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Abstract: Gossip provides individuals a great volume of information, which allows them to make informed
decisions and better adapt to the environment around them. Like all pieces of information, however, if not
correctly interpreted, gossip can lead to harmful consequences for individuals. Indeed, computational models
have portrayed a complex picture on how gossip impacts cooperation, identifying several limitations of the
mechanism. Recent theoretical models and empirical studies have shown how interpreting the information
received through gossip is a key component to understand how gossip influences individuals and groups. Thus,
we built an agent-based model where we examine two reaction mechanisms for different reputation systems,
in which agents first interpret the motive behind gossip and then react on the basis of this interpretation. While
the first mechanism relies on an encompassing reputation system in which all pieces of information are used to
inform future decisions with other group members, the second mechanism comprises a two-layer reputation
system, in which agents’ actions are separate from agents’ reliability as gossipers. Our results support previous
empirical findings asserting gossip as an effective way to sustain initial cooperation, and offer a solution for
gossip driven by negative motives: as long as gossip receiversignore the information provided by gossipers they
deem unreliable and don’t punish them by refraining from cooperative interactions with them, cooperation can
be sustained.

Keywords: Gossip, Reputation, Cooperation, Agent-Based Model, Multi-Layer Reputation, Motives

Introduction

Gossip - defined as a sender communicating to areceiver about a target who is absent or unaware of the content
(Dores Cruz et al.[2021) - is a naturally occurring, widespread behaviour. Gossip has been argued to promote
and sustain cooperation in groups (see|Wu et al|2015|2016| for experimental works, |Giardini & Wittek|2019
and|Roberts et al.[2021|for theoretical work and|Meng et al.[2018, and |Smith|2014|for computational models).
Indeed, research has shown that gossip helps the spread of information about group members and as such,
provides the information needed to avoid and/or punish defectors in future interactions (Dunbar|2004; Giardini
et al.[2014;|Wu et al.2016), supporting in-group cooperation (Dores Cruz et al..2019b;|Giardini et al.[2022;|Peters
& Fonseca|2020;/Samu et al.[2020).

JASSS, 26(4) 1, 2023 http://jasss.soc.surrey.ac.uk/26/4/1.html Doi: 10.18564/jasss.5194



1.2

1.3

14

1.5

1.6

1.7

The importance of gossip in supporting cooperation seems well-established, but computational models are
consistently showing that the complete picture is more complex. For instance,|Giardini & Vilone|(2016) revealed
that when noise is introduced in the transmission of gossip, cooperators fail to correctly identify defectors, re-
ducing the positive contribution of gossip to cooperation (Nakamaru & Kawata|[2004; |Roberts|2008; Samu &
Takacs2021). Similarly, recent agent-based models further showed the limitations of gossip as a means to pro-
mote cooperation. According to|Testori et al.|(2022), gossip needs to be truthful to promote slightly higher levels
of cooperation compared to first-hand reputation (Testori et al.[2022). Moreover to sustain cooperation, gossip
should contain multiple pieces of information, making the message more complex and time consuming. That
is, gossip should not only convey private assessments of others, but must also include elements of perspective
taking and information about tolerance thresholds (Righi & Takacs|2022).

Thus, computational models portray a many-sided picture on how gossip impacts cooperation. While certain
models praise gossip as a powerful mechanism to sustain high levels of cooperation (Meng et al.|2018;|Smith
2014), other models show how its positive role is contingent on the applications of restrictive conditions (Gi-
ardini & Vilone|2016; Righi & Takacs[2022; Testori et al.[2022), questioning whether gossip can indeed be con-
sidered as an efficient and effective mechanism to promote cooperation. Being a complex human behaviour,
we should not consider gossip as a completely beneficial or harmful action, especially as its consequences for
someone’s reputation can be difficult to predict or even to assess in the short run. A person’s inferences about
another’s reputation may be built on the basis of many potential factors (Ames & Fiske|2013), and different ac-
tors may react differently to the same information. Evidence from punishment games shows how important
motive attribution is in the choice of response: intentional harm is judged and punished more severely than
unintentional harm (Ames & Fiske|2013; Darley & Huff||1990). Experimental work shows that even in abstract
situations such as a dictator game, the evaluation of an action depends on the choices available to an actor
(Bardsley|2008;|List|2007), and this is even more likely outside a controlled laboratory experiment.

In a recent theoretical model, |Lee & Barnes|(2021) argued that how gossip receivers interpret gossip is a key
element in determining the consequences that work-place gossip has on cooperation. Drawing from attribu-
tion theory (Heider & Weiner|2002;|Kelley 1967), they suggested that the characteristics of gossip (e.g., valence,
work-relatedness, and credibility) as well as the context in which gossip occurs shape how receivers interpret
gossip, which in turns influences gossip consequences. They identified three main motives that receivers can
infer: self-interested motives, which focus on benefitting the sender, relational motives, which focus on creat-
ing interpersonal connections between the sender and receiver of gossip, and pro-social motives, which focus
on the wellbeing of the group. They argued that when receivers interpret gossip as driven by pro-social or re-
lational motives, they see the sender as more trustworthy and consider the gossip as more reliable than when
they interpret gossip as driven by self-interested motives.

Given the critical role of the interpretation of motives to disentangle the impact of gossip on cooperation, we
built an agent-based modelin which receivers’ reaction to gossip depends on their interpretation of the motives
behind it (Beersma et al.2019;|Lee & Barnes|2021). Our model tests whether introducing reaction mechanisms
that depend on the receivers’ interpretation of the senders’ motives influences group cooperation. Does gos-
sip support cooperation when agents’ choices depend not on the content of the information received or the
reliability of the source, but on the attribution of different motives to the gossiper?

Differences in the interpretation of gossip motives has been shown to lead to different reactions to gossip in
one-shot interactions in the lab (Testori et al.|2023), and motive interpretations could also have a major impact
on gossip and reputation dynamics in the long run, fostering or hampering cooperation. In our model, agents
firstinterpret the motive behind gossip. In turn, this interpretation drives their reaction toward both the sender
and the target of the gossip. Thus, to bring clarity on the effects of gossip on cooperation, we argue that a key
aspect has been missingin previous models investigating gossip consequences. That is, gossip has always been
taken at face value: receivers do not discern between the motives of gossipers, but simply use the information
received from any gossiper to inform their future actions. Here, we compare the face value mechanism (com-
plete acceptance, baseline) to two mechanisms that agents can adopt when reacting to gossip, which reflect
two different reputation systems.

The first mechanism (single reputation) relies on empirical findings showing that individuals tend to respond
negatively to gossipers that they perceive as motivated by selfish motives (Berman & Silver|2022; Farley|2011;
Peters & Kashima|2015;|Reeder et al.[2002), while they tend to respond positively to gossipers that they perceive
as motivated by pro-social motives (Beersma & Van Kleef|2012;|Fonseca & Peters|2021;|Peters & Kashima|2015).
In this case, agents update their reputation of the target and the sender of gossip as future interaction partners,
based on their interpretation of the gossip motive (see Methods for more details). That is, if receivers interpret
the gossip as motivated by pro-social motives, they will be more likely to cooperate with the sender, and vice
versa if gossip is interpreted as driven by selfish motives.
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The second mechanism (double reputation) is rooted in the idea that individuals might hold several distinctive
reputations of others, which differ depending on the task at hand. That is, reputation is often context specific
(Garfield et al.|2021}; Raub & Weesie|1990; Takacs et al.[2021): while it is hard to establish whether someone is
good or bad overall, we can establish whether someone is good or bad when performing a specific action (e.g.,
one could have a positive reputation of one’s colleague as project manager but not as tennis partner). As seen
in the formalisation of closely related concepts (see/Hardin|1993;|Lo lacono & Testori[2021}|Luhmann|2018|for
similar debates on trust), we argue that reputation can be portrayed as a three-part relation: an agent i holds
an opinion about an agent j with respect to a certain action a.

Based on such literature, we built a mechanism in which agents hold two separate reputations: one as interac-
tion partner (which reflects the likelihood, in the eyes of agent i, that agent j will cooperate in the next interac-
tion; action a is the likelihood of cooperation in the next interaction), and one as gossiper (which indicates how
reliable agent i expects the gossip shared by agent j to be; action a is the reliability of the gossip shared). With
regards to the latter reputation, the reputation as gossiper, if agents interpret gossip as driven by pro-social mo-
tives, this implies that it is likely to be reliable, and they increase the reputation of the sender as a gossiper. On
the other hand, if agents interpret gossip as selfishly motivated, this implies that gossip is not reliable, and they
decrease the sender’s reputation as a gossiper. Note that in these mechanisms, one’s reputation as a gossiper
and one’s reputation as an interaction partner, are independent, which implies that how receivers interpret
gossip will not impact the extent to which they will cooperate with the gossiper. Besides updating the reputa-
tion of the gossip sender, receivers increase or decrease the reputation of the target as an interaction partner
proportionally to the reputation the gossip sender has as a gossiper. That is, if the sender has a high reputation
as a gossiper, the weight assigned to the gossip statement will be higher compared to the weight assigned to a
sender with a low reputation as gossiper.

A potential advantage of separating the two reputation systems is that it allows groups to prevent significant
drawbacks due to misinterpretation of gossip motives. That is, in a single reputation system, if gossip motives
are correctly interpreted and the sender’s reputation as interaction partner is updated, then selfish gossipers
should be ostracized regardless of their cooperative actions, which could have a perverse effect at the system
level. This spillover effect could be prevented by a double reputation system in which the sender’s reputation
as gossiper is updated upon receiving gossip, but not their reputation as an interaction partner. We expect that
when reputations asinteraction partner and gossiper are separate, it is possible to discriminate more accurately
between agents who engage in uncooperative actions (defectors) and agents who gossip for selfish reasons
(unreliable gossipers).

This model contributes to the current interdisciplinary debate on the complex effects of gossip on coopera-
tion (Giardini et al.|2021) in several ways, by providing 1) a more realistic model of gossip behaviour based on
information processing theory (Lee & Barnes2021); 2) a better understanding of the gossip triad and how micro-
level processes (motive interpretation) give rise to complex group-level dynamics and contribute to sustaining
or hampering cooperation levels (Beersma et al.[2019; Lee & Barnes|2021); 3) a comparison between different
reaction mechanisms and reputation systems that could provide insightful findings on how to deal with gossip
in groups.

Methods

We built an agent-based model with the aim of exploring how the receivers’ reactions to gossip, based on their
interpretation of the senders’ motives, influence cooperation. Cooperation is calculated in the model as the
number of cooperative decisions made by the agents in each round, and we report the fraction of agents coop-
erating in the population over rounds (i.e., the density of such cooperation over rounds).

Model description

The model can be divided into four parts: (1) initialization, (2) interaction, (3) gossip, (4) strategy update.

Let us consider a population of N € {1,2,...,n} agents. Each agent has a gossip motive (see below for speci-
fications) and an initial likelihood to cooperate ¢; o drawn from a normal distribution N(0.5, 0.05). Each round,
agents are randomly matched in pairs and interact with one another, and each agent can either cooperate (C)
or defect (D). Their likelihood to cooperate depends on the reputation of their interaction partner R; ; € R (the
reputation that agent i holds of agent j as an interaction partner). After each interaction, agents update their
reputation R; ; upwards/downwards by a value w, if agent j cooperated/defected.
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Onceall agentsinteracted and updated their reputation of their interaction partners, each agent shares x gossip
statements (default: x = 2, see Sl for x = {1, 5}) about their most recent interaction partners with their current
interaction partner. From the perspective of the gossip receiver, each gossip statement affects the reputation of
the target asinteraction partner and can also affect the reputation of the sender, as either an interaction partner
or as a gossiper. The sender’s motive determines the content of gossip (see below for further explanation), and
agents can use different mechanism to react to gossip (see below for further explanation). The simulation ends
after 10* rounds.

Gossip motives and gossip content

People can have different motives to engage in gossip (Beersma & Van Kleef|2012;|Beersma et al.[2019;Dores
Cruz et al.2019a), such as to protect the group, to negatively influence the gossip target, to vent one’s emotions,
to gatherinformation, and to enjoy oneself. The content of gossip is likely to depend on these motives (Fonseca
& Peters|2018;|Lee & Barnes|2021; |Peters & Fonseca|2020).

Individuals motivated to protect group members should be more likely to send truthful information about the
target (Fonseca & Peters|[2018; |Lee & Barnes|2021). By providing reliable information about the target, gos-
sipers can protect receivers from norm-violators while sustaining cooperative behaviours among group mem-
bers (Feinberg et al.|2014; Peters et al.|2017). Furthermore, if gossip is motivated by a desire to gather and share
useful information about the target, gossipers are expected to share their honest view of the target. Similarly,
if people gossip to vent their emotions, they are more likely to share a true event that happened to them, so
that they can let go of negative feelings linked to such experience and find comfort in the receiver’s empathetic
response (Dores Cruz et al.[2019bj|Martinescu et al.|2019).

In contrast, if individuals gossip to discredit the target, they are more likely to share negative information re-
gardless of whether this information is truthful or not, given that their goal is to shed an unfavourable light on
the target (Beersma & Van Kleef|2012; McAndrew et al.[2007; [Peters & Fonseca|2020). Lastly, no clear pattern
can be delineated for the social enjoyment motive: people may share both positive and negative, truthful and
false information about the target without any strategic reason. Indeed, research shows that both positive and
negative gossip can strengthen bonds between senders and receivers (Dores Cruz et al.2021;|Peters et al.[2017).

Following this reasoning and recent developments in the gossip literature, it possible to divide gossip motives
more broadly into motives that seem to align with largely pro-social concerns to benefit others, and motives
that seem to align largely with pro-self concerns to benefit oneself (Beersma et al.[2019; Hess & Hagen|2019;
McAndrew et al.[2007). Whereas pro-social motives are associated with sending truthful information, pro-self
motives are associated with sending false information when this is beneficial for the gossipers. To capture this,
we modelled two gossiping rules based on gossip motives, always-true and always-negative:

1. Always-true: Agents always gossip truthfully, sharing whether the target cooperated or defected in the
previous interaction.

2. Always-negative: Agents always report that the target defected, regardless of whether the target cooper-
ated or defected in the previous interaction.

These two rules have been operationalised in such a way as to simplify the complexity of human behaviour
when gossiping: it is unlikely that someone would always share truthful or negative information (i.e., gossip
motives likely vary per instance of gossip). Nevertheless, this operationalisation allows us to examine the im-
pact of these two empirically grounded behaviours without introducing internal noise.

Reaction to gossip

In this model, we explored three different mechanisms in which agents react to gossip (see Table[I|for overview).

Complete acceptance (Baseline): Receivers take the gossip at face value. Agents either increase or decrease
their reputation of the target as an interaction partner by a value w,;, depending on whether the target cooper-
ated or defected, without updating the reputation of the sender. This mechanism is the most common way to
operationalise gossip, i.e., as an information exchange about a third agent, without any further psychological
specification or reputational consequences for gossipers.

In the next two mechanisms, receivers first interpret the senders’ motive to gossip. Receivers can correctly inter-
pret the gossiper’s motive (always-true and always-negative) with a certain probability p € {0, 0.25,0.5,0.75, 1}.
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Agents are endowed with two different motives to gossip, assigned at the initialization stage and fixed during
the simulation. Agents are also endowed with the ability to distinguish between others’ gossip motives, that
is, they determine whether the gossip received was shared by a gossiper with always-true motive or always-
negative motive. The percentage p represents the likelihood that agents correctly interpret the motive of the
gossiper.

Single reputation: After interpreting the senders’ motive, receivers increase/decrease their reputation of the
sender as an interaction partner by a value w, ; depending on whether the gossip is interpreted as always-
true/always-negative. Receivers also increase/decrease their reputation of the target as interaction partner by
a value wy, if the target cooperated/defected. That is, gossip impacts not only the likelihood with which the
receiver cooperates with the target but also the likelihood that the receiver cooperates with the sender.

Double reputation: Here, agents hold two separate reputations; one as interaction partner (R; ;, which reflects
the likelihood, in the eyes of agent i, that agent j will cooperate in the next interaction) and one as gossiper
(Gi; € [0,1], which indicates how reliable agent i expects the gossip shared by agent j to be). After inter-
preting the senders’ motive, receivers increase/decrease their reputation of the sender as a gossiper (G; ;) by
a value wy ; if the gossip is interpreted as driven by always-true/always-negative motives. The senders’ rep-
utation as gossipers does not affect the likelihood that the receiver will cooperate with the sender in future
interactions but affects how the receiver uses the gossip to inform future interactions with the target: receivers
increase/decrease their reputation of the target as interaction partner by a value g; ; X w, if the target coop-
erated/defected. In other words, gossip impacts the likelihood that the receiver cooperates with the target in
a manner proportional to the sender’s reputation as gossiper, but it has no effect on the likelihood that the
receiver cooperates with the sender.

Table 1: Overview of the reaction mechanisms.

Complete acceptance

Single reputation

Double reputation

Reputation systems up-
dated following gossip

Target’s reputationasin-
teraction partner

Target’s and sender’s
reputation as interac-
tion partners

Target’s reputation as
interaction partner and
sender’s reputation as

gossiper
Reaction rule towards | Increase/decrease Increase/decrease Increase/decrease
the target reputation by a fixed | reputation by a fixed | reputation if target
value if target cooper- | value if target cooper- | cooperated/defected.

ated/defected

ated/defected

The value of the update
depends on the sender’s
reputation as gossiper

Reaction rule towards
the sender

Increase/decrease rep-
utation as interaction
partner by a fixed value
if receiver interprets
the gossip motive as
always-true/always-
negative

Increase/decrease rep-
utation as gossiper by
a fixed value if receiver
interprets the gossip
motive as  always-
true/always-negative

Results

We ran our simulation with different values of the model parameters. The results use the default values of such
parameters (see Table[2) and are averaged over 100 independent realisations. For robustness, the entire range
has been tested and results are reported in the SI. To understand how gossip influences cooperation, we ex-
amined the percentage of cooperation (i.e., the fraction of agents that choose to cooperate in each interaction)
over 10* rounds.

JASSS, 26(4) 1, 2023 http://jasss.soc.surrey.ac.uk/26/4/1.html Doi: 10.18564/jasss.5194



3.2

3.3

Table 2: Summary of model parameters.

Variable | Description Default Range

N Group size 200 {50, 100, 200}

X Distribution for initial level of cooper- | N(0.5,0.05) | N(0.5,0.05);U[0, 1]
ation

X Number of gossip statements ex- | 2 {1,2,5}
changed per interaction

Wy Size of the update following direct in- | 0.5 {0.1,0.3,0.5}
teraction

Wes Size of the update following gossip for | 0.5 {0.1,0.3,0.5}
senders

Wg; Size of the update following gossip for | 0.5 {0.1,0.3,0.5}
targets

) Probability of correctly interpreting {0,0.25,0.5,0.75, 1}
gossip motives

Complete acceptance

First, we report the results for our baseline mechanism. Here, gossip content is shaped by the senders’ mo-
tives (always-true, always-negative), there is no interpretation of such motives by the receivers (complete ac-
ceptance), and receivers only update their reputation of the target as interaction partners. Figure[1]shows the
percentage of cooperation throughout rounds depending on the gossip shared by agents (either always-true or
always-negative).

100%

— Always True ——Always Negative

80% -

60% -

40%

20%

Percentage of Cooperation

0% n 1l
0 200 400 600 800 1000
Rounds

Figure 1: Percentage of cooperation over rounds for always-true and always-negative gossip motives. Reaction
mechanism: complete acceptance. The shadows indicate the 95% confidence intervals, calculated over 100
independent runs.

Always-negative gossip depletes cooperation in groups. Always-true gossip sustains the group’s initial coop-
eration, by reducing the percentage of exploited cooperation (cases in which one agent cooperated and the
other defected) and optimising the initial cooperation of the group. Indeed, the group is initialised with coop-
eration levels drawn from a normal distribution with mean 0.5. Similar results are shown when agents’ initial
cooperation is drawn from a uniform distribution U[0, 1], see SI.
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(one agent cooperated and the other defected), and in cooperation being reciprocated (both agents cooper-
ated). In the first 500 rounds, half of the cooperative actions are “wasted” as agents do not know with whom
to cooperate and with whom to defect. As information circulates, the exploitation of such cooperative actions
decreases when agents share always-true gossip (as seen in Figure[2p) while successful interactions (in which
both agents cooperate) increase (see Figu re). That is, groups maintain levels of cooperation similar to those
they were initialised with (in line with Testori et al.|2022), but use such cooperation in a more efficient way (see

Figure[2p,2b).

On the other hand, when always-negative gossip is shared, agents decrease their likelihood to cooperate with
other group members, which leads all agents to defect with one another, making it impossible for cooperation
thrive.

100% (2a) 100% (2b)
— Always True
— Always Negative
80% 80%
aQ O
O 8}
G 60% 5 60%
o o
= o)
o] I}
= =
S 40% 8 40% [
o 5]
o o
20% 20%
0% - 0% .
0 200 400 600 800 1000 0 200 400 600 800 1000
Rounds Rounds

Figure 2: Percentage of interactions in which (2a) one agent cooperated and the other defected (CD), and (2b)
both agents cooperated over rounds (CC) for always-true and always-negative gossip. Reaction mechanism:
complete acceptance.

Single reputation

Receivers here interpret the motive behind the gossip received and base their reaction on such interpretation.
If gossip is interpreted as always-true, then receivers increase their likelihood to cooperate with the sender (by
increasing the sender’s reputation as interaction partner). On the other hand, if gossip is interpreted as driven
by negative motives (always-negative), then receivers decrease their likelihood to cooperate with the gossip
sender (by decreasing the sender’s reputation as interaction partner).

If always-true gossip is mostly interpreted as such (o > 50%), then it promotes and sustains high levels of
cooperation, well above the initial group cooperation. In this case, the initial likelihood to cooperate rises until
reaching 100% of cooperation. If always-true gossip is mostly incorrectly interpreted as always-negative (o <
50%), then it depletes cooperation in groups (see Figure[3).
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Figure 3: Percentage of cooperation over rounds for always-true and always-negative gossip motives. Reaction
mechanism: single reputation. The panels show the results for different probabilities of correctly interpreting
the gossip motives (o = 0% means that gossip motives are always wrongly interpreted; p = 100% means gossip
motives are always correctly interpreted). The shadows indicate the 95% confidence intervals, calculated over
100 independent runs.

Always-negative gossip depletes the initial cooperation of the group, leading to no cooperation in all cases in
which some correct interpretation occurs (o > 0%). If always-negative gossip is always interpreted as truthful
(0 = 0%), then cooperation stabilises around 35%. This level of cooperation is due to the positive response
that gossipers receive when they are evaluated as honest gossipers (sharing always-true motivated gossip).
That is, since receivers interpret gossip as always-true, they reward the gossipers by increasing the likelihood
of cooperating with them in the future, which allows cooperation to stabilise around 35%.

Double reputation

Finally, we tested what happens to cooperation when gossipers interpret the gossip motive and use this in-
formation to update the reputation of the senders as gossipers. This double reputation system is expected to
support cooperation because it discriminates between malicious gossipers and defectors.

Always-true gossip sustains the initial cooperation of the group, regardless of how it is interpreted (similarly
to the complete acceptance mechanism). If always-true gossip is mostly correctly interpreted (o > 50%), then
the content of gossip is used to inform future interaction with the targets. However, given that the gossip does
contain true information and agents are initialized with a 50% chance to cooperate, the gossip reports positive
(i.e., the target cooperated) and negative (i.e., the target defected) information with similar frequency. Positive
and negative information, therefore cancels out, hampering cooperative cycles to emerge and cooperation to
thrive. On the other hand, if always-true gossip is mostly incorrectly interpreted (o < 50%), then the informa-
tion received through gossip has little to no weight, and the agents base their actions mainly on their direct
interactions (see Figure@.

- 09 - 959 ~ 509 ~ 759 - 1009
100% p=0% 100% p=25% 100% p=50% 100% p=75% 100% p=100%

c ——Always True
o — Always Negative
s 80% 80% 80% 80% 80%
@
5]
§ 60% 60% 60% 60% 60%
bS]
S 40% 40% 40% 40% 40%
@
5
£ 20% 20% 20% 20% 20%
o

0% 0% 0% 0% 0%

0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000

Rounds

Figure 4: Cooperation density over rounds for always-true and always-negative gossip motives. Reaction mech-
anism: double reputation. The panels show the results for different probabilities of correctly interpreting the
gossip motives (o = 0%) means that gossip motives are always wrongly interpreted; p = 100% means that gos-
sip motives are always correctly interpreted). The shadows indicate the 95% confidence intervals, calculated
over 100 independent runs.
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Noticeably, when always-negative gossip is correctly interpreted (0 = 100%), then senders quickly lose their
credibility as gossipers and their gossip is disregarded (G; ; — 0, Vi, j). Agents therefore base their actions solely
on their directinteractions, and groups can sustain their initial cooperation. Over time, agents learn with whom
to cooperate/defect, and so the percentage of interactions resulting in one agent cooperating and the other
defecting decreases, while it increases the percentage of interactions resulting in both agents cooperating (see
Figure[5,[Bb). However, if always-negative gossip is misinterpreted (o = 100%), then cooperation is depleted.
Indeed, when gossipers are not identified as sharing self-interested gossip (always-negative), receivers use the
gossip to inform future interactions with the targets. Given that gossip always contains negative information
about the target (i.e., the target defected), a negative loop of defection is established, and cooperation drops.

(5a) (5b)

100%

100%

— Always True
— Always Negative
80% 80%

60%

60%

40% M
20% \ o

0% 0%
0 200 400 600 800 1000 0 200 400 600 800 1000
Rounds Rounds

40%

Percentage of CD
Percentage of CC

Figure 5: Percentage of interactions in which (5a) one agent cooperated and the other defected (CD), and (5b)
both agents cooperated over rounds (CC) for always-true and always-negative gossip. Reaction mechanism:
double reputation, p = 100%.

Comparison between reactions mechanisms - How to foster higher levels of coopera-
tion at the group level?

Our results show that cooperation is strongly influenced by how receivers interpret the sender’s motive. A sys-
tematic analysis of the impact of the interpretation level p on cooperation can be found in the SI. Here, we
explored which reaction mechanism led to the highest cooperation levels for the population, on the basis of
receivers’ interpretation.

Figure[6 compares the two reaction mechanisms (single reputation - left side - and double reputation - right
side) when gossip was interpreted as always-true. The green bars represent gossip that was driven by nega-
tive motives but was incorrectly interpreted by the receiver. The purple bars represent gossip that was driven
by positive (always-true) motives and was correctly interpreted by the receiver. Results show that, if gossip is
interpreted as always-true, increasing the likelihood to cooperate with the sender (by increasing the sender’s
reputation as interaction partner) and using the information received about the target to inform future actions
leads to higher cooperation at the group level (see Figure[6l). This holds regardless of the original motivation
with which gossip was shared (comparison between green and purple bars across the left and right side of the
plot).

Figure@a compares the cooperation density for the two reaction mechanisms (single reputation - left side -
and double reputation - right side) when gossip was interpreted as always-negative. The green bars represent
gossip that was initially shared with negative motives and was correctly interpreted by the receiver. The pur-
ple bars represent gossip that was initially shared with honest (always-true) motives but was incorrectly inter-
preted by the receiver. If gossip is interpreted as always-negative, updating the sender’s reputation as gossiper
and weighting the information based on the senders’ reputation is the most effective mechanism to achieve
higher group cooperation. In other words, if agents interpret the gossip as negative, they should decrease the
senders’ reputation as gossipers, but not decrease their cooperation towards them. By decreasing the senders’
reputation as gossipers, receivers are also less affected by the gossip content because the targets’ reputation
asinteraction partner changes proportionally to the reputation of the gossipers, and this avoids the emergence
of loops of defections. This mechanism allows agents not to be influenced by what they interpret as unreliable
gossip, without hindering future interactions with the senders and the target of gossip.
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Figure 6: Level of cooperation in the last round when gossip isinterpreted as (a) always-true (b) always-negative.
Comparison between the two reactions: (left columns) single reputation; (right columns) double reputation.
Green bars always refer to gossip initially shared with always-true motives. Purple bars always refer to gossip
initially shared with always-negative motives.

Conclusions

Gossip comprises a large proportion of daily life communication (Robbins & Karan|2020). It also provides in-
formation about peers’ actions and behaviours, and as such, it enables individuals to make more accurate
predictions about others’ behaviour, which can then be used to inform future interactions (Giardini & Wittek
2019).

Like all information, however, if not correctly interpreted, gossip can lead to harmful consequences for individ-
uals (Testori et al.[2022). As such, recent theoretical models and empirical studies have shown how interpreting
the information received through gossip is a key component to understand how gossip influences individuals
and groups (Lee & Barnes|2021; Testori et al.[2023). From previous research we know that the content shared
through gossip can be influenced by the motivation with which gossip was sent (Beersma & Van Kleef|2012;
Dores Cruz et al.2019a). If senders have malicious intentions when gossiping, it is likely that gossip will contain
unreliable information. On the other hand, if senders gossip to protect others, the content is likely to provide
accurate and reliable information about the target (Lee & Barnes|2021;|Wu et al.[2021). Hence, to efficiently use
gossip to inform future decisions, it is crucial that receivers interpret the motivations behind the gossip they
receive and adapt their reaction according to such interpretation.

This study investigated how different reaction mechanisms based on the receivers’ interpretation of gossip mo-
tives affect group cooperation. To this purpose, we built two reaction mechanisms based on different reputa-
tion systems and compared them to a baseline condition in which gossip was accepted at face value. In the
new reaction mechanisms, agents first interpret the motive behind gossip and then react on the basis of this
interpretation. While the first mechanism relies on an encompassing reputation system in which all pieces of
information are used to inform future decisions with other group members, the second mechanism comprises
a two-layer reputation system, in which agents’ actions are separate from their reliability as gossipers. In the
latter case, gossip information is only used if the sourceis believed to be reliable, and the reliability of the source
in turn depends on the receiver’s interpretation of the sender’s motives.

Our results showed that when the single reputation mechanism is used, gossip promotes high levels of co-
operation if receivers correctly interpret senders’ pro-social motivations, but not if pro-social motivations are
wrongly interpreted as selfish ones (incorrect interpretation of more than 50% of the cases). On the other hand,
if senders have selfish motivations, the highest cooperation level is achieved when receivers misinterpret the
senders’ motivation as pro-social. That is, if agents interpret the gossip as driven by pro-social motives, coop-
eration is more likely to increase because of the positive reputation of senders. When receivers interpret the
senders as moved by pro-social motives, they are more likely to cooperate with them in future interactions,
thus increasing the overall group cooperation.

When agents react to gossip using the double reputation mechanism, this sustains the initial level of cooper-
ation of the group if the gossip was shared with pro-social intentions, regardless of whether they correctly or
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incorrectly interpret the senders’ motive. On the other hand, if senders share pro-selfishly motivated gossip,
the two-layer reputation mechanism prevents cooperation from declining only if agents correctly identify the
motives behind gossip.

It is important to note certain limitations of our model. Firstly, our model does not elaborate on how agents
interpret gossip motives. That is, populations are set to have a fixed probability with which they correctly inter-
pret the motivation behind gossip. However, in real life people might use different cues to assess the motives
behind gossip, such as body language, context, and the relationship between the gossip actors. Future models
could be developed to assess which combination of these factors lead to the most accurate motive interpreta-
tion and how this affects cooperation.

Secondly, in our model, agents do not change their motivation behind gossip. In real life, however, individuals
might have different reasons to gossip depending on who the target or the receiver of the gossip are (Giardini
& Wittek2019). Thus, future models could investigate how different network structures impact agents’ motiva-
tions to gossip and how they affect group cooperation.

Even given these limitations, our results shed light on motive interpretation as a central factor for understanding
whether and how gossip affects group cooperation, regardless of the agents’ motivation to gossip. Empirical
studies show how difficult it is to correctly interpret the motivations behind gossip and how individuals are
prone to misinterpret others’ intentions (Walmsley & O’ Madagain|2020; |Testori et al.[2023). To simplify such
a complicated process, our model identifies which reaction mechanism yields the highest cooperation levels,
based on thereceivers’ interpretation of the motives behind gossip and not on the original motive of the sender.
Comparing two reaction mechanisms leads to the conclusion that if gossip is interpreted as driven by selfish
motives, agents should use the double-reputation system to ensure the maintenance of the original coopera-
tion level, while they should adopt the single-reputation system if they interpret gossip as driven by pro-social
motives. Thatis, if agents interpret the gossip as negatively motivated, they should decrease the senders’ repu-
tation as gossipers, but not decrease their cooperation towards them; and if agents interpret the gossip as pro-
socially motivated, they should increase their likelihood to cooperate with the senders in future interactions.
Our results support the numerous empirical findings asserting gossip as an effective way to support coopera-
tion (Peters & Fonseca|2020;|Wu et al.|[2015) and offer a solution for gossip driven by negative motives (Testori
et al.2022): as long as gossip receivers ignore the information provided by gossipers they deem unreliable and
do not punish them by refraining from cooperative interactions with them, cooperation can be sustained.
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