A Large Scale Study of English-Chinese Online
Dictionary Search Behavior

Yong Liu and Jianmiao Fan

Indiana University, Bloomington, Indiana, USA
{yonliu, jfan}@dict.cn

Abstract. This paper presents a large scale study of user search behavior on a
popular online dictionary website. Our goal is to understand the current status
of online dictionary, especially English-Chinese dictionary user search behavior
by analyzing 10 million queries on Dict.cn website during the period form late
2006 to early 2007. We believe our findings will help traditional dictionary
publishers and online dictionary providers to improve their existing products
and services, and further develop innovative services to better serve the unique
needs of their users.

Keywords: Online dictionary, search interface, English-Chinese dictionary.

1 Introduction

Hundreds of millions of people in China are learning and using English on a daily
basis. Many of them happen to be Internet users. The huge demand on English
learning and the well established Internet infrastructure make online English-Chinese
dictionary services more and more popular today. The goal of this study is to better
understand the search behavior of online dictionary users. The study results can be
used to help paper dictionary publishers and online dictionary providers to improve
the existing products and services, and hence meet the unique needs of their users.

Dict.cn is a leading English-Chinese online dictionary website offering the largest
English-Chinese dictionary database (over 3 million terms) to Internet users for free.
It ranks among top 3000 most popular websites globally and serves over 1.5 million
queries worldwide daily. In this study, we present analysis on Dict.cn's search logs
collected through its Web interface, Web API, MSN bot, and WAP interface. The
search log used in this study consists of 10 million queries randomly sampled during a
three month period in late 2006 and early 2007. Both English and Chinese queries are
included in this data set. Each search log entry contains fields including the user No.,
the query, the corresponding translation and a timestamp. All of our data is strictly
anonymous, which means we maintain no data that can match a user with an identity.
All of the results we report in this paper are aggregate statistics.

This study covers basic query statistics such as query length, queries per day, and
repetitive queries. More sophisticated analysis is also conducted to examine the
relation between users and their search patterns. For instance, one question this study
tries to answer is how users forget what they learnt from a dictionary in a certain
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period. Another important question is that if it is possible to classify users according
to their search behavior. By answering these research questions, we believe this study
will help paper dictionary publishers and online dictionary providers to achieve a
better understanding of their customers’ search behavior and hence improve their
existing products or services.

The rest of this paper is organized as follows. Section 2 discusses some related
work in user search behavior analysis field. Section 3 introduces multiple search
interfaces provided by Dict.cn. Section 4 presents our dictionary query analysis based
on a large scale search log data set. Finally section 5 gives a conclusion.

2 Related Work

A lot of research has been done on user search behavior analysis on general purpose
search engines [2, 3, 6, 7]. These research efforts extracted user search patterns by
studying a large set of search logs. The analysis results can be later used to improve
the service quality of search engines. However, only a limited number of literatures
discussed online dictionary user search behavior in the past decade.

In [8], Bergenholtz, H. et al. discussed using search logs to analyze user behavior
in using an online Danish dictionary and how the results could be used to improved
online dictionaries. In [9], De Schryver, et al. showed how a combination of search
log analysis and the processing of formal online feedback forms may lead to
improving dictionary contents. The same authors also studied the relation between
search frequency and corpus frequency of online dictionary lemmas, and claimed
their findings can be used to guide the compilation of future dictionaries [10].
However, most of these previous research efforts were based on a limited scale of
online dictionary search logs involving only several thousand website visitors and
tens of thousands queries. Such limitation made the reported statistical analysis results
less convincing. Another thing the previous research failed to examine is the similar
behavior pattern among multiple individual online dictionary users. Compared to
traditional paper dictionaries, online dictionaries have great potential to facilitate the
interactions among users during their searching and learning process. Study on the
relations among individual users may help online dictionary providers to develop
innovative services to better meet the unique needs of their users.

Different from previous research efforts on online dictionary search log analysis,
our study is based on a large scale search log data set which came from a popular
online dictionary website extensively used in real world. We focused not only on
query statistics analysis, but also on user clustering by similar search behavior.

3 Dict.cn Search Interfaces

Dict.cn features four major dictionary search interfaces, which are Web interface,
Web API, MSN bot, and WAP interface. The Web interface (a in Fig. 1) is Dict.cn's
most visited search interface which Internet users access directly through a Web
browser. Dict.cn also provides a MSN bot (b in Fig. 1), which users can add to their
MSN messengers as a friend, to enable dictionary service via a chat interface.
Dict.cn's WAP interface (c in Fig. 1) serves queries sent from cell phones while the
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users are on the go. Last but not least, the Web API (d in Fig. 1) provided to third
party developers by Dict.cn allows users to access Dict.cn's dictionary service via
desktop software, toolbars, and browser plugins.

In the entire search log used in this study, 88.1% of queries came in through the
Web interface. Besides, 8.7% of queries were received from the Web API and 2.6%
from the MSN bot. The WAP interface contributed least to Dict.cn, which only
received 0.4% of the total queries.
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Fig. 1. Dict.cn Query Interfaces

4 Query Analysis

In this study we examined characteristics of user search behavior on Dict.cn. The six
aspects we covered were query length, query difficulty, query distribution, queries per
day, repetitive queries, and query based social network analysis.

4.1 Query Length

The entire search log consists of two types of queries — the English queries which
were submitted by users looking for the corresponding Chinese interpretations and the
Chinese queries, vice versa. For the English queries, we found the average number of
words per query to be 1.67 (median = 1, max = 61, standard deviation = 1.4), with an
average number of 10.87 (median = 9, max = 100, standard deviation = 7.79)
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characters per query'. For the Chinese queries, the average number of Chinese
characters per query was 5.39 (median = 4, max = 50, standard deviation = 4.92) %
Figure 2 shows the length distributions of both English and Chinese queries.
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Fig. 2. Distribution of number of words and characters per English query and number of
characters per Chinese query for Dict.cn queries received from all interfaces

It is interesting to compare the average query length between Dict.cn and general
purpose search engines. Some published statistics suggested the average number of
words per English query for search engines to be 2.35 [2] and 2.6 [3]. It is reasonable
that the dictionary queries are much shorter on average since different from a search
engine, words, not phrases, are usually the building blocks of an online dictionary.

Four-character query is the most popular Chinese queries according to Figure 2.
However, previously reported average word lengths in various Chinese corpora are all
less than 3 characters [4, 5]. This discrepancy suggests that online dictionary users
tend to use combinations of two or more Chinese words to form search queries.

4.2 Query Difficulty

Previous research suggested that frequency of use is a valid measure of English word
difficulty and can be utilized in vocabulary test construction and translation [1]. In

' The maximum number of characters in an English query allowed by Dict.cn is 100.
% The maximum number of characters in a Chinese query allowed by Dict.cn is 50.
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this study we used this metric to examine the difficulty distribution of English queries
on Dict.cn. The query difficulty measure D(x) used in this study is defined as
following. As can be seen, the smaller D(x) is, the harder query x is.

D(x) = sqrt(times of query x submitted/number of total queries). (D

In the search log used in this study, 60.3% of the English queries were submitted
by users located in China, and 39.7% were from users outside of China. The average
query difficulty of China based English queries is 8.22x10”*(median = 0.0081, max =
0.00246, standard deviation = 0.0028). And the average query difficulty of non-China
based English queries is 7.95x10” (median = 0.0076, max = 0.0246, standard
deviation = 0.003). This means that users outside of China tend to submit more
difficult English queries. This result is not surprising considering the fact that these
users usually have better English language capability than Chinese domestic users.

Figure 3 shows the distribution of averaged English query difficulty for both China
and non-China based user groups. This again demonstrates that Chinese domestic
users tend to submit easier English queries to Dict.cn. For the better understanding of
the meaning of query difficulty, here are some examples on query difficulty:
D(“imprimatur”) is 4.5 x107, D(“privacy”) is 8.3 x107, and D(“next”) is 1.8 x1072.
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Fig. 3. Difficulty level of English queries by users

4.3 Query Distribution

More than one million queries are submitted to Dict.cn daily. However, the number of
unique queries submitted is much smaller. To study the variation in the queries, we
examined the percentage of the total query volume that was covered by top-N unique
queries. We picked the mostly used 1000 English and Chinese queries from the
dictionary search log and calculated the distribution of top 1 to 1000 queries.
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As Figure 4 shows, English queries vary more than Chinese queries do. The
percentage of total searches covered by the top 100 Chinese queries is 4.3% while the
percentage covered by the top 100 English queries is only 2.4%. However, the
difference between the coverage of top 1000 English and Chinese queries is not that
much (13.1% vs. 15.9%). This suggests that Chinese queries focus more heavily on
the top couple of hundred unique queries.

Previously a similar study reported that top 1000 search engine queries accounted
for approximately 6% of all queries [6]. The same study also reported that top 1000
mobile search queries accounted for around 22% of all mobile queries. These findings
suggest that general purpose search engine queries are much more diversified than
dictionary queries, whereas mobile search queries are less diversified. This suggests
that the usable contents on the existing mobile Internet is still not as rich as the
contents provided by a large scale online dictionary.
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Fig. 4. Cumulative percentage of total searches accounted for by the top 1000 English and
Chinese queries

4.4 Queries Per Day

As part of our study, we also examined the distribution of the number of queries
submitted by users per day. Figure 5 illustrates the study results for both China based
user groups and non-China based user groups. As can be seen, the largest user
portions in both groups are those who submitted only one query per day. However,
both groups feature a long tail in the figure. There are a fairly large portion of users
who submitted more than 20 queries per day in both groups. The more queries a user
submits, the better his or her search behavior can be profiled. Based on a user’s
profile, more customized services can be provided in the future.

Figure 5 also shows that non-China based users tended to submit more queries per
day. The reason might be that these users had stronger needs to use a dictionary since
they stayed in a non-Chinese language environment.
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Fig. 5. Queries per Day by China and Non-China based Users

4.5 Repetitive Queries

People forget things. And this happens a lot during the learning process. To study
how fast our users forget their newly learnt words, we examined the number of
repetitive queries a user launched in a 10 day period. Figure 6 shows the result.
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Fig. 6. Number of repetitive queries by one user in 10 days

We found that 34% of users at least searched for an identical word or phrase twice
in 10 days, and 2.7% of users searched for more than 10 identical words. This finding
explains why dictionaries always sell, and why a dictionary website can survive
without any updates for a long period.

4.6 Query Based User Clustering

An identical query may be submitted to an online dictionary by different users during
a certain period. The users who did this may share the same background or the same



396 Y. Liu and J. Fan

interests. For instance, users who searched for the phrase “hyper threading” have a
high possibility of either having computer science background or being interested in
computer technology. Also, users who submitted the same queries may have similar
language capability. If we can find those similar users (in terms of background,
interest, language capability, etc.) based on the search logs, we will be able to provide
innovative services to online dictionary users such as collaborative study.

In this study we randomly picked 1022 users who submitted at least 30 queries in a
one month period. We examined the number of users who shared a certain number of
queries with at least one other user. As can be seen from Figure 7, more than 20% of
users shared at least 10 queries with one or more other users. Around 10% users
shared at least 15 queries. This result demonstrates the feasibility of finding a similar
peer for at least 10% of total users since 15 identical queries can largely guarantee
that two users have some similarity between them. Given a longer period of the search
log collection, the matching of two similar users can be more accurate.
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Fig. 7. Number of identical queries with at least one other user

We also examined the possibility of clustering users into separate user groups to
maximize the similarity within each group. By applying a fast clustering algorithm
published in [11], we clustered the before mentioned 1022 users into 125 groups.
Figure 8 (a) shows a query similarity matrix of users where each spot denotes the
corresponding pair of users who had at least 3 identical queries. Since the users are
randomly arranged along two axes, the similarity matrix looks totally random.
Figure 8 (b) shows the 3D similarity matrix in a diagonal perspective. As can be seen,
the majority of the similarity pairs have 3 or 4 identical queries. Figure 8 (c) shows
what the similarity matrix is like after users are re-arranged along two axes according
to the 125 clustered groups (users in the same group are placed adjacent to each other
on x and y axis). We can see now most points are gathered along the principal
diagonal of the similarity matrix. Figure 8 (d) provides a better view where we clearly
see the similarity points, especially those with 5 or more identical queries, are now
gathered tightly along the diagonal. This demonstrates that the clustering algorithm
works very well on the online dictionary users based on their queries.
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Fig. 8. Query based user clustering

5 Conclusions

In this paper we examined online dictionary user search behavior based on a large
scale search log data set of a leading online English-Chinese dictionary website. The
study results suggest that:

On average, online dictionary queries are shorter than search engine queries.
English queries submitted by Chinese domestic dictionary users are less difficult
than those submitted by non-China based users.

Online dictionary queries are less diversified than search engine queries.
Non-China based users query more per day on average.

A large number of users submit repetitive queries in a short time period.

Online dictionary users can be well clustered into separate groups according to the
similarity of their search behavior.

Although we have presented some findings on dictionary query based user

clustering in this paper, we believe there are still many interesting open research
issues in this topic. This will be the subject of our next large scale study on online
dictionary user search behavior.
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