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Preface

We welcome you to the proceedings of the 5t International Conference on E-
Commerce and Web Technology (EC-Web 2004) held in conjunction with DEXA
2004 in Zaragoza, Spain. This conference, first held in Greenwich, United King-
dom in 2000, now is in its fifth year and very well established. As in the four
previous years, it served as a forum to bring together researchers from academia
and commercial developers from industry to discuss the current state of the art
in e-commerce and Web technology. Inspirations and new ideas emerged from
intensive discussions during formal sessions and social events.

Keynote addresses, research presentations and discussions during the con-
ference helped to further develop the exchange of ideas among the researchers,
developers and practitioners present.

The conference attracted 103 paper submissions and almost every paper was
reviewed by three program committee members. The program committee se-
lected 37 papers for presentation and publication, a task which was not easy due
to the high quality of the submitted papers.

We would like to express our thanks to our colleagues who helped with
putting together the technical program: the program committee members and
external reviewers for their timely and rigorous reviews of the papers, and the
organizing committee for their help in the administrative work and support. We
owe special thanks to Gabriela Wagner, Mirella Késter, and Birgit Hauer for
their helping hands concerning the administrative and organizational tasks of
this conference.

Finally, we would like to thank all the authors who submitted papers, authors
who presented papers, and the participants who together made this conference
an intellectually stimulating event through their active contributions.

We hope that those who attended enjoyed the hospitality of Zaragoza.

August/September 2004 Martin Bichler
Birgit Proll
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Using Attributes to Improve Prediction Quality
in Collaborative Filtering

Taek-Hun Kim and Sung-Bong Yang

Dept. of Computer Science, Yonsei University
Seoul, 120-749, Korea
{kimthun,yang}@cs.yonsei.ac.kr

Abstract. To save customers’ time and efforts in searching the goods
in the Internet, a customized recommender system is required. It is very
important for a recommender system to predict accurately by analyzing
customer’s preferences. A recommender system utilizes in general an in-
formation filtering technique called collaborative filtering, which is based
on the ratings of other customers who have similar preferences. Because
a recommender system using collaborative filtering predicts customer’s
preferences based only on the items without useful information on the
attributes of each item, it may not give high quality recommendation
consistently to the customers. In this paper we show that exploiting
the attributes of each item improves prediction quality. We analyze the
dataset and retrieve the preferences for the attributes because they have
not been rated by customers explicitly. In the experiment the MovieLens
dataset of the GroupLens Research Center has been used. The results on
various experiments using several neighbor selection methods which are
quite popular techniques for recommender systems show that the recom-
mender systems using the attributes provide better prediction qualities
than the systems without using the attribute information. Each of the
systems using the attributes has improved the prediction quality more
than 9%, compared with its counterpart. And the clustering-based rec-
ommender systems using the attributes can solve the very large-scale
dataset problem without deteriorating prediction quality.

1 Introduction

Nowadays, customers spend so much time and efforts in finding the best suit-
able goods since more and more information is placed on-line. To save their
time and efforts in searching the goods they want, a customized recommender
system is required. A customized recommender system should predict the most
suitable goods for customers by retrieving and analyzing their preferences. A
recommender system utilizes in general an information filtering technique called
collaborative filtering which is widely used for such recommender systems as
Amazon.com and CDNow.com[1](2][3][4]. A recommender system using collabo-
rative filtering, we call it CF, is based on the ratings of the customers who have
similar preferences with respect to a given (test) customer.

K. Bauknecht, M. Bichler, and B. Préll (Eds.): EC-Web 2004, LNCS 3182, pp. 1-10, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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CF calculates the similarity between the test customer and each of other
customers who have rated the items that are already rated by the test customer.
CF uses in general the Pearson correlation coefficient for calculating the simi-
larity, but it assumes that there must exist at least one item which has already
been rated by both the test customer and one of the other customers. A weak
point of the “pure” CF is that it uses all other customers including “useless”
customers as the neighbors of the test customer. Since CF is based on the ratings
of the neighbors who have similar preferences, it is very important to select the
neighbors properly to improve prediction quality. Another weak point of CF is
that it never considers customer’s preferences on the attributes of each item.

There have been many investigations to select proper neighbors based
on neighbor selection methods such as the k-nearest neighbor selection, the
threshold-based neighbor selection, and the clustering-based neighbor selection.
They are quite popular techniques for recommender systems[1][4][6][7][10]. These
techniques then predict customer’s preferences for the items based on the results
of the neighbors’ evaluation on the same items.

The recommender system with the clustering-based neighbor selection
method is known to predict with worse accuracy than the systems with other
neighbor selection methods, but it can solve the very large-scale problem in
recommender systems. With millions of customers and items, a recommender
system running existing algorithms will suffer serious scalability problem. So it
is needed a new idea that can quickly produce high prediction quality, even for
the very large-scale problem|8][10].

CF works quite well in general, because it is based on the ratings of other
customers who have similar preferences. However, CF may not provide high
quality recommendations for the test customer consistently, because it does not
consider the attributes of each item and because it depends only on the ratings of
other customers who rated the items that are already rated by the test customer.
To improve prediction quality, CF needs reinforcements such as utilizing “useful”
attributes of the items and using a more refined neighbor selection method. Item
attributes mean its originality of the item it holds which differs from the others.
In general, they can be obtained through the properties of the goods in real
world.

In this paper we show that exploiting the attributes of each item improves
prediction quality. We analyze the dataset and retrieve the preferences for the
attributes, because they have not been rated by the customers explicitly. In the
experiment the MovieLens dataset of the GroupLens Research Center has been
used[11]. The dataset consists of 100,000 preferences for 1,682 movies rated by
943 customers explicitly.

We show the impact of utilizing the attributes information on the prediction
qualities through various experiments. The experimental results show that the
recommender systems using the attribute information provide better prediction
qualities than other methods that do not utilize the attributes. Each of the
systems using the attributes has improved the prediction quality more than 9%,
compared with its counterpart. And besides the clustering-based CF using the
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attributes can solve the very large-scale problem without deteriorating prediction
quality.

The rest of this paper is organized as follows. Section 2 describes briefly
CF and several neighbor selection methods. Section 3 illustrates how to utilize
the attributes of items for recommender systems in detail. In Section 4, the
experimental results are presented. Finally, the conclusions are given in Section 5.

2 Collaborative Filtering
and Neighbor Selection Methods

CF recommends items through building the profiles of the customers from their
preferences for each item. In CF, preferences are represented generally as numeric
values which are rated by the customers. Predicting the preference for a certain
item that is new to the test customer is based on the ratings of other customers
for the ‘target’ item. Therefore, it is very important to find a set of customers,
called neighbors, with more similar preferences to the test customer for better
prediction quality.

In CF, Equation (1) is used to predict the preference of a customer. Note
that in the following equation w, x is the Pearson correlation coefficient as in
Equation (2) [2][3][4](6][8]-

Z{wa,k X (Th,i — )}
P, =7a+ = : (1)
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k
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In the above equations P, ; is the preference of customer a with respect to
item i. 7, and 75 are the averages of customer a’s ratings and customer k’s
ratings, respectively. ry; and r; are customer k’s ratings for items ¢ and j,
respectively, and 7, ; is customer a’s rating for item j.

If customers a and k have similar ratings for an item, w, x > 0. We denote
| Wak | to indicate how much customer a tends to agree with customer k on
the items that both customers have already rated. In this case, customer a is
a “positive” neighbor with respect to customer k, and vice versa. If they have
opposite ratings for an item, then w, x < 0. Similarly, customer a is a “negative”
neighbor with respect to customer k, and vice versa. In this case | wq x | indicates
how much they tend to disagree on the item that both again have already rated.
Hence, if they don’t correlate each other, then w, ;. = 0. Note that w, x can be
in between -1 and 1 inclusive.

Although CF can be regarded as a good choice for a recommender system,
there is still much more room for improvement in prediction quality. To do so,
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CF needs reinforcements such as utilizing “useful” attributes of the items as
well as a more refined neighbor selection. In the rest of this section we describe
several neighbor selection methods.

2.1 The k-Nearest Neighbor Selection

The k-nearest neighbor method selects the nearest k neighbors who have similar
preferences to the test customer by computing the similarities based on their
preferences. It only uses the k neighbors who have higher correlation with the
test customer than others, while CF suffers from considering all the customers
in the input dataset for calculating the preference of the test customer. Thus CF
should even consider some customers who may give bad influences on prediction
quality. It has been shown in several investigations that the recommender system
with the k-nearest neighbor selection method has better quality of prediction
than the “pure” CF[1][4][6].

2.2 The Threshold-Based Neighbor Selection

The threshold-based neighbor selection method selects the neighbors who belong
to a certain range with respect to the similarities of the preferences. Contrary
to the k-nearest neighbor selection method, the number of neighbors selected by
this method varies, because it selects neighbors according to a certain threshold
value 7.

In the recommender system with the threshold-based neighbor selection, the
positive neighbors whose correlations to the test customer are greater than and
equal to 7 are selected as the neighbors[6]. However, it is also needed that we
include the “negative” neighbors whose correlations to the test customer are less
than and equal to 7, because they could contribute toward the better neighbor
selection for the test customer as they provide negative “opinions” to the test
customer. It is obvious that selecting only negative neighbors results in worse
prediction qualities than the case in which only positive neighbors are selected,
intuitively.

2.3 The Clustering-Based Neighbor Selection

The k-means clustering method creates k clusters each of which consists of the
customers who have similar preferences among themselves. In this method we
first select k customers arbitrarily as the initial center points of the k clusters,
respectively. Then each customer is assigned to a cluster in such a way that the
distance between the customer and the center of a cluster is minimized. The
distance is calculated using the Euclidean distance, that is, a square root of
the element-wise square of the difference between the customer and each center
point. The Pearson correlation coefficient can be substituted for the Euclidean
distance.

We then calculate the mean of each cluster based on the customers who
currently belong to the cluster. The mean is now considered as the new center of



