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 In 2006, William Warren introduced a theoretical model to represent 
the user different level of user/environment interaction in a closed 
loop modelisation (see figure);

 Even if the approach was not effective to model for training, and 
adequate mathematical formulation to derive elements of the 
loops were not provided, the proposition was effective to 
explain coherently different interaction properties.

i = ¸(e)F = ¯(a)_e = Á(e; F )_a = Ã(a; i)

Cognitive 
Dynamics





_e = Á(e; F )

Doubles the inputs

Á

In order to cope with a training or a multiuser scenario, the Warren 
model can be extended without requiring main changes to the 
description of the physical interaction user/environment.

_e = Á(e; FA; FT )



_e = Á(e; FA; FT )
_a = ÃA(a; i)

The presence of the Trainer changes the strategy

ÃA

However the presence of the trainer affects the Agent cognitive behaviour 
and dynamics and vice-versa. The adequate knowledge of this change is 
at the basis of the learning process.

Trainers have an implicit knowledge of this model they apply accordingly a 
set of observation, performance evaluation, training protocols and 
interaction methaporas.

_a = ÃT (a; i)

ÃT

The training strategy



“Practice makes perfect” (Volkman 1863)

Supervised Learning

Unsupervised 
Learning

Taking the above considerations as a basis it is possible to propose an 
extension which takes a particular value when we consider to limit 
the interaction within a Multi Modal Virtual Environment and to 
associate the training function to a digital model of training 





iDT = ¸DT (e)_a = ÃDT (a; i)
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Training Dynamics



The Psi of the Digital Trainer contains the analysis of the input 
coming from Env and Agent and the evaluation of the execution

The Psi function should take into account: Agent History, Style 
of the Agent and the Experts Knowledge

ÃDT

The Digital Trainer takes the information from the evaluation 
and decides which feedback generate to the Environment and 
to the User.

The Digital Trainer uses the following information:
• Recorded Experts Knowledge
• Rules from Task Analysis
• Accelerators

¯DT



Once the above constraints have been taken into 
account, there are additional benefit we can take 
from this paradigm shift. 

The Enactive approach is extremely powerful and 
allows to a digital trainer much more control of the 
training process with respect the one in the hand of 
a physical trainer.

Beyond the benefits of using computer based  
training (e.g. databases, real time assessment, …) 
it is also possible to benefit from a better 
interaction



¯
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Actions in the Environment (e.g. balls position in juggling)

Information sent to the user as of visual and audio (arrows and
Text)

Changes to the Parameters of the Environment (e.g gravity)

¯
DT
I (a)
¯
DT
P (a)

Directly actions to the user through audio
and BioFeedback (e.g. vibrotactile stimulation)

¯
DT
A (a)

2. The Enactive Trainer mat change parameters 
and physics of the Environment

¯
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1. The Digital Trainer acts on the Environment more
effectively that the Trainer and it can affect the agent
directly

¯
DT
P (a)



LWJ (Light weight juggling)











…learning it in 15 minutes?
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