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Abstract. We investigate the network effects of churn in the telecommu-
nication industry. Under calling party pays regime differentiation
between on-net and off-net prices implies that customer’s calling cost
depends on operators chosen by the clients he calls. We assume that
clients minimize their expenses. Therefore, after a single person churn we
observe churn induced in his social neighborhood. Our aim is to verify,
which measures of individual position in a social network are important
predictors of induced churn. We control the results for changes in mar-
ket prices structure, social network structure and number of operators
on the market. Using multiagent simulation we show that (a) network
structure and number of operators significantly influence induced churn
level and (b) weighted prestige is its important predictor.

Keywords: Telecommunication, Customer attrition, Agent-based Mod-
els, Social-network analysis.

1 Introduction

One of the key issues driving telecommunication operator’s decision making is
the ability to forestall losing customers to competition. This is motivated by the
fact that acquiring new customers is between 5 to 8 times more expensive than
retaining existing ones [10,21]. The level of such voluntary attrition (churn) is
estimated as 25-50% of client base per annum, where the particular rate depends
mainly on client’s segment [4]. The problem of voluntary churn is especially
viable for pre-paid customers, where the client might cancel the contract without
consequences. The attrition ratio can be reduced by retention campaigns. In
order to optimize such actions operators stratify their clients according to their
propensity to churn. The process of churn prediction model creation should be
automated, because applications reveal the problem of model ageing [3].

Major reasons for voluntary attrition, identified in the literature, are: unsatis-
factory service level, unattractive handset portfolio, uncompetitive pricing, poor
coverage and bad experiences with call centres [6,11]. This is reflected in stan-
dard analytical models forecasting customer churn, where the following predic-
tor domains are used: customer personal socio-economic characteristics, trends
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in number and length of calls over a long period [18], customer’s dissatisfaction
level measured as number of calls to the mobile carrier’s call center [5]. Some
modelers employ also minutes of use, balance forward from previous monthly
bills, and the tenure of the customer [3]. Generally authors of churn models
start with hundreds of variables and choose the most important with the help of
some feature selection methods. In recent years clients are analyzed as a social
network. Hence, the list of churn predictors includes also some simple network
features like connectivity (e.g. number of neighbors) and interconnectivity (e.g.
number of churn neighbors connected by an edge) [2].

In our research we focus on customer attrition under caller party pays mar-
ket model. If the charges for the on-net and off-net traffic differ, the optimal
choice of operator depends on prices themselves and individual’s call structure.
Therefore, when a client churns, it might raise the propensity to churn of people
calling him, because their call structure changes. We will call such behavior an
induced churn. Consequently, the problem of identification and monitoring of
clients whose churn might lead to high induced churn is important for telecom-
munication operators.

The objective of this paper is to identify universal predictors of the influence
of individual customer churn on attrition of other customers. This aim is mo-
tivated by the following business scenario. A customer churns due to non-price
reasons (for example: poor handset offer, bad experience with customer service).
Telecommunication operator wants to estimate how many of his other customers
might also churn due to change in their calling costs (induced churn).

We aim to identify measures of customer’s position in calls network that are
best predictors of induced churn under varying (a) market price structure, (b) call
network structure and (c) number of operators. The recognized characteristics
will allow telecommunication operators to better identify network users with
highest impact on the attrition propensity in their client base. In order to achieve
this objective we construct a multiagent model of telecommunication market and
simulate churn behavior of customers under different structural assumptions.
This differs from standard literature approach, where reported churn prediction
models use a single data set, which limits the power of the obtained results to a
single market only.

2 Model Architecture

The model consists of two types of agents (1) mobile network subscribers (exactly
one mobile phone number) and (2) mobile network operators.

There are n mobile subscribers, who are characterized by the following factors:
the operator they are using, a list of unique clients they are calling along with
calls’ intensity during a certain period of time (e.g. a month). Based on this
information, the subscribers are placed in a calls network - a weighted directed
graph, where the clients are represented by nodes and the intensity of their calls
are weights of edges.
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Each subscriber i has the ability to calculate his total calling cost for his
current operator as well as his potential total calling cost for all other oper-
ators. The total calling cost takes into account call frequency (represented as
matrix D = [dij ] ∈ �n×n

+ ) and prices of operator k (ck,1 for on-net and ck,2 for
off-net prices). The cost assuming client i chooses operator k is the sum of his
on-net and off-net calls volume, multiplied by on-net and off-net prices:

costi(k) =
∑

{j:operator(j)=k}
dijck,1 +

∑

{j:operator(j) �=k}
dijck,2

where function operator(j) returns the operator number of jth subscriber. Sub-
scribers are aware of network operators being used by their peers at any moment.

The assumption, that the subscribers know the network operators used by
their peers, seem to be strong, though e.g. in Polish it is plausible. In particular,
in 2010 the four main Polish mobile operators possessed over 95% of the market,
and their prefixes for new clients are generally known. These clients might churn
carrying their phone number with, whereas the level of such migration is only
of 2-3% in a year, so the prefix is very good predictor as to the operator used.
Moreover, the subscribers might recognize the operators of their peers basing on
the billing list (in postpaid market) or single call cost (in prepaid market).

In each time period of simulation, subscribers are activated in a random order.
Upon activation, subscribers optimize the choice of their operator. In order to do
this, he calculates his total calling cost for each operator and chooses an operator
with the lowest total cost.

The operator agent is characterized by his calls tariff: the pair of prices for
calling to subscribers in the same network (on-net) and in another network (off-
net). Since we consider only the short term market effects, we assume operators
keep their tariffs constant during a single simulation. Operators do not perform
any optimization of their tariffs, so the on-net and off-net prices are modeled as
external parameters.

The calls network is modeled as a Small World Network, because such topol-
ogy approximates call graphs for the whole populations well, see case of Finland
[8,14,15]. It is generated by the procedure proposed by [20], which is parametrized
by rewiring probability μ and radius r. Firstly, we create one-dimensional lattice
network with radius r. On the lattice network, nodes are equally distributed on
a circumcircle, and each node is connected to his nearest neighborhood within
radii of r. Hence, each node has 2r connections (neighbors on the left and right),
which is average degree of Small World Network [16]. Lattice network features
high level of clustering, which is typical for telecom networks. Next this lattice
network is altered randomly. For each node we divide the links into two groups:
left and right. Next we replace the right links with new remote connections with
rewiring probability at level μ. Higher value of parameter μ makes the resulting
social network more similar to random network than lattice network. In extreme
case the calls graph has random network property - the existence of each link
is equally probable. Hence, the rewired network is always between lattice network
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(μ = 0) and random network (μ = 1). Weights of network links are drawn from
the exponential distribution, which is parametrized by average call frequency
λ = 100.

Network parameters μ and r are chosen to fit real data taken from anonymous
telecommunication operator. Using theoretical probability distribution according
to [1], we optimize μ and r to minimize sum square difference between theoret-
ical and empirical probability distribution of neighborhood size. The following
objective function is taken:

objective(μ, r) =
n∑

i=0

(f̂µ,r(i) − femp(i))2 → min

where f̂µ,r(i) is the theoretical frequency of clients, having exactly i neighbors,
for the network with μ and r parameters. This is compared to empirical fre-
quency femp(i) from the real data. The estimated parameter values resulting
from this procedure are μ̂ = 1.00 and r̂ = 3.

Moreover, we depict the frequency of neighborhood size on Figure 1, as well
as, present the descriptive statistics in Table 1. We can observe that the average
number of neighborhoods is 7.475, which corresponds to radius r of 3 or 4, since
mean neighborhood size in Small World Network is 2r.

Table 1. Descriptive statistics of neighborhood size.

Min. 1st Qu. Median Mean 3rd Qu. Max St. Dev.

1 3 5 7.475 9 69 7.83

Fig. 1. Histogram of neighborhood size
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Following the objectives of the paper we do not want to stick to single network
parametrization and we use a range of μ and r parameters values. Such approach
allows us to obtain generalizable results and check their robustness.

3 Simulation Results

3.1 Experiment Setup

The parameters of the simulation model are given in Table 2. In our experiment
we explore 54 different parameter configurations. For each parameter setting
we run the simulation T = 4 times. The parameters that are constant for each
simulation are: the number of subscriber agents (n = 1500), and the parameter
for the exponential distribution of the intensity of calls (λ = 100). The number
of operators can be equal to 3 or 5. The price tariffs are defined as a pair of
an on-net price and off-net price levels, which is the same for every operator.
Normalizing the on-net price to unity, the off-net price can be equal to 1.1, 2
and 3. The experiments are also carried out for different parameter values for
the procedure generating the call network. The rewiring probabilities used are
50%, 75% and 100%, and the radius takes the values of 3, 4 and 5. For each
simulation a new call network is generated.

The first step of the simulation is to generate a Small World Network for
1500 agents according to the method described in Section 2. Next, the set of
measures of customer position in the call network is calculated. The list is given
in Table 3. The first three are simple measures of direct links between the sub-
scriber i and its peers. Degree is the size of the neighborhood of subscriber i,
where the neighborhood is defined as the set of peers who both call and are called
by subscriber i. Prestige is the number of other subscribers who call subscriber i,

Table 2. Model parameters and their values

Parameter Simulation values Meaning

Telecommunication Market

n 1500 The number of subscribers in the system
k {3, 5} The number of operators
c ∀ici,1 = 1

∀ici,2 ∈ {1.1, 2, 3}
Price tariffs c. c is a k × 2 matrix, where ci,1 is
on-net price and ci,2 is off-net price of operator i

Telecommunication Network

μ {50%, 75%, 100%} Rewiring probability
r {3, 4, 5} Radius
λ 100 Average call frequency
D �n×n

+ Distance matrix of call network, containing the
information of call time. dij is call time the caller
i talks with the receiver j.

Simulation Technicality

T 4 Number of times whole simulation is run for single
parametrization
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Table 3. Measures of subscriber’s position in the call network

Measure Symbol Meaning

Degree DEG Number of other subscribers - called by
and calling the subscriber [12]

Prestige PRE Number of other subscribers who call the
subscriber [12]

Weighted prestige WPR Sum of intensities of other subscribers’
calls to this subscriber[12]

Local clustering coefficient LCC Degree to which callers of the client consist
of a clique [20]

Eigenvector centrality ECT Importance of subscriber[9,19]

and Weighted Prestige is the total sum of call intensities from other subscribers
to subscriber i. The next two measures take into account the whole structure of
the call graph and not just direct links between pairs of subscribers. Local Clus-
tering Coefficient is the number of links between the subscribers who belong to
the neighborhood of subscriber i divided by the total number of possible links,
which is s(s−1), where s is the size of the neighborhood. Eigenvector Centrality
of subscriber i is the i-th coordinate of the eigenvector corresponding to the
greatest eigenvalue of the call network matrix. It is the measure of subscriber’s
centrality within a network.

The experiment is performed in two phases (a) burn in period and (b) analysis
period. In the burn in phase each subscriber is assigned randomly to a network
operator and subscribers optimize their call costs by changing the network oper-
ators according to the optimization rule described in Section 2. The optimization
phase is simulated for 1000 iterations, which is always enough for the operator
choice of each agent to become stable.

Next, the analysis period is performed as follows. Starting from the network
structure (the choice of operators) obtained after the burn in phase, the fol-
lowing procedure is applied for each subscriber. We switch the operator of a
chosen subscriber to some other random operator and force him to remain with
that operator. We will call this operation forced churn and interpret it as orig-
inated by reasons other than calling cost minimization (for instance customer’s
dissatisfaction with operators offer of handsets).

Afterwards we run the simulation for another 50 iterations with a probability
p = 0.1 for each agent to optimize their operator choice in a single period.
The customers that switch operators during this period are induced churners.
We calculate two indices of the level of induced churn. Firstly, we calculate the
total number of subscribers who have chosen a different network operator than
the one chosen after the burn in period. This index takes into account the number
of churners from the operator of the initial forced churner as well as churners
from other operators. Therefore we calculate a second measure of induced churn
level, which is the number of churners from the initial operator of the forced
churner. After this, agents return to their operators chosen after the burn-in
period and this step is repeated for next subscriber.
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Using the above simulation procedure, for each customer, we obtain his met-
rics of social position in the call graph and two measures of his induced churn
level. For a single parametrization the procedure is repeated T times. Simula-
tions are conducted using MASON Multiagent Simulation Toolkit [13], as well
as JUNG and JAMA packages of Java programming language. As a result we
obtain a data set for each parametrization of the simulation (3 ∗ 3 ∗ 3 ∗ 2 = 54
datasets containing 4 ∗ 1500 = 6000 observations).

To identify churn predictors we binarize induced churn values. Since for 6000
clients only a low proportion of induced churn measures is greater than 1, we
create a binary variable target = 0 for zero churn and target = 1 for non-
zero churn. Such formulation enables us to employ logistic regression to identify
the factors influencing the churn intensity. We also tested an alternative – linear
probability model [7] – to check the robustness of the logistic model. The results
do not differ significantly.

The following network characteristics have correlation coefficient above 0.7:
prestige, weighted prestige and degree. This fact makes its coefficient estimates,
in logistic regression, negatively correlated. As a consequence, we abandon both
prestige and degree variables, because their information is nearly contained in
weighted prestige. In the logistic regression model we estimate the probability
that he will induce churn from the following formula:

P (target = 1) =
exp(β0 + β1WPR + β2LCC + β3ECT)

1 + exp(β0 + β1WPR + β2LCC + β3ECT)
,

where coefficients are computed from data by Maximum Likelihood Estima-
tor [7]. We work on the standardized data, so that coefficients are comparable
with each other and denote the strength of churn intensity of respective variables.
Computational routines are conducted in GNU R [17].

3.2 Social Factors Influencing Customer Attrition

The results of performed simulations are given in Table 4 and Table 5.
What seems non-obvious, is the impact of average radius, i.e. average neigh-

borhood size, on the average churning. As we can see in Table 4, the higher radius
r, the smaller churning. This is explained by the fact, that in small neighbor-
hoods, each neighbor has greater relative impact on a given client, so the induced
churn occurs more often. On the other hand, in larger neighborhoods, the switch-
ing of single neighbor might be not sufficient to convince others to change an
operator.

The existence of difference between on-net and off-net prices are necessary for
churn to take place. Additional simulations were conducted where ci,1 = ci,2 to
confirm that result. The size of this price difference plays role only for the small
neighborhood of radius r = 3. In Table 4, we see that larger difference coincide
with higher churn for r = 3. However, this relationship does not hold for larger
neighborhood size of r = 4 or r = 5.

We also identify the impact of the number of operators: the higher the number
of operators, the more induced churn we observe. This result should encourage
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Table 4. Average number of churned clients induced by subscriber’s switching. For
each parametrization we present: the overall churning and a ratio of churners for the
initially churned customer’s operator.

r μ
k = 3 k = 5

ci,2 = 1.1 ci,2 = 2.0 ci,2 = 3.0 ci,2 = 1.1 ci,2 = 2.0 ci,2 = 3.0

3
50% 3.03(85%) 3.12(87%) 3.24(87%) 3.42(81%) 3.20(82%) 3.54(80%)
75% 2.43(87%) 2.22(88%) 2.88(86%) 3.88(77%) 3.55(77%) 2.77(79%)
100% 1.99(85%) 2.71(85%) 3.83(83%) 2.31(79%) 2.31(78%) 2.55(81%)

4
50% 1.10(86%) 1.22(81%) 0.17(100%) 1.11(73%) 1.02(79%) 0.20(100%)
75% 0.18(100%) 0.16(100%) 0.18(100%) 0.17(100%) 0.16(100%) 0.16(100%)
100% 0.18(99%) 0.16(100%) 0.19(100%) 0.17(100%) 0.17(100%) 0.15(100%)

5
50% 0.06(100%) 0.72(99%) 0.06(100%) 0.07(100%) 0.06(100%) 0.06(100%)
75% 0.06(100%) 0.06(100%) 0.07(100%) 0.06(100%) 0.06(100%) 0.06(100%)
100% 0.07(100%) 0.06(100%) 0.08(100%) 0.07(100%) 0.07(100%) 0.06(100%)

Table 5. Importance of subscribers’ network characteristics for different parametriza-
tions. Each of 18 estimated logistic regressions contains coefficients for: weighted
prestige, local clustering coef. and eigenvector centrality. The absolute value of each
coefficient divided by the largest coefficient in the whole sample gives the normalized
measure of variable importance.

r μ ci,2
k = 3 k = 5

WPR LCC ECR WPR LCC ECR

3

0.50
1.1 0.81 0.04 0.12 0.98 0.02 0.02
2.0 0.84 0.03 0.06 0.94 0.01 0.02
3.0 0.80 0.01 0.03 0.90 0.02 0.05

0.75
1.1 0.75 0.01 0.10 1.00 0.01 0.02
2.0 0.69 0.01 0.17 0.95 0.03 0.03
3.0 0.73 0.01 0.06 0.74 0.05 0.00

1.00
1.1 0.66 0.03 0.09 0.66 0.01 0.01
2.0 0.71 0.01 0.38 0.64 0.01 0.04
3.0 0.96 0.01 0.05 0.75 0.02 0.14

telecommunication regulators to enable new operators to enter the market and
boost competition.

Table 4 also shows that the lower rewiring probability μ, the higher average
churning rate. Low μ makes more cliques to occur in the network, which could
contribute to the domino effect, i.e. one churned client will result in a few more
churn events. Finally we note that the majority of induced churn events happen
for the initially churned customer’s operator.

Next let us analyse the role of client’s social network position on induced
churn, see Table 5. Variable weighted prestige has the greatest impact on induced
churn. This holds for all network parametrizations and is statistically significant
at the level of α = 1%. However, we observe higher importance of this variable
for small clustered neighborhood, i.e. with r = 3 and μ ∈ {0.5, 0.75}. Eigen-
vector centrality is found important just occasionally. We found no significant
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impact of local clustering coefficient. The same calculations were performed for
r = {4, 5}, resulting in similar conclusions.

4 Conclusions

The problem of monitoring induced churn is crucial for the maintenance of
profitable customer retention policy by telecommunication operators. Next to
the typical factors like: customer service satisfaction, prices or device availability,
the customers choosing the operator consider also their individual call structure.
Therefore its changes might increase churn level.

We have shown that churn induced by switching of a single customer is
the most significant issue for markets with large number of operators and call
networks with low radius. At individual customer level we have found that
weighted prestige is a good predictor of induced churn independent of simu-
lation parametrization.

The presented findings are important for shaping the telecommunication op-
erators marketing policies. Using weighted prestige measure they can identify
the clients whose churn can cause most induced churn. In such situation oper-
ator will be willing to invest into ensuring that such customers do not switch
their provider.

In further research it is interesting to test a broader range of customer’s
network position characteristics, such as: betweenness or closeness and check
robustness of our results through implementing different subscribers’ operator
choice rules.
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