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Foreword

Data analysis has received a lot of attention in recent years and the newly coined data
scientist is on everybody’s radar. However, in addition to the inherent crop of new buzz
words, two fundamental things have changed. Data analysis now relies on more complex
and heterogeneous data sources; users are no longer content with analyzing a few numbers.
They want to integrate data from different sources, scrutinizing data of diverse types. Almost
more importantly, tool providers and users have realized that no single proprietary software
vendor can provide the wealth of tools required for the job. This has sparked a huge increase
in open-source software used for professional data analysis.

The timing of this book could not be better. It focuses on text mining, text being one
of the data sources still to be truly harvested, and on open-source tools for the analysis and
visnalization of textual data. It explores the top-two representatives of two very different
types of tools: programming languages and visual workflow editing environments. R and
Python are now in widespread use and allow experts to program highly versatile code for
sophisticated analytical tasks. At the other end of the spectrum are visual workflow tools
that enable even nonexperts to use predefined templates (or blueprints) and modify analyses.
Using a visual workflow has the added benefit that intuitive documentation and guidance
through the process is created implicitly. RapidMiner (version 5.3, which is still open source)
and KNIME are examples of these types of tools. It is worth noting that especially the
latter stands on the shoulders of giants: KNIME integrates not only R and Python but also
various libraries. (Stanford’s NLP package and the Apache openNLP project, among others,
are examined more closely in the book.) These enable the use of state-of-the-art methods
via an easy-to-use graphical workflow editor.

In a way, the four parts of this book could therefore be read front to back. The reader
starts with a visual workbench, assembling complex analytical workflows. But when a certain
method is missing, the user can draw on the preferred analytical scripting language to access
bleeding-edge technology that has not yet been exposed natively as a visual component. The
reverse order also works. Expert coders can continue to work the way they like to work by
quickly writing efficient code, and at the same time they can wrap their code into visual
components and make that wisdom accessible to nonexperts as well!

Markus and Andrew have done an outstanding job bringing together this volume of
both introductory and advanced material about text mining using modern open source
technology in a highly accessible way.

Prof. Dr. Michael Berthold (University Konstanz, Germany)



Preface

When people communicate, they do it in lots of ways. They write books and articles, create
blogs and webpages, interact by sending messages in many different ways, and of course
they speak to one another. When this happens electronically, these text data become very
accessible and represent a significant and increasing resource that has tremendous potential
value to a wide range of organisations. This is because text data represent what people are
thinking or feeling and with whom they are interacting, and thus can be used to predict
what people will do, how they are feeling about a particular product or issue, and also who
else in their social group could be similar. The process of extracting value from text data,
known as text mining, is the subject of this book.

There are challenges, of course. In recent years, there has been an undeniable explosion
of text data being produced from a multitude of sources in large volumes and at great speed.
This is within the context of the general huge increases in all forms of data. This volume and
variety require new techniques to be applied to the text data to deal with them effectively.
It is also true that text data by their nature tend to be unstructured, which requires specific
techniques to be adopted to clean and restructure them. Interactions between people leads
to the formation of networks, and to understand and exploit these requires an understanding
of some potentially complex techniques.

It remains true that organisations wishing to exploit text data need new ways of working
to stay ahead and to take advantage of what is available. These include general knowledge of

specific text mining activities, and simply getting an overview of what possibilities there
are,

This book provides an introduction to text mining using some of the most popular and
powerful open-source tools, KNIME, RapidMiner, Weka, R, and Python. In addition, the
Many Eyes website is used to help visualise results. The chapters show text data being
gathered and processed from a wide variety of sources, including books, server-access logs,
websites, social media sites, and message boards. Each chapter within the book is presented
as an example use-case that the reader can follow as part of a step-by-step reproducible
example. In the real world, no two problems are the same, and it would be impossible to
produce a use case example for every one. However, the technigues, once learned, can easily
be applied to other problems and extended. All the examples are downloadable from the
website that accompanies this book and the use of open-source tools ensures that they are
readily accessible. The book’s website is

http://www.text-mining-book.com
Text mining is a subcategory within data mining as a whole, and therefore the chapters

illustrate a number of data mining techniques including supervised learning using classifiers
such as naive Bayes and support vector machines; cross-validation to estimate model per-

xvii
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formance using a variety of performance measures; and unsupervised clustering to partition
data into clusters.

Data mining requires significant preprocessing activities such as cleaning, restructur-
ing, and handling missing values. Text mining also requires these activities particularly
when text data is extracted from webpages. Text mining also introduces new preprocessing
techniques such as tokenizing, stemming. and generation of n-grams. These techniques are
amply illustrated in many of the chapters. In addition some novel techniques for applying
network methods to text data gathered in the context of message websites are shown.

What Is the Structure of This Book, and Which Chapters Should I
Read?

The book consists of four main parts corresponding to the main tools used: RapidMiner,
KNIME, Python, and R.

Part 1 about RapidMiner usage contains two chapters. Chapter 1 is titled “Rapid-
Miner for Text Analytic Fundamentals™ and is a practical introduction to the use of various
open-source tools to perform the basic but important preprocessing steps that are usually
necessary when performing any type of text mining exercise. RapidMiner is given particular
focus, but the MySQL database and Many Eyes visualisation website are also used. The spe-
cific text corpus that is used consists of the inaugural speeches made by US presidents, and
the objective of the chapter is to preprocess and import these sufficiently to give visibility
to some of the features within them. The speeches themselves are available on the Internet,
and the chapter illustrates how to use RapidMiner to access their locations to download the
content as well as to parse it so that only the text is used. The chapter illustrates storing
the speeches in a database and goes on to show how RapidMiner can be used to perform
tasks like tokenising to eliminate punctuation, numbers, and white space as part of building
a word vector. Stop word removal using both standard English and a custom dictionary
is shown. Creation of word n-grams is also shown as well as techniques for filtering them.
The final part of the chapter shows how the Many Eyes online service can take the output
from the process to visualise it using a word cloud. At all stages, readers are encouraged to
recreate and modify the processes for themselves.

Chapter 2 is more advanced and is titled “Empirical Zipf-Mandelbrot Variation for
Sequential Windows within Documents”. It relates to the important area of authorship
attribution within text mining. This technique is used to determine the author of a piece
of text or sometimes who the author is not. Many attribution techniques exist, and some
are based to a certain extent on departures from Zipf's law. This law states that the rank
and frequency of common words when multiplied together yield a constant. Clearly this
is a simplification, and the deviations from this for a particular author may reveal a style
representative of the author. Modifications to Zipf's law have been proposed, one of which
is the Zipf-Mandelbrot law. The deviations from this law may reveal similarities for works
produced by the same author. This chapter uses an advanced RapidMiner process to fit,
using a genetic algorithm approach, works by different authors to Zipf-Mandelbrot models
and determines the deviations to visualize what similarities there are between authors.
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Additionally, an author’s work is randomised to produce a random sampling to determine
how different the actual works are from a random book to show whether the order of words
in a book contributes to an author’s style. The results are visualised using R and show some
evidence that different authors have similarities of style that is not random.

Part 2 of the book describes the use of the Konstanz Information Miner (KNIME)
and again contains two chapters. Chapter 3 introduces the text processing capabilities of
KNIME and is titled “Introduction to the KNIME Text Processing Extension”. KNIME is
a popular open-source platform that uses a visual paradigm to allow processes to be rapidly
assembled and executed to allow all data processing, analysis, and mining problems to be
addressed. The platform has a plug-in architecture that allows extensions to be installed,
and one such is the text processing feature. This chapter describes the installation and use
of this extension as part of a text mining process to predict sentiment of movie reviews. The
aim of the chapter is to give a good introduction to the use of KNIME in the context of this
overall classification process, and readers can use the ideas and techniques for themselves.
The chapter gives more background details about the important preprocessing activities
that are typically undertaken when dealing with text. These include entity recognition
such as the identification of names or other domain-specific items, and tagging parts of
speech to identify nouns, verbs, and so on. An important point that is especially relevant as
data volumes increase is the possibility to perform processing activities in parallel to take
advantage of available processing power, and to reduce the total time to process. Common
preprocessing activities such as stemming, number removal, punctuation, handling small
and stop words that are described in other chapters with other tools can also be performed
with KNIME. The concepts of documents and the bag of words representation are described
and the different types of word or document vectors that can be produced are explained.
These include term frequencies but can use inverse document frequencies if the problem at
hand requires it. Having described the background, the chapter then uses the techniques to
build a classifier to predict positive or negative movie reviews based on available training
data. This shows use of other parts of KNIME to build a classifier on training data, to apply
it to test data, and to observe the accuracy of the prediction.

Chapter 4 is titled “Social Media Analysis — Text Mining Meets Network Mining” and
presents a more advanced use of KNIME with a novel way to combine sentiment of users
with how they are perceived as influencers in the Slashdot online forum. The approach is
motivated by the marketing needs that companies have to identify users with certain traits
and find ways to influence them or address the root causes of their views. With the ever
increasing volume and types of online data, this is a challenge in its own right, which makes
finding something actionable in these fast-moving data sources difficult. The chapter has
two parts that combine to produce the result. First, a process is described that gathers
user reviews from the Slashdot forum to yield an attitude score for each user. This score
is the difference between positive and negative words, which is derived from a lexicon, the
MPQA subjectivity lexicon in this case, although others could be substituted as the domain
problem dictates. As part of an exploratory confirmation, a tag cloud of words used by an
individual user is also drawn where negative and positive words are rendered in different
colours. The second part of the chapter uses network analysis to find users who are termed
leaders and those who are followers. A leader is one whose published articles gain more
comments from others, whereas a follower is one who tends to comment more. This is done
in KNIME by using the HITS algorithm often used to rate webpages. In this case, users take
the place of websites, and authorities become equivalent to leaders and hubs followers. The
two different views are then combined to determine the characteristics of leaders compared
with followers from an attitude perspective. The result is that leaders tend to score more
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highly on attitude; that is, they are more positive. This contradicts the normal marketing
wisdom that negative sentiment tends to be more important.

Part 3 contains five chapters that focus on a wide variety of use cases. Chapter 5 is titled
“Mining Unstructured User Reviews with Python” and gives a detailed worked example of
mining another social media site where reviews of drugs are posted by users. The site,
pillreports.com, does not condone the use of drugs but provides a service to alert users to
potentially life-threatening problems found by real users. The reviews are generally short
text entries and are often tagged with a good or bad review. This allows for classification
models to be built to try and predict the review in cases where none is provided. In addition,
an exploratory clustering is performed on the review data to determine if there are features
of interest. The chapter is intended to be illustrative of the techniques and tools that can be
used and starts with the process of gathering the data from the Pill Reports website. Python
is used to navigate and select the relevant text for storage in a MongoDb datastore. It is
the nature of Web scraping that it is very specific to a site and can be fairly involved; the
techniques shown will therefore be applicable to other sites. The cleaning and restructuring
activities that are required are illustrated with worked examples using Python, including
reformatting dates, removing white space, stripping out HTML tags, renaming columns, and
generation of n-grams. As a precursor to the classification task to aid understanding of the
data, certain visualisation and exploration activities are described. The Python Matplotlib
package is used to visualise results, and examples are given. The importance of restructuring
the data using grouping and aggregation techniques to get the best out of the visualisations
is stressed with details to help. Moving on to the classification step, simple classifiers are
built to predict the positive or negative reviews. The initial results are improved through
feature selection, and the top terms that predict the class are shown, This is very typical of
the sorts of activities that are undertaken during text mining and classification in general,
and the techniques will therefore be reusable in other contexts. The final step is to cluster
the reviews to determine if there is some unseen structure of interest. This is done using a
combination of k-means clustering and principal component analysis. Visualising the results
allows a user to see if there are patterns of interest.

Chapter 6 titled “Sentiment Classification and Visualization of Product Review Data” is
about using text data gathered from website consumer reviews of products to build a model
that can predict sentiment. The difficult problem of obtaining training data is addressed
by using the star ratings generally given to products as a proxy for whether the product
is good or bad. The motivation for this is to allow companies to assess how well particular
products are being received in the market. The chapter aims to give worked examples
with a focus on illustrating the end-to-end process rather than the specific accuracy of
the techniques tried. Having said that, however, accuracies in excess of 80 percent are
achieved for certain product categories. The chapter makes extensive use of Python with
the NumPy, NLTK, and Scipy packages, and includes detailed worked examples. As with
all data mining activities, extensive data preparation is required, and the chapter illustrates
the important steps required. These include, importing correctly from webpages to ensure
only valid text is used, tokenizing to find words used in unigrams or bigrams, removal of stop
words and punctuation, and stemming and changing emoticons to text form. The chapter
then illustrates production of classification models to determine if the extracted features
can predict the sentiment expressed from the star rating. The classification models produce
interesting results, but to go further and understand what contributes to the positive and
negative sentiment, the chapter also gives examples using the open-source Many Eyes tool
to show different visualisations and perspectives on the data. This would be valuable for
product vendors wanting to gain insight into the reviews of their products.
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Chapter 7 “Mining Search Logs for Usage Patterns” is about mining transaction logs
containing information about the details of searches users have performed and shows how
unsupervised clustering can be performed to identify different types of user. The insights
could help to drive services and applications of the future. Given the assumption that what
a user searches for is a good indication of his or her intent, the chapter draws together
some of the important contributions in this area and proceeds with an example process
to show this working in a real context. The specific data that are processed are search
transaction data from AOL, and the starting point is to extract a small number of features
of interest. These are suggested from similar works, and the first step is to process the
logs to represent the data with these features. This is done using Python, and examples
are given. The open-source tool Weka is then used to perform an unsupervised clustering
using expectation maximization to yield a candidate “best™ clustering. As with all clustering
techniques and validity measures, the presented answer is not necessarily the best in terms
of fit to the problem domain. However, there is value because it allows the user to focus
and use intelligent reasoning to understand what the result is showing and what additional
steps would be needed to improve the model. This is done in the chapter where results are
considered, alternative features are considered and different processing is performed with
the end result that a more convincing case is made for the final answer. On the way, the
importance of visualising the results, repeating to check that the results are repeatable, and
being sceptical are underlined. The particular end result is of interest, but more importantly.
it is the process that has been followed that gives the result more power. Generally speaking,
this chapter supports the view that a process approach that is iterative in nature is the way
to achieve strong results.

Chapter 8, “Temporally Aware Online News Mining and Visualization with Python"”,
discusses how some sources of text data such as newsfeeds or reviews can have more signifi-
cance if the information is more recent. With this in mind, this chapter introduces time into
text mining. The chapter contains very detailed instructions on how to crawl and scrape
data from the Google news aggregation service. This is a well-structured website containing
time-tagged news items. All sites are different, and the specific instructions for different
sites would naturally be different; the instructions in the chapter would need to be varied
for these. Detailed instructions for the Google site are given, and this, of necessity, drills
into detail about the structure of HTML pages and how to navigate through them. The
heavy lifting is done using the Python packages “scrapy” and “BeautifulSoup”, but some
details relating to use of XPath are also covered. There are many different ways to store
timestamp information. This is a problem, and the chapter describes how conversion to a
common format can be achieved. Visualizing results is key, and the use of the open-source
SigmalJS package is described.

Chapter 9, “Text Classification Using Python”, uses Python together with a number of
packages to show how these can be used to classify movie reviews using different classifica-
tion models. The Natural Language Toolkit (NLTK) package provides libraries to perform
various processing activities such as parsing, tokenising, and stemming of text data. This is
used in conjunction with the Scikit package, which provides more advanced text processing
capabilities such as TF-IDF to create word vectors from movie review data. The data set
contains positive and negative reviews, and supervised models are built and their perfor-
mance checked using library capabilities from the Scikit learn package. Having performed
an initial basic analysis, a more sophisticated approach using word n-grams is adopted to
vield improvements in performance. Further improvements are seen with the removal of
stop words. The general approach taken is illustrative of the normal method adopted when
performing such investigations.
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Part 4 contains three chapters using R. Chapter 10, titled “Sentiment Analysis of Stock
Market Behavior from Twitter Using the R Tool”, describes sentiment analysis of Twitter
messages applied to the prediction of stock market behaviour. The chapter compares how
well manually labelled data is predicted using various unsupervised lexical-based sentiment
models or by using supervised machine learning techniques. The conclusion is that super-
vised techniques are superior, but in the absence of labelled training data, which is generally
difficult to obtain, the unsupervised techniques have a part to play. The chapter uses R and
well illustrates how most data mining is about cleaning and restructuring data. The chapter
includes practical examples that are normally seen during text mining, including removal
of numbers, removal of punctuation, stemming, forcing to lowercase, elimination of stop
words, and pruning to remove frequent terms.

Chapter 11, titled “Topic Modeling”, relates to topic modeling as a way to understand
the essential characteristics of some text data. Mining text documents usually causes vast
amounts of data to be created. When representing many documents as rows, it is not unusual
to have tens of thousands of dimensions corresponding to words. When considering bigrams,
the number of dimensions can rise even more significantly. Such huge data sets can present
considerable challenges in terms of time to process. Clearly, there is value in anything that
can reduce the number of dimensions to a significantly smaller number while retaining the
essential characteristics of it so that it can be used in typical data mining activities. This
chapter is about topic modeling, which is one relatively new technique that shows promise
to address this issue. The basic assumption behind this technique is that documents contain
a probabilistic mixture of topics, and each topie itself contains a distribution of words. The
generation of a document can be conceived of as the selection of a topic from one of the
available ones and from there randomly select a word. Proceed word by word until the
document is complete. The reverse process, namely, finding the optimum topics based on a
document, is what this chapter concerns itself with. The chapter makes extensive use of R
and in particular the “topicmodels” package and has ‘worked examples to allow the reader
to replicate the details. As with many text mining activities, the first step is to read and
preprocess the data. This involves stemiming, stop word removal, removal of numbers and
punctuation, and forcing to lowercase. Determination of the optimum number of topics is a
trial and error process and an important consideration is the amount of pruning necessary to
strike a balance between frequent and rare words. The chapter then proceeds with the detail
of finding topic models, and advanced techniques are shown based on use of the topicmodels
package. The determination of the optimum number of topics still requires trial and error,
and visualisation approaches are shown to facilitate this.

Chapter 12 titled “Empirical Analysis of the Stack Overflow Tags Network”, presents
a new angle on exploring text data using network graphs where a graph in this context
means the mathematical construct of vertices connected with edges. The specific text data
to be explored is from Stack Overflow. This website contains questions and answers tagged
with mandatory topics. The approach within the chapter is to use the mandatory topic
tags as vertices on a graph and to connect these with edges to represent whether the tags
appear in the same question. The more often pairs of tags appear in questions, the larger
the weight of the edge between the vertices corresponding to the tags. This seemingly
simple approach leads to new insights into how tags relate to one another. The chapter
uses worked R examples with the igraph package and gives a good introductory overview
of some important concepts in graph exploration that this package provides. These include
whether the graph is globally connected, what clusters it contains, node degree as a proxy
for importance, and various clustering coefficients and path lengths to show that the graph
differs from random and therefore contains significant information. The chapter goes on to
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show how to reduce the graph while trying to retain interesting information and using certain
node importance measures such as betweenness and closeness to give insights into tags. The
interesting problem of community detection is also illustrated. Methods to visualise the data
are also shown since these, too, can give new insights. The aim of the chapter is to expose
the reader to the whole area of graphs and to give ideas for their use in other domains.
The worked examples using Stack Overflow data serve as an easy-to-understand domain to
make the explanations easier to follow.
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