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Contributions of this paper

Review

Physiologically 
adaptive systems 

and their 
computational 

techniques

Design Framework

Aspects that must 
be considered when 

designing 
physiologically 

adaptive 
applications

Taxonomy

Categorization for 
biocybernetic  

systems and 
intelligent 
adaptation



Problem

?

https://twitter.com/kentbye/status/1400575013770600448


Physiologically Adaptive Systems

Physiological 
Sensing

Translation

Biocybernetic Loop

1

2

3

Adaptive 
techniques?

Design 
elements?

Tools and 
approaches?



Review of Physiologically Adaptive Systems

● No systematic, but anecdotic

● Uses information from systematic 

reviews (Loewe 2020)

● Narrative around previously design 

systems and experiences

● Focused on the computational 

techniques for intelligent adaptation

● Comprehensive and illustrative



Results: Review

19 
applications 
and research 
projects that 
have 
successfully 
implemented 
biocybernetic 
loops



Results: Taxonomy

Control Theoretic

Closed - loop systems 
managing system inputs 
to drive the system to 
a desired target state

Machine Learning

Systems driven by 
responses of trained 
models using pattern 
recognition techniques

Classical
Well - established and 
grounded (e.g., On - Off, PID)

Modern
Adaptive controllers with 
more robust and stable 
techniques (e.g., dynamic 
threshold adaptation)

Supervised
Regression, classification

Unsupervised
Clustering, association

Reinforcement Learning
Interactive RL



Importance of the Taxonomy

Is Glanceable

Most of the 
adaptive 

systems have 
used classical 

controllers and 
machine 

learning is 
still scarce

Identifies Gaps

Proportional 
controllers are 

popular and 
ECG, EDA and 
EDA are the 

most used 
signals

Point out Needs

Reinforcement 
learning has 

not been used 
and data 

simulation can 
help

Has Examples

19 papers have 
been published 
demonstrating 

the use of 
physiologically 

adaptive 
systems



Results: Design Framework MAPA

Medium
Means of communication  where 
the adaptation will take place

Application area
Context scenario or target 
application

Psychophysiological State
Human mental/physical state to 
infer and adapt the system

Adaptation Technique
Type of computational 
technique used for adapting



Conclusion and Future Work

Create applications 
using the design 
framework

Use cases of the framework

Explore more adaptive 
techniques and 

applications

Extend the taxonomy

Bring more uses cases 
of ML and make the 
models available

Machine Learning 

We need more tools to 
extend the use of 

physiologically 
adaptive systems

Software tools and XR
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Do you have any questions?
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