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Biologically Inspired Cognitive Architectures Society, Comparative Repository of Cognitive Architectures, 
http://bicasociety.org/cogarch/architectures.htm (25 cognitive architectures)

A Survey of Cognitive and Agent Architectures, University of Michigan, http://ai.eecs.umich.edu/cogarch0/ 
(12 cognitive architectures)

W. Duch, R. J. Oentaryo, and M. Pasquier. “Cognitive Architectures: Where do we go from here?”, Proc. 
Conf. Artificial General Intelligence, 122-136, 2008. (17 cognitive architectures)

D. Vernon, G. Metta, and G. Sandini, "A Survey of Artificial Cognitive Systems: Implications for the 
Autonomous Development of Mental Capabilities in Computational Agents", IEEE Transactions on 
Evolutionary Computation, Vol. 11, No. 2, pp. 151-180, 2007. (14 cognitive architectures)

D. Vernon, C. von Hofsten, and L. Fadiga. "A Roadmap for Cognitive Development in Humanoid Robots", 
Cognitive Systems Monographs (COSMOS), Vol. 11, Springer, 2010. Chapter 5 and Appendix I 
(20 cognitive architectures)

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: core cognitive abilities and practical 
applications. Artificial Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020. (84 cognitive architectures)

Surveys:

Example Cognitive Architectures
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Cognitive

Architectures

Cognitivist

Cognitive
Architectures

Hybrid

Cognitive 
Architectures

Emergent

Cognitive
Architectures

Kotseruba and Tsotsos refer to these as Symbolic Architectures
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: core cognitive abilities and practical applications. Artificial Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

Cognitivist 
Cognitive Architectures
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We will briefly sample a few of the more well-known cognitive architectures
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Soar
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J. E. Laird, The Soar cognitive architecture. MIT Press, Cambridge,  2012

SoarI. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

• A. Newell’s candidate for a Unified Theory of Cognition

• 1983 – 2021; now version 9.6

• Production (rule-based) system

• Cyclic operation

1. Production cycle: fire all rules that match 
information in the symbolic working memory; 
update memory, fire all rules ... 

2. Decision cycle: select an action 

• Universal sub-goaling: create a new goal and expose 
more knowledge when an impasse is encountered

• Learns a new rule when an impasse is resolved
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D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.
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Soar
(Laird et al. 2012)
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TransAIR Conference "Demoratize AI"
https://transair-bridge.org/conference-2/

The following is a short excerpt
For the full talk see: https://www.youtube.com/watch?v=2pNsfBj7XSA&feature=youtu.be
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ACT-R
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J. R. Anderson,D.  Bothell, M. D. Byrne, S. Douglass  C. Lebiere, Y. 
Qin. An integrated theory of the mind. Psychol Rev 111(4):1036–
1060, 2004.

ACT-R

• J. Anderson's candidate for a Unified Theory of 
Cognition

• 1996, 2004; now version 7

• Production system with five modules: Intentional, 
Declarative, Visual, Manual, Production

• Cyclic operation: executes one production per cycle 

o  Pattern of information in the buffers is recognized
o  A single production is selected and fires
o  The buffers are updated

• Each cycle takes approximately 50 ms.

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.
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CLARION
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

R. Sun. Anatomy of the mind: exploring psychological mechanisms and 
processes with the CLARION cognitive architecture. Oxford University 
Press, Oxford. 2016

CLARION

R. Sun. The CLARION Cognitive Architecture: Toward a Com-
prehensive Theory of the Mind. The Oxford Handbook of 
Cognitive Science, S. Chipman (Ed.), 2017.

Four sub-systems

1. ACS – Action-centred subsystem
2. NACS – Non-action-centred subsystem
3. MS – Motivational subsystem
4. MCS – meta-cognitive subsystem

All four subsystems have two levels of knowledge 
representation

• Implicit connectionist bottom level
• Explicit symbolic top level

Implicit and explicit levels interact and cooperate both in 
action selection and in learning
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.



Cognitive Architectures 2                                                                                     17                                                                                                                            Introduction to Cognitive Robotics

Brain-Based Devices (BBD)
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

J. L. Krichmar and G. M. Edelman. Brain-based devices for the study of 
nervous systems and the developmentof intelligent machines. Artificial 
Life 11(1–2):63–77, 2005.

• Series of robot platforms focussed on developmental 
cognition

• Brain-based Devices (BBD)

o Simulated nervous system
o Develop spatial and episodic memory
o Recognition capabilities
o Autonomous experiential learning

• Neuromimetic: mimic the neural structure of the brain

• Differ from connectionist approaches: focus on

o Nervous system as a whole
o Constituent parts
o Their interaction 

BBD

J.G. Fleischer and G.M. Edelman. Brain based Devices. IEEE Robotics and 
Automation Magazine, 2009.
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.

J. L. Krichmar and G. M. Edelman. Brain-based devices for the study of 
nervous systems and the developmentof intelligent machines. Artificial 
Life 11(1–2):63–77, 2005.

J.G. Fleischer and G.M. Edelman. Brain based Devices. IEEE Robotics and 
Automation Magazine, 2009.
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Recommended Reading 

D. Vernon, Artificial Cognitive Systems – A Primer, MIT Press, 2014; Chapter 3.

D. Vernon, Cognitive Architectures, in Cognitive Robotics, A. Cangelosi and M. Asada, MIT Press, 2022.

A. Lieto, M. Bhatt, A. Oltramari, and D. Vernon, "The Role of Cognitive Architectures in General Artificial 
Intelligence", editorial for a special issue on "Cognitive Architectures for Artificial Minds", Cognitive Systems 
Research, Vol. 48, pp. 1-3, 2017.

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: core cognitive abilities and practical applications. 
Artificial Intelligence Review, 2020 

J. E. Laird, C. Lebiere, and P. S. Rosenbloom, “A standard model of the mind: toward a common computational 
framework across artificial intelligence, cognitive science, neuroscience, and robotics”, AI Magazine, Vol. 38, pp. 
13-26. 

D. Vernon, C. von Hofsten, and L. Fadiga. "A Roadmap for Cognitive Development in Humanoid Robots", Cognitive 
Systems Monographs (COSMOS), Vol. 11, Springer, 2010; Chapter 5 and Appendix A.
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Recommended Videos 

Daniel Wolpert,  Columbia University: The Real Reason for Brains

 https://www.youtube.com/watch?v=7s0CpRfyYp8

John E. Laird, University of Michigan: Open Research and the Soar Cognitive Architecture
 https://www.youtube.com/watch?v=2pNsfBj7XSA&feature=youtu.be

John E. Laird, University of Michigan: The Soar Cognitive Architecture: Current and Future Capabilities
 https://www.youtube.com/watch?v=BUiWk-DqLaA

Kazuhiko Kawamura, Vanderbilt University: Cognitive Robotics and Control: 
 https://www.youtube.com/watch?v=7i_l80w2mtg

Jeffrey Krichmar, University of California: Neurorobotics: Connecting the Brain, Body and Environment 
https://www.youtube.com/watch?v=rb2OQH7ghW8

Ron Sun, Rensselaer Polytechnic Institute: Clarion: A comprehensive, Integrative Cognitive Architecture
 https://www.youtube.com/watch?v=HLFijuMhJWQ
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Recommended Videos 

These and other short videos on cognitive architectures can be found at the 
2021 TransAIR Workshop on Cognitive Architectures for Robot Agents

https://transair-bridge.org/workshop-2021/


