Long-Term Opinion Dynamics and Social Change
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Public opinion evolves through a complex interplay of individual belief change, generational turnover, and institutional influence—but
not all issues progress equally. While attitudes on gender roles and gay marriage have shifted steadily, others like abortion rights
and healthcare fluctuate or remain stagnant. This paper introduces a dynamic model of long-term opinion dynamics that integrates
two often-overlooked forces: the replacement of older generations with younger ones, and the feedback between public opinion
and institutional rules. The model captures how young people form beliefs based on inherited views, social context, and perceived
behavioral norms, while also accounting for societal pushback against perceived extremes in policy. Through simulations, we show
that this framework can reproduce three types of trajectories in public opinion: steady progress, long-term stagnation, and oscillation.
These dynamics are driven by issue-specific thresholds for belief change and the strength of societal resistance. Our results help
explain why some social changes persist while others stall or reverse, and highlight the importance of institutional context and
intergenerational dynamics in shaping public discourse. This work offers a foundation for understanding the conditions under which

lasting societal change can occur.
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Introduction

Public opinion in the United States has experienced numerous shifts, with notable advances on issues such as gender
roles in the workforce and same-sex marriage. Yet, progress has been uneven. For instance, abortion rights remain
highly contested, as underscored by the recent reversal of Roe v. Wade. Similar disparities in the trajectory of public
opinion can be observed across a range of issues and are clearly illustrated in survey data. Figure 1 shows public opinion
trajectories on two issues, using data from the General Social Survey and the American National Election Studies. Panel
(A) tracks changing views on whether homosexual relations are wrong, with each color representing a different 10-year
birth cohort. Panel (B) depicts opinions on whether the government should pay for medical care. In Panel (A), public
attitudes show a clear pattern of change over time, with younger cohorts consistently holding more accepting views
than older ones. In contrast, Panel (B) reflects relative stagnation, with opinion fluctuating slightly around a stable
baseline and showing no clear direction of change. These divergent patterns raise a fundamental question: why do
some issues see steady shifts in public opinion, while others do not?

Extensive research in opinion dynamics modeling has aimed to explain various equilibrium outcomes in the dis-
tribution of beliefs or opinions. These studies typically focus on collective opinion dynamics arising from pair-wise
interactions between individuals [1]. However, this existing paradigm misses two important aspects of opinion change.

First, long-term societal opinion change operates through two primary pathways: individual change and generational
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cohort replacement. The former involves individuals changing their own opinions—a mechanism that has been the
primary focus of existing opinion dynamics models. The latter arises from demographic shifts, as younger generations
replace older ones, thereby changing the overall composition of societal beliefs. The second component has been
largely missing from opinion dynamics models. Empirical studies in sociology have demonstrated that both pathways
play an important role in societal opinion shifts, such as in gender roles and gay marriage, disentangling the relative
contributions of each mechanism [2-5]. Despite this rich body of empirical work, few empirical studies have explored
how variation between issues occurs, and there remains a lack of quantitative, first-principles models for societal-level

outcomes.
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Fig. 1. Data from the General Social Survey [6] plotted by birth cohort over time for (a) views towards homosexual relations and
(b) government responsibility for medical care. Each color represents the mean of responses obtained from individuals born within
the same decade, ranging from 1900s (dark purple) to 2000s (yellow). The mean across all cohorts each survey year is shown with a
dashed black line, and 95% confidence intervals are shown for each cohort’s average opinions. Views towards homosexual relations
show substantial progress with opinions changing drastically between 1980 to 2020, whereas views towards whether the government
should help pay for medical care has remained relatively stagnant throughout the same time frame.

Second, it has long been recognized that long-term societal change is shaped not only by interpersonal influence but
also by institutional rules [7]. Although institutional rules are themselves influenced by evolving public discourse—
and thus by existing public opinion—they also shape future attitudes. This two-way feedback loop is a critical yet
underexplored component of societal opinion change, and it remains largely absent from current opinion dynamics
models.

To address these two key gaps in modeling long-term societal opinion change, we introduced a coarse-grained, cohort-
level framework that integrates both cohort replacement and institutional effects into models of opinion dynamics. This
approach helps explain why society achieves steady, lasting progress on certain issues while remaining stagnant on
others. Central to this framework is the need to unpack four distinct mechanisms of opinion change: (1) how individuals
update their beliefs over time; (2) how new generations form their opinions as they enter society; and (3) where do
institutional rules come from; and (4) how do rules shape individuals’ opinions. We now discuss the mechanisms in the
existing literature on each of these elements.

(1) How do individuals update their beliefs? Most models of opinion dynamics assume some form of social averaging,
where individuals adjust their beliefs toward those of others in their network. This idea is foundational in classic models
such as the DeGroot model [8] and the voter model [9]. These models typically represent belief change as a gradual,
iterative process driven by social interaction and local convergence.
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(2) Where do young people’s opinions come from? Empirical research has identified two primary factors shaping
the opinions of young people. First, family plays a formative role: young individuals’ political and social views highly
correlate with those of their parents, which often serve as a baseline for their adult beliefs. Second, the broader cultural
and social environment during their formative years also significantly shapes their beliefs [10]. Notably, empirical
evidence suggests that new cohorts often enter society with more progressive views than any previous generation, for
example, on issues such as gender roles and gay marriage [cite]—challenging the notion of simple belief convergence
posited by many traditional models. This pattern may be explained by threshold-based models of opinion change.
Granovetter’s (1978) model [11], for example, proposes that individuals adopt new behaviors once a critical mass of
peers has done so. Recent studies of online communities suggest that as little as 25% of a committed minority can
catalyze a broader shift in group norms [12], indicating how new generations may spearhead change.

(3) Where do institutional rules come from? Institutional rules, such as laws and policies, are strongly shaped by
public opinion [13]. However, individuals who make the rules and policy are typically older, and may hold a different
set of beliefs from young people. For example, in 2025, the median age in the US Senate is 64.7 years [14], and across
states, the average age of legislators tends to be over 50 years [15].

(4) How do rules shape individuals’ opinion? Rules can affect public opinion in two primary ways. First, they can alter
people’s perceptions of social norms, what is perceived as socially acceptable, mainstream, or legitimate. For example,
the U.S. Supreme Court’s decision to legalize same-sex marriage contributed to a broader shift in social behavior [16].
[Additional examples could be added here, such as policy changes related to smoking bans, environmental regulations,
or gender equality in the workplace.] Second, when institutional rules shift too far in one direction or seem overly
coercive, they can trigger societal pushback. This is evident in public opinion research, which shows that people are
concerned about radical changes and that such concern can serve as a real constraint on politicians’ behavior [17]. For
instance, COVID-19 vaccine mandates have, in some cases, led to a backlash in individuals’ attitudes towards vaccines
[18].

Model Formulation

We now mathematically formalize the four mechanisms described above within a dynamic model. We consider a
population consisting of individuals between the ages of 18 and 80. At each time step, all individuals age up 1 year.
Individuals over the age of 80 leave the system, and the same number of individuals aged 18 are added to the system.

This model considers three key state variables: beliefs (or opinions) held by each individual, social norms (or behavior),
which is a collective-level property, and formal rules, which is also a collective-level property.

In this context, “opinion” and “belief” (denoted as B) are used interchangeably to represent individuals’ private
views about whether a particular action—such as women’s participation in the workforce, abortion, or same-sex mar-
riage—should be permitted or prohibited. While some literature distinguishes between these terms, such differentiation
is unnecessary at the level of abstraction used in this model.

“Norm” (H) refers to the prevalence of a given action, as indicated by the visibility of that action in public or by
expressions of support or opposition. This captures the behavioral aspect of social influence. In this model, we consider
norm is determined by as a weighted sum between average beliefs and current rules, and f € [0, 1] is the weighting

parameter.

H; = B(By) + (1= P)R; Y]

ACM CI'25 Extended Abstracts Aug 4-6, 2025, La Jolla, CA USA



4 Kha et al.

“Rules” (R) denote formal regulations—such as laws—that define the acceptable range of behaviors for a given action.
For modeling purposes, we assume that these rules reflect the beliefs of older generations, who typically dominate the
institutions responsible for rule-making.

Opinion formation is modeled for emerging cohorts—those transitioning from childhood to adulthood—and consists
of two components: inherited beliefs and an adjustment term. Inherited beliefs reflect the adoption of views from
influential figures in the individual’s environment, such as parents, teachers, and community members. The adjustment
term incorporates both a threshold term, capturing how personal experience may lead individuals to revise these
inherited beliefs if certain conditions are met, and a pushback term, which is a response to the extremity of existing

rules. The formulation for young people’s belief as they enter the system is,

Bl _o_a=1 . . 2
t,age=18 B, + (kB(Ht _ HO) _ Pthreme)(l _ Bt) ht >0 ( )

Here, the threshold (Hp) is an issue-specific parameter representing the benchmark against which younger cohorts

; { B + (kp(H; — Hp) — PEXtreme) B, hy <0

evaluate their experiences. At a high level, the mechanism assumes that young people initially adopt the prevailing
beliefs in their environment (B;), but may adjust these beliefs based on their own experiences. The threshold functions
as a minimum level of evidentiary support required for them to diverge from the views of previous generations.
Young cohorts’ opinion formation is also impacted by pushback, which is a response to the extremity of existing
rules (R;). From a prior study on the impact of mandates [18], which demonstrates how setting an explicit rule or
regulation can lead to opposition, even when people’s prior opinions or behaviors would have otherwise complied with

the goals of the rule. Here, the pushback term takes on a parabolic form, centered around 0.5.
pextreme — k. (Ry — 0.5)2 - sign(Ry — 0.5) 3)

Once cohorts have formed a belief, they update their beliefs as the world changes, specifically response to changes
in others’ opinions and behaviors. This model assumes a basis of reinforcing dynamics for belief updating, in which
cohorts update their beliefs to match the world around them - if the world is more progressive, their beliefs become
more progressive (similarly if the world becomes less progressive).

Here, Ag; is a weighted overage of recent changes in the mean opinion of a population (B;) and mass behavior (H;)
compared to the prior year, and « € [0, 1] is a weighting term that determines how much influence comes from changes

in public opinion versus changes in mass behavior.
Agr = a(By = B-1) + (1 - &) (H; — Hy-1) 4)

This is then used to determine the ‘indicated” opinion level of the cohort i, B;‘i:

; Bl + Ag;B! Ag <0
i A )
Bt+Agt(1_Bt) AgZO
However, the actual opinions of cohort i at the next time step is computed according to:
; . Bi'-B
Bl . =B + t t 6
t+1 = Bt - (6)

where 75 is the belief updating time (in years).
Changes in rules (R;) comes from changes in the beliefs or opinions of the older generation (here, indicated as

individuals between 50 - 80 years old), who are considered the “rule makers,” whether explicitly (by creating laws, etc.)
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or implicitly (by leading by example, passing on traditions, etc.):
BR-R,
R

Rev1 =Ry +

™

where 7, is a parameter that influences the speed at which rules update to the beliefs of rule-makers.

Results

The simulation was able to demonstrate multiple modes of behavior, as shown in Figure 2. These reflect the dynamics
seen in public opinion. For example, the opinions about homosexual relations are similar to those shown in Figure 2a,
where opinion starts closer to one end of the opinion spectrum (against homosexual relations) but then approaches
the opposite end of the spectrum over time (approving of homosexual relations), as shown in Figure 1a. Similarly, the
behavior shown in Figure 2b relfects the dynamics of opinion about government responsibility for medical care, which
is mainly stagnant. Note that even though Figure 2b, where the opinion stagnates is at a different value than in Figure 15,

the dynamics of the behavior are the same in that it stays constant at a single value.
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Fig. 2. Three primary modes of behavior are produced by the simulation: (a) progress is made from one end of the spectrum to
the other; (b) overall opinion is stagnant over time; (c) oscillatory behavior occurs. The behavior in each simulation is set with
kp =1 = TR = 1;&@ = f = 0.5 The variation in behavior is primarily due to changes in the behavior threshold (Hy) and pushback
strength (k;) parameters. All dynamics shown have the same starting distribution which is N(0.2,0.005)

The primary parameters responsible for these distinct results are the values of the behavior threshold (Hp) and
pushback strength (k1), which can also be tuned to achieve different rates of overall change or to equilibrate at different
values (e.g. stagnation at a value other than 0.2). The values used to obtain the behavior shown in Figure 2 are listed in

Table 1. A further exploration of these variables is shown in Figure 3. Here, the simulation outcomes are shown for
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Behavior Hy Kk
Figure 2a 0.1 0
Figure 2b 0.5 3.2
Figure 2¢  0.33 16

Table 1. Behavior threshold (Hy) and pushback strength values for simulation results shown in Figure 2

a range of behavior threshold and pushback strength values. Across both Figure 3a and b, we see that without any
pushback, the average opinion or beliefs of the population converge to 1 or 0 depending on the relative value of the
behavior threshold to the average starting opinion. When the threshold is lower than the average starting opinion, the
simulation moves towards 1, whereas when the threshold is above the average starting opinion, the simulation moves
towards 0.

However, when there is pushback, the behavior becomes more complex. For a given behavior threshold, the pushback
strength can impact where overall opinion equilibriates, or whether it equilibriates at all. In the sections covered by
black squares, Figure 3a and b demonstrate pairs of behavior threshold and pushback strength that result in oscillatory

behavior, as shown in Figure 2c.
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Fig. 3. Simulation results for various values of pushback strength (k1) and the behavior threshold (Hp) after 200 years with a starting
point of around (a) 0.5 and (b) 0.2. Areas shaded in black are regions where the simulation does not converge. The colors of the plot
refer to the average belief value that the simulation reaches - yellow is 1, while purple is 0. Results from (a) demonstrate symmetric
results across the a behavior threshold (Hp) value of 0.5. Results from (b) show more complex outcomes, when the starting point
is biased towards 0. In both cases, the other simulation parameters were set as: « = f = 0.5, 7g = 7g = 1 year, kg = 1. The two
sets of simulation results demonstrate the competing mechanisms of the behavioral threshold and the pushback strength, in which

the strength of pushback can overcome the impact of a high behavioral threshold. However, high pushback can also prevent much
progress from being made.
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Discussion

We present a model of long-term opinion dynamics and social change, demonstrating the primary modes of behavior
seen in social issues: progress, stagnation, and oscillation. The first shows how some issues have been able to make
stable progress over time. The latter two, however, highlight that not all issues progress, such as in the cases of the
government’s role in paying for healthcare, over which public opinion has made limited, if any, progress. While this
model demonstrates how multiple modes can be possible, it does not explain why this is the case for these particular
issues.

There are also no exogenous features in this model, which could further influence these dynamics. For example,
economic shocks, wars, or new technology (i.e. the internet boom) could impact the rate of change for various issues.
There could also be spillover effects from progress made in related domains, as the progress of any social is not isolated
from other progress.

Beyond the particular mechanisms featured in this model, another area for future work includes investigating
the particular properties of issues themselves — how they are understood or framed in terms of moral or normative
arguments — that can be responsible for these different modes of behavior. This could feed back into the simulation
by influencing the pushback term or the speed of belief updating. For example, some issues may be more contentious
than others, leading to stronger reaction to the extremes. Issues might also be more or less ‘easy to digest’ in which
new information or perspectives are more readily able to change people’s minds. The characteristics of issues and how
people understand them could also be encapsulated in the state of the world weighting variable «, which weighs the
influence of observed behaviors and rules in how individuals understand context of a particular issue. For example,
some issues such as abortion may be perceived more as a matter of principle or moral value, making beliefs or public
opinion more robust to changes in rules or behaviors. whereas gender roles can be understood as more normative and
therefore more influenced by simply seeing different behaviors in the world.

In line with its coarse-grained perspective, this model uses broad definitions of ‘beliefs, ‘behaviors, and ‘norms,
which can be somewhat ambiguous and limit the model’s ability to capture much of the nuance in many of these
issues. This model only considers one form of ‘belief, averaged over cohorts or the population to indicate overall the
opinion across a group of individuals, whereas other models or studies have often further broken down these terms
(especially, ‘beliefs’) into more fine-grained concepts. This could be important for considering actual versus expressed
beliefs, different levels among a hierarchy of belief-types (i.e. core values versus fleeting attitudes), as well as perceived
beliefs (also frequently called second order beliefs) [19-22]. While these are not necessary for the goals of this model,
these distinctions are important to have in mind when interpreting this model’s results.

Further research into how the behavior threshold and the pushback strength parameters are reflected across various
opinion topics would also help contextualize the simulation outcomes and provide better guidance on how to utilize the
results of this model. For example, understanding how the strength of pushback is related to a particular domain (e.g.
how is pushback against the right to abortion differnt from pushback to gay marriage) or how pushback is influenced

by current and past events (e.g. protests, media, legislation).
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