


1. Understanding Collective
Intelligence

Web applications are undergoing a revolution.

In this post dot com era the web is transforming. Newer web applications trust their users,
invite them to interact, connect them with others, gain early feedback from them and then use the
collected information to constantly improve the application.

Web users are undergoing a transformation.

Users are expressing themselves. This expression may be in the form of sharing their opinion
on a product or a service through reviews or comments; through sharing and tagging content;
through participation in an online community; or through self expression in a blog.

This increased user-interaction and participation gives rise to data that can be converted into
intelligence in your application. The use of collective intelligence of users to personalize a site
for a user, to aid him in search and to make decisions, to make the application more sticky are
much cherished goals that web applications try to fulfill.

In his book, Wisdom of the Crowds, James Surowiecki, business columnist for New Yorker,
asserts that "under the right circumstances, groups are remarkably intelligent, and are often
smarter than the smartest people in them." Surowiecki says that if the process is sound, the more
people you involve in solving a problem better will be the result. A crowd’s “collective
intelligence” will produce better results than those of a small group of experts if four basic
conditions are met. These four basic conditions are: “Wise crowds” are effective when they are
composed of individuals who have diverse opinions; when the individuals are not afraid to
express them; there is diversity in the crowd and there is a way to aggregate all the information
and use it in the decision making process.

Collective intelligence is about making your application more valuable by tapping into “Wise
crowds”. More formally, Collective Intelligence (CI) as used in this book simply and concisely

means,

“To effectively use the information provided by others to improve one’s application™.
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This is a fairly broad definition of collective intelligence — one which makes use of all types
of information — inside and outside the application — to improve the application for a user. This
book introduces you to concepts from the areas of machine learning, information retrieval, and
data mining and demonstrates how you can add intelligence to your application. You will be
exposed to how your application can learn about individual users by using their interactions and
correlate their interactions with those of others to offer a highly personalized experience.

This chapter provides you with an overview of collective intelligence and how it can manifest
itself in your application. This chapter begins with a brief introduction to the field of collective
intelligence; then goes on to describe the many ways it can be applied to your application; and
finally how intelligence can be classified.

What is Collective Intelligence (CI)?

Collective Intelligence is an active field of research that predates the web. Scientists from the
fields of sociology, mass-behavior, and computer science have made important contributions to
this field. When a group of individuals collaborate or compete with each other, intelligence is
born, which is commonly known as Cl. The actions or influence of a few individuals slowly
spreads across the community until it becomes the norm. To better understand how this circle of
influence spreads let us look at a couple of examples.

In his book the 100th Monkey*, Ken Keyes recounts an interesting story about how change is
propagated in groups. In 1952, on the isolated Japanese island of Koshima scientist observed a
group of monkeys. They offered them sweet potatoes, which the monkeys liked but found the
taste of dirt and sand on the potatoes unpleasant. One day an eighteen-month-old monkey, named
Imo, found a solution to the problem by washing the potato in a nearby stream of water. She
taught her trick to her mother. Her playmates also learned the trick and taught it to their mothers.
Initially, only adults who imitated their children learnt the new trick, while the others continued
eating the old way. In the autumn of 1958, there were a number of monkeys who were washing
their potatoes before eating. The exact number is unknown, but let’s just say that there were 99
monkeys who were washing their potatoes before eating. Early one sunny morning a 100th
monkey decided to wash his potato. Then incredibly by evening all monkeys were washing their
potatoes. The 100th monkey is that tipping point that caused others to change their habits for the
better. Soon, it was observed that monkeys on other islands were also washing their potatoes
before eating them.

As users interact on the web and express their opinions they influence others. Their initial
circle of influence is the group of individuals that they most interact with. Because the web is a
highly connected network of sites, this circle of influence grows and may shape the thoughts of
everybody in the group. This circle of influence also grows rapidly throughout the community —
an example helps illustrate this.

1 http://en.wikipedia.org/wiki/Hundredth_Monkey
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In 1918, as the pandemic flu spread nearly 14% of Fiji’s population died in just 16 days;
nearly one third of the native population in Alaska had a similar fate; it is estimated that world-
wide nearly twenty five million people died of the flu. A pandemic is a global disease outbreak
and spreads from person to person. First, one person is affected, who then transmits it to another
and then another. The newly infected person transmits the flu to others; this causes the disease to
spread exponentially.

In October 2006, Google bought YouTube for $1.65 billion. In its 20 months of existence
YouTube had grown to be one of the busiest sites on the internet, dishing out 100 million video?
views a day. It ramped from zero to more than 20 million unique user visits a day, with mainly
“viral” — spread from person to person, similar to the way the pandemic flu spreads — marketing.

Whether you are a budding startup, a recognized market leader, or an emerging application
looking to take your application to the next level, harnessing information from users improves the
perceived value of the application to both current and perspective users. This improved value will
not only encourage current users to interact more, but will also attract new users to the
application. The value of the application further improves as new users interact with it. This
forms a self-reinforcing virtuous feedback loop, commonly known as Network Effect that enables
wider adoption of the service. The use of user-generated content to improve the value of a site, is
perhaps one the most important aspects of newer applications. Next, let us look at Cl as it applies
to web applications.

1.2 CI in Web Applications

Let’s expand on our earlier definition of collective intelligence.

Collective intelligence of users in essence is

. the intelligence that is extracted out from the collective set of interactions and contributions
made by your users.

. the use of this intelligence to act as a filter for what is valuable in your application for a user. This
filter takes into account a user’s preferences and interactions to provide relevant information to
the user.

This filter could be the simple influence that collective user information has on a user —
perhaps rating on a product or a blog writing as shown in Figure 1.1 or it maybe more involved —
building models to recommend personalized content to a user. This book is focused towards
building the more involved models to personalize your application.

2 As of September 2006
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Figure 1.1: Influence on a user of information by other users

In this section we will look at two approaches for extracting intelligence: by analyzing the
content and by analyzing the interactions of users. This will be followed by an example of how
collective intelligence can manifest itself in your application; the benefits of applying collective
intelligence to your application; and how it relates to Web 2.0.

1.2.1 Combination of Content-Based and Collaborative
Approaches

There are two main approaches to extracting intelligence. First, is content-based — intelligence extracted
by analyzing the content or text. Second, is collaborative-based — intelligence extracted by looking at the
actions of the user.

User-generated content is typically in the form of unstructured-text, hence we will look at techniques
from the areas of information retrieval, search, and text mining — these techniques are examples of
content-based analysis. However, analyzing text and finding patterns in it is just one part of the solution.
Content-based approaches provide information about the content itself. They cannot tell you how well a
user will like the content or which kinds of users will like that content. For this, we have to combine this
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information with user interaction information — this is the collaborative-based approach. For this we will

look at the areas of machine learning and data mining.

As shown in Figure 1.2, there are three things that need to happen to apply collective intelligence in

your application. You need to

1. learn about each user through their interactions and contributions
2. learn about your users in the aggregate through their interactions and contributions

3. build models that can recommend relevant content to a user using the information learnt about
the user and the users in aggregate
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Figure 1.2: Three components to harnessing collective intelligence

Let us walk through an example to understand how collective intelligence can manifest itself in a

typical but fictional application.

1.2.2 Collective Intelligence by Example

In our hypothetical example, John and Jane are two engineers who gave up their lucrative jobs to start a
company. They are based in the Silicon Valley and as is the trend nowadays they are building their
fledgling company without any venture capital on a shoe-string budget leveraging open-source software.
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Figure 1.3: Four pillars for user-centric applications

L] Leveraging user-generated content — incorporate content generated and interactions of users to
provide additional content to users

L] Building a marketplace: monetize the application by product and service placements and showing
relevant advertisements.

The user profile is at the center of the application. A part of the user profile may be generated by the
user, while some parts of it may be learnt by the application based on the user interaction. Typically, sites
that leverage user-generated content have abundance of information. User-centric sites leverage
collective intelligence to present relevant content to the user.

Figure 1.4 shows a screenshot of one such user-centric application -- LinkedIn’, a popular online
network of more than 17 million professionals®. As shown in the screenshot LinkedIn application leverages
the four components of user-centric applications

L] Core competency: users come to the site to connect with others
L] Community: user create connections with other users; user-connections are used while

responding to jobs and answer questions asked by other users. Other users are recommended as
possible connections by the application.

7 http://www.linkedin.com/static?key=company_info&trk=ftr_abt
8 as of March 2008
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= User-generated content: most of the content at the site is user-generated. Examples of this is the
profiles built by the users, questions asked, feed of actions — such as a user updating the profile
or uploading a photograph.

Ll Marketplace: the application is monetized by means of advertisements, job postings, and a
monthly subscription by the power-users of the system.
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Figure 1.4: An example of a user-centric application — LinkedIn (www.linkedin.com)

For user-centric applications to be successful they need to personalize the site to a user, this is where
Cl can be very beneficial to these applications. So far in this section, we have looked at what is collective
intelligence, how it manifests itself in your application, the advantages of applying it and how it fits in with
Web 2.0. Next, we will take a more detailed look at the many forms of information provided by the users.

1.3 Classifying Intelligence

Intelligence provided by users can be divided into three main categories. All of these collectively can
improve the perceived value of your application for a prospective user. These categories differ in how the
information is gathered and applied in your application.

. First, is direct information/intelligence provided by a user. Reviews, recommendations, ratings,
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voting, tags, bookmarks, user interaction, and user generated content are all examples of
techniques to gather this intelligence.

L] Second, is information from user-generated content, typically in unstructured text format that is
available either in or out of the application. Blog entries, contributions to online communities,
wikis, are all sources of intelligence for the application.

. Third, is a higher level of intelligence that is derived using information retrieval, machine
learning, and data mining techniques. Recommendation engines, use of predictive analysis for
personalization, profile building, enhanced search, web and text mining are all examples of
discovering and applying this higher level of intelligence. This is the main focus of the book.

Figure 1.5 illustrates the three types of intelligence that we will use in this book. First, is direct
information that the user provides in the application. Second, is indirect information that a user provides
either inside or outside the application and is typically in an unstructured format. Lastly, there is
intelligence that is derived by analyzing the data collected. This piece of derived intelligence is on the
upper half of the triangle, as it is based on the information gathered by the other two parts.
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Figure 1.5: User generated useful information

The first part of the book deals with how information can be gathered both within and outside your
application. The second part introduces you to algorithms and techniques that make use of this
information and convert them into intelligence. The third part deals with applying intelligence in your
application.

Next, let us look at intelligence that is provided by the user through his interactions.
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1.3.1 Intelligence in User Provided Data

Users through their interactions provide a rich amount of information that can be effectively mined to
derive intelligence. We will revisit this in more detail in Chapter 2 and Chapter 3. Next, let’'s go through
the ways that a user provides intelligence to improve your application.

Useful information can be derived using how users interact on your site. For example, the content
they view; their transaction history — the list of items that they have bought in the past or the items that
are currently in their shopping cart or favorites list.

Reviews and Recommendations

A recommendation made by a friend or a person of influence for a new show, a product, or a restaurant
can have a lot of influence on other users within the same group. Moreover, a review or recommendation
or comments about the experience of a user in using a particular provider or class of service is
contextually very relevant for other users in the same group, especially if it is within the context of similar
use.

Tagging

Adding ability for users to add tags — keywords or labels provided by a user — to classify items of interest
such as, articles, items being sold, pictures, videos, podcasts, etc is a powerful technique to solicit
information from the user. Tags can also be generated by professional editors or by an automated
algorithm. These tags are used to classify data, bookmark sites, connect people with other people, to aid
users in their search, and build dynamic navigation in your application of which a tag cloud is one
example.

Figure 1.6 shows a tag cloud showing popular tags at del.icio.us, a popular bookmarking site. In a tag
cloud, tags are displayed alphabetically with the size of the font representing the frequency of occurrence.
The larger the font of the tag the higher is its frequency of occurrence.

8 bt ffebed e e

.. del.icio.us [ tag / Tagin

Popular tags on dol.icio us ‘delicio.ut

Tris iz ot chiad - a
aorl &

tage where size redects popuanty
hedwdicady | by size

el 2008 sbertisng Sj@x apple schiecwe AN amoe avse hlog bluggmg b|095 books business communtty computer cocsing cool CSS  culture datshase
design development sy downlbad education engs jon fic #m finance firfox Mash mew food fre€@ frecware fun funny galley game
games google graphics g@d haroware health history nome howto humer st i imported inspiration internet phone japan java

javascript jobs language e maps Markeling math mok, media micresof mobile meve movies mpd MMUSIC  netwark
NEWS online opensource os tos photoshop php plugin pe oltics potfolio productrity PIOGrAMMING  pwthon rails
recipe recipes referance research resources ms niby schoo stlence search securly seo sga chop SHOPPING s socw SOftWAre seen
technalogy tPS o wo tOOIS toread travel tutorial nsedsis b ypogaphy vburm VD@D wseos Web web2.0 webdesign weuder waiisng
wia windows wordpress wiiting youtube

Figure 1.6: This tag cloud from del.icio.us shows popular tags at the site
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Voting is another way to involve and obtain useful information from the user. Digg, a website that allows
user to contribute and vote on interesting articles, uses this idea. Every article on Digg is submitted and
voted on by the Digg community. This is a good way to share, discover, bookmark, and promote
important news. Figure 1.7 is a screenshot from Digg.com showing news items with the number of Diggs
associated with each.

Figure 1.7: Screen shot from Digg.com showing news items with the number of diggs for each

1.3.2 Intelligence in Unstructured and External Data

User interaction or information relevant to your application is not confined to within the application and
may appear in an unstructured free-form text-format. A user may express his opinion online, either within
your application or outside the application, by writing in his blog or comment to a question in an online
community or someone may write about your company or product online. Thanks to the power of search
engines and blog tracking engines this information becomes easily available to others and helps to shape
their opinions.

You may want to augment your current application by aggregating and mining external data. For
example, if you area is real estate application you may want to augment your application with additional
data harvested from freely available external sites, for example public records on housing sales, reviews
of schools and neighborhoods, etc.
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Blogs are online journals where information is displayed in reverse chronological order. The
Blogosphere — the collection of blogs on the net — is huge and growing fast. As of early early 2008,
Technorati, a private company that tracks blogs, is tracking 112 million blogs. With a new blog being
created virtually every second, the blogosphere is an important source of information that can be
leveraged in your application. People write blogs on virtually every topic.

Next, let us look at the third category of intelligence, which is derived from analyzing the data
collected.

1.3.3 Intelligence learnt from Collected Data

The more the users interact with the application larger is the data provided by them. The process of
finding patterns and trends, which would otherwise go undetected, in large datasets using automated
algorithms is known as data mining. Information retrieval (IR) deals with finding relevant information by
analyzing the content of the documents.

Data comes in two forms: structured data and unstructured data. Structured data has a well defined
form, something that makes it easily stored and queried on. User ratings, content visited and items
bought are all examples of structured data. Unstructured data is typically in the form of raw text. Reviews,
blog entries, chat sessions are all example of unstructured data.

In Chapter 7 we will look at the data mining process. You will be introduced to Java Data Mining — a
recently-developed standard for embedding data mining functionality in your application without being
locked down to a specific vendor’s implementation®.

Web and Text Mining

Web and text mining deal with analyzing unstructured content to find patterns in them. Most applications
are content rich. This content is indexed by search engines and can be used by the recommendation
engine to recommend relevant content to a user. In Chapter 8 we will develop the code to extract
intelligence from unstructured content.

Clustering and Predictive Analysis

Clustering techniques, which are developed in Chapter 9 enable you to classify items — users or content —
natural groupings. While Chapter 10 introduces you to the field of predictive analysis where a
mathematical model predicts a value based on the input data.

Intelligent Filters

Search is one of the most commonly used techniques used by users to retrieve content. You will be
introduced to the field of search in Chapter 11. For this we will use Lucene — open-source java search
engine developed through the Apache foundation. We will look at how information about the user can be
used to customize the search, i.e., built intelligent filters to enhance search when appropriate.

Recommendation Engine

® Developed via Java Community Process as JSR 73 and JDM 2.0 being developed under JSR 247
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A recommendation engine offers relevant content to a user. Again, recommendation engines can be built
by either analyzing the content, by analyzing user-interactions (collaborative approach) or a combination
of both. Figure 1.8 shows a screenshot from Yahoo! Music in which a user is recommended music by the

application.
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Figure 1.8: Screenshot from Yahoo! Music recommending songs of interest.

Recommendation engines use inputs from the user to offer them a list of recommended items. The
inputs to the recommendation engine maybe items in the user's shopping list, item that they are
considering, user profile information, tags and articles that the user has looked at or contributed, or any
other useful information that the user may have provided. For large online stores such as Amazon, which
has millions of items in its catalog, providing fast recommendations can be challenging. Recommendation
engines need to be fast and scale independent of the number of items in the catalog and the number of
users in the system; they need to offer good recommendations for new customers with limited interaction
history; and age out older interaction data from the recommendation process. You will learn how to build
a recommendation engine in Chapter 12.

1.4 Summary

Collective intelligence deals with using information provided by others — both in and out of your
application — to improve the application for a user. The information provided by users acts as an intelligent
filter for information that is relevant to an individual user. Intelligence can be extracted by analyzing the
content — known as content-based analysis; and by analyzing the interactions of the users — known as
collaborative-based analysis. Benefits of applying collective intelligence in your application includes:
providing your users with a personalized user-experience; developing a stickier application; increasing the
opportunities to market to your users; higher click-through and conversion rates on offerings; and
increasing search-engine rankings. User-centric applications invite users to interact and aim to improve
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the application with each interaction. Collective intelligence is considered to be the core of Web 2.0
applications.

To leverage collective intelligence design your application for interaction. There has to be a motivation
for users to visit your site; you need to leverage your core competencies — things that you do well and
distinguish you from your competition. User-centric applications provide a personalized experience to the
user. These applications connect users with other users (community/ social networking), leverage user-
generated content, and build a marketplace with product and advertisement placement.

Intelligence provided by the users can be divided into three main categories. First, is direct
information/intelligence provided by the user. Reviews, recommendations, ratings, voting, tags,
bookmarks, user interaction, and user generated content are all examples of techniques to gather this
intelligence. Next, is information provided by the user either on or off the application, which is typically in
unstructured text. Blog entries, contributions to online communities, wikis, are all sources of intelligence
for the application. Third, is a higher level of intelligence that is derived using data mining techniques.
Recommendation engines, use of predictive analysis for personalization, profile building, market
segmentation, web and text mining are all examples of discovering and applying this higher level of
intelligence. This book also focuses on the third part.

The rest of the book is divided into three parts: the first part deals with collecting data for analysis;
the second part deals with developing algorithms for analyzing the data; and the last part deals with
applying the algorithms to your application. Next, in Chapter 2 we will look at how intelligence can be
gathered by analyzing user-interactions.
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