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Abstract: This paper presents a mobile-carrier choice modeling framework to analyze customer preference and un-
derstand customer choice behavior in the mobile phone market. Due to severe competitive conditions, there are few
differences between the mobile phone services provided by mobile-carriers. We propose a new mobile-carrier choice
modeling that takes into account incentive factors and restrictive factors as decision-making factors. A Web survey
was carried out to obtain the sample data for this model. We show the model estimated from the survey data to analyze
mobile-carrier choice behavior.
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1. Introduction

The number of mobile phone customers exceeded 121 million
as of July 31, 2011 in Japan [1]. Although the mobile phone
market is already at a matured stage, the mobile phone market
is becoming active again because of the increasing demand for
smart phones, and improvement of mobile Internet technologies
such as WiFi and WiMax services. The competitive condition
around the mobile phone market is becoming severe. Due to the
variety of pricing and discounts, it is difficult for customers to
understand the differences between mobile-carriers. And once
better pricing and discounts for a mobile-carrier are introduced,
other mobile-carriers soon follow. And we can choose the ap-
propriate phone among about 200 kinds of mobile phones. The
number of functions is more than 100 across all models. The
decision-making process and factors vary from customer to cus-
tomer. The mobile-carrier choice behavior is becoming compli-
cated and diversified. Under competitive conditions, the most
important objective of a mobile-carrier is to increase the market
share. Therefore, mobile-carriers require useful ways to under-
stand the mobile-carrier choice behavior.

Recently, it is common sense that it is impossible to predict
service demand using conventional techniques such as time se-
ries analysis based on the in-service usage data. Discrete Choice
Analysis [2], [3] is one of the useful ways. Under the above
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mentioned circumstances, we should understand customer pref-
erence to construct mobile-carrier choice models. Several types
of discrete choice modeling have been studied for telecommu-
nication services in Japan [4], [5]. We have proposed service
choice models to predict the service choice probability under
competitive conditions on the basis of Discrete Choice Mod-
els [6], [7], [8], [9]. In general, observed variables such as charge,
functions and performance are used as explanatory variables in
these models. We analyzed the decision-making factors to con-
struct a mobile-carrier choice model [10]. We classify mobile
phone customers into two groups: churning customers and stable
customers. Churning customers mean ones that change to other
carrier. Stable customers mean ones that continue with the same
carrier. Customer segmentation was carried out based on sur-
vey data for each customer group in order to clarify the decision-
making factors. The results of customer segmentation suggest
that we should consider incentive factors and restrictive factors
as decision-making factors to construct a mobile-carrier choice
model [10]. We proposed a new mobile-carrier choice model
that takes into account incentive factors and restrictive factors as
decision-making factors. We presented the mobile-carrier choice-
behavior model estimated based on our original market research
survey in CNSI 2011 [11] and ICBAKE2011 [12]. We present
the detail of the model and the scenario simulation results under
various conditions in this paper.

We explain the mobile-carrier choice modeling in Section 2.
Section 3 describes the overview of the survey data used for
mobile-carrier choice modeling. We show the estimation re-
sults of a new mobile-carrier choice model considering incen-
tive factors and restrictive factors as decision-making factors. We
demonstrate the scenario simulation results under various condi-
tions. Finally, we conclude and discuss topics for future studies.
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2. Mobile-carrier Choice Modeling

This section gives the choice modeling to express mobile-
carrier choice behavior.

2.1 Framework for Scenario Simulation (FSS)
It is impossible to analyze the demand of services or products

only by using customer choice-behavior models. We proposed
a Framework for Scenario Simulation (FSS) to analyze market
structure and estimate service demand [6], [7], [8], [9], [10], [11],
[12], [13], [14], [15]. The objective of the FSS is not to obtain
a demand-forecasting result but to simulate scenarios under as-
sumed conditions according to service changes. A scenario im-
plies changes in market structures. Service-choice behavior re-
sults in service demand. The FSS is divided into two processes:
the modeling process and demand analysis process. In the mod-
eling process, service-choice behavior models are constructed to
give choice probabilities under assumed conditions, selectable
services, and service specifications. The demand analysis pro-
cess has scenario functions. The scenario means a future assumed
condition of the market. According to the scenario, the probabil-
ity of a service being chosen is determined, and by aggregating
the probabilities, the service demand is obtained for an assumed
scenario. The service means mobile phone service in this pa-
per. The object of the choice behavior is not mobile phones but
mobile-carriers.

2.2 Choice Behavior Modeling
Generally, a service-choice behavior model is a function ex-

pressed by various variables: individual attributes, service spec-
ifications, and other environmental constraints. Service-choice
behavior modeling is the most important component of the FSS.
It is based on discrete choice analysis (DCA) [2], [3]. The DCA
developed by McFadden [16], who won the Nobel prize in eco-
nomics, enables us to construct a service-choice behavior model.
The service-choice behavior model generally has four compo-
nents: the decision maker, the decision-making factors, the ser-
vice choice set, and the decision rules [2], [3]. The decision
maker is customer n, who chooses services under various situ-
ations from his/her choice set Cn. The customer choice set Cn is a
subset of universal choice set C, which consists of all Nc alterna-
tives. The DCA model has a utility function for each alternative.
The utility function Uin for customer n is defined as the utility
obtained by choosing service i. The random utility maximization
model of the decision-making process translates preferences to
decisions. In the decision-making process, a customer chooses
an alternative that has the highest utility.

In conventional models, observed variables such as charge,
functions and performance are used as explanatory variables to
express service specifications. And individual attributes like age,
income, and education are used to express differences among in-
dividuals, that is, customers. In this paper, the choice set consists
of three mobile carriers. “Service i” means “carrier i” as below.

The utility function Uin for customer n is defined as the utility
obtained by choosing carrier i. Uin is composed of two parts as
follows:

Uin = Vin + εin (1)

Vin is called the systematic (or representative) component of
utility Uin and is assumed to be deterministic; εin is the random
part and is called the disturbance. Provided that the functional
form for Vin has linear variables, Vin can be defined as follows:

Vin = αi +
∑

k

βik xink (2)

where βik (k = 1, 2, . . . , K) is the coefficient denoting the weight
for the value xink of decision-making factor k, and αi denotes the
carrier specific constant. Assuming that the disturbances are inde-
pendent and identically Gumbel distributed (i.e., logistically dis-
tributed), the choice probability Pin of carrier i in choice set Cn

being chosen by customer n is given by

Pin = Prob(Uin ≥ U jn, j � i, ∀ j ∈ Cn)

=
exp(Vin)∑

j∈Cn

exp(Vjn)
. (3)

In general, a choice behavior model is constructed for a cus-
tomer segment classified based on individual attributes and their
preference. The coefficients denoting weights for values of ex-
planatory variables are different in each customer segment.

The main objective of choice behavior models is not to fore-
cast the aggregate demand, but to understand the relation among
decision-making factors and customer behavior. This implies that
the choice-behavior modeling is very useful to decide the priority
of selectable marketing actions.

3. Overview of Results from the Survey

3.1 View Points of the Survey
The decision-making process in mobile-carrier choice behav-

ior is divided roughly into two types of customers. One is the
customer who chooses an appropriate mobile phone among all
phones provided by all mobile-carriers. The other one is the
customer who chooses an appropriate mobile phone among the
phones provided by a predetermined mobile-carrier. We focus
on the mobile-carrier choice behavior of churning customers and
stable customers in this paper.

We have analyzed the mobile-carrier choice behavior by using
the survey data conducted by the Mobile Marketing Data Lab-
oratory in Japan to investigate the trend of mobile phone pur-
chase behavior after the introduction of Mobile Number Porta-

bility (MNP) [10]. It is found that charge issues, phones or their
functions to be used are related to the decision-making of churn-
ing customers. However, a model with these service-specific fac-
tors as explanatory variables of the utility function is not necessar-
ily suitable for mobile-carrier choice modeling. There are about
200 kinds of mobile phones provided by mobile-carriers. The
number of different functions is more than 100 in total. And each
mobile-carrier provides more than 10 different payment schemes.
It is meaningless to include all of these factors to choice models.
This implies that we should consider new variables expressing
customer preference factors to construct a mobile-carrier choice
model. We proposed a new modeling with the following latent
variables [10]:
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• Brand loyalty
• Incentive factor
• Restrictive factor
• Knowledge
We designed a new survey considering incentive factors and

restrictive factors.

3.2 Summary of the Survey
An original market research survey was conducted to model the

choice of mobile-carrier. Sample data was collected by using the
Web interview system provided by goo Research, NTT Resonant
Inc. in December 2010. The total number of samples is 1,574.

The sampling was carried out on the basis of the following re-
quirements.
• Business customers are excluded.
• The customers are limited only to three mobile-carriers:

NTT docomo, au by KDDI, and SoftBank.
• A minimum number of individuals is specified for each

mobile-carrier (more than 500 individuals for NTT docomo,
au, and SoftBank, respectively).

• A minimum number of individuals is required in each age
category considered (more than 200 individuals in their 20s,
30s, 40s, 50s, and 60s, respectively).

Table 1 indicates the number of individuals in the sample by
mobile-carrier. Distribution of individuals in the sample is dif-
ferent from the actual distribution in the mobile phone market
shown in Table 2. Table 3 indicates the number of individuals in
the sample by age category. There is no requirement for samples
in relation to the other demographic factors such as area, gender,

Table 1 Sample sizes by mobile-carrier.

Table 2 Actual share of mobile-carrier in July 2011.

Table 3 Sample sizes by age category.

income and occupation.
The main contents in the questionnaire are the following:

( 1 ) How many mobile phones (including smart phones and
tablets) do you own?

( 2 ) What were the reasons why you decided to create a contract
with the current mobile-carrier?

( 3 ) What were the reasons why you are satisfied with the current
mobile-carrier?

( 4 ) Are you thinking of changing to another mobile-carrier in
the future?

It is found that about 30% customers use more than two mobile
phones as the result of question ( 1 ). Table 4 shows the decision-
making factors for mobile-carrier choice. Those decision-making
factors are the reasons why we decided to create a contract with
the current mobile-carrier. Figure 1 shows the share of important
levels for each decision-making factor.

The characteristic of decision-making factors is summarized as
below:
• Many customers are satisfied with the current mobile-carrier.
• Many customers would like to continue charge-discount-

service depend on contract duration.
• Many customers get tired of changing mobile-carriers for

various reasons.
• Many customers tend to choose the same mobile-carrier for

the entire family.
• Carrier-specific services and contents are not so important.
This characteristic is different in each mobile-carrier. The re-

sults of questions ( 3 ) and ( 4 ) mentioned above also are different
in each mobile-carrier.

4. Estimation Results for Mobile-carrier
Choice Model

4.1 Choice Data and Mobile-carrier Choice Model
A lot of customers decide their behavior based on multiple

decision-making factors. Costs, phones or their functions are
used as the decision-making factors. However, in general, cus-
tomers do not compare all combinations of services. It seems
that the number of major factors is a few. Therefore a model with
these service-specific factors as explanatory variables of the util-
ity function is not necessarily suitable for mobile-carrier choice
modeling.

Table 4 Decision-making factors for mobile-carrier choice.
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Fig. 1 Important levels for decision-making factors.

Table 5 Description of explanatory variables in mobile-carrier choice
model.

We proposed a new model with only six factors as incen-
tive factors and restrictive factors related to the current mobile
phone market [11], [12]. The decision maker n is a residential
customer. The customer choice set Cn consists of three major
mobile-carriers in Japan: docomo, au, and SoftBank. Each alter-
native, that is, each carrier has several variables xink as decision-
making factors shown in Eq. (2). A simple multinomial Logit
model is used for estimating the mobile-carrier choice model.
The systematic component Vin of utility Uin for three carriers is
specified as follows:

Vin=αi+

6∑

k=1

βk xink. (i = 1, 2, 3) (4)

Table 5 shows the explanatory variables of the choice model.
The explanatory variables mean the decision-making factors for
choosing a mobile-carrier. This model has three charge factors
which customers can understand the difference easily. The other
three factors are restrictive factors for churning customers. If the
value of the cancelation charge variable is equal to 1, the variable
is an incentive factor for churning customers. If the value is equal
to 0, the variable is a restrictive factor for churning customers.
Two variables: mail service and contract duration mean the same.
These six explanatory variables in the proposed mobile-carrier
choice model means realizable or realized marketing actions. Al-
though “same carrier as family” is the most important factor as
shown in Fig. 1, the proposed model does not include the factor.

We asked participants which mobile-carrier they would like to
choose among the three carriers providing the assumed service

Table 6 Choice data example.

Table 7 Estimation results of mobile-carrier choice model.

menu in our survey. The alternatives are the three mobile-carriers
defined in Section 3.2. Each carrier has a predesigned service
menu that consists of six variables shown in Table 5. Table 6
shows a sample of choice data that consists of the choice result
(the selected carrier) and the value set of service menus. In this
example, it is shown that SoftBank is chosen among the three car-
riers. Our sample comprises 1,574 observations.

4.2 Estimation Results
We used an estimator BIOGEME Version 1.8 [17] to estimate

the coefficients of the mobile-carrier choice model. The estima-
tion results are presented in Table 7, except for the alternative
constants. Alternative constants are shown by bar graph in Fig. 2.
In this model, we set 0 for the alternative constant of SoftBank.
The alternative constant of the carrier implies the brand loyalty.
t-value is an estimator and is the test statistic based on the t-
distribution. In general, the absolute value of the t-value of more
than 1.96 indicates that the variable is significant for the estimated
model when the sample size is large. p-value is also an estimator
for the test statistic. p-value of less than 0.05 indicates that the
variable is significant for the estimated model. The results show
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Fig. 2 Alternative constants of mobile-carrier choice model.

Table 8 Simulation results in Case I.

that all variables except phone discount are valid in this model.

4.3 Simulation Results
We demonstrate the scenario simulation results under various

conditions. Under these scenarios, it is assumed that a customer
is thinking about the purchase of a new mobile phone among all
phones provided by three mobile-carriers defined in Section 3.2.
The mobile-carrier choice probabilities as the scenario simulation
results are shown by using the estimated model.

Until now, the major sales strategy in the mobile phone mar-
ket is to offer charge discounts or phone-price discounts. These
discount schemes are incentive factors for customers. The ex-
planatory variables No.1 to 3 in Table 5 expresses these incentive
factors.

If a customer cancels the service earlier than the predetermined
period, that is, the minimum use period, the customer should pay
the cancelation charge. In general mobile-phone services such as
mail service cannot be carried over, if the customer changes the
current mobile-carrier. So far, charge-discount service depending
on contract duration was unable to carry over. Currently Soft-

Bank announces that the charge-discount service depending on
contract duration can be carried over even if the customer changes
the current mobile-carrier. The explanatory variables No.4 to 6 in
Table 5 expresses restrictive factors for customers, if the value
of the variable is 0. In other words, these variables are incentive
factors for customers who would like to change to a new mobile-
carrier, if the value of the variable is 1.
(1) Case I

Table 8 shows the mobile-carrier choice probabilities for the
scenario in which all of conditions are the same. In other words,
there is no merit in this scenario. The results indicate the brand
loyalty effect for the mobile-carrier choice behavior.
(2) Case II

The sales strategy of au and SoftBank is the same in this sce-
nario. This scenario expresses the following conditions.

Table 9 Simulation results in Case II.

Table 10 Simulation results in Case III.

• Monthly charge becomes less by 1,000 yen, if the customer
changes mobile-carrier to au or SoftBank. Monthly fixed
charge becomes free for 12 months.

• The purchase price of a mobile phone is discounted by
20,000 yen, if the customer buys the phone provided by au

or SoftBank.
• There is no merit concerning monthly charge and price, if

the customer buys a new docomo’s phone.
• The cancelation charge required to change the current

mobile-carrier is paid by the new mobile-carrier.
• Mail address cannot be carried over except for docomo, if

the customer changes the current mobile-carrier.
• Charge-discount service depending on contract duration can-

not be carried over, if the customer changes the current
mobile-carrier.

The simulation results in Case II are shown in Table 9. The
choice probability of docomo is more than 10% larger than those
of the other carriers although the sales strategy of au and Soft-

Bank is very powerful in this scenario. It is found that the restric-
tive factor, that is, mail service, strongly influences the choice-
behavior.
(3) Case III

SoftBank announces that the charge-discount service depend-
ing on contract duration can be carried over, if a customer changes
from other carriers to SoftBank. There is an advertising campaign
such as cancelation-charge support service recently. Therefore,
this scenario implies realistic conditions. This scenario is the
same as that in Case II except the following conditions:
• SoftBank pays the cancelation charge required to change the

current mobile-carrier, if a customer changes from other car-
riers to SoftBank.

• Charge-discount service depending on contract duration can
be carried over, if a customer changes from other carriers to
SoftBank.

The simulation results in Case III are shown in Table 10. The
results express that the restrictive factors are very important for
the mobile-carrier choice behavior.
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Table 11 Percentage of stable customers.

4.4 Consideration on Customer Segmentations
This mobile-carrier choice-behavior modeling is an effective

way to decide the priority of selectable marketing actions. The
six explanatory variables in the proposed mobile-carrier choice
model means realizable or realized actions. It is very important
to analyze customer segmentations and to collect the survey data
considering the segmentations in order to improve the accuracy
of the proposed model. In general, the variety of mobile-carrier
choice-behavior depends on not the difference of demographics
attributes but the difference of preferences by customers. Spe-
cial choice-data samples are required to construct the segment-
dependent models. Due to the limitation of budget for conduct-
ing market surveys, a common model is constructed based on
the samples for the questionnaire used in this paper. Table 11
shows the percentage of stable customers in the survey mentioned
in Section 3. It is found that more than half of the customers
would like to continue their contract with the same carrier re-
gardless of the conditions of the other carriers. This implies that
we should consider these customer segments in order to construct
better mobile-carrier choice models.

5. Conclusion

We proposed mobile-carrier choice modeling to analyze cus-
tomer preference and understand customer choice behavior in this
paper. We constructed a new mobile-carrier choice model that
takes into consideration incentive factors and restrictive factors
as decision-making factors. It is shown that these factors of the
choice model estimated by using the survey data are effective in
analyzing mobile-carrier choice behavior.

Decision-making factors for choosing a mobile carrier vary
from customer to customer. It is difficult to understand the actual
market structure by using the model constructed by a common set
of decision-making factors for all customers. We should consider
the difference of preference by customers. There are two ways
to express the difference. One is constructing a model with indi-
vidual attributes as explanatory variables of the utility function as
shown in Eq. (2). The other one is constructing models for cus-
tomer segments divided on the basis of the difference in customer
preference. In order to improve the accuracy of the proposed
model, we should carry out the customer segmentation based
on customer’s decision-making characteristic, and construct the
model for each customer segment. We are studying the special
questionnaire-survey to construct the segment-dependent models.

Various types of changes occur every month in the mobile
phone market. These include the launch of new phones, the intro-
duction of new services, change of charge menu and so on. Due
to severe competitive conditions in the mobile market, there are
a few differences in relation to fees and phones among mobile

phone services provided by mobile-carriers. When our survey
data was collected, the effect of iPhone did not appear clearly.
However, the effect of iPhone by au appeared recently. We will
consider the iPhone factor when collecting new survey data.

And we will consider additional factors such as service qual-
ity, brand loyalty and inertia. As further study, we will construct
a model using latent variables based on additional factors.
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