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Human behaviors in social systems are often shaped by group pressure and collective norms, especially since the rise
of social media platforms. However, in the context of adopting misbehaviors, most existing contagion models rely
on pairwise interactions and thus fail to capture group-level dynamics. To fill this gap, we introduce a higher-order
extension of the Honesty—Corruption—Ostracism (HCO) model to study the emergence of systemic corruption in popu-
lations where individuals interact through group structures. The model incorporates contagion-like transitions mediated
by hyperedges of arbitrary order, capturing the influence of peer pressure in group settings. Analytical and numerical
results show that higher-order interactions induce discontinuous (explosive) transitions between fully honest and fully
corrupt regimes, separated by a bistable phase. This abrupt behavior disappears in the pairwise limit, highlighting the
destabilizing effect of group interactions. Furthermore, we establish a general correspondence between our model and
broader classes of social contagion dynamics with symmetry breaking, recovering previous results as limiting cases.
These findings underscore the critical role of higher-order structure in shaping behavioral adoption processes and the

stability of social systems.

Digital platforms amplify the diffusion of behav-
iors—both desirable and undesirable, by reinforcing
group pressure and shared norms. Within this broad
landscape, here we focus on the spread of corrupt con-
ducts. To address the collective nature of these processes,
we extend the Honesty—Corruption—Ostracism model to
a higher-order framework where interactions take place
in groups (hyperedges) of arbitrary size. This formula-
tion captures peer influence at the group level and reveals
that such higher-order contagion can trigger abrupt, dis-
continuous (explosive) shifts between predominantly hon-
est and predominantly corrupt societies, separated by a
bistable region. These abrupt transitions disappear in
the pairwise limit, underscoring the destabilizing effect
of group-mediated interactions. We further map our
framework onto more general symmetry-breaking conta-
gion models, recovering known results as limiting cases.
Overall, our findings stress that understanding—and miti-
gating—behavioral shifts on socio-economic platforms re-
quires explicitly accounting for group-level mechanisms,
not just individual ties.

I. INTRODUCTION

Higher-order systems, which account for group-level rather
than pairwise interactions, provide a refined framework to
represent complex social systems'=3. Such group interac-
tions, formally described using hypergraphs, have revealed

a variety of novel collective phenomena®, especially in the
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realm of social dynamics, in which abrupt (explosive) phase
transitions have turned ubiquitous when agents interact in
groups®~ 10, Furthermore, higher-order frameworks have also
been employed to study the evolutionary dynamics of strate-
gies and the spread of information, both in static and adaptive
settings! 12, Importantly, contemporary socio-economic plat-
forms (e.g., large-scale social media) intensify these higher-
order effects by structuring interactions in groups, communi-
ties, and channels rather than in isolated dyads, further mo-
tivating models that move beyond pairwise assumptions'3~1>,

In its turn, social collective phenomena are ultimately
rooted in behavioral changes, which not only shape individual
trajectories but also drive emergent patterns at the population
level'¢. Behavior adoption processes underpin a wide range
of social dynamics, such as the diffusion of cultural norms!’,
technological innovation'®!, rumor spreading®®?!, opinion
polarization®?23, or the emergence of cooperation®*, and are
known to respond nonlinearly to group influences. On digi-
tal platforms these processes are further channeled and ampli-
fied by group-based features (e.g., group chats, forums, and
curated communities), which act as natural drivers for multi-
individual influence.

Among behaviors with strong societal impact, systemic
corruption remains a major global concern, with esti-
mated costs exceeding 5% of the World Gross Domestic
Product?®, and consistently listed among the top public issues
worldwide?®. Besides, recent analyses have revealed consis-
tent structural patterns and demographic disparities in real
corruption systems, across different contexts and scales®’?8.
Corrupt practices arise in diverse contexts—social, political,
economic—and often involve group pressures or complicity
mechanisms. In platform-mediated environments, such pres-



sures may be reinforced by the visibility of group norms and
coordinated actions, reinforcing the need for frameworks that
explicitly incorporate higher-order interactions.

Mathematical modeling efforts have addressed corruption
from different perspectives. A large body of work re-
lies on game-theoretic approaches?*=7, where behaviors are
treated as strategic choices aimed at maximizing payoffs.
More recently, compartmental models have been introduced
to describe corruption as a contagion-like process3®*4!, in-
spired by epidemic dynamics*>**. In particular, the Hon-
esty—Corruption—Ostracism (HCO) model®® considers indi-
viduals as honest (H), corrupt (C), or ostracized (O), with tran-
sitions mediated by interactions: corrupt agents can corrupt
honest ones, while honest agents can denounce corrupt indi-
viduals. However, the original HCO framework assumes only
pairwise interactions, thus neglecting the influence of group
dynamics in shaping behavior.

In this article, we extend the HCO model to incorpo-
rate higher-order contagion mechanisms, yielding the Higher-
Order HCO (HO-HCO) model. This extension allows us to
investigate how group-level interactions affect the onset of
systemic corruption and whether they give rise to discontin-
uous (explosive) transitions. Our objectives are twofold: (i)
to characterize the impact of higher-order interactions on cor-
ruption dynamics, and (ii) to examine how these findings re-
late to recent insights on collective behavior adoption in social

systemss.

The structure of the paper is as follows. In Section II, we
introduce the HO-HCO model and its mean-field formulation.
In Section III, we show that higher-order interactions induce
explosive transitions between honest and corrupt states. In
Section IV, we connect this behavior with general models of
behavioral adoption. Finally, we summarize and discuss the
implications of our findings in Section V.

Il. GROUP DYNAMICS OF CORRUPTION

As anticipated above, the adoption of corrupt behavior can
be framed as a contagion process: exposure to corrupt peers
increases the likelihood that an honest individual becomes
corrupt. Symmetrically, betrayal also spreads through social
influence, as honest individuals who interact with wrongdo-
ers may report their malpractice*!. Depending on the nature
of social interactions, corruption and betrayal processes occur
through pairwise interactions or through groups of more than
two individuals. For the sake of generality in the model def-
inition, in this section we define the order of an interaction,
m as the number of individuals involved in the interaction mi-
nus one. Moreover, we set M to be the maximum order of
interactions.

A. Higher-order corruption model

Formally, we build a compartmental model with three states
or compartments: Honest (H), Corrupt (C) and Ostracism
(O) (see Fig. 1.a). The transitions between these states are
depicted in Fig. 1.b-d and are explained below. Individu-
als designated as Honest (H) are those adopters of the well-
established norms and laws of society, and can potentially be-
come corrupt. The adoption of corrupt behavior can occur
through direct contact with Corrupt (C) agents. Following the
rules for social contagion established by Iacopini et al.>, an
honest individual may become corrupt due to its interaction
with a group of m+ 1 individuals if the m other individuals in-
volved in the interaction are corrupt, with a probability B(m).
Upon adoption, Honest (H) agents transit into the Corrupt (C)
state, so that they can induce honest individuals to violate the
norms. In its turn, Corrupt (C) agents can be betrayed by inter-
acting with honest individuals. Analogously to the adoption
process, a corrupt individual is betrayed due to its interaction
with a group of m + 1 individuals if the other m individuals
involved in the interaction are honest, with a probability ,u(m).
Those betrayed individuals join the Ostracism (O) state, which
can be understood as being out of society in punishment for
their actions. Those individuals in the Ostracism (O) reinsert
into the honest population after an average of ! time units,
without requiring interaction with other agents. According to
the former description, the HO-HCO model comprises three
states and 2M + 1 parameters.

As illustrated in Fig. 1.c, there are two transitions associ-
ated to interactions between individuals. Namely: H — C and
C — O. These transitions depend on the structure of the soci-
ety, which here is embodied by an hypergraph (see Fig. 1.b).
Mathematically, an hypergraph S = 52 (A,&) is a pair of
two sets: .4, composed of N = |.#"| nodes (here representing
the individuals), and &, that contains a number E = |&’| of hy-
peredges (here representing the groups). An hyperedge e € &
of order m, i.e. an m-hyperedge, is defined as a subset of m+ 1
nodes in ./, being m = |e| — 1. Therefore, pairwise interac-
tions between two nodes correspond to hyperedges of order
1, interactions among three nodes are represented by hyper-
edges of order 2, and larger groups are similarly represented
by higher-order hyperedges. Each node i belongs to a set of

hyperedges of order m, 51.('"). Therefore, we can define the
(m)

generalized degree of node i, namely k; ", as the cardinality

of that set, i.e. k" = |&"].

B. Mean field dynamical equations

The HO-HCO dynamics, can be studied under a micro-
scopic Markovian time-discrete formulation®*. For simplicity,
we assume that all individuals are equivalent and well mixed.
This leads to a mean field description in which the relevant
variables are the probabilities of being honest, py (), corrupt,
pc(t), and in the ostracism state, po(¢), together with the av-
erage generalized degrees k") (m = 1,...,M). The evolution
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FIG. 1. Schematic illustration of the HO-HCO dynamical model. The framework combines pairwise and group-mediated corruption
and betrayal processes. Panel (a) depicts the compartmental structure, where honest individuals can transition to the corrupt compartment
according to the probabilities { ﬁ(’”)}, corrupt individuals can transition towards the ostracism compartments according to the probabilities
{ [J(”‘) }, and those in ostracism can be reinserted into society with probability pt. Note that m is the order of interaction. Panel (b) represents
the higher-order structure of interactions. Panel (c) illustrates the interaction-mediated transition, i.e. the corruption and betrayal flows. Panel

(d) illustrates the spontaneous reinsertion flow.

of these probabilities is given by:
pc(t+1) = [1=T17(0)] pe(t) + 1177 (1) pu (1), (1)
pu(t+1) = [1 =T77C@0)] pu(t) + rpo(t), 2)

and since the sum of probabilities at some time ¢ must be equal
to 1 we have:

po(t) =1—pc(t) —pu(t). 3)

Now let us describe the terms associated to interaction-
mediated transitions. In the former set of equations, the cor-
ruption and betrayal flows are captured by the probabilities
IT7=C(t) and TI®9(¢), that read as follows:

M J(m)
HH*)C(I) =1= |:1 _ ﬁ(m)pg([)} ) (4)
m=1
M J(m)
I—IC%O(I) —1— H {] _’u(m)p[’_y(t)} 5)
m=1

Their functional form is inspired by the effective transition
probabilities arising from stochastic dynamics*®*4°. The ef-
fective probability, P, of an individual transitioning to the cor-
rupt (ostracism) state is complementary to the effective prob-
ability of not transitioning, P, i.e. P =1 — P. This latter prob-
ability (P) is the product of the probabilities of events leading

to transition, namely the contact with each of the k™) groups
of every order m = 1, ..., M, times the corresponding transition
rate. In Supplementary Fig. 1, we compare the integration of
Egs. (1)-(5) with the outcome of stochastic Monte Carlo sim-
ulations, showcasing the goodness of the framework.

I1l.  EXPLOSIVE ONSET OF CORRUPTION

The pairwise HCO model can lead to three dynamical
outcomes38: full-honesty, where all individuals are honest;
full-corruption, where all individuals are corrupt; and a mixed
state, where there is a dynamical equilibrium with individu-
als in each of the three states (honest, corrupt, and ostracism).
In this section, we explore the nature of the transitions be-
tween the three aforementioned states, both in the absence
and presence of higher-order interactions. To better under-
stand the influence of groups, we introduce A = B(Z) + ‘u(z)
as control parameter of higher-order relevance. Moreover, we
set B =pu® =A® /2, kM) =k =10, u =0.01 and
r = 0.5 throughout this section. This leaves the corruption
strength (B(l)) and the higher-order relevance (A(2>) as con-
trol parameters. Note that for clarity purposes, we are also
utilizing in the figures the rescaled version of the parameters
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FIG. 2. Effect of higher-order interactions on corruption dynamics. Higher-order interactions suppress the mixed phase and trigger
explosive shifts between honest and corrupt societies. (a) Phase diagram for the HO-HCO model. Four phases emerge as a function of
BM /u™) and of the higher-order relevance A2 /u(1): a full-honesty phase with pz; = 1, a full-corruption phase with pf = 1, a mixed phase
with pg; # 0, p& # 0 and pj5 # 0, and a bistability phase, where the stationary state (either pz; = 1 or p£ = 1) depends on the initial conditions.
Note that the theoretical expressions given by Eqs. (8)-(9) delimit the phases. (b) Three cuts of the diagram: For A®) =0 the pairwise

phenomenology is recovered>®. For AR = Aiz) there is an abrupt transition without bistability. For A =0.0015 there is an explosive
transition with bistability region (continuous and dashed lines correspond to pc(0) = 0.01 and pc(0) = 0.99 initial conditions). In all panels

KD = 1@ =10, uM =0.01, B® = u@ = A/2 and r = 0.5. Note that (1) = B(1) /u() and A®) = A®) /(D).

BD = B /(D) and Q) — A@) /(D).

In Fig. 2.a-c we display the stationary fractions of corrupt,
honest and out of society individuals, i.e. p} = lim,_,.px (¢),
with X = H,C,0. In the absence of higher-order interac-
tions (A = 0), as B (1) increases the system smoothly tran-
sitions from the full-honesty state to a mixed state, where
there is a fraction of the society in each compartment (see
Fig. 2.a). For even larger values of B(l), the system under-
goes another continuous transition, now from the mixed state
to the full-corruption scenario. From Fig. 2.b we observe
that, as the relevance of higher-order interactions increases
(A® =0.1), the region of parameters leading to a mixed so-
ciety disappears, yielding an abrupt shift between the full-
honesty and full-corruption stationary states. Finally, when
considering in Fig. 2.c a large relevance of higher-order in-
teractions (A(Z) = 0.15), we observe an explosive transition
between the full-honesty and full-corruption stationary states,
with no mixed scenario in between. Moreover, in this case,
there is also a bistability region, pinpointing that the precise
stationary state reached depends on the set of initial condi-
tions. To better perceive the change in behavior induced by
higher-order interactions, we show in Fig. 2.d the full phase
diagram in the (B(') — Nz))—space by representing p/. There,
four regions arise: full-honesty, full-corruption, mixed, and
bistability. Importantly, the bistable regime only arises above
a certain relevance of higher-order interactions, namely when

A® > AP,

In order to understand the transitions between regions, we
perform a stability analysis around the full-honesty and full-
corruption stable states (see Supplementary Egs. (S.1)-(S.14))
by evaluating the Jacobian of the system of Eqs. (1)-(5), after
transforming this system into its continuous time version. The
general stability condition for the full-honesty state (pg = 1,
pc = 0) reads

} J(m)

=

KD 4 [1,“<m> <1, (6)

m=1

while the general condition for the full-corruption state (pg =
0,pc=1)is

M &)
OMUNE 3 [1 _;3<m>] <1, @)
m=1

Now, based upon Egs. (6)-(7) and restricting group interac-
tions to three-body ones, M = 2, we can analytically derive
the boundaries representing the transitions onsets in Fig. 2.d:

KD k2
1 =py® _u®@
el = K ’
an
1 EOMIRE
Bl =1 50 ©



being Bg_ll) the boundary of the full-honesty phase and 3 C< 11) the
boundary of the full-corruption phase.

Remarkably, we can also derive the minimum relevance

J

1+ [ 1=k
(

-¥)

of higher-order interactions required in order to obtain an
explosive transition between full-honesty and full-corruption
states. This quantity is usually known as the tricritical point
(B*(l),Aiz)) and by imposing that ﬁ*(l) = ﬁill) = ﬁL(lz) we obtain
its implicit expression as:

1
k(+) 2
-1

«(2)

—_

A.
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Y
—_

|

The outcome of the analytical expressions in Egs. (8)-(10) is
depicted in Fig. 2, and agrees well with the numerical iteration
of Egs. (1)-(5).

It is also worth noting that the inclusion of higher-order in-

teractions forbids the mixed scenario if A > A(*z). From a
dynamical point of view, the ostracism compartment only in-
duces a delay in the reinsertion process. Moreover, the spon-
taneous nature of the flow O — H means that, if there are no
corrupt individuals, it is unavoidable that those individuals in
the O state will be reinserted into society. Thus, the addi-
tional interaction-mediated pathways accelerate the dynamics
and make it easier for either the honest or the corrupt com-
partment to be emptied. Consequently, the system bypasses
the mixed stationary state.

IV. EXPLOSIVE SHIFT BETWEEN COMPETING
BEHAVIORS IN SOCIAL SYSTEMS

A. The HO-HC model

As explained above, in the presence of strong higher-order

interactions (A(z) > Ag)), the stationary relevance of Os-
tracism is lost. Therefore, the interaction between honest
and corrupt populations reduces to a peer-pressure contest in
which each side aims to convert the other. To better under-
stand the explosive shifts, we assume that corrupt individuals
are immediately reinserted into society without punishment
(r — o0). Under this assumption (see Supplementary Eqgs. (1)-
(5)) the system dynamics can be described by a single differ-
ential equation that parametrizes the fraction of corrupt indi-
viduals, hereafter p(r) = pc(z):

p(t) =BIEYp(1)(1 - p (1)) + BPEZ p?(1)(1 - p(r)) (1)
—uWED (1= p()p(t) = uPkD (1-p (1)) *p(1).
Note that, provided the sum of probabilities must remain

equal to 1, the fraction of honest individuals is now py () =
1 —p(f). In Eq. (12) we have also simplified the transition

[1 —'u(l)] K

0 (10)
2)

~

(

probabilities by assuming that interaction events are indepen-
dent and therefore the intersection of probabilities inspiring
Egs. (4)-(5) is the null space.

Under the former assumptions and by imposing p = 0, we
are able to derive that the dynamical system has three station-
ary solutions:

pr=0, (12)
WD — M) 4 @@
ps ="t b A (13)
BOKD ¢ pOxO)
pi=1, (14)

which correspond to the fully-honest stable state (p}), the
unstable state that acts as the border between the basins of
attraction (p3), and the fully-corrupt stable state (p3) re-
spectively. In Fig. 3.a we represent the phase diagram
resulting from Eq. (12) in the (B("),A®)-space. As an-
ticipated, three regions emerge: fully-honest, fully-corrupt,
and bistable. In this case, the critical values of B delim-
iting the basins of attraction of the fully-honest and fully-

corrupt states read Bc(ﬁ) _ (u(”k<1’+ umk(z)) /K and
ﬂc(lz) _ (u(l)k(l) _[3(2)k(2)) JEW),

Interestingly, for every relevance of higher-order interac-
tions, the system always displays bistability for certain values

of ﬁ(l)’ since ﬁc(.11> > [BC( 12). Moreover, the width of this region,

A(B (1)) = ﬁs 11) — [3; 12> , is linearly proportional to the relevance
of higher-order interactions:

. k2 o 5 k2,
A(ﬁ())—i(ﬂ()+ﬁ())—mA<)~ (15)
The cuts of the diagram in Fig. 3.b exemplify how the bistabil-
ity region is more prominent as the relevance of higher-order
interactions is augmented. Remarkably, while this implies that
the volatility of the dynamics is higher, it also pinpoints that,
when starting from a mostly honest society (below the criti-
cal value of Eq. (13)), the range of parameters leading to the
fully-honest state is wider.
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FIG. 3. Explosive shift between honest and corrupt societies.
Higher-order effects broaden the bistability region, where both hon-
est and corrupt societies are stable. (a) Phase diagram for the HO-HC
model. Three phases emerge as a function of B(l) / um and of the
higher-order relevance A2 / () a full-honesty phase with p* = 0,
a full-corruption phase with p =1, and a bistability phase, where
the stationary state (either p* = 0 or p* = 1) depends on the initial
conditions. Note that the theoretical expressions given by E(%s (8)-
(9) delimit the phases. (b) Three cuts of the diagram: For A

is an abrupt transition without bistability, and for A > 0 there is an
explosive transition with bistability region (continuous and dashed
lines correspond to p(0) = 0.01 and p(O) = 0.99 initial conditions).
In both panels kD =@ =10, B A/2 and u(V = 0.01.
Note that §(1) = g(1) /,u and A 2)//J

B. General higher-order framework for the adoption of
behaviors in social systems

In the previous subsection, we have characterized the com-
petition of two dynamical processes where individuals require
interaction with adopters for transitioning. However, depend-
ing on the nature of the adopted behavior, the transitions be-
tween states can be either interaction-mediated and/or spon-
taneous. Therefore, Eq. (12) can be generalized to incorpo-
rate every order of interaction and to include also spontaneous
transition rates, B(O) and ,u(o):

M
p)="Y, B"K™p™(r)(1-p(r))
m=0
M
=Y utEm (1=p(0)" p(r), (16)
m=0

where we acknowledge that m = 0 involves only the node it-
self and therefore k(©) = 1.

When two behaviors compete for prevalence within a so-
ciety, it can be argued that there is one basal behavior for
the individuals, i.e. that they tend to adopt one of the be-
haviors in isolation (symmetry braking). Particularly, in the
honest-corrupt interplay, it could be argued that individuals
naturally tend to follow the rules. Therefore, we can assume
that B©) =0 and u(© + 0 and, for M =2 and B(© =0, Eq.
(16) reads as follows:

—p (1) +BPKPp* (1) (1—p(1))
WM _p( Np(r) — u(2)k(2)(1 —p(0))?p(t)
—uOp (1), (17)

which is a cubic equation in p(z) that can be analytically
solved in the stationary state (0 = 0). By solving it we note
that the system keeps the usual absorbent state, p; = 0, as
a solution and the other two equilibria of the equations are
the roots of a second-order polynomial equation. Absorbing
the generalized degrees and rescaling every ratio by u(?, i.e
A0 = Bmgm) /1y 0) and yim) = ymEm) /) we can ex-
press the non-trivial solutions of Eq. (17) as:

A A oy 4 \/(W) _

2 292>~ 4 (AR 4 7)) (1- A0 4D 4 72)

Py =

In light of the three solutions, namely, p}, p; ., three dis-
tinct scenarios emerge. If none of the solutions of Eq. (18)
is defined as positive, the absorbent state p;” = 0 is the sta-
ble solution. In that case, there is a full-honest society. Con-

2 (A0

) "

(

versely, if there is only one defined positive solution of Eq.
(18), the absorbent state pl* = 0 becomes unstable, and there
is a steady stationary solution, where a fraction p5, of the
society displays corrupt behaviors and a fraction 1 — p5, re-
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FIG. 4. Explosive adoption of behaviors in social systems. In a general behavior adoption framework, higher-order interactions transform
the transition to the active state from continuous to discontinuous. (a)-(b) Stationary solutions p* given by Eq (18) are represented in terms
of the ratio of rescaled pairwise parameters A y(l ). Each curve corresponds to a different value of A2 or y(2 respectively. In both
panels (a)-(b) the continuous and dashed lines depict the stable and unstable branches respectively, and increasing the value of 2@ and y( )
changes the nature of the transition, which becomes discontinuous. In panel (a) we fix )/(2 0 and y(l =1, and in panel (b) we fix A2 =

and 7/( ) = 1. (c) Phase diagram for the general framework. Three phases emerge as a function of Al 7“ and of the higher-order relevance
A®): an absorbent phase with p* = 0, an active phase with p* # 0, and a bistability phase, where the stationary state (either p* =0 or p* # 0)
depends on the initial conditions. Note that the theoretical expressions given by Eqgs. (19)-(20) delimit the phases. In panel (c), y(1> =1 and

B® = u® = A/2. Note that A) = kDA /1, (0)

mains honest. Finally, if both solutions of Eq. (18) are defined
positive, we find two stable states p; and p3 | separated by the
unstable solution p;_. Note that, by breaking the symmetry
including the spontaneous flow (%), the full-corruption state
disappears unless (") — co V.

We illustrate these results showing i 1n Flg 4.a-b the solu-
tions p7, p3 + and p;_ as a function of A0 — 9 for dlfferent

Values of (2 (Fig. 4.a) and y? (in Flg 4.b), fixing @ =

or A(2) = 0 respectively, and setting }/(1 = 1. The dashed hnes
describe the unstable branches given by pj_. In the absence
of higher-order interactions, there is a continuous transition at

)l’c(,ll) from the absorbent state to the active state given by p5 .

However, Fig. 4.a shows that as A2 increases, the fraction
of corrupt individuals in the active phase increases. Then, at

a given )%(2)’ the nature of the transition changes, becoming
first-order. Notably, the right limit of the bistability region is

still determined by AC( 11) , but the left limit depends on A(?), i.e
lc(,lz) = 16(712) (22)). In contrast, when modifying %) in Fig. 4.b
we appreciate how, even when the transition is continuous, the
critical value of 7L depends on the strength of higher-order in-

teractions, i.e. l 1 = )/(2 ). Moreover, as }/(2) increases,

the transition becomes exploswe when 15_12) = /15_12) .

In Fig. 4.c we present the full phase diagram in terms of

— 91 and A®) = k@A /1) and we identify that lc(’ll)

and 7Lc<,12) separate three regions: fully-honest equilibrium, en-
demic corruption and bistability. The expressions for these
boundaries are derived in the Supplementary Eqs. (S.15)-
(S.19) and read as follows:

AN =140 44, (19)
)

2 =2 wﬂﬁ+%”+%”—ﬂﬁ (20)

Furthermore, the onset of explosivity occurs when p5, =
p>;_ =0, what is achieved (see Supplementary Eqgs. (S.15)-
(S.19)) provided the following condition is fulfilled:

Dy =1, 1)

We condensate the findings by showing in Fig. 5 the bifur-
cation diagram of the system. In aprticular, we represent the

critical value ), 2 ) and the value of pX after the transition (see
Supplementary Eqs (S.15)-(S.19) for the derivation), namely:

(;La)ﬂm)_ 2@ 1 4@
pc = (l(z)d"}’(z)) )

in terms of the three-body control parameters (see Supplemen-
tary Fig. 2 for a decoupled illustration of the dependencies of

(22)
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FIG. 5. Bifurcation diagram of behavior adoption dynamics. In-
creasing higher-order adoption rates shifts the bifurcation type from
transcritical to saddle node, and magnifies the abruptness of the tran-
sition to endemic corruption. Color code corresponds to the critical

point (/lc(_lz), p3 ) in terms of the higher-order adoption parameters

22 and A(2). As the relevance of higher-order interaction increases

the local bifurcation shifts from transcritical to saddle-node. The
dashed line indicates the boundary. Note that we have set 7“) =1

PLC(’IZ) and p¥). The black region (A < 1) corresponds to the
transcritical bifurcation, where the fixed points pi and p3,
exchange their stability. Conversely, the colored area (A > 1)
showcases the characteristics of the critical point defining
the saddle node bifurcation, where the fixed points p5, and

ps_ emerge. As y? (1)) increases, the critical value PLC(IZ)
is shifted toward larger (smaller) values. Moreover, as the
higher-order coefficients increase, the abrupt jump to the en-
demic corruption phase widens, reaching larger values of p}.

Finally, let us note that in case recovery is not mediated
by interaction (Y{!) = ¥2) = 0), the phenomenology discov-
ered by Iacopini et al.” is recovered. Besides, with the fur-
ther assumption that M = 1 and u<1> = 0, we reach the so-
lution of the usual SIS epidemic model, with the threshold
at Bk /u©) =1 indicating the continuous transition be-
tween the absorbent state, p{ = 0, and the active state, pJ =

1—pu©y (ﬁ(l)ku))_
V. CONCLUSIONS

In this article, we have introduced the Higher-Order Hon-
esty—Corruption—Ostracism model (HO-HCO) to investigate

the impact of higher-order interactions on the adoption of cor-
rupt behaviors in social systems. Because higher-order inter-
actions naturally embody group pressure, the results are di-
rectly relevant to online social platforms, where such group
effects are pervasive. Our findings reveal that the inclusion of
group interactions leads to explosive transitions between pre-
dominantly honest and corrupt societies. This emergent bista-
bility highlights the fragility of societal structures, showcasing
that minor changes in the interaction dynamics can abruptly
shift a population from an honest state to systemic corruption.

Our analytical results show that this abrupt transition is ab-
sent in traditional pairwise models, where corruption takes
over progressively. Furthermore, we established a connection
between our results and existing models of social contagion®,
demonstrating that when individuals exhibit a predisposition
toward adopting a particular behavior, the results on the on-
set of explosivity align with previous findings on behavioral
adoption. In fact, from a broader point of view, higher-order
models of social contagion can be understood as a particular
case of competition dynamics, where the acquisition of one
dynamics is contact-based, and the acquisition of the other
one is spontaneous. Besides, the emergence of bistability (see
Fig. 3.b) after including a synergetic mechanism in compe-
tition dynamics aligns with previous results***°. These in-
sights suggest that moderation policies on digital platforms
should explicitly account for group-level mechanisms if they
aim to prevent abrupt shifts toward widespread misconduct.

Moreover, the study of the case where the punishment stage
is instantaneous (the limit » — o0) eases the link between this
compartmental model approach and more traditional ways of
modeling corruption based on game theory. In fact, the role of
honest and corrupt behaviors resembles here to the cooperator
and defector strategies in the public goods game. Therefore, in
the absence of higher-order interactions, the abrupt transition
at B = 4 mimics the transition to cooperation found in

the public goods game°.

Overall, our results may have important implications for
understanding the stability of social systems and the mecha-
nisms that drive systemic corruption, as they hint that policies
aimed at mitigating corruption should consider the influence
of group interactions. Otherwise, interventions at the individ-
ual level may be insufficient to prevent sudden shifts toward
corrupt behaviors.

A promising future avenue could involve incorporating the
structure of pairwise®! and group-level®? friendships and en-
mities, since they could play an important role in the adoption
of corrupt behaviors. Another possible avenue could involve
exploring how targeted interventions in higher-order struc-
tures could stabilize societies against corruption and promote
ethical behavior in complex social environments. In that re-
gard, it would be interesting to uncover the effect of changing
the microscopic®? or temporal®*>3 structure of interactions.



AIP

é/_. Publishing

SUPPLEMENTARY MATERIAL

Supplementary material provides additional analyses sup-
porting the results presented in the main text. In particular,
we include the validation of the theoretical framework through
stochastic simulations, detailed derivations of stability condi-
tions for the fixed points, and the bifurcation diagrams char-
acterizing the dynamical behavior of our model.
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