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A Novel Re-ranking System
Using a Radar Chart Interface

Jianwei Zhang *

Abstract— The users of search engines generally
input less than 2 query keywords and only browse
the top ranked pages from the ordered search results.
However, credible information which users want to
obtain may be hidden in the pages with low ranks.
When the results of an initial input query are not
satisfactory, they re-retrieve pages by adding or re-
vising keywords until they find their desired informa-
tion.
on a radar chart interface which considers the im-
portance relationship among multiple sub-keywords.
The proposed system can automatically extract some
sub-keywords which complement the meaning of the
query keywords entered by a user, and form a radar
chart interface by using the extracted sub-keywords
as its chart items. Users can easily adjust the impor-
tance degrees of the extracted sub-keywords or re-
place them with new words by using the radar chart.
Our system makes the re-ranking more effective and
flexible.

We propose a novel re-ranking system based
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1 Introduction

Recently, search engines such as Google and Yahoo! are
widely used to retrieve information from a large quantity
of pages on the Web. These websites have the benefit of
being able to search and return several thousands to sev-
eral tens of thousands Web pages that contain the query
keywords in a split second. Generally, users only input
several query keywords and browse the search results with
high ranks. Our investigation into a total of 200 individ-
uals shows that 90% of people input less than 2 query
keywords when retrieving information, and that about
80% of them check no more than the top 30 pages re-
turned from a search engine. When the top ranked pages
are not user-desired, users have to try to add or revise
the query keywords one or more times until the targeted
results are achieved.

Recently, research and development [2, 5, 1, 3, 4] that
make the re-ranking more convenient have attracted a
number of research interests. These researches can reduce
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users’ cost of considering and inputting sub-keywords.
However, the prior work only provides some interfaces
by which sub-keywords are dealt with in a binary way:
selected or abandoned. Sometimes, a user is not entirely
explicit when conducting a retrieval. A binary usage of
sub-keywords is not enough to reflect such query intent.
To solve this problem, we consider the importance re-
lationship among multiple sub-keywords, and propose a
flexible re-ranking system using an interface called “radar
chart” that automatically extracts sub-keywords to com-
plement the meaning of the query keywords and allows
users to easily adjust the importance of multiple sub-
keywords, rather than selecting or abandoning the ex-
tracted sub-keywords.

More specifically, the search results corresponding to the
initial query keywords entered by the user are first ob-
tained using the search engine. The top fifteen keywords
with the highest averages of the tf-idf values are extracted
as sub-keywords. Among them, the top five sub-keywords
become the items of the radar chart. Furthermore, the
tf-idf average value of each sub-keyword is used as the
chart value of each item. By freely changing chart items
or their chart values of this radar chart, users can bal-
ance the importance of multiple sub-keywords, and con-
sequently find pages which they want to browse by re-
ranking. A query vector for the re-ranking is generated
using the changed tf-idf values of sub-keywords as its el-
ements. Fach search result is also considered as a 5-
dimension vector, each element of which is the tf-idf value
of each sub-keyword in the page. The pages returned
from the search engine are re-ranked in the descending
order of the similarity between the query vector and each
page’s vector.

Figure 1 is a radar chart’s example. When a tourist en-
ters a query keyword “Kyoto”!, our system extracts the
words, “sightseeing”, “university”, “policy”, “culture”,
and “gourmet”, as the sub-keywords. Assume that their
tf-idf average values are 0.3, 0.2, 0.2, 0.1, 0.1, respec-
tively. If the tourist is especially interested in “sightsee-
ing” and “gourmet” and is somewhat concerned about
“culture” (not feeling no interest in “culture”), the tourist
can set the highest scale (e.g., 10) to “sightseeing” and
“gourmet” and the relatively high scale (e.g., 4) to “cul-

I1Kyoto is a tourist city, formerly the imperial capital of Japan.
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Figure 1: Example of a radar chart

ture” by operating on the radar chart. The system re-
ceives the user adjustment of importance degrees of sub-
keywords and changes the chart values of “sightseeing”,
“culture” and “gourmet” to higher values, e.g., 0.9, 0.4
and 0.9. A new query vector (0.9,0.2,0.2,0.4,0.9) is gen-
erated (the chart values of “university” and “policy” are
not modified and remain to 0.2), and the search results
for the query “Kyoto” are re-ranked based on the similar-
ity of the query vector, which considers the importance
order: “sightseeing” = “gourmet” > “culture” > “uni-
versity” = “policy”.

The rest of this paper is structured as follows. In Section
2, the overview of the proposed system is presented. Sec-
tion 3 describes how to extract radar chart items and
how to calculate radar chart values. Section 4 shows
how to adjust radar chart values. Section 5 describes
the re-ranking method based on the radar chart. Section
6 shows the experimental results and their evaluations.
Section 7 reviews the related work. Finally, we conclude
this paper and discuss the future work in Section 8.

2 System overview

The proposed system can automatically extract multiple
sub-keywords from search results and allow users to freely
change these sub-keywords and their importance, so that
user-desired pages can be highly re-ranked.

Figure 2 shows the overview of the proposed system.
First, when a user enters one or more query keywords, the
system retrieves the search results using the Yahoo! APIL.
Then, the titles and snippets of the search results are ac-
quired, and morphologically analyzed to extract specific
nouns. Furthermore, the tf-idf value of each word for each
page in which the word appears is calculated, and the
words are sorted in the descending order of the average
of tf-idf values for the pages in which the words appear.
The top fifteen words with the highest tf-idf average val-
ues are extracted as sub-keywords and presented to the
user. Among them, the top five words and the tf-idf aver-
age values are used respectively as radar chart items and
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Figure 2: Overview of the re-ranking system

radar chart values. Next, the user can adjust the value of
each item in ten levels (1-10) by operating on the radar
chart. The user can also replace any of the five items by
selecting appropriate ones from the presented fifteen sub-
keywords or using any new keywords which they can re-
call. After receiving new chart values or new chart items
from the user input, the system generates a query vector
consisting of the chart values of the five items and cal-
culates the similarity between the query vector and page
vectors. Finally, the search results are re-ranked based
on the similarity.

3 Extraction of radar chart items and
calculation of radar chart values

After a user enters one or more query keywords, the pro-
posed system retrieves the top N search results using the
Yahoo! API. Considering the real-time processing, our
current system only collects the titles and snippets from
the retrieved pages. Furthermore, these collected titles
and snippets are analyzed morphologically to extract spe-
cific nouns. The tf-idf value of an extracted noun w ap-
pearing in a title or snippet’s text t; is calculated using
the following formula:

C’(w,ti)
N(t;)

tf -idf (w,t;) = (1)

x 1 N
0
INw)
where C(w,t;) is the number of times that word w ap-
pears in text t;, N(¢;) is the number of words extracted

from t;, N is the number of all the retrieved pages, and
N(w) is the number of pages in which word w appears.

The tf-idf value values of each word w are averaged for
the pages in which w appears. The top fifteen words
with the highest tf-idf average values are extracted as the
sub-keywords. Excluding the query keywords from them,
the top five ones are used as the radar chart items. The
initial radar chart value of each item is the tf-idf average
value of the word.
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4 Adjustment of radar chart values

After the radar chart is presented, the user can set the
scale of each item by selecting a value of 1-10 through the
interface. The new radar chart value y(w) of sub-keyword
w is calculated as follows:

y(’LU) — mam(tf~idf(w7ti));min(tf-idf(w,ti)) > (217 _ 1)

+min(tf - idf (w,t;)) (2)

where t; is a title or snippet’s text, and x is the selected
scale (an integer value ranging from 1 to 10).

For example, a keyword w has a maximum tf-idf value
0.9 for a page and a minimum value 0.3 for another page,
and a user sets the scale to 8. The conversion formula is

_09-03

y(w) 5 x (8—-1)+03=0.77 (3)

The value y(w) is used as the new chart value of the radar
chart. The user can also replace any of the five chart item
by selecting appropriate ones from the presented fifteen
sub-keywords or using another new keyword if there are
no desired keywords among the fifteen sub-keywords.

5 Re-ranking of initial search results

After receiving the five sub-keywords and their chart val-
ues from the user, the system generates a query vector
Vi = (vg1, 042,043, Vqa,Vy5) using the chart value of each
chart item as its element. For each retrieved page in the
search results, a vector V, = (Vp1,VUp2, Ups, Upa, Ups) (P =
1,...,N) is determined, each element of which is the tf-idf
value of each sub-keyword. The similarity between vector
Vg and vector V,, is calculated using the following formula:

_ Vq1Up1 + -+ Vg5Up5
\/1)(112‘+_"'_|_’1)(152 X \/1)1)12_‘_"'_‘_’Up52

(4)

The search results are re-ranked in a descending order of
the similarity and presented to the user. When the radar
chart value of a sub-keyword is set to 10, the pages with
the highest tf-idf values for that sub-keyword tend to be
ranked to the top place. When the radar chart value
of a sub-keyword is set to 1, the pages with the highest
tf-idf values for that sub-keyword tend to be given a lower
ranking.

sim(Vy, Vp)

6 Experimental evaluation

We implemented a prototype of the proposed system [6].
The titles and snippets of the top N=150 pages returned
from the search engine were used. Figure 3 is a snapshot
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of the initial search result with the corresponding radar
chart for the query “influenza”. “provision”, “avian”,
“information”, “prevention” and “cold” are extracted as
the initial five radar chart items. Figure 4 shows the re-
ranked results after changing the sub-keywords’ impor-
tance. Using the radar chart, users need not reconsider
the sub-keywords by themselves, and they can freely and
easily change relative importance of the extracted sub-
keywords.
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Figure 3: Initial search result
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Figure 4: Re-ranked search result

We next describe the evaluation on the extracted sub-
keywords’ appropriateness and the re-ranking effect of
search results based on the author’s judgment (Sec-
tion 6.1) and the questionnaires answered by 100 indi-
viduals (Section 6.2).

6.1 Evaluation by the author

6.1.1 Chart item appropriateness

The author evaluated whether the extracted sub-
keywords for 10 selected query keywords were appropri-
ate as their complement. The evaluation was one of three
levels: “appropriate”, “neither appropriate nor inappro-
priate”, and “inappropriate”. The evaluation result is
shown in Figure 5. For most of the query keywords, two
or three of the top five sub-keywords were appropriate,
and at least one appropriate item was included in the
sub-keywords for all the ten query words. This indicates
our method can extract useful words for the re-ranking.
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Also, since the chart items and chart values can be easily
changed using the interface of the radar chart, the inap-
propriate items can be assigned smaller chart values, or
be replaced by words that the user wants to use.

MW appropriate

neither of them M inappropriate

Figure 5: Evaluation of extracted sub-keywords by the
author

6.1.2 Re-ranking effect

We also compared the precision and recall of the ini-
tial retrieval results and re-ranked results for four query
keywords. For each query keyword, the top 50 pages
were evaluated and assigned one of three levels: “Y(es)”,
“N(0)” , “B(order)”. The pages regarded as desired ones
were marked as Y, the undesired pages were marked as
N, and the pages which were difficult to be categorized
into Y or N were marked as B. Furthermore, precision
and recall were calculated focusing on the top 10 pages
as follows:

number of pages marked as'Y in 10 pages
10
number of pages marked as'Y in 10 pages

precision =

recall =
number of pages marked as Y in 50 pages

In the experiments, the scales of the sub-keywords which
were evaluated as appropriate in Section 6.1.1 were set
to the largest values (10), and the scales of the inappro-
priate sub-keywords were set to the smallest values (1).
Figure 6 and Figure 7 show that both precision and recall
are remarkably improved for all the four query keywords
after search results are re-ranked. The detailed evalua-
tion of the top 10 pages before and after re-ranking are
shown in Table 1. As we can see, the appropriate pages
are ranked to the higher place.
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Figure 6: Precision
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Figure 7: Recall

6.2 Evaluation by 100 individuals’ question-
naires

6.2.1 Chart item appropriateness

To evaluate the overall appropriateness of the sub-
keywords, questionnaires were filled out by 100 individu-
als. These individuals inputted their query keywords five
times and gave their overall evaluation of the returned
sub-keywords from four levels: “appropriate”, “some-
what appropriate”, “somewhat inappropriate”, “inappro-
priate”. Figure 8 shows the appropriateness evaluation of
the five radar chart items. The percentage of individuals
who gave the evaluation “appropriate” (7%) and “some-
what appropriate” (53%) was 60%. Figure 9 is the eval-
uation result of the top 15 sub-keyword appropriateness.
The percentage of “appropriate” (7%) and “somewhat
appropriate” (63%) increased to 70%. This indicates that
the extracted sub-keywords are useful for complementing
the query keywords.
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Table 1: Top 10 search results and their evaluation

Query Ranking
keywords 112134 |5 |6 |7|8]9]10
Iraq before | B| Y| B|N|Y | N|N|B|Y | B
after | Y| Y| B|B|Y|B|Y|Y|Y]|Y
Matsui before | N| Y| Y| N|(N|Y|Y| N|Y|B
after | Y| Y| Y|Y|Y|N|(B|B|Y|B
Watch before | N|N|B|B|B|B|Y|N|B|B
after | Y| Y|Y|Y|Y|B|N|B|B|N
India before | Y| B|Y|B|B|B|N|B|B|N
after | Y| B|B|B|B|Y|B|B|Y|B

Percentage of individuals giving their impression
on the extracted top 5 sub-keywords

M appropriate

somewhat appropriate

33% . .
somewhat inappropriate

M inappropriate

53%

Figure 8: Evaluation of the extracted top 5 sub-keywords
by 100 individuals

Percentage of individuals giving their impression
on the extracted top 15 sub-keywords

2%

zes M appropriate

somewhat appropriate
somewhat inappropriate

M inappropriate

63%

Figure 9: Evaluation of the extracted 15 sub-keywords
by 100 individuals
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6.2.2 Re-ranking effect

We randomly selected six query keywords and specified a
page as the desired page for each query keyword. A to-
tal of 100 individuals evaluated the time that they found
the specified page before re-ranking and after re-ranking.
They were asked to select the level of the time for catch-
ing the desirable pages from five options: “found im-
mediately”, “found somewhat immediately”, “found by
spending time”, “found by spending a long time”, “not
found”.

Figure 10 shows the percentages of individuals who gave
evaluation at each level before and after re-ranking for
the query keyword “Iraq”. The percentage of individu-
als who thought the specified pages was “found imme-
diately” increased from 11% to 34%. The percentage of
“found somewhat immediately” increased from 27% to
33%. Also, the percentage of “not found” decreased from
15% to 1%.

Before re-ranking After re-ranking

1%

o found immediately

found somewhat
immediately
found by spending
time

u found by spending a
long time

® not found
33% 33%

Figure 10: Re-ranking effect for the query keyword “Iraq”

Focusing on the total number of individuals who gave the
evaluation levels “found immediately” and “found some-
what immediately”, the improvement of percentage of in-
dividuals for all the six selected query keywords after re-
ranking is shown in Figure 11. The total numbers of these
two high evaluation levels after re-ranking were about 2-3
times than those before re-ranking. This indicates that
our re-ranking method is very effective.
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Figure 11: Re-ranking effect for the six query keywords

7 Related work

There have been a number of studies on interfaces which
help users perform effective and efficient re-ranking. Xu
et al. [2] developed a technique of query expansion by
analyzing word relationships and documents retrieved by
the initial query. Zeng et al. [5] organized Web search
results into clusters. Specially, their method extracted
and ranked salient phrases as candidate cluster names
and assigned documents to relevant salient phrases to
form candidate clusters. Seki et al. [1] proposed a mul-
tiple viewed search engine. Considering two aspects of
search results, a matrix of the distribution of the cluster-
ing of them was generated. The characteristic words of
each cluster were displayed in the matrix which supported
narrowing the search. Yamamoto et al. [3] developed a
re-ranking system which depends on users’ deletion and
emphasis operations. These operations are supported by
using Tag-Clouds. Yoshida et al. [4] developed an inter-
face by which users could perform a complex AND, OR,
NOT search. The important terms were extracted from
the search results and displayed on a two-dimensional
graph. Our work also intends to help users easily perform
a re-ranking of search results. However, the radar chart
interface is different from the above methods because the
importance relationship among multiple sub-keywords is
considered in our system.

8 Conclusions and future work

In this paper, we proposed a retrieval system using a
radar chart interface which automatically extracted mul-
tiple sub-keywords from search results based on tf-idf val-
ues and allowed users to easily combine and set the im-
portance of the sub-keywords. The radar chart was gen-
erated by using the extracted sub-keywords as the chart
items and using the tf-idf values as the chart values. The
experimental evaluation indicated that most of extracted
sub-keywords were appropriate and the re-ranking effect
was good.
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In the current system, real-time processing was taken into
account, and thus only the titles and snippets of the re-
trieved pages were used. In the future, all the text of the
retrieved pages will be analyzed. The tf-idf values were
used for the extraction of sub-keywords. Co-occurrence
frequency is also a reasonable factor which will be consid-
ered in our future work. Comparison between radar chart
and other visualization styles is an interesting work which
will be done. Also, we consider expanding the radar chart
system to evaluate the credibility of Web information.
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