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Abstract

*
Some studies have shown that the attitude and intention of using mobile LBS i y
influenced by the privacy factor. Since LBS bears prominent privacy attr% r study

selects the aggregation form based on Microblog content in the LBS o aMicroblog,
namely, LBS Microblog, asthe object of study, acqmrea\%ﬁal M@g user data
sample of over 30,000 items, with over 8.64 million Miegoblay pastingSyand 20 million
Microblog re-postings of these users, conducts . astive s%/on the adoption

nodes I network through

behavior in LBS of users at Hub nodes and co
relative analysis, and discusses the dlffusmn % B
| net

through"BASS model. The study
finds that the structure attribute of users i m@s strong influence on the
adoption rule of LBS; the adoption of*di nt typ of BBS by users is obviously in
consistency; LBS is remarkably mfluer@y emer related to privacy.

Key words: Social netwo&@ g, LBS s&p ion, diffusion rule

1. Introduction

LBS is short for Lo @Bas hICh is a kind of value added service [1] on
the basis and w upport GIS (Geographlc Information System), acquiring
position mform iQ nal users through telecommunication network or

mobh{?
ode oviding services for users. Till December 31,

external lgeation

2012,reg| user inaMicroblog has exceeded 503 million, it is an
important pfatform f e study of LBS. In SinaMicroblog, geographical location
information is a p icroblog content, and is saved in parallel with “Microblog
content”, “Mic picture”, etc., mainly including the following three aggregation

Mlcroblo

regation based on pictures, namely, LBS pictures with geographical
3) content aggregation based on geographical information, namely,
rvice on the basis of geographical information.
h the industry generally believes that LBS is promising, there are also some
ms of privacy disclosure [2-3]. For the study of LBS in the view of privacy, some
scholars expound privacy protection methods from the perspective of technology [2-3];
and some scholars focus on the influence of privacy concern on LBS. For example, Zhang
Zhijie, etc., point out that the attitude and intention of using mobile LBS is strongly
affected by the privacy factor [4]. Chai Yanwei, etc., present that protection of individual
positioning privacy is the key issue limiting LBS study and individual privacy problem
caused by mobile phone positioning once led to a period of stagnation in development of
LBS[5].
The prominent privacy attribute of LBS results in the distinction with other service in
SinaMicroblog in terms of adoption and diffusion rule. The existing studies on LBS

forms: (1) aigr atton based on Microblog content, namely, common LBS Microblog; (2)
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adoption mainly center on the influence of privacy concern on adoption behavior of users
by means of structural equation [6,7]. However, in the existing studies, scholars study the
diffusion rule in social network, utilizing BASS model [8] etc., there are much less studies
on diffusion rule of LBS.

The study selects the aggregation form based on Microblog content in the LBS of
SinaMicroblog, namely, it takes LBS Microblog as its object of study, acquires an actual
Microblog user data sample of over 30,000 items, with over 8.64 million Microblog
postings and 20 million Microblog re-postings of these users, conducts a contrastive
researchon the adoption behavior in LBS of users at Hub nodes and common nodes in
social network through relative analysis, and discusses the diffusion rule of LBS
through BASS model.

The rest parts of the study is organized as follows: the second part discusses data
acquisition; the third part analyzes the adoption behavior in LBS at Hub nodes and
common nodes in social network; the fourth part analyzes LBS network structure featuress
and studies the diffusion rule of LBS in the view of privacy by using BASS mod?.s/

O

2. Data Acquisition

The data set used in this study all comes from S bIo ( :/veibo.com/).
Microblog crawlers are written in Java language, e dat uired from the
API interface authorized by Sina. Q \(

In Microblog, the relationship between users e foIIo ollowing as well as
mutual following, among which follower an wing arg”bidirectional and belong to
weak ties proposed by Granovetter, whllg t onshlp tual following can be kept

up only by mutual acceptance of eac nd to strong tie. In this study, in
consideration of specific research ns idirectional friend relationship

(mutual following) is acquired.

The acquiring process startss ra d ser, and breadth-first traversal algorithm
is applied to acquire frien 0 bund I friend relationship with the user; the
process is repeated agal d again, acquire four layers of user data with this

relationship (namely, 1ng point riends of A, friends of A’s friends, and friends
of A’s friends’ fr1 otal da%rsnple of over 30,000 items has been acquired, with
rob In

over 8.64 m|II| and 20 million Microblogre-postings, with the
whole proc for fo
3. Analysison th tlon Behavior of LBS
3.1.LBS Adop avior of Hub Nodes

It is generall belleved that there are a few nodes with particularly large linking
number i line complex network; these nodes often provide information for others in
inte I communication network, are “activists” exerting influence on others, play

and diffuse information to audiences, thus forming the two-step flow of
unication of information transfer. These nodes are called Hub nodes.

Here, a crucial conclusion is proposed first: Hub nodes are more likely to conduct
adoption behavior in the early phase-stage of diffusion process, however, it is not because
Hub nodes are more innovative orrisk-taking than common nodes but because the service
appears in a larger number of times before Hub nodes’ eyes [9]. In addition, stars pay
special attention to their privacy, especially their locations; in a similar way, Hub nodes or
star nodes concern more about their privacy. In regard to LBS Microblog with privacy
attribute, some innovation nodes conduct adoption of the service in the early phase since
LBS has emerged. However, when Hub nodes have noticed the emergence of new LBS
business, they won’t take the lead to make adoption; when a great deal of friends of hub

?i tant role as intermediary agent or filtration in the process of mass communication
c
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nodes have conducted adoption, the privacy disclosure of LBS also shows up. Hence, the
study hypothesizes that:

H;: Hub nodes are less likely to adopt LBS than common nodes.

In order to verify the hypothesis, first it is necessary to define Hub nodes. According to
the requirements of normal distribution on confidence interval, the study defines Hub
nodes as nodes with number of degrees twiceas much as the standard deviation above the
expectation. In order to prevent the fluctuation of the result caused by the inaccuracy of
definition, the study takes the nodes whose amount of friends are among the top 2.5% for
reference. Moreover, the studyconsidersusers’ first posting of LBS Microblog as their
adoption of the LBS of SinaMicroblog. The result is shown in Table 1.

Table 1. Contrast of LBS Adoption Rate of Various Types of Users

Type User Sample Number Adoption Rate\ K
Common Nodes 32312 54. 87%?
HubNodes(twice as much as 1616 %
the standard deviation) ol % %
HubNodes(top 2.5%) 808 g?\

Table 1 indicates that the LBS adoption rate o@ des 5‘V 29.8%) is far less
than that of common nodes (54.8%); along with th rease of umber of degrees of
users, the adoption rate is in a downward tren s, thesh esis is verified:

Due to the influence of privacy attritwt nodes aN likely to adopt LBS than

common nodes.

3.2. LBS Adoption Behawor f %on Nodes\\

Common SlnaMlcrobIo are the rmost group in Microblogs, and the
important target of Micr gmarketl ry enterprise and merchant. The study on
behavior trend of co nodes is fulfor Microblog enterprises to enhance the
activeness of user, cond cl, differentiated marketing on users specifically.
GuoLongfei p0| ) att n behavior of a certain service is influenced by the

number of adopting thi rV|ce[10] Although LBS has the prominent privacy
attribute, gvel of @wty on privacy disclosure of most common nodes is
obviously [ower tha of Hub nodes at the present phase. Therefore, the

studyhypothesizes t

H2: The adopti LBS of common nodes is influenced by the number of its friends
adopting the bL@

Correlatign analysis is applied to verify this hypothesis. Since the number of friends
re unordered and there is no linearly dependent relation between the two,
lects Spearman correlation coefficient to verify the correlation of the two. The
omputational formula of Spearman correlation coefficient is

2
% r=1— 6Y7-1(Rj—Q)) (1)

s MOELD) e

Among it, R; and Q; respectively are the ranks in No.j values of the two variables. The
closer |rg]is to 1, the higher the degree of correlation is; the closer |r]is to O, the lower
the degree of correlation between the two variables is. If > 0, it shows that there is a
positive correlation between the two variables; if ;< 0, it shows that there is a negative
correlation between the two variables. In line with the value of |rg|, the degree of
correlation can be divided into four grades:

1. When 0.8 < |rg|, there is a high correlation between the two variable;
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2. When0.5 < |rg| « 0.8, there is a moderate correlation between the two variables;
3. When0.3 < |rg| «< 0.5, there is a low correlation between the two variables;

4. When|rs| «< 0.3, there is a weak correlation between the two variables;

The significance level reflects the possibility of making mistakes while rejecting a
certain original hypothesis. The study sets the significance level as 0.01 for the
verification; namely, on the occasion that the original hypothesis is right, the possibility
for the researcher to accept the hypothesis is 99%. The result of Spearman correlation
analysis is as follows:

Table 2. Correlation Coefficient of the Number of LBS MicroblogPostings
and the Number of Friends Adopting LBS Business

Correlations

« 7Y
The Number | The Number of Fiends”
of LBS Adopting L iness

MicroblogPo R
. «
e NN
ﬂ

Spearman's The Correlation . \/151**
rho Number of |  Coefficient !@ \\/

LBS Sig. (2-tailed) | N, . o 000

Microblog N (3\ 231 N~ 231

PN
The COra'@n’ SQQ* 1.000
Number of ‘(,\e ent , |

Friends gﬁ*z-tai ‘\J .000

Adopting () N % 231 231
T3

m\‘.vCoLre@n i‘s'significant at the 0.01 level (2-tailed).

number of LBS Mi 0g postings and the number of friends adopting LBS business;
that is, the nu friends adopting LBS influences the number of LBS Microblog
postings. On the,other hand, the number of LBS Microblog postings also influences the
number of\fiends adopting LBS business.

en from this point that for common user nodes, there is certain influence of
attribute of LBS on users, but the influence is not evident. The study tries to
he influence of the privacy attribute on common nodes from other aspects. As
ongfei indicates [10], the number of Microblog postings by users of SinaMicroblog
satisfies the power-law distribution of r=2.74; since the influence of LBS privacy attribute
is not evident, the number of LBS Microblog postings of common nodes shall also satisfy
similar rule. The study, through research and statistics, finds out that the number of LBS
Microblog postings of common nodes also satisfies the power-law distribution of P( k)
~K™, and r=1.10 is obtained through linear fitting, as shown in Graph 1:

Table 2 shows th:t@ve is a moderate positive correlation of 0.471 between the

the
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Graph 1. Distribution Gr b of LBS MicroblogPostings of
Comm@des

LBS of SinaMicrob sist of Sh pes: aggregation based on Microblog content,

Microblog aggre 1& ed on res and content aggregation based on geographical
information. Sin g& hree t rvice all belong to LBS and possess strong privacy

attribute, t at Were is strong correlation between the three types of
business; t on evi nd, users who often use one of three LBS businesses are
very likely S businesses. For the convenience of research, the study
chooses the former es of businesses to discuss

Hsz: Common 0ssess behavior consistency on LBS relevant business.

In order to this hypothesis, the patterns of manifestation of the two types of

icroblog; in accordance with the above statement, the adoption degree of
resented by the number of LBS Microblog postings of users. Microblog
r on based on pictures shall be presented by the number of LBS pictures posted by
% Hence, the problem is converted to the study on the relation of the number of LBS
Microblog postings and the number of LBS pictures of users. The analysis result utilizing
Spearman correlation coefficient is as follows:
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Table 3. Correlation Coefficient of the Number of LBS MicroblogPostings
and LBS Pictures

Correlations

The Number of The Number of LBS
LBS Pictures MicroblogPostings
Spearman | The Number of | Correlati 1.000 .902**
’s rho LBS Pictures on
Coefficie
nt
Sig. 0.000
(2-tailed) .
N 32312 32312
The Number of | Correlati .902** 1.00
LBS on \x’ %
MicroblogPosti | Coefficie Q\ \/
ngs nt O™ LN\
Sig. 00od” | \Y
aited) | N+ @
N ;@ 323125 32312

*x_Correlation is s'@ﬁ@a‘nt at Wevel (2-tailed).

|s a h|
number

The above table |nd|cates th po tlve correlation of 0.902 between the
number of LBS pictures an Mlcroblog postings; that is, users who
often post LBS Microblo so often pictures. This means that when a user who
often uses a type of LB er tou ther type of LBS business.

In addition, througiit researc] n the number of sign-in sites of users, the study also

erate correlation of 0.67 between the number of sign-in

X number 0 icroblog postings, and there is a moderate positive

4 bet e@ue number of sign-in sites of users and the number of LBS
user who likes to post LBS Microblog is willing to sign in

, common users possess behavior consistency on LBS relevant

at different places;
business.

4. Anal onQBS Diffusion Rule

@re Characteristics of LBS Network
usly, all LBS users in SinaMicrobloghave constituted a new network. Also, as

mg LBS is more like a common interest, the studyhypothesizes that:

H4 Useradopting LBS constitutes a small world network with close ties between
individuals

Since the characteristics of small world of network are manifested as larger clustering
coefficient and smaller average length of the shortest path. To test and verify the
hypothesis, only the clustering coefficient of LBS network and average length of the
shortest path shall be calculated. Extracting the LBS user set from source data set to form
a new network, we, through Pajek analysis, can get that the clustering coefficient of new
LBS network is 0.51 and the average length of the shortest path is 5.41; the clustering
coefficient of the original network is 0.52, and the average length of the shortest path is
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4.67; the clustering coefficient of random network is 0.0004, and the average length of the
shortest path is 3.88. Therefore, LBS user group has a closer individual connection, and
constitutes a LBS network with the small world characteristics. The various parameters
are shown in the following table.

Table 4. Comparison on Parameters of LBS Network and that of Other

Networks
Online Social Network Clustering Coefficient Average Length of the

Shortest Path

LBS Network 0.51 541

SinaMicroblog 0.52 4.67

Random Network 0.0004 3.88 N~ ¢
YouTube 0.136 5.1 ?y

Flicker 0.313 567 A

on'fﬁe basis of

\Srmed ci
rcleafid also radiate

r clo% d and mutually

tlme by, more and more users adopt

Through comparison, we can see that, LBS user group
interest. Namely, LBS users mass in large quantities in
and diffuse outward with circle as the core. The
influenced.

4.2. Diffusion Rule of LBS Business

LBS diffusion refers to the process
LBS of SinaMicroblog since its relea

There are a great variety of m
technology forecasting, of whi

0 mnov*% iffusion in terms of marketing and
S mgd the most famous. Bass(1969) proposed
Bass model, and summarize i ing diffusion speed of new product (new
business):One is the innoyation facto al factor), meaning that the ones who have
never used the produ @iness) st use the product (business) because of mass
media and other | ctors; ther is imitation factor (internal factor), referring to
the mterperson ce ( oral communication from the adopter of product to
the one whg ~- t adopt the“product)[21]. Based on the model, the users of LBS are
fallen mtoroups the buyer only influenced by external factors, called as

“innovator”; the other i uyer only influenced by internal factors, called as “imitator”.
The formula of Bas is as follows:

fty
[1-F()]

f(t) ref\t?\he time density function of adopters in the term t(the term can be decided
accordi ractical situation), F(t) refers to the proportion of people who have adopted

@ ce to all adopters in the term t, p is innovation coefficient, indicating the
ssibility of user’s adopting the service influenced by innovation coefficient, and q is
tion coefficient, indicating the possibility of user’s adopting the service influenced
by imitation coefficient. If m is set as the maximum market capacity of adopters, the
number of adopters in the term t can be expressed as:

PHQ*F() e (2)

m*f(t) =n(t)..ooiiiii (3
Then the cumulative adopters are:

M*xF) =N .o (4
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And the cumulative distribution function of S model can be got through the integral of
the formula above:

1—e— @+t
[1+ﬂ*e—(p+q)t
p

N(t) =m

Therefore, as long as N(t) is known, n(t), the number of non-cumulative adopters can
be got through further differential:

p(p+q)?re”Pra-t

n(t) = m * [ [prqee—PRDT[Z d7rrrmmrrrssmsrsse e (6)
Through simultaneous equations, we can arrive at:
n(®) =p*m+(q—p)*NO =2 [N, (7) »
In the formula above, n(t) refers to the number of expected adopters in the pnex of
t, p is innovation coefficient, q is imitation coefficient, m is the Iargest mgdr pacity,
and N(t) is the number of cumulative adopters at the mom ment § agong and N(t)
can be got from the historical data of LBS busmess w rp, q , parameter
fitting[22] are required. The statistics of the cumul t rs hlstory IS as
follows (only the data of 18 months islisted here)
Table 5. Table of Number of Cumulativ: @\1 Microblog LBS (18
M
Month | 11.01 | 11.02 | 11.03 1}% 1.06 11.07 | 11.08 | 11.09
Time(®) | 10 | 11 | 12NT3 | MANY 15 | 16 | 17 | 18
Cumulant | 247 392 726 f’,‘9421 1225 | 1533 | 1879 | 2252
Increment | 82 145 218 281 308 346 373

Month | 11.10 | 11.8¢h 11.12 ’Sgl' 1202 | 12.03 | 12.04 | 12.05 | 12.06

4

Time(®) | 19 Ja20° | Ns 22 | 23 | 24 | 25 | 26 | 27
Cumulant | 2598N,\8269 4913 | 5695 | 6627 | 7413 | 9387 | 73

Increment { 346°| 6 ?4857 787 782 932 786 1974 | 1786
)
r

function for ite computation.Fitting curve LBS user number and original LBS user
data are shown raph 2.

&

We adopt MAT;@W estimation and curve fitting of parameters, and adopt Isqurvefit
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X 104

3 T U r T U r

Fitting Curve of LBS Adopters

* Data of Original LBS Adopters

Number of New LBS Adopters (Unit: Person )

Consecutive 34 Months from Apnl 2010t 013 %
Graph 2. Fitting Curve of Cum§ umbe BS Users
Through MATLAB calculation, the thte eters of nd m are as follows:

Table(%fere&%@
Item p A m . Bstimated Degree of
\@andard Error Se | Fitting R
Value | 0.002 >p.15 @\ 683 0.655

*
When Yang Jj ?d ufyou adopt genetic algorithm to conduct parameter
estimation ferBass ®iffusion mouél, they conclude that, for the growth of Chinese mobile
i @ tion ¢ t is 0.001, and imitation coefficient is about 0.5, while for
an

growth of [BS of Si oblog, the innovation coefficient is 0.0028 and imitation
coefficient is 0.15, i g that the users of internet industry are more innovative than
that of communijgad

2,’we can see that the prediction accuracy is higher in the first 30 months,

From h
whil@% separation tendency between the prediction curve and the original data in

the n months. In order to find the reason for separation, we draw the curve of the

% f new LBS users as follows:
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2,500

N
o
(=]
o

(Unit:: Person)

1,500

Number of New LBS Adopters

1,000 A\

500

29 31 33

1 3 5 7 9 11 13 15 17

Consecutive 34 monthsf % iI”2010 t\ruar 013

We can find from Graph 3 that, fo(l%umb ¥ users, there has been fluctuation
on a larger scale from May arch 2 0 months). In order to verify the
fluctuation of the curve, we @ the nu of LBS Microblog postings in the same
time period as follows:

p ber of LBS =)
\\Q LBS{@;&;S Postings fELBS: Number of New LBS Adonters
60,00 2,500
[/
50 O x o~ n’ ‘I g
£ ’ 1 ) \ + 2000 3
240,000 - b. ! L ' S
g8 4 i\ 0 [ 100 Sh
25 N 1 1) 52
z2a 3 0 <
S ] ! v >3
55 : ] - 1,000 88
5 0 - ) == &
4 : / o :
10,000 1 =7 [0 2
] 4 [z}
4 'd
0 i T T T T T T T T T T T T T T T T T T T T T T T T T O
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Consecutive 34 months from April 2010 to February 2013 (Unit: Month)

Graph 4. Comparison on the Number of New LBS Adopter and LBS
Microblog Postings
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From Graph 4, it is found that there has been the flunctation of similar rules in the
same time period for newly increased number of LBS adopters and number of LBS
Microblog postings. The two curves present obvious tendency of flunctation, as well as a
higher level of similarity. Then we have a preliminary idea that, it might be “emergency”
that affects the use of LBS of Sina Microblog users. In order to determine the influence is
directed at the user behavior of the whole Sina Microblog or just LBS business, we have
analyzed the changes of number of Sina Microblog postings in 2012, as shown below:

=== Number of Postings Number of New Adopters

. 600,000 2,500
> rd

£ . z

Z 500,000 .- - 2,000 2

o)) C d L *
g _ 400,000 - 2o\

= JETL / \/\ - 1,500 3 vV
S & 300,000 -’

£5 - p00Q 50

%= 200,000 - A

Y— Q.

5 3

£ 100,000 C g

£

Z O T T T T T T T 0

1 2 3 4 5 6 8 9, 1%11 12
12 Monthso nit: Month\
Graph 5. Changes of Nur@)f Slwwg Postings in 2012

It is obviously found fromﬁekh that tl mber of SinaMicroblogpostings sees an
increase and steady trend with e t| whlle the number of new LBS users and

number of LBS Microbl stlngs S |gn|f|cant fluctuation. Therefore, there must
be some emergent fa ich on t the development of LBS business, instead of
the overall devel the whu%glcroblog business.

Through th event istics of SinaMicroblog since 2012, it shows
thatSinaMi 0g, opened j platform at the end of April 2012 and the third-party
developers d have ess to free LBS service of Sina. Based on its enormous

original “sign-in , and officially enter into 2.0 times of LBS. This is the greatest
event related to acy and privacy business within the time period, which is likely to
be the main rea or sharp rise of LBS business in May.

Howe in November 2012, the express number information of over ten mainstream

iefprises including EMS was disclosed by a large margin, and then the threat of
aroused discussion and attention of broad netizens. Also, Internet Security
vhich was held twice in the same month pushed the discussion on user privacy to
height. The discussion on privacy was bound to affect SinaMicroblog with
complicated relationship and rich content, but the most direct one could be its effect on
privacy business, as it might be the direct reason for the sharp drop in Sina LBS in
November 2012.

Even though the existing research could not directly relate the privacy behaviors of
users of social network and rules of the business to the relevant emergencies of privacy, to
some extent, LBS users’ attitudes towards LBS are obviously affected by the relevant
emergencies of privacy.

social graph and inté aph of SinaMicroblog, LBS application will get rid of the
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5. Conclusion

The study mainly has the following three conclusions: (1)Users’ structure attribute in
social network has a stronger effect on the adoption rule of LBS business. In the study, it
can be found that Hub node is more difficult than common node to adopt LBS business,
and users of common node are under the positive influence of their friends in terms of the
adoption of LBS business. (2)Common users possess behavior consistency on adoption of
various LBS businesses. The conclusion indicates in a practical way that, privacy attribute
behavior is basically consistent. The user with a high perception maystay very cautious
for a long time, while the user with a low perception may show little attention to privacy
threat for long. (3)LBS is remarkably affected by the emergencies of privacy.The business
with privacy attribute is remarkably affected by the emergency of privacy, no matter it is
the promotion resulted from good news or the reduction led by negative news.
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