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Abstract 

Nowak et al. extended the original Social Impact Theory by taking into account LQGLYLGXDO¶V�
reciprocal influence on the public, and developed one of the earliest computer simulations in the 
sociology community to show that more individuals who hold minority opinions would change 
their opinions towards the majority side than the other way around. In this paper, we extend their 
work to the context of online social networks, by modeling opinion changes on a random network 
topology that better emulates our real-li fe online social platforms, adopting a more realistic 
immediacy metric, and introducing two types of important dynamics into the network structure. 
We simulate and visualize the opinion change process due to the impact propagation and the 
evolution of social network structures, and quantify the effects of key parameters. 

1 Introduction 

The Social Impact Theory [2] was originally created to model the effect of the social environment 
on an individual. ,W� ZDV� RULJLQDOO\� D� VWDWLF� WKHRU\�� LQ� WKDW� LQGLYLGXDO¶V� UHFLSURFDO� LQIOXHQFH� RQ� WKHLU�
environment was not captured. 

Having observed this limitation, Nowak et al. [1] proposed that ³a given individual may be a 
recipient of impact from some and the source of impact for otherś , and developed one of the earliest 
computer simulations in the sociology community to investigate this proposal. In their simulation, the 
population was bi-partitioned into two groups of individuals holding opposite opinions on (either for 
or against) a given idea (e.g. the right to abortion, etc.). The group with larger population was denoted 
as the majority, the other being minority. Their simulation result reported that more individuals in the 
minority group would change their opinions towards the majori ty than the other way around. 

Thanks to the prevalence of the Internet and, in particular, the recent emergence of online social 
platforms such as Facebook and Twitter, the way people interact with each other has changed 
dramatically. People now can gain more information about, for example, a debate via the status of 
their friends, or the friends of their friends. In this report, we strive to investigate the social impact 
theory in the context of online social networks. 

Inspired by the methodology from Nowak et al. [1] and several directions for extension they 
pointed out,2 we thereby develop a similar simulation, but set at online social networks. In brief, we 
keep the formulation of social impacts and the decision rule for changing opinions as in [1], but make 
the following three major changes that better fit our context: 

1) Instead of the 2D grid network structure used in their paper, we adopt a synthetic scale-free 
random network [3] to better capture the structure of real-world social networks. Consequently, 

                                                      
1 Emails: { tien, pluo} @cs.umn.edu. Both authors made equal contributions to the paper. 
2 Their paper acknowledged some limitations in their model and simulation, and laid out several directions for 
extension, including: extending the dichotomy opinion to trichotomy or more stages; adding some randomness in 
the decision making of opinion changes; adopting more appropriate treatments for re-calculating the 
persuasiveness and supportiveness after each opinion change, instead of the random re-assignment used in the 
paper; using an immediacy metric for a more realistic social network structure, other than the Euclidean distance 
in a 2D grid as in the paper; increasing the size of the population; varying the formulas for calculating the 
impacts; defining dif ferent thresholds to capture dif ferent  resistance to change and taste of individuals. 
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the immediacy metric between two individual is no longer their Euclidean distance on the grid, 
but their shortest-path distance on the friendship graph. 

2) In their model, immediacy exists between any pair of individuals, i.e. their immediacy graph is 
complete. We believe that this is not an appropriate choice for online social networks. On the 
one hand, studies ([5], etc.) have shown that considerable impacts concerning opinion changes 
almost only come from RQH¶V friends or the friends of RQH¶V friends. In other words, opinions 
from individuals who are more than two-hop away are almost negligible. On the other hand, 
³two-KRS´�LV�the default level of visibilit y for online status in our currently prevailing online 
social networks. Therefore, in our simulation we restrict the impact scope within two hops in 
RQH¶V�IULHQGship network to cope with reality. 

3) Other than the static network structure used in their paper, we introduce two types of 
dynamics into the social network: i) if a pair of friends hold opposite opinions, they may have 
some chance to break up; and ii ) if an individual holds the same opinion as does a friend of 
his/her friend, there is some possibilit y for them to establish direct friendship. These corre-
spond to the theory of homophily [6] in social sciences, which states that individuals tend to 
associate and bond with similar others; and are consistent with social balance theory [4].  

The remainder of this report will  be organized as follows: we describe our methodology in section 2, 
present the simulation results as well as our substantive interpretations in section 3, and discuss 
potential future work in section 4. 

2 Methodology 

We use the framework provided by SimPy [7] to simulate social impacts in online social networks. 
SimPy provides us a modeling methodology that includes a universe, processes for active agents and 
objects li ke users, editor, sellers, cars etc. It also provides a mechanism to define the how the events 
should happen in the universe. In our simulation, we define our universe as an online social network, 
in which people can make friends with each other, break up with each other, change their opinions 
about a given idea, or keep their own ideas regardless of the influences from their friends. With SimPy, 
we are able to manipulate controlled variables (to be discussed in the next section) that define how 
people interact with each other in our defined universe. 

In addition, we leverage NetworkX [8], a Python package for studying complex networks, to create 
synthetic random graphs that are representative for the current online social networks. Specifically, we 
choose the Barabási-Albert model [3] to generate random scale-free networks with 100 nodes, using 
the parameter 3 for its preferential attachment mechanism. It has been shown that our real-world 
networks (e.g. Web, citation networks, and social networks) exhibit the same degree distribution. 

Last but not least, we take advantage of UbiGraph [9], a package for visualizing dynamic graphs, 
to enable real-time visualization of our defined universe whenever an event happens, instead of 
waiting for periodic reports from SimPy. 

2.1 Control Variables and the Formulation 

There are two important control variables in our simulation: i) the initial proportion of the majority 
in the population, and ii ) people¶V�willi ngness to change their minds.  If  the latter is equal to 99%, 
people will  change their mind immediately once most of their friends have different ideas. In the 
simulation done by [1], this variable was almost 100%. A value close to 0% would denote that people 
have very strong resistance towards the opposite idea. 
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Besides these two main control variables, each individual in our defined universe has three 
intrinsic properties: opinion, persuasiveness, and supportiveness. The opinion values either +1 or -1, 
denoting whether this individual is for or against the given idea - without loss of generality, we 
assume the majorities agree with the given idea. The persuasiveness of an individual i, denoted as pi, 
ranges from 0 to 100, indicating the extent to which s/he is successful in persuading those who initiall y 
disagree with him/her to change their minds. The supportiveness of i, denoted as si, ranges within [0, 
100] also, representing his/her abilit y to provide social support for those who hold the same opinion to 
resist attitude change. We adopt the same formulas as [1] for the total persuasive impact lp and the 
total supportive impact ls, as follows 

1/2 2/p O i il N p d�
 ¦  and 1/2 2/s S i il N s d�

 ¦  

where NO and NS are the number of IULHQGV��DV�ZHOO�DV�IULHQGV¶�IULHQGV��ZKR�VKDUH�WKH�RSSRVLWH�RU�WKH�
same opinion respectively, and di is the immediacy/distance between two people ± we choose di=1 for 
direct friends, and di ��IRU�WKH�IULHQGV�RI�RQH¶V�friends. 

2.2 Opinion Changes of Individuals 

At any given time, a random person (assumed male, just for convenience) in the universe thinks 
about the given idea, and performs the following activities sequentially. 

First of all , he browses all  the social pages of his friends, and those of the friends of his friends, in 
order to acquire their opinions about that idea. If  he perceives that the total persuasiveness of the group 
that holds the opposite idea is greater than the supportiveness of the group that holds the same idea as 
he does, i.e. lp>ls, then he has a tendency in changing his mind; otherwise he just continues with his 
current attitude. Whether he eventually changes his mind depends on his willi ngness to change. If  
change occurs, his persuasiveness and supportiveness are then reset to random integers within [0, 100]. 

After making his decision (either change or resist), he examines his relationship with each of his 
friends. He will  choose, with probabilit y 0.5, to break up with a friend who holds opposite attitude 
with respect to his current mindset. At the same time, he visits the social pages of the friends of his 
friends: if he finds a person with the same opinion as his, he will  request, with probabilit y 0.99, to 
friend with that person - we assume the recipient always accepts such requests. Note that the two 
probabiliti es here are our empirical choices. We may leave their justification to our future work. 

3 Results and Discussions 

We perform several runs of simulation on the 100-node random graphs generated in the previous 
section, with different values for the two controlled variables (i.e. the initial majority ratio (M.R), and 
people¶V willi ngness to change (W)). We present our results from following three perspectives. 

3.1 The Evolution of Opinions and Social Network Structures 

In the next page, we will  present a set of snapshots obtained from UbiGraph to visualize how our 
defined universe (i.e. the social network) would evolve over time. The control variables are assigned at 
a set of representative values, as annotated in respective figures. The meanings of balls with different 
colors are as follows. Blue: individuals belonging to the original minority group; Red: individuals 
belonging to the original majority group; Cyan: individuals who switch from majority to minority 
group; Fuchsia: individuals who switch from minority to majority group. In addition to these 
snapshots, we also posted a video on YouTube to demonstrate the whole evolution process 
(parameters: N = 100, M.R = 0.5, W = 0.5): http://www.youtube.com/watch?v=kEk7dNN-ctY 
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Figure 1: the universe is born. It is a scale-free network with 
power-law degree distribution, constructed by one-by-one 
attaching each new node to 3 existing nodes. Any individual 
has at least three friends. 

Figure 2: a moment of the evolving universe: person indexed 
75 changes his mind towards the minority group due to the 
influence from his friends. Nevertheless, some of his influential 
friends have converted to majority; therefore, he breaks up with 
these friends. Now he is in the interesting situation whereby 
either he breaks up with his last friend (76), or converts back to 
the majority group. The majority ratio is now 0.94. 

Figure 3: at time 5.5, person 75 decides to convert back to 
the majority group. The majority ratio is now 0.95, and the 
universe finally approaches its final stage in which the 
majorities cluster together, minorities being separated as in 
the following figure. 

Figure 4: the universe finall y reaches its equil ibrium stage 
where no opinion change occurs. We have 4 groups here: a 
giant majority group consisting of 96% of the population; 2 
minority groups, consisting of 1% population each, and the 
other minority group consisting of 2%. Note that 
individuals in the same group continue to friend with each 
other until each group becomes a complete graph. 
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3.2 The Effect of the Willingness to Change on the Majority Ratio 

To investigate the effect of people¶V willi ngness to change (one of our control variables) on the 
majority ratio, we run five simulations with five different values (0.99, 0.75, 0.5, 0.25, 0.05) for the 
willi ngness to change, while keeping the other control variable fixed: the initial majority ratio M.R = 
0.8 (i.e. 80% are majority). In the first simulation, for instance, 0.99 is assigned to the people¶V 
willi ngness (W = 0.99), meaning that for 99% chance an individual will  change his minds if the total 
persuasive impact he perceives exceeds his total supportive impact. The set of snapshots in the 
previous page demonstrates the evolution of the universe in the first simulation from the beginning 
until  it reached its stable stage. 

 
Figure 5: The effect of the Willi ngness to Change on the Majority Ratio 

As shown in the figure 5 above, the willi ngness to change has a huge impact on the majority ratio. 
The simulation from Nowak et al. [1] reported that if the population consists of 80% majorities, the 
size of the minorities would be reduced to less than 1%. In our first simulation (Figure 1 to 4), we set 
the willi ngness level to nearly 100% (it was 99%). We really see that the minorities dramatically 
reduce to 4% at the end. We think that in the real li fe, if people tend to change their mind as long as 
their perceived persuasive impact exceeds their perceived supportive impact, then the minority group 
would be dramatically reduced. In our simulation with 100-node networks, we have a lower bound 1% 
for the minorities, i.e. there is at least one person in the minority group, the reason being that this 
person has broken up with all his friends and thus cannot receive any persuasive impact from strangers.  

We then reduce the level of willi ngness to about 75% in the second simulation, yielding a final 
majority ratio only 90%. This comes close to our real-li fe situation: people have some resistance to 
change their own mind, even if strong persuasion is perceived from outside. Subsequently, when 
reducing the level of willi ngness to less than 75%, we clearly see that the majority group confronts 
with huge challenge in gaining more population. At 5% level of willi ngness, the majority group only 
could gain 2% more of population. This can be interpreted in real li fe: minorities still  last persistently, 
because not everyone is willi ng to change their mind completely based on external persuasion. 
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3.3 The Effect of the Initial Majority Ratio 

To study the effect of the other control variable, the initial majority ratio, we fix the value of 
people¶V willi ngness to change at W = 0.5, i.e. one is given a fair chance to change his mind when he 
perceives that the total persuasive impact exceeds the total supportive impact. Figure 6 shows how the 
majority ratio changes over time, when it starts with different values (0.9, 0.8, 0.7, 0.6, 0.5): 

 

Figure 6: The effect of the Initial Majority Ratio 

As shown in Figure 6, the initial proportion of the majorities in the population plays a crucial role in 
its growing trend as well as its final proportion. Specifically, 

x If  the majorities initially constitute 70% or more of the population, their size will  continue 
growing, as more and more minorities will  be persuaded towards the majority opinion. In 
other words, when the initial majority group dominates the population at the very beginning, 
the minority group probably stands littl e chance in retaining its population later on.  

x When the initial minority population is comparable with the majority, however, things may 
become different. For example, the 60% majority curve in Figure 6 exhibits a drastically 
decreasing trend during the first few time slots in a simulation. The cause may be that some 
individuals in the minority group have strong abilit y in persuading others towards their beliefs, 
or that the supportiveness within the minority group suffices to retain their people. This may 
reflects a real-li fe situation where an exceptionally persuasive individual with a strongly 
supportive team can form a stronger and stronger group surrounding him, examples including 
many successful entrepreneurs. 

x When the two opposite opinions initially have an almost equal size of followers, as shown in 
the two 50% majority curves 3 in Figure 6, the trends may be more or less unpredictable, since 
randomness plays a big role here. It is li kely that the very first steps of the impact propagation 
process would determine the subsequent trends and outcomes. 

                                                      
3 Strictly speaking, the orange curve does not represent the majority, but rather the proportion of individuals who 
agree with the given opinion. 
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4 Conclusion and Future Work 

Overall, our primary contribution is extending the work by Nowak et al. [1] to the context of 
online social networks. Specifically, we abandon their static grid structure and adopt a particular type 
of synthetic complex networks, which better emulate our real-li fe online social platforms, and revise 
their immediacy metric according. We also introduce two types of important dynamics into the 
network structure, which were absent in their work. Our secondary contribution is simulating and 
visualizing the opinion change process due to impact propagation in the social networks, and 
quantifying the effects of several key parameters, with our substantive interpretations. 

At the same time, we also inherit some limitations from their work. For instance, in real-li fe, the 
degree of external impact that drives one towards a certain belief may affect how persuasive he is 
against those disbelievers and how much mental support he can offer to his fellows. They replaced this 
with naïve random re-assignments, which essentially cut the causal chain for the opinion evolution of 
the network. With hope of overcoming this limitation, we strived to devise an iterative model to 
XSGDWH� RQH¶V� SHUVXDVLYHQHVV� DQG� VXSSRUWLYHQHVV� DV� IXQFWLRQs of his total perceived impact, and 
embrace the weighted �LQVWHDG�RI�ELQDU\��YDOXHV�IRU�RQH¶V�LQWULQVLF�opinion to separate different levels 
of persistence on that opinion. However, a variety of our attempts all  led to undesired outcomes, so we 
temporarily adopted their approach for the moment. In our future work, we would put the continual 
exploration on this issue at our first priority. 
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