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Abstract

The goal of Customer relationship management in all organizations,
regardless of the type of industry and service provided, is to increase
customer’s satisfaction and achieve retention. Customers are sharing their
opinions about products and expectations by multiple communication points,
the service centers or via social media platforms. These opinions and
feedback shared are valuable data to enlighten organizations about the issues
and weakness points requires improvement or development.

The aim of this study is to use text mining and clustering methods to
improve customer’s complaints System .To this end, the raised research
questions to be answered are as follow: Does the generated clusters shows
clear patterns that can help to indicate the complaint category? Doses the
current complaints subjects matches the complaints contents? Is there a need
of creating new complaints Categories or even merging some of the
complaints?

The study research question answered through customer’s complaints
analysis after applying text mining processes and K-means clustering
technique. Based on the generated clusters analysis, the results indicated
clear patterns that refers to specific complaints category and some clusters
had multiple categories in one cluster. Some of the categories patterns are
having similarity in keywords so it can merged together and the duplicated
can be removed.

The results of the complaints analysis using text mining and clustering
techniques will contribute on enhancement of the quality of service provided
and weakness points to focus on.
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Chapter 1 - Introduction

Customer feedback is becoming an essential factor for customer relationship
management and improvement, It reflects customers and users experience
either like or unlike of used services and products. Nowadays, users and
customers can easily share their feedback via many communication channels
such as social media platforms, smart mobile applications and call center
operators.

The rapid development of data analysis tools gave opportunity for
organizations and service providers to make an efficient processing of
customer feedback which was gathered through various communication
channels such as emails, social media platforms and complaints systems.

Marketing departments and customer relationship management have
awareness of the importance of textual feedback and the benefits of manual
or automatic approaches to analyze this information and text which data
analysis and scientists refers to it as text mining.

The study aim is to use text mining and cluster analysis to contribute in
customer complaints system improvement. Various text mining methods will
be applied to process the customer’s complaints text along with k-mean
clustering technique to find patterns and trends to evaluate the customers
experience and provide guidelines of the weakness and areas to improve to
provide a better service and increase customer’s satisfaction level.

This paper is organized as follows. Chapter 2 provides a topic background
and Literature Review of related researches .in chapter 3, the methodology
used is described. Chapter 3 shows how the proposed framework is applied
on the chosen dataset. In a last Section, the conclusion and future work of
this study are summarized.



1.1 Aims and Objectives

In this study we use text mining and cluster analysis methods to improve
customers’ complaints system by analyzing the customer’s complaints
and see if we can find clear patterns from the generated clusters that
refers to the current complaints subjects or there is an unknown subject
that’s need to be added to describe and cover the new found complaint
subject. The analysis of complaints text will not only discover the new
data patterns but it will highlight the issues and service weaknesses
accurately from the keywords and terms found in each generated cluster
so Customers relationship management unit can draw a plan with the
required improvement to provide a better service and increase customers
satisfaction.

1.2 Research Questions

The aim of this study is to use text mining and clusters analysis to improve
customer complaints system and answer the below research questions:

e |[sthere a clear patterns in the generated clusters refers to the current
complaints subject?

e Is there any unmatched complaint subjects to be renamed or recreated
or even merging it with the together due to similarity in patterns?

e Is there any new patterns in the clusters requires creating new
complaints subject to cover this new topic?



1.3 Structure of the Thesis

In chapter 1, we introduce the study topic and highlight the aims, objectives
and the research question. In Chapter 2 a literature review about text mining
and cluster analysis is given. The methodology used to answer the research
question along with the data description and preparation will be explained in
chapter 3. Chapter 4 will go through data processing and execution using
text mining and clustering techniques and the analysis of the generated
results. Finally, the conclusion of the thesis and the future work will be
described in chapter 5.

Chapter 2- Literature Review

2.1 Data mining and Customer relationship management

Customer relationship management is a widely known concept for business
development field. Service providers /or product suppliers are required to
have knowledge about their customers characteristics and nature to be able
to attract them and increase level of satisfaction. [1]

Many organization collects and stores massive amount of information about
their customers, suppliers and potential customers but they are unable to
discover valuable information hidden in their data such as customer
objective information and customer service or product evaluation. [12] .Data
mining role in CRM will give organization ability to discover trends,
customer behavior and characteristics to acquire and retain potential
customers and increase customer value.

Figure .1 framework of data mining techniques in CRM, the framework was
generated based on the review of the literature on data mining techniques in

CRM [19]. This framework is also based on the research conducted by Swift
(2001), Parvatiyar and Sheth (2001) and Kracklauer et al. (2004). [9]



)

: Classification T/

Customer Lifetime Value
Up/Cross Selling

Varket Basket Analysis

Visualization |

|
)

e i Clustering

1

Customer Identification ‘

i Sequence |

|
Target Customer Analysis

Customer Segmentation

|

Customer Attraction

Customer
Relationship

Management Direct Marketing

Customer Retention

Loyaky Program
One-to-One Marketing

Complaints Management Regression

(

Discovery

;. 4

Figure .1 - framework of data mining techniques in CRM

2.2 Overview of Data mining and Text mining

Data Mining

The term “data mining is an identification for coal and gold mining, data
mining extracts knowledge buried in databases, or visitors reviews have left
on website. Data mining is defined as the process of information extraction
and identification to gain knowledge from huge amount of data. [6] This
information will help to find / discover patterns and relationships hidden in
data [7] Data mining can be also defined as advance data search capable of
using statistical algorithms to discover patterns in the data. [12]

Forecasting |



Data mining methods made huge contribution in knowledge extraction that
was hidden in structures /or unstructured data. [1] The main two objectives
of Data mining are prediction and description, these objectives are
constructed in six types of models aimed at solving business problems:
classification, regression, time series, clustering, association analysis, and
sequence discovery [12]. The first two, classification and regression, are
used to make predictions, while association and sequence discovery are used
to describe behavior. [12]

Data mining algorithms works based on two concepts supervised and
unsupervised. The unsupervised concept works in data with predefined
patterns and needs to find similar patterns .supervised approaches works
with data with no clear patterns or unspecified approaches such as
clustering. [4]

Data mining is mainly a section in a bigger process called ‘“knowledge
discovery” .it explains steps required to have a meaningful results.[12]
Nowadays, in many fields data patterns discovery, trends and similarity is
used to contribute in development of business.[4]

Text Mining

It is a difficult and challenging matter to find required knowledge and
features in text documents /or data. Text mining contribute in the matter and
helps users to find what they are looking for. [14]

The term “text mining “or “text data mining “is a text version of data mining
and it is used to describe the information extraction from mountains of
document to find interesting information, trends and significant features that
might be triggered for useful action and decision making.[9] others defined
Text mining acts as another version of what is called data mining and it
aims to discover useful patterns and trends from enormous databases. Text
mining, also recognized as intelligent analysis of Text.

Text mining also referred to as the detection of interesting knowledge in text
documents. [14]



Text mining can add more value to the documents stored in systems/or
digital libraries, as Studies indicated that 80% of organizations information
Is contained in text documents, such as emails, memos, customer reviews
and feedback [5].

Many researchers have successfully used text mining techniques to analyze
huge amounts of text data in business. [5]

2.3 k-Means Clustering Technique
Clustering concept

The process of grouping similar objects into group is defined as clustering.
[1]Another definition of clustering is a representation of number of object
grouped based on similarity measures, the similarity between grouped
objects is high or similarity low other group.[2] Clustering can be defined
also as group /or set of points that is compact and isolated. [2]

The main purpose of clustering is to find the data structure and explore its
nature [1] as Grouping together similar objects to each other and dissimilar
together. [10] Will help in Cluster analysis and defining statistical
classification techniques to discover the individuals or populations groups
they fall in. [2]

K-means algorithm

K-Means algorithm was proposed 50 years ago with thousands of other
clustering algorithms [2].it is a well-known clustering algorithm that is
sensitive to the start point for portioning the items into K clusters (k=number
of clusters). [1]

K-means is the simplest unsupervised learning algorithims.it classifies given
data into number clusters (assume K clusters).the main idea of the algorithm
is choosing the centroid value randomly from the dataset and associate each
object to the nearest centroid. [3] .The diagram in figure .x explains the
process of K-means algorithm and workflow.[4]
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Figure. 2 — k-means clustering algorithm workflow

The algorithm inputs K clusters and begins to estimate K initial centroid
values to assign each object to the nearest centroid based on the distance
between objects and the initial centroids. The process continues for
many iterations and the centroids are recomputed until the sum of the
distances is minimized, or some maximum number of iterations is
reached).



Chapter 3 - Methodology

In this chapter the used methodology and approaches is explained to answer
our main research question “how to use text mining and cluster analysis to
Improve customers’ complaints system?”.

The data set will go through many processes data collection from the
customer complaints system, Data filtering and sorting to eliminate any
unrequired data. The complaints subject’s key words generation generated
using various text mining tools. Then once data is sorted and text is
processed then K clusters will be generated .finally, the generated results
will be analyzed.

« 3.1 Research approach and techniques used

In this study two types of techniques was applied, text processing and
clustering technique to see if we can improve customers’ complaints system
using text mining and cluster analysis. Figure.1 shows all processes and
steps for applying the research approach and techniques.

e Data e keywords ¢ Results
collection ¢ Data generation e clusters analysis
filtering and generation
sorting

Figure.3 — Research methodology and approach diagram



Step 1, and 2 presents the data collection and preparation process that will be
discussed briefly in data description and preparation section, these two steps
ensures that the chosen dataset is well prepared and preprocessed by
eliminating unrequired data fields and remove any duplication, null values or
blank data entries.

Step 3 is considered a millstone step in our methodology as its essential step
that cluster analysis relays on. Text processing tools such as tokenization,
stemming, n-gram..etc. will be applied and the result of text processing will
produce keywords and terms that will guide us to identify on the next stage
what complaint subject each cluster represents.

In step 4, the chosen clustering technique K-means was applied to generate
K clusters on a range of K values .the results will be compared to identify
the best value of K that will show best clusters quality, as the quality of
clusters will have impact on the quality of the analysis results .

The final step in applying the research methodology after processing and
clusters generation, is the results analysis and it will be discussed briefly in
chapter .4.

3.2 Used tool

To apply text mining processes our dataset text and the chosen clustering
technique rapid miner software was used. It is one of the data mining tools
that allows students or data scientists to analyze and process a chosen dataset
to get new and meaningful patterns or results from stuttered or unstructured
datasets.



3.3 Data description and preparation

The used dataset is in this study belongs to customer complaints system of a
service provider in gulf region that provides community and public services
for transportation sector. The service users/customers are from various
categories, this variation gives us an interesting combination in dataset as
each customer will reflect in his complaint many factors , his/her age, gender
,nationality, educational background, cultural traditions and habits. Majority
of service users and customers are from Middle East and gulf region
countries, so they report their complaints and remarks in Arabic language.

This data comes from different resources that feeds the customer service
system database, Customers/users can get the service by contacting the call
center and talk to an agent to report his/her complaint. They can also use
mobile app or the official website of the service provider to register their
complaints and request for the offered services. The flowchart (figure .1)
shows and explains the process of data gathering starting from customer call
to the customer service number or using the website and the mobile app until
the close of complaint or request raised.

The study targets the customer’s complaints details of the years 2015 and
2016 in Arabic language .the dataset contains 15 fields (complaint subject
,Subject type, complaints details, approval date, complaint registrar, driver
name, driver ID , plate number ,reply date ,investigation details, company
remarks and authority remarks)with16,000 records and above but we are not
going to use all the dataset fields/attributes of the dataset ,only two fields
will be analyzed , so data was filtered to eliminate the unnecessary fields or
attributes ( complaint subject and complaint details) .

The Complaints subjects are categorized into 35 subjects to cover the
majority of complaints areas but for this study we have chosen the most
frequent subjects as per the monthly reports. Figure. (2) and table.(1) Shows
5 subjects that are considered top 5 subjects in the yearly reports of 2015 and
2016.all subjects are linked to drivers penalties list, as shown in figure .1 ,if
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complaint is proven to be correct after investigation a fine will be issued
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based on the drivers penalty list .
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Figure.5 — Customer’s complaints statistics (2015-2016)

Top 5 complaints subjects

Code Complaint Subject - English Complaint Subject - Arabic

C1 refuse of reasonable customers’ QS 5l e Sleall ililla i
requests
Cc2 driving with recklessness 3Ll 8 Aadlull g i Ble) je p2e
C3 | abuse of passengers or customers SO ) e Shaadl I 3Ly
C4 violation of public morals L DAY 5 daladl laVL il aac
C5 Verbal abuse by using offensive G gl o Daad) ) ddaalll 3Ly
and improper words and terms

Table .1 — Top five Complaints subject
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Chapter 4 - Analysis and results

This chapter explains how the research methodology used to answer our
study research question and what was applied on our chosen data set ending
up with data execution and analysis results and generated from the applying
text mining techniques and k-means clustering method.

4.1 Data analysis and execution

This study tries to use text mining and cluster analysis to improve
customer complaints system by Appling text mining techniques and
clustering methods on the chosen data set to find patterns or results that
will help to improve the customer’s complaints system. The chosen data
set was extracted from customer’s complaints system. The type of data
Is text and the language used in most of the received complaints is
Arabic as the service is provided in Gulf countries region. We have 37
complaint subject but we included only 5 topics based on the statistics
of the most received complaints subjects or topics as below:

refuse of reasonable customers’ requests

driving with recklessness

abuse of passengers or customers

violation of public morals

Verbal abuse by using offensive and improper words and terms

@b

The assumption made before processing and generating the clusters that
every clusters or grouped objects will show me a clear pattern for a
specific complaint subject and this assumption is formed in our main
research question as below:

e |[sthere a clear patterns in the generated clusters refers to the current
complaints subject?

e |s there any unmatched complaint subjects to be renamed or recreated
or even merging it with the together due to similarity in patterns?

e |s there any new patterns in the clusters requires creating new
complaints subject to cover this new topic?

14



As discussed briefly in chapter 3, about the methodology was applied
our dataset, the chosen dataset was filtered and cleaned to include only
the required fields to be process, The results of this after eliminating
some fields will reduce number of attributes and fields and leave us with
only two fields of text type, field 1: complaints subject that acts as a
label in clusters, and field 2: complaints details that is in type text and
eliminate unnecessary or unused data fields.

The Complaints details text was processed by applying many text
processing Techniques. As a start, all non-textual type of information
will be removed such as punctuation, then stop words also will be
detected and removed. Then terms was reduced to their basic stem by
using stemming algorithm and last process to be applied in text
processing was tokenization as shown in figure .6.

Tokenization process generated words and terms that my dataset
contains specifically in the field complaint details. These terms and
keywords was generated to be used as a reference to identify what each
cluster refer to what complaint subject. Each of the 5 complaints
subject’s original data was filtered separately and processed on subject
wise to identify the keywords which refers to each subject .These
keywords generated in (table.2) is our guide to define what complaint
subject the generated clusters refers to.

doe

Filter Stopwor... Generate n-Gr..

doc  |EEST|  doo doc  |EEST  doo

(@] Stem (Arabic) -]

doc |E=S|  doe

-]

I
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|

(]
8
Je*til

Figure .6 — rapid miner text process
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Subject | Complaint Subject - | Complaint Subject . .
Eoilfe English _ Arabic Keyword-Arabic Keyword-English
. , uRd) Refused
b e Daad) clilla 2 : —
Cl Lif:ti%):r;?io?izls >t _EJ’M o= Ay i He refused to deliver it
a ’ Ao (ad) Refused to give a ride
5 ) g¢a Reckless
Ao Fast/speedy
Solas An accident
Bs¢ie 44yl Reckless way
Sos e Gl accident
pdlaaay JlS Almost collided
hd ISy Cause danger
ERITAEY Crazy
driving with Aaldl da g i Ble )y pac ik 358 He leads with a beast
recklessness salall 4 58S de Very speedy
B LB Overcome it recklessly
pbaaay AlS Almost collided
(salie alal) Sudden turn
e ey High speed
oAl Causing damage
O Causes indecision
L 3 oy Badly
e e Not polite
abuse of passengers or o) eSaadl ) seliY) TS
C3 customers LIS pagy A8, And almost attacked
pl iy JBj Disrespected them
Y e Inappropriate
o L Inappropriate hand
moves
ca violation of public Aalall YL 2l axe Ay Expletive
- morals L JoAY) A @l Expletive looks
peSlay Flirted them
Verbal abuse by using | ¢Sl ) 4adlll 3LuY) &) rall Screaming
C5 | offensive and improper S Ldge e BUL Bdli; | Inappropriate words

words and terms

Table .2 - keywords and terms for each complaint subject
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Clustering is a widely used technique, clustering can be used for many
purposes such as underlying structure to gain more insight in data and
discover salient features. Also it can be useful for classification to identify
level of similarity and compare data summarized in clusters prototypes. In
this study K-means clustering technique was applied. K-means work process
as a clustering algorithm is to group similar objects based on measures and
characteristics of similarity.

K clusters (K = number of clusters) was be generated and the number of
clusters is (5=>K<=10) compare results and see if we will find different
results in case number of clusters changes. The initial start for clusters
generation, K= 5, five clusters were generated and analyzed using the
keywords in table.2. each clusters pattern was analyzed as results shows in
table .3, Clear patterns were showing in the generated clusters and each
pattern with occurrence of specific words and terms refers to a complaints
subject .

Retrieve

%i] out [ g =xa & ::: R

e /N Process Docu...

Figure .7 — rapid miner clustering process

cluster Complaint subject
cluster 1 (C2) driving with recklessness
cluster 2 (C1) refuse of reasonable customers’ requests
cluster 3 (C1) refuse of reasonable customers’ requests
cluster 4 (C2) driving with recklessness

(C1) refuse of reasonable customers’ requests

(C3) abuse of passengers or customers
(C5) Verbal abuse by using offensive and improper words
and terms
(C4) violation of public morals

cluster 5

Table.3 - clustering results after generating 5 clusters
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each clusters pattern was analyzed as results shows in table .3, Clear patterns
were showing in the generated clusters and each pattern with occurrence of
specific words and terms refers to a complaints subject .

As demonstrated in the table .3 some clusters are showing clearly the subject
refers, as Cluster 1, 2 and 3 to and other clusters are having a combination of
two and more different compliant subjects due to similarity in the keywords
.cluster 4 refers to two complaints subjects, first one is (C2) driving with
recklessness and second one is (C1) refuse of reasonable customers’
requests. Also cluster 5 shows a combination of three subjects, (C3) abuse of
passengers or customers, (C5) Verbal abuse by using offensive and improper
words and terms and (C4) violation of public morals.

Many iteration of clustering using K-means was generated with increasing
the value of K (K-number of clusters). The second of clustering process
K=7, the generated 7 clusters were analyzed using the same method applied
in the 5 clusters analysis by referring back to the keywords and terms table
.Table.4 to identify the clusters patterns and what complaint subject each
cluster refers to. as shown In table.4, clear patters was discovered as in
cluster 2 that shows clearly from the grouped words subject (C2) driving
with recklessness.in the other hand, many clusters are sharing several
subjects such as clusters 1 and 7, they got a combination of the subjects (C3)
abuse of passengers, (C5) Verbal abuse by using offensive and improper
words and terms and (C4) violation of public morals or customers. C3, C4,
and C5 shares the same keywords and from the subject title we can see that
they fall in the same group.

The third iteration of clusters generating process was applied to generate 10
clusters (K=10) and the results of clusters analysis as in table .5 shows
similarity in behavior in all iterations of cluster generation the results are so
similar to the 1%t and 2" round of clusters generating a number of 5 and 7
clusters.

18



Cluster Complaint subject
(C3) abuse of passengers or customers
cluster 1 | (C5) Verbal abuse by using offensive and improper words and terms
(C4) violation of public morals
cluster 2 (C2) driving with recklessness
cluster 3 (C3) abuse of passengers or customers
cluster 4 (C2) driving with recklessness
cluster 5 (C1) refuse of reasonable customers’ requests
cluster 6 (C2) driving with recklessness
cluster 7 (C3) abuse of passengers or customers
(C5) Verbal abuse by using offensive and improper words and terms
(C4) violation of public morals
Table.4 - clustering results after generating 7 clusters
Cluster Complaint Subject
cluster 1 (C2) driving with recklessness
(C1) refuse of reasonable customers’ requests
cluster 2
(C3) abuse of passengers or customers
cluster 3 (C1) refuse of reasonable customers’ requests
cluster 4 (C2) driving with recklessness
(C5) Verbal abuse by using offensive and improper words and terms
cluster 5
(C3) abuse of passengers or customers
cluster 6 (C1) refuse of reasonable customers’ requests
cluster 7 (C2) driving with recklessness
cluster 8 (C1) refuse of reasonable customers’ requests
cluster 9 (C3) abuse of passengers or customers
(C1) refuse of reasonable customers’ requests
cluster 10 (C5) Verbal abuse by using offensive and improper words and terms

(C3) abuse of passengers or customers

(C2) driving with recklessness

19

Table.5- clustering results after generating 10 clusters




Chapter 5 - Conclusion and Future Work
5.1 Conclusion:

Organizations data bases and documents contains hidden knowledge that is
not discovered using the routine and regular statistical reports. Data mining
and text mining highly contributed in data analysis and discovery of hidden
trends and patterns that can be helpful to enhance the work process and
service level.

The study aimed to improve customer complaint system by using text
mining and cluster analysis. Interesting patterns were discovered From
complaints text processing and the cluster analysis of the generated clusters
for different values of K 5,k=7,k=10, it was concluded that no much changes
observed in clusters objects grouping as the 3 iterations in clusters
generations using k-means.

The three cluster generation iterations showed clear patterns for some
Clusters and other clusters contained a combination of more than one pattern
in the cluster due to similarity in keywords and terms that refers to subjects.

It was also conclude from the results that the below three subjects contains
almost the same key words in all clusters:

e Abuse of passengers or customers.
¢ Violation of public morals.
e Verbal abuse by using offensive and improper words and terms.

Foe this case, it’s suggested to combine these topics together with one
subject since they got the same clusters patterns.

The text mining and clusters analysis of the customer’s complaints answers
our research questions, as there is a clear pattern for some of the generated
clusters, also there are 3 complaints subjects required to be merged as one
subject.
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5.2 Future Work:

The process of choosing the complaints subjects which us now done by call
taker or call center agent who spends time to decide what complaint subject
he/or she is receiving ,so there are chances for human errors and wrong
decisions .

As future work can be done to enhance the process of customers complaints
system subject selection , we can systemize this process by building a
prediction system that uses the discovered clustering patterns along with the

terms and key words to identify the complaint subject with accurate match
between complaint content and subject .
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