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Abstract
Many business opportunities and special services have been created due to the emergence and popularity of
the Internet. However, information transparency and low transformation cost have resulted in a decrement of
customer loyalty. In the past, firms focused on stimulating consumption and acquiring customers while
neglecting the significance of customer retention. This study delaminated customer value based on previous
literature and blended the evolution of the CRM concept to build a customer value model. Meanwhile, this
work applied a Markov Chain and Bayesian theorem to forecast and recommend appropriate CRM e-services
to customers. This study used Apple iTunes as a case study to verify performance from simulation. The results
showed that the number of samples and customer type are critical factors affecting the validity of the Markov
Chain. Additionally, the performance of the Bayesian theorem for forecasting and recommending appropriate
CRM e-services is insignificantly influenced by customer type and sample. The proposed model diminished the
risk for recommending inappropriate CRM e-services as well as avoided resource wasting based on customer
needs.
Keywords: Markov Chain, Bayesian Theorem, CRM, E-Service

1. Introduction
Due to the new development of the Internet, consumer behavior has changed and new needs have
emerged. Enterprises devoted to combining new technologies with traditional service concepts have created a
new type of service, called e-service. According to Järvinen and Lehtinen (2007), e-service delivers certain
intangible products and services by interacting with online users. On the other hand, the Internet impacts the
way companies provide services and business strategies. Firms attempt to deliver products or services
electronically to enhance operation efficiency and profit (Pan and Lee, 2003). In particular, the application of
customer relationship management (CRM) has become a popular e-service issue. The traditional way to
contact customers has been replaced by e-mail, online self-service, or new types of e-services. Reichheld and
Sasser (1990) indicated that profit will be enhanced 25 % to 80 % by increasing customer loyalty by 5 %. The
cost to discover a new customer is 6 to 7 times more than retaining existing customers. Thus, the significance
of electronic CRM has been addressed gradually.
According to a report from Bain & Company (www.bain.com), the average annual rate of customer loss is
around 20 % to 30 % for US enterprises. Even for top 500 enterprises, at least half of the customers are lost
every five years. This phenomenon reveals that most customers are dissatisfied after consumption and transfer
to other suppliers. Hence, enterprises need to understand their customers’ needs faster and collect intelligence
more efficiently than their competitors. Existing e-CRM literature mostly investigates the e-CRM activities or
services companies need to provide, based on an enterprise perspective, to attain high satisfaction and loyalty
(Globerson and Maggard, 1991; Dabholkar 1996; Meuter et al., 2000) as well as the resources and technology
that increase CRM benefit (Bhatt 2001; Grandon and Ranganathan, 2001; Sivakumar 2002). However,
combining the research of enterprise and customer perspectives to investigate how to satisfy customer need by
e-services is still lacking. Consequently, this research aims to examine how to predict and satisfy customer
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needs efficiently to retain customers. Brown (2000) indicated that 67 % of online transactions are incomplete
due to the lack of real-time and appropriate e-services. Pritchard and Cantor (2000) specified that satisfying
customer expectation is one of the e-CRM challenges for firms. To revise business strategy, companies need
to completely recognize customer expectations and examine the differences between perception and
expectation. Hence, this study divides the research question into two sub-questions. The first question
addresses how to differentiate customer value into various levels based on customer needs. The second
question addresses how to provide accurate e-services based on predicted customer needs. Consequently, this
study aims to: (1) revisit the value of e-services into levels based on customer usage; (2) propose a customer
value framework to connect customer needs and CRM e-services; and, (3) predict customer needs and furnish
combined CRM e-services through the Markov chain and Bayesian approaches. The goal of this research is to
assist companies with enhancing customer satisfaction and loyalty in respect to e-CRM issues.

2. Method
2.1 A Customer Value Framework

Figure 1. Customer value framework.

Figure 1 shows the utilization of customer value and CRM e-service process as two major dimensions
for constructing a customer value creation model. The lowest two levels of customer value are functional and
added value, which enfold the concept of CRM 1.0. In the past, CRM 1.0 allowed merely closed or one-way
communication. The third level is social and emotional value, which is enhanced to the CRM 2.0 concept.
CRM 2.0 allows value co-creation and is a type of two-way interaction. In this level, companies provide
e-services that fulfill customer desired value and perceived belongingness from customers. The highest level
is self-actualized value, which is also the expected value to customers. At this level, customers expect
surprises from companies, so the concept is promoted to CRM 3.0. CRM 3.0 allows customers to solve
problems on their own and furnish suggestions and comments for improving e-services sustainably. At this
level, customers dominate the process of CRM and help companies to retain most of their customers and
create profits.
2.2 Prediction of Customer Value
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In this section, we use the Markov Chain approach to predict the level of customer value. Proposed by
Markov in 1970, the Markov process is a process of probability that uses historical data to predict further
status. The definition is a chain of states, which are described by stochastic processes. This research uses
first-order (the number of past state to affect prediction), finite (the number of state is finite), and regular
Markov Chains. Each consequence represents a state. This research aims to apply CRM to the e-services
industry. However, consumer behavior is difficult to predict due to the features of e-services. This study
attempted to combine the notion of the Markov Chain to forecast the level of customer value. This research
considered customer value as a continuous and dynamic process. We attempted to discover a series of
consumer behaviors and identify the level of customer value for each transaction (e-service). First, the initial
probability of the transition matrix (P) is generated by existing transactions. Next, n steps for transition matrix
(n = 1, 2, 3, 4, steady-state) are estimated. Finally, the product of initial probability and transition matrix
estimates the probabilities, which is also the possible future state.
2.3 Recommendation of CRM E-Service
This research study used the Bayesian theorem to provide appropriate CRM e-services based on the
identified level of customer value. Each level of customer value may provide a combination of CRM
e-services in terms of attract, interact, and retain. Different customers have various preferences, which result
in distinct e-services. This research applied the concept of the Bayesian theorem to predict the CRM e-service
combinations. Certainly, different customers may have different recommendations for combinations. In short,
this research aimed to apply the Bayesian theorem to discover accurate and appropriate CRM e-services based
on user behavior.

3. Results
3.1 Case Illustration and Performance Indicators
This study selected iTunes of the Taiwan region as the e-service platform for further verification. The
reason is the number of users is sufficient for investigation and e-services are broad. iTunes is a famous and
popular platform for customers to download music, movies, TV programs, podcasts, and other applications.
This research applied the proposed CRM framework to relate concepts to e-services in iTunes. This research
also provides indicators for assessment. The indicators can be divided into two aspects: accuracy of the
Markov chain prediction and adequacy of the Bayesian theorem forecast. This study utilized three indicators
to evaluate the accuracy of the Markov Chain approach: precision, recall, and F-measure. Evaluation indices,
such as precision, recall, and F-measure, are widely used in the information retrieval domain. In addition, this
research used adequacy to measure the performance of the Bayesian theorem. Adequacy is the percentage of
actual usage of e-services based on all predicted e-service.
predicted and ideal value
all value predicted

… … … … … … … … … … … … … … … . . … … . . ( 1 )

predicted and ideal value
out of all ideal value available

… … … … … … … … … … … … … … … … … . ( 2 )

2 × Precision × Recall
Precision + Recall
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Adequacy =

actual usage of e - services
all predicted e - services

… … … … … … … … … … … … … … … … … ( 4 )

3.2 Customer Segmentation and Assumptions
This research study interviewed 30 iTunes users (including 15 students and 15 workers) who have
experience using online iTunes services, and collected information on their behaviors. The study discovered
that students and workers are apparently distinct in paying for e-services. User preference (e.g., music
involvement) is also a factor affecting e-service usage. Thus, this research study used economic ability and
involvement of music to segment the 30 users into four types. As shown in Table 3, study participants were
divided into addicted student (7), typical student (8), addicted worker (6), and typical worker (9). In addition
to customer segmentation, this study also collected information on real-time behaviors over a specific time
period (13 days), and attempted to match each used e-service to a level of customer value. Moreover, based on
the study interview, it was assumed that each user used an e-service per day on average. Due to the difficulty
in obtaining long-term user behavior data, this research assumed that user behaviors are routine. Therefore,
long-term data was simulated based on 13 days. In other words, samples were extended to 26, 39, 52, and 65
days.
3.3 Simulation and Analysis
3.3.1 Markov Chain Prediction
The results of the simulation revealed 52 data has the best outcome for precision, recall, and F-measure
(Table 5). In particular, precision rates were 70.59 % for the typical student and addicted worker, 64.71 % for
the addicted student, and 50 % for the typical worker. The average precision rate percentage was 64.7 %. The
recall rate numbers were 66.7 % for the typical student, 69.57 % for the addicted student, 57.41 % for the
typical worker, and 78.26 % for the addicted worker. Average recall rate percentage was 61.48 %. The
F-measure for the 52 data was 67.91 %, which was the best value among all simulated data. The results also
revealed that the precision rate was high for the typical student and addicted worker, which reached 60 % to
70 % among the different data. These two types of users had the highest and lowest music involvement. The
results of recall rate for all data numbers was 57.5 % (26), 62.5 % (39), 71.97 % (52), and 61.84 % (65).
Finally, the F-measure for all data numbers was 3.11 % (26), 60.71 % (39), 67.91 % (52), and 58.20 % (65).
This result also showed that the ability to predict customer value for the typical student and the addicted
worker was best and the typical worker was the worst when the number of data was 52. The F-measure
number for the addicted student was in between.
3.3.2 Bayesian Approach Forecast
From the perspective of data size, 39 and 52 data for levels B and C of the typical student had high
adequacy. The addicted student with 52 data had high numbers of adequacy for all levels. The typical worker
for level B had good adequacy when the data was 26 and good adequacy for other levels when the data was 65.
The numbers of adequacy for all levels of the addicted worker were good when the data was 65. In short, the
typical student and the addicted student had superior adequacy when the data was 52 and the typical worker
and the addicted worker had superior adequacy when the data was 65. Consequently, the size of data affected
the performance of adequacy. The performance of the Bayesian approach was superior when the number of
data increased. From the perspective of customer type, adequacy of level B was around 80 % for all customer
types. The adequacy of level C was around 85 % for all customer types and level E had 70 % to 80 %
adequacy for all customer types. In particular, the adequacy for level E was not sufficiently representative due
5

to less data (only the addicted worker used e-services from this level). Thus, different types of customers had
less impact on the performance of the Bayesian approach. In summary, the Bayesian approach provided
around 70 % to 90 % of adequacy in this research, indicating stability and validity.

4. Conclusion
This research study investigates how to interact with customers efficiently and handle customer needs.
Based on the research goals, this study separates customer needs into levels according to existing literature on
customer value and embeds CRM processes to build an Internet-enabled CRM e-service framework. We aim
to utilize the Markov Chain approach to predict customer value and the Bayesian approach to forecast
appropriate CRM e-services. This study also applies iTunes as a real world case study to verify the validity of
the proposed framework. We collect data from iTunes users and synthesize the data into 13 behavioral points.
Due to the difficulty in collecting long-term data, we extend 13 behavioral points to 26, 39, 52, and 65 for
simulation. Results from simulation reveal that the accuracy of the Markov Chain is around 60 % to 70 % in
terms of precision, recall, and F-measure. The number of data is also important for prediction; in particular, 52
is the optimal number for prediction (2 months of behavioral points). Different customer types have different
optimal numbers of data for prediction. Moreover, the result also reveals adequacy is superior for all customer
types, which means that different customer types have no direct impact on adequacy. The optimal number of
data for superior adequacy of typical and addicted students is 52. For typical and addicted workers, the
optimal data number is 65. The performance of the Bayesian approach increases when the number of data
increases. In sum, this research provides a clue and basis for future research to identify the right value (needs)
at the right time and to provide the right CRM e-services to the right customers.
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