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Abstract11

To demonstrate their commitment, members of a group will sometimes12

all engage in a ruinous display. Such widespread, high-cost signals are13

hard to reconcile with standard models of signaling. For signals to be14

stable, they must honestly inform their audience; for signals to be honest,15

their costs need only deter certain undesirable individuals. To explain16

this phenomenon, we design a simple game theory model, which we call17

the signal runaway game. In this game, senders can engage in second-18

order signaling. They can pay a cost to express outrage at a non-sender.19

In doing so, they draw attention to their own signal, and benefit from20

its increased visibility. Using our model and a simulation, we show that21

outrage can stabilize widespread signals and can lead signal costs to run22

away. Second-order signaling may explain why groups sometimes demand23

displays of commitment from all their members, and why these displays24

can entail extreme costs, as they frequently do during wartime.25
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1 Widespread, high-cost displays27

Membership in human groups often involves ritual behaviors which appear ar-28

bitrary and wasteful to the non-initiated, ranging from the embarrassment of29

hazing and the time-constraints of religious practice to the emotional and phys-30

ical scarring of certain rites or recruitment devices (Atran & Henrich, 2010;31

Cimino, 2011; Densley, 2012; Sosis et al., 2007; Whitehouse & Lanman, 2014).32

These behaviors have been explained as displays of prosocial commitment (Bul-33

bulia & Sosis, 2011; Gambetta, 2009; Irons, 2001; Sosis, 2003). In accordance34

with this explanation, individuals who expend more time and energy in ritual35

activities are on average more generous towards other group members (Ruffle36

& Sosis, 2006; Soler, 2012; Xygalatas et al., 2013), and are perceived as such37

(Power, 2017; Purzycki & Arakchaa, 2013).38

Yet, ritual displays differ from the way signals are traditionally understood in39

a crucial manner; they involve most, if not all, of the members of a social group40

(Gelfand et al., 2020). Widespread costly displays run counter to theoretical41

expectations. When individuals all invest in the same signal (e.g. an initiation42

rite), the signal is dishonest (Gintis et al., 2001). If onlookers are unable to43

distinguish between participants, the ritual is uninformative; in theory, it should44

be abandoned. When individuals invest in different levels of signaling (e.g. in a45

lower-ordeal or higher-ordeal ritual, Xygalatas et al., 2013), the overall signal is46

honest, but net costly for the least committed (Dessalles, 2014). If individuals47

are unable to distinguish themselves from the bottom of the pack, they are48

better off opting out of the display entirely.49

Our proposal is that not sending a signal can sometimes expose to more50

serious consequences than mere missed social opportunities. In certain contexts,51

non-senders will be exploited by senders, who may chastise them to make their52

own signal more visible. Widespread displays could then emerge out of a single53

motivation: advertising one’s prosocial commitment, by any means necessary.54

sender

target

outrage receiverinfers

Figure 1: Outrage as a second-order signal. A sender can express outrage at a target who
does not invest in the signal. When outrage is honest, receivers can infer that the sender has
invested in the signal, even without having observed the sender’s behavior directly. Outrage
makes the sender’s signal more visible. As a side-effect, the target is harmed.

More specifically, we argue that widespread costly displays can be propped55

up by moral outrage. Outrage can be a credible signal of moral behavior. To56
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infer the moral quality of our partners, we sometimes use their propensity to57

express outrage (Jordan et al., 2017). Conversely, to advertise our investment58

in desirable behavior, we sometimes express outrage against those who unam-59

biguously display undesirable behavior (Jordan & Rand, 2019); or even against60

those whose morality is merely ambiguous (Jordan & Kteily, 2022).61

In the context of commitment displays, outrage can be thought of as a62

second-order signal — a signal about (the absence of) a signal (see Figure 1).63

When we publicly comment on others’ perceived lack of investment in a display,64

we indirectly broadcast our own investment. In doing so, we increase others’65

incentive to display, and lay the groundwork for widespread signaling. To em-66

phasize our own observance, we may for instance draw attention to those who67

secretly eat during a fast, and whose transgression may have otherwise gone68

unnoticed.69

In this paper, we formally explore this hypothesis. We introduce a model,70

which we dub the ’signal runaway game’, in which individuals may engage in71

first- and second-order signaling. Using our model and a computer simulation,72

we show that widespread costly displays may emerge endogenously, out of the73

motivation to advertise a socially desirable quality. We show that outrage can74

enable a step-by-step runaway process, leading individuals to gradually adopt75

costlier displays of commitment. Below, we outline the main elements of our76

model and simulation, and the main steps leading to our results (for a full77

characterization, see the Supplementary Information).78

2 The signal runaway game79

2.1 Baseline model80

Commitment displays can be studied using the multi-player model introduced by81

Gintis, Smith and Bowles (2001), which we adapt. This type of model inevitably82

leads to a separating equilibrium in which only high-quality individuals pay the83

cost to send the signal.84

We consider a large population where individuals are characterized by an un-85

observable quality q, which may take any value between 0 and 1, the minimum86

and maximum possible qualities. Individuals alternate between two roles, that87

of Signaler and Receiver. Signalers may pay cost c1(q) to send, depending on88

their quality q. Signaling is cheaper for high quality individuals: c1 is a strictly89

decreasing continuous function of individual quality q which takes positive val-90

ues. In the present context, individuals of higher quality can be thought of as91

individuals who are more committed to the group and/or its moral values, and92

whose commitment translates into an increased ability or willingness to invest93

in ritual signaling (e.g. because they expect to stay in the community for longer,94

and extract more social benefits from said community; Brusse, 2020).95

Receivers choose a Signaler to follow. A signaling equilibrium occurs when96

they condition their choice on the signal; i.e. when Receivers pay to monitor97

others’ signals, and follow a sender at random (rather than any individual).98

Receivers who monitor observe Signalers’ behavior with probability p1 < 1.99

Each time Signalers are chosen by a Receiver, they gain s.100

Competition for followers leads to a separating equilibrium in which indi-
viduals send the signal when their quality is higher than a certain threshold q̂,
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and do not send when it is lower. Let π(q̂) ≡ P(q > q̂) be the fraction of indi-
viduals who send the signal. On average, Receivers observe a fraction p1 × π(q̂)
of senders, and choose one to follow. Signalers either do not send, and obtain
nothing; or send, and are observed with probability p1. On average, a Signaler
recruits p1

p1π(q̂
= 1

π(q̂) followers, earning s for each follower. q̂ is the quality at

which benefit and cost of signaling are equal, i.e. verifies:

c1(q̂) =
s

π(q̂)
. (1)

For signaling to be stable, it must be honest. We obtain an evolutionar-101

ily stable strategy (ESS; Maynard Smith & Price, 1973) as long as Receivers102

benefit from following higher quality Signalers (q > q̂) rather than lower qual-103

ity signalers (q ≤ q̂), and that benefit exceeds the cost of monitoring. When104

monitoring is cheap, it is sufficient that the signal be prohibitively costly for105

individuals of minimum quality q = 0, i.e. that we have: c1(0) >
s

π(0) = s. In106

contrast, widespread signaling (q̂ = 0) is always uninformative, and can never107

be stable.108

2.2 Outrage may sustain widespread costly signaling109

The signal runaway game occurs when we introduce outrage into the previ-110

ous baseline model. Signalers who send the signal may now pay c2 to express111

outrage. Individuals who do not send cannot subsequently express outrage in112

our model; by assumption, outrage is a reliable indicator of signaling — a re-113

liable second-order signal. We assume outrage increases the visibility of one’s114

first-order displays. A sender who expresses outrage is observed with increased115

probability p2 (p1 < p2 < 1).116

Outrage is aimed in priority at non-senders in our model. When a Signaler117

expresses outrage, a target is selected at random among those individuals the118

Signaler observes opting out of the signal. That target is harmed, and loses119

h. A specific case occurs when the entire population sends the signal, and such120

targets are absent. In this case, we assume that outraged individuals may target121

ambiguous senders, i.e. individuals they do not observe sending the signal.122

Signalers now compete to attract followers and evade others’ outrage. Simi-
larly to before, let us consider the case where Receivers condition on the signal,
and Signalers send and express outrage when their quality exceeds a threshold
q̂ > 0. As before, non-senders do not gain any followers, and miss out on aver-
age benefit s

π(q̂) . In addition, they risk becoming a target for the fraction π(q̂)

of outraged senders, with probability p1. Outraged senders target one of the
p1 × (1− π(q̂)) percent of individuals they observe opting out of the signal. Di-

viding, we deduce that non-senders lose on average: π(q̂)
1−π(q̂) ×h. q̂ is the quality

at which total benefit and cost of signaling are equal, and now verifies:

c1(q̂) + c2 =
s

π(q̂)
+

π(q̂)h

1− π(q̂)
(2)

Outrage perturbs the typical signaling equilibrium, by increasing the incen-123

tive to signal. Sending the first- and second-order signal allows individuals to124

attract followers and evade others’ outrage. When outrage is cheap (c2 = 0),125

more individuals are pushed to send (the minimum bar q̂ decreases).126
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Figure 2: Effect of outrage on the signaling equilibrium. In the absence of outrage (top), a
separating equilibrium is established at the threshold quality q̂ which equalizes cost and benefit
of signaling. Outrage increases the incentive to signal, as senders attract followers and evade
others’ outrage (bottom). (i) When harm h is low, we obtain another separating equilibrium,
with a lower threshold quality; (ii) when harm is high, we obtain widespread signaling (q̂ = 0).
For the purpose of illustration, we assume a linear cost function c1(q) = c1(0)+q(c1(1)−c1(0)),
and that quality is normally distributed around q̄ = 0.25, with standard deviation 0.1. Other
parameters: c1(0) = 2, c1(1) = 1, s = 1, c2 = 0.5. In condition (i), we take h = 0.01;
in condition (ii), we take h = 0.1 — with these parameter values, widespread signaling is
obtained even with relatively small, but not minuscule, values of h.
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There are two possible outcomes, represented in Figure 2. First, when harm
h is low, outrage introduces a small perturbation, and we retain a separating
equilibrium. Second, when the consequences of being the subject of others’
outrage are dire, outrage introduces a larger perturbation — and may push the
population towards widespread signaling. We show that the minimum bar q̂
decreases all the way towards 0 if:

c1(0) + c2 < s+ 2
√
hs (3)

Widespread signaling may then remain stable, even though it is dishonest.
When q̂ = 0, the signal is uninformative for Receivers, and senders do not
attract more followers than non-senders. Yet, any individual who attempts to
save on the cost of signaling risks become the group’s moral punching bag, by
constituting a preferential, unambiguous target for others’ outrage. We show
that widespread signaling is stable when:

c2 <
(p2 − p1)h

1− p2
(4)

We implement our model into an agent-based simulation. Agents interact127

based on three flexible behavioral traits: their investment in a certain signal,128

their probability of expressing outrage at lesser senders, and of monitoring oth-129

ers’ signals. Agents observe non-senders directly, with probability p1, and indi-130

rectly via dyadic encounters with outraged partners. When initial visibility p1131

and the cost of outrage c2 are small, agents learn to express outrage with high132

probability, and widespread signaling ensues (see Figure 3).133

(a) Fraction of senders (b) Average probability of outrage

Figure 3: Simulation results, for one level of signaling. Agents’ behavior in a given round
is a function of three flexible traits: their investment in a certain signal, their probability of
expressing outrage at lesser senders, and of monitoring others’ signals. In the initial round,
these traits are set at 0. With a small probability, agents may try out another value of the
trait. The simulation and its parameter values are detailed in the Supplementary Information;
code and figures are available from this website.
Left: fraction of senders after many rounds. Widespread signaling (dark blue) is obtained for
low values of p1 and c2. Lighter blue colors represent mixed equilibria with a smaller fraction
of senders. Right: average probability of outrage after many rounds.

2.3 Outrage may lead to exaggerated signal costs134

When signaling is widespread, onlookers can no longer determine who are the
top-quality individuals. To attract followers, these individuals may find it in
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their interest to create and adopt a new discrete signal level, requiring an ad-
ditional investment of ∆c1(q). Again, we assume ∆c1 is a decreasing function
of individual quality q. Over-performers have every incentive to advertise their
increased investment — e.g. by finding new targets of outrage. We assume they
may now pay ∆c2 to express outrage at individuals who are observed sending
at the lower level, and guarantee visibility p3 > p2; targets lose h. Similarly to
before, individuals are pushed to increase their investment in the signal (they
are prevented from decreasing their investment to 0 for the same reasons as
before). We expect full escalation to the new signal level when:

∆c1(0) + ∆c2 < s+ 2
√
hs (5)

(a) Average level of signaling (b) Step-by-step runaway

Figure 4: Average investment in the signal after many rounds (left), and step-by-step runaway
(right), for four evenly spaced levels of signaling. When harm h and benefit of being followed
s are sufficiently high, agents learn to invest in the highest level of first-order signaling, and
in high levels of second-order signaling (high probability of expressing outrage).

Outrage may lead a population to adopt exaggerated displays. We relaunch135

our simulation with several evenly spaced levels of signaling (proportional costs).136

Agents may now express outrage at non-senders and lower-level senders (whom137

they still observe directly and indirectly). When h and s are sufficiently large,138

outrage enables a step-by-step runaway process: individuals gradually learn to139

invest in the highest level of signaling (see Figure 4). This is in accordance with140

equation (5); when levels are evenly spaced, the marginal cost of signaling one141

level above is constant from one level to the next, and signal escalation may142

continue indefinitely. In reality, we expect marginal costs to increase at each143

step to infinity, as individuals are forced to miss out on increasingly important144

opportunities. The process will necessarily come to a halt. Eventually, high145

quality individuals will not benefit from creating a costlier display (and adver-146

tising it at the expense of others), and low quality individuals will prefer not to147

increase their investment, even if this means appearing relatively uncommitted.148

3 Discussion149

This paper offers a proof of concept for the existence of widespread costly dis-150

plays. Our model is agnostic about any function the emerging behavior may151

serve at the level of the collective (e.g. encouraging group cohesion or coopera-152

tion; Atran & Henrich, 2010; Bulbulia & Sosis, 2011; Cimino, 2011; Durkheim,153
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2008; Gambetta, 2009; Irons, 2001; Whitehouse & Lanman, 2014; Xygalatas154

et al., 2013). Widespread signals are explained at the individual level. Outrage155

benefits senders, by making their signal easier to spot. We show that, under156

certain conditions, outrage is sufficient to generate widespread signaling, and157

escalating costs.158

We consider signals which take discrete values. Our model applies for dis-159

plays of commitment which categorize individuals (e.g. into participants of a160

high-ordeal ritual, of a low-ordeal ritual, and non-participants; Xygalatas et al.,161

2013), not when evaluations are based on a more continuous metric (e.g. time162

given to community work). This is a feature of the model, and not a bug.163

Though continuously-valued signals may emerge and remain stable (Grafen,164

1990), outrage requires clear-cut comparisons. In some cases, committed indi-165

viduals could design discrete displays precisely for that purpose.166

We assume however that outrage is honest, in our model and simulation.167

Outrage is generally believed to be honest when hypocrites suffer sufficient re-168

taliatory costs; yet, retaliation against hypocrites is subject to much variation169

(Sommers & Jordan, 2022). Further research should investigate the conditions170

under which outrage is more likely to be honest, and/or treated as such by171

onlookers; ensuring that it can function as a second-order signal.172

Our model may help explain mandatory displays of commitment, such as173

rites of passage (see also: Cimino, 2011; Densley, 2012; Gambetta, 2009; Iannac-174

cone, 1992). Outrage can create a positive feedback loop, and sustain uniform,175

and therefore uninformative, displays. The resulting behavior is a specific type176

of norm. In general, norms can emerge from a variety of positive feedback loops,177

such as those created by social punishment or benchmark effects (Young, 2015).178

In our case, uniform displays arise endogenously, from the motivation to adver-179

tise one’s prosocial commitment to group members, via first- and second-order180

signaling (we do not need to assume non-senders are punished).181

Our model may also help explain exaggerated displays of commitment, e.g.182

during wartime (see also: Sosis et al., 2007; Whitehouse, 2018). Times of crisis183

tend to favor expression of commitment over others (Hahl et al., 2018), and may184

provide the initial push enabling signal runaway. In extreme cases, the system is185

expected to stop at extreme levels of signaling and outrage, pushing individuals186

to ever greater lengths to avoid appearing uncommitted. A similar logic may be187

at play with witch hunts or other collective crazes which follow a self-fulfilling188

pattern (Lotto, 1994).189

The present model is kept minimal. It needs to be completed to explain190

why many widespread signals remain stable without reaching extreme values,191

or why they may deescalate. Depending on the context, individuals may look192

for commitment to other groups or values. Signals and non-signals can change193

meaning (e.g. pacifism instead of cowardice, or closed-mindedness instead of194

dedication to the group).195

Methods196

Static analysis. To explore the conditions under which outrage may evolve,197

and lead to widespread signaling, we characterize all evolutionarily stable strat-198

egy (ESS) of the signal runaway game (for all details, see Supplementary Infor-199

mation).200
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Evolutionary simulations. To explore the conditions under which outrage201

may lead to widespread signaling and/or exaggerated signaling costs, and the202

evolution of strategies in a more realistic setting, we implement the model into203

an agent-based simulation (with one or several available signal levels). In the204

simulation, agents are characterized by a fixed quality, and three flexible fea-205

tures. They interact locally, based on their feature values at a given point in206

time. They learn optimal feature values by exploring the feature space, based207

on the outcome of these interactions.208

The simulation is written in Python and based on the Evolife platform (for209

all details, see Supplementary Information). All programs are open source and210

available from the companion website, along with instructions for installation,211

figures, and chosen parameter values.212
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