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Abstract

A new approach of using data mining tools for customer
complaint management is presented in this paper. The association
rule mining technique is applied to discover the relationship
between different groups of citizens and different kinds of
complainers. The data refers to citizens' complaints from the
performance of municipality of Tehran, the capital of Iran.
Analyzing these rules, make it possible for the municipality
managers to find out the causes of complaints, so, it leads to
facilitate engineering changes accordingly. The idea of contrast
association rules is also applied to identify the attributes
characterizing patterns of complaints occurrence among various
groups of citizens. The results would enable the municipality to
optimize its services.

Keywords: association rule, customer complaint management,
e-government, data mining.

1. Introduction

With the advent of information and communications
technology (ICT), many governments have been
promoting using information systems to deliver services
and information to citizens effectively [1], [2]. Some
researchers have studied the adoption of IT and
technological innovations in public sector [3], [4], [5], [6],
[71, [8], [9], [10], [11], [12], [13]. Using such electronic
means in governments is defined as e-government that
facilitates providing services and helps governments to be
more citizen-oriented [1], [2].

One of the topics that is often included in this domain, is
the adoption of Customer Relationship Management
(CRM) in public sector. King (2007) [14] introduced CRM
as a key e-government enabler that uses ICT to collect and
store data which can then be used to discover valuable
knowledge about customers. Schellong (2005) [15]
introduced the concept of CiRM as a part of new
NewPublicManagement (NPM) that is included in the area

of e-government [13]. CiRM applies CRM in the private
sector focusing on citizens and uses IT to improve
relationship with them [1], [13], [15], [16], [17].

Call centers and citizens' voice databases are among the
common ways to connect between the government and
citizens [1], [13], [16]. Furthermore, the databases could
be analyzed in order to improve government policies [1].
One of the effective techniques that can be used in
analyzing the customer data is data mining that have been
widely used in this domain [18]. Many researchers have
focused on using data mining tools in CRM and according
to Ngai et al. (2009) [18], the research on it will increase
in the future.

In this paper, focusing on CiRM, we use data mining tools
to extract useful information from a citizens' complaints
database in Iran. Customer complaint management is one
of the elements of customer retention that is crucial for
successful management of customers' needs [18].
According to a survey research [18] on using data mining
techniques in CRM, only a few studies (two papers) have
examined the application of data mining tools in complaint
management. These two papers which were conducted by
Bae et al. (2005) [19] and LarivieRe and Poel (2005) [20],
discussed the use of clustering and sequence discovery
respectively. Compared to the other elements of customer
retention, the number of papers regarding the application
of data mining in complaint management (2 out of 54
papers) is low and further researches are needed to be
carried out on this field [18].

In this paper, a new approach of using data mining tools in
complaint management is presented by applying the
association rule techniques. The apriori algorithm is
implemented to discover the associations between
different variables and the type of complaints.

Several researchers believe that behavioral variables are
better predictors in comparing with the non-behavioral
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variables [21], [22], [23]. Some kinds of these variables
such as demographic and cultural characteristics are also
considered in this study. Citizens are grouped according to
the variables and the idea of contrast association rule
mining is applied to compare the citizens' complaints
according to their behavioral characteristics.

The remaining of this paper is organized as follows: in
section 2, the association rule and the apriori algorithm is
discussed. The application of association rule and results
are shown in section 3. Finally, section 4 includes the
concluding remarks.

2. Methodology

In this section, we discuss the association rule and apriori
algorithm that are used in analyzing the customer data.

2.1. Association rule

The concept of association rule is originated from the
market basket analysis which aims to identify frequent
itemsets in a supermarket shopping [24], [25], [26].

The main idea is to find products that are frequently
bought together for improving marketing strategies [24].
Besides the market basket analysis, cross selling programs
are also introduced as another common use of association
rule mining. This technique is ranked after neural network
and decision tree among the data mining tools which have
been used for CRM [18].

An association rule is presented in the form A — B,
where AN B = @ . A is the antecedent of the rule and B is

its consequent. It means that when A occurs, B occurs with
certain probability. The strength of association rules is
often evaluated by means of the support and confidence
measures. These two measures are defined as follows:
[27].

Support(A, B) = Count(A, B)/The total number of records (1)

Confidence(A — B) = Count (A, B)/Count(A) )

2-2- Apriori Algorithm

Apriori is one of the common tools [18] and the basic
algorithm for finding frequent itemsets [28]. This
algorithm was proposed by Agrawal and R. Srikant in
1994 [28] and is the first technique that controls the
exponential growth of candidate itemsets. It uses the
support for pruning candidate itemsets [27].

This algorithm is composed of two major steps, the
generating frequent itemsets and finding the association
rules from found frequent itemsets. At the first phase, it
finds the itemsets that have the minimum support

threshold. At the second step, the minimum confidence
threshold is applied to select the rules [27].

2.3. Implementation of association rule mining in
complaint management

In this section, the mining process is described. Firstly, we
extract the association rules among the geographical
location in which citizen lives, time fields and the subject
of complaint in order to find out the correlation between
these fields and type of complaint. By analyzing these
associations, the municipality managers can find the
primary subjects and the causes of complaints in different
regions. The analyzing process will be more explained in
section 3.

Next, we apply the idea of contrast association rule mining
in the data in order to compare the type of complaints of
different citizen groups according to their demographical
and cultural characteristics. The idea of contrast
association rules was presented by Minaei-Bidgoli et al.
(2004) [29]. The main purpose of mining such rules is to
discover interesting differences between segments of a
population. In this study, citizens are categorized
according to gender and education as demographical
variables and cultural characteristics. For example, to find
out the impact of gender of citizens on the type of
complaint, the dataset is divided into male and female
subsets. After that, we try to find those rules with the same
antecedent and consequent but notable difference in
support and confidence measures. By investigating these
rules, we can thus understand similarities and conflicts
between the requirements of males and females.

Both of educational and cultural characteristics could be
examined in a similar manner using the same approach.
The dataset is divided into graduated and non-graduated
subsets in the case of education variable while it is
categorized into 9 groups according to experts' opinions in
the case of cultural characteristics.

3. Case study

In this section, the association rule mining is applied to
discover the relationship between different citizens and the
type of their complaints in the case of Tehran
municipality.

3.1. Research data and preprocessing

The citizens' data of a call center system in Iran are
analyzed. The system belongs to the Tehran municipality.
Its mission is to evaluate the performance of municipality.
Citizens can call to this center and thank, criticize,
complaint or give their opinions about the performance of
managers, employees and different operating units of the
municipality.
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The data includes 190135 records of citizens' messages
from spring 2008 to spring 2010. An example of the data
is shown in table 1. Each row of this table provides
information of a particular message. The definition of
fields is represented in table 2. The initial analysis of the
data implies that 90 percent of the citizens' calls relate to
their complaints which we concentrate on in this study.
After handling the duplicate data, missing values and
outliers, the "season" feature was created.

Table 1: an example of data

Subjec Message Citizen | Citizen Citizen
tiD Time Region | Gender | Education
301 2008-11-25 4 Male Master
15:38:50

299 2008-10-13 22 Male Bachelor
13:57:13

1040 2009-10-20 2 Female Student
08:40:00

1038 2010-02-24 1 Male Student
11:12:00

Table 2: the definitions of fields

ID Attribute definition

1 Subject ID The subject of citizen call

2 Message Time The time of citizen call

3 Citizen Region The geographical location of

where the citizen lives

4 Citizen Gender Male or Female

5 Citizen Education | The degree of citizen education

such as BSc, MSc, PhD.

3.2. Association rule mining

In this section, we discuss the results of the presented
mining process.

3.2.1. Region, season and type of complaint

As discussed before, the association rules between 'citizen
region', 'season' and 'subject' have been extracted to find
out the correlation between geographical location, time
and the type of complaint. The confidence level is set to
5%. Choosing a very low minimum confidence make it
possible to find those kinds of complaints that occurred
with a low confidence. By comparing these rules with the
ones that have a high confidence, ranking the subjects
based on their importance is possible. Analyzing these
rules, we can find those kinds of subjects that cause
complaint more than the others or the ones that are not
important for citizens.

In analyzing the rules in the above manner, if a subject
occurred in a particular region with a confidence more
than 70%, it can be notable as the primary factors that
cause complaints in that region.

Examples of the association rules are shown in table 3.
CR, Se and S in the antecedent and consequent
explanation stand for 'citizen region", "season" and
"subject" respectively. The fourth and fifth columns show
the support and confidence metrics, respectively.

For example, the first three rules represent the occurrence
confidence of three kinds of complaints in region 10 which
are more important for citizens living in this region. The
first rule implies that more than 70% of -citizens'
complaints in this region are against the urban service
management system of the municipality. The occurrence
confidence of this subject is more than 70% and can be
noted as the primary factor that causes complaints in this
region. The administrative-financial and delinquency of
employees and managers are detected as the second
priority subjects. The 7% remaining complaints refer to
other issues which have been occurred with a confidence
less than 5.

The next three rules state the occurrence confidence of
complaints in region 11. As shown in the rows 4 and 5,
most of the complaints are related to the administrative-
financial matters but with a little difference with the urban
service management system. 10% of the complaints refer
to the contractors of the municipality. Obviously, the 33%
remaining complaints occurred with a low confidence and
are not important for citizens in this region.

In a like manner, the rules 7-11 show the occurrence
confidence of different kinds of complaints in region 22 in
spring.

Table 3: the results of association rules between "citizen region",
"season" and "subject" attributes

ID | Antecedent Consequent S C
(%) | (%)
1 CR=10 S = the urban servic 70.7 | 7.77
management system
2 CR=10 S = Administrative- 12 1.32
Financial matters
3 CR=10 S = delinquency of 103 | 1.14
employees and managers
4 CR=11 S = Administrative- 30.8 | 0.73
Financial matters
5 CR=11 S = the urban servic 27 0.62
management system
6 CR=11 S = Contractors 103 | 0.24
7 CR=22 S = Administrative- 50 0.18
and Se = Financial matters
spring
8 CR=22 S = delinquency of 25 0.1
and Se = employees and managers
spring
9 CR=22 S = Transportation and 83 | 0.03
and Se = traffic
spring
10 CR=22 S=ICT 83 | 0.03
and Se =
spring
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3.2.2. Demographical characteristics and type of
complaints

In this section, we want to answer the question "is there
any conflict between males and females' complaints or
graduated and non-graduated citizens' complaints? As
described in section 2, we answer to this question using
contrast association rule mining.

Some of the rule which is obtained in this manner is
presented in table 4. SE in the antecedent explanation
stands for '"citizen education". The other variables are
defined as before.

A minimum confidence of 5% was chosen to obtain as
many rules as possible.

Table 4: contrast rules in males and females

Table 5: contrast rules in graduated and non-graduated citizens

ID | Education | Antecede Consequent S C
nt (%) | (%)
1 | Graduated | CR=14 | S=delinquency | 0.89 | 66.7
and CG= | of employees
male and managers
2 Non- CR=14 | S=delinquency | 0.89 | 10.8
graduated | and CG= | of employees
male and managers
3 Non- CR=12 S = the urban 0.89 80
graduated | and CG = service
male management
system
4 | Graduated | CR=12 S = the urban 0.21 15
and CG = service
male management
system

ID | Gender | Antecedent Consequent S C
(%) | (%)
1 females | CR =13 and S = social- 1.4 80
CE =BS cultural
2 males CR =13 and S = social- 0.31 | 15.6
CE =BSc cultural
3 males CR =22 S= 1.2 43
Transportation
and traffic
4 | females CR =22 S= 1 9.6
Transportation
and traffic

The first two rules indicate that females with a Bachelor of
Science (BSc) education degree living in region 13
complain on the social-cultural subjects with a high
confidence, but males of this region with similar education
degree feel displeasure on this subject with a low
confidence. The support of the first rule is also more than
second one. These two rules imply that there is a close
correlation between gender and the complaints which
relate to social- cultural subjects.

Analyzing the third and fourth rules make it possible to
compare the importance of transportation and traffic
subjects between males and females.

These rules are not unexpected and can validate the results
to some extent.

In a like manner, the dataset has been divided into
graduated and non- graduated subsets and the contrast
rules have been extracted. Table 5 lists some of these
rules. CG stands for citizen gender. Other variables are
defined as before.

Based on the rules 1 and 2, there is a contrast between
graduated males and non-graduated males' complaints in
region 14. These rules show that the "delinquency
employees and managers" subject for graduated males is
more important than non-graduated males in this region,
with a notable difference.

There is a high difference between confidences of the rules
3 and 4. Non-graduated males complaint on the
performance of urban service management system of
municipality with a high confidence, but graduated males
complaint with a lower confidence. This rule is neither
expected nor unexpected and should be investigated by
municipality experts.

3.2.3. Cultural variables and type of complaint

In order to investigate the correlation between cultural
characteristics and type of citizens' complaints, dataset is
segmented into 9 groups based on the experts' opinions.
The segmentation is done by dividing geographical regions
into different groups according to cultural characteristics.
Similar to the previous section, the association rules have
been extracted. These rules are illustrated in table 6.
Analyzing these rules give us an idea about the type of
complaints in different citizens' groups. For example rules
1-9 show that the most important subject for males with a
BSc education degree in segments 3, 4 and 1 is the
performance of urban service management system, while
males with a BSc education degree in other segments
complaint on this subject with a very low confidence.
More than 5000 contrast rules are obtained in this section.
With such a great number of rules and different kinds of
attributes, it is too difficult to check all the rules. But in the
case of males with a BSc education degree, we can say
that the occurrence patterns of different kinds of
complaints are alike in segments 3, 4 and 1 with a high
difference to other segments which are similar to each
other.
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Table 6: contrast rules in different citizens' groups

ID | Segment | Antecedent Consequent S C
(%) | (%)
1 3 S = The urban
CE =BSc service
and CG = management
male system 9.01 35
2 4 CE =BSc S = The urban
and CG = service
male management
system 6.44 | 342
3 1 CE =BSc S = The urban
and CG = service
male management
system 3.18 | 214
4- 12,56,7,89 | CE=BSc S =The urban | Very | Less
9 and CG = service low | than
male management 1
system

4. Conclusion

Using association rule mining in customer complaint
management is the main purpose of this paper. The data of
citizens' complaints on Tehran municipality were
analyzed. Using this technique made it possible to find the
primary factors that cause complaints in different
geographical regions in different seasons of the year.

The idea of contrast association rules was also applied to
discover the wvariables that influence complaints
occurrence. In order to accomplish this objective, citizens
were grouped according to the demographical and cultural
characteristics and the contrast association rules were
extracted.

The results show that there is a strong relationship between
citizen gender and education and patterns of complaints
occurrence. Given have been focused on cultural
characteristics, it is notable that some segments are alike,
while other segments are similar. Applying this approach
for CiRM shows an understandable way for clustering the
data using the feature impact on finding similar clusters.
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