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We consider a simple model of agents modifying their opinion about themselves and

about the others during random pair interactions. Two unexpected patterns emerge:
(1) without gossips, starting from zero, agents opinions tend to grow and stabilize on

average at a positive value; (2) when introducing gossips, this pattern is inverted; the

opinions tend to decrease and stabilize on average at a negative value. We show that these
patterns can be explained by the relative influence of a positive bias on self-opinions and

of a negative bias on opinions about others. Without gossips, the positive bias on self-

opinions dominates, leading to a positive average opinion. Gossips increase the negative
bias about others, which can dominate the positive bias on self-opinions, leading to a

negative average opinion.
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1. Introduction

Gossips are the subject of a large body of research from different disciplines (see a

review in [17]) which generally emphasize their social utility. Indeed, gossips help

reputation management [11, 27] and to solve social problems such as propagating

information about cheaters or about potential partners or punishing deviations from

the social norm. Also, gossips can introduce indirect altruistic behaviours because

agents are motivated to maintain a good reputation [26]. Nevertheless, a few studies

[4] observe negative effects of gossips on group cohesion.

This paper shows this dark side of gossips in a simple model of opinion dynamics

and suggests that it is deeply rooted in social interactions. As far as we know, this

is the first time that this issue is addressed through a modelling approach.

The model comprises a set of agents, each one holding an opinion (a real number

between -1 and +1) about herself and about each other agent. During random dyadic

encounters, each agent modifies her opinions about both agents in the couple, under

the influence of the other. The influence is attractive; each agent tends to get her

opinion closer to her evaluation of the one of her interlocutor, with three specific

additional assumptions:

• The evaluation of others’ opinion is noisy, accounting for random commu-

nication mistakes. The average noise is zero, expressing that the mistakes
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are not biased.

• Agents are more strongly attracted by the opinions of agents that they

value higher than themselves and less attracted by the opinions of agents

that they value less than themselves. Overall the influence function has a

sigmöıd shape.

• When lower than -1, opinions are truncated to -1 and when higher than

+1, they are truncated to +1.

Gossips can be added into the model, in which case, at each encounter agents

influence each others’ opinions not only about themselves, but also about other

agents (chosen at random). This model is a simplified version of the Leviathan

model [9, 21], without the process called vanitya. Note that the vanity process can

account for the negative reactions generated by agents who are felt to have a too

high opinion of themselves, if these agents also under-evaluate others. This type

of reaction is absent from the simplified model considered in this paper: an agent

having a high value of herself tends to convince the others of this high value. Indeed,

our main objective is to better understand the phenomena, already complex, taking

place in the simplified model.

This model can be related to the large family of opinion dynamics models [14, 16,

25, 5, 7, 18, 13] (for a recent review see: [12]). Indeed, the interactions on opinions

follow the classical principle of attractive influence often found in these models.

However, this model shows the rather uncommon feature that the agents’ opinions

are about each other, whereas most of the opinion dynamics models assume agents

talking about things and objects, for instance about products or movies (despite a

few exceptions such as [1, 3]).

Yet, it can be argued that opinions about people are more important and more

interesting than opinions about things. First, it has been observed that most ca-

sual conversations are about the speakers themselves or about other people they

know [10, 15, 31]. Then, it is a common observation that, when speaking about

things, people often seek to send messages about themselves or about others. Fi-

nally, the opinion dynamics about people generate spontaneous hierarchical social

structures and define agents’ views of themselves within them. Therefore a better

understanding of these processes could shed a new light on deep psychological and

social dynamics.

Two categories of models about gossips and reputations are proposed in [30]:

the cognitive models which focus on the dynamics of mental states of the agents,

and the game theoretical models in which the behaviour of the agents in the outside

world is decisive for their reputation. Our model belongs to the first category: the

aThe principle of the vanity process is to be grateful when you feel highly valued and angry when
you feel lowly valued: agent 1 increases her opinion about agent 2 when agent 1 thinks that agent

2 has an opinion about agent 1 which is higher that agent 1’s self-opinion and agent 1 decreases
her opinion about agent 2 when agent 1 thinks that agent 2 has an opinion which is lower that
agent 1’s self opinion.
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agents discuss only about their respective opinions, without any reference to their

behaviour.

This corresponds to the willingness to simplify the model as much as possible,

in order to identify clear effects [6, 8]. The model thus does not claim to represent

realistic situations. In particular, it assumes that all agents are initially interchange-

able. This can be seen as a neutral hypothesis, like the one proposed in ecology by

Hubbell [20]. The differentiation between agents comes thus only from the history of

random interactions. Moreover, in the most simplified version of the model (without

gossips), we suppose that the agents talk only about themselves and about their

interlocutor, which of course is rarely the case.

However, we claim that the core assumptions of the model on the dynamics of

opinions are rooted in well established psycho-sociological knowledge. Indeed, the

tendency to follow each others’ attitudes is attested by numerous experiments and

the main basis of most opinion models (with many nuances and sophistication, of

course). The tendency to give more influence to valued people is a component of

one of the best confirmed theories in social psychology [28]. Our goal therefore, is to

identify the general effects of these mechanisms in idealized situations where their

role should be more easily understood. In sum, our approach is to study in depth

the emergence of pure patterns in oversimplified cases, with the hope that this will

help understand more complicated settings.

We focus on two patterns:

• the positive drift of the model without gossips: starting from all opinions

at zero, the average opinion tends to grow for a while and then fluctuates

around a stable positive value. Each agent tends to have a positive opinion

about all the others, including herself.

• the negative drift of the model with gossips: when gossips are added to

the model, on the contrary, starting from all opinions at zero, the average

opinion tends to decrease and then fluctuates around a stable negative

value. Each agent tends to have a negative opinion about all the others,

including herself.

These patterns are rather surprising because at a first glance, the equations of the

model appear to be symmetric and the noise is unbiased, therefore the distribution

of opinions is expected to be balanced between the negative and positive sides.

The main contribution of this paper is to propose an explanation of these pat-

terns which relates to two statistical biases appearing in the model:

• a positive bias on self-opinions: when agent 1 keeps a constant opinion

about agent 2, agent 2’s self-opinion is on average a bit higher than agent

1’s opinion about her;

• a negative bias on opinions about others: when agent 1 keeps a constant

self-opinion, the opinion of agent 2 about agent 1 is on average a bit lower

than agent 1’s self-opinion.
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When there are no gossips, the positive bias on self-opinions dominates and

tends to drive the opinions upwards. Gossips increase the negative bias, sometimes

sufficiently to overcome the positive bias.

The following section firstly describes the model and the patterns under scrutiny;

then, we observe in details simplified simulation experiments with two and then with

more agents that suggest how the effects of the positive and negative biases may

lead to the positive and negative drifts. The paper concludes with a discussion on

the possible applications of the model to empirical cases.

2. The Model

The model includes n agents, each agent M (Me) having an opinion aMY about

each agent Y (You) including herself; the opinions are real values between -1, the

worst opinion, and +1, the best opinion. Initially, all opinions are set to 0: agents

have a neutral opinion about all the others at the beginning of the simulation.

Graphically, we represent agents’ opinions as a matrix, in which row M is the

array of opinion that agent M has on the other agents Y and, column M is the

opinions all agents Y have about M . The right-bottom top-left diagonal shows the

agent self-opinions. Positive opinions are represented with red shades and negative

opinions with blue shades. Lighter shades are used for feeble opinions (close to 0),

and they get darker as the opinion becomes more polarized towards -1 or +1, as

represented in Figure 1. We define the reputation rM of agent M as the average of

the others’ opinions about her.

Fig. 1. Opinion matrix. Each row represents an agent’s opinion over the population, with the
right-bottom to top-left diagonal being self-opinions.
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2.1. Dynamics without gossips

At each time step two randomly chosen agents M and Y have an encounter and

influence one another. The change ∆aMY of opinion of M about Y leads aMY to get

closer to a noisy evaluation of Y ’s self-opinion, according to the following equation,

in which R(δ) designates a uniformly drawn number between −δ and δ:

∆aMY (t) = pMY (t)(aY Y (t)− aMY (t) +R(δ)). (1)

In this equation, the change of aMY is influenced by aY Y (Y ’s self-opinion) and

the amplitude of this influence is modulated by a propagation coefficient pMY , that

will be explained shortly. The random variable R(δ) expresses the mistakes done by

M when evaluating Y ’s self-opinion.

At the same time, the change ∆aMM of M ’s self-opinion tends to get aMM

closer to a noisy evaluation of Y ’s opinion about M , in a similar way:

∆aMM (t) = pMY (t)(aYM (t)− aMM (t) +R(δ)). (2)

The changes of opinions of Y on M obey the same rules, with a different prop-

agation coefficient pYM (Notice that M 6= Y ; an agent cannot be paired with

herself).

The Propagation Function pMY represents how much M is influenced by Y.

This coefficient is a sigmöıd function of the difference between M ’s opinion about Y

(aMY ) and M ’s self-opinion (aMM ). This function tends to 1 if M values Y much

higher than herself, and tends to 0 when M values Y much lower than herself:

pMY (t) =
1

1 + exp
(
aMM (t)−aMY (t)

σ

) . (3)

Rephrasing, the function pMY expresses the hypothesis that the more M per-

ceives Y as superior to herself, the more Y is influential on M. This assumption

is grounded in social psychology literature, and the sigmöıd function is classically

used as a smooth threshold [22]. Figure 2 represents the graph of pMY for different

values of σ; notice that pMY is always between 0 and 1.

The model therefore relies on two parameters, each of them spanning continu-

ously from 0 to 1:

• σ defines the shape of the propagation function pMY ; if σ is very small, the

function is very tilted, meaning that agents are subject to high influence from

the ones who they evaluate better than themselves and they almost completely

disregard the opinions of the ones considered lower.

• δ represents the amplitude of the uniformly distributed errors that perturb the

evaluation of others’ opinions. This noise expresses that an agent M cannot di-

rectly access the opinion of another, Y, and may often make errors in this evalu-
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Fig. 2. Propagation Function pMY with different values of σ. The influence given by M to Y
decreases when M ’s self-opinion increases.

ation. In other words, the noise accounts for imperfect information transmission.

Note that it is the main engine of the dynamics. Without it, from an initialization

of all opinions at zero, there would be no opinion change at all.

In this paper, we limit our study to the model with synchronous update: at each

encounter all the changes of opinions are first computed and then the opinions are

modified simultaneously:

aMY (t+ 1) = aMY (t) + ∆aMY (t) (4)

M,Y ∈ {1, ..., N} (5)

The asynchronous model shows broadly the same emerging patterns but the

positive or negative drifts are less pronounced.

2.2. Introducing Gossips

Introducing gossips in the model means that, when two agents meet, they do not

only talk about their mutual opinions; they also exchange opinions over k other

agents. The influence on opinion about others follows the same equation as before.

Let H (Her) be the agent being object of gossip, M gets influenced byY ’s opinion

on H :

∆aMH(t) = pMY (t)(aY H(t)− aMH(t) +R(δ)) . (6)

The model with gossips includes one more parameter, k, which represents the

number of other agents that agent Y talks about when she discusses withM . These k
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agents are chosen at random. Again, in this case, at each encounter all the discussed

opinions are modified simultaneously.

2.3. Emerging patterns: positive drift undermined by gossips

An extensive exploration of the trajectories of the simplified model without gossips

for different parameter values is reported in [21]. We concentrate our current analysis

in a part of the parameter space where parameter σ is such that the propagation

function has an intermediate slope (not too smooth and not too sharp), a typical

value is σ = 0.3 and the noise parameter δ is of the same order as σ (we choose

δ = 0.2). For such parameter values, the simulations exhibit two main features:

• The positive drift of the model without gossips: starting all from 0, the opinions

grow and then stabilize on average at a significantly positive value;

• The opinions tend to be similar in the columns of the matrix: aMH and aY H , with

M 6= Y , tend to be close. This feature has already been observed in the Leviathan

model; it is related to the well-known convergence to the mean value of attractive

opinion dynamics which takes place here because the sigmoid function is never

very close to 0 (see [9] for details).

Figure 3 shows two opinion matrices at different time steps for n = 40 agents,

δ = 0.2 and σ = 0.3, for a simulation of the model without gossips. The two

features appear: the shades generally tend to red (the average opinion is significantly

positive), and the columns tend to have homogeneous colours.

(a) (b)

Fig. 3. Simulation run without Gossips, after 100,000 (a) and after 1,000,000 (b) time steps. δ = 0.2

and σ = 0.3.

For the same parameter values, introducing gossips undermines the positive drift

and, in the long run leads to a negative drift instead. In this case, as shown in Figure

4, alongside with lighter shades of red (positive reputations) there are also darker
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shades of blue, which represent negative reputations for the respective agents. The

average of the opinions is negative for the model with gossips whereas it is positive

for the model without.

When adding gossips in a situation where the opinion is positive on average

because of the positive drift without gossips, the average opinion decreases, becomes

negative and then fluctuates around a negative value. If the gossips are stopped at

this moment, the positive drift starts again and the average opinion comes back to

the initial positive value.

These observations are valid for any value of k > 1. However, the number of

agents should be higher than 7. Below this number, there is no positive drift without

gossips.

(a) (b)

Fig. 4. Simulation run with Gossips, after 100,000 (a) and after 1,000,000 (b) time steps. δ = 0.2,

σ = 0.3 and k = 5.

3. Explaining the positive drift

As already noticed in the Leviathan, agents tend to have a self-opinion (aMM ) that

is higher than the one the others have on them (aYM ). In this section we will argue

that this statistical regularity can be disentangled into two phenomena, a positive

bias over self-opinion and a negative bias on the opinion over the others. The joint

effect of these two biases is at the core of the positive and negative drifts.

3.1. Positive bias on self-opinion and negative bias on opinion

about others

We focus firstly on a simplified case with two agents only, M and Y . The positive

bias on self-opinion can be put in evidence when supposing that only the self-opinion

aMM is changing over time while all the other opinions aY Y , aMY , aYM are fixed,
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with aMY = aY Y . When aMM fluctuates above aYM , pMY decreases, and M gives

less influence to Y ; the reverse happens in the opposite case. Therefore M ’s opinions

tend to be more stable after positive fluctuations, because M is less prone to listen

to Y , and less stable after negative fluctuations for opposite reasons. Overall the

average opinion < aMM > over a large number of interactions is therefore slightly

higher than the opinion aYM of Y about her.

The negative bias on the opinion about others designates the opposite tendency

when only aYM changes over time, while all the other opinions are fixed. Indeed,

in this case, when aYM fluctuates below the fixed value of aMM , the influence of

M decreases and thus aYM becomes more stable. Therefore, the average opinion

< aYM > over a large number of interactions tends to be lower than the fixed value

of aMM .

Figure 5 shows these biases for aY Y = 0.0 (They are simply shifted for different

values of aY Y ). The positive bias on self-opinion is computed for 100 fixed values of

aYM regularly distributed from −0.8 to +0.8. The graph shows < aMM > −aYM ,

where < aMM > is the average value of aMM over 500, 000 interactions. Similarly

for the negative bias on the opinion about others, we plot < aYM > −aMM , with

aYM only varying for 100 fixed values of aMM regularly distributed from −0.8 to

+0.8 (and also 500000 interactions at each fixed value).

Fig. 5. Positive and negative biases for aY Y = 0.0 computed on 500000 interactions. The grey

curve is the sum of both biases. It cuts the horizontal axis at the value of aY Y

Figure 5 shows also the sum of the biases. This sum is made supposing that the

values of the x-axes are approximately the same for the positive and negative biases,

in other words that the biases are small. Making this approximation, it appears that

the sum of biases is positive below the value of aY Y and negative above. Indeed

the strength of the biases increases with the value and the slope of the propagation

function which explains the asymmetric bell shape of the graphs. For very negative

values of aYM , the propagation function is high (close to 1) but its slope is very
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small, thus the positive bias is not very high, then when increasing aYM , the slope

of the propagation function increases while its value decreases, and the positive

bias reaches its maximum for aYM a bit below the value of aY Y , then it decreases

because both the slope and the value of the propagation function decrease. For the

negative bias, the analysis is similar, except that the bias reaches its maximum

absolute value for aMM slightly above the value of aY Y , and then this absolute

value decreases to a value which is smaller than the one of the positive bias.

The graph of the sum of the biases shows that the positive bias dominates when

aYM (supposed almost equal to aMM ) is below the value of aY Y , while the negative

bias dominates when aYM is above this value.

Note that these conclusions hold only for the chosen set of parameter values (σ

such that the slope of the sigmöıd function is intermediate and noise of the order

of σ). Indeed, when the slope of the propagation function is lower (larger σ), the

difference between the positive and the negative biases is smaller, hence they tend

to neutralise each other and the positive drift is weaker. When the slope of the

propagation function is too small, then the higher agents are no more influenced by

the lower ones and other patterns take place, see [21]). Similarly, if the noise is too

high, the hypothesis of relative stability of the positions of the agents with respect

to each other is no longer valid.

3.2. The higher influence of the weaker agent in the long term

We are now supposing that aMM , the self-opinion of M , and aYM , the opinion of

Y about M are varying together using the model equations, while aMY = aY Y are

fixedb.

In order to better capture robust trends in the evolution of opinions, we average

them in a moving window of w time-steps. For instance, considering aYM , we define

its moving average āYM (t) as follows:

āYM (t) =

∑w
τ=−w aYM (t+ τ)

2w + 1
. (7)

Moreover, we compute time averaged opinion changes after v time steps in order

to identify more easily robust tendencies. We thus define ∆āYM (t) as:

∆āYM (t) = āYM (t+ v)− āYM (t). (8)

Similarly, we compute the time window averaged values āMM (t) and their

changes ∆āMM (t).

We perform a large number of interactions and we compute the distributions of

the different variables as a function of āYM . In the reported experiment below, we

bThe results are not significantly different when aMY is also modified according to the model

equations (not fixed). Indeed, aMY is then fluctuating around aY Y and the impact on the dynamics
of aMM and aY M compared with fixing aMY = aY Y is negligible.
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choose w = 60 and v = 30 because with these values the distributions of ∆āMM

and ∆āYM are close to each other, in accordance with the observed convergence of

the variations in columns. It suggests that these values grasp the main tendencies of

the time evolution. We keep these values of w and v for all the other experiments.

Figure 6, shows < ∆āYM (t) > the average value of ∆āYM (t) for values of āYM
located in one of h−1 regularly distributed intervals on the [−1,+1] axis (h = 100 in

the graphs), when doing a large number of interactions (50 million). More precisely,

for each interval Ii = [−1 + 2i
h ,−1 + 2i+2

h ], with i ∈ {1, ..., h− 1}, during the

simulation, each time āYM (t) ∈ Ii, we store the corresponding value of ∆āYM (t).

At the end of the simulation, for each interval Ii, we compute < ∆āYM (t) >i, the

average of the stored values of ∆āYM (t) for this interval and Figure 6 shows the

graphs of < ∆āYM (t) >i, i ∈ {1, ..., h− 1}.

Fig. 6. < ∆āY M (t) >i as a function of āY M (t) computed on 50 Million interactions between two

agents M and Y , aY Y = aMY = 0.0 fixed, and 100 intervals on the āY M axis.

Figure 6 shows that< ∆āYM (t) > is positive for āYM (t) below aY Y and negative

for āYM (t) above aY Y . Therefore, when āYM is below aY Y , the value of āYM tends

to increase on average, whereas it is the opposite when āYM is above aY Y .

This result can be explained with the biases shown on Figure 5. When āYM
is lower than aY Y , we have seen that the positive bias on aMM is larger than the

negative bias on aYM . In other words, M keeps repeating to Y ”I’m better than

what you think”, more strongly than Y keeps repeating to M ”You are worse than

what you think”. Y tends to get convinced progressively which leads to increase (on

average) both aMM and aYM . Similarly, when āYM is higher than aY Y , the negative

bias on aYM is larger than the positive bias on aMM and things are inverted, leading

to the average downward tendency of āYM . The differences of amplitudes of the

biases are due to the shape of the propagation function as analysed in section 3.1.

Therefore, in this analysis, the positive < ∆āYM (t) > for āYM lower than aY Y
and the negative < ∆āYM (t) > for āYM higher than aY Y shown on figure 6 are due

to the larger bias of the agent with the lower self-opinion. Indeed, the positive bias
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on aMM is larger when āYM and āMM (supposed closed to each other) are lower

than aY Y and the negative bias on aYM is larger for high values of āYM therefore

when aMM is higher than āY Y . Therefore, the dominated agent (with the lower

self-opinion) is less influential in the short term, but in the long term, her steadily

stronger bias actually tends to drive the evolution of aYM .

3.3. Collective neutralizing of the negative biases

We observed that the positive drift takes place only when there are at least 7 agents

and the previous experiment confirms that the positive drift does not take place

with two agents. We are now considering an agent M interacting with n− 1 agents

Y , each with a fixed self-opinion aY Y and we run similar experiments as the ones we

performed with a couple of agents. The reputation rM (t) of agent M is the average

of the opinions that the others have on her:

rM (t) =

∑
Y aYM
n− 1

. (9)

Again, we consider the average of the reputation in a time window of size w = 60,

defined as previously:

r̄M (t) =

∑w
τ=−w rM (t+ τ)

2w + 1
. (10)

We first consider the simple case of two values of aY Y ∈ {−0.5, 0.9}. Figure 7

shows < ∆r̄M (t) >i the average variation of ∆r̄M (t) = r̄M (t+ v)− r̄M (t) (v = 30),

the average values < ∆āYM (t) > of the variations of the two āYM for values of

r̄M (t) located in the intervals Ii previously defined over a simulation of 50 million

time steps. It appears on this figure that < ∆r̄M >i is positive for most intervals

Ii, except when r̄M is higher than 0.7.

Figure 8 shows the average variations of the < ∆āYM >i, for the two agents Y

(note that the average of these two values is the average variation of the reputation).

It appears that the variation of āYM from the agent such that aY Y = −0.5 is always

positive except for values of r̄M higher than 0.7, with an important contribution for

values of r̄M around -0.5. The contribution to the variation of r̄M from the agent

such that aY Y = 0.9 is very slightly negative around r̄M = −0.5 and constantly

increasing until a strong decrease close to r̄M equals 0.7. The shape of these curves

are significantly different from the one found when only two agents interact, which

suggests that the combined effect of several agents is not the simple cumulation

of the effect of pair interactions. In particular, the negative tendency found after

the value of aY Y in pair interactions is not visible for the curve < ∆āYM > for

aY Y = −0.5. This is presumably an effect of the agent with a higher aY Y , which

neutralises this negative tendency.

As a result, the reputation tends to grow on average, except when it reaches the

values above 0.7 where the border effect due to the truncation of the opinion at +1 is
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Fig. 7. Average variation of the time window averaged reputation < ∆r̄M >i for 50 million

iterations and 100 intervals on the r̄M axis. Two Y ou agents, aY Y ∈ {−0.5, 0.9}.

Fig. 8. Average variation of time window averaged opinions < ∆āY M >i, for 50 million iterations

and 100 intervals of the r̄M axis, for aY Y = −0.5 and aY Y = 0.9.

probably dominant. Overall, when neglecting this border effect, the distribution of

rM (t) shows a positive drift. Nevertheless, it is important to keep in mind that the

values < ∆r̄M >i are averages over a large number of trajectories crossing interval

i and that many of them are downward despite the average upward tendency.

However, generally with only two Y agents with fixed aY Y , the positive drift

on rM does not take place. For instance, if instead of aY Y ∈ {−0.5, 0.9} we take

aY Y ∈ {−0.2, 0.5}, the graph of < ∆r̄M > is not so positive for negative values

of r̄M (t) and if the second value is lower, then the negative bias appears for lower

values of r̄M (t). Therefore, the positive drift requires that the distribution of aY Y
keeps covering the axis from −0.5 to 0.9. For instance, the evolution of ∆r̄M shown

on figure 9 for 8 agents y with fixed aY Y , distributed uniformly from -0.6 to 0.8,

generates a positive drift.

When the number of agents is large enough, the fluctuations of opinions (because
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Fig. 9. Average variation of the time window averaged reputation < ∆r̄M >i for 50 million
iterations and 100 intervals. aY Y ∈ {−0.6, −0.4, −0.2, 0.0, 0.2, 0.4, 0.6, 0.8}.

of the noise) lead the agents’ self-opinions to cover of the axis of opinions sufficiently

to ensure a generally positive function < ∆r̄M > and a positive drift. When the

number of agents is too small (experimentally, smaller than 7) the fluctuations in

the agents’ self-opinions do not ensure adequate covering of the opinion axis and

the positive drift does not take place.

Finally, our analysis suggests that the positive drift is generated by the combi-

nation of the positive biases on aMM which together overcome the negative biases

on aMY when the distribution of agents self-opinions covers the opinion axis ade-

quately. Indeed, the positive bias generated from the agents of higher self-opinions

aY Y seems to neutralize the negative bias generated by the lower aY Y . We can

therefore again interpret the process as being driven by the weak agents (with low

reputations) who collaborate in convincing the ones with high reputations to in-

crease their opinions.

4. Explaining the negative drift with gossips

4.1. Gossips as additional noise on interactions about others

As stressed out in Section 2, introducing gossips undermines the positive drift and

can even revert it to a negative drift. We change the experiment described in Section

3.3, by adding interactions between two Y agents talking about M (with 8 fixed

agents and one gossip happening each time step). The average reputation change

< ∆r̄M >i is presented in figure 10 with the reputation change without gossips

(same as in Figure 9). It appears that, with gossips, < ∆r̄M >i becomes negative,

indicating a downward tendency of the average reputation.

This effect is easier to understand in the light of the analysis of the positive drift;

indeed the gossips tend to increase strongly the fluctuations of aYM because these

gossips also come from influential agents and strongly modify aYM . The gossips

do not increase the fluctuations of aMM , because the interactions about the self-
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Fig. 10. Average variation of the window averaged reputation < ∆r̄M >i for 30 million iterations

and 100 intervals with gossips. aY Y ∈ {−0.6, −0.4, −0.2, 0.0, 0.2, 0.4, 0.6, 0.8}.

opinion are not directly modified by the gossips. Therefore, the gossips strengthen

the negative bias without modifying the positive bias.

In this view, the gossips appear simply as an additional source of noise on the

opinion about others. We run another version of the standard, simplified model,

where at each time step, each agent is subject to an additional, independent noise

over the opinion she has over one random other agent. This noise is always the

same in amplitude but with a random sign, in this case ±0.04. Figure 11 shows the

average reputation change in the time window for the model with the additional

noise of ±0.04 compared with the model without this noise and with the model

with gossips, in the case of an agent M interacting with 8 agents Y , with aY Y ∈
{−0.6,−0.4,−0.2, 0.0, 0.2, 0.4, 0.6, 0.8}. The tendency of the reputation is similarly

downward (< ∆r̄M >i negative) for most of the values of r̄M for the models with

additional noise or with gossips, while it is upward for the model without noise and

without gossips. Again this can be interpreted as the effect of the negative bias on

the values of aYM , induced by larger fluctuations due to the additional noise or to

gossips.

4.2. Biases with additional noise

To check more deeply the validity of this analysis, we computed the biases of section

3.1 when adding an independent noise to aYM when computing the bias on the

opinion about others. The bias on aMM remains the same as previously because the

gossips do not change (directly) the dynamics on the self-opinion. This independent

noise consists in adding randomly -0.04 or +0.04 to the changes of opinions. Figure

12 shows that the amplitude of the negative bias increases significantly for low fixed

values of aMM . This can be understood because the attractive effect to the anchor

value of aYM is small, which increases very significantly the fluctuations and thus

the bias. As a result, the sum of the biases is always negative and more particularly
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Fig. 11. Average variation of the time window averaged reputation < ∆r̄M >i for 50 million
iterations and 100 intervals. aY Y ∈ {−0.6, −0.4, −0.2, 0.0, 0.2, 0.4, 0.6, 0.8}, for the model with

additional noise of ±0.04, the model without this noise, and the model with gossips.

for negative values of aMM . This should be compared with Figure 5, in which the

positive bias is larger for negative values of aMM .

Fig. 12. Positive bias on self-opinion and negative bias on opinion about other when adding an
independent noise of ±0.04. The grey curve is the sum of both biases.

Figure 13 provides the results of running this model with an additional noise on

the experiment of section 3.2, for two agents and fixing the values of aY Y = aMY =

0.0. We observe that, with the additional noise, < ∆āYM (t) >i is negative for āYM
higher than −0.5 whereas without the additional noise, < ∆āYM (t) >i is positive

for āYM lower than 0.0. Therefore, with the additional noise, āYM has a general

downward tendency for a larger set of values than without this additional noise.

Finally, the analysis suggests that gossips increase the fluctuations on the opin-

ions about others, which increase the negative bias about others, and particularly

about agents with a low reputation (or self-opinion). This negative bias may become
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Fig. 13. Average variation of the time window averaged opinion < ∆āY M (t) >i computed on 50

Million interactions between two agents M and Y , aY Y = aMY = 0.0 fixed, for the model with
additional noise of ±0.04, and the model without this noise, for 100 intervals of āY M (t).

stronger than the positive bias on the self-opinion and then it generates a downward

tendency of the average opinion.

5. Discussion

Before considering possible interpretations of the model in social phenomena, it is

important to discuss the robustness of our results with respect to our modelling

choices.

• The attractive dynamics, with an intensity of attraction growing with the value

given to the influencing agent, is well supported by many observations. However,

some models of opinion dynamics make more refined assumptions (see [12] for a

review) that could change our conclusions. For instance, the bounded confidence

model [5, 18] which can be related to the confirmation bias, assumes that the

opinion is not influenced by opinions which are too distant. Our analysis would

not hold for interactions beyond the bounds, but it would for interactions within

the bounds. Hence this change could modify partly our conclusions.

• Choosing a synchronous update leads to stronger positive and negative drifts

than choosing an asynchronous update. This difference could be the subject of

future research.

• The sigmöıd propagation function is probably a less common assumption. What

is the impact of this choice on the model behaviour? Actually, the sufficient

condition to produce the upward reputation variation (without gossips) is that

the propagation function is growing with (aMY −aMM ) and remains positive (see

section 3.1). The effect should even be enhanced with a function that continues

to grow more steadily than the sigmöıd function for positive values.

• The effect of gossips is only related to the importance of the sender, whereas it

is independent from the value that the receiver gives to the target of the gossip.
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Variants of the model taking the importance of the target of the gossip could be

imagined, and their results might be different.

• In the model, positive and negative gossips are equally likely, which is not realistic.

However, this hypothesis allows us to identify a statistical asymmetry and it would

be straight-forward to investigate the effect of biased gossips in the model in the

future.

• Starting with agents that are all identical is unrealistic, of course. However, as

stressed in the introduction, this level of generality allows us to isolate the effect

of the interactions alone, without any influence of intrinsic differences between

the agents. Hence we assume that the properties of the interactions that are

observed on the simplified dynamics are likely to also be present, though less

easily identifiable, in more complicated and more realistic settings which could

vary with specific properties of the agents. Of course, this assumption should be

checked on more complicated models and, if possible, via human experiments.

Another perspective to discuss the relevance and the robustness of the model, is

to notice that its conclusions are founded on two main mechanisms deriving from

the modelling choices:

• When an agent increases her self-opinion, she tends to ”go back” (decrease her

self-opinion) less easily than before increasing it;

• When an agent decreases her evaluation of another agent, then this other agent

has more difficulty to gain the esteem than before this decrease.

These mechanisms are indeed responsible for the effect of the fluctuations that

are at the heart of the patterns that emerge in the model. Their validity can be

discussed of course, but we argue that they seem to match standard common social

experience. This work can be summarized as isolating these basic mechanisms and

observing their statistical consequences on very large series of interactions from

simulations.

Keeping in mind these strengths and weaknesses of the model, we turn now to

the potential interest of its results in the study of real social dynamics. We propose

three main subjects:

• The positive bias on self-opinions observed in the model could be the subject of

an experimental research to check if it is observable in humans and if it can be

related to the positivity bias identified by psychologists. Our approach could be

considered as an alternative to the evolutionary explanation [23] of this human

trait. Of course, this is the same for the negative bias about others.

• Our results suggest that a smooth leadership, namely feed-back opinions of the

leaders about their subordinates which evolve slowly and cautiously, tends to

help the subordinates to increase their self-opinion, for deep statistical reasons.

Of course, in this case, other processes, for instance due to the public and official

character of the hierarchy, take place and may overcome the processes that we
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identified. Nevertheless, if the basic mechanisms of noisy interpretation and higher

influence of higher valued are present, the identified biases should also be present.

• Gossips, though neutral on average by themselves in the model (because the

noise is symmetric), appear to have an intrinsically negative effect on the opinions

within the group for the same statistical reason. Therefore, leaders should be very

cautious before being convinced, even by someone they trust, by a bad opinion

about a member of their team. More generally, in the digital age which gives the

possibility to spread gossips more easily than ever, it seems particularly important

be aware of their potentially destructive effects and to develop protections from

them. A better understanding of the mechanisms generating these effects could

help in this endeavour.
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