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[ Abstract] Crowd intélligence has been highlighted as one of the five major trend directions in China’'s New
Generation Artificial Intelligence Development Plan, and the question "How does crowd intelligence emerge?” was
listed by Science in 2021 among 125 key scientific/challenges for the future. Existing studies on intelligence
emergence have largely focused on collective intelligence in biological groups (e.g., flocks of birds and schools of
fish), emphasizing how simple individuals following local interaction rules can give rise to globally ordered
behaviors. By contrast, crowd intelligence' in"human societies involves not only behavioral coordination and
organization but also higher-order intelligence and richer connotations manifested in knowledge, culture, and
innovation. To address this discrepanecy and research gap, this study, for the first time, systematically reviews and
clarifies the conceptual framework and core connotations of crowd intelligence in human societies. It conducts an in-
depth analysis of seven representative emergent phenomena—crowd behavior, wisdom of crowds, consensus
formation, social cooperation,' social learning, knowledge and culture, and collective intelligence innovation—Dby
summarizing their key mechanisms, major models, driving factors, and evolutionary regularities, thereby
constructing a theoretical system for the emergence of crowd intelligence in human societies. Building on this
foundation, the study further investigates the mapping pathways and mechanisms from human crowd intelligence to
artificial crowd intelligence; extracts representative paradigms and essential implementation essentials of mechanism-driven
artificial crowd intelligence systems; and provides fundamental theoretical and methodological support for the design,
construction, and future development of artificial crowd intelligence systems oriented toward complex tasks.

[Key words] human society; crowd behavior; crowd intelligence; social learning; culture formation; collective
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Fig.1 Emergence mechanism, mapping mechanism, and typical applications of crowd intelligence in human societies
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Table 1

Mechanisms of crowd intelligence emergence in human societies

Emergent Phenomena of Crowd Intelligence  Manifestation Forms of Crowd Intelligence

Emergence Mechanisms of Crowd Intelligence

Self-Organized Crowd Movement

Microscopic Models

Crowd Behavior

Online Community Interaction

Wisdom of Crowds

Brainstorming and Idea Aggregation

Independent Diversity
Group Structure

Social Bias

Majority Effect

Opinion Consensus

Consensus Formation

Expert Effect

Social Consensus

Generation Mechanisms

Social Cooperation

Kinship Relations
Reciprocity Strategies

Reward-and-Punishment Institutions

Forms of Cooperation

Trigger Mechanisms

Social Learning

Response Facilitation
Social Facilitation

Contextual Imitation

Selection Strategies

Cultural Accumulation

Dual Inheritance Theory

Knowledge and Culture

Cultural Evolution

Gene-Culture Coevolution

Innovation Mechanisms

Collective Intelligence Innovation

Serendipitous Discovery
Incremental Improvement

Cultural Recombination

Influencing Factors
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Table 2 Mapping mechanism from human crowd intelligence to artificial collective intelligence

Human Crowd Intelligence

Mapping Mechanisms

Typical Applications

Cellular Automata

Edge of Chaos

Complex Adaptive Systems

Collective Robotics

Artificial Life

Crowd Behavioral Dynamics

Statistics and Social Physics

Human Collaboration Dynamics

Crowd Simulation

Artificial Life

Collective Decision-Making

Majority Rule
Voting Models

Crowdsourcing Platforms

Ensemble Learning

Small-World and Scale-Free Network

Network Dynamics

Diffusion and Synchronization

Collaborative Combat

Public Opinion Monitoring

Cooperative Game Theory

Cooperative Games and Social Learning

Social Learning Theory

Collective Agent Systems

Social Networks

Cultural Transmission Mechanisms

Cultural Evolution

Cultural Evolution Mechanisms

Collaboration Platforms

Crowd Intelligence Management
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[Abigail]: Hey Klaus, mind if
‘Ml 1 join you for coffee?
[Klaus]: Mot at all, Abigail.
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Finishing a 3
moming routine &

[John]: Bey, have you heard

| anything new about the
wpeoming mayoral election?
[Tom]: Wo, not really. Do you
know who is running?
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