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Unified theories of cognition as cognitive architectures
A problem and a solution

Playing 20 questions with nature (Newell 1973)
• Nature versus nurture

• Peripheral versus central processing

• Innate versus learned rules / representation / architecture

• Conscious versus unconscious

• Sequential versus parallel processing

• Pre-attentive versus attentive

• Contextual versus independent interpretation

• Top-down versus bottom-up processing

Current (i.e., 1973) efforts are not contributing to an 

integrated approach to cognition, leading to theoretical 

myopia

• Symbolic approach

• Connectionist approach

• Dynamical approach

• Modular, massively modular, non-

modular approaches

• Dual-process approach

• Internalist approach

• Externalist approach

• Embodied approach

• Enactive approach

• Ecological approach

• Predictive approach
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What are cognitive architectures?
Definitions, definitions

• A cognitive architecture is a general proposal about the representations and processes 

that produce intelligent thought. Cognitive architectures have primarily been used to 

explain important aspects of human thinking such as problem solving, memory, and 

learning. But they can also be used as blueprints for designing computers and robots that 

possess some of the cognitive abilities of humans. (p.50)

• Thagard, P. (2012). Cognitive architectures. In K. Frankish & W. Ramsay (Eds.), The Cambridge 

Handbook of Cognitive Science. Cambridge: Cambridge University Press, pp. 50-70.

• A cognitive architecture is the overall, essential structure and process of a (broadly 

scoped) domain generic cognitive model, used for a broad, multiple-level analysis of 

cognition and behavior. (p.341)

• Sun, R. (2004). Desiderata for Cognitive Architectures. Philosophical Psychology, 17(3), 341-373.



What are cognitive architectures?
An important distinction 

• The theoretical or conceptual architecture

• A theory (or general conception) of the organization of cognition;

• Ex.: Cognition is fundamentally predictive.

• The computational architecture

• A formal model implementing that theory or conception of cognition;

• Ex.: Cognition is a hierarchical system that performs approximate Bayesian inference 

through variational optimization, implemented via the exchange of predictions and prediction 

errors between levels of the hierarchy, with the goal of minimizing prediction error.

• The software implementation

• A particular program realizing the computational model.

• Ex.: https://github.com/infer-actively/pymdp (Python Markov Decision Process)

https://github.com/infer-actively/pymdp
https://github.com/infer-actively/pymdp
https://github.com/infer-actively/pymdp


From theoretical to computational cognitive architectures
A Marr-like characterization

Level Predictive processing

Computational goal Minimize prediction error (or free energy)

Computational theory Bayesian inference about hidden causes

Algorithm and representations Variational inference and probability densities

Mechanism Hierarchical message passing



Cognitive architectures at 40



Criteria for cognitive architectures
The Newell Test for a theory of cognition (Anderson and Lebiere, 2003)



Criteria for cognitive architectures
Other lists of criteria

• Desiderata for cognitive architectures

• Sun, R. (2004). "Desiderata for cognitive architectures." Philosophical 

Psychology 17(3): 341-373.

• Core Cognitive Criteria

• Eliasmith, C. (2013). How to build a brain: A neural architecture for 

biological cognition, Oxford University Press.



Today’s talks

1. Cognitive models of information effects (Othalia Larue)

The modern information environment has made it increasingly difficult to distinguish fact from fiction. Additionally, some information is deliberately crafted 

and disseminated to exploit human cognitive processes. This environment is highly complex, which has made it difficult to study using traditional 

experimental methods. In other areas of cognitive science, researchers have addressed similar challenges by leveraging computational cognitive models 

alongside experimental approaches, leading to significant advances. However, existing models in this domain have primarily focused on identifying and 

characterizing features of the information environment rather than explaining their effects on cognition and behavior. We shift the focus toward explanation, 

developing and examining different models of information-related effects.

2. Reasoning in Cognitive Architectures: From Rule-Based to Data-Driven (Iuliia Kotseruba)

Reasoning is involved in most cognitive functions, from perception to action. Although reasoning is often associated with precise logic, everyday reasoning 

is often illogical, irrational, and suboptimal. Reasoning from potentially incomplete and uncertain premises to this day remains an open problem in 

developing computational models of cognition. 

In this talk I will discuss the evolution of computational solutions to the problem of human reasoning from early heuristic approaches to today’s data-driven 

ones. I will start by defining reasoning to distinguish it from cognition and thinking. I will then talk about theoretical reasoning (about beliefs) and practical 

reasoning (action selection) and aspects of both that help deal with uncertainty and requirements for physical actions. I will then examine biological and 

artificial mechanisms that implement these features. Lastly, I will briefly discuss how behavior modulators (e.g. personality traits, drives, emotions) and 

meta-reasoning shape reasoning strategies.



Today’s talks

3. Why we need Cognitive Architectures such as ACT-R for Cognitive Principles that enable dynamic & flexible Human-AI Interaction? (Nele 

Russwinkel)

Recent advances in generative artificial intelligence have significantly improved the fluency and responsiveness of human–AI interaction. However, purely 

generative approaches remain insufficient for enabling dynamic and flexible interaction in real-world environments, which are inherently uncertain, evolving, 

and context-dependent. Effective interaction over extended periods requires structured representations, different forms of cognitive principles, and 

mechanisms for adaptive control. These principles and mechanisms are relevant for good and fluent Human-AI Interaction. Humans navigate such complex 

uncertain environments by leveraging mental models and a sense of control, continuously adjusting their actions based on perceived affordances and 

situational constraints.

This talk argues that cognitive architectures, such as ACT-R (Adaptive Control of Thought—Rational), provide a critical foundation for modeling these 

capabilities in AI systems. By integrating symbolic and subsymbolic representations, ACT-R enables the development of systems that can maintain and 

update mental models, reason over context, and adapt behavior in a goal-directed manner. Such architectures support continuity, coherence, and 

interpretability in interaction, particularly over longer time horizons as well as anticipation of the individual in a situation. We propose that combining 

generative AI with cognitive architectures offers a promising path toward more robust, human-aligned AI systems capable of meaningful, sustained 

collaboration in dynamic environments.

4. Knowledge and reasoning across the bands of cognition (Christian Lebiere)

Human cognition involves processes and phenomena taking place at scales ranging across orders of magnitude in time and complexity that Allen Newell 

called the bands of cognition. In this talk, I present evidence that cognitive architectures provide a unifying framework for knowledge and reasoning across 

the bands of cognition. Going down to the neural band, integrating symbolic knowledge and neural-like mechanisms enables the development of neuro-

symbolic architectures that combine the strengths of neural learning and generalization and symbolic representations and inference. Going up to the rational 

band, bounded rationality is enabled by reflecting the statistical regularities of the environment in knowledge representation and reasoning mechanisms. 

However, systematic deviations from rationality known as cognitive biases emerge from the interaction between knowledge and reasoning limitations of 

cognitive architectures. Further up into the social band, integrating large groups of interacting cognitive agents enables the emergence of social and 

organizational knowledge and reasoning.



Today’s main questions

1. How can we explain the cognitive effects of 

complex information environments, 

especially environments containing 

misinformation?

2. How can computational systems perform 

reasoning under uncertainty?

3. How can we build generative AI systems 

capable of robust human-AI interaction?

4. How can cognitive architectures unify 

cognition across multiple scales?
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