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A bounded confidence model of opinion dynamics in multi-group projects is presented in which each group’s

opinion evolution is driven by two types of forces: (i) the group’s cohesive force which tends to restore the opinion

back towards the initial status because of its company culture; and (ii) nonlinear coupling forces with other groups

which attempt to bring opinions closer due to collaboration willingness. Bifurcation analysis for the case of a two-group

project shows a cusp catastrophe phenomenon and three distinctive evolutionary regimes, i.e., a deadlock regime, a

convergence regime, and a bifurcation regime in opinion dynamics. The critical value of initial discord between the two

groups is derived to discriminate which regime the opinion evolution belongs to. In the case of a three-group project

with a symmetric social network, both bifurcation analysis and simulation results demonstrate that if each pair has a

high initial discord, instead of symmetrically converging to consensus with the increase of coupling scale as expected

by Gabbay’s result (Physica A 378 (2007) p. 125 Fig. 5), project organization (PO) may be split into two distinct

clusters because of the symmetry breaking phenomenon caused by pitchfork bifurcations, which urges that apart from

divergence in participants’ interests, nonlinear interaction can also make conflict inevitable in the PO. The effects of

two asymmetric level parameters are tested in order to explore the ways of inducing dominant opinion in the whole PO.

It is found that the strong influence imposed by a leader group with firm faith on the flexible and open minded follower

groups can promote the formation of a positive dominant opinion in the PO.
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1. Introduction

Despite the fact that megaprojects delivered

through various partnerships are increasingly indis-

pensable in improving people’s living standards in

modern society, recent studies show that the majority

of megaprojects overrun on costs, fall behind schedule,

and fail to be delivered at the desired quality.[1] Since

numerous engineering practices suggest that a positive

project culture can facilitate the successful completion

of projects, project culture is increasingly attracting

the attention of experts and scholars.[2] Project cul-

ture refers to the shared values, basic assumptions and

beliefs that the participants involved in a project hold

and are used to determine the way they process the

project and the relationship with each other in the

project environment. Since the culture of a project

organization (PO) will affect all the participant’s atti-

tudes towards work within the project, it is extremely

important to establish a unified, strong project cul-

ture in a megaproject. In spite of the strong coopera-

tion willingness the participants may have, creating an

excellent project culture is never an easy task due to

the inherent divergence in their interests and company

cultures. Discord among the contracting parties in-

evitably appears, which may cause conflicts and create

an adversarial and mistrusting environment, thereby

having detrimental effects on the performance of the

project. The focus of this paper is to explore how the

company culture of each participant affects the forma-

tion of a unified strong project culture.

In the past decade, physicists and sociologists

have worked actively in opinion evolution and cul-

ture dynamics,[3−22] and many models have been pre-

sented. For example, the voter model, majority rule

model, Sznajd model, and bounded confidence mod-
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els, just to quote a few examples.[5,6,22] To charac-

terize the elementary process that determines opinion

dynamics, some of social mechanisms that are consid-

ered to be reasonable have been defined and turned

into mathematical rules. One of these mechanisms is

bounded confidence (BC), which argues that, in prac-

tice, there is a really effective discussion only if the

opinions of the people involved are sufficiently close

to each other. BC is corroborated by the findings of

social judgment theory that the attitude change in

pair-wise interaction will wane past a critical discrep-

ancy. However, classic BC models such as the Def-

fuant model have their limitations when applied to

a project context. They ignore the existence of an

individual’s bias. Since a PO is a temporary organi-

zation with a limited life cycle, the influence of mem-

ber groups’ company culture, as a self-bias force, can-

not be eliminated. Recently Gabbay[16] established a

model of opinion dynamics driven by a self-bias force

and a coupling force to study the effects of nonlin-

ear interactions in small group opinion dynamics. He

found that for high bias difference, group discord is

characterized by discontinuous transitions as the cou-

pling is varied, and a broker network can reduce group

discord more effectively than a clique network. As for

the special issue of project culture, most of the pub-

lished papers are about empirical studies on evolution

of project culture of several megaprojects while only

a few papers deal with the dynamics of conflict be-

haviours in a construction project using catastrophe

models.[23] However, papers are rarely seen on the

formations and evolutions of the opinions of various

participant groups coming from different companies

in a mega-project, especially on the emergence of the

macroscopic opinion of the PO via the interaction and

communication between different group participants

with disparate opinions.

The rest of this paper is organized as follows. A

population dynamical model incorporating the actions

of a linear restoring force and nonlinear coupling forces

is presented in Section 2 to explore the emergence of

dominant opinion and consensus in the course of opin-

ion coupling between cooperative groups in a project.

The assumption and the general form of the model

and its relationship with other existing relevant mod-

els are discussed in Section 2. Section 3 is describes

the case of two-group project, where the nonlinear dy-

namical behaviours are analysed using the bifurcation

theory method, and a critical value of initial discord

is derived to help identify the regime where these bi-

furcations may take place. In Section 4 we discuss the

case of a three-group project, where diverse bifurca-

tions are studied and the effects of several parameters

on the dynamical behaviours are discussed. The pa-

per concludes with offering some insights into future

research directions in Section 5.

2. Assumption and formulation

of the model

The opinion dynamics of a PO consisting of n

member groups with different mainstream opinions is

considered. For the sake of simplifying analyses, sup-

pose that all member groups have the same scales:

each with N/n individuals, where N is the total num-

ber of individuals in the project. Furthermore, the

individuals’ attitudes (opinions) towards the project,

such as paying more/less attention to project quality,

schedule and cost, are coarse-grained into 1/0. The

ratio, individuals with opinion 1 over the total num-

ber (N/n ) in group j (j = 1, . . . , n) at time t, is

denoted by xj(t); in the sense of statistics, the collec-

tive opinion of group jcan be measured by xj , with

range [0,1].[24]

The opinion dynamics system (S1) for a PO with

n groups is given by the following equations

Dtxi = Fii (xi, θi) +
∑
i ̸=j

Fij (xi, xj),

i, j = 1, . . . , n, (1)

Fii (xi, θi) = −hi (xi − θi) , (2)

Fij (xi, xj) = µijB (xj − xi) , (3)

B (u) = u exp
(
− (u/λ)

β
/β

)
, (4)

where θi, hi, µij ∈ (0, 1) , i, j = 1, . . . , n, and Dt is the

derivative with respect to t.

It is assumed that group i’s opinion xi gives rise

to action by two types of forces: its cohesive force

Fii (xi, θi) wherein the cohesive strength hi is the com-

mitment of group i to its natural bias, and the cou-

pling forces of groups j and i Fij (xi, xj), j = 1, . . . , n

and j ̸= i, wherein the coupling strength µij describes

the influential strength of group j on group i through

interaction. Fii (xi, θi) is a linear force which tends

to restore xi back towards its natural bias θi, depict-

ing that company culture has a power to guide its

members’ work attitude and behaviour. Fij (xi, xj)

is a nonlinear function of the opinion’s discrepancy

between groups j and i, and will bring xi closer to
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xj . It is also assumed that the interactions between

groups are costly and, hence, there exists an upper

bound value of coupling strength for each group, be-

yond which they will not put more efforts into com-

munication due to its expensive cost. λ is the latitude

of acceptance, a term that is used in social judgment

theory to describe that attitude change will wane past

a critical discrepancy, and we specify the whole PO as

being in consensus if the steady difference between two

most disparate group opinions equals one latitude of

acceptance or less. β is the attitude gradations in-

dex, an even number whose value is not less than 2.

Our model can be viewed as a generalized BC model

that includes the Gabbay model,[16] the social influ-

ence network model,[25] and the Deffuant model[26,27]

as its special cases in the population dynamics con-

text. When β = 2, our model is reduced into the

Gabbay model. Let λ → ∞ and hi = 0, our model

is transformed into a social influence network model

driven by linear coupling forces; let β → ∞, hi = 0,

and

Fij (xi, xj) →

 µij (xj − xi) , |xj − xi| ≤ λ

0, otherwise,

our model is just reduced into the Deffuant dynam-

ics model frequently discussed in the literature about

opinion dynamics.

Let kij be the relative coupling strength of group

j to group i, kij = µij/hi. Since hi is positive, system

S1 has the same equilibrium solutions to the following

dynamics system S2

Dtxi = −(xi − θi) +
n∑

j=1,j ̸=i

kijB(xj − xi),

x = 1, . . . , n. (5)

For simplicity, we investigate system S2 in the

remainder of the paper instead. Unlike most of exist-

ing investigations about opinion dynamics which focus

only on consensus formation, project performance is

not only related to the consensus between different

groups, but also to the proportion of proponents of

this positive attitude in the whole PO. In this paper,

the global average opinion (GAO) of PO, z, and the

maximum discord between different groups, δ, will be

discussed later, and are defined as z =
∑n

i=1 xi/n, and

δ = max
i ̸=j

|xj − xi|, respectively.

3. Opinion evolution between two

groups

In the case of a two-group project, the system is

Dtx1 = −(x1 − θ1) + k12B(x2 − x1), (6)

Dtx2 = −(x2 − θ2) + k21B(x1 − x2). (7)

Perform the linear transformation asz
u

 =

1/2 1/2

1 − 1

x1

x2

 .

Since B(u) is an odd function, let

(Eq. (6)+Eq. (7))/2, then we will have

Dtz = − (z − z0)− (k12 − k21)B (u) /2

= − (z − z0)− kρB (u) , (8)

where z0 = (θ1 + θ2) /2 is the initial GAO of PO;

k = (k12 + k21) /2 is the coupling scale, equiva-

lent to the average of coupling strengths of the two

groups; ρ = (k12 − k21) / (k12 + k21) is a parameter

that accounts for asymmetric level of pair-wise cou-

pling strength with range [−1, 1]. If ρ is negative,

then group 1 has more influence on group 2, and vice

versa. Assuming that the initial discord between the

two groups θ = θ1 − θ2 > 0, it is obvious that u > 0,

B(u) > 0.

From Eqs. (6) and (7), we have

Dtu = − (u− θ)− 2kB (u) . (9)

Equation (9) indicates that the evolution of dis-

cord u is directly related to neither z0 nor ρ.

Now, we study the discord dynamics described by

Eq. (9) (see Fig. 1(a)). In terms of the necessary con-

dition of limit point (LP), also known as saddle-node

point, f (u) = Duf (u) = 0, we have

f(u) = (θ − u)− 2kB(u) = 0, (10)

Duf (u) = −1− 2kB (u)
(
1− (u/λ)

β
)
/u = 0. (11)

Equation (10) means that the steady discord is deter-

mined by k and θ. Substituting k in Eq. (10) into

Eq. (11), we have

Duf (u) = −1 + (u− θ) (1− (u/λ)
β
)/u

= − 1

uλβ
G1 (u, θ) = 0,

where G1(u, θ) = uβ+1 − θuβ + θλβ . We can figure

out the bifurcation characteristic by investigating the
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roots of the polynomial G1(u, θ) when u lies in the in-

terval [0,1] (see Fig. 1(b)). The derivative of G1(u, θ)

with respect to u is

DuG1(u, θ) = [(β + 1)u− βθ]uβ−1.

Since u ∈ (0, 1) and θ ∈ (0, 1), when u∗(θ) =

βθ/(β + 1), the polynomial in this interval has the

only minimum value θλβ [1− (θ/θc)
β ], where θc =

λ(β + 1)(β+1)/β/β is the critical value of θ which can

be used to identify the bifurcation regime. For β →
∞, θc → λ. For u ∈ (0, u∗(θ)), G1(u, θ) monotonically

decreases as u increases. For u ∈ (u∗(θ), 1), G1(u, θ)

monotonically increases with u increasing, the criti-

cal phenomenon takes place when G1 (u
∗(θ), θ) = 0.

Since G1(0, θ) and G1(1, θ) are both positive, only

when G1(u
∗(θ), θ) becomes negative can this polyno-

mial have two different real roots in the interval. So

it is clear that the LP bifurcation can occur only if

θ ≥ θc. In fact, when θ > θc, the polynomial may

have two different real roots, ua(θ) < u∗ (θ) < ub (θ).

(kua (θ) , k (ua (θ))) and (kub (θ) , k (ub (θ))) are two

LPs, where k (u) = (θ − u) / (2B (u)) is derived from

Eq. (10). In the (k, u) space, the former/latter is the

point at which the lower/upper stable branch collides

with the middle unstable branch (see Fig. 1(a)). Fig-

ure 1(c) shows the relationship between k at bifur-

cation point and θ. In the dyad case, our model is

a generalized cusp catastrophe model in which θ is

the splitting factor and k is the normal factor related

to the dependent variables u and z in a consistent

pattern (Fig. 1(a)). The splitting factor θ is the key

variable as it specifies the conditions under which k

will affect u in a continuous fashion, and the other

conditions under which k will produce discontinuous

changes in dependent variables (Figs. 1(a) and 1(d)).

In a catastrophe model, when the intensities of the

normal factor and splitting factor each reach a criti-

cal point, the dependent variable will change suddenly

and radically. From Fig. 1(c), we can learn that there

exist three distinctive phase regimes, i.e., a deadlock

regime (area 1), a convergence regime (area 3), and a

bifurcation regime (area 2). In the deadlock regime,

two groups are unable to reach consensus due to a too

high communication cost; in the convergence regime,

the discord of two groups reduces smoothly like a lin-

ear dynamical system; in the bifurcation regime, the

abrupt convergence may happen if coupling scale k

rises above the upper threshold kb(θ), while the abrupt

divergence occurs if k falls below the lower threshold

ka(θ).
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Fig. 1. Simulation results of opinion dynamics in the dyad case (solid/dotted line are for stable/unstable solution):

panel (a) shows stable u versus k, panel (b) indicates G(u, θ) versus u, panel (c) displays k at bifurcation point versus

θ, and panel (d) exhibits stable z versus k. Parameters are β = 4 and θ = 0.8 in panels (a)–(d), and λ = 0.38 in panels

(b)–(d).
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Now we explore the dynamics of the GAO of PO.

Substituting B(u) in Eq. (10) into Eq. (8) and using

Dtz = 0, we obtain

z − z0 = −ρ(θ − u)/2. (12)

Equation (12) indicates that given that the group

with more positive attitudes has more influence over

the other group, the increase of z from the initial state

to the steady state is positively related to the prod-

uct of −ρ and (θ − u). Since the steady discord is

determined solely by k and θ, given that k remains

unchanged, z − z0 is proportional to −ρ (Fig. 1(d)).

Yet the abrupt change behaviours of z and u are both

characterized by ka(θ) and kb(θ).

4. Opinion evolution among three

groups

We consider triad interactions with two different

network topologies: i) a broker network in which a

broker group, group 2, is connected to the other two

that do not interact directly; ii) a clique network in

which all three groups interact with each other. In

the context of a project, the two types of networks

may describe the relationship between a client (group

1) with a contractor (group 2) and a subcontractor

(group 3). In a broker network, only the contractor

communicates with the client; the requirement of the

client is conveyed to the subcontractor by the con-

tractor, while in a clique network, the client interacts

with both the contractor and his subcontractor. For

both topologies, we assume that the natural bias is so

distributed that group 2 is between groups 1 and 3:

θ1 − θ2 = θ2 − θ3 = θ > 0. We also investigate two

different types of interactions in each pair: symmetric

and asymmetric.

The general dynamical system in the triad case is

Dtx1 = −(x1 − θ1) + k12B(x2 − x1)

+ k13B(x3 − x1),

Dtx2 = −(x2 − θ2) + k21B(x1 − x2)

+ k23B(x3 − x2),

Dtx3 = −(x3 − θ3) + k31B(x1 − x3)

+ k32B(x2 − x3). (13)

Performing the linear transformation as
z

u

v

 =


1/3 1/3 1/3

1 −1 0

0 1 −1



x1

x2

x3

 ,

and using the transformation method mentioned in

the dyad case yield

Dtz = −(z − z0) + [(k21 − k12B(u) + (k32 − k23)B(v)

+ (k31 − k13)B(u+ v)]/3,

Dtu = −(u− θ)− (k12 + k21)B(u)

+ k23B(v)− k13B(u+ v),

Dtv = −(v − θ) + k21B(u)

− (k23 + k32)B(v)− k31B(u+ v), (14)

where z0 =
∑3

i=1 θi/3. From the first equation of ex-

pression (14), it can be concluded that if each pair has

a symmetric coupling relationship (kij = kji), then

the GAO of PO is an invariant of the opinion dynam-

ics, but it is an unsatisfactory result in the context

of a project because the performance of the PO will

remain unimproved.

4.1.Opinion evolution in a symmetric

network

Firstly, we explore the opinion dynamics in a sym-

metric broker network (k13=k31=0). Since in the sym-

metric systems z(∞) = z0, we focus only on the dis-

cord dynamicsDtu = −(u− θ)− 2kB(u) + kB(v),

Dtv = −(v − θ) + kB(u)− 2kB(v).
(15)

System (15) has a Z2-symmetry invariant under

the involution (u, v) 7→ (v, u). In this system (see

Fig. 2), there exists a symmetric branch of equilib-

rium curve in which each point (u, v, k) satisfies u = v

and

−(u− θ)− kB(u) = 0. (16)

Comparing Eq. (16) with Eq. (10), we find that the

coefficient of B(u) in Eq. (16) is only half that in

Eq. (10), which suggests that more communication ef-

fort in a broker network is required to reach the same

equilibrium state as in the dyad case. The Jacobian

matrix of equilibrium points in the symmetric branch

DF |u=v =

−1− 2kB′(u) kB′(u)

kB′(u) −1− 2kB′(u)


has two real eigenvalues λ1 and λ2:

λ1 = −1− kB′(u) = −1− kB(u)(1 - (u/λ)β)/u,

λ2 = −1− 3kB′(u) = −1− 3kB(u)(1 - (u/λ)β)/u.
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Substituting B(u) in Eq. (16) into the above two

equations, we obtain

λ1 = − 1

uλβ
G1(u, θ) and λ2 = − 1

uλβ
G2(u, θ),

here, G2(u, θ) = 3uβ+1 − 3θuβ − 2λβu+ 3θλβ .

According to the condition of stationary bifur-

cation point, the bifurcation point must have one

zero eigenvalue. It can be proved that polynomi-

als G1(u, θ) and G2(u, θ) both have no more than

two real roots within range [0, 1]. Furthermore,

we can distinguish between an LP and a branch

point (BP) by studying whether DkF (u0, k0) ∈
Range(DuF (u0, k0)).

[28] As for system (15), it means

that if Rank(DuF (u0, k0)|DkF (u0, k0)) = 1/2, then

it is a BP/LP, respectively. Since DkF (u0, k0) =

−B(u)[1, 1]T, Rank(DuF (u0, k0)|DkF (u0, k0)) = 1

suggests that

Det

([−1− 2kB′(u) 1

kB′(u) 1

])
= 0.

We have

−1− 3kB′(u) = λ2 = − 1

uλβ
G2(u, θ) = 0,

which means that roots of G2(u, θ) within range [0,1]

can only be BPs. Similarly, we can also derive that

the roots of G1(u, θ) within range [0,1] are LPs. From

these, we can infer that when the bifurcation condi-

tions are met, bifurcation points will appear on the

symmetric equilibrium branch, which makes part of

symmetric equilibrium curve unstable and causes so-

called “symmetry breaking” phenomenon: one obtains

asymmetric equilibrium solutions in a symmetric sys-

tem. This conclusion is supported by our numerical

simulations of system (15) computed using the soft-

ware package Matcont, a MATLAB numerical contin-

uation package for the bifurcation analysis of dynami-

cal systems.[29,30] Figure 2 presents equilibrium curves

of system different values of θ. In both of the cases

(θ = 0.3 and 0.4), the equilibrium curve is composed

of two types of branches: the symmetric equilibrium

branch along which u = v and the asymmetric equilib-

rium branch along which u ̸= v. In Fig. 2(a), the sym-

metric branch starts from (u, v, k)=(0.3,0.3,0), and on

which there exist two BPs. Checking the eigenvalues

of the equilibrium points on the symmetric branch, we

find that the segment between the two BPs is unsta-

ble while the other parts of the branch are stable. The

BPs correspond to pitchfork bifurcation points. Two

asymmetric equilibrium branches bifurcate vertically

from the two BPs. However, one branch is mapped

onto another by the involution (Fig. 2(c)). From

Fig. 2(a), we see that the two BPs correspond to two

distinct pitchfork bifurcations. The BP with a smaller

value of k (k
(b)
BP1), BP1, corresponds to a supercritical

pitchfork bifurcation point, while the other BP2, to

a subcritical one. The stable asymmetric branch of

the supercritical pitchfork collides with the unstable

asymmetric branch of the subcritical pitchfork at two

LPs. We denote the LP with a larger/smaller value

of u by LPA1/LPA2, and they correspond to the same

value of k (k
(b)
LP). If k is greater than k

(b)
LP, consensus

among the three groups may occur. Assuming that

system (15) is integrated for increasing k, the final

opinions for a given k are used as the initial condi-

tions for the next simulation run with the subsequent

increment of k. For k < k
(b)
BP1, discords u and v de-

crease with the increase of k. When k increases to

above k
(b)
BP1, u and v change in opposite directions,

meaning that the whole PO tends to be split into

two clusters. If groups 1 and 2 turn closer gradu-

ally to form a cluster, then group 3 will diverge from

it. However, when initial discord θ is not too large

(Fig. 2(a)), the divergence between two clusters can be

eliminated by increasing the value of k. When k grows

above k
(b)
LPA, the stable solution jumps abruptly back

onto the symmetric branch again, suggesting that with

strong enough communication the three groups will

converge together eventually. Figure 2(b) shows that

if θ is becoming even larger, this kind of jumping back

to consensus will never take place due to unaccept-

able cost of communication even though the segment

of the symmetric branch with a greater value of k is

composed of stable solutions. Besides, Fig. 2(b) also

reveals that when k grows above k
(b)
BP1, the conversion

from converging together to diverging apart into two

clusters will take place abruptly at k = k
(b)
BP1. Figures

2(c) and 2(d) show that the maximum discord δ re-

mains at a high level even though it decreases with k

increasing if k ∈ (k
(b)
BP1, k

(b)
LPA). This is not surprising

because under this condition only two of the groups

converge sharply together while the discord between

these two groups and the third diverge apart dramat-

ically.
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Fig. 2. (Simulation results of opinion dynamics in a broker network (solid/dotted line are for stable/unstable solution).

Panels (a) and (b) each show discord u as a function of k; panels (c) and (d) each indicate maximum discord δ as a

function of k. Parameters are λ = 0.15, β = 2 in panels (a)–(d); θ = 0.3 in panels (a) and (c), and θ = 0.4 in panels (b)

and (d).

Figure 3 shows the simulation results of opinion

dynamics in a symmetric broker and clique network.

To compare their efficacies in reducing discord, we

should place the two network topologies on an equal

footing according to the equal total communication

costs (TCCs). The TCC is 4k(b) in the broker net-

work, yet 6k(c) in the clique one. We let k(b) = k

while k(c) = 2k/3 to guarantee the equal TCCs. It

can be seen that the opinion dynamics in the sym-

metric clique network has similar behaviours to in the

symmetric broker network. Figure 3(a) shows that

each bifurcation curve in the (θ, u) space has a criti-

cal value of θ (i.e., θc1 = 0.3897, θc2 = 0.2829/θc3 =

0.3119, θc4 = 0.2888 for the LP and BP curves in the

symmetric broker/clique network, respectively) and

there exist four different bifurcation portfolios: for

θ ∈ (θc2, θc4), only in a broker network can BP bi-

furcation take place; for θ ∈ (θc4, θc3), in both net-

works only BP bifurcation can come into being; for

θ ∈ (θc3, θc1), BP bifurcation can occur in both net-

works, while LP bifurcation can appear only in the

clique network; and for θ ∈ (θc1, 0.5), in both networks

two types of bifurcation will happen. Figure 3(b)

shows an example for θ ∈ (θc3, θc1), which corresponds

to the simulation condition of Gabby model (Physica

A 378 (2007) p. 125 Fig. 5). His simulation results

only included the symmetric branch of the equilibrium

curve, and suggested that as if the consensus among

three groups can be achieved via increasing k above

k
(c)
LP1, the behaviour of the system is just like that in

dyad case. However, our results in Fig. 3(b) argue that

the behaviours of system S2 in triads interaction are

fundamentally different from those in dyad case due

to symmetry breaking. It is true that if one chooses

a relatively short duration of interaction (tf), for in-

stance, tf = 50 and k ∈ (k
(b)
BP1, k

(b)
LPA), the simulation

results will be on the symmetric branch of the equilib-

rium curve just like the results of Gabbay’s. However,

when checking the eigenvalues of these points, one will

find that they are always unstable for some of them

are saddle points, and the others are unstable nodes.

In fact, the two BPs on the symmetric branch make

the curve segment between the two points unstable,

thereby suggesting that under this condition the con-

vergence of all three groups seldom takes place.

In an actual project context, there always exist

some kinds of disturbances. Figure 4 shows the simu-

lation results of the stochastic system constructed by

adding independent white noise terms into different

equations corresponding to the broker network.
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for unstable solution. Parameters are λ = 0.15 and β = 2.
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and 2, 3(v), and maximum discord (δ) in the disturbed simulation of dyad interactions in a broker network, and

(b) histogram of the trajectories of discord u at the end-time (tf = 50) in 1000 simulation runs. Parameter are

[θ1, θ2, θ3] = [0.95, 0.65, 0.35], λ = 0.15 and k = 1.2.

Figure 4(a) shows one of sample paths of the

stochastic system. Clearly at the beginning of the

coupling evolution, all the discrepancies of the three

groups decline, however, the opposite trends of opin-

ion evolution appear after a short period of time, dur-

ing which u gradually becomes smaller while v be-

comes larger due to the noises. After a not too long

period of time, u approaches to 0.1, a discrepancy that

is much smaller than the initial one, while v diverges

to about 0.35. Figure 4(b) indicates that groups 1, 2

and groups 2, 3 have equal chances to form a cluster.

So it can be concluded that in an actual project con-

text, if the initial discords are high, even in a short

period of time organization polarization may happen

rather than convergence of all three groups as Gabbay

expected.

4.2. Leader group-induced opinion evo-

lution

Although triad interaction in a symmetric net-

work can shed light on how the discords among three

groups evolve with time, these symmetric relation-

ships can be considered only as the case of self-

organized cooperation among three groups with an

equal coupling strength. As described above, the GAO

of a PO, z, keeps unchanged, which does not help im-

prove the performance of the PO. In most cases, a
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leader group is needed to improve the situation. A

leader group is a group that can impose more influ-

ence on other groups than vice versa. In the context

of a PO, the client or a major contractor who takes

charge of the whole PO may act as a leader group.

We assume that group 1 acts as the leader group, the

other two groups as the follower groups. One example

is that the client (group 1) who demands high qual-

ity of project deliverables gives impetus to continual

improvement of quality in the product and service of

the contractor (group 2) and the subcontractor (group

3). We explore two scenarios: 1) in a broker net-

work, group 1 imposes strong influence only on group

2 and the relationship between groups 2 and 3 keeps

two sides equal; 2) in a clique network, group 1 im-

poses strong influence on both group 2 and group 3

simultaneously, while the relationship between groups

2 and 3 also keeps two sides equal. Although there

are many other scenarios in triad interactions with a

leader group, we discuss and compare only the two

scenarios. In both scenarios, ρ and ρλ represent the

asymmetric level of coupling strength and the lati-

tude of acceptance between the leader group and the

follower groups, respectively.

4.2.1. Asymmetric level of coupling strength ρ

To reveal the influence of ρ on opinion evolution,

two simulations for scenario 1, (k12 = (1 + ρ)k, k21 =

(1− ρ)k, k13 = k31 = 0, k23 = k32 = k), and scenario

2 (k12 = k13 = 2(1 + ρ)k/3, k21 = k31 = 2(1− ρ)k/3,

k23 = k32 = 2k/3) are performed. Note that all the

coupling strengths in scenario 2 have been processed

to ensure the equal TCCs in scenarios 1 and 2. Figures

5(a) and 5(b) show the numerical results of scenarios

1 and 2, respectively. It can be observed from Fig. 5

that in both scenarios, the z and δ of three-group PO

with large initial discord increase along with −ρ, i.e.,

the more the influence of leader group (group 1) on

the follower group/groups (group 2/groups 2 and 3),

the higher the GAO of PO and the larger the maxi-

mum discord δ is. This can be interpreted as the fact

that since group 1 draws the opinion of group 2 closer

towards his while his opinion changes little, which in

turn weakens the influences of groups 1 and 2 on group

3, so δ (i.e., the discord between groups 1 and 3) be-

comes larger. In scenario 2, although group 1 inter-

acts with group 3 directly, the influence of group 1 on

group 3 is still limited by the deep gap between them.

Therefore, in both scenarios, if the initial discord is

high, the increase of −ρ may cause the PO to be split

into two distinct camps, which is not a good news for

the leader group because each participant group is re-

sponsible for the quality of project deliverables.

z
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k

ρ=-0.9
ρ=-0.5

ρ=-0.5

ρ=-0.1

ρ=-0.1

ρ=-0.9

(a)

(b)

0

0.2

0.4

0.6

0.8

1.0

0

0.2

0.4

0.6

0.8

1.0

ρ=-0.9
ρ=-0.5

ρ=-0.5

ρ=-0.1

ρ=-0.1

ρ=-0.9

Fig. 5. Simulation results of opinion dynamics in (a) a

broker and (b) clique network (solid line is for z; dash–dot

line is for δ; dotted line is for unstable solution). Pa-

rameters are λ = 0.15, β = 2, θ = 0.3, z0 = 0.65, and

δ(0) = 0.6.

4.2.2. Asymmetric level of latitude of accep-

tance ρλ

In the above discussion, we assumed that all

the groups have equal latitudes of acceptance, i.e.,

λj = λ. Under this assumption, increasing −ρ be-

tween the leader group and the follower groups may

cause organization polarization. Now we consider the

case that the leader group and the follower groups

have different latitudes of acceptance. It is reasonable

that the leader group more often will not change his

opinion while the follower groups tend to adjust their

opinions to some extent in order to meet the needs

of the client and the leader group. Figure 6 displays

the simulation result of opinion dynamics among the
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heterogeneous groups. It is assumed that the follower

groups have the equal latitude of acceptance, λb, while

the leader group has a latitude of acceptance, λa. So

ρλ = (λa − λb)/(λa + λb). From Fig. 6, we can see

that in both networks with other conditions remaining

unchanged, the change of −ρλ will have a significant

influence on the opinion dynamics. The increase of

−ρλ will improve the steady GAO, z(∞), of the PO.

Besides, unlike the case of equal latitude of accep-

tance, z(∞) does not always monotonically increase

with k increasing. For example, if ρλ = −1/3 in a

clique network (Fig. 6(b)), there is a maximum GAO

when k approaches to 2. This may be due to the

greater compromise the leader group makes if he is

subjected to strong enough coupling force from the

follower groups. On the other hand, the effect of ρλ

z
↪δ
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Fig. 6. Simulation results of opinion dynamics among

three groups with different latitudes of acceptance (solid

line is for z, and dash–dot line is for δ) in (a) a bro-

ker and (b) clique network. Parameters are ρ = −0.5;

ρλ = 0,−1/3, −5/6; λ = 0.15; θ = 0.3; z0 = 0.65;

δ(0) = 0.6.

on steady maximum discord δ(∞) is subtle. When

−ρλ increases from 0 to 1/3, δ(∞) reduces dramati-

cally, indicating that with the increase of k, consensus

can be achieved. When −ρλ grows even larger, if k is

below a certain threshold, δ(∞) can be reduced fur-

ther. Meanwhile, if k is above the threshold, δ(∞)

may become larger.

5. Conclusions

In a cooperative project with the involvement of

multiple companies, each of the participant groups

is responsible for the quality of the project deliver-

ables. So both consensus and a high adoption rate

of positive work attitude (measured as the GAO of

the PO) are essential for the improvement of project

performance. Since the classic BC models based on

a pure compromise strategy neglect the influence of

participant’s company culture on opinion evolution,

they fail to explain the frequent occurrence of con-

flicts among different groups in a PO. A generalized

BC with self-bias model is proposed to explore the

opinion dynamics in a multi-group project in which

each group’s opinion is affected by both a cohesive

force tending to restore the opinion back towards its

initial status because of its company culture and cou-

pling forces with other groups attempting to bring

opinions closer due to collaboration willingness. In

the case of a two-group project, the model behaves

like a cusp catastrophe model, as the initial discord θ

is the key variable that specifies the conditions under

which coupling scale k will affect the opinion change

in a continuous fashion, or in an abrupt way. The

critical value of θ and the bifurcation condition are

derived, which identify three distinctive evolutionary

regimes, i.e., a convergence regime when θ is below

a critical value, a bifurcation regime when the ini-

tial opinion difference is above this critical value and

the cost of communication is acceptable, and a dead-

lock regime when the cost of communication to reduce

the large discord becomes unacceptable. In the dyad

case, the GAO of PO can be raised simply by en-

hancing the leader group’s influence on the follower

and its resistance to the influence of the followers. In

the case of three-group project, the GAO of a PO re-

mains unchanged as long as each pair has a symmetry

coupling relationship. As for the discord dynamics,

there still exist three distinctive regimes as in the case

of dyad interaction. However, there are richer and

more diverse forms of bifurcation in this case than
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in the case of dyad interaction. If the system has a

symmetric coupling relationship among three groups

and the initial discord among them is high, two BPs

may appear on the symmetric branch of equilibrium

curve which may cause symmetry to break and split

the whole PO into two clusters. This “organization

polarization” phenomenon ignored by Gabbay has a

significant influence on the characteristic of opinion

dynamics. It brings about more difficulty in reach-

ing consensus among three groups than between two

groups. We can conclude that apart from the inherent

divergence in the interests, the serious initial discords

and nonlinear interaction among multi-groups can also

make conflicts and disputes so common and even in-

evitable in cooperation projects. The GAO is also

hard to improve if there are two distinctive clusters

in the PO. In this particular circumstance, strong in-

fluence of the leader group on the follower groups can

only improve the GAO at the expense of enlarging the

maximum discord. One way to raise the GAO consen-

sually is to choose the right candidate groups having

large latitude of acceptance as the follower groups and

the group having strong faith in advanced manage-

ment philosophy as the leader group.

Although our study goes a step further in the

analysis of dynamic behaviours of a multiple-group

PO, our model has its limitations. In the model,

the influence of external environment is not taken

into account. Further study should explore the opin-

ion dynamics with the external disturbance using the

stochastic differential equation. Besides, although

only nonlinear interactions on a small social network

are considered here, our model can be extended to

the investigation of the opinion dynamics on a large

complex network.
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