLF – Sympathetic Activity

• LF/HF ratio

Heart Rate Variability (HRV)

Created by Agateller (Anthony Atkielski), 
https://commons.wikimedia.org/w/index.php?curid=7875754
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Performance and Behavior Delineation

System Performance

Human PerformanceRobot Performance

Quantitative Qualitative

• Accuracy
• Precision
• Efficiency
• Utilization

• Slips 
• Mistakes 
• Lapses
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Performance and Behavior Delineation

System Performance

Human PerformanceRobot Performance
• Robot performance 

impacts human 
performance

• Transparency in robot 
performance is critical

impacts impacts

impacts
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• Improved understanding of 
HRC

• Near real-time robot 
adaptation

• Personalized interactions
• Reduction in cognitive load 

and worker fatigue
• Improved system 

performance

Implications
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Conclusion

Multimodal Bio-Behavioral measures can 
objectively account for trust

Humans are inherently different from one-
another and their behaviors are transient

Physiological measures allows for in-situ 
robot adaptation



Questions?
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