Social Intelligence Modeling: A Comprehensive Survey from Social Perception

to Social Simulation

ZIKAI SONG”, Huazhong University of Science and Technology, China
XIAJIE LI", Huazhong University of Science and Technology, China

YUNYAO ZHANG, Huazhong University of Science and Technology, China
XINGLANG ZHANG, Huazhong University of Science and Technology, China
WEI YANG, Huazhong University of Science and Technology, China
JUNQING YU, Huazhong University of Science and Technology, China

Social systems shape communication, economic activity, governance, and everyday life, while artificial intelligence increasingly changes
how these systems are observed, interpreted, modeled, and influenced. Yet relevant research remains fragmented across artificial
intelligence, human-computer interaction, communication, and social sciences, spanning heterogeneous tasks and rapidly evolving
paradigms. To organize this landscape, we introduce Social Intelligence Modeling (SIM) as a comprehensive perspective on how Al
perceives social signals, models individual and collective behavior, generates socially situated outputs, and simulates social-system
evolution. We curated roughly 1,000 papers spanning over 20 tasks, with around 300 analyzed in detail'. We organize the field into
four progressively integrated levels: Perception, which identifies social signals and states; Understanding, which models structures,
relations, and behavioral patterns; Generation, which produces socially meaningful content and interventions; and Simulation, which
reconstructs dynamic social processes and explores possible futures. Particular emphasis is placed on social simulation as an emerging
core frontier of SIM, for which we systematically examine its paradigms, scales, application and broader societal considerations. By

synthesizing fragmented research, this survey lays the groundwork for understanding and shaping Al-mediated societies.

CCS Concepts: « Computing methodologies — Artificial intelligence; Modeling and simulation; - Applied computing —

Law, social and behavioral sciences; - Human-centered computing — Collaborative and social computing,.

Additional Key Words and Phrases: social intelligence modeling, social simulation, large language models, computational social

science, multi-agent systems, collective behavior

1 Introduction
1.1 Background

Social systems are fundamental to human life, shaping how people communicate, participate in economic activity, access
public services, and organize everyday social relations. Artificial intelligence has become increasingly intertwined
with these systems, supporting the analysis of human emotions and opinions, the creation and moderation of social
content, and data-informed decision-making in areas such as public governance, commerce, and social services. We
define Social Intelligence Modeling (SIM) as the study of representing, understanding, generating, and simulating

human and collective behaviors in digital social systems using Al techniques, especially large language models and

“Both authors contributed equally to this work.
IThe complete paper list is in Project Page: https://github.com/sait-crypto/ Awesome-Social-Intelligence- Modeling-System

Authors’ Contact Information: Zikai Song, Huazhong University of Science and Technology, School of Computer Science and Technology, Wuhan,
China, skyesong@hust.edu.cn; Xiajie Li, Huazhong University of Science and Technology, School of Cyber Science and Engineering, Wuhan, China,
xiajie2026@hust.edu.cn; Yunyao Zhang, Huazhong University of Science and Technology, School of Cyber Science and Engineering, Wuhan, China,;
Xinglang Zhang, Huazhong University of Science and Technology, School of Cyber Science and Engineering, Wuhan, China,; Wei Yang, Huazhong
University of Science and Technology, School of Cyber Science and Engineering, Wuhan, China,; Junqing Yu, Huazhong University of Science and

Technology, School of Cyber Science and Engineering, Wuhan, China,


https://orcid.org/0009-0006-6651-2027
https://orcid.org/0009-0002-2941-586X
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://github.com/sait-crypto/Awesome-Social-Intelligence-Modeling-System
https://orcid.org/0009-0006-6651-2027
mailto:skyesong@hust.edu.cn
https://orcid.org/0009-0002-2941-586X
mailto:xiajie2026@hust.edu.cn
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/

;-_ Q)
L

Perception

2

Section 3 @ What

(2@ ot

Hate Speech Analysis

Misinformation Analysis

Song et al.

Y
3c

Sentiment Analysis

User Stance Detection

1
. q ) ! g —T1)= & OIImm &g &q'/%l
Understanding E ) > B $ O i v ER S N % Ey |
ions & (253 i -8 ' SRR 0 15 I & &
Section & Why —_ - Structural Output : . Social Popularity il Community Detection
. Event Extraction e User Profiling and Analysis
|
Environment 1 -
1 (o) & —
v T (®\ Y=
. R q ! b) Q=
Generation » » E-. 1 ol g -
== . —
i E | 1 ic Di; i —
Section 5 Ur,\ How Instruction EM . Comment Generation  Social Summarization Empathetic [?mlogue Evidence Groun.ded
Generation Rumor Refutation
- 1
. . s e C— 1 - i =5 9 B9 —\.® (& o -
Simulation g B g . @ /766,50 S I .Eg =
. . Eou uo s | 5 \463) g X
Section 6 What-if & <7 2 3 | = 5 Agent = &80
5 @ & 1 . . Emergent Group I Social Phenomena
\ Social Agent Modeling Psychology Social Alignment Ayt

Fig. 1. Four progressive cognitive levels of Social Intelligence Modeling (SIM), evolving from perception to simulation. SIM forms
a cognitive hierarchy that advances from recognizing social signals (Perception), to understanding social structures and behav-
iors(Understanding), to generating meaningful interactions and interventions (Generation), and ultimately to simulating dynamic
social processes and anticipating possible futures (Simulation).

multi-agent frameworks. This survey systematically reviews Al techniques for social systems, and introduces SIM as a
unified framework for organizing how Al perceives social signals, models individual and collective behavior, generates

socially situated actions, and simulates the evolution of social systems.

1.2 Challenges

A comprehensive understanding of SIM is inherently challenging for two reasons: (1) the subject area spans multiple
disciplines, including artificial intelligence, human-computer interaction, sociology, communication, and computational
social science; (2) it also draws on a broad range of technical paradigms, from multimodal representation and semantic
reasoning to generative modeling and agent-based systems.

Challenge 1: Fragmented and heterogeneous task landscape. SIM encompasses a wide spectrum of tasks
with substantially different objectives, outputs, and modeling assumptions. Established tasks such as sentiment
analysis, misinformation detection, hate-speech detection play fundamental roles in interpreting social content; less
conventional tasks, including empathetic response generation, evidence-grounded rumor refutation, event discovery,
social summarization, and intervention-oriented generation, are also becoming increasingly important; Meanwhile,
emerging directions such as social agent modeling, collective behavior prediction, and large-scale social simulation
continue to extend the boundaries of SIM. The coexistence of these diverse and rapidly evolving tasks makes it difficult
to identify their intrinsic relationships, or organize them within a coherent and sufficiently inclusive taxonomy.

Challenge 2: Dispersed and difficult-to-access research knowledge. The breadth and fragmentation of SIM
make the field difficult to navigate for both newcomers and experienced researchers. First, inconsistent terminology
prevents effective literature retrieval: searches based on individual task names or technical keywords often capture

only narrow segments of the field, making it difficult for newcomers to obtain a comprehensive overview or recognize
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the connections among related research directions. Second, related studies are widely distributed across Al, HCI,
computational social science, communication, and various domain-specific venues, further increasing the difficulty of
systematic discovery and tracking. Social simulation is a representative example, as closely related studies are often
published under different terminologies, including agent-based modeling, LLM-based agents, multi-agent systems, and

society simulation, making both foundational work and recent advances difficult to identify, compare, and follow.

1.3 Analysis of Existing Surveys

We compare the existing surveys with our work in Table 1. Existing surveys either focus on individual subdomains [150,
152, 188, 254], summarize earlier machine-learning or generative perspectives on social media analysis [136, 213], or
discuss broader intersections among Al, computational social science, and LLM-based agents [141, 211, 245].
However, existing surveys provide insights into specific tasks or communities, yet remain fragmented without a
unified SIM perspective. Many were developed before the rise of LLMs, multimodal foundation models, and intelligent
agents, thus overlooking recent paradigm shifts. More importantly, the absence of a clear definition and taxonomy
of SIM prevents existing works from systematically organizing its modeling objects, tasks, and methodologies. As a
result, current surveys remain limited within individual domains and lack a comprehensive understanding of SIM as an

emerging interdisciplinary field.

1.4 Contributions

We present a comprehensive and structured survey of SIM that clarifies its conceptual boundaries, organizes its internal
dependencies, and provides a systematic literature map and forward-looking research agenda.

1) Comprehensive coverage. We conduct a broad review of more than 1,000 papers spanning over 20+ tasks,
covering the major research problems, methodological paradigms, datasets, evaluation settings, and application scenarios
% This coverage brings together research that has previously been scattered across separate communities and task-
specific surveys. To the best of our knowledge, this is the most extensive survey of SIM to date in terms of both the
number of studies examined and the breadth of tasks covered.

2) A coherent four-level taxonomy. Inspired by human cognitive processes, we organize SIM into a progressive
path (Figure 1): Perception, Understanding, Generation, and Simulation. It traces a natural progression from
identifying what is occurring, to explaining why it occurs, determining how to respond, and exploring what would
happen if particular social conditions or interventions were introduced.

3) A dedicated focus on the core frontier of SIM—Social Simulation. We place particular emphasis on social
simulation, which is becoming a central frontier of SIM. Traditional tasks primarily describe or interpret observed social
data, whereas simulation enables researchers to reconstruct social processes, forecast evolution, and test interventions
before they are deployed in the real world. Such capabilities are increasingly important but remain insufficiently covered
by existing surveys. We provide a dedicated synthesis of this direction, including methodologies, simulation scales,
applications, and broader considerations.

4) An in-depth analysis of challenges, future directions, and societal implications. We further identify six
fundamental challenges that will shape the future development of SIM. These challenges expose limitations that

cannot be resolved solely by scaling existing models. Building on these challenges, we outline future connections

2We select approximately 300 influential works for detailed discussion and citation in the survey, full collected papers released in the Project page:
https://github.com/sait-crypto/ Awesome-Social-Intelligence- Modeling-System.


https://github.com/sait-crypto/Awesome-Social-Intelligence-Modeling-System

4 Song et al.

Social Inteligence Modeling

L
{ ! ) |

raein ndersaniog =
e —— T ——
) ] (S e | L e ==

;

2 3 iaall |8 (2] |7 [e 1l ] 151 1,311 Pl
PR R B Il Bl
DB SRR A T

Fig. 2. Hierarchical taxonomy of SIM. Perception, Understanding, and Generation are organized into task families, while Simulation
is characterized by modeling method, scale, and application domain.

Table 1. Comparison between our survey and representative related surveys.

Work Year Focus Social Scope SIM Modeling Objects Paradigm and Support
SM CsS Content Actors Relations ~ Evolution ~ LLM/FM Agent Multi. Res./Eval.

TK. etal. [213] 2021 SM [ © () © © © X X © ©
Matwin et al. [136] 2021 SM ° © ° P) PY Y X X © o
Xu et al. [245] 2024 CSS © ) © () © 0 v v O [ )
Thapa et al. [211] 2025 CSS © o o © © © v X © ©
Mou et al. [141] 2026 SS O [ ) © [ ] [ ] [ ] v v O [ )
Our Survey 2026 SIM (] () () ) ) ) v v [ ) [ ]

@: broadly covered; ©: partially covered; O: not a major focus.

SM = social media; CSS = computational social science; SS = social simulation; SIM = social intelligence modeling; FM = foundation model.

Content, Actors, Relations, and Evolution correspond to the major modeling objects in the SIM environment. Res./Eval. covers datasets, benchmarks, or systematic evaluation
discussions. The table characterizes related surveys by their stated focus and SIM-relevant modeling objects.

between SIM and social theory, world models, embodied intelligence, and human-Al coexistence, and examine how

SIM may influence the design, governance, and understanding of increasingly Al-mediated societies.

2 Scope and Overview
2.1 Modeling Objects
We organize online social environments around four modeling objects:

e Social content, which captures the information, emotions, stances, intentions, and cultural signals expressed
through posts, comments, videos, and other social artifacts;

o Social actors, including users, organizations, communities, and bots that perceive environments, make decisions,
interact, and exert influence;

o Interaction networks, which represent relational structures such as following, replying, reposting, and co-
exposure that govern information diffusion and social influence;

o Temporal evolution, which models the dynamic changes of content, actors, networks, opinions, and collective

behaviors over time.

These objects appear across representative SIM tasks: misinformation analysis links claims, sources, propagation, and
correction; sensitive discourse requires cultural and conversational grounding; actor-centered tasks model users through
histories, preferences, and networks; and social simulation integrates agents, interactive environments, and temporal

dynamics for counterfactual analysis.
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2.2 Positioning Social Intelligence Modeling

The emergence of SIM follows the evolution of Al from task-specific intelligence toward general-purpose social
intelligence. Early studies relied on handcrafted features and statistical models to analyze specific social signals, such as
sentiment, misinformation, and user behaviors. Representation learning [192, 194] and Transformer networks [129,
193, 195] further enabled semantic and structural modeling through pre-trained language models and graph neural
networks [196]. With the rise of LLMs [111, 112, 285], multimodal foundation models [194], and intelligent agents [291],
Al systems have gradually evolved from recognizing social information to reasoning, generating, and simulating social
behaviors. SIM can therefore be viewed as an integrated framework that connects these technological advances for
modeling complex social systems.

Perception focuses on identifying and extracting fundamental social signals from multimodal social data. It is
closely related to existing tasks in sentiment analysis, emotion recognition, stance detection, hate speech detection,
misinformation detection, and multimodal content understanding. These tasks provide the basic capability to perceive
opinions, emotions, intentions, and credibility signals expressed in social environments.

Understanding aims to interpret the underlying structures, behaviors, and mechanisms of social systems. It is closely
connected to computational social science and social network analysis, including tasks such as event understanding,
user profiling, community analysis, influence modeling, and popularity prediction. These studies investigate how
individuals behave, how groups form, and how information propagates in social environments.

Generation focuses on creating socially meaningful content, responses, and interventions, connecting social
computing with recent advances in generative Al It relates to tasks such as dialogue generation, comment generation,
social summarization, empathetic response generation, and rumor clarification. While general generative models focus
on producing fluent and coherent outputs, SIM generation emphasizes the social context behind generation, including
user preferences, interaction history, community norms, and potential social impact.

Simulation represents the integration of perception, understanding, and generation for modeling dynamic social
processes. It is closely related to traditional computational social simulation and agent-based modeling, where artificial
agents interact according to predefined rules to study collective behaviors. Recent LLM-based agents further enhance

this paradigm by introducing memory, reasoning, planning, and natural communication abilities.

2.3 Organization and Taxonomy

Based on the above discussions, our taxonomy is organized around four levels: Perception, Understanding, Generation,
and Simulation. Sections 3-6 review representative methods and tasks within each level, while Section 7 discusses open

challenges and future directions of SIM.

3 Perception: Identifying Social Signals

Perception represents the entry level of social intelligence modeling. It identifies socially meaningful signals in content
and actors, including harmfulness, credibility, sentiment, stance, provenance, and maliciousness. In SIM, these outputs
are not self-contained labels but situated judgments whose meaning depends on context, norms, modality, actor history,

and temporal dynamics. They provide the evidence base for subsequent Understanding, Generation, and Simulation.
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Fig. 3. Roadmap of Al-driven social intelligence modeling. The shaded region indicates the main scope of this survey. Circular markers
denote influential studies within their corresponding paradigms. Under the LLM paradigm, understanding tasks shift fundamentally
from statistical prediction to structured reasoning and social generation, so we split the two stages.

3.1 Content-Level Perception

Content-level perception treats posts, comments, replies, titles, descriptions, images, memes, and short videos as the
primary units of analysis, while incorporating actor histories, networks, and temporal context when required for

interpretation.

3.1.1 Hate Speech Analysis. Hate speech analysis shows why social perception cannot be reduced to surface classifica-
tion. Although its immediate output is often a harmfulness label, the judgment depends on implication, target identity,
modality interaction, and community norms. Its cultural dependence challenges the assumption that such labels consti-
tute stable ground truth [66, 214]. Implicit and pragmatic signals. Harmful intent is increasingly conveyed through
dogwhistles, metaphors, coded references, and context-dependent expressions [94, 138]. Such signals can mislead
even strong LLMs [270], motivating methods that incorporate conversational context and dialogue structure [16, 59].
Multimodal and perspectival judgment. In memes and visual posts, harmful meaning often emerges from image-text
interaction rather than either modality alone. Recent methods use optimal-transport alignment to connect cross-modal
cues [278, 279], hard-negative learning to distinguish misleading associations [137], and LLM-guided reasoning to re-
cover hidden targets and emotions [97]. Beyond recognition, explanation-oriented work generates hate rationales [255]
and assists moderation [23]. Multi-agent debate may further help study how heterogeneous communities interpret

harmful speech and respond to moderation [162].

3.1.2  Misinformation Analysis. Misinformation is not a static content property but a process through which claims are
created, circulated, contested, reframed, and corrected. We therefore organize the literature around a lifecycle of creation,
propagation, and post-propagation. (1) Creation: Research examines rhetorical manipulation and propaganda [68,
85], inconsistent event relations [103], and multimodal fabrication [217, 263]. Reliable perception therefore depends

on structured relations among claims, events, sources, and modalities rather than detector architecture alone. (2)
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Propagation: During propagation, the task shifts from isolated content judgment to evidence-aware and network-
aware verification. Retrieval- and knowledge-augmented methods connect claims to external evidence and entity
relations [42, 130, 153]. Evidence that rumor trees are often “shallow and wide” challenges assumptions behind deep
propagation models [40], motivating zero-shot detection for sparse emerging events [119]. These approaches remain
constrained by incomplete evidence, topology, and early observations. (3) Post-propagation and correction: After broad
diffusion, perception must account for susceptibility, emotional co-evolution, exposure effects, and correction [124, 183].
Because many reactions and alternative paths remain unobserved, recent work uses generative simulation to augment
perception, including silent-user simulation [147], unobserved-path forecasting [281], and adversarial natural-language

learning [212].

3.1.3 Machine-Generated Content Detection. Machine-generated content (MGC) detection determines whether a social
signal is human-produced, machine-produced, or hybrid. Its role in SIM is provenance protection: synthetic posts can
distort evidence, intent, and apparent public opinion while contaminating actor profiles, retrieval evidence, diffusion
traces, and simulation inputs. Social media further weakens conventional authorship cues because content is short,
personalized, multilingual, multimodal, and culturally situated [132, 180]. Training-free methods exploit generation
artifacts to provide efficient provenance signals [199, 246], while supervised semantic detectors may improve cross-
domain generalization but require continual data renewal [116]. The resulting trade-off is efficiency versus adaptability.
Social settings also require finer judgments about Al involvement, co-writing, and downstream circulation [35]. Once
synthetic content circulates, static detectors face adaptive evasion [44] and polluted retrieval evidence [216]. MGC
detection thus exposes a broader SIM problem: the observed social environment may itself be partially synthetic. Robust
provenance modeling should account for interacting generators, detectors, users, and propagation environments rather

than treating generated content as isolated text; multi-agent debate offers one early approach [127].

3.1.4 Sentiment Analysis. Sentiment analysis assigns affective labels or distributions, but its target is not an objective
emotional fact. The “Sentiment Problem” highlights the fragility of sentiment labels across domains, communities, and
situations [215]. SIM therefore treats sentiment as situated affect: how emotions are expressed, interpreted, and contested
within cultural, conversational, multimodal, and temporal contexts. Perspectival affect. Ambiguous annotations may
represent distributions of viewpoints rather than annotation noise [235], while LLMs may reproduce gender and
nationality biases in emotion attribution [9, 167]. These findings call for perspectival and community-specific alignment
rather than merely larger encoders. Affective labels should therefore be interpreted as signals about how particular
actors or communities perceive an event, claim, or interaction. Granular and interactional affect. Reliable analysis
must bind affect to the correct target, modality, and conversational state. Aspect-based methods model structured
relations among targets, aspects, opinions, and emotions [128], while multimodal approaches align textual, visual,
and incomplete evidence [32, 232]. Coupled Mamba [113] captures cross-modal dynamics via coupled state modeling.
Difficult cases include metaphorical image-text relations [280] and conversational emotion that changes with speaker
state and interaction history [80, 225]. Reader-agent frameworks can estimate latent reactions [118], but such responses
remain modeling assumptions requiring validation against observed users. Sentiment analysis therefore moves beyond
polarity classification toward situated affect interpretation. Even strong emotion classifiers may fail when literal
expression diverges from intended or perceived meaning, as in sarcastic praise or strategic skepticism. This limitation

leads directly to discourse and pragmatic analysis.
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3.1.5 Discourse and Pragmatic Analysis. Discourse and pragmatic analysis lies between Perception and Understanding:
while it often produces labels such as sarcasm, humor, or manipulation, their recognition depends on deeper mod-
eling of speaker intent, cultural conventions, conversational context, and social relations. Micro-level pragmatic
expressions. Sarcasm commonly depends on incongruity among literal expression, factual context, emotion, and
speaker intention [139, 174]. Multimodal methods further model incongruity across image and text [31, 173]. Related
phenomena are less stable across cultures and communities. Humblebragging disguises self-promotion as complaint or
modesty [146], while euphemistic meanings evolve rapidly and require locally grounded interpretation [74, 114]. These
labels are relations among expression, speaker, audience, and shared background rather than intrinsic properties of
text. Macro-level discourse analysis. Macro-level discourse analysis examines how pragmatic expression functions
as a tool for ideology, persuasion, or narrative disruption. Dogwhistles encode group-specific meanings invisible to
outsiders [138] and resemble culturally grounded word-sense disambiguation [94]. Whataboutism redirects blame and
derails argumentation [165], while mental manipulation exploits interpersonal vulnerability [226]. These tasks require
identifying what an utterance does within an interaction, not merely what it states. Pragmatic judgment is also
shaped by social structure. Situational context can invert perceived offensiveness [303], social relationships constrain
appropriateness [84], and conversation kernels expose dependencies across speakers and turns [1]. The relevant context
may also be hidden in subcultural knowledge or conversation history, making pragmatic labels especially unstable

across communities.

3.2 User-Level Perception

User-level perception shifts the unit of analysis from content to actors. Profiles, posting histories, interactions, and

network positions provide partial estimates of actor states and bridge content perception with behavioral modeling.

3.2.1 User Stance Detection. User stance detection infers an actor’s attitude toward a target. Although its immediate
output is typically a favor, against, or neutral label, stance is often implicit in sarcasm, domain knowledge, and interaction
history, making surface text insufficient. Knowledge augmentation grounds implicit opinions [105], explicit reasoning
exposes intermediate inference [206], and multi-perspective verification mitigates unsupported stance inferences
under weak evidence [292]. These methods improve semantic coverage but often assume that targets and contexts are
known in advance. Real social settings further involve unknown or evolving targets, long conversations, domain
shifts, and temporal drift. Research has therefore moved toward open-target extraction [115], conversational opinion
tracking [135], synthetic-data-assisted adaptation [293], and modeling stance under temporal drift [143]. Stance reflects
values, identities, roles, and temporal interactions rather than a stable textual property. Collaborative agents [99] and

value-distribution models [86, 277] extend this direction toward latent beliefs and unseen topics.

3.2.2 Malicious User Detection. Malicious user detection identifies actors whose coordinated or adaptive behavior
harms social environments. Its evidence is distributed across language, temporal activity, behavioral consistency, and
network position, making isolated-post classification insufficient. Bots and coordinated accounts can influence public
events and discourse [204]. Graph methods capture heterogeneous social relations [29], but strategic actors may evade
detection through heterophilic links with humans [171]. Recent methods therefore move from node classification
toward semantic-structural actor modeling, combining semantic and pragmatic signals [50] with graph topology [110].
This shift reflects that maliciousness is neither solely a content property nor a graph anomaly, but a behavioral state
defined by coordination, consistency, temporal trajectory, and content-network interaction. Simulation further exposes

distribution shift because malicious users are adaptive social actors. BotSim uses LLM-based agent-based modeling to
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generate malicious botnets embedded in social environments, under which conventional detectors degrade [170]. This
degradation suggests that detectors fitted to observed behavior may not generalize to strategically generated actors.
Malicious user detection therefore links perception with simulation, where adversarial and defensive behaviors must be

modeled as interacting and adaptive processes.

4 Understanding: Modeling Social Structures

Understanding transforms perceived signals into structured social states spanning events, themes, actors, communities,
networks, multimodal meaning, and temporal dynamics. Rather than producing isolated labels, it organizes social
evidence into representations that explain how content, actors, and relations form coherent social situations. These

states provide the explanatory context, behavioral priors, and validation targets required by Generation and Simulation.

4.1 Structural and Discourse Modeling

Structural and discourse modeling turns noisy social streams into event structures, thematic organization, and cross-
modal social meaning. Its goal is not merely to aggregate similar content, but to reconstruct interpretable social states

that support explanation, intervention, and simulation.

4.1.1 Event Extraction. Event extraction reconstructs events, participants, arguments, and relations from fragmented
social media streams. Its output is an event-centered social state describing what happened, who was involved, and
how events are connected. Such states provide a temporal and causal substrate for later reasoning rather than only a
collection of extracted facts. Event discovery identifies evolving boundaries in dynamic or cross-lingual settings [163],
while hypergraph-based methods capture changing event structure [267]. LLM-based extraction further supports
multilingual event monitoring [20]. MA-VLAD [49] models fine-grained event dynamics with attention aggregation.
Argument extraction grounds events in actors, locations, objects, and evidence, including long-tail arguments [28] and
multimedia arguments [69, 179]. Relation extraction then connects events through causal or interactional dependencies

using zero-shot reasoning [78] or teacher-student alignment [121].

4.1.2  Topic Modeling. Topic modeling transforms fragmented discourse into interpretable themes, collective attention
states, and community frames. It belongs to Understanding because its output is not a content label but an organized
account of what a population is discussing, how themes relate, and how collective attention is distributed. Relational
models recover conversational context [231], while platform-invariant methods align themes across environments [93]
and multilingual methods extend them across languages [4]. These directions move topic analysis by incorporating
interaction, platform variation, and linguistic diversity. Recent work further shifts from flat clusters toward structured
thematic knowledge. LLMs induce interpretable taxonomies [274], hierarchical methods recover level-wise news
themes [67], and multi-agent experts support qualitative interpretation [172]. The key question is whether the identified

themes capture real social meanings rather than patterns learned by the model.

4.1.3 Meme and Multimodal Understanding. Meme and multimodal understanding reconstructs social meaning that
emerges across text, images, templates, and community knowledge. Unlike perception tasks that assign labels to
multimodal inputs, it organizes signals into entities, visual roles, metaphors, contradictions, and cultural frames.
Cross-modal grounding links textual entities with visual regions [265], while span-based methods reduce alignment
noise [247]. Because meaning may also depend on metaphor or missing context, other methods recover latent image-

text relations [280] or retrieve background knowledge [101]. Explanation-oriented systems further clarify meme
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background [182] and hidden visual implications [181]. SF2T [75] improves Video-LLMs’ fine-grained understanding
via self-supervised fragment tuning. MA-PDM [299] enables fine-grained anomaly detection with appearance-motion
guided diffusion. CurEvo [269] enhances video understanding through curriculum-guided self-evolution. Current LMMs
remain weaker than humans on meme semantics [83] and socially situated context [257]. Moreover, static image—text

pairs omit the imitation, variation, and community-level evolution central to memetics [152].

4.2 Network and Propagation Understanding

Network and propagation understanding explains how content becomes visible and spreads through topology, temporal
traces, exposure, and engagement. It infers relational and temporal regularities from observed processes, whereas

bottom-up execution of counterfactual dynamics belongs to Simulation.

4.2.1 Social Popularity Prediction. Social popularity prediction estimates the engagement potential or future trajectory
of content from its attributes, actor profiles, platform exposure, early feedback, and time. Popularity is not an intrinsic
property of content, but a platform-mediated attention state emerging from the interaction among content, users,
exposure mechanisms, and prior reactions. Existing work captures complementary sources of evidence. Pre-diffusion
models [242] combine content and user signals. Retrieval-augmented methods [34] compare posts with historically simi-
lar diffusion cases. Lifecycle forecasting [248] estimates later trajectories from early engagement. STAP [220] introduces
spatio-temporal enlargement for long-range video perception and scalable popularity prediction. OmniTrend [261]
decouples content attractiveness and exposure effects for interpretable popularity modeling. MVP [262] leverages
multimodal features and contextual signals for video popularity prediction, winning the SMP 2025 Video Track. These
methods learn popularity patterns from the past, but struggle to explain how popularity evolves under changing social

environments.

4.2.2  Information Diffusion Analysis. Information diffusion analysis recovers propagation regularities from observed
cascades. It seeks to explain how network structure, exposure, temporal ordering, and actor characteristics shape the
movement of information. Classical models represent spread as stochastic transitions over predefined networks [188],
offering interpretability but often simplifying semantic context, hidden exposure, and cognitive heterogeneity. Modern
approaches enrich visible topology with latent and higher-order structure. Latent influence networks infer unobserved
exposure relations [63]. Temporal hypergraphs and multiscale representations capture cascade dynamics across macro
diffusion patterns and micro user relations [81, 241]. Identity-aware modeling further shows that diffusion is not only
transmission over edges, but also a socio-cognitive process shaped by actor identity and group affiliation [2]. These
approaches provide empirical propagation priors, but they remain dependent on historical cascades and may fail when
interventions alter exposure. Diffusion understanding estimates propagation patterns and influence structures from
observed cascades, supporting intervention design through influence optimization [102, 240]. Propagation synthesis
begins to explore possible futures [281], but Simulation further models adaptive agents and changing environments

beyond fitted diffusion assumptions.

4.3 User-Level Understanding

User-level understanding models individual heterogeneity from digital footprints. Rather than treating users as in-
terchangeable network nodes, it constructs actor states from preferences, identities, values, motives, and behavioral

histories. These states explain why actors exposed to similar content may interpret, share, or respond to it differently.
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4.3.1 User Profiling. User profiling aggregates fragmented posts, conversations, and other traces into structured actor
representations. Open-domain profiling moves beyond explicit demographic labels toward richer states inferred from
unstructured conversation [230]. Such profiles may encode preferences, interests, values, communication patterns, and
other behavioral tendencies needed by personalized generation and heterogeneous simulation. The main challenge
is to summarize long, sparse, and temporally ordered histories into states that remain stable but adaptive. Dynamic
graphs capture latent relations among posts [253]. Text-graph pretraining supports long histories and missing network
information [233], while continual user modeling preserves representations as tasks evolve [90]. Together, these methods
move user modeling from independent post aggregation toward structured and temporally evolving actor states. These

profiles provide behavioral priors for community analysis, personalized dialogue, and heterogeneous simulation.

4.3.2  Community Detection and Analysis. Community detection converts actor relations into meso-level social structure.
Unlike topic modeling, which organizes content, it groups actors through shared ties, attributes, interests, ideologies, or
practices [17]. Structural methods improve discovery under sparse, noisy, incomplete, and large-scale graphs [238],
while attribute-aware methods address missing node information [260]. Other work infers latent communities from
ideology and behavior. Stance-aware embeddings reveal ideological groups and differences in susceptibility to low-
credibility information [10], while LLM-based analysis identifies shared community practices [87]. Human—AI networks
further require models that account for embedded Al actors while preserving human connectivity [36]. Community
structures connect individual actors with collective behavior. They support analysis of influence, norms, vulnerability,
and human-Al interaction, while providing meso-level environments in which diffusion, coordination, and intervention

can later be simulated.

5 Generation: Producing Socially Situated Actions

Generation is the first SIM level that acts on, rather than only analyzes, the social environment. Perception identifies
signals, Understanding organizes them into social states, and Generation asks how to respond. It concerns socially
situated action rather than open-ended text production: generated outputs can reshape user reactions, platform exposure,

trust, attention, beliefs, and downstream social dynamics.

5.1 Social Content Generation

Social content generation produces platform-native units such as comments and summaries. Because these outputs
circulate through engagement mechanisms, the central question is not only whether they are fluent or relevant, but

whether they function responsibly within platform feedback loops.

5.1.1 Comment Generation. Comment generation is a micro-level social action that may amplify attention, invite
agreement, provoke conflict, or shift the tone of a discussion. Its main difficulty is that engagement signals such as
likes are noisy preference proxies shaped by posting time, author influence, exposure, and platform bias. Recent work
uses social feedback as a reward signal. PopALM aligns generation with popularity signals [264], while ViCo separates
engagement from temporal exposure effects [201]. HotComment [236] models comment popularity through multimodal
evaluation, prediction, and user behavior simulation. These methods improve social responsiveness, but optimizing

short-term engagement may produce repetitive, sensational, or polarizing comments.

5.1.2  Social Summarization. Social summarization turns posts, memes, conversations, and long discussion threads

into readable interpretive artifacts. Unlike ordinary condensation, it selects and organizes competing social signals



12 Song et al.

and therefore depends on discourse structure, viewpoints, modalities, and temporal evolution. Recent work models
conversational topology [57], sociological and semantic relations [295], multimodal context [96], and temporal evolu-
tion [189]. Structured outputs further support aspect-decomposed opinion comparison [109] and table-of-contents-style
navigation through long or polarized discussions [203]. Summarization thus transforms structured social states into
communicative artifacts, but also introduces framing risk by privileging some relations, emotions, or groups over others.
Generated social content may also reproduce political bias [8], narrow thematic diversity [229], and flatten plural
values [197]. These are cross-cutting constraints on socially situated generation because generated outputs may later

become user-facing information, retrieval evidence, or behavioral priors for simulation.

5.2 Socially-Aware Dialogue Generation

Socially-aware dialogue moves Generation from one-way content production to interactive social action. It uses actor,
context, and emotion models from Understanding to maintain identity, build trust, adapt to users, and pursue social

goals.

5.2.1 Personalized Dialogue Generation. Personalized dialogue gives agents stable but adaptive social identities. Existing
work constructs personas from dense descriptions and sparse attributes [205], customizes social behavior and inner
traits across long interactions [300], and models speaker—addressee personas in multi-party dialogue [133]. The central
issue is not persona richness alone, but whether identity remains credible as roles, relationships, and conversational

goals change. Personalized dialogue therefore turns user modeling into behavior for interactive agents.

5.2.2 Empathetic Dialogue Generation. Empathetic dialogue adapts responses to users’ emotional states. This matters
in moderation, counseling, rumor correction, and counterspeech, where factually appropriate responses may fail
when they ignore emotion. Current methods address data scarcity through LLM-based augmentation [296], regulate
emotional flow through commonsense reasoning and reinforcement learning [21], and extend empathy to multimodal
embodied interaction [48]. Empathetic dialogue is therefore relational action: it shapes trust, emotional alignment, and

the conditions under which later interventions may succeed.

5.2.3 Strategic and Persuasive Dialogue Generation. Strategic dialogue extends identity and empathy toward goal-
directed social interaction. Systems learn persuasive strategies through intent-to-strategy reasoning and simulation-
based preference optimization [82], or improve factual grounding through retrieval-augmented zero-shot persuasion [53].
The central trade-off is effectiveness versus control: stronger persuasion may increase manipulation risk when factuality,
intent, or user vulnerability is weakly governed. Generated conversations may also contain hidden harms and cultural
biases, especially outside Western contexts [41], while multicultural norm extraction offers one route toward situated
alignment [52]. Because norms remain subjective and contested, persuasive success alone does not establish socially
beneficial interaction. Simulation can help examine how dialogue actions reshape trust, beliefs, behavior, and discourse

before real-world intervention.

5.3 Social Intervention

Social intervention is the most action-oriented form of Generation. Models produce adversarial or corrective actions
intended to change discourse dynamics, shifting evaluation from isolated output quality toward policy effects and

downstream social consequences.
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5.3.1 Misinformation Generation. Misinformation generation models Al-generated harm as an adaptive process
rather than a static falsehood. Process-oriented work simulates stepwise narrative distortion through multi-agent
interaction [125], while adversarial frameworks allow generators and detectors to co-evolve in natural language [212].
These systems treat deception as an evolving intervention that may reshape attention, beliefs, and defensive behavior

while stress-testing detector robustness.

5.3.2  Counter-Hate Speech Generation. Counter-hate speech generation represents the corrective side of intervention.
Recent work constrains generation by intended outcomes [70] and grounds counter-narratives in evidence [221]. Effec-
tiveness and safety may nevertheless conflict: strong guardrails can make responses too weak to argue persuasively [13].
These systems therefore define candidate interventions whose persuasive impact, factuality, tone, and harm constraints

must be considered together.

5.3.3  Evidence-Grounded Rumor Refutation. Evidence-grounded rumor refutation turns verification into corrective
social action. In decentralized platforms, models must not only identify false claims, but also generate explanations that
users can trust. Consensus-oriented systems synthesize diverse community notes into higher-agreement refutations [45],
while joint stance—-verification modeling connects factual judgment with audience position [252]. Delivery also matters:
emotional framing can affect perceived credibility and diffusion [178], while value-tailored explanations may improve
perceived helpfulness in simulated evaluation [54]. Rumor refutation therefore moves from one-to-many debunking

toward trust-sensitive intervention grounded in evidence, audience state, and platform context.

5.3.4 Content Moderation and Detoxification. Content moderation is shifting from binary filtering toward generation-
assisted governance. Detoxification rewrites harmful text while preserving meaning [168]; policy-aware moderation
adapts to evolving policy rules [145]; explanation-based moderation exposes implied social biases for deliberative
review [287]; and harm-aware re-ranking reduces harmful exposure without direct deletion [156]. The scope also
includes privacy abstraction through rewriting sensitive self-disclosure [47]. These interventions shape what users can
say, what others see, and how harmful exposure is transformed. Their central trade-off is control versus distortion,

because moderation may reduce harm while suppressing context, imposing platform norms, or hiding disagreement.

6 Simulation: Constructing Social Evolution

Simulation is the most integrative level of SIM. It asks what would happen if social conditions, actors, or interventions
changed, and closes the loop among Perception, Understanding, and Generation by modeling how signals, actors,
interactions, generated actions, and temporal dynamics co-evolve in a computational environment. Table 3 provides a

structured comparison of representative social simulation studies.

6.1 Methodological Paradigms: Mechanisms, Graphs, and Agents

The recent research of social simulation primarily follows three complementary paradigms: mechanistic models, graph-
based models, and LLM-empowered agent-based modeling, as illustrated in Figure 4. They represent social evolution

primarily through transition rules, network structures, or autonomous actors.

6.1.1 Mechanistic models. Mechanistic models formalize social dynamics through interpretable rules and contin-
uous processes. Epidemiological models such as IC and SIR support analysis of threshold behavior and influence
bounds [51, 122]. Opinion-dynamics models such as Friedkin—Johnsen enable polarization reduction and network

intervention [95, 200], while temporal point processes, especially Hawkes processes, capture continuous-time events
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Table 2. Representative Benchmarks and Datasets Across the Four Cognitive Levels
Task Category Modality Representative Papers
Perception
SoHateful [268], K-HATERS [159], SOA [66], HATEDAY [214], HateCOT
Hate Speech Analysis Dataset + Benchmark Text / Text + Image [149] / BanglaAbuseMeme [43], BHM [71]

Misinformation Analysis

Machine-generated Content
Detection

Sentiment Analysis

Discourse and Pragmatic Analysis

User Stance Detection

Malicious User Detection

Dataset + Benchmark
Dataset + Benchmark

Dataset + Benchmark

Dataset + Benchmark

Dataset + Benchmark

Dataset + Benchmark

Dataset + Benchmark

Dataset + Benchmark
Dataset + Benchmark
Dataset + Benchmark

Dataset + Benchmark

Text + Video + Audio
Text

Text + Video + Audio
Text

Text

Text + Image + Audio + Video
Text / Text + Graph

Text + Video + Audio
Text + Image
Text
Text + Graph

MultiHateClip [222]
PROPANEWS [79], HQP [131], FCTR [24], DeFaktS [7]
FakeSV [169]

MultiSocial [132], Sun et al. [202], Cheng et al. [35]

AfriSenti [144], BESSTIE [198], OATS [26]
PanoSent [128]

MENTALMANIP [226], Jurgens et al. [84], BESSTIE [198], COBRACORPUS
[303] / FanChuan [298]

ExFunTube [91]

MTSE, MCCQ, MWTWT, MRUC, MTWQ [117]

MT-CSD [154], CHATStance [293], GUNSTANCE [65], USDC [135]
BotSim-24 [170]

Understanding

Event Extraction

Meme and Multimodal
Understanding

Social Popularity Prediction

Dataset / Dataset + Benchmark

Dataset + Benchmark
Dataset + Benchmark

Dataset + Benchmark

Text
Text + Image
Text + Image + Video + Audio

Text + Image

Chen et al. [28] / SPEED++ [158], Zhao et al. [294]
MM-SOC [83], DEEPEVAL [257], MEMEX [182]
MINE [251]

SMTPD [248]

Generation

Social Content Generation

Socially-Aware Dialogue
Generation

Dataset + Benchmark
Dataset
Dataset + Benchmark

Dataset + Benchmark /

Text + Image / Text + Video
Text

Text + Audio + Video

MCDSCS [186] / HOTVCOM [30]
AugESC [296]
AvaMERG [273], Lai et al. [98], EmpathicStories++ [184]

Social Intervention Benchmark Text IntentCONAN [64], VerMouth [178] / Song et al. [191]
Simulation
Benchmark Text SocialBench [27], MANBENCH [243]

Micro-Level Social Simulation

Macro-Level Social Simulation

Cross-Domain Simulation

Dataset + Benchmark
Dataset + Benchmark
Dataset + Benchmark

Sandbox

Text / Text + Action
Text
Text + Video

Action

DYNTOM [239] / SOTOPIA [302], STSS [218]
SocioVerse [284], GA-S3 [288]

MuMA-ToM [185], Lai et al. [98], XUB [227]
GoBigger [282], InvestESG [72]

Dataset: labeled data only; Benchmark: reuse existing labeled data with new tasks, splits, metrics, and baselines; Dataset + Benchmark: both labeled data and evaluation protocols;

Sandbox: interactive test environment. Action: concrete operational steps. In Representative Papers, “” separates papers sharing the same Category and Modality; when a row
uses “/” in the Category or Modality column to denote distinct values, the corresponding paper subsets are separated by “/” in the same order.

and intervention effects [107, 175]. These models offer rigor, efficiency, and controllability, but usually abstract users

into states, probabilities, or transition rules.

6.1.2 Graph-based models. Graph-based models make topology and multi-scale social structure explicit. Sequen-
tial hypergraphs capture macro—micro diffusion dynamics [81], temporal hypergraphs model evolving higher-order
relations [241], and hyperbolic representations capture constrained temporal structure [126]. Other methods study
participation shifts [289] and majority illusions in large networks [62]. Their strength lies in structural and large-scale
simulation, but language, emotion, motivation, and culture are often compressed into node or edge features learned

from observed traces.



Social Intelligence Modeling 15

| |
| |
i i
| |
Real World Mechanistic Abstraction Simulated World ! Real World Graph Abstraction Simulated World ! Real World LLM-ABM Simulated World
— s - fen =
= | I =
) = e = (=) _ [ 4 = |
(o) Ay &Gl ) ! (o) a $ ,,,T ‘ \ : o
D x A 7 I x o | \ — I < )
El = LS { 10) L e = ) g -l ‘ b —9 1| e =
® = J i 9= = | \ ‘ / i 9= -
AN N ol ! = ¢ N || o==0 : =P
= el  sates =i i = viduats - nodes Rosregated node represenatons | |
I I
i i
| |
Mechanistic models | Graph-based models | LLM-empowered ABM

Fig. 4. Comparison of three methodological paradigms for social simulation. Mechanistic models abstract real-world social behavior
into state variables and transition rules, producing rule-driven system dynamics. Graph-based models construct relational structures
from users and interactions, enabling structure-aware representations through graph algorithm. LLM-empowered agent-based models
align real users with autonomous agents endowed with profiles, memory, and goals, allowing bottom-up interactions and emergent
social outcomes.

6.1.3 LLM-empowered agent-based modeling. LLM-empowered agent-based modeling (LLM-ABM) represents users
as heterogeneous agents with memory, reflection, goals, and sociocultural personas [55, 161]. Agents can perceive
signals, maintain internal states, generate situated actions, and adapt through interaction, allowing aggregate patterns
to emerge from bottom-up behavior. LLM-ABM complements rather than replaces mechanistic and graph-based models.

Its central challenge is connecting plausible local behavior to calibrated system-level dynamics.

6.2 Micro-Level Social Simulation

As summarized in Figure 5, We distinguish micro-level simulation from macro-level simulation. Micro-level simulation
models how individual agents interpret situations, interact with others, generate actions, and adapt over time. Perception,
Understanding, and Generation become internal capacities of simulated actors, and interaction reveals whether these

capacities produce coherent and socially grounded behavior.

6.2.1 Individual-oriented simulation. Individual-oriented simulation asks whether an agent can behave as a socially
situated actor rather than a static prompted persona.

Social agent modeling. Social agents have evolved from demographic role prompting toward architectures designed
for long-term behavioral coherence. Generative Agents introduced an observation—planning-reflection architecture
for coherent daily behavior [161]. Yet surface personas leave an instruction—execution gap: agents may follow role
descriptions without capturing latent motives, preferences, or value conflicts. Quantified persona effects improve
alignment only partially, especially on subjective tasks [73]. Recent work enriches agents through desire-driven
autonomy [224], human-like memory organization [271], and scalable multi-role adaptation [266]. Evaluation is also
moving from isolated responses toward action-level social intelligence [218], role-playing sociality [27], and evolving
mental states [239]. The central question is whether beliefs, memories, and actions remain coherent and calibrated
across time and context.

Agent interaction patterns. Interaction protocols determine whether plausible agents produce credible social
dynamics. Recursive Social MDPs allow agents to estimate others’ rewards and model exchange, coercion, and coop-
eration [207-209], although they remain costly and depend on constrained environments. LLM-agent environments
such as SOTOPIA support interactive evaluation and social instruction following [302]. Subsequent work explores
interactive learning [223], dynamic strategy injection [283], and segment-level preference optimization [92]. These

studies show that credible emergence depends on both agent cognition and valid interaction mechanisms.
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6.2.2  Group-oriented simulation. Group-oriented simulation executes interactions among multiple agents and observes
how collective reasoning, social influence, bias, and cooperation emerge through feedback. Unlike user- and community-
level Understanding, which infers group structure from observed traces, this layer produces group dynamics within a
shared executable environment.

Collective reasoning and social learning. Multi-agent systems can reduce the averaging tendency of a single LLM
by representing multiple structured perspectives. Social Agents aggregates persona-conditioned judgments for subjective
prediction tasks [12], although its gains depend on designed diversity rather than calibrated population sampling. Social
Chain-of-Thought distills simulated collective feedback into a single model [58], while information-planning studies
steer group opinion through controlled signal precision [5]. Their validity depends on whether agent diversity and
influence channels correspond to real populations.

Emergent group psychology and biases. Interaction can amplify failures invisible in isolated-agent evaluation.
Agents may conform to numerically dominant or apparently more capable groups [37], exhibit stronger belief congruence
than humans [14], stabilize false details as collective memory [243], or become more susceptible after prior rapport [190].
Fluent consensus may therefore reflect excessive social influence rather than credible collective reasoning.

Evolution of cooperation in social interaction. Repeated interaction provides an executable setting for studying
how cooperation and strategic order emerge from incentives. Agents can discover mutually beneficial cooperation
without explicit cooperative instructions [237], but may also learn collusive pricing [11]. Other studies examine altruistic
punishment [228], network reciprocity [104], and collective action under power asymmetry [187]. These results move

simulation beyond static network description toward tests of resilience, coordination, and strategic failure.

6.3 Macro-Level Social Simulation

Macro-level simulation examines whether local mechanisms generate valid population distributions, long-term trajecto-
ries, emergent phenomena, and intervention effects. It also exposes how errors in preceding SIM levels propagate into

system-level dynamics.

6.3.1  Macro social alignment. Macro social alignment evaluates whether simulated populations reproduce real-world
demographics, attitudes, interactions, and structural patterns. Its central criterion is algorithmic fidelity. Conditioned
LLMs may approximate response distributions of human subpopulations [6], but apparent fidelity can rely on shortcuts
such as explicit party identification [250]. Validation must therefore compare simulated behavior with external social
data rather than plausible transcripts alone.

Current systems improve alignment through three routes. Cognitive-prior methods inject empirically derived
belief networks [38]. Population-prior methods ground agents in large profile pools, as in SocioVerse [284], or learn
probabilistic persona mixtures, as in MoP [18]. Scalability-oriented methods use asynchronous scheduling [258] or
group-agent abstraction [288] for million-agent simulations. Scale, however, is informative only when agent priors and
interaction channels match the target population.

Outcome calibration connects local behavior with aggregate validity. SocialAlign uses personalized response
structures to reproduce group-level distributions [275], while FDE-LLM combines LLM behavior with formal dy-
namics [259]. MF-MDP [286] aligns individual opinion transitions with collective dynamics to improve long-horizon
simulation fidelity. AgentSociety extends calibration to urban environments [166]. Yet aggregate fit alone is insufficient:

generated networks may appear realistic while overestimating political homophily [25].
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Fig. 5. llustration of micro-level and macro-level social simulation. Micro-level simulation models individual agents by capturing how
they perceive situations, interpret social contexts, interact with others, generate actions, and adapt over time. Macro-level simulation
investigates how collective behaviors emerge from individual interactions, evaluating population distributions, long-term social
trajectories, emergent phenomena, and intervention effects. Together, these two perspectives provide complementary views of social
dynamics, from individual mechanisms to system-level evolution.

6.3.2  Macro social phenomena analysis. Macro simulation studies processes that are difficult to observe or manipulate
directly. In misinformation research, S*> models the joint propagation of information, attitudes, and emotions [56],
while FUSE models how true news can gradually become misinformation through interactions among spreaders,
commentators, and verifiers [125]. Falsehood is thus represented as an evolving social process rather than a fixed label.

Polarization simulations test whether macro conflict emerges from local interaction and opinion updating. LLM-
based agents reproduce echo-chamber dynamics by incorporating semantic reasoning into opinion change [219].
Human-agent studies further suggest that polarized environments may first affect perceived polarization, emotionality,
and intellectual uncertainty before shifting core opinions [46]. Such simulations provide executable hypotheses about
mechanisms that observational analysis alone cannot isolate.

Simulation also supports intervention design. Large-scale movement models can pre-test strategies for collective
action [142], while optimization-based methods evaluate interventions for polarization reduction [95, 200]. Interven-
SIM [290] enables more faithful simulation of social event evolution under external interventions and collective feedback..
Their usefulness depends on calibrated mechanisms and robust counterfactuals rather than plausible trajectories alone.
Macro-level SIM therefore shifts evaluation from local agent plausibility toward behavioral, structural, and system-level
validity.
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6.4 Social Simulation Across Application Domains

As the highest level of SIM, social simulation studies how interacting agents, environments, and interventions produce
social evolution. It moves analysis from retrospective observation toward prospective and counterfactual exploration.
Whereas Generation produces actions or interventions, Simulation examines how they propagate, feed back, and

reshape later behavior.

6.4.1  Sociology and Social Media. In sociology and computational social science, simulation extends LLM use from
annotation and coding to exploratory process modeling. It can support pilot studies when assumptions and algorithmic
fidelity are made explicit [3]. SurveyPilot scales opinion collection and analysis through agentic workflows [164], while
small-world agent models examine how prestige and idiolects shape language change [19]. These systems move from
extracting measurements toward constructing testable social processes.

In social media analysis, simulation serves several related functions. It models polarization and echo-chamber
evolution [219]; supports dataset construction in data-scarce settings through malicious-user simulation [170]; forecasts
network-topology evolution [140]; and reconstructs harmful processes such as the stepwise transformation of true
information into misinformation [125]. Configurable human-agent environments enable controlled studies of responses
to polarized settings [46], while role-playing agents forecast sentiment change [134]. Together, these studies turn

observed patterns into executable hypotheses about future social states.

6.4.2  Economy and Politics. Economic and political simulations model strategic behavior under institutional constraints.
LLM agents can assist business negotiations and improve both task and relational outcomes [77], but autonomous
collaboration may also enable coordinated financial fraud [177]. MARL environments such as InvestESG model climate-
investment dilemmas and test disclosure policies through interactions among corporations and investors [72]. Political
simulation similarly studies feedback among institutions, media, and publics. Existing work examines how moral
emotions shape petition participation and polarization across cultures [89], models legislative processes and roll-call
voting through Political Actor Agent [106], and uses Al-press to simulate possible public feedback to news narratives
before publication [123]. Such counterfactual analyses remain sensitive to assumptions about actors, populations,

institutions, and media exposure.

6.4.3 Psychology, Games, and Narrative. Psychology-oriented simulation supplies cognitive mechanisms for socially
credible agents. Existing work studies collaboration through social psychology [276], multimodal Theory of Mind [185],
memory-supported mental-state reasoning [151], and cognitive-behavioral fixation in multimodal observation [227].
These mechanisms connect agent behavior to perception, belief, memory, and attention. Games and narratives provide
controlled settings for social reasoning. Avalon and Werewolf test persuasion, deception, camouflage, and multimodal
strategic interaction [98, 100], while social robots learn interaction policies from demonstrations and feedback [297].
Narrative systems move toward multi-agent co-creation: Debate-to-write uses persona-driven deliberation [76], and
BOOKWORLD grounds agent interaction in fictional societies [176].

6.4.4 Embodied Intelligence and Future Domains. Embodied simulation introduces physical space, motion, and coordi-
nation into social reasoning. MetaUrban and Virtual Community support urban mobility and human-robot coexistence
[234, 301]. The Digital Life Project connects linguistic reasoning with articulated motion [22], while Social GAIL models
pedestrian trajectories through adversarial imitation learning [120]. These settings extend SIM from online interaction

to situated behavior in which norms and physical constraints co-evolve. Similar approaches may support public health,
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cybersecurity, crisis communication, and other domains where direct experiments are costly or unsafe. Across domains,
simulation connects social theory, agent design, and intervention evaluation. Its value lies in controlled counterfactual

exploration; its recurring bottleneck is validation.

6.5 Ethics, Bias, and Social Value in Social Simulation

Validity Risks. As agents become active participants in simulated societies, evaluation must address normative and
empirical validity as well as behavioral plausibility. Conditioned LLMs may approximate response distributions of
human subpopulations [6], but apparent fidelity may rely on shortcut features [250], underrepresent subjective variation
[60], or produce structurally distorted networks, such as excessive political homophily [25]. A simulation can therefore
appear socially plausible while misrepresenting the population or mechanisms it claims to model.

Interaction Biases. These risks become systemic through multi-agent interaction. Feedback loops can amplify
small prejudices into polarization [108], implicit biases can escalate during discourse [15], and agents may conform to
numerically dominant or apparently more capable groups [37]. Social influence can stabilize false memories [243], while
belief congruence [14] and rapport bias [190] may reinforce misinformation and weaken critical judgment. Sycophantic
agents may similarly endorse false claims [244] or preserve a user’s social “face” at the expense of truth [33]. Such
interaction-level failures may remain invisible in isolated-agent evaluation.

Mitigation Applications. Simulation can also support risk probing and mitigation. MATRIX constructs rehearsal
spaces for self-alignment [157], MOMA applies multi-agent causal interventions to social bias [249], and multi-agent
debate may improve parity across cultural norms [88]. Other approaches introduce moral objectives through fine-tuning
[210] or recover implicit community norms through value-scope analysis [160]. These methods should be treated as
diagnostic and experimental instruments rather than proof of safety, because their conclusions depend on valid agents,
environments, and interaction mechanisms.

Scientific Validation. Social simulation closes the SIM loop by connecting local assumptions and actions with pos-
sible collective outcomes. Its scientific value depends on calibration across agents, interactions, populations, structures,
and outcomes. Without such validation, scale and linguistic coherence may create false confidence in a model-dependent

account of social evolution.

7 Discussion and Future Outlook

The four SIM levels form a mutually dependent modeling loop rather than isolated stages. Perspectival ambiguity in
Perception can become biased structure in Understanding; incomplete social states can weaken generated actions; and
poorly calibrated agents, environments, or interaction rules can produce plausible but invalid simulations. We next

summarize the resulting cross-level challenges and research directions.

7.1 Open Challenges

1) Perspectival and cultural alignment. Many social judgments lack a single ground truth. Offensiveness, sentiment,
stance, humor, and rhetorical intent vary across cultures, communities, and annotator groups [61, 214, 215, 235]. Treating
such variation as noise removes the social structure SIM should model, while LLMs may average judgments and suppress
minority norms. Systems should represent when, why, and for whom a judgment holds.

2) Situated pragmatic grounding. Social meaning often lies between surface expression and situated intent.
Contextual frames [303], commonsense reasoning [139], multimodal incongruity [31], and conversation graphs [1, 155]

improve pragmatic inference, but many methods still center on isolated samples. SIM needs grounding in conversation
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Table 3. Representative Papers in Social Simulation

Paper Subject Objective Method g;g:ﬁ Network In];::;tc:ei:g Application Agent Count
Micro-Level Social Simulation
Generative Agents [161] Individual Social agent modeling LLM-ABM Dynamic X M-M/M-E Sociology (10, 100]
D2A [224] Individual Social agent modeling LLM-ABM Dynamic X M-M/M-E Sociology (1,10]
MemGen [271] Individual Social agent modeling LLM-ABM Dynamic X M-E Psychology 1
Neeko [266] Individual Social agent modeling LLM-ABM Static X H-M Psychology 1
Social MDPs [207] Individual Agent interaction patterns Mechanistic Dynamic X M-M/M-E Sociology -
SOTOPIA [302] Individual Agent interaction patterns LLM-ABM Dynamic X H-M/M-M  Sociology (1,10]
SDPO [92] Individual Agent interaction patterns LLM-ABM Dynamic X M-M Sociology (1,10]
Digital life project [22] Individual Agent interaction patterns LLM-ABM Dynamic X M-M/M-E iigﬁfgii:::ie (1,10]
Social Agents [12] Group Collective reasoning LLM-ABM Static X M-E Social media  [10, 100]F
SCoT [58] Group Collective reasoning LLM-ABM Static X M-E Social media  (10,100]*
Debate-to-write [76] Group Collective reasoning LLM-ABM Static X M-M Narrative [1, 10]
SADAS [77] Group Collective decision-making LLM-ABM Dynamic X M-M Economy (1,10]
Choi et al. [37] Group Emergent group psychology and biases LLM-ABM Dynamic X M-M Sociology (1, 10]
Xu et al. [243] Group Emergent group psychology and biases LLM-ABM Dynamic X M-M Psychology (1, 100]
Wu et al. [237] Group Evolution of cooperation LLM-ABM Dynamic X M-M Games (10, 100]
Wang et al. [228] Group Evolution of cooperation Mechanistic Dynamic X M-M Sociology -
Bertrand et al. [11] Group Evolution of cooperation LLM-ABM Dynamic X M-M Economy (1, 10]
Junior High Game [187] Group Evolution of cooperation LLM-ABM Dynamic v H-M Games (1, 10]
Lan et al. [100] Group Evolution of interaction LLM-ABM Dynamic X M-M/M-E Games (1, 10]
Macro-Level Social Simulation
Chuang et al. [38] Group Macro social alignment LLM-ABM Static X - Sociology (100, 1000]
MoP [18] Group Macro social alignment LLM-ABM Static X - Social media (10, 100]
SocioVerse [284] Group Macro social alignment LLM-ABM Static X - Social media (1000, +00]
GA-S3 [288] Group Macro social alignment LLM-ABM Dynamic X M-E Social media (10, 100]
OASIS [258] Group Macro social alignment LLM-ABM Dynamic v M-M/M-E Social media (100, +00)
SocialAlign [275] Group Macro social alignment LLM-ABM Static X - Social media (1000, +00]
FDE-LLM [259] Group Macro social alignment Mff};;‘}_\l]s;ﬁ * Dynamic v M-M Social media (100, +00)
AgentSociety [166] Group Macro social alignment LLM-ABM Dynamic v M-M/M-E Sociology (1000, +00)
Chang et al. [25] Group Macro social alignment LLM-ABM Static v M-M Sociology (10, 1000]
PAA [106] Group Macro social alignment LLM-ABM Static X M-M Politics (10, 1000]
S3 [56) Group Macro social phenomena analysis LLM-ABM Dynamic v M-M/M-E Social media (1000, +0c0]
Echo Chambers [219] Group Macro social phenomena analysis LLM-ABM Dynamic v M-M Social media (10, 100]
Donkers et al. [46] Group Macro social phenomena analysis LLM-ABM Dynamic v H-M Social media (10, 100]
FUSE [125] Group Macro social phenomena analysis LLM-ABM Dynamic v M-M Social media (10, 100]
BotSim [170] Group Macro social phenomena analysis LLM-ABM Dynamic v M-M/M-E Social media (100, 1000]
MAFF-Bench [177] Group Macro social phenomena analysis LLM-ABM Dynamic v M-M/M-E  Economy (100, 1100]}
MINDS [81] Group Macro social phenomena analysis Graph-based ~ Dynamic v M-M Social media -
THGNets [126] Group Macro social phenomena analysis Graph-based ~ Dynamic v M-M Social media -
Sun et al. [200] Group Macro social phenomena analysis Mechanistic Dynamic v M-M Social media -
BeeRS [95] Group Macro social phenomena analysis Mechanistic Dynamic v M-M Social media -
Cinus et al. [39] Group Macro social phenomena analysis Statistical Static v - Social media -
Nettasinghe et al. [148] Group Macro social phenomena analysis Statistical Dynamic v - Economy -

M-M denotes machine-machine interaction, H-M denotes human-machine interaction, and M~E denotes machine-environment interaction. “Dynamic” indicates that the study
explicitly models temporal evolution. When “Network” is marked v/, it indicates that the study explicitly constructs interactive structures as social networks. “*” indicates the
value range is estimated based on experimental context, not directly stated in original papers. “+” denotes irregular value ranges, which are authentic intervals reported in the
original papers, not labeling errors. Statistical studies are not simulation methods per se, but are included here because they identify macro-level social patterns that serve as
empirical anchors and validation targets for the simulation frameworks.

history, actor relations, community norms, and event background. Evaluation should test whether the appropriate

context was used, not only whether the final label was correct.
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3) Data scarcity in evolving social environments. SIM data may be early-stage, privacy-sensitive, multilingual,
platform-restricted, or distributed across sources, rendering it difficult to access. The data-generating process also
changes as expressions, actors, bots, platforms, and policies evolve. Static benchmarks therefore provide limited evidence
under temporal and domain shift. Simulation-augmented data can improve coverage, but should be validated against
observed behavior rather than treated as synthetic ground truth.

4) Agent fidelity and simulation validity. Fluent personas, memories, plans, and conversations do not establish
behavioral fidelity. Outcomes depend on prompts, observation rules, memory access, scheduling, network topology,
and environmental feedback; these are behavioral assumptions rather than neutral implementation choices. Agents
should be calibrated against surveys, behavioral traces, experiments, or domain data. Interaction protocols require
ablation and sensitivity analysis, and emergent outcomes should be compared with empirical distributions, structures,
and trajectories.

5) Responsible intervention and governance. Generated comments, persuasion, refutation, moderation, and
simulated policies may affect beliefs, attention, trust, and behavior. Responsible SIM should state whose values and
populations are represented, which assumptions are encoded, who may be affected, and how uncertainty is communi-
cated. Traceable logs, audits, human oversight, and separation between exploratory simulation and decision support
are essential.

6) Cognitive primordial agents. We use Cognitive Primordial Agents for a long-term class of general-purpose agents,
or multi-agent systems built from them, that integrate the perception—-understanding—generation-simulation loop.
Unlike prompt-specified role players, such agents would develop strategies, norms, and task rules through sustained
interaction with human-defined environments. Early work on memory and lifelong skill evolution suggests components

of this direction [256, 271, 272]. The goal is behaviorally grounded social actors, not merely more fluent role-play.

7.2 Research Directions

1) Pluralistic and contextual evaluation. Evaluation should move beyond universal scores. Perception requires
perspectival metrics; Understanding requires relational and temporal validation; Generation should be judged by
downstream social effects; and Simulation requires tests across agents, interactions, populations, and emergent patterns.
Benchmarks should specify whose perspective defines correctness and which context supports the judgment.

2) Multi-level validation infrastructure. SIM needs protocols that jointly test agent behavior, interaction rules,
environmental assumptions, and emergent outcomes. Useful infrastructure should combine survey distributions, behav-
ioral traces, network statistics, temporal trajectories, counterfactual stress tests, sensitivity analysis, and uncertainty
reporting. The standard should be mechanism validity rather than textual or narrative plausibility.

3) From prompted role-play to governable social worlds. Future systems should reduce dependence on brittle
prompt scripts through persistent memory, adaptive interaction rules, calibrated population priors, explicit intervention
boundaries, and auditable governance mechanisms. The goal is not simply larger agent societies, but social worlds
in which assumptions and interventions can be inspected, compared, and rejected before deployment. This direction

connects SIM with social theory, world models, human-AI coexistence, and responsible Al governance.

7.3 Applications and Social Impact

Application Scope. Beyond online platforms, SIM provides a broader lens for Al-mediated systems in research, education,
healthcare, commerce, public communication, and governance. Its main value is constrained counterfactual analysis: it

can compare possible interventions when direct experiments are costly, slow, unsafe, or unethical.
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Cross-Domain Impact. In research and education, Al may reshape feedback, authority, evaluation, and collaboration.
In healthcare and public communication, effective action depends not only on factual accuracy but also on empathy,
cultural grounding, personalization, and long-term trust. In commerce and governance, SIM can examine interactions
among users, platforms, institutions, recommender systems, synthetic content, conversational agents, and automated
decision support.

Risks. The main risk is false authority. Simulated populations are assumption-bearing instruments rather than
substitutes for social reality, and their outputs should be treated as structured hypotheses rather than social truth
or direct policy evidence. Used responsibly, SIM can reveal hidden assumptions, compare candidate interventions,
and identify risks before deployment. Used carelessly, it may legitimize biased priors, overstate predictive accuracy,
or transform synthetic outcomes into apparently objective decisions. Its social value therefore depends on empirical

validation, cultural grounding, uncertainty reporting, transparency, and accountability.

8 Conclusion

This survey introduced Social Intelligence Modeling (SIM) as a unified perspective on how Al perceives situated
social signals, constructs structured states of actors and relations, generates consequential actions, and simulates their
evolving effects. Across more than 20 tasks, the four levels expose dependencies that task-centered views leave implicit:
judgments require context, actions depend on modeled social states, and simulations inherit the assumptions and
errors of preceding levels. The future of SIM depends less on scale alone than on pluralistic grounding, behavioral
fidelity, cross-level validation, and accountable governance. Generated actions must be evaluated through their social
consequences, while simulated outcomes should be treated as empirically testable, model-dependent hypotheses rather
than authoritative predictions. As Al becomes increasingly embedded in social life, SIM offers a framework for studying

not only how Al represents society, but also how Al-mediated actions may reshape it.
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