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therefore increasing ad clicks is a goal of both of them. Many existing works stand on
the view of search engines concerning how to help search engines to earn more revenue
by accurately predicting ad clicks. Unlike these works, this paper aims at understanding
user clicks on ads from “the view of advertisers”, in order to help advertisers to improve

IS@; ;V:gfsd search their ad quality and therefore advertising effectiveness. To do this, a factor graph model
Ul:er study is proposed, which considers two advertiser-controllable factors to understand user click
User model behaviors: (1) the relevance between a query and an ad, which has been well studied in

the literature, and (2) the “attractiveness” of the ad, which is a newly-proposed concept.
The proposed model can be used to predict user clicks and also to mine a set of attractive
words that could be leveraged to improve the quality of the ads. We have verified the effec-
tiveness of the proposed approach using real world datasets, through quantitative evalua-
tions and informative case studies.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Sponsored search is the prevalent revenue source of major search engines, and search engines and advertisers would like
to see more clicks on ads. To obtain more clicks, the first step is to know why users click on an ad. Existing works investigates
user click behaviors on ads from the view of search engines [13,35]. However, the analyses on user click behaviors do not
directly help advertisers to improve their ads, since many factors used in click prediction cannot be accessible and controlled
by advertisers (e.g., position bias, proper bidding price, or externalities). Unlike the existing works, we look at the problem
from the perspective of advertisers. In particular, we want to find the factors that explain user click behaviors, which can be
exploited by the advertisers to improve their ads and attract more clicks.

It has been widely accepted that the relevance between a query and an ad is an important factor to explain user click
behaviors. However there are some cases that relevance might not be able to explain what we have observed. For example,
it is easy to find that a less relevant ad attracts more clicks [4,28] than a more relevant ad. Fig. 1 shows two ads for query
“arcade games”. The first ad is more relevant to the query than the second ad, since it contains query terms in both the title
and the description. However, the logs show that the second ad has much more clicks than the first one although the second
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Buy arcade games Free arcade game
Bring the fun of the arcade home. classic ~ Play pac-man for free! download now &
games like pac-man & more. get free unlimited play

Fig. 1. The comparison of two ads for query “arcade games”.

ad is relatively less relevant to the query. Through a user study, we find that people tend to click on the second ad because
they think some words in it are attractive, such as “free” and “unlimited”. Some further examples of the attractive words
provided by the participants of our user study include “sale”, “deal” and “save”. This indicates the existence of a new factor
beyond relevance which affects user click behaviors. We call this factor “attractiveness”, which refers to how likely an ad (or
a word in the ad) will attract users’ attention and further get their clicks.

To understand how relevance and ad attractiveness affect user clicks, we model user clicks using a factor graph [19]
which consists of several variables and their dependencies represented as factor nodes. Our proposed graph describes four
types of dependencies: (1) the attractiveness of a word in an ad depends on a set of attractiveness features extracted for the
word; (2) the attractiveness of an ad depends on the attractiveness of the words in it; (3) the relevance between an ad and a
query depends on a set of relevance features; and (4) user clicks depend on both relevance and attractiveness of the ad. The
model can be used to infer the relevance score and the attractiveness score of a given word or ad. Then clicks are predicted
based on the scores. In particular, the inferred attractiveness scores of words can also be used as references for advertisers to
effectively improve their ads and attract more clicks.

We have conducted experiments on real-world data, i.e., sponsored search logs obtained from a commercial search en-
gine. According to our experiment results, while the relevance between query and ads plays an important role in modeling
the user click behaviors, the attractiveness features further enhance the modeling quality and thus result in higher ads selec-
tion accuracy. This implies that advertisers should also pay attention to the attractiveness of their ads as well as improving
relevance. Our interpretation on this finding is as follows. In web search, users’ goal is to find some useful information. As a
result, they hope to see pages relevant to their queries (e.g., pages containing many query keywords) and will click on such
pages if their information needs are satisfied. In contrast, ads are just by-products of search and they are not the motivation
of the users search. In this situation, whether the ads can attract users’ attention become also important, given that all the
displayed ads are already relevant to the query.

There are several main contributions of this work.

e We propose the concept of attractiveness to explain user click behaviors in sponsored search.

o We model the effect of relevance and ad attractiveness on user clicks using a factor graph. The model can be used to esti-
mate the attractiveness score of a given word or ad, which can be used by advertisers to create better ads.

e The proposed model, by additionally adopting the attractiveness features, enhances the ad selection accuracy.

This paper is organized as follows. Section 2 provides briefly review the background knowledge of sponsored search and
provide an overview on related work. Section 3 introduces the two factors of user click behaviors from advertisers’ view.
Section 4 describes the factor graph model. Section 5 presents the experimental results to verify the effectiveness of the pro-
posed model and several examples of attractive words and ads. Finally, Section 6 concludes our study.

2. Related work
This section briefly introduces sponsored search and discusses related work in different kind of viewpoint.
2.1. Sponsored search advertising

Search engines provide sponsored search results along with organic web search results, in response to a given query is-
sued by a user. The displayed ads in the sponsored search results are usually ranked according to their estimated click-
through rates (CTR) and their bids. If a user clicks an ad, the advertiser will pay the search engine a certain amount of money
for the click, and the amount is determined by the auction mechanism (such as generalized second price auctions [9]) used in
the search engine. This revenue model is called the pay-per-click model. Fain and Pedersen [10] provide a brief review of the
field of sponsored search, and Broder [2] give an excellent introduction to online advertising (including sponsored search).

2.2. Search engine centric approach

The pay-per-click model determines that clicks are very important to both search engines and advertisers. As aforemen-
tioned, for search engines, clicks mean revenue; for advertisers, clicks mean potential customers and purchases. There have
been many attempts on increasing clicks in sponsored search, and most works are designed only for search engines.

Some works [1,5,32] focus on query expansion, which can lead to more ad impressions and thus (very likely) more clicks
since it can provides ads more related to user intent. However, they are designed or have aims only for search engines.
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