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Cognitive Development

Two types of natural species

Precocial

• Born with well-developed behaviours, skills, and abilities direct 
result of their genetic make-up (phylogeny)

• After birth, these abilities are honed and tuned but they don't 
change greatly over their lifetime
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Cognitive Development

Two types of natural species: 

Altricial

• Born with poor or undeveloped behaviours and skills & highly-
dependent for support

• Acquire complex cognitive skills over their life-time through 
ontogenetic development
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Cognitive Development

Two types of natural species: 

– Should view the precocial and altricial as two ends of a spectrum

– The goal is to strike the right balance between precocial and atricial

• balance between innate and developmental potential

– Identify the appropriate phylogenetic configuration

• i.e. cognitive architecture that will support subsequent development
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Cognitive Development

Goal-directed and Prospective Nature of Action

– Movements of biological organisims are organized as actions not reactions

– Reactions: response to earlier events

– Actions:

• Initiated by a motivated agent

• Defined by goals

• Guided by prospective information

• Organized by goals not the trajectory or the movement 
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Cognitive Development

Core Cognitive Abilities in Infants

– Core knowledge systems 

• Basis of representations of objects, people, places

– Object-like: 

complete
connected
solid bodies that maintain identity over time
persist through occlusion 
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Cognitive Development

Core Cognitive Abilities in Infants

– Core knowledge systems 

• Two core systems for numbers: 

– Small exact numbers: discriminate 1 vs 2; 2 vs 3; not higher

– Approximate numbers in sets

– Discriminate without counting: subitization (independent of modality)
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Cognitive Development

Core Cognitive Abilities in Infants

– Very attracted to sounds, movements, features of human face

– Look longer at a face that makes eye contact (mutual gaze)

– Turn-taking

– Imitation of facial gestures



Development and Learning 3 9 Artificial Cognitive Systems

Cognitive Development

Core Cognitive Abilities in Infants

– Navigation and orientation

• Adults: combine non-geometric (e.g. colour) with geometric information

• Young children rely only on geometry

• Momentary rather than enduring

• Egocentric rather than geocentric

• Capacity for path integration (cumulatively basing next step on previous ones) by recognizing 
landmarks rather than forming global representations of scenes
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Cognitive Development

Ontogeny

– The path that development takes in scaffolding these abilities

– Anticipatory, prospectively-controlled goal-directed repertoire of possible actions

– Begins with actions that have minimal prospection 

– Progresses to more complex and more prospective actions
• Head-hand-eye coordination

• Manual and bi-manual manipulation

• Inter-agent interaction

• Imitation
• Communication (gestural and vocal)
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36 design requirements for a developmental cognitive architecture

Cognitive Development
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Desideratum 1. Value systems, drives, motivation

Desideratum 2. Physical embodiment

Desideratum 3. Sensorimotor contingencies

Desideratum 4. Perception

Desideratum 5. Attention

Desideratum 6. Prospective action

Desideratum 7. Declarative & procedural memory

Desideratum 8. Multiple modes of learning

Desideratum 9. Internal simulation

Desideratum 10. Constitutive autonomy

Desiderata for 
Developmental Cognitive Architectures
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Phylogeny
(Cognitive Architecture)

Ontogeny
(Learning & Development + Motivation)

Drives
Value System

(Merrick 2017)
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“The value system is a core component of developmental systems because it 
facilitates the ‘brain’ to map behavioural responses to sensed external phenomena”

K. Merrick, “Value Systems for Developmental Cognitive Robotics: A Survey”, Cognitive Systems Research, Vol. 41, pp. 38-55, 2017.
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“Computational value systems aim not only to support learning, but also [to support] 
autonomous attention focus to direct learning”

K. Merrick, “Value Systems for Developmental Cognitive Robotics: A Survey”, Cognitive Systems Research, Vol. 41, pp. 38-55, 2017.
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