
Development and Learning 1 1 Artificial Cognitive Systems

Artificial Cognitive Systems

Module 6: Development and Learning

Lecture 1: Development, motivation, and imitation; value systems

David Vernon
Carnegie Mellon University Africa

www.vernon.eu



Development and Learning 1 2 Artificial Cognitive Systems

Social Interaction

[Vernon 2014]
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Learning to Help and Be Helped

– 14 to 18 months: instrumental helping behaviour

– 2 years: start to solve simple cooperation tasks with adults

– 2-3 years: ability to cooperate with peers

– 3 years: complex collaboration
• Sharing of intentions

• Joint coordination of complementary actions 

– 3 ½ years: Roles in the task can be reversed; & can teach new partners 

Cognitive Development
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“Development is the result of a process with two foci, 
one in the central nervous system and 
one in the subject’s dynamic interactions with the environment”

Claes von Hofsten

Cognitive Development
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Anticipation / Planning / Explanation / Prediction 

Cognitive Development
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Cognitive Development

• Development arises due to changes in the central nervous system as a result of 
dynamic interaction with the environment

– Emergence of new forms of action 

– Acquisition of predictive control of these actions

• Mastery of action relies critically on prospection

– Inference of upcoming events
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Cognitive Development

Cognition

– Anticipating the need for action

– Formulating the motor commands required to act successfully (effective action)

– Predicting the outcome of those actions

– Adaptively and prospectively carrying out those actions
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Cognitive Development

Scaffolding

– The progressive development of innate skills or skills that are learned early on
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Cognitive Development

The prospective aspect of development is accelerated by internal simulation

– Mentally rehearsing — consciously or subconsciously — the execution of actions 

– Inferring the likely outcome of those actions
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Cognitive Development

Development depends on motives

– These define the goals of actions

– Exploratory motives

• Discovery of novelty and regularities in the world 

• Discovery of the potential of the agent's own actions
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Cognitive Development

Development depends on motives

– These define the goals of actions

– Social motives

• Need to belong
• Self-preservation

• Cognitive consistency with others

• Expressed from birth through tendency to

– Fixate on social stimuli

– Imitate basic gestures

– Engage in social interaction 
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Jean Piaget (1896–1980) 
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Lev Vygotsky (1896–1934) 
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Cognitive Development

Development depends on motives 

– Discovery of what objects and events afford
in the context of new actions is also a strong motivation
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Cognitive Development

Development depends on motives

– Expanding one's repertoire of actions is a powerful motivation

• Often overrides efficacy in achieving a goal 

– Walking when crawling is already sufficient 

– Use of head motion in gaze even when ocular control would be more effective
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Cognitive Development

Development exploits imitation and social interaction (including teaching)

Imitation|

• (Rapid) learning of new behaviours by observing the actions of others

• Not mimicry (cf.replicate goal-directed action vs. copying movements)

• Present at birth but develops for >18 months

• 4 phases

1. Body (motor) babbling
2. Imitation of body movements
3. Imitation of actions on objects
4. Imitation based on inferring intentions of others: theory of mind
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Reading

Vernon, D. Artificial Cognitive Systems – A Primer, MIT Press, 2014, Chapter 6

Hsu, J.  “Will the Future of AI Learning Depend More on Nature or Nurture?”

https://spectrum.ieee.org/tech-talk/robotics/artificial-intelligence/ai-and-psychology-researchers-debate-the-future-of-deep-learning

https://spectrum.ieee.org/tech-talk/robotics/artificial-intelligence/ai-and-psychology-researchers-debate-the-future-of-deep-learning
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Further Reading
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