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Fig 1 The schematic diagram of the three-layer opinion influence mechanism in a time-series social
hypernetwork: (a) hypernetwork; (b) individual influences characterize the effects of intrinsic
interest value o and forgetting rate p on target nodes vs; (c) clique influence depicts the local
persuasive effect of sphere members v3, vs, v7, and vo that appear together with vs in at least one
hyperedge; (d) group influence characterizes the effects of group consensus thresholds 8, and 64 on
the hyperedge e and e4 containing vs. These three types of mechanisms correspond to individual
cognition, local member interaction, and higher-order group interaction, jointly determining the

evolution of opinion states at target nodes vs.
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Fig 2 The process of building a temporal social hypernetwork that integrates users' online and

offline states: (a), (b), and(c)represent the social hypernetwork at #.-=1, =2, and =T, respectively.

The matrices below show the corresponding node-hyperedge incidence matrices at those times,
where a matrix element of 1 means the node participates in that hyperedge, and 0 means it doesn’t.

Pink columns indicate nodes that are offline at that moment. (d) shows the aggregation of social

hypernetworks and their incidence matrices over different time steps, forming a temporal social

hypernetwork that captures users” dynamic participation and higher-order interactions.
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individual—clique—group: individual influence P(¢) reflects how a person's own interests ; and
information forgetting p; affect their opinion updates; clique influence L;(f) captures how member j
within the same clique locally persuades target node 7, with influence strength determined by both
clique structure connections and time-varying opinion tolerance 4(¢); and group influence Gi(f)
represents the overall atmosphere of hyperedges, showing how group consensus thresholds 6k

impact an individual's opinion evolution.
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Fig 5 The symmetric bifurcation and the formation of tristability in the system's steady-state

structure under no-preference conditions: (a) shows the distribution of intersection points between

L(x) and G(x) when 7, =2 , with the intersections corresponding to the system's steady states; (b)
shows how the steady states undergo bifurcation evolution as the group sensitivity 7, increases.
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states; (b) shows the bifurcation evolution of steady states as the group sensitivity 7, increases,

with the red dashed line shows the critical points where saddle-node bifurcations happen one after
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Fig 7 The temporal evolution of polarization intensity and ratio of positive and negative states at
nodes under different activity levels (y): (a) The middle vertical axis f. represents the polarization
intensity of the node's viewpoint, used to describe the degree to which the system's overall opinion
deviates from the neutral state; (b) The middle vertical axis f; represents the proportion of positive
and negative state nodes, where the solid line represents the positive state ratio and the dashed line
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represents the negative state ratio; the horizontal axis ¢ represents the evolution time, different
colors correspond to different user activity levels (y).
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The x-axis ¢ represents the evolution time, and different colors correspond to different timing

modes: mode 1 is periodic timing, mode 2 is bursty timing, and mode 3 is random timing.
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Fig 9 The node opinion polarization intensity and final opinion state distribution under different
forgetting rates (p). (a) shows how the node opinion polarization intensity f. changes over
evolution time #, used to describe how much the system's overall opinion deviates from a neutral
state; (b) shows the distribution of opinion states x; of each node when evolution stops, where the
horizontal axis represents the final opinion state of the nodes, and the vertical axis fs represents the
proportion of nodes in each state; different colors correspond to different forgetting rates (p).
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Fig 10 The time evolution of node opinion polarization intensity and the proportion of positive and
negative states under different opinion tolerance levels (A): (a) the vertical axis f; represents the
intensity of node opinion polarization, which is used to describe the overall degree to which the
system's opinions deviate from a neutral state; (b) the vertical axis f; represents the proportion of

nodes in positive and negative opinion states, with solid lines indicating the proportion of positive

states and dashed lines indicating the proportion of negative states; the horizontal axis ¢ represents

evolution time, different colors correspond to different opinion tolerance levels (A).
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Fig 11 The temporal evolution of node polarization intensity and the proportion of positive and
negative states under different group consensus thresholds (0): (a) the y-axis f. represents the node
polarization intensity; (b) the y-axis f; represents the proportion of nodes with positive and negative
opinion states; the x-axis ¢ represents the evolution time, the different colors correspond to different
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dashed lines representing the proportion of negative states.
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Figure 12 Comparison among different opinion dynamics models. (a) DW model; (b) HK model;
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opinion value of nodes. In panel (e), the horizontal axis represents the node opinion value, and the
vertical axis indicates the proportion of nodes in each opinion interval.
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Fig 13 The multistable emergence in three types of empirical temporal social hypernetworks: (a)
Email-Enron-Core empirical temporal social hypernetworks; (b) Senate-Committees empirical
temporal social hypernetworks; (c) Senate-Bills empirical temporal social hypernetworks; the
horizontal axis x; represents the final opinion state of individuals, and represents the proportion of
nodes corresponding to the opinion states, and different colors represent simulation results of the
model under monostable, bistable, and tristable conditions.
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Fig 14 Final distribution of individual opinions in three types of real social networks: the x-axis x;
represents the individuals' final opinion states, and the y-axis f; represents the proportion of nodes
corresponding to the opinion states, and different colors show the simulation results for the three
empirical datasets—Email-Enron-Core, Senate-Committees, and Senate-Bills—under the same
initial perturbation conditions.
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Fig A2 Evolution of the proportion of positive and negative node states and the final opinion
distribution for different hyperedge sizes (s). (a)the y-axis fs represents the proportion of nodes
with positive and negative opinions, where the solid line shows the proportion of positive states

and the dashed line shows the proportion of negative states; (b)the y-axis shows the proportion of
nodes with the corresponding opinion state; the x-axis t represents evolution time, and different
colors correspond to different hyperedge sizes (s).
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Opinion dynamics model based on temporal
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Abstract

The study focuses primarily on information diffusion processes in higher-order
networks. Revealing the patterns governing information diffusion in social networks
serves as an important means of understanding the mechanisms underlying collective
opinion formation and supporting’ cyberspace governance decisions. Traditional
opinion dynamics models are typically based on static network topologies and
pairwise interaction assumptions.” However, such modeling approaches cannot

simultaneously capture the dynamic evolution of users’ online and offline states during
38



information diffusion and the synergistic effects generated by higher-order interactions,
thereby introducing deviations into their descriptions of real-world diffusion
processes.

To address these issues, the study first integrates a mechanism for switching
between users’ online and offline states and constructs a temporal social hypernetwork
tailored to real-world social scenarios. On this basis, the study proposes a continuous
opinion dynamics model with a three-level coupled “individual-clique-group”
mechanism. The proposed model incorporates individual forgetting and
interest-retention mechanisms, time-varying opinion tolerance among clique members,
and group consensus thresholds and consensus-pressure mechanisms, thereby
characterizing opinion evolution jointly driven by individual cognition, interactions
among clique members, and group-level effects. Second, the study employs effective
mean-field approximation theory to analyze the global steady-state structure and
bifurcation mechanisms. The study delineates the steady-state boundaries of the model
and analyzes the dynamical mechanism underlying the transition from monostability
to multistability. Finally, the study performs a parameter-sensitivity analysis on
synthetic hypernetworks and selects three real-world social datasets for
simulation-based validation, thereby evaluating the robustness of the model and its
adaptability to real-world social evolution patterns.

The study delineates the boundary conditions for the local asymptotic stability of
the model’s neutral monostable state through theoretical analysis and reveals'the
mechanism of asymmetric bifurcation and the emergence patterns of multistability
under temporal higher-order interactions. In synthetic networks, simulation. results
show that individual opinion polarization in temporal social hypernetworks is
positively correlated with the node activity ratio and opinion tolerance among clique
members, but negatively correlated with the forgetting rate and consensus threshold.
Moreover, compared with other opinion dynamics models, ‘the proposed model
demonstrates stronger preference responsiveness and a. greater capacity to express
opinion differentiation. The study selects three real-world social datasets and
constructs corresponding temporal social hypernetworks based on their original social
relationships. The experimental results show: that.the proposed model can effectively
capture the multistability emerging during public-opinion evolution across multiple
real-world scenarios. On this basis, empirical results suggest that hyperedge size may
be associated with the emergence of multistability.

Based on the findings of the study, future work will further investigate the effects
of hyperedge size on the proposed opinion dynamics model, other information

diffusion paradigms, and diffusion behavior in complex groups. Future work will also
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analyze the mechanisms through which different hyperedge sizes and strengths of
group interactions influence diffusion processes, with the aim of developing a more
comprehensive and multidimensional theoretical framework for information diffusion
and regulation. In addition, subsequent studies will build on the temporal social
hypernetwork opinion dynamics model developed by the study to further explore the
optimal design of information-control and diffusion-control strategies under

resource-constrained scenarios.
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