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Abstract

Rapid advances in generative Al are giving rise to hybrid societies in which humans and
machines are deeply interconnected. However, understanding how human-Al interactions
shape collective outcomes such as intelligence and creativity remains a challenge. We
conducted large-scale social network experiments with 1,363 human participants and 7,865
AT bots, where agents iteratively selected, modified, and transmitted stories from their
neighbours in the network. We compared networks composed exclusively of humans, Al
agents, and hybrid human—AI populations. Results show that Al-only networks initially
achieved high creativity and collective diversity but exhibited a pronounced decline in
diversity over time. In contrast, hybrid human—AI networks consistently achieved a
balance, combining high creativity with the highest levels of collective diversity across
iterations. Importantly, humans embedded in hybrid networks became substantially more
diverse than when interacting exclusively with other humans, providing empirical evidence
that AI influences creativity not only through direct dyadic exchanges but also via
emergent network-level processes. Semantic analyses indicate that hybrid networks succeed
by balancing human tendency to preserve semantics with the introduction of novel ideas by
AT agents. Moreover, partial benefits emerged when different Al models (e.g., GPT and
Claude) were combined within the same network, even though each model was limited on
its own. Overall, our results show that human—AI misalignment—often viewed as a
limitation—can instead be a productive feature of hybrid societies, enhancing individual
creativity while preserving collective diversity in hybrid systems.

Keywords: Human-AI Interaction, Collective Intelligence, Collective Creativity,

Social Networks, Large Language Models



38

39

40

41

42

43

a4

45

46

47

48

a9

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

HUMAN Al POPULATIONS BALANCE CREATIVITY AND DIVERSITY 3

Hybrid Human Al Societies Balance Creativity and Diversity
Introduction

Generative Al has become deeply embedded in modern society. Conversational
agents mediate everyday communication and workplace tasks, multimodal models generate
high-quality prose and images on demand, and recommender systems increasingly shape
our exposure to culture and news (Brynjolfsson et al., 2025; Shi & Sun, 2024). As a result,
society is evolving into a complex hybrid social system in which beliefs, ideas, and cultural
artefacts emerge through continuous interaction between humans and machines
(Brinkmann et al., |2023; Tsvetkova et al.| 2024). However, understanding how human-Al
interactions give rise to collective outcomes such as intelligence and creativity remains a
major challenge (Sucholutsky et al., 2025).

As generative Al rapidly enters mainstream use, its e ects on individual cognition
and creativity have become an increasingly active area of study (Capraro et al., 2024).
Across experimental and real-world settings, Al assistance has been shown to increase
productivity of workers and the quality of the work they do in domains such as writing,
programming, and design (Boussioux et al., 2024; Mirowski et al., 2023; Noy & Zhang,
2023; Peng et al., 2023). Beyond performance gains, interaction with Al can enhance
individual creativity by increasing the e ciency and novelty of idea generation (Doshi &
Hauser, 2024; Eisenmann et al., 2025; Lee & Chung, 2024) and supporting creative
problem-solving, often encouraging shifts toward higher-level oversight and new learning
strategies (Hou et al.| 2025; Lee, Sarkar, et al., 2025). At the same time, this literature
highlights an important trade-o . While Al assistance can enhance individual productivity
and creativity, it may also reduce global diversity and narrow creative search spaces,
leading to homogenization in cultural and creative outputs (Doshi & Hauser, 2024; Meincke
et al., 2025). This is particularly important in human groups and societies, where the value
of creativity and innovation depends on the sustained diversity of ideas rather than

multiple voices repeating similar thoughts. Understanding the societal impact of generative
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Al therefore requires moving beyond the individual level to examine collective dynamics in

large-scale social systems (Burton et al., 2024; Tsvetkova et al., 2024).

In this paper, we focus on collective creativity, a form of collective intelligence that
operates in creative domains (Centola, 2022; Flack et al., 2022; Galton, 1907; Hertwig,
2012; Malone & Bernstein, 2022; Prelec et al., 2017). Collective creativity underpins
cultural evolution and many of humanity's most signi cant achievements in music, art,
technology, and science (Acar et al., 2024; Henrich, 2015; Hochberg et al., 2017,
Muthukrishna & Henrich, 2016; Sawyer, 2017; Tomasello, 2014). In this paper, we
operationalize collective creativity as the emergence of creative outcomes from structured
interactions among multiple agents, such that these outcomes depend on how agents are
connected and interact in networks, rather than on isolated individuals. While historical
and modern accounts of creativity have often focused on individual genius, most creative
and innovative achievements take place at the level of collectives, such as teams, crowds,

zorganizations, and even societies.

Collective creativity manifests at multiple scales. At the micro-level, it emerges
within small groups who jointly create, adapt, and develop original ideas through sustained
interaction (Kallas, 2013; Laroche et al., 2024; Sawyer, 2017; Seo et al., 2020). A long
tradition in psychology and organizational research shows that group creativity depends on
group diversity (e.g., demographic and cultural di erences) and the distribution of
individual expertise (e.g., Bang & Frith, 2017; Harrison et al., 2002; Hong & Page, 2004,
Mohammed & Angell, 2004; Page, 2008). At the macro-level, collective creativity arises
when large populations independently or loosely coordinate around shared creative
problems. Here, solutions emerge from the aggregation, selection, and recombination of
many individual contributions (Balietti et al., 2016; Centola, 2022; Malone & Bernstein,
2022; Thompson et al., 2022). For example, in large-scale digital platforms and online
communities that collaboratively generate, modify, and re ne creative outputs, such as

open-source software development and large-scale artistic collaboration (Hippel & Krogh,
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2003; Literat, 2012; Yu et al., 2012).

Generative Al is likely to fundamentally reshape collective creativity across all these
scales by transforming how information is produced, accessed, evaluated, and transmitted
(Brinkmann et al., 2023; Burton et al., 2024; Epstein, Hertzmann, of Human Creativity,
et al., 2023; Grilli & Pedota, 2024; Rafner et al., 2023). Chatbots and large language
models (LLMSs) increasingly act as intermediaries within groups and organisations,
in uencing human behaviour in complex and often nonlinear ways through both direct
interaction and indirect exposure to Al-generated content (Tsvetkova et al., 2024). As a
result, generative Al may not simply augment individual creativity, but recon gure the

dynamics of collective creativity at the level of groups, networks, institutions, and societies.

Creativity is typically assessed along two core dimensions: novelty and usefulness
(Amabile, 1982; Kaufman & Sternberg, 2010). Novelty captures the extent to which an
idea deviates from existing conventions or expectations, while usefulness re ects the idea's
practicality, coherence, or relevance, such as whether a short story could plausibly be
published as a book. Research has long examined creativity at the level of the individual,
for example emphasizing associative mechanisms in memory whereby creative ideas emerge
from forming connections between previously unrelated concepts (Beaty & Kenett, 2023;
Benedek et al., 2023). However, creativity can also be assessed at the collective level, where
it re ects the diversity of outputs produced by a group or system (Doshi & Hauser, 2024;
Maher, 2012; Parjanen, 2012; SonicRim, 2001). From this perspective, a creative society is
not just one that generates isolated novel and useful ideas, but one that sustains a broad
range of distinct, meaningful outcomes over time. However, studying such processes at the
collective level is di cult because they are normally hidden or very hard to infer from

observational data alone (Sucholutsky et al., 2025).

Recent advances in computational and experimental techniques provide new
opportunities to study human collective behaviour, each with strengths and limitations.

Observational studies enable large-scale analysis of real-world behavior in digital platforms
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and social netowrks, but cannot directly test causal mechanisms (Fortunato et al., 2018;
Gomez-Rodriguez et al., 2012; Lee, Jacoby, et al., 2025; Murthy, 2024). Laboratory studies
of social networks with human participants provide controlled environments for testing the
causal impact of speci ¢ mechanisms, but they focus exclusively on human groups (Balietti
et al., 2016; Centola, 2010, 2022; Centola & Baronchelli, 2015; Derex & Boyd, 2015; Derex
et al., 2013; Hawkins et al., 2019; Kirby et al., 2008; Raviv et al., 2019; Salganik et al.,
2006; Thompson et al., 2022). Agent-based modeling allows high levels of control and
scalability, but depends on strong assumptions that may diverge substantially from how
humans and LLMs behave (Centola & Macy, 2007; Gupta et al., 2025; Jackson et al.,
2017). More recently, a growing literature examines social networks composed entirely of
Al agents, often based on LLMs. This includes work on agentic Al systems (Li et al., 2023;
Wang et al., 2024), large-scale simulations of human behaviour for social science
applications (Park et al., 2024; Tessler et al., 2024; Ziems et al., 2024), and studies
simulating the evolution of Al-collective behavior (Acerbi & Stubbers eld, 2023;

Brinkmann et al., 2023; Perez et al., 2024); but this research so far has only focused on Al
populations. Consequently, we currently lack experimental frameworks capable of
capturing emergent collective dynamics in hybrid societies composed of interacting humans

and Al agents (Sucholutsky et al., 2025; Tsvetkova et al., 2024).

Here, we conducted a large-scale study of social networks involving human
participants and Al agents to examine how human Al interactions shape collective
creativity. Building on recent advances that allow large-scale social network experiments
online with real human participants (Marjieh et al., 2025), we recruited large numbers of
participants online and organized them into evolving societies 55 grid networks facing
a common creative problem (see Figure 1). In each generation of the experiment,
participants (either human or Al) selected and modi ed short stories created by their
network neighbours and shared their new versions with the next generation (Figure 1A).

We repeated the same experiments in networks consisting of only humans, only Al agents,
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s and hybrid human Al populations (Figure 1B). We used GPT-40 (Hurst et al., 2024) as

17 the Al agent for our main analysis due to its prevalence at the time of testing, however, we
us also considered other models (see Methods). Over time, distinctive features of the

19 collective outputs such as appeal, novelty, and diversity emerged and evolved, allowing us
150 10 establish causal links between network composition and the emergence of collective

11 Creativity. The quality of the creations that evolved were evaluated using a combination of
152 computational measures and large-scale online validation studies with independent human
13 raters (Figure 1C; see Figure 1D for example of selected stories in each condition). We

152 additionally conducted a series of control experiments examining parameters such as model
155 temperature and model type, comparing systems based on di erent model providers such
15 as Anthropic! and OpenAP. Finally, we compared a hybrid society composed of multiple

157 Al agent types to societies that combined humans and Al agents.

158 Our approach is novel in that it (i) directly tests the conditions under which

155 human Al interactions become e ective in collectives, and (ii) characterizes the interaction
1o dynamics through which diversity and creativity emerge and change over time. The central
11 INNovation lies in embedding both human participants and Al models within an

12 experimental social network, thereby extending prior work on human Al interaction (e.g.,
13 Doshi & Hauser, 2024) to the collective scale. This approach allows us to address

1sa fundamental questions that have thus far been di cult to test empirically: When and why
s do hybrid human Al collectives outperform homogeneous populations of humans or Al

s agents alone? What mechanisms within hybrid populations enable high creativity while

167 preserving collective diversity? How does the presence of Al alter human behaviour? Can
18 We recreate some of the bene ts of hybrid societies using heterogeneous populations of Al
180 Systems alone? More broadly, this study highlights the potential of real-world experiments

10 employing ecologically valid, open-ended tasks as a powerful paradigm for investigating

! https://iwww.anthropic.com/

2 https://openai.com/
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i human Al collective intelligence and creativity.
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