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INTRODUCTION

Humans are social beings and opinions of people around 
them has a significant impact on their decisions. Often, under 
scarcity of information, people observe the behavior of oth-
ers and imitate them, that is, they resort to group behavior. 
Existing literature on the influence of a group suggests that a 
small number of individuals do indeed influence decisions of 
majority. This is evident from the process of spread of new 
technologies in agriculture, improved seeds and pesticides, 
dissemination of innovations, patterns of digital markets and 
spread of using new medicines among doctors. 

Mathematical models of graph theory are used for the 
analysis of economic or other relations. The use of graphs to 
study economic problems is a fairly new, albeit rapidly grow-
ing direction in research. A particular network of connections 
is represented by nodes (individuals) and edges (connec-
tions). For example, below is a graph that represents a net-
work of peers’ connections at the university. These 10 nodes 
correspond to 10 students, and the 14 edges are for friend-
ships between them. According to this network, student 1 
befriends 2 and 4, while student 3 befriends 2, 5, 6 and 9. It 
is possible to analyze public opinion formation, social train-
ing, investor behavior and many other interesting issues with 
similar graphs.

Figure 1. Network of friendly links between university peers.
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The influence of opinion leaders is especially important 
in the Internet age, when the dissemination of ideas is quite 
easy and accelerated. Social influencers, who are thought 
leaders, make up a small part of a society. To analyze their 
impact D. Watts and P. Dodds considered a model of public 
opinion formation with influencers as 10% of the total popu-
lation (Watts & Dodds, 2007). As a result, they conclude that 
socially influential individuals are more difficult to find than 
the average person and it may even be more difficult to mo-
bilize them. Another example where thought leaders can play 
an important role is the early adopters of any innovation or 
trend. Influential people can lead group behavior and dissem-
inate some news to the public at large.

This indicates that networking between people is very 
important in defining the role of thought leaders. If the av-
erage number of individual connections is low, people can 
more easily be influenced and the role of opinion leaders is 
immense. Conversely, if the average number of individuals 
with connections is high, only individuals with lower than 
average connections may be influenced by opinion leaders 
(ibid). A network of connections is a group of individuals, 
families, friends, supporters, or those who have some form 
of communication with an individual within a certain social 
system (Valente, 1996).

It is noteworthy that some scholars argue that large-
scale changes in public opinion do not come from individuals 
with strong influence. These changes are largely caused by in-
dividuals who are easily influenced by others and themselves 
easily influence other individuals. The era of the Internet has 
brought society closer together, making it easier for one part 
of it to influence other members. Yet paradoxically, society 
seems more fragmented than ever. The level of influence of 
opinion leaders through the Internet has increased signifi-
cantly. That is why it is justified to analyze hyperinfluential 
individuals, who influence very large groups of people (Watts 
& Dodds, 2007). It is unexpected that hyperinfluential people 
on average are less likely to induce group behavior than those 
with weaker influence and even average influence. It seems 
that existence of early adopters at high variation in interper-
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sonal relationships reduce the chance of emergence of group 
behavior.

Observations on random networks allows for some in-
teresting conclusions. However, people often do not associ-
ate with others on the basis of randomness. Usually, when 
establishing relationships, people consider certain indicators 
such as social role (Merton, 1957), group attribution (Feld 
1981), homogeneity (McPherson et al., 2001) and others. All 
of this creates different internal structures in the network of 
connections. Consequently, each requires a different analysis.

An important feature of a network is its density, which 
indicates the share of connections actually existing between 
potential connections that could exist and is highest when all 
possible connections are actually realized. The density of the 
connection network varies from 0 to 1 and is maximal when 
we have a full network (all individuals are connected to all 
others). In low-density conditions, the number of connec-
tions is lower and information is disseminated more slowly 
among individuals (Jackson, 2011, pp. 511–585).

There are several empirical and experimental studies 
that indicate that people use the threshold rules in social 
conditions. The threshold rule implies that there is a certain 
critical value (threshold) whereby people change behav-
ior and below it they respond differently. H. Young showed 
(Young, 2006) that the massive shift to hybrid maize seeds 
by American farmers in the 1940s could only be explained by 
the threshold rule. In the laboratory experiment, where par-
ticipants had to identify the majority of the 24-person group, 
they found that people used the threshold rule at a critical 
rate of ½ (Latané and L’Herrou, 1996). Research has shown 
that computer simulations across different networks give re-
alistic results and with repeated interactions of individuals 
three fundamental phenomena emerge in networks: consol-
idation, grouping, and sustained diversity. The consolidation 
refers to formation of the common choice among members, 
the grouping of the members means that individuals in the 
neighborhood of the network grow similar, resulting in a 
more homogeneous groups, and sustained diversity is kept 
by minority with the ability to keep different characteristics 
despite the influence from others.

Imitation between firms leads to emergence of lead-
ers. The bigger, more successful and prestigious a firm is, the 
more informed other firms think it is and they tend to repeat 
its behavior. The emergence of followers also depends on 
the level and number of links the leader has with other firms 
(Haveman, 1993). Having a central position in the network 
is important because closely connected firms are better in-
formed.

Imitative behavior may also be the cause of the “cluster-
ing” of foreign direct investments. A leader entering a foreign 
market may be followed by followers who repeat the same 
behavior, ensuring that an approximate balance of compet-
itive opportunities is maintained and that the followers do 
not lose competitiveness with the leader. Imitation is also ob-
served when there is competition between firms in research 
and development. The first inventor of new technology can 
patent his invention, so one firm’s rise in research and de-
velopment costs is followed by competitors’ similar behavior, 

which results in excessive investment in a particular industry 
(Lieberman and Asaba, 2006).

Updating information in an incomplete network is par-
ticularly difficult, as agents are unaware of what information 
others possess and need to make a guess instead. A mathe-
matical model of the network is useful for dealing with dif-
ferent types of examples, such as analyzing civil unrest and 
protests. Short distance connections can be caused by the 
geographical characteristics of social dissatisfaction, and long 
distance connections can be explained by many different fac-
tors (Braha, 2012). Especially interesting are the scale-free 
networks, in which degree (the number of connections with 
neighboring members) is exponentially distributed, indicating 
the existence of closely related individuals - hubs. This hap-
pens in networks that are constantly growing with the addi-
tion of new members, and new members are more inclined 
to associate with individuals who are already connected to 
many other individuals. Analyzing networks with such distri-
butions helps to explain the phenomenon of diffusion and 
epidemic spread.

The analysis of large networks is associated with great 
difficulty, which is why it is more appropriate to observe par-
ticular cases. One example of such an analysis is that 10% of 
the total population can change the behavior of the rest of 
the population if they never change their own opinion and 
stay firmly on it (Xie et al., 2011). The authors came to this 
conclusion by analyzing the complete graphs of a network (all 
individuals in the complete graph are related to all others). 
They also concluded by simulating a scale-free network of 
Erdős–Rényi random graphs that the degree of the system is 
the same as that of complete graphs but with a lower aver-
age number of connections, the consensus time drops slightly 
faster. It is interesting to see whether similar results can be 
drawn from the analysis of individuals who are motivated by 
the utility level.

HERD BEHAVIOR UNDER DIFFERENT
NETWORK SYSTEMS

Networks greatly influence various processes and their 
dissemination. For example, dissemination of innovation de-
pends not only on how valuable the technology is to people, 
but also on what channels will be used to spread it and who 
will spread the information. In order to draw conclusions, it is 
advisable to compare different types of networks in terms of 
the prevalence of group behavior within them. In this regard, 
the present study deals with four types of networks: small 
world, one-hub (one central figure), multi-hub (many central 
figures) and two-component (two closely related groups with 
weak links between groups).

Computer simulations of group behavior formation al-
low for analysis of general patterns. The small-world random 
network is a simple base, the extension of which allows for 
deeper observations. Such a network could be a network of 
friends on Facebook, a network of college students or many 
others. They are characterized by a large component and 
short distances between any two individuals in the network 
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(Jackson, 2019, p. 50). Small-world random networks can be 
extended by introducing a closely related element into the 
network. The simplest network with closely related node is 
star network. In such a network, all individuals are connected 
through one central figure, and there are no direct connec-
tions. The central figure, the so-called hub, plays a key role in 
disseminating information within the network. Internet net-
works, connected though servers are such networks.

A multi-hubbed unevenly connected network well de-
scribes the characteristic of individuals that they often resort 
to preferential attachment - individuals (or organizations) 
that are more connected are more desirable than others. This 
feature is widespread among individuals and many situations 
are characterized by it (frequency of word use, distribution of 
city sizes, distribution of wealth, number of citations in sci-
entific articles...). This means that nodes with multiple edg-
es are more likely to acquire new ones, while less connected 
ones have less chance of making new connections. Such a 
relationship is often described by power law and is known as 
Zipp’s law (Jackson, 2011, pp. 525). Such relationship leads to 
the emergence of certain hubs or central figures that spread 
information to many individuals and may be thought as lead-
ers or experts in a particular situation. In addition to favora-
ble connectivity, such networks are characterized by freedom 
from scale effects, which is particularly useful for analyzing 
such networks. As for a two-component network, such a net-
work is useful for analyzing a somewhat polarized society. In 
the case of the behavior of loyal customer groups on both 
sides of the duopoly market or the formation of two major 
political or other opinions, public behavior can be described 
in terms of such a network.

Within this study, a random (small-world type), single- 
hub, multi-hub and two-component network of 150 individuals 
was selected for analysis.

THE EFFECT OF NETWORK TYPES ON HERD BEHAVIOR
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Figure 2. Results of simulations in small world networks when propagation starts from a) random 
member; b) most connected member; c) least connected member

The result is quite different if there is one central figure. 
In this case, the full spread occurs at a minimum of 10 and a 
maximum of 206 periods and the average time of full spread 
varies from 20.5 to 36. This means that the presence of one 
central figure prevents information from spreading across the 
network, as there is preferential attachment and some mem-
bers can only acquire one connection. If there are several 
central figures, the full spread occurs in at least 3 and a maxi-
mum of 122 periods and the average time of full spread varies 
from 3.9 to 14.9. In a two-component network, full adoption 
occurs quite rapidly - at least 5 and up to 36 periods, and the 
average time of full adoption varies from 9 to 13.3. Although 
the connection between components is almost non-existent, 
a small number of existing links play a critical role in rapidly 
disseminating a behavior.

B. CONFRONTATION OF TWO OPPOSING OPINIONS 
WITHIN A NETWORK

It is interesting to see how often one view overcomes 
another or whether their stable coexistence is possible when 
two opposing opinions are being spread in a network. It can 
be observed, for example, in the diffusion of alternative inno-
vations, when only one of them can be established (e.g. mag-
netic video and digital tapes) or in the spread of influence of 
two opposing political forces. The results of the simulations 
below provide some insight into these issues.

Random network simulations have shown that in case 
of two opposing norms, full spread occurs in at least 4 and 
maximum 15 periods and the mean time of full spread var-
ies from 7 to 7.6, depending on whether two randomly se-
lected members have opposing views or two members with 
unequal positions, one of which is more connected, rather 
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than the other. In 36.67% of the symmetrical cases one of 
the opinions was completely dominated, while in the other 
cases both views were maintained at different ratios. When 
one member was more connected than the other, complete 
dominance occurred in 42.19% of the cases.    

In the case of two opposing norms in a single network, 
full adoption occurs at a minimum of 8 and a maximum of 
96 periods, and the average adoption time varies from 20 to 
25.6. Such extreme variability in the time of full adoption of 
a norm is due to difficulty of covering large masses when dis-
seminating from the highly connected members of the net-
work. Moreover, in 32.88% of the symmetrical cases one of 
the opinions was completely dominated, while in the remain-
ing cases both were maintained at different adoption levels. 
When one opinion was spread from better connected mem-
ber than the other, complete adoption occurred in only 1.15% 
of cases. This is due to the specificity of one-hub network. In 
this case, some peripheral members never adopt widely ac-
cepted opinions. Full adoption happens in multi-hub network 
over a period of 3 to 57 periods and the average time of full 
adoption ranges from 3.9 to 7.1. In 85.59% of the symmetrical 
cases one of the opinions was completely dominated, while 
in the asymmetric cases the complete adoption occurred in 
53.98% of the cases. In a two-component network, full diffu-
sion occurs in a minimum of 5 and a maximum of 20 periods 
and the average time of full adoption varies between 9.8 and 
10. In 34.14% of the symmetrical cases one of the views was 
completely dominated, while in the asymmetric cases it was 
only 2.88%.

It is evident from the simulations that the position of 
the individual in the network is important to determine his 
or her impact on community or a particular group. It is no 
less important to know what type of network is best suited 
to represent a society and what the permeability of different 
norms, innovations or representations is within it. A central 
position of a member gives him a greater chance of dissem-
ination of an opinion in the group but does not rule out the 
delay or failure of the process. In some cases the opinion of a 
less connected individual may be more successfully dissemi-
nated and established.

Group behavior spreads more rapidly in a random net-
work than in a network characteristic of a special society on av-
erage. But multi-hub network has the potential for the fastest 

spread (although information disseminates faster in a random 
network on average). Group behavior is slow to spread in a 
single-hub network, as some individuals are very weakly con-
nected to other areas of the network. An opinion spread in the 
neighbourhood of the central figure will soon reach all mem-
bers of around him or her but it will take a long time to reach 
far ends of the network. The two-component network in this 
regard maintains a balance between the speed of distribution 
and the area of distribution. There is least variation between 
adoption times in a two-component network (not considering 
the small-world random network). The high variation in sin-
gle-hub and multi-hub networks indicates that it is advisable to 
consider more specific situations for accurate results.

The computation of betweenness centrality indices re-
vealed that the random network characterized with the low-
est betweenness centrality coefficients from 0.002 to 0.051, 
while the one-hub network is naturally the highest - from 0 
to 0.688.

Figure 4. Adoption times in multi-hub networks of dif-
ferent sizes.

Figure 4 compares adoption times within multi-hub net-
works of different size and it is clear that adoption happens at 
the same speed most of the time regardless of the network 
size. In case of N=150 adoption is fastest and it takes only 5 
periods. When two opposing opinions are being spread, the 
process reaches stability at different speeds. The next figure 
summarizes the results. When one of the opinions is domi-
nated by the other, it takes similar time periods for all sizes 
of multi-hub networks but in this case the medium-sized one 
takes the longest to reach stability, while the network with 
150 members stabilizes the fastest.

Figure 3. Results of 
simulations in small world 
random network, when to 
opposing views are being 
spread from a) randomly 
chosen members; b) the 
most and the least con-
nected members.
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It will be interesting for the future research to study 
adoption of group behavior from not one but multiple sourc-
es. Also, observing the distribution of group behavior across 
different network types, taking into account different model 
types and comparing the actual data with the given model.

CONCLUSION

The present paper analyzes patterns of information flow 
across different types of networks and compares the condi-
tions for the emergence of group behavior. Simulations were 
carried out on 4 types of networks of 150 members - small-
group, single-hub, multi-hub and two-component networks. 
According to the results, group behavior, innovation, opin-
ion or norms can be spread within the network at different 
speeds.

In small world, full adoption occurs in 4-20 periods and 
the average time of full adoption is 6.5-8.6. In non-random 
propagation simulations, the highest and lowest degrees 
were selected according to the degree of dig. On the other 
hand, considering the betweenness centrality of CBl calcu-
lated for each member, the individuals with the highest and 
lowest values were chosen. In the case of a single-hub net-
work, full adoption can happen very quickly or very slowly. 
The existence of one central figure prevents the spread of in-

formation across the network from the effect of preferential 
attachment and some members can only acquire a single link. 
If there are several central figures, the full spread is, on aver-
age, the fastest. It only takes 3.9-14.9 periods.

The study of the diffusion of two opposing views is 
 interesting when dissemination of alternative innovations 
or spread of influence of two opposing political forces are 
studied. Conducted simulations show that in the case of two 
opposing norms, full propagation occurs most quickly within 
a multi-hub network with only 3.9-7.1 periods required on 
average and it is slowest in a single-hub network with 20-25.6 
periods. The complete dominance of one of the opinions is 
highest in multi-hub network, where it occurs in 85.59% of 
symmetric cases and in 53.98% of asymmetric cases.

It is evident from the simulations that the position of 
the individual in the network is important to determine his 
or her the impact on a community or a particular group. It is 
no less important to determine the type of a network and the 
permeability of different norms, innovations or representa-
tions within. A central position gives a member a greater 
power in disseminating an opinion, but does not rule out 
 delay or  failure of the process. In some cases, opinion of a 
less  connected individual may be more successfully dissemi-
nated and established. The size of a single-hub or multi-hub 
networks does not drastically change adoption times but can 
still have a small impact.

Figure 5. Adop-
tion times for spread 
of two  opposing opin-
ions  within multi-hub 
networks of  different 
sizes.
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SUMMARY

This paper aims to compare spread of an opinion, norm, 
innovation or a belief in different types of networks. For this 
purpose, different network metrics are discussed and results 
of network model are summarized based on simulations. 
Norms may spread from a single source or multiple sources 
and these issues require separate analysis.

Networks play an important role in decisions that peo-
ple make. They determine what information someone will re-
ceive and how will he act within this limited information. As 
it turns out, small number of people can influence decisions 
of majority. These can be consumption decision, decisions 
about adopting new technologies, innovations, medical prac-
tice, social norms and so on. Mathematical models of net-
works help us understand how these processes propagate. 
There are different types of networks that can emerge within 
a society or some group and there are characteristics that can 
describe roles of group members in spreading some idea or 
innovation.

Networks can be of many kinds but human networks 
tend to have common characteristics. Therefore, current 
work focuses on 4 types of networks - small world, single-hub 
(one central figure), multi-hub (many central figures) and 
two-component. Small world random networks are observed 
in different situations and they can be used to describe some 
human interaction networks. Many networks are described 
by power law distributions, where new members of a net-
work have a preferential attachment and link to other high-
ly connected members. Single-hub and multi-hub networks 
describe such situations. Two-component network is used to 
describe polarized groups that have opposing views and are 
competing with each other. This could be political parties or 
competing firms.

The present paper analyzes patterns of information flow 
across different types of networks and compares the condi-
tions for the emergence of group behavior. Contribution of 
this work is the simulation results that show how different 

networks exhibit varying outcomes and propagate opinions 
differently.

Simulations on small world, single-hub, multi-hub and 
two-component networks with 150 members show that net-
work types matter in terms of how fast can group behavior 
spread within a network. The process of spreading group be-
havior is as follows: Every individual receives some signal si 
about a binary decision. Individuals make the first decision 
based on their signals because they have no other informa-
tion. In the next step, every individual looks at the decisions 
of those in his or her neighborhood and updates his or her 
belief by the Bayes rule. On the next step they observe oth-
ers’ actions again and decide whether to change own action 
or not and so on. After some stages, a stable point is reached 
where no one is willing to change his decision anymore. The 
study compares the times needed to reach stability in differ-
ent types of networks.

Simulations have shown that the speed of propagation 
of a belief varies according to who is the source of this pro-
cess. However, the difference is not big within a small world 
network. As it turns out, full distribution occurs in at least 4 
and a maximum of 20 periods, and the average time of full 
distribution varies from 6.5 to 8.6, depending on whether the 
most connected member is the source or the least connected 
one. The result is quite different if there is one central figure. 
The presence of one central figure prevents information from 
spreading across the network, as there is preferential attach-
ment and some members can only acquire one connection. If 
there are several central figures, the full spread occurs rela-
tively faster. In a two-component network, full adoption oc-
curs quite rapidly. Although the connection between compo-
nents is almost non-existent, a small number of existing links 
play a critical role in rapidly disseminating a behavior.

Group behavior spreads more rapidly in a random net-
work than in a network characteristic of a special society on 
average. But multi-hub network has the potential for the fast-
est spread (although information disseminates faster in a ran-
dom network on average). Group behavior is slow to spread 
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in a single-hub network, as some individuals are very weakly 
connected to other areas of the network. An opinion spread 
in the neighbourhood of the central figure will soon reach all 
members of around him or her but it will take a long time to 
reach far ends of the network. The two-component network 
in this regard maintains a balance between the speed of dis-
tribution and the area of distribution. There is least variation 
between adoption times in a two-component network (not 
considering the small-world random network). The high var-

iation in single-hub and multi-hub networks indicates that it 
is advisable to consider more specific situations for accurate 
results.

Comparison of adoption times within multi-hub net-
works of different size shows that adoption happens at the 
same speed most of the time regardless of the network size. 
When two opposing opinions are being spread and one of 
the opinions is dominated by the other, it takes similar time 
periods for all sizes of multi-hub networks.
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