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Ⅰ. Introduction

The rapid recent evolution of SNS (Social 

Networking Sites) that appear economically 

viable is particularly noteworthy and such vir-

tual social communities are the principle focus 

of this work. Such SNS offer personal profiles, 

blogs, clubs, photos, music, video streams and 

allow users to submit friends as possibly of in-

terest for their virtual social network. In these 

sites, young people use digital images, music 

and postings to express themselves and to 

share experiences with others. They support 

personal homepages to strengthen relationships 

with each other and these homepages enhance 

their ability to establish an online community. 

Through maintenance of a personal homepage, 

users can optimize their self presentation and 

identity with photos, music and other uploaded 

information (Katona et al 2011). 

Simultaneously with the recognition of the 

World Wide Web as a social phenomenon, there 

has arisen a strong use of “Network Analysis” 

in the study of such large-scale social systems 

(Watts 2004; Newman 2003). Some of this work 

has emphasized the existence of power laws in 

degree distribution (Barabási 2002; Barabási and 

Bonabeau, 2003; Price 1965, 1976) and have 

called attention to highly connected nodes in 

networks (we will call them “social hubs” in 

this study). 

Goldenberg, Han, Lehmann and Hong (2009) 

explored the role of highly connected hubs in 

diffusion and adoption. They found that in-

novative hubs have a greater influence on the 

speed of the adoption process, and that fol-

lower hubs have a greater influence on the size 

of adoption. Social hubs are likely to play a 

crucial role in the diffusion of innovation be-

cause they occupy a central position in a spe-

cific network. Social hubs refer to those actors 

in a network who make more connections than 

others in a given time period. These social hubs 

may be involved in the translation of opinion 

leadership into a network as opinion leadership 

is generally correlated with a high average num-

ber of network connections (Kratzer and Lettl 

2009). Social hubs have been found to play 

important roles in “epidemic dynamics, innovation 

diffusion, and synchronization on networks” 

(Barábasi 2002; Newman 2003) According to 

Gladwell (2000), social hubs are particularly 

influential in spreading ideas and behaviors with-

in a social network. Recently, Anagnostopoulos, 

Kumar and Mahdian (2008) examined social 

influence between social actors in a social net-

work, interpreting the correlation between the 

social influence and the social actors’ activities 

in the social system. Iyengar, Van den Bulte and 

Valente (2010) showed that the amount of so-

cial contagion is influenced by the opinion lead-

ership perception of the recipients. Dhanaraj 

and Parkhe (2006) studied the role of hub firms 

in innovation networks. They found that “a 

hub firm can increase the network’s dynamic 
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stability over time. The hub firm discourages 

actors’ attempts to disconnect ties with the hub 

firm, and it encourages the formation of new 

ties, both of which work to grow the network.” 

Hub firms play massive roles in the formation 

and growth of their networks. 

The vitality of a social network is determined 

by the membership size and the activity of the 

agents in the network. The most active agents 

are much more active than the average agent 

and thus may play a particularly important role 

in network vitality (Gladwell 2000; Barabási 

2002; Kratzer and Lettl, 2009). Our research is 

based upon the assumption that the lifespan of 

the most active agents is of particular importance 

to the long term health of any virtual social 

network (Barábasi 2002; Dorogovtsev and Mendes 

2002, 2003; Newman 2003). We define the 

lifespan of social hubs as the time interval dur-

ing which these hubs keep their activity level 

above a certain threshold level.

In our study of the SNS, we particularly em-

phasize the lifespan of these highly connected 

agents over time. Previous studies have found 

that these highly connected agents are vital in 

information flow, disease propagation, or word- 

of-mouth propagation in the network. However, 

there has been no study on what influences the 

lifespan of the highly connected agents. Such 

agents seem to be very important in keeping 

the network active and appealing, and thus 

their lifespan has potentially interesting social 

network and business implications.

Therefore, the focus of this paper is the time 

dependence of such highly connected agents to 

examine the nature and determinants of their 

lifespan. In particular, we explore the influence 

of three key social network properties – the norm 

of reciprocity, dominance in the local com-

munity, and the local social interaction – on 

the lifespan of social hubs. 

1.1 Norm of Reciprocity

Previous studies have found that individuals 

in real social networks pay close attention to 

their peers, constantly sending out signals and 

adjusting their behaviors based on feedback 

from those with whom they are interacting 

(Resnick 2004). Positive feedback response from 

peers is a sign of recognition, approval and 

even respect for other members of the social 

network. This feedback response from peers can 

strengthen the engagement of users and deepen 

their commitment to the social network. Thus, 

the more feedback response the users get from 

their peers, the more time and energy the users 

spend in the social network, which results in a 

positive relationship between the level of feed-

back response and the level of involvement in 

the community. This phenomenon of feedback 

and response is called the norm of reciprocity. 

The norm of reciprocity leads people to match 

behaviors experienced from others with actions 

performed for others, giving in proportion to 

what they receive (Carr 2006). The norm of 
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reciprocity has been found in many real com-

munities (Thorn and Connolly 1987; Constant, 

Sproull, and Kiesler 1996). 

It is a general norm that whatever is given 

ought to be repaid. Onyx and Bullen (2000) 

found that “individuals operating under a gen-

eralized norm of reciprocity provide service to 

others at a personal cost, but with the expect-

ation that their kindness will be repaid at some 

point in future.” These repayments may be in 

the form of exchanges in kind or exchanges of 

some alternate form of aid. In an online peer- 

to-peer file sharing network, Giesler (2006) ob-

served a strong generalized norm of reciprocity, 

calling it as “an essential stabilizer of that par-

ticular social system.” Norms of reciprocity 

predispose individuals to cooperate with each other 

rather than to treat each other as strangers. 

Users in the on-line community reciprocate vis-

its to each other, even to those strangers who 

visit them for the first time. The on-line com-

munity is supported by the normative influen-

ces that impose a moral responsibility of reci-

procity (Giesler 2006; Charla, Wiertz and Ruyter 

2008). Constant, Sproull and Kiesler (1996) 

suggest two explanations for this norm of 

reciprocity. The first explanation is that the 

process of reciprocating visits to other members 

is a means of expressing self identity. By re-

ciprocating the visits to other members, the 

user can strengthen one’s self-identity and at-

tain a certain status. The second explanation is 

that the norm of reciprocity is a means of 

showing a strong attachment to the community 

and a strong bond to the members of the same 

community.

We hypothesize that agents with hub status 

are the ones who have a stronger desire to in-

crease self-esteem, gain respect from others and 

attain status in the social network. This high 

desire for self-esteem make the social hubs try 

harder to reciprocate visits they receive from 

their neighbors. The reciprocity of relationship 

between the social hubs and their peers is as-

sessed by the balance of incoming visits and 

outgoing visits of the agents. Thus, we develop 

the following hypotheses: 

H1a: The number of incoming and outgoing 

visits for each individual are highly 

correlated.

H1b: The number of incoming and outgoing 

visits of social hubs are more balanced 

than for non-social hubs. 

H1c: The more balanced social hubs are in 

terms of incoming and outgoing visits, 

the longer lifespan they tend to have.

1.2 Dominance

Social hubs, because of their large numbers 

of connections within the social network, know 

where the most interesting information is located. 

Because they enjoy the trust of other members 

of the network, they are also able to dissem-

inate it to other members more easily (Kleinberg 
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1999). This role of social hubs can be strength-

ened if they dominate their local social network. 

In other words, the more dominating social hubs 

are in the relationship within its local network, 

the more important their role becomes and the 

more active they become in collecting and dis-

seminating the information. The dominance of 

social hubs increases as the discrepancy of the 

activity (incoming visits and outgoing visits) 

between social hubs and the neighbors in their 

local social network becomes larger. 

The status in a social hierarchy increases self- 

esteem, and that self esteem results in positive 

self perceptions of dominance status (Leary, 

Cottrell and Phillips 2001). People desire domi-

nance status because an individual’s status in a 

dominance hierarchy strengthens his/her per-

ception of self esteem. Thus, motivation through 

self esteem is ultimately responsible for a need 

to dominate within the social group. According 

to Leary, Cottrell and Phillips, “people are mo-

tivated to maintain high levels of self esteem 

because positive self evaluation serves as a 

subjective monitor of one’s relational evaluation 

– the degree to which other people regard 

their relationships with the individual to be 

valuable, important, or close.” 

Burt (1997) show that value of an individual 

as an opinion leader is contingent on the num-

ber of other people doing the same work. An 

individual’s role in a network becomes more 

important by bridging structural holes or dis-

connections between different people in a local 

network. Individuals with high dominance stand 

at the crossroads of a large social organization 

and have the option of bringing disconnections 

between disconnected people in the network. 

Thus, the role of social hubs as opinion leaders 

becomes more important if they dominate their 

local social network. Stephen and Toubia (2010) 

also found in on-line commerce that it is better 

for a shop not to be connected to those shops 

with high interconnection. In other words, it is 

best not to be dominated. The shops that bene-

fit most from the network of on-line commerce 

are those with high number of incoming ties 

from other shops because the incoming ties in-

crease the accessibility of the shops.

According to Gladwell (2000), the social hubs 

(described as “connectors” by Gladwell) have 

mega-influence on their local social network 

because they are acquainted with an order of 

magnitude more people than other people. If a 

social hub is sharing the role of information 

collection and dissemination with other neigh-

bor members in the same local network, his/ 

her dominance in the local network will be 

weakened and he/she becomes less active in 

information collection and dissemination. This 

implies that the more an agent dominates their 

own social network, the more that agent is en-

gaged in the role of collecting and disseminat-

ing information in the social network and so 

longer lifespan is expected. If an existing agent 

becomes hyperactive much faster, it monopo-

lizes the cumulative advantage mechanism for 
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itself. Price (1976) and later Barabási and Albert 

(1999) argued that when new agents decide 

where to establish a link, they prefer to attach 

to an existing agent that already has many 

other connections. This basic mechanism was 

called cumulative advantage by Price (1976) and 

preferential attachment by Barabási and Albert 

(1999). Thus, if there is only one agent with 

very high activity in a local social network, the 

preferential attachment or cumulative advant-

age will favor only that agent. As a result, the 

time for this agent to become hyperactive be-

comes shorter. This social hub, in turn, domi-

nates the local social network, and its role as 

collector and distributor of information is 

strengthened. Therefore, the shorter the time 

to become hyperactive, the more dominating the 

agents are in their role of collecting and dis-

seminating information, which leads to longer 

lifespan. The implications of these arguments 

are contained in the following hypotheses:

H2a: Agents which became hyperactive 

within a shorter period of time will 

have longer lifespan as social hubs.

H2b: The more dominant the social hubs 

are over their local neighbors, the lon-

ger will be their lifespan.

1.3 Local Social Interaction

Putnam (1995) defined social capital as the 

features of social organization, such as trust, 

norms and networks that can improve the effi-

ciency of society by facilitating coordinated 

actions. Social capital increases as the amount 

and quality of communication in a community 

that takes place among its members within the 

social network (Kavanaugh and Patterson, 2001). 

The increase in social capital leads to a strong 

feeling of companionship, emotional bonding, and 

a sense of belonging, which in turn increases 

the participation of members in community-re-

lated organizations and activities. Coleman 

(1990) argues that network cohesion should be 

regarded as the most important source of social 

capital. Network cohesion is a state in which 

the people in the network are all interconnected 

among themselves. According to Coleman, “dense 

and coherent networks reduce the costs of in-

formation searches, promote trust, and facilitate 

achieving norms.” Ellison, Steinfield, and Lampe 

(2007) examining the relationship between the 

usage of Facebook and the formation and 

maintenance of social capital, found a strong 

association between the usage of SNS and the 

social interaction. Oh and Jeon (2007) also found 

that social interaction plays a significant role in 

sustaining a community. They showed that the 

dynamic interaction among the members of a 

community plays a pivotal role in the longevity 

of the community. Thus, communities with vi-

brant communication among their members are 

likely to achieve common social goals and to 

sustain their longevity. Since the longevity of a 

community is expected to be correlated with 
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the longevity of its central node (Dorogovtsev 

and Mendes, 2002, 2003), we expect that higher 

local social interaction leads to longer lifespan 

of social hubs in the community. 

As Putnam (1995) suggested, in order to cre-

ate social interaction, it is vital to have com-

munities within which members are densely 

clustered and vibrantly communicate with each 

other. The clustering coefficients of social hubs 

indicate the level of connection among their 

neighbors (Watts and Strogatz, 1998).1) Thus, high 

clustering coefficients of the social hubs imply 

a higher level of connections within their local 

networks, which enables vibrant communica-

tion within the local network. From these ar-

guments, we develop the following hypothesis:

H3: The higher the clustering coefficients of 

social hubs, the longer are their lifespan.

Ⅱ. Characteristics of the network

2.1 Data Set

The data are obtained from a database ex-

tracted from Cyworld from Dec 2003 to July 

2005. Cyworld.com was launched in 1999 and is 

currently the most popular social network site 

in Korea with 19 million members in Oct 2006. 

After formal launch in Korea in 1999, Cyworld 

was merged in 2004 into nate.com which is a 

popular portal service in Korea. It has been re-

ported that as much as 90% of the Korean 

population in their 20s and a third of the total 

population of Korea are registered users of 

Cyworld (CNN 2006). In their homepages, peo-

ple can accommodate a lot of documents, pho-

tos, and appealing items for free but many choose 

to decorate his/her “minihompy” (Mini home-

page) with paid for items. Many people in Korea 

consider Cyworld as part of everyday life with 

regard to building relationships with each other 

and publish his/her daily life on their minihompy 

to share with others. The number of monthly 

unique visitors is about 20 million in Cyworld. 

Cyworld generates revenue from the sale of cy-

ber money which is called Dotori and is worth 

about 0.3 million dollars a day. The revenue of 

Cyworld comes from the pay-to-decorate mod-

el and the paid advertising model (CNN 2006). 

Cyworld makes an estimated more than $7 per 

person a year from the pay-to-decorate model. 

We obtained anonymous records for 11,163,690 

members which is the entire population of 

cyworld.com for a 20 month period from Dec 

2003 to July 2005.2) We studied the network for 

a series of 1 month periods and define members 

as agents and a visit to another agent during 

1) Clustering coefficient of node i is defined as the ratio of actual to possible links among neighbors of nodes i

2) In the data, we excluded 10,074 sites easily identified as nodes with commercial or business purposes by their extreme 

level of activity and perfect imbalance.
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each 1 month period as a link in our analysis. 

The link metric for each individual is the num-

ber of agents with whom the individual has 

visited or have been visited for one month period. 

For example, if person A visits person B twice, 

person C once, and person D three times, and 

the same person A is visited by person B once, 

by person C twice, and by another person E 

twice, then person A has 3 outgoing links (B, 

C, D) and 3 incoming links (B, C, E). Thus, 

the outgoing links of each person is the num-

ber of nodes the person visits during that par-

ticular month. The incoming links is the num-

ber of people who visit person A during that 

month. In this paper, we refer to incoming links 

as Kin, outgoing links as Kout and the total 

links K is simply Kin plus Kout.

2.2 Network Characteristics

Figure 1 is a plot of the degree distribution 

function P(x), where x is the number of links 

connecting to given agents. The basic figure is 

plotted logarithmically on both axes whereas 

the inset is linear on the x axis. Both repre-

sentations demonstrate that the distribution has 

a “wide tail” (more at high k than expected 

with a normal distribution, Newman 2005). 

The wide tail is reflected in the fact that some 

agents are particularly active (more than 1,000 
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The inset plots the abscissa on a linear scale
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visited sites over 20 months) but many other 

agents are not very active (more than 5 million 

have less than 10 sites visited over 20 months).

Distributions with particularly wide tails 

sometimes are described well by power laws. If 

a power law were followed, the data in Figure 

1 would be one straight line on this log-log 

scale as the power law is of form P(x)≈ Cx-α, 

ln P(x) = -α ln x + C, where C is constant, 

and α is the power law exponent. 

Although our regression showed a reasonable 

fit (R2 = .91) with significant parameter val-

ues at significant level, a power law clearly on-

ly fits for k between around 30 and 800. This 

is much less than the desired 2 or 3 orders of 

magnitude range for establishing power law 

behavior (Newman, 2005). Moreover, the ex-

ponent α (3.39) is found to be greater than 

the range found in other network research 

(Dorogovtsev and Mendes, 2002, 2003; Barabási 

et al. 2002; Newman 2003, 2005). The power 

law exponent of the WWW was found to be 

αin = 2.1 and αout = 2.45. Overall, the net-

work we are examining has a wide distribution 

of activities as for other complex networks (far 

wider dispersion than a normal distribution) 

but is not as well-described as a power law as 

some others are. Since power laws are seen by 

many as not being a fundamental aspect of 

system behavior (Doyle et al. 2005), this dif-

ference is probably not significant.

2.3 Social hubs

We characterize monthly activity in 2 distinct 

dimensions: incoming links (Kin) and outgoing 

links (Kout). We classify agents having greater 

than 1 standard deviation and less than 3 

standard deviations above the mean as active 

and those with higher than 3 standard devia-

tions above the mean as hyperactive. When 

the three levels of incoming links and another 

Kout

3 Std 
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1 Std
(27.32)

Kin

Group 1 Group 2 Group 5

3 Std 
(56.64) Group 3 Group 4 Group 7

1 Std 
(25.94) Group 6 Group 8 Group 9

( ) average Kin or Kout over 20 months

<Figure 2> Characterization of agents.
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three levels of outgoing links are combined, we 

have nine categories of agents shown in Figure 

2. The measurement of agent status is performed 

at the level of monthly networks and thus the 

status of a specific agent varies over time.

Group 1 consists of agents where both Kin 

and Kout are hyperactive (greater than the 

mean activity plus 3 standard deviations). Group 

2 and 5 refer to agents with hyperactive Kin 

while group 3 and 6 refer to agents with hy-

peractive Kout. We define group 1 as balanced 

social hubs, and groups 2, 3, 5, and 6 as un-

balanced social hubs. Figure 3.1 shows the num-

ber of balanced social hubs and the number of 

social hubs over time. Figure 3.2 shows the ac-

tivities of balanced social hubs and social hubs. 

The time trends of each class are quite similar 

and so the number of balanced social hubs to 

the total membership is nearly constant at 

about 1.25% ± .15% over the 20 month time 

period. However, it is important to note that 

although the percentage of balanced social hubs 

remains constant over time, the identities of the 

social hubs changes from one time to another. 

This finding is also demonstrated in previous 

research (Braha and Bar-Yam 2006.)

Ⅲ. Methods and Results

3.1 Variables and Model Development

We define lifespan for social hubs as the time 
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a given agent remains at a social hub status 

and TBS (Time to Become a Social hub) as 

the time that was taken to become a social 

hub for a given agent.

The norm of reciprocity is measured by the 

extent of imbalance of outgoing visits to in-

coming visits. Imbalance for the i th agent is 

defined as the following:

  T
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where T is the number of months and i is an 

agent. Imbalance is 1 for agents who only visit 

others (or who visit no-one but just receives 

visitors) and is 0 for agents where Kin = Kout. 

Dominance is measured by the ratio of the 

activity of agent i at time t over the average 

activities of its neighbor agents at time t. 

Dominance is defined as the following:
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where Activityit is the activity of agent i at 

time t and Act Neighit is the average activities 

of neighbor agents at time t. Local social inter-

action is an element of social capital and in 

this work is measured by local clustering co-

efficients introduced by Watts and Strogatz 

(1998). Following Watts and Strogatz, we de-

fine the clustering coefficient for agent i in 

terms of the interconnection among agent i’s 
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neighbors. If kit is the number of neighbor 

agents of agent i at time t, kit(kit -1)/2 links 

can exist among these neighbors. Let nit be the 

actual number of links among the neighbor 

agents at time t. Then, the clustering coefficient 

can be measured as the ratio of actual to pos-

sible links among neighbors of agents i at time 

t. Clustering coefficient is defined as the fol-

lowing:

  2/)1k(k

n
CC

itit

it
it 


, (3)

If every neighbor connected to node i is also 

connected to all other neighbors of node i, then 

CC becomes 1. If none of the nodes connected 

to node i is connected to each other, then CC 

becomes 0. 

Table 1 gives a summary of the variables. 

As the variables such as imbalance, dominance 

and CC are time dependent, we have to con-

sider the group that specific agents belong to 

at the various times. For calculation over the 

entire time period we take the weighted aver-

age to calculate the average of the variables 

when some agents belong to more than 2 groups 

over time. If all the weights are equal, it is the 

same as an arithmetic mean. This is accom-

plished by defining the weight wij as the pro-

portion of each group j in the lifespan of agent I.
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The variables in Table 1 are defined by the 

following equations.     
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where Activityij is the activity of agent i, and 

Act Neighij is the average activities of neighbor 

agents of agent i when it belongs to group j. 

The groups are defined based on the size of 

incoming visits (Kin) and outgoing visits (Kout). 

A social hub may belong to group 1, 2, 3, 5, or 

6. Group 1 is the balanced social hub group, 

and groups 2, 3, 5 and 6 are the unbalanced 

social hub groups.  

  
ij

n

1j
iji CCwCC 




, (7)

where j stands for groups, and i stands for 

an agents.

We used a survival analysis for studying the 

lifespan of social hubs. The lifespan is right 

censored because the status of a social hub is 

terminated at the end of the data period. We 

used the proportional hazard model, which as-

sumes a parametric form for the effects of the 

predictors on the hazard function and make no 

assumption about the form of the survival func-

tion (h(t)) (Cox 1972). It is a common method 

of representing probability distribution of dura-
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tion times and it works well with handling of 

censoring (Allison 1995; Reinartz and Kumar 

2003). The hazard rate for agent i is assumed 

to take the following form:

  )exp()t(h)t(h i0i  (8)

  DominanceTBSexp(h)t(h i2i10i 

        GenderCCImbalance i5i4i3 

        )3Age2Age1Age i8i7i6  (9)

ho(t) is the baseline hazard function which 

indicates the effect of independent variables on 

hazard rate and βxi is the impact of explanatory 

variables. We estimated the proportional hazard 

model using the partial likelihoo11d method. We 

handled ties using the Efron method instead of 

the Breslow approximation because data for 

the lifespan of social hubs and balanced social 

hubs are heavily tied (Farewell and Prentice 

1980; Allison 1995). 

3.2 Properties of Social hubs

The data are obtained from a database ex-

tracted from Cyworld from Dec 2003 to July 

2005 for 20 months and the total number of 

agents used for our analysis is 11,163,690. The 

number of social hubs is 468,278; among them 

230,491 (49.22%) are balanced social hubs. Table 

2 describes the demographic properties of social 

hubs, balanced social hubs and the overall 

population. Members in the 18-24 age group 

are more strongly represented in the social hub 

group than in the overall population of the so-

cial network. In the overall population, the pro-

portion of 18-24 age group is 31.87%, while the 

same age group represents 67.56% in the social 

hub group. This figure becomes even higher 

for balanced social hubs (71.55%). A Chi-square 

test for the difference of the 18-24 age group 

participation between social hubs and overall 

population shows that there is a significant dif-

ference (χ2=257,717, p < .001) between the 

two groups. Mikami (2002) showed that people 

Variable Variable description

Lifespani Time to remain a social hub status for agent i.

TBSi Time to become a social hub for agent i.

Dominancei The ratio of agent i’s activities to agent i’s neighbors’ activities

Imbalancei
Extent of balance of outgoing visits to incoming visits, 0 means very balanced 

and 1 very unbalanced.

CCi Clustering coefficient for agent i.

Gender Categorical variable (male 0, female 1).

Age Categorical variable (13-17, 18-24, 25-29 and 30-39).

<Table 1> Summary of variables on analysis
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of age 18-24 spend the most time socializing 

with friends in both the U.S. and Japan. Since 

those in late teens and early twenties are also 

voracious users of new technologies―in particular, 

Internet related technologies such as SMS, Instant 

message service, on-line community, etc, they 

are more frequent and intense users of on-line 

social networks. Both of the two effects de-

scribed above―1) more propensities for social-

izing with friends and 2) more frequent and 

intense use of Internet-related technologies make 

those in their late teens and early twenties likely 

to have higher activity levels in specific on-line 

social network sites- a conclusion corroborated 

by our results

Table 2 also shows that the composition of 

females is slightly larger than that of males (51.5% 

for female and 48.5% for male) in social hubs. 

For the entire population, the proportion of fe-

male is slightly smaller than that of male (49.9% 

for female and 50.1% for male). 

Table 3 and Figure 4.1 and 4.2 summarize the 

characteristics of social hubs. Table 3 shows 

that social hubs do not have extensive lifespan. 

It takes an average of about 7.14 months after 

they become a member until they reach social 

hub status. On average, they stay for only 2.45 

months as social hubs. The average activity level 

(sum of Kin and Kout) is 122 for social hubs 

and 141 for balanced social hubs. Social hubs 

are in general balanced (the imbalance score is 

only 0.15). Figure 4.1 and 4.2 show the dis-

tribution of lifespan and TBS (Time to Become 

a Social hub) of social hubs. It shows that most 

social hubs have short lifespans (less than or 

equal to 2 months) while a few have a long 

lifespan of more than 12 months. It also shows 

that the time to become social hubs ranges be-

tween 1 month and 20 months with a mode of 

5 months (7 months on average).  

The lifespan of social hubs is far shorter than 

we expected. One of the reasons could be the 

extreme definition of social hubs. We define 

social hubs as those whose Kin or Kout is at 

Social hubs Balanced social hubs Total agents

Number of agents 468,278 (4.19%) 230,491 (2.06%) 11,163,690

Age 22.79 22.69 25.74

13 to 17 3.38% 2.06% 10.76%

18 to 24 67.56% 71.55% 31.87%

25 to 29 25.13% 23.37% 28.82%

30 to 39 3.93% 3.02% 28.56%

Sex

Male 48.49% 49.01% 50.11%

Female 51.51% 50.99% 49.89%

<Table 2> Demographics of agents
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least 3 standard deviation away from its mean, 

and we measure the lifespan during which 

they retain the status of social hubs. A second 

reason could be the ceiling effects of the recip-

rocal behaviors of social hubs. Ceiling effects 

imply that there exists some kind of an upper 

limit of time and efforts for social hubs to spend 

in order to maintain the norm of reciprocity. 

Another reason could be the tendency of re-

gressing to the mean activity level for the users. 

The results suggest that social hubs have diffi-

culty maintaining their highly active and recip-

rocal behavior for more than 2.5 months on 

average.

3.3 Test of the Norm of Reciprocity 

Assumption

In hypothesis 1a, the incoming and outgoing 

visits are expected to be highly correlated 

(Barabási 2002; Newman 2003; Braha and 

Bar-Yam 2006). This hypothesis is based on 

Social hubs Balanced social hubs

Variable Mean SD Mean SD

Lifespan 2.4546 2.0994 2.3932 2.0014

TBS 7.1473 4.2889 7.0309 4.2684

Dominance 1.8527  .8828 1.9946  .6602

Imbalance  .1514  .2005  .0669  .0639

CC  .0783  .0494  .0799  .0430

<Table 3> Descriptive analysis of social hubs and balanced social hubs

Lifespan

0 2 4 6 8 10 12 14 16 18 20

N
o.

 o
f a

ge
nt

s

0

100x103

200x103

300x103

400x103

500x103

Lifespan

100 101

P(
x)

 w
ith

 v
al

ue
 >

= 
x

101

102

103

104

105

106

<Figure 4.1> Lifespan distribution for social hubs



84  ASIA MARKETING JOURNAL Vol. 17 No. 01 April 2015

the notion of the norm of reciprocity. The norm 

of reciprocity is regarded as a general principle 

of behavior both in a real community and in a 

virtual social network (Wellman and Gulia, 

1999; Constant, Sproull, and Kiesler, 1996). In 

order to test whether this is true in our data-

set, we run a simple regression of Kin on Kout. 

If the general principle holds in the virtual so-

cial network we study, we expect the coefficient 

of Kout to be close to 1. We run this simple 

regression on all 11,163,690 members. The re-

gression is as follows:

  Kinit = αt + βtKoutit (10)

Kinit (and Koutit) in this equation means the 

number of other agents who visited the agent i 

in period t (and number of other agents whom 

agent i visited in period t). The regression is 

for all agents over the entire 20 month period. 

“Perfect Reciprocity” should yield αt = 0, βt 

= 1 and R2 = 1; “Perfect Non-reciprocity” 

should yield αt = average of Kin, βt = 0 

and R2= 0. 

In table 4, we list the coefficients of Kout, 

R2, and average of Kin and Kout over 20 

months. For the entire period, α is 1.13(vs. 

8.17 for average of Kin), β is .853 and R2 is 

.853 showing very strong support for the norm 

of reciprocity in the network. The monthly re-

sults similarly show that the norm of reciprocity 

holds in shorter time periods as well. The co-

efficients are in the range of .73-.88, and R2 is 

also quite high (.71-.88). Thus, the long-known 

“norm of reciprocity” is found to be very well 

followed in this social network.

Next, we tested hypothesis 1b to see whether 

social hubs are more balanced than non-social 
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The Lifespan of Social Hub In Social Networking Sites: The Role of Reciprocity, Local Dominance and Social Interaction  85

hubs in terms of incoming and outgoing visits. 

Table 5 contains average imbalance, actual and 

expected number (and proportion) of members 

over 20 months for each group of social hubs. 

The “expected” number in this table is that 

for a normal distribution. Groups 1, 2, and 3- 

those groups with low scores of imbalance (which 

means they are more balanced) show the larg-

est discrepancies between actual and expected 

proportion of members. In particular, the ex-

pected proportion of social hubs in groups 1, 2 

and 3 is about 5 orders of magnitude greater 

than that expected randomly. Some of this 

discrepancy is due to the wide tail in the de-

gree distribution shown in Figure 1 but not all 

of it. For example, groups 5 and 6 show large 

scores of imbalance (.5726 and .8456).and their 

actual proportion is only one order of magnitude 

different from the expected random proportion. 

This results show that social hubs are far more 

abundant than would be expected, and con-

sequently confirm that the norm of reciprocity 

Period (t) αt βt R2 Average of 

Kin

Average of 

Kout

Correlation

between Kin 

and Kout

Month1  .4727  .7972  .8165  3.0107  3.1834  .904

Month2  .6100  .8375  .8648  4.5050  4.6507  .930

Month3  .7097  .8858  .8833  6.2491  6.2532  .940

Month4  .9067  .8711  .8687  7.4498  7.5114  .932

Month5 1.1826  .8573  .8371  9.1508  9.2949  .915

Month6 1.4881  .8535  .8367 10.7635 10.8670  .915

Month7 1.8319  .8394  .8267 11.9765 12.0862  .909

Month8 2.1528  .8201  .8112 12.0996 12.1291  .901

Month9 2.1525  .8190  .8087 12.1917 12.2579  .899

Month10 2.3995  .8059  .7965 12.4087 12.4197  .892

Month11 2.4357  .7967  .7860 11.7430 11.6823  .887

Month12 2.4879  .7898  .7748 11.4830 11.3893  .880

Month13 3.0301  .7475  .7382 11.6520 11.5340  .859

Month14 2.7658  .7466  .7291 10.5854 10.4731  .854

Month15 2.5907  .7596  .7428 10.3687 10.2400  .862

Month16 2.3361  .7795  .7525 10.0429  9.8866  .867

Month17 2.5627  .7507  .7287 9.8469  9.7029  .854

Month18 2.6632  .7411  .7174 9.7864  9.6118  .847

Month19 2.7053  .7320  .7108 9.5929  9.4097  .843

Month20 2.4218  .7401  .7208 8.0170  7.5596  .849

Entire Period 1.1261  .8528  .8526 8.1748  8.1073  .887

<Table 4> Regression analysis of Kin on Kout for all agents
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prevails in the group of social hubs. We can 

also compare the imbalance score of social hubs 

with that of other agents. The imbalance score 

of social hubs (group1, 2, 3, 5, and 6, im-

balance=.15) turned out to be much lower 

than the other agents (group 4, 7, 8, and 9, 

imbalance=.53), which supports our hypothesis 

that social hubs try harder to reciprocate the 

visits from other agents. Moreover, we find overall 

that in any given month, there is 40% proba-

bility of a specific agent returning a visit to 

another specific agent, in other words, about 

40% of visits between specific agents is recip-

rocated in any given month.

3.4 Factors influencing Lifespan of 

Social hubs

In this section, we perform a proportional 

hazard model analysis on 468,278 social hubs 

and on 230,491 balanced social hubs respectively. 

Table 6 shows the correlation analysis of the 

variables we used in the proportional hazard 

model. It is interesting that the network- re-

lated behaviors of those in the age range 18-24 

are strikingly different from those in the age 

range 25-29. Imbalance, dominance and clus-

tering coefficients among social hubs as well as 

balanced social hubs are significantly correlated 

with opposite signs between the two age groups 

(age 18-24 and age 25-29). Those in 18-24 

tend to have lower imbalance (higher norms of 

reciprocity), higher clustering coefficients (more 

densely connected local network), and lower 

dominance over their local neighbors, while 

those in the age of 25-29 tend to have higher 

imbalance (lower norms of reciprocity), lower 

clustering coefficients (less densely connected 

local network) and higher dominance over their 

local neighbors. These results indicate that norm 

of reciprocity and general social interaction is 

more important for those in their late teen and 

early twenties, while dominance appears more 

important for those in their late twenties as 

their motivation to become social hubs.

We report the results of the lifespan model in 

Table 7. It is important to note that signs of 

coefficients have been reversed to reflect the 

effects on lifespan. We calculated explanatory 

power (|β| S) which is the relative importance 

of variables in explaining variation on agent’s 

lifespan, where S is the standard deviation for 

Group1 Group2 Group3 Group5 Group6

Imbalance .0669 .0683 .1744 .5726 .8456

Actual Number 

and proportion

230,491

1.56%

165,762

1.12%

196,332

1.33%

8,368

.06%

30,113

.20%

Expected Number 

and proportion

0.5

.00001%

2.0

.00002%

2.3

.00002%

909.3

.00814%

1603.8

.01437%

<Table 5> The imbalance, and actual vs. expected number of membership for each social hub group
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each variable (Bolton 1998). Table 7 shows that 

both imbalance (norm of reciprocity) and dom-

inance are highly significant and consistent with 

our hypothesis. However, the clustering co-

efficient (local social interaction) is significant, 

but has a negative coefficient. This means that 

local social interaction has negative influence 

on the lifespan of social hubs. The relative in-

fluence on the lifespan of social hubs is in the 

order of age dummy of 18-24 (24.02%), TBS 

(19.04%) and imbalance (13.67%), followed by 

Clustering coefficient (12.17%) and dominance 

(8.68%). 

Both dominance and imbalance are significant 

and consistent with the hypotheses (β= .072, 

p < .01 for dominance, β= -.512, p < .01 for 

imbalance). TBS is also significant and con-

sistent with the relevant hypothesis (β= -.032, 

p < .01). Thus, the faster an agent becomes a 

social hub, and the more dominant a social hub 

is over its local neighbors, s/he tends to stay 

longer as a social hub. Hypotheses are also 

supported for the balanced social hubs. TBS, 

dominance, and imbalance are significant and 

Lifespan

TBS -.26

Dominance .10 -.06

Imbalance -.02 .01 .58

CC -.12 -.02 -.47 -.35

Gender .03 .05 -.03 -.11 -.03

age1(13-17) -.07 .01 .01 .05 .10 .08

age2(18-24) .03 .12 -.4 -.18 .26 .10 -.23

age3(25-29) 0 -.11 .34 .14 -.28 -.13 -.08 -.88

<Table 6> Correlation analysis between variables

a. Balanced social hubs

Lifespan

TBS -.29

Dominance .05 -.02

Imbalance -.08 -.01 .08

CC -.06 -.02 -.29 -.27

Gender .02 .05 -.02 -.05 .01

age1(13-17) -.09 0 0 .03 .09 .10

age2(18-24) .03 .09 -.29 -.15 .24 .10 -.27

age3(25-29) .02 -.08 .23 .10 -.25 -.15 -.11 -.84

b. Social hubs
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consistent with the hypotheses (β= -.028, p < 

.01 for TBS, β= .253, p < .01 for dominance, 

β= -1.906, p < .01 for imbalance). Both dom-

inance and imbalance (norm of reciprocity) have 

larger coefficients for the balanced social hubs. 

In hypothesis 3, we predicted that larger 

clustering coefficients would lead to longer life-

span of social hubs. However, this hypothesis is 

rejected. Contrary to our expectation, clustering 

coefficients are negatively correlated with life-

span (β= -1.87, p < .01). We hypothesized 

that higher clustering coefficients would gen-

erate more dense local networks, and these dense 

networks would, in turn, nurture the local net-

works around the social hubs helping to sustain 

the social hub. However, it turns out that lower 

connectivity among the local neighbors of social 

hubs support longer lifespans for the social hubs.

The results imply that the key drivers of life-

span of social hubs are the norm of reciprocity 

and dominance. Social hubs have a stronger de-

sire to increase self-esteem, gain respect from 

others and attain status in the social network. 

This high desire for self-esteem make these so-

cial hubs try harder to reciprocate visits they 

receive from their neighbors. This reciprocal 

behavior leads to longer lifespan of social hubs. 

We argued that the more dominating social 

hubs are in their local communities, the more 

active they become in collecting and dissem-

inating information in order to maintain their 

social status. Increasing dominance power in a 

local community plays an important role in 

building and maintaining relationship with their 

neighborhoods, and as a result, it is associated 

with longer lifespan of social hubs. 

Social hubs Balanced social hubs

Variables Coefficients†
Standard 

Error

Explanatory 

Power
Coefficients†

Standard 

Error

Explanatory 

Power

TBS  -.032** .000 18.49%  -.028** .001 12.04%

Dominance   .072** .003 8.39%   .253** .006 16.79%

Imbalance  -.512** .008 13.63% -1.906** .054 11.50%

CC -1.870** .040 12.44% -3.408** .067 13.71%

Gender  .065** .003  4.30%   .023** .005 1.15%

Age

13-17   .434** .014 10.39%   .997** .027 14.04%

18-24   .385** .009 24.11%   .549** .014 24.83%

25-29   .144** .009  8.25%   .141** .014  5.94%

-2LL 8,727,771.20 4,226,220.50

* p < 0.05, ** p < 0.01

† Signs of coefficients have been reversed to reflect effect on lifespan

<Table 7> Cox Proportional Hazard Model Estimation Results for the lifespan of social hubs
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Ⅳ. Conclusions

4.1 Discussion

Previous studies have shown that social hubs 

are of particular interest in social networks. In 

this paper, we have studied the social hubs 

further finding characteristics of the agents and 

factors that affect their lifespan as social hubs.

We find in agreement with prior work that 

younger agents are more prevalent in the hy-

peractive population than in the overall net-

work (peak hyperactivity is in the 18-24 age 

range). We find a new result that indicates 

that people in their early 20s are much more 

sensitive to the norm of reciprocity while those 

in their late 20s are more motivated by dominance. 

Our finding that social hubs have a short 

lifespan (average 2.5 months) is a potentially 

important observation. This indicates that in this 

virtual social network, the role of social hubs is 

not fixed to specific members. We observe that 

different members take the role of “social hubs” 

in various periods of time. Most of the social 

hubs have lifespans less than 3 months.

We find that the norm of reciprocity is very 

strong for social hubs. The social hubs are highly 

sensitive to paying back the visits by others. 

This may cause a ceiling effect to the social 

hubs since time and effort are a limited re-

source for them. Up to a certain level, social 

hubs are able to maintain the reciprocal behav-

ior of visiting those who visit the social hubs. 

We also find that dominance over the local 

neighbors in terms of activity is very strong 

for social hubs. Long-lived social hubs tend to 

have neighbors with low levels of activities. 

These results indicate that “social capital” in 

these young people’s virtual social networks is 

of a clearly different structure than what has 

usually been found (communities of dense in-

teraction without dominant individuals) for re-

al-world communities. Indeed, this finding and 

the short lifespan of social hubs raises some 

questions about the sustaining value of hyper-

active members on SNS. Their activity is pre-

sumably critical to overall activity and life in a 

SNS and this is how they have come to be 

viewed as critical to a healthy social network. 

However, their influence on lowering local so-

cial interaction while dominating the local net-

work may well be non-sustaining.

4.2 Managerial Implications

Managers need to understand the behaviors 

of social hubs in terms of the norm of reci-

procity and dominance in the local communities. 

In particular, it is important to understand what 

behaviors of an agent lead to the reciprocal be-

haviors of the partner agent, and which agent’s 

behaviors achieve dominance over time. Once 

managers are able to identify those agents 

with high dominance, they need to tailor the 

incentive mechanism with the behaviors of 
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agents with high dominance.

Managers, when they implement an incentive 

mechanism for agents to maintain their activ-

ities, need to pay attention to the age group they 

are targeting. Since late teen and early twen-

ties agents are more sensitive to the norm of 

reciprocity, the incentive mechanism needs to 

focus on the reciprocal behaviors and the feed-

back behaviors. However, late twenties are more 

concerned with dominant status in their local 

communities, and as a result, they would be more 

sensitive to an incentive mechanism which fa-

vors the dominant status in member hierarchy. 

Managers need to determine the overall val-

ue of social hubs in their SNS and develop ap-

propriate strategies. This is difficult to do given 

the conflict between overall activity and local 

social coherence found in this work. Thus, the 

first priority should be to put emphasis on 

behaviors and variables not subject to such 

uncertainty. In particular, managers need to 

develop specific policies to encourage the norm 

of reciprocity among members as this encour-

ages social hubs and other SNS members. 

The norm of reciprocity is strengthened when 

there exists a positive feedback response from 

those with whom the social hubs are interact-

ing (Resnick 2004). The positive feedback re-

sponse from the local neighbors can be in-

terpreted by social hubs and other agents as a 

sign of recognition by their peer group. Social 

hubs increase their involvement level based on 

the positive feedback from their peer group 

and in their reciprocal behaviors give encour-

aging feedback to other agents. Thus, a feed-

back mechanism plays an important role in in-

fluencing the norm of reciprocity for the social 

hubs in the social network (Dellarocas 2003). 

In an example of a feedback mechanism, on-

line game communities give players various ranks 

(e.g., VIP, general, sergeant, soldier, newbie) 

based on the length and level of their partic-

ipation in the community. This kind of recog-

nition motivates the most active members of 

the community to maintain and even deepen 

their participation in it, adding to the richness 

of the community as a whole. Another exam-

ple is the “birthday” feature of Facebook, which 

prompt the members to send birthday greet-

ings to friends (Ellison, Steinfield, and Lampe 

2007). These features make the members more 

accessible to their friends and other members 

of Facebook, which in turn makes the user 

network more connected. The more connected 

network again improves the overall accessibility 

of its members. Thus, this creates a virtuous 

cycle between network connectivity and mem-

ber accessibility.

A second motivational driver for social hubs 

is dominance in their local network but this 

implies being dominated for others and seems 

to result in less desirable reduction in local so-

cial interaction. Thus, managers need to more 

carefully consider how they treat dominant 

behavior. Dominance is strengthened when so-

cial hubs make connections with a large group 
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of members and become more central figures 

among their peer groups. It has been found in 

many complex networks that there is a neg-

ative relationship between the dominance of a 

node and its clustering coefficient. More specif-

ically, the clustering coefficient of an agent has 

been found to be inversely correlated with the 

number of connections of the agent (Ravasz 

and Barabási 2003). Burt (1997) argues that 

social hubs stand at the crossroads of a large 

social network and have the option of bringing 

together otherwise disconnected members in 

the network. Social hubs, because of their large 

numbers of connections within the network, play 

an important role in terms of information flow 

in the network. They know where all the “good” 

information is located. As long as they enjoy 

the trust of other members of the network, 

they are able to gather the “good” information 

from many people and distill it in ways that 

make it useful to others. However, the short 

lifespan of social hubs uncovered in this study 

makes this key connectivity function a tempo-

rary activity and whether this “dynamic turn-

over” is beneficial is not known. Overall, in de-

signing and managing networks, encouraging 

dominance is a risky strategy but it is likely that 

giving members incentives to be connected to 

other members is very healthy for the SNS. 

Facebook announced a new service called 

‘Facebook Connect’ in order to create more op-

portunity for its members to interact with each 

other. Outside sites can become ‘Facebook 

Connect’ partners, and become able to offer 

their visitors the option to log on Facebook and 

continue to interact with their Facebook friends 

even when they aren’t at the Facebook site 

(IHT 2010). 

A key issue for social network sites is how to 

increase the activity level of their core users. 

Facebook’s decision to open its site to outside 

developers in 2007 was important for Facebook 

becoming the top website in terms of member-

ship size and traffic volume. The large volume 

of applications and their download frequency 

shows significant activity from the members of 

Facebook and may support the goal of enhanc-

ing interaction with each other. We find that 

norm of reciprocity is very strong for social hubs. 

The social hubs are highly sensitive to paying 

back the visits made by others. This may cause 

a ceiling effect for the social hubs since time 

and effort are a limited resource for them. It is 

probably at least partly the cause of the dy-

namic turnover. Up to a certain level and for a 

given period, social hubs are able to maintain 

the reciprocal behavior of visiting those who 

visit the social hubs. 

We also find that dominance in terms of ac-

tivity over the local neighbors is very strong for 

social hubs. Long-lived social hubs tend to have 

neighbors with low level of activities and low 

level of connections among them. These results 

indicate that social interactions in these young 

people’s virtual social networks is of a clearly 

different structure than what has usually been 
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found (communities of dense interaction without 

dominant individuals) for real-world communities. 

This is a dilemma for the managers of virtual 

social networks since the coherence of local 

network may work positively for the longevity 

of the social network, but it may have neg-

ative influence on the longevity of social hubs 

who are central to the social network.

4.3 Limitations and Future Research

Although the proportional hazard model and 

regression analysis identify important factors that 

impact the lifespan of social hubs, there is still 

much unexplained variation. Thus, it appears that 

a large part of the lifespan of social hubs may 

also depend on their own needs and personality 

factors. These are not able to be studied in an 

anonymous study such as constructed here but 

this is one valuable area for future research. 

Similarly, this study is limited because it is for 

only one SNS from one country with its own 

culture. It would be quite interesting to see if 

the influence of age, dominance and reciprocity 

was present in other SNS and other cultures. 

Other more general future research topics are 

suggested by our work. A first such topic in-

volves the key dilemma between the influences 

of social hubs on overall reciprocal activity in a 

network in opposition to dominant local behav-

ior which may suppress local social interaction. 

Deeper research on users of SNS might be able 

to explicate this dilemma and identify more 

closely the motivations of a wider variety of 

users in terms of social interaction, dominance 

and reciprocity- the key behaviors shown in 

the current study. A second general area sug-

gested by the current work is to investigate more 

generally the influence of time (dynamics) in 

social networks rather than just the structural 

aspects as often studied. 

Finally, the driving force behind social hub’s 

lifespan in our study is uncovering the rela-

tionship between explanatory variable and mar-

keting performance, specifically marketing ROI 

or revenue in company. We hope that further 

study might reveal even deeper insight into so-

cial influence, network effects and marketing 

performance. 
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