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Enaction 
 

•  Origins 

•  Differs significantly from 
computational model 

•  Interfaces to learning 

•  Cyberlearning 

•  Learning analytics 



A Little Arithmetic 



Add the following numbers 

661, 42,117, 155, 1,420, 77 and 2,539 

 

A Little Arithmetic 



CRUM vs. Enaction 

 

 

 

Computational Model for 
Cognition 



New York Hall of Science 
 
 
 

“To bring the excitement and 
understanding of science to children, 
families and teachers by galvanizing 
their curiosity and providing creative, 
participatory ways to learn” 



The context of this kind of learning is 
OUTSIDE the classroom (Falk & 
Dierking) 

Lifelong Learning 

LIFE Center: Stevens, Bransford. & Stevens, 2005 



Definitions: Brain Vs. Mind 
 

“I think, therefore everything is” 

NIH 



The Brain: 20th Century 



The Brain: 20th Century 

Petr Janata/UC Davis 



The Brain: 20th Century 

Creative Commons 3.0 



The Brain: 20th Century 



= 

The Brain: 20th Century 

Argonne National Laboratory 



The Human Connectome Project 

John Van Horn - PLoS One 

NIMH 



Biology of Cognition 

Role of large-scale networks 

•  Default Mode Network 

•  Central Executive Network 

•  Salience Network (Menon & Uddin) 

 

 

NIH 



Biology of Cognition 

Brain-Mind-Environment (Bateson) 

 



Extending the Mind 

How do the brain and nervous system 
interact with the environment? 

The Cognitive Niche (Tooby and 
DeVore; Cosmides and Tooby, and; 
Pinker) 

BirdPhotos.com 

LaStrad, 2010 



Extending the Mind 

Niche Construction (Iriki & Taoka) 

The “Socio-Cognitive Niche” (Whiten 
and Erdal)  

National Geographic 

NIH 



Extending the Mind 

Unifying language and doing (Uomini 
and Meyer) 

Uomini & Meyer, 2013 

Uomini & Meyer, 2013 



Extending the Mind 

Recursive representation of 
interactions within consensual space 
(Maturana) 

 



Extending the Mind 



Enaction 

Perception-action networks are 
building blocks for learning: organism 
and environment are one complex 
system. The mind is the medium 
among the brain and environment/
society 

 

 



Enaction 
 



Enactive Learning in Practice 

Empirical Research. 

) 

Birchfield  & Johnson-Glenberg, 2010 



Complex Systems at Multiple 
Scales 

•  Immerse visitors in complex 
interconnected systems and provide 
them with agency to affect and 
understand those systems 

•  Balance among stocks and flows 
•  Positive/negative feedback 
•  Causal chains 

 

26 Imhoff, et al, 2004 

Joel de Rosnay, 1979 



The Venue: Great Hall 

•  Dalle de verre historic structure 

27 



Immersive CGI 
Gestural/Sensing/Tracking 

28 



 

Immersive CGI 
Gestural/Sensing/Tracking 



Connected Worlds:  
The Experience 
 

30 

How do we get people “under 
the hood” of complex coupled 
human and natural systems 
and provide them with agency 
to notice, understand, and 
affect the interplay among 
those systems? 



Connected Worlds:  
Stocks and Flows 
 

31 



Connected Worlds:  
The Experience Responds 
 

32 



 

Connected Worlds as 
Cyberlearning Lab 



Connected Worlds: How the 
Enactive Interface Works 
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https://vimeo.com/131665883 



Connected Worlds: How the 
Enactive Interface Works 
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The Analytics: Logging 

Desert 
 
waterAmount:  1.64753  
numPlants: 33  
numHealthyPlants: 33  
numAwesomePlants: 0  
numDiffTypeOfPlants: 7 
numTotallDiiffTypeOfPlants: 6 
healthyPlantPct: 1  
numLevel_0_Plants: 0  
numLevel_1_Plants: 19  
numLevel_2_Plants: 9  
numLevel_3_Plants: 5  
numLevel_4_Plants: 0  
numPerchSpots: 20  
numAvailablePerchSpots: 11 
numAvailableFllowers: 0 
numAvailableBranches: 11  
 
 
 
 
 
 
 
 
 
 

 
 
numCreatures:  2  
numFlowerBirds: 0  
numFishBirds:  0  
numStoicBirds: 1 
numWaterDeers: 0 
numGrazers:  0 
numCasterCreatures: 0 
numRocknRollers: 1 
numWaterDroppers: 0 
numUsers: 0 
waterLevels:  
218,651,966,498,107,42,26,3
0,408,782  
floodLevels:  
0,100,100,100,0,0,0,0,74,100 



 

The Analytics: Logging 



 

The Analytics: Logging 



 

The Analytics: Logging 



 

The Analytics: Logging 



 

The Analytics: Logging 



 

Ground Truth 

Logging 
Analytics 

Think-
alouds 

Interviews Video 

GoPro, Inc. 



The Future 

NASA 



The Partners 



The Funders 
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