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The connection between contradictory public opinions, heterogeneous beliefs, and the emergence of
majority- or minority-induced extremism is studied, extending our former two-state dynamic opinion model.
Agents are attached to a social-cultural class. At each step they are distributed randomly in different groups
within their respective classes to evolve locally by majority rule. In case of a tie the group adopts one or
another opinion with respective probabilitiesk ands1−kd. The value ofk accounts for the average of individual
biases driven by the existence of heterogeneous beliefs within the corresponding class. It may vary from class
to class. The process leads to extremism with a full polarization of each class along one opinion. For homo-
geneous classes the extremism can be along the initial minority making it minority induced. In contrast,
heterogeneous classes exhibit more balanced dynamics, which results in a majority-induced extremism. Seg-
regation among subclasses may produce a coexistence of opinions at the class level, thus averting global
extremism. Insight into the existence of contradictory public opinions in similar social-cultural neighborhoods
is given.
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I. INTRODUCTION

In recent years the study of opinion dynamics has become
a main stream of research in physicsf1–18g. Initiated long
ago f19–21g this subject is part of sociophysicsf22g.

Outside physics, research has concentrated on analyzing
the complicated psychosociological mechanisms involved in
the process of opinion forming, in particular focusing on
those by which a huge majority of people gives up to an
initial minority view f23,24g. The main ingredient is, for in-
stance in the case of a reform proposal, that the prospect of
losing definite advantages is much more energizing than the
corresponding gains, which by nature are hypothetical.

This feature of an initial minority winning through a
democratic process, voting or opinion forming, was obtained
by introducing the possibility of local ties, which in turn
produce a local bias either in favor of some status quo or in
agreement with some cultural biasf8,12,20g.

In the present work we generalize the concept of local
bias driven by a tie in competing opinions. We introduce
social-cultural classes which are each characterized by some
common biask that results from the class average of all
heterogeneous individual beliefs. At a tie in a group, all
members adopt one or other opinion with respective prob-
abilities k ands1−kd. The value ofk is constant within each
class and may vary from class to class with 0økø1.

In the case of groups of size 4, denoting byO an opponent
to the issue at stake and bySa supporter, our update rules are
written

sad SSSS,OSSS→ SSSS, OOOO,OOOS→ OOOO,

sbd OOSS→ HOOOO with probability k,

SSSS with probability s1 − kd,
J

where all permutations are allowed. Rulessad correspond to
majority rule while rulessbd account for the local bias.

In our earlier works we considered homogeneous extreme
cases. For high risk aversion sharingsk=0d a reform pro-
posal was found to need initial support of more than 90% of
the population to survive a public debatef12g. On the con-
trary, a shared high prejudice against someethnic or religious
group sk=1d can make an initial false rumor shared by only
a few percent of the population spread over the whole popu-
lation f8g. A varying bias was considered inf18g and in an
application to cancerous tumor growth inf25g. The existence
of threshold dynamics in social phenomena was advocated
long ago in social qualitative studiesf26,27g.

The rest of the paper is organized as follows. The model is
defined in the next section. The associated dynamics is out-
lined. A separator determines the flow direction of the col-
lective opinion forming. Its variation as a function of the
class common biask is calculated. In Sec. III it is shown how
very small fluctuations in the initial conditions may lead to
opposite extremism with contradictory public opinions in
very similar areas. Segregation and mixing effects are stud-
ied in Sec. IV. Under some conditions, they are found to
drive either majority-induced extremism or coexistence of
opinions, thus avoiding global extremism. The last section
contains some discussion.

II. SETTING THE PROBLEM

We consider one social-cultural class with a social biask
andN members facing some issue like a reform proposal, a
behavior changesstopping smokingd, a foreign policy deci-
sion, or the belief in some rumor. We discriminate between
two levels in the process of formation of the global opinion.*Email address: galam@shs.polytechnique.fr
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First there is an external level, which accounts for the net
result from the global information available to everyone, the
various private information, and the influence of mass media.
The second level is internal and concerns the dynamics
driven by people freely discussing the issue among them-
selves. Both levels are interpenetrated but here we decoupled
them to study specifically the latter, focusing on the laws
governing the internal dynamics.

Accordingly, at a timet prior to the public debate the
issue at stake is given support byNSstd individuals sdenoted
Sd and opposition fromNOstd agentssdenotedOd. Each per-
son is supposed to have an opinion withNSstd+NOstd=N.
Associated individual probabilities to be in favor of or
against the proposal at timet are

pS,Ostd ;
NS,Ostd

N
, s1d

with

pSstd + pOstd = 1. s2d

From this initial configuration, people start discussing the
project. However, they do not hold ongoing discussions all
the time. We assume people are diffusing randomly without
interaction. But at a series of discrete timesht ,t+1, . . . ,t
+nj, local interactions are activated randomly within small
groups of four agents following the above rulessad and sbd.
The probability to find one supporterS after n successive
updates becomes

pSst + nd = pSst + n − 1d4 + 4pSst + n − 1d3h1 − pSst + n − 1dj

+ 6s1 − kdpSst + n − 1d2h1 − pSst + n − 1d2j, s3d

where pSst+n−1d is the proportion of supporters at a dis-
tance ofsn−1d updates from the initial timet. The last term
includes the tie case contributions2S−2Od weighted with the
probability k.

Equation s4d exhibits two attractors atpS,0=0 and pS,1
=1 and an unstable fixed pointpc,4, the separator, at the
nonsymmetric value,

pc,4 =
s6k − 5d + Î13 − 36k + 36k2

6s2k − 1d
, s4d

which equals1
2 at k= 1

2. Figure 1 shows the variation ofpc,4
as a function ofk. Depending on the initial values of opin-
ions, the effect of the value ofk on the direction of the final
polarization of public opinion can be seen explicitly. The
separator is located betweenpc,4<0.23 for k=0 and pc,4
<0.77 at k=1. Dealing with probabilities, the results are
independent ofN. For very small systems, fluctuations are
expected according to ±1/ÎN.

Inverting Eq.s4d allows us to define a critical valuekc in
the common bias as a function of the initial supportpS for a
given issue like a rumor with

kc =
− 1 + 5pS− 3pS

2

6pSs1 − pSd
, s5d

wherekc determines two phases for any initial supportpS.
For all classes that have a common beliefk,kc, a rumor

supported by a fractionpS of the agents will just fade away
by discussion among the people alone; there is no need for
an external intervention. However, whenk.kc the rumor
will invade the whole population unless some external action
is taken.

For instance, an initial support ofpS=0.40 leads to an
extremism in favor of the issue at stake for the whole range
of bias 0økø0.36. In contrast when 0.36økø1 the final
extremism is against the issue.

III. SENSITIVITY TO INITIAL CONDITIONS AND
CONTRADICTORY PUBLIC OPINIONS IN SIMILAR

AREAS

We now discuss the situation of two different neighboring
areas characterized by very similar common beliefs, for in-
stance, a city area and its suburb as shown in Fig. 2. We are
in the presence of two sociocultural classes; one covers the

FIG. 1. Variation ofpc,4 as function ofk. For collective risk
aversionsk=1d, pc,4<0.77 while for collective novelty attraction
sk=0d, pc,4<0.23. In the case of no collective biassk=1/2d, pc,4

=1/2. An initial support ofps=0.40 is shown to lead to an extrem-
ism in favor spS=1d for the range of bias 0økø0.36. In contrast
the extremism is againstspS=0d for the whole range 0.36økø1.

FIG. 2. A city with k=0.49 and its surrounding suburb withk
=0.47.

SERGE GALAM PHYSICAL REVIEW E71, 046123s2005d

046123-2



city and the other the suburb. We assume two similar biases
with, respectively,k=0.49 and 0.47. Such a minor difference
is not expected to be explicitly felt, in particular when cross-
ing from one area to another. They are perceived as identical.
However, a study of the dynamics of opinion starting from
the same initial conditions may lead to huge differences in
the two areas.

We consider the possible outcomes of two very similar
initial conditions where the issue at stake would have either
51% or 49% support within both the city and suburb popu-
lations. For 51% support of the issue at stake both popula-
tions end with full support of it, making both geographical
areas identical as seen in Fig. 3. The process is completed
within an estimate of ten updates. However, a tiny decrease
of 2% in the initial support down to 49% would split the two
neighboring similar areas into opposed extremisms. The city
is totally opposed to the issue while the suburb is in full
support of itssee Fig. 3d.

The above case may shed light on situations in which
contradictory feelings or opinions are sustained in areas
which are nevertheless very similar, like for instance the
feeling of safety. It shows how an insignificant change in
either the initial support or the bias driven by the common
beliefs may yield drastic differences in the outcome of public
opinion. The same initial support is shown to lead to totally
different outcomes as a function ofk. A valuepS=0.30 leads
to pS=0 for bothk=0.50 and 0.70, while it yieldspS=1 for
k=0.10. ForpS=0.70 all three cases lead topS=1.

Performing a Taylor expansion from Eq.s4d, the number
of updates to reach full polarization can be calculated as

n .
1

lnflg
lnS pc − pS

pc − p+stdD , s6d

wherel is the first derivative ofpSst+1d with respect topSstd
taken atpSstd=pc and pS=0 if p+std,pc while pS=1 when

p+std.pc. The number of updates being an integer, its value
is obtained from Eq.s6d by rounding to an integer. The num-
ber of updates diverges atpc. The situation is symmetric with
respect tok=0 and 1 with the divergence at, respectively,
pc=0.23 and 0.77. It is smaller and occurs atpc=0.50 fork
=3 as shown in Fig. 4.

IV. SEGREGATION, MAJORITY-INDUCED EXTREMISM,
AND COEXISTENCE

Up to now we have considered at a tie an average local
bias k, which results from a distribution of heterogeneous
beliefs within a population. It means that all members of that
population do mix together during the local group updates,
whatever is the individual belief. At this stage it is worth
noting that different situations may arise in the distribution
of the individualki.

We discuss two cases for which either allki are equal, i.e.,
a homogeneous population, or they are all distributed among
two extreme values, for instance, 0 and 1. There the exis-
tence of subclasses as a result of individual segregation may
become instrumental in producing drastic changes in the fi-
nal global public opinion of the corresponding class.

Consider first two different homogeneous classesA andB
in two different areas withki =0 for all i in A andkj =1 for all
j in B. From Eq. s5d an initial supportpS=0.25 yieldspS
=1 for A andpS=0 for B as seen in Fig. 5. ForA the extrem-
ism in support of the issue is minority induced since initially
a minority pS=0.25 is in favor. Contrarily, inB the extrem-
ism is against the issue but majority induced since the initial
majority of 1−pS=0.75 is against it.

Now consider the above classesA and B, but as sub-
classes of the same class within one unique area. Two situa-
tions may occur as illustrated in Fig. 6 whereA individuals
are represented by circles andB ones by squares. They are
white when in favor and black if against. In the first situation
supper part of the figured people from each subclass do not
mix together while updating their individual opinions. They
are segregated from each other yet sharing the same class

FIG. 3. Evolution ofpSstd as a function of updates for groups of
size 4 withk=0.49 and 0.47. Two initial supports are considered.
For pS=0.51 both k=0.49 and 0.47 lead topS=1. But for pS

=0.49 onlyk=0.47 leads topS=1 while k=0.49 leads topS=0.

FIG. 4. Number of required updates to reach extremism for
several values of the local bias withk=0.10, 0.50, and 0.70. Asso-
ciated values are shown for an initial support of, respectively, 30%
and 70%.
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within the same geographical area. As a result, two opposite
extremisms for each subclass are obtained as above. How-
ever, unlike the case of distinct geographical areas, here the
resulting public opinion of the global class, which does in-
clude the whole population, is no longer exhibiting any ex-
tremism. The dynamics of segregated updates of opinions
has produced a stable coexistence of both initial opinions
with thus a collective balance remaining. A poll about the
bias would reveal the average valuek=1/2.

In the second situationslower part of the figured people
from each subclass do mix together while updating their in-
dividual opinions. As a result, at a tie with mixed individuals,
A people adopt the opinion in favor whileB people go
against. With two subpopulations with more or less the same
large enough size this process is equivalent on average to
having a biask=1/2. Theresulting extremism is majority
induced since it is along the initial global majority among the
whole population. Mixing or segregation within the same
situation may thus lead to drastically different public opin-
ions as illustrated in Fig. 6.

We now extend the above cases to the general case of two
biasesk1 andk2. In case of segregation we have two different
separators atpc1,4 andpc2,4 which are obtained from Eq.s4d.
Three different situations may occur depending on the re-
spective ordering betweenpc1,4, pc2,4, and the initialpSstd.
Assumingpc1,4,pc2,4 we have

s1d pSstd,pc1,4,pc2,4→pSst+nd=0, i.e., global extrem-
ism against;

s2d pc1,4,pSstd,pc2,4→pSst+nd= 1
2, i.e., global coexist-

ence;
s3d pc1,4,pc2,4,pSstd→pSst+nd=1, i.e., global extrem-

ism in favor.
Going to the case of mixing is more complex since we

need to define the way the various tie situations are resolved.

At this stage it is of importance to stress that defining the
rule sbd implies the existence of an interaction among the
four agents since it excluded the possibility of conserving the
tie. They are forced to agree on a common opinion. Accord-
ingly while mixing agents from the two classes we have four
different types of configuration with, respectively, four,
three, two, one, and zero members of classA.

Each time there exists a majority, i.e., four or three mem-
bers of one subclass, they adopt a common opinion accord-
ing to their common beliefs. When one member of the other
class is present it will adopt the opinion of the local majority
of the three other subclass members. It gives for the various
tie configurations the probabilities

OAOASASA,OAOASASB → OOOO with k1,

SSSS with s1 − k1d,

OAOBSBSB,OBOBSBSB → OOOO with k2,

SSSS with s1 − k2d.

The case of two members of each class requires an averaging
of the respective common beliefs with

OAOASBSB → OOOO with
k1 + k2

2
,

FIG. 5. The dynamics of public opinions for two populations on
different areas with respectivelyk=0 and 1 at an initial support of
pS=0.25 is shown on the upper and lower curves. In between the
two populations are in the same area as subclasses of one unique
class. The upper one has segregation and yields a coexistence of
opinions. The lower one has mixing and reveals a majority-induced
extremism.

FIG. 6. A population composed from two subclasses sharing
opposite beliefs. The circles havek=0 while the squares havek
=1. The initial proportion in favorswhited is identical for both of
them atpS=0.25. Black color expresses an opinion against. In the
upper series, people segregate while updating their opinions. The
result is a perfect balance of the global public opinion with all
circles againstsblacksd and all squares in favorswhitesd. In contrast,
in the lower series, circles and squares do mix together while up-
dating. The result is a majority-induced extremism with all circles
and squares in favorswhited.
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SSSS with S1 −
k1 + k2

2
D .

For two subclasses with proportionsa ands1−ad, adding all
the above configurations results on average in the rules

OOSS→ OOOO with probability K,

SSSS with s1 − Kd,

where

K = fa4 + 4a3s1 − adgk1 + 6a2s1 − ad2k1 + k2

2
+ f4as1 − ad3

+ s1 − ad4gk2. s7d

Insertinga= 1
2, k1=0, andk2=1 yields K= 1

2, i.e., a perfect
coexistence of both opinions as argued above.

V. CONCLUSION

To conclude, we have presented a simple model of opin-
ion dynamics which is able to reproduce some complexities
of the social reality. It suggests that the direction of the in-
herent polarization effect in the formation of public opinion
driven by a democratic debate is biased by the existence of

common beliefs within a population. Since the resulting col-
lective bias may vary from one population to another, differ-
ent areas were found to hold identical extremism while very
similar ones may exhibit opposite extremisms. The effect of
mixing or segregating within different populations living in
the same area was also studied. Homogeneous versus hetero-
geneous situations were shown to result in different qualita-
tive outcomes.

At this stage we did not address the difficult question of
how to remedy this phenomenon of reversal of opinion with
the natural establishment of minority-induced extremism.
The first hint could be in avoiding the activation of a com-
mon general background in the social representation of real-
ity. However, direct and immediate votes could also be rather
misleading. Holding an immediate vote without a debate as
soon as a new issue arises has other drawbacks. At this stage,
collaboration with psychosociologists as well as political sci-
entists would be welcome.

In addition, in real life not every person is open minded
and changes opinion. Therefore it would be interesting to
introduce stubborn agents in the model. The model may gen-
eralize to a large spectrum of social, economical, and politi-
cal phenomena that involve propagation effects. In particular
it could shed light on both the processes of fear propagation
and rumor spreading.
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