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Abstract
Today’s increasing information supply raises the need for more effective and
automated information processing where individual information adaptation
(personalization) is one possible solution. Earlier computer systems for
personalization lacked the ability to easily define and measure the effectiveness of
personalization efforts. Numerous projects failed to live up to the their
expectations, and the demand for evaluation increased.

This thesis presents some underlying concepts and methods for implementing
personalization in order to increase stated business objectives. A personalization
system was developed that utilizes descriptions of information characteristics
(metadata) to perform content based filtering in a non-intrusive way.

Most of the described measurement methods for personalization in the literature
are focused on improving the utility for the customer. The evaluation function of
the personalization system described in this thesis takes the business operator’s
standpoint and pragmatically focuses on one or a few measurable business
objectives. In order to verify operation of the personalization system, a function
called bifurcation was created. The bifurcation function divides the customers
stochastically into two or more controlled groups with different personalization
configurations. By giving one of the controlled groups a personalization
configuration that deactivates the personalization, a reference group is created. The
reference group is used to measure quantitatively objectives by comparison with the
groups with active personalization.

Two different companies had their websites personalized and evaluated: one of
Sweden’s largest recruitment services and the second largest Swedish daily
newspaper. The purpose with the implementations was to define, measure, and
increase the business objectives. The results of the two case studies show that under
propitious conditions, personalization can be made to increase stated business
objectives.

Keywords: metadata, semantic web, personalization, information adaptation,
one-to-one marketing, evaluation, optimization, personification, customization,
individualization, internet, content filtering, automation.
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1 Introduction
In the mid-nineties, the internet started to be an arena for commerce. Suddenly,
the possibility to buy merchandise easily from internet-based vendors emerged and
easy access to a vast information flow started. The increasing information supply
raised the need for more effective and more automated information processing, and
the technology boom made new marketing theories such as one-to-one marketing
possible to realize. One-to-one marketing, coined by Peppers et al., describes the
process of treating different customers differently (Peppers et al., 1993). Business
operators saw the opportunity to increase the customer’s satisfaction by learning the
customer’s behavior, which allowed them to pinpoint each individual’s preferences
and adapt communication accordingly in order to generate value (i.e. profit) for
businesses (Shapiro et al., 1999). New uses of technology led to tools such as
comparison shopping agents, which gave promises of empowerment to the
customer (this was addressed in a preceding study, Wallin, 1997). Computer
system developers claimed to solve the lack of human-to-human contact and
promised time saving, cost reduction, and increased revenues. However, most of
the first generation information adaptation systems lacked the ability to easily
define and measure the effectiveness of the efforts, and numerous projects failed to
live up to the their expectations (Kuchinskas, 2000).

A new phenomena emerged with a variety of names for similar concepts:
personalization, personification, information adaptation, customization,
individualization, one-to-one. The varied and at times competing definitions of the
term personalization merit a closer examination in order to solidify how the term
will be used in this thesis. One group that has provided the industry with a
standard definition of personalization is the Personalization Consortium – an
international advocacy group formed by market leading consulting and system
developer businesses (Personalization, 2003). The Personalization Consortium
defines personalization as follows:
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Personalization is the combined use of technology and customer
information to tailor electronic commerce interactions between a business
and each individual customer. Using information either previously
obtained or provided in real-time about the customer and other
customers, the exchange between the parties is altered to fit that
customer's stated needs so that the transaction requires less time and
delivers a product best suited to that customer.

The Personalization Consortium’s definition is limited to electronic commerce
interactions and focused on customer’s needs. The author has chosen a definition
of personalization that focuses on computer supported processes without being
limited to electronic commerce. In this thesis the author’s definition of
personalization is used:

Personalization is the computer supported process of adapting an
information flow and its presentation in real time according to each
customer’s characteristics or predetermined preferences.

What the definitions have in common is that something (e.g. information or a
physical object – a resource) is being modified on the basis of someone’s
characteristics.

In this thesis the term customer is used to describe an individual user. The user can
be a buyer of a product, a reader of a text, or a user of a service. The term resource
is used to describe information objects (e.g. text articles, in some situations called
content) or items (e.g. products).
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2 Problem
2.1 Problem background
It is the author’s belief that it is difficult to make machines understand human
behavior. If machines are used for small, well-defined tasks such as remembering
past history and they use that information to select similar pieces of information –
and if it is done while taking into consideration the uncertainty of predicting
human behavior – then personalization might work.

Due to the complexity in predicting human behavior, it would be most useful to
have a personalization system that could evaluate stated business objectives easily
and pragmatically. The focus should be on evaluating the best configurations for
personalization systems in order to optimize the current business objectives and
possibly in the long run create a personalization system that can optimize itself.
That does not necessarily mean that it is not interesting to try to understand and
explain what happened. In a fast and complex environment, though, it can be
difficult and costly to seek detailed knowledge of what made a customer buy or not
buy in a specific situation; by the time the knowledge is found, it might already be
obsolete.

Bearing in mind the uncertainty, a possible assumption is that a personalization
system should present information suggestions in a humble and non-intrusive style
because of the risk of erroneous suggestions.

2.2 Research problem
How can one determine if a personalization system is successful or not? The
definition of successful in this thesis is that a specific objective is fulfilled and that
the objective is quantitatively measurable.

• How can one verify the success of a personalization system
implementation?

• And if it is successful: What characteristics can be found that
influence the stated objectives?

Conceptual solutions, technical design, implementations, and configurations are
issues that need to be investigated.
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2.3 Delimitations
This thesis does not aim to investigate and compare all possible methods and their
effects on performing personalization and evaluation.

The environment for personalization systems is focused on commercial initiatives
on the internet.

No qualitative investigations have been conducted.

Interaction design issues are not considered in this thesis.

In the case studies, only the objective of traffic increase has been examined; other
possible issues (e.g. loyalty) have not been investigated.
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3 Methods
3.1 Setting
The main methods used in the work of this thesis can be divided into:
conceptualization, model construction, and case study evaluation. The necessary
methods to accomplish this thesis came about not as an initial predefined strategy
but rather as an evolving process throughout the project. The choice of method for
evaluating the personalization system was made from the author’s ambition to use
quantitatively measurable objectives. Further descriptions of the methods used are
found in each paper.

3.2 Conceptualization
A variety of sources were used such as discussion forums on the internet,
commercial white papers, academic articles, and traditional books throughout the
entire work. The primary investigation was conducted by taking the results of
discussions between the author and his research colleagues and combining them
with influences from an, at the time, expanding commercial and academic arena.
The author attempted to understand and conceptualize the domain of
personalization for commercial purposes on the internet.

3.3 Model construction
The construction phase was a multi-disciplinary effort consisting of technical- and
business science researchers. The ideas from the conceptualization phase had to be
concretized and practical issues had to be solved in full or else compromises had to
be worked out. The basic functionality was constructed and tested in close
cooperation with a sporting goods retailer in two projects. The purpose was to get
real-life input for construction prerequisites, verification, and acceptance of the
prototypes. A reason to choose the sporting goods retailer was that they did not
have any previous activities on the internet, which meant that the personalization
system could be designed optimally to the research objectives without having to
consider an existing internet system. The project team consisted of business
developers, technical specialists, computer science students, and researchers. The
first project took place in the winter and spring of 1999, and the second project
was performed from winter to summer 2000.
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A function for the verification of the personalization system configuration was
constructed – called bifurcation. The bifurcation function divides the customers
randomly into two or more controlled groups with different personalization
configurations (figure 1). By giving one of the controlled groups a personalization
configuration that turns off the personalization system, a reference group is created.
The reference group can be used to measure quantitative objectives (i.e. business
objectives) by comparing the results with the groups with active personalization.

Figure 1. Schematic view of the bifurcation function. See Paper 3 for detailed explanation.
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3.4 Case study evaluation
The last phase involved the actual testing of the personalization system in real life.
The personalization system was further developed in a commercial environment,
and the two first commercial implementations provided the testing grounds. The
bifurcation function was used to evaluate the personalization system.

The first test was done from November 19 to 25, 2001, at the website of the
second largest Swedish daily newspaper Svenska Dagbladet (SvD, 2001). The
setting used four heuristically chosen bifurcation test groups (three personalized
and one non-personalized, each with 25% of the traffic) and 81,305 test subjects.

The second test was done from June 30 to August 10, 2003, at the web site of one
of Sweden’s largest online recruitment services for the public sector Offentliga Jobb
AB (Offentliga Jobb, 2003). The test used two bifurcation test groups (one
personalized group with 90% of the traffic and one non-personalized group with
10% of the traffic) and 43,002 test subjects. The test was limited to a total of only
two groups at the request of the commercial operator, which wanted the
personalization system to function for a maximum number of customers.

The selection of test periods depended on the availability of reliable data and the
requests of the commercial operators.
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4 Related work
4.1 Opening
This section gives a brief introduction to the concept and knowledge domains that
are related to personalization. In my opinion, these realms are pertinent to the
understanding of personalization because they include concepts related to the
commercial background for doing personlization, the representation of
information, engineering issues, and individual integrity.

4.2 One-to-one marketing
The working definition of personalization for this thesis states that an information
flow should be adapted to a customer according to his/her characteristics. A
personalization system in a commercial environment can be used to divide the
customers into groups (market segments), which makes it an important part of a
computerized one-to-one marketing system.

In the marketing management domain, Kotler (Kotler, 1997) defines market
segmentation as the process whereby the seller of products distinguishes the major
market segments, targets one or more of the segments, and develops products and
marketing programs tailored to each segment.

Kotler states three major steps:

1. Market segmentation: Identify and profile distinct groups of buyers
who might require separate products and/or marketing mixes.

2. Market targeting: Select one or more market segments to enter.

3. Market positioning: Establish and communicate the products’ key
distinctive benefits in the market.

Kotler continues “The ultimate level of segmentation leads to segment of one,
customized marketing, or one-to-one marketing.”

Don Peppers and Martha Rogers made the term one-to-one (1to1 or 1:1)
marketing widely spread. They argued that as a seller in a one-to-one marketing-
world, you have to concentrate your efforts on your share of customers instead of
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market share (illustrated in figure 2) and concentrate on building sustained
relationships with your customers in order to increase profitability. Focusing on
your share of customers means ensuring that each individual customer buys more
of the company’s products instead of the competitor’s and that the customer is
happy doing so. The key share of customer requirement is to know the customers
on a one-to-one basis (Peppers et al., 1993).

Figure 2. Market share vs. share of customer (Peppers et al., 1993).

Peppers et al. (Peppers et al., 1999) defined four implementation steps for one-to-
one efforts:

1. Identify Your Customers. How to obtain more individual
information about a greater number of your customers.

2. Differentiate Your Customers. How to understand what different
customers are worth to you and what they need from you.

3. Interact with Your Customers. How to generate more customer
feedback, less expensively.

4. Customize Your Product or Service. How to do exactly what your
customer wants.
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Peppers et al. summarized one-to-one marketing in four words: Treating different
customers differently. They continue with the suggestion that a company should
start “Learning Relationships” with their most profitable customers. A “Learning
Relationship” is one in which the company increases its knowledge for each
interaction with the customer to tie the customer closer to the company.

In a computerized, real-time personalization system, the Interact and Customize
steps are not always easily separated. While the customer is interacting and
receiving customized products or services, the two steps are iterated continuously.
Feurst (Feurst, 1999) has developed Peppers et al.’s steps further to better suit
personalization on the internet by modifying the steps as follows:

1. Identify. Recognize your customers and treat them individually.

2. Dialogue. Organize the company for a learning relationship with the
customer.

3. Memory. Collect and use transactional and dialogue data.

4. Customization. Adapt every offering to the individual customer.

Feurst emphasizes the interaction phase (in his model that is the Dialogue and
Memory) and places less importance on the differentiation phase, which he
considers to be a part of the identification phase.

4.3 Metadata
The function of metadata in a personalization system setting is to give a structured
representation of the attributes of the resources and customers.

Milstead et al. (Milstead et al., 1999) define metadata in the following manner:

Metadata is data about data. It describes the attributes and contents of
an original document or work.

Metadata is a basic element to manage vast amounts of resources (information
objects).

Cataloging and indexing is not a new discipline, and the efforts taking place in the
digital world today have roots that date far back, ”librarians and indexers have been
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producing and standardizing metadata for centuries” (Milstead et al., 1999).
According to Jokela et al., in the future metadata will be the key element in
managing content production (Jokela et al., 2000).

The framework of metadata efforts (from a personalization perspective) can range
from simple categorization (i.e. objective) to advanced knowledge models (i.e.
subjective).

According to Nilsson et al. (Nilsson et al., 2002), a usual misconception about
metadata is that it is mostly restricted to describing indisputable information about
a resource in an objective manner. Nilsson et al. argue that subjective metadata
descriptions are needed in order to describe resources from different views.
Pednault (Pednault, 2000) says that the metadata should include both objective
and subjective information about the resource and the user (customer) in order to
maximize the effect of the personalization. An example of subjective description is
Kapferer’s (Kapferer, 1992) six-faceted prism for describing objective and subjective
aspects of resources (products and their brands).

There are numerous examples of metadata initiatives because of the great variety of
needs and knowledge domains. The Dublin Core Metadata Initiative (DCMI)
(Hillmann, 2003) provides a set of elements and element refinements in order to
describe a resource (information object) and how to find it. The International
Organization for Standardization (ISO, 2003) has developed several standards for
metadata and the DCMI is designated as ISO 15836:2003.

An example of a proprietary standard for metadata categorization in the news
industry is the News Industry Text Format (NITF, 2003). The NITF has been
complemented with a more modern version called NewsML to reflect the changing
demands of publishing (NewsML, 2003). In the recruitment services sector a
metadata standard for classifying jobs has been developed by the International
Standard Classification of Occupations (ISCO, 1990), which has been modified to
suit European needs. Further adaptation has also resulted in a national Swedish
standard called SSYK (SSYK, 1996).

In the arena for describing resources (content), projects such as the Semantic Web
have emerged. The Semantic Web emphasizes the need for machine-
understandable information and proposes standards for semantic description of
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resources and their relations in order to provide advanced web search, software
agents, and knowledge management. The Semantic Web is based on the Resource
Description Framework, which integrates a variety of applications using XML for
syntax and URIs (Uniform Resource Identifiers) for naming (Semantic Web,
2003).

The Semantic Web is an extension of the current web in which
information is given well-defined meaning, better enabling computers
and people to work in cooperation. (Berners-Lee et al., 2001)

The term vocabulary is commonly used to describe a collection of word-like terms
(Baker, 2000) that are used together with an ontology to represent knowledge. The
representation of terms and their interrelationships is called an ontology according
to the Semantic Web project (Semantic Web, 2003). Large efforts have been put
into constructing standards for ontology creation and sharing. One such example is
the W3C recommendation candidate Web Ontology Language (OWL)
(McGuinness et al., 2003). The Knowledge Systems Laboratory at Stanford (KSL,
2003) has conducted extensive research on the representation of data and
knowledge and has a comprehensive compilation of related resources. KIF
(Knowledge Interchange Format) (Genesereth et al., 1992) and KQML
(Knowledge Query Manipulation Language) (Finin et al., 1994) are examples of
important predecessors for contemporary initiatives of metadata and knowledge
representation (Berners-Lee, 1998).

4.4 Personalization concepts
There have been several attempts to categorize and create taxonomies for
personalization both from a conceptual and technical viewpoint (Schafer et al.
1999). According to Adomavicius et al. (Adomavicius et al., 2003), personalization
can be divided into three classes:

1. Provider-centric.

2. Consumer-centric.

3. Market-centric.

The provider-centric approach means that each provider has its own
personalization system. In the consumer-centric (customer-centric) approach each
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customer has its own personalization system, and in the market-centric approach
the personalization system resides with a third party and is being used as an
infomediary.

Upon closer inspection the core of the personalization process can be described as a
cyclical ongoing process divided into five steps, figure 3 (Foster et al., 2000):

                        

                                 Figure 3. The personalization cycle (Foster et al., 2000).

1. Store. In the Store step, transactional data from multiple sources is
captured and stored.

2. Cache. The Cache step involves providing centralization and easy
access to the data.

3. Mine. Refinement of data, e.g. into segments, is done in the Mine
step.

4. Tune. In the Tune step, data is analyzed and reviewed, and business
rules are created and optimized.

5. Target. The Target step concerns the delivery of selected
information to the customer.
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Upon examining the technological concepts even more closely, one finds that a
possible classification of personalization methods is to divide them (Adomavicius et
al. 2003 & Gil et al., 2003) into the following types according to what kind of
practical principles the personalization is made from:

1. Rules-based personalization or business rules (Adomavicius uses the
terms conjunctive rules and sequences). Rules-based personalization can
be based on first-order predicate logic. Predictions can be made based on
the situation, history, or characteristics of the customer.

2. Content-based filtering. Content-based filtering can be defined as follows
(Hirsh et al., 2000): Content-based methods build models that link
information about the contents of items (resources) a user (customer)
manipulates to the user’s preferences concerning those items. Hirsh continues
by stating: An effective personalization system must look inside the content to
understand how to distinguish the content that interest a user from content
that do not. He concludes by writing: Systems that personalize in such a
fashion are often said to be “content-based,” in that they base their predictions
on the contents of the artifacts about which they are concerned.

One influence for content-based filtering is the work of Hammond et al.
(Hammond et al., 1994), which proposed an information retrieval agent
that was based on case-based reasoning in combination with semantic
description of the resources to recommend. According to Smyth et al.
(Smyth et al., 2000), the downside of content-based personalization is
that the description of the content can be difficult and time consuming
because of the possible problems of constructing an operational
description language. Another problem is the very nature of content-based
personalization, content-based personalization gives recommendations
based on what a customer has previously done and blocks out all other
information that does not fit the customer’s previous behavior; thus useful
information can be suppressed. In the works of Jokela et al. (Jokela et al.,
2001), the same problem is discussed in the news domain. The need for
balanced serendipity is addressed in that a content-based personalization
system should be combined with other systems that explore and introduce
new, potentially interesting articles in order to counter the risk of being
dull and uninteresting.
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Sarwar et al. (Sarwar et al., 1998) and Smyth et al. (Smyth et al., 2000)
argue for the combination of social filtering and content filtering in order
to increase the efficiency and the overall experience for a customer.

3. Collaborative or social filtering. Good et al. (Good et al., 1999) give a
definition of collaborative or social filtering systems: Collaborative filtering
system builds a database of user (customer) opinions of available items
(resources). They use the database to find users whose opinions are similar
(i.e., those that are highly correlated) and make predictions of user opinion on
an item by combining the opinions of other like-minded individuals.

Collaborative filtering is commonly used in e-commerce
recommendations such as the sale of books or compact discs on the
internet.

In practical life most of the personalization systems do not purely belong to one
single category of personalization concepts.

Matching of resource to customer
The process of deciding which resources a customer should be presented with is
called matching and can be done with numerous methods of a broad mathematical
variety. An overview of available machine learning methods and their implications
for the personalization matching domain is found in the work of Zimmermann et
al. (Zimmerman et al., 2003).

The two most frequent models of resource representation (from a matching
perspective) are: vector space model and tree structures (Caglayan et al., 1997). The
similarity (matching) of resources is usually calculated with some sort of distance
measure. According to Savia et al. (Savia et al., 1998), the most frequent matching
method is based on the vector space method and is a symmetric distance
measurement. Savia argues that the matching method should be asymmetric, that is
that the matching should take into consideration that the semantic concepts that
define the content are rarely perfectly orthogonal (fully independent of each other)
and also that a hierarchical representation of content should be used.
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Measurement
According to Vassiliou (Vassiliou et al., 2002), personalization initiatives must be
tied to measurable goals, and business objectives must be identified and defined for
which personalization should have a leveraging effect.

Several ways of measuring the impact of personalization systems exist. The focus
for most of the existing measuring methods is to compare statistical results from a
personalization system and the explicit expressions (e.g. ratings, surveys, etc.) of the
customers (Good et al., 1999).

Sarwar et al. (Sarwar et al., 1998) use the concept of “improved utility” (i.e. better
coverage and accuracy) for the customer, which means that the given objective is to
help the customers to more effectively identify the resources they want. Coverage is
a measure of the percentage of resources for which a recommendation system can
provide recommendations. Accuracy has been measured in many different ways
according to Sarwar who uses two different definitions:

Statistical recommendation accuracy measures the closeness between the
numerical recommendations provided by the system and the numerical
ratings entered by the user for the same items (resources).

Decision-support accuracy measures how effectively recommendation
help a user select high-quality items.

Accuracy metrics are the most commonly used metrics for the evaluation of
personalization systems according to Adomavicius et al. (Adomavicius et al., 2003).
Adomavicius argues for the need for more return-on-investment based metrics such
as customer lifetime value, loyalty value, and purchasing and consumption value.

4.5 Privacy
Personal integrity is an important aspect of personalizing to consider. As stated by
Peppers et al. (Peppers et al., 1993), the first step necessary to perform
personalization is to identify a customer. With the identification of a customer
comes the problem of determining which information should be collected and how
it should be used (which information that can be collected is merely a technical
implementation problem). The provider has the opportunity to collect information
about the customer and use it at will.
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According to the European Convention for the Protection of Human Rights and
Fundamental Freedoms (European parliament, 2003):

Everyone has the right to respect for his private and family life, his home
and his correspondence.

Directive 95/46/EC (Directive 95/46/EC, 1995) on the Protection of Individuals
with regard to the Processing of Personal Data is intended to standardize the
protection of data privacy for European Union citizens, while allowing for the free-
flow of information between member states. The European Union and the U.S.
Department of Commerce have come to an agreement that if U.S. companies use
safe-harbor programs such as TRUSTes to assure that they comply with European
Union regulations, then U.S. companies will be protected from prosecution or
lawsuits by EU governments (TRUSTe, 2003).

The following is a summary of the European Union rules for rights concerning
data use and the collection (European parliament, 2003):

 Each individual (data subject) should have access to the data collected and
the possibility to correct errors.

 Data must be processed fairly and lawfully.

 They must be collected for explicit and legitimate purposes and used
accordingly.

 Data must be relevant and not excessive in relation to the purpose for
which they are processed.

 Data must be accurate and where necessary, kept up to date.

 Data controllers (data controllers are the people or body, “which
determines the purposes and the means of the processing”) are required to
provide reasonable measures for data subjects to rectify, erase, or block
incorrect data about them.

 Data that identifies individuals must not be kept longer than necessary.
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 The Directive states that each Member State must provide one or more
supervisory authorities to monitor the application of the Directive. One
responsibility of the supervisory authority is to maintain an updated
public register so that the general public has access to the names of all data
controllers and the type of processing they do.

 In principle, all data controllers must notify supervisory authorities when
they process data.

 Member States may provide for simplification or exemption from
notification for specific types of processing which do not entail particular
risks. Exception and simplification can also be granted when, in
conformity with national law, an independent officer in charge of data
protection has been appointed by the controller.

When can data be collected?

 The data subject has unambiguously given his or her consent, i.e. if he or
she as agreed freely and specifically after being adequately informed;

 Data processing is necessary for the performance of a contract involving
the data subject or in order to enter into a contract requested by the data
subject, e.g. processing of data for billing purposes or processing of data
relating to an applicant for a job or for a loan;

 Processing is required by a legal obligation;

 Processing of data is necessary to protect an interest that is essential for
the data subject’s life. An example is in the case of a car accident in which
the data subject is unconscious; emergency paramedics are allowed to give
blood tests if it is deemed essential to save the data subject’s life;

 Processing is necessary to perform tasks of public interests or tasks carried
out by official authorities (such as the government, the tax authorities, the
police, etc.);
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 Finally, data can be processed whenever the controller or a third party has
a legitimate interest in doing so. However, this interest cannot override
the interests or fundamental rights of the data subject, particularly the
right to privacy. This provision establishes the need to strike a reasonable
balance, in practice, between the business interest of the data controllers
and the privacy of data subjects. This balance is first evaluated by the data
controllers under the supervision of the data protection authorities,
although if required, the courts have the final decision.

One example of an initiative to protect the privacy of customers is the Platform for
Privacy Preferences Project (P3P), developed by the World Wide Web Consortium
(Cranor et al., 2002). P3P is a standard covering the major aspects of a website’s
privacy policies available in machine-readable format. A P3P enabled web-browser
can read the information from a website, compare it to that of the customer, and
block out unwanted content (P3P, 2003). The Platform for Internet Content
Selection (PICS) enables labels (e.g. metadata) to be associated with resources on a
website (Resnick et al., 1996).

TRUSTe is a non-profit organization for self-governance working independently of
both industry and government. TRUSTe has a privacy seal in the form of a
logotype that can be placed on a website if a contract is signed with TRUSTe to
warrant that the company will comply with the TRUSTe standards for privacy
regulation. The standards include a mechanism, TRUSTe Watchdog, for resolving
complaints from customers (TRUSTe, 2003).
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5 Results
5.1 Summary of Papers 1A and 1B
“Using autonomous agents in Internet marketing; A discussion on subjective
product characteristics in agent assisted trade.” Published 1998.

These two papers concern the use of autonomous agents in e-commerce.
Specifically, they address the need for describing the objective and subjective
characteristics of products’ and customers’ behavior in a comparable fashion.
Emphasis is on the need for transferring the subjective parts of a product in order
not to depreciate the values for either the selling or buying party in business
transactions.

The conclusion reached is that machine understandability in conjunction with
subjective values is needed. The proposal for a model for translating the objective
and subjective values of products’ or customers’ characteristics into quantitatively
computational and measurable entities is presented.

The papers outline a generic model of an autonomous agent marketing system
(figure 4) including different concepts of profiles and possible interaction among
them.

The autonomous agent marketing system describes the total process from the
customer’s demand input through the different stages of information processing to
the final stage of product delivery and possible customer feedback and evaluation.
The model is generic and different modules are used in different ways according to
the kind of task that is assigned to the system. Modules can be added, subtracted,
and replaced according to the actual need. A central component is the Personal
Profile Database, with which all modules can interact. The modules can interact
with a third party service provider to use external information.

The autonomous agent marketing system can reside with the customer (called User
in figure 4), the provider, or an intermediary.
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Figure 4. Generic model of an autonomous agent marketing system.
See Paper 1B for detailed explanation.

Paper 1A is a condensed version of the longer unpublished Paper 1B because of
limitations in the publication length. The longer version also includes:

• An index of contemporary autonomous agent initiatives.

• A more detailed background for the translation of subjective values
into computable entities.

• Examples of possible processes for different types of situations where
the suggested system could be used.
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5.2 Summary of Paper 2
“Consumer personalization technologies for e-commerce on the Internet;
A taxonomy.” Published 1999.

The paper aims to elucidate and structure the concepts, methods, and technologies
that are related to personalization for commercial purposes on the Internet. A
taxonomy of personalization methods and technologies for electronic commerce on
the Internet is suggested.

The proposed taxonomy is divided into three different areas (figure 5):

1. Actors: A description of the participating parties. Provider or
customer (consumer in the figure).

2. Action: Which actor is actively performing the personalization and
which actor is passively receiving?

3. Awareness: Which actor is aware or unaware of the personalization?

Figure 5. Actors, Action, and Awareness. See Paper 2 for detailed explanation.
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Organizations, standards, and concepts that influence the personal integrity were
identified as well as methods and concepts of importance to personalization such as
operational methods, rules-based systems, data mining, artificial neural networks,
and social filtering.

The author’s definition of personalization was presented in the this paper:

The term personalization is used to describe the computer-supported
process of adapting an information flow and its presentation in real time
according to each customer’s characteristics or predetermined preferences.
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5.3 Summary of Paper 3
“Design and Prototyping of a Web-based System for Personalized E-Commerce
and Consumer Behavior Research: The Sport Planet Case.” Published 1999.

In this paper the focus was on the prerequisites and requirements for the
construction of a prototype of an e-commerce system for a sports retailer in terms
of specification, system development, and implementation.

The design objectives of the system were divided into three domains:

1. Data generation in order to understand customer behavior.

2. Capabilities of personalized marketing.

3. Consideration of the wishes and resources of the sports retailer.

A system prototype was created that supported real-time identification, selection,
and personalized content creation with the ability to generate transactional data in
order to find out what generates customer attention.

The Peppers and Rogers (Peppers et al., 1999) model for one-to-one marketing was
used as inspiration for the overall design of the system (figure 6).

Figure 6. The Peppers and Rogers model applied to the system. See Paper 3 for detailed explanation.
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A new term was introduced for the function to automatically divide the customers
into different test-groups: bifurcation. The bifurcation function gave the
opportunity to quantify results and compare different settings in order to adjust
and optimize the system’s performance. Bifurcation is similar to split-and-run in
conventional direct marketing. One of the major differences between bifurcation
and conventional split-and-run is that it is possible to evaluate the results in real-
time with bifurcation. See figure 1 in section 3.3.

Initial profile configurations for carrying information regarding customers and
products were defined for a retailer environment including both objective and
subjective categories.
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5.4 Summary of Paper 4
“Web metric – Design Specifications of Web-based System for Personalization with
‘Bifurcation’”. Published 2000.

This paper describes a personalization system aiming at one-to-one marketing with
the ability to support real-time identification, selection, and content creation where
the interaction is performed on a web-based e-commerce platform (figure 7). The
personalization system is capable of controlling and presenting the website in
different shapes to different customers – i.e. it is capable of bifurcation. The
bifurcation capability gives the system the ability to test the impact of different
website layouts , sales offerings, or personalization algorithms to randomized
groups of customers. The system can measure the customers' responses in the form
of movements within the site, purchase frequencies, etc..

The technical processes were defined and constructed in more detail compared to
paper 3. The algorithms for memory and matching were made and tested. The
bifurcation functionality was fully implemented.

Figure 7. System overview. See paper 4 for detailed explanation.
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The exact appearance of the profiles of the customers (figure 8) and products
(figure 9) were defined. The subjective value-carrying criteria were chosen: Brand
(brand awareness), Price (price susceptibility), and News (news value, fashion) and
their eligible values were set. Sex and Age were taken from the product
categorization of the sports retailer as an objective part of the profile.

Figure 8. Customer profile. See Paper 4 for detailed explanation.

Figure 9. Product profile. See Paper 4 for detailed explanation.

The functionality of the system was confirmed. No test runs in the target
environment were done.
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5.5 Summary of Paper 5
“Impact of Content-based Personalization in a News Environment. A Case Study.”
Published 2003.

The implementation of a further developed version of the previous personalization
system (see Paper 4) at the website of the second largest Swedish daily newspaper
Svenska Dagbladet (SvD, 2001) is described and evaluated in this paper. The
purpose of the personalization system was to increase the traffic to the website.

The personalization system utilized description of the news articles (resources) that
were provided by Svenska Dagbladet's journalists to personalize information to the
readers. The journalists categorized the material according to a modified news
categorization standard, and the readers were exposed to a special selection that was
personalized on an individual basis. The personalization was applied on the first
web page (circled in figure 10), and the articles used for the personalization were
limited to the three most recently published articles from different sections. The
second area for personalization was at the end of an individual article.

Figure 10. The first page of the website of Svenska Dagbladet. The personalized
function is circled. See Paper 5 for detailed explanation.
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The bifurcation function was used to stochastically divide the readers into four
controlled groups where one was non-personalized and used as a reference. The
readers’ behaviors were recorded in order to find the best configuration of the
personalization system.

A one week long test from November 19 to 25, 2001, was performed and the
results indicated that personalization works. The highest increase in traffic volume
was 10%. Due to the short test period, the results should be interpreted carefully
and treated only as indicative.

Concerning the aspects of the impact of the readers’ history versus the readers’
session behavior, a medium to high respect for the session was favorable to increase
traffic. The configuration with more respect for the readers’ history did only
perform slightly better than the non-personalized group.

All of the personalized groups had a dislocation towards more interactions per
session than the non-personalized group.

After the test period, the personalization on the first page was turned off because of
internal maintenance, and the results of the personalized groups compared to the
non-personalized group dropped significantly. It appears as if placement on the
web page is an important aspect of successful personalization; if a personalized
function is well exposed, it seems like it has a significant impact on the increase of
traffic volume.
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5.6 Summary of Paper 6
“Impact of Content-based Personalization in a Service Environment. A Case
Study.” Published 2003.

This paper describes the implementation of a personalization system at Offentliga
Jobb AB (Offentliga Jobb, 2003), one of Sweden’s largest online recruitment
services for the public sector. The personalization system was the same as the one
implemented at the website for Svenska Dagbladet, Sweden's second largest daily
newspaper (SvD, 2001), and the outcome of the two tests were compared. The
purpose of the personalization system was to increase the traffic to the website.

The personalized functionality was more extensive at Offentliga Jobb than at
Svenska Dagbladet. The personalization system was used for four functions. On the
first web page, both the navigational drop-down menus (figure 11, note A) and a
selection of job offerings (figure 11, note B) were personalized. On the results web
page of a navigational selection, the top two job offering results were selected with
the personalization system and an additional three job offerings appeared in a
banner advertisement in the left margin of the web page.

Figure 11. The first page of Offentliga Jobb's website . The personalized functions are circled.
See Paper 6 for detailed explanation.
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The bifurcation function was used to stochastically divide the job-seekers
(customers) into two controlled groups: one group with active personalization
(90% of the traffic) and one reference group with no personalization (10% of the
traffic). The reference group's articles were selected chronologically instead of being
personalized. The test was limited to a total of only two groups and a 10:90
distribution at the request of Offentliga Jobb, which wanted the personalization
system to function for a maximum number of job-seekers. The job-seekers’
behavior was recorded in order to find the best configuration of the personalization
system.

The personalization system gave a 6% increase on average in interactions per job-
seeker at Offentliga Jobb’s website. The test indicates that personalization works.
Due to the short test period (6 weeks, from June 30 to August 10, 2003), the
results should be interpreted carefully and treated only as indicative.

All of the personalized groups had a dislocation towards more interactions per
session than the non-personalized group.

The test period was six weeks compared to one week for the Svenska Dagbladet test
run. Compared to the Svenska Dagbladet test run, the Offentliga Jobb
implementation had only one personalization system configuration that favored
session over historical behavior i.e. a high volatility. High volatility in the
Offentliga Jobb case system might not be optimal due to the nature of the process
involved in searching for job offerings. It was found that 90% of the job-seekers
were only active in one geographical and job offering category, i.e. a job-seeker does
not change his/her mind frequently but stays focused, and it can be argued that the
personalization system supports his/her goals better with a less volatile setting.
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6 Discussion and conclusions
Customer attention is a scarce resource. From a commercial point of view, the
possibility to select commercial messages and channel is interesting when one takes
into account that an average customer is exposed to over 3,000 commercial
messages per day (Landler et al., 1991). If the sender of information has the
possibility to increase the attention of the receiver, then an economical value
probably exists that is proportional to the attention increase. The return on
investment in attention increase must exceed the cost for making the attention
increase, which implies that a high level of automation in attention increase
attempts is favorable. From the customers’ viewpoint, an increased precision in
information retrieval is most likely beneficial.

The conceptual design of the personalization system described in this thesis has
taken notable influence from the Pepper et al. model for one-to-one marketing
(Pepper et al., 1999). When the personalization system is compared to the Feurst
model (Feurst, 1999), an even better correlation is found, particularly the
similarities in the use of the differentiate and interact steps.

The personalization system is situated on the commercial operator’s servers and is
of the provider-centric type according to Adomavicius’ classification (Adomavicius
et al., 2003). The personalization system utilizes metadata to perform content
based filtering with a matching method of semi-asymmetric distance measure type
to adapt information in a non-intrusive way. The metadata in the Offentliga Jobb
case is of objective type and uses a standard format called SSYK including
profession classification and geography classification. The Svenska Dagbladet case
uses a modified newspaper classification called NITF that is mostly of an objective
character but with subjective influences. The classification of news is not always
objective, e.g. the perception of an article can be different for different journalists,
or the perspective can change over time.

Most of the described measurement methods in section 4.4 are focused on
improving the utility for the customer. The evaluation function of the
personalization system described in this thesis takes the business operator’s
standpoint and pragmatically focuses on one or a few measurable business
objectives. A function for the verification of the personalization system operation
called bifurcation was created. The bifurcation function divides the customers
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stochastically into two or more controlled groups with different personalization
configurations. By giving one of the controlled groups a personalization
configuration that deactivates the personalization, a reference group is created. The
reference group is used to measure quantitatively objectives by comparing with the
groups with active personalization. The bifurcation system can be used in a trial-
and-error-like way to try different personalization configurations in order to
eliminate disadvantageous configurations and find favorable configurations to
optimize the effects of the personalization system.

The bifurcation function provided a purposeful tool for the evaluation of the
personalization system implementations in the two case studies. The tests indicate
that personalization has a positive influence on the stated business objective –
traffic increase. Bearing in mind that the test periods were short, the results should
be interpreted carefully and treated as indicative.

The findings from the case studies:

 The personalized groups’ average interactions per session –and
customer increased compared with the non-personalized group in
both case studies. An increase in average interactions per session
–and customer translates into a traffic increase in the two cases
studies.

 It seemed like a personalization configuration that favored a medium
to high sensitivity-consideration to the customer’s session behavior
(i.e. a high volatility setting of the personalization system’s response-
time to changes in the behavior of the customer) was favorable to
promote a traffic increase.

 The business objective to increase traffic with a personalized
selection of articles for customers that are diverse in their interests
(the Svenska Dagbladet case) seems to work more effectively than
when a customer is actively seeking information (the Offentliga Jobb
case). An appropriate selection (from the customer’s viewpoint)
should facilitate and possibly decrease the number of clicks and
thereby lower the traffic in contradiction to the business objective.
Still, an increase in traffic could be seen in the Offentliga Jobb case,
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and when combined, the different personalization functions
implemented could increase the probability that a customer would
choose to click on a job offering thereby increasing the traffic. A
possible paradox in the business objectives arises: a perfect
personalized service could minimize the number of interactions a
customer performs. Other measurable objectives could probably be
used in the Offentliga Jobb case such as session length, return
frequency, web page or action-specific conversion rates, etc. Action-
specific conversion rates could be the separation between “looking
at” and “actively interacting” with a job-offering.

Overall, it can be said that the two case studies have shown that adapting
information according to individual customers’ preferences works from the
business objective to increase traffic.

The personalization system described in this thesis does not have an identification
system of individual customers of its own but depends on the identification system
of the surrounding web system. In the two case studies, cookie-based (Kristol et al.,
1997) anonymous identification operated by the surrounding web system was used
to identify a customer’s computer. The identification of the customer’s computer
was utilized by the personalization system to adapt information and to evaluate the
personalization system. The customers had the opportunity to turn off the
personalization by disabling the cookies.

There are numerous aspects ranging from social science to business science via
computer science to explore in the information adaptation domain and further
investigations are needed to determine which functions should be personalized,
how they should be designed, and where they should be placed. Additional research
how to optimize the configurations and matching algorithms of the personalization
system, what the optimal metadata structure is, and longitudinal tests for
confirming the effects of personalization are eligible.

Finding and using other quantitatively measurable business objectives such as
return frequency (i.e. loyalty) is an interesting field to explore. Using qualitative
methods such as interviews, questionnaires, and observations etc. together with the
bifurcation function to study the impact of personalization systems on both the
business operators’ objectives and the customers’ utility are essential.
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The author’s belief is that the commercial impact of information adaptation will
increase in most of the areas concerning human-computer interfaces.

The results of the research have been commercially exploited in a start-up company
named Adaptlogic AB (Adaptlogic, 2003).



Erik O. Wallin  •  Royal Institute of Technology  •  Stockholm 2004                                37

7 The author’s contribution to the papers

Paper 1A and 1B
“Using autonomous agents in Internet marketing; A discussion on subjective
product characteristics in agent assisted trade.” Wallin, E., Persson, C. 1998.
The author’s main contributions were the parts concerning the conceptual
technical models.

Paper 2
“Consumer personalization technologies for e-commerce on the Internet; A
taxonomy.” Wallin, E. 1999.
The author is the sole writer.

Paper 3
“Design and Prototyping of a Web-based System for Personalized E-Commerce
and Consumer Behavior Research: The Sport Planet Case.” Lennstrand, B.,
Persson, C., Wallin, E. 1999.
The author’s main contributions were the parts concerning the conceptual and
technical solutions of the system.

Paper 4
“Web metric – Design Specifications of Web-based System for Personalization with
‘Bifurcation’.” Wallin, E., Persson, C., Lennstrand, B. 2000.
The author’s main contributions were the parts concerning the conceptual and
technical solutions of the system.

Paper 5
“Impact of Content-based Personalization in a News Environment. A Case Study.”
Wallin, E. 2003.
The author is the sole writer.

Paper 6
“Impact of Content-based Personalization in a Service Environment. A Case
Study.” Wallin, E. 2003.
The author is the sole writer.
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