
A Click-Search Interface for Web Browsing
Using Cellular Phones

Daijiro Komaki†, Kenji Ohnishi†, Yuki Arase†,
Takahiro Hara†, Gen Hattori‡, Shojiro Nishio†

†Dept of Multimedia Engineering,
Grad. Sch. of Information Science and Tech., Osaka Univ., JAPAN

{komaki.daijiro, ohnishi.kenji, arase.yuki, hara, nishio}@ist.osaka-u.ac.jp
‡KDDI R&D Laboratories Inc., JAPAN

gen@kddilabs.jp

ABSTRACTCellular phones are widely used to access the Web, and it hasbecome common to search for information on the Web us-ing cellular phones. However, since cellular phones only havenumerical keys for inputting characters, users have to con-duct laborious operations to input a keyword for Web search.In our previous work, we assumed information appliancesequipped with pointing devices and proposed a Click-Searchmethod that enables users to perform a keyword search sim-ply by pointing and clicking the target word on a Web page.This approach might be e�ective for Web searches using cel-lular phones. However, since many cellular phones only havea direction pad as a pointing device, users still have to con-duct laborious operations using the pad to move a pointerand point to a word. To solve this problem, we propose aClick-Search interface for cellular phone users that uses anexpanding circle to select a word for search. Using this in-terface, users can specify a keyword simply by pushing a fewbutton.
Categories and Subject DescriptorsH.4.3 [Information Systems]: Communications Applications�Information browsers
General TermsDesign
KeywordsCellular phone, Web browsing, Web search, Interface
1. INTRODUCTIONBecause of the recent advances in a processing and com-munication facilities, cellular phones are widely used to ac-cess the Web. It has also become common to browse not
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only Web pages designed for cellular phones but also thosedesigned for desktop PCs. Web searches are essential for�nding Web pages containing the information users need.For Web browsing using desktop PCs, it is common to usesearch engines such as Google and Yahoo!. Therefore, somecellular phone carriers have started o�ering searching ser-vices, e.g., Google, and it is expected that more and moreusers will use such searching services in the near future.However, since many cellular phones only have numericalkeys for inputting characters, users have to conduct labori-ous operations to input keywords for Web searches.In our previous work, we assumed information appliancesequipped with pointing devices, such as a remote controllerof the Nintendo Wii[12], touch panel, and mouse for PCs,and proposed a Click-Search[4] method to avoid laboriousoperations for inputting a search keyword. In this method,when a user points to and clicks a word on a Web page,a Web search using the word is automatically performedwith a search engine, and the most relevant page is dis-played as the search result on the user's screen. This ap-proach might also be e�ective for Web searches using cellularphones. However, cellular phones only have a direction padas a pointing device. Therefore, it is not e�ective to directlyadopt this method, because users have to conduct laboriousoperations using the direction pad to move the pointer andpoint to a word.In this paper, we propose an easy-to-use Click-Search in-terface for cellular phone users. To reduce users' laboriousoperations, it uses an expanding circle to specify a wordfor Web searching instead of directly pointing to the word.Speci�cally, when a user pushes a key, a circle appears onthe screen and it keeps expanding as long as the user keepspushing the key. The user releases the key when the targetedword is covered by the circle. Then, the system selects thewords for search from the words inside the circle, consider-ing the attributes of the words and their distance from thecenter of the circle. Using this interface, users can specify akeyword for search by pushing only a few buttons.The remainder of this paper is organized as follows. Re-lated works are described in section 2. In section 3, we de-scribe the Click-Search method, which we proposed in ourprevious work. In section 4, we describe our proposed inter-face in detail. In section 5, we describe the results of a userexperiment for evaluating the e�ectiveness of the proposedinterface. We provide some discussion in section 6. Finally,we conclude the paper in section 7.
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Figure 1: An example of executing the Click-Search method
2. RELATED WORKSSince cellular phones have small screens and poor inter-faces, it is inconvenient to browse Web pages designed fordesktop PCs on them. Many studies have attempted to solvethis problem.ZoneZoom[8] divides an overview of a Web page displayedon the screen of a cellular phone into nine segments and as-signs each segment to a numerical key. When a user pushes anumerical key, the corresponding segment is scaled up. Min-imap [9] changes the widths of text paragraphs and scalesdown images and tables, while keeping as close as possibleto the original layout of the Web pages. In [1], we proposeda Web browsing system that adaptively presents Web con-tents. This system �rst displays an overview of a page anda user selects a content of interest. Then the system auto-matically displays the content in the best way according toits characteristic in order to reduce laborious scrolling op-erations to browse the page. These conventional techniquesimprove Web page presentation on cellular phones. How-ever, they do not address Web search using cellular phones.SoftBank[10] provides a commercial search service for cel-lular phones called Yahoo! oneSearch[14]. It predicts whatinformation the user needs based on his/her preferences, anddisplays it at the top of the search results. For example,when a user inputs a place name, the map of the place isdisplayed as the top search result. NTT docomo[6] and au[2]provide a Google search engine for their mobile portal sites.Users can �nd their target pages not only by searching thedirectories at the portal sites but also by querying the Websearching engine.These services require inputting characters for specifyingkeywords to use the search facility. This is burdensome forcellular phone users. On the other hand, [11] proposed asearch method for PDAs, which are equipped with a stylusand a touch screen. When a user traces and speci�es a key-word with the stylus, the system presents a menu suggestingoptions for the user's search intention. This menu is auto-matically generated based on the words located around thekeyword. However, tracing a keyword is still a burden taskfor cellular phone users.

3. CLICK-SEARCH METHODWe propose a Click-Search interface for cellular phoneusers, which enables the users to specify a keyword with-out laborious operations. In this section, we describe theClick-Search method, which we proposed in [4] and whichis the basis of the Click-Search interface proposed in thispaper.
3.1 OutlineThe Click-Search method is intended for information ap-pliances equipped with a pointing device, such as a remotecontroller of the Nintendo Wii, touch panel, and mouse forPCs. When a user points and clicks a target word on a Webpage, a Web search using the word as the keyword is auto-matically performed, and the result page is displayed on theuser's screen. Figure 1 shows an example of executing theClick-Search method. In this example, a user is interestedin the word �Bali� and clicks the word with the mouse, anda Web page related to Bali is presented. In the following,we describe the procedure of the Click-Search method.1. Extracting n characters before and after the clicked po-sitionThe character nearest the clicked position is consid-ered the center character, and n characters before andafter the center character (in total, 2n characters) areextracted.2. Extracting free-standing and compound wordsNouns are extracted from the 2n characters extractedin step 1. Consecutive nouns are considered to be acompound word.3. Extracting �core� word and �neighboring� wordsAmong the nouns and compound words extracted instep 2, the nearest noun to the clicked position is con-sidered the core word, and the others are consideredneighboring words.4. Calculating �importance�The �importance� of each neighboring word is calcu-lated. Here, a few neighboring words with high im-
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Figure 2: Click-Search interfaceportance are combined with the core word in order tonarrow down the search result. The details of calcu-lating the importance are described in section 3.2.5. Conducting Web searchesThe core word is combined with the neighboring wordswith high importance, and a Web search is performedusing the API provided by a search engine.6. Presenting the resulting Web pageThe top search result's Web page is displayed on theuser's screen.
3.2 “Importance” of neighboring wordsThe �importance� of a neighboring word is de�ned as thedegree to which it can narrow down the search result bybeing combined with the core word. The importance is cal-culated based on the importance of the word itself and theimportance in relation to the core word, i.e., how the wordis related to the core word. The importance of neighboringword w with core word wa is expressed as E(w, wa) by thefollowing equation:

E(w, wa) = αEo(w) + (1 − α) · Er(w|wa). (1)Here, Eo(w) is the importance of word w itself, andEr(w|wa)is the importance of word w in relation to core word wa.
Eo(w) is calculated by the following equation:

Eo(w) = (Fm(w) + Fv(w) + 1) · p(w). (2)Here, Fm(w) is 1 if w is judged as a proper noun, and 0 oth-erwise. Fv(w) is 1 if w contains a highlighting expressionsuch as �( )�, �< >�, or <b> tag in HTML, and 0 other-wise. p(w) is a statistical value calculated by tf · idf usingdocuments collected from news archives.
Er(w|wa) is calculated by the following equation:

Er(w|wa) =
Fc(w, wa)

Fd(w, wa)
. (3)Here, Fc(w, wa) is the degree of co-occurrence of w with coreword wa in the currently displayed Web page, and Fd(w, wa)is the distance between w and wa on the page. They are

expressed by the following equations:
Fc(w, wa) =

freq(w|dist(w, wa) < k)

freq(w|w ∈ Doc)
, (4)

Fd(w, wa) = dist(w, wa). (5)Here, freq(w) is the number of word w in Doc, which isthe currently displayed Web page. dist(w, wa) is the dis-tance between w and wa, which is de�ned as the number ofcharacters between the two words. k is the window size toexamine the co-occurrence of w and wa.After calculating the importance of each neighboring word,neighboring words with high importance are combined withthe core word to conduct a multiple keyword search.
4. CLICK-SEARCH INTERFACE FOR CEL-

LULAR PHONESThis section describes the proposed interface that enablesthe Click-Search method to be comfortably used on cellularphones. We focus particularly on how to determine the coreword. Here, we assume a Web browser for cellular phoneswhich presents Web pages in the same way as desktop PCs,and users browse pages by scrolling them up, down, right,and left using the direction pad. At the center of the screen,a pointer of the similar shape with the mouse cursor is dis-played, i.e., the pointer is �xed at the center position.As an approach to select a search keyword by simply us-ing the direction pad and center action button, we use anexpanding circle, which is like netting a keyword. Speci�-cally, when a user pushes a speci�c key, a circle appears onthe screen centered around the pointer, and the circle keepsexpanding as long as the user keeps pushing the key. Whenthe circumference of the circle reaches the edge of the screen,the circle starts shrinking until it gets back to its initial size.After that, it starts expanding again.If the user is interested in a certain word on a Web page,he/she simply pushes the key and keeps pushing it until thecircle includes the target word. After the user releases thekey, the resulting Web page is displayed on the screen. Fig-ure 2 shows an example of a search using the Click-Search in-terface. In this example, the user was interested in the word
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Figure 3: The Listing method

Figure 4: String extraction�Bali� and expanded the circle until it covered the word.Then, the resulting Web page was presented.In order to select a search keyword, i.e., the core word,from words contained in the circle, we designed two meth-ods: �automatic selection� and �listing�. The automatic se-lection method selects just one word as the search keywordautomatically. The listing method presents a list of can-didate keywords, and users select one from the list usingnumerical keys (See Figure 3).
4.1 How to select a search keywordIn order to determine search keyword candidates, the sys-tem calculates the importance of each word. Here, we de�nethe �importance� of a word as a measure representing howsuitable the word is as a search keyword.
4.1.1 Extraction of search keywordFirst, we describe how to extract words contained in thecircle. Let us denote the coordinates of the circle center as
(x, y), and denote the radius as r.First, the system extracts a partial string between the twocharacters located at the nearest positions to (x − r, y) and
(x + r, y), respectively, which we call S (See Figure 4). Thisprocess is called �string extraction with center (x, y) and

Figure 5: Extraction of strings contained in the circleradius r�. In order to extract all characters contained in thecircle, the same process is applied to each line of text in thecircle. Speci�cally, where the space between two adjacentlines (line space) is constantly s[pix], string extraction withcenter (x, y± s · k) and radius r′ is applied to the line whichis k lines away from the circle center. Here, r′ is calculatedby the following equation:
r
′ =
√

r2 − (s · k)2. (6)Figure 5 shows an example of string extraction at the linewhich is two lines away from the center. Here, r′ =
√

r2 − 4s2.This process is repeated for all lines until the condition
s · k > r is satis�ed.
4.1.2 Calculation of importanceNext, each of the extracted words is assigned an impor-tance value based on both the attributes of the word and itsdistance from the circle center. In the following, we describethe details.First, free-standing words and compound words are ex-tracted from the characters extracted in the previous step.The system considers consecutive nouns to be a compoundword. Following the Click-Search method proposed in [4],the system calculates Fm(w) based on whether the word isa proper noun or not and p(w) based on tf · idf . In our ap-proach, we newly adopt D(w), which is calculated based onthe distance between the word and the circle center. Then,the sum of these values determines the importance of thisword. The reason we give a higher priority to proper nouns,e.g., the name of a person or a place, is that they are oftenused as search keywords.Speci�cally, the system gives a weight to each word basedon whether the word is a proper noun as described in sec-tion 3, i.e., Fm(w) is set as 1 if the free-standing word is aproper noun. As for a compound word, Fm(w) is set as thenumber of contained proper nouns. On the other hand, wethought that characteristic words in the page often attractusers. Therefore, statistical weight, p(w), which is based on
tf · idf ,is calculated by the following equation:

p(w) = tf(w) ·
(

1 + log
2

(

N

df(w)

))

. (7)Here, tf(w) is the number of appearances of word w in thecurrent page. In our implementation, we use the API pro-vided by Yahoo! JAPAN to determine N and df(w). N is
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Figure 6: Calculation of D(w)the total number of pages that the Yahoo! JAPAN searchengine can get, which is set as 19,200,000,000. df(w) is thenumber of resulting pages of a search using word w as thekeyword.Since users specify a search keyword by using an expand-ing circle in our interface, they stop enlarging the circle justwhen the circumference reaches the target word in mostcases. Therefore, it is reasonable to assume that words lo-cated near the circumference are more important for usersthan ones located near the center. Let us denote D(w) asthe distance between the circle center and word w. Let usalso denote s[pix] as the line space and t[pix] as the spacebetween two adjacent characters (character space). Here,we focus on character c on the line which is k lines awayfrom the line including the circle center. c is at the centerposition on the string in the circle. Then, the distance be-tween the circle center and character i which is charactersaway from c, d[pix], is calculated by the following equation:
d =
√

(k · s)2 + (i · t)2. (8)Consequently, D(w) is de�ned as the larger value betweenthe distance to the �rst character in w (from the circle cen-ter), dL, and the distance to the last character, dR:
D(w) = max(dL, dR). (9)Figure 6 shows an example of calculating D(w). The word�programmes� is 4 lines away from the circle center and the�rst and last characters are 5 and 4 characters away from

c, respectively. Therefore, dL =
√

25t2 + 16s2 and dR =√
16t2 + 16s2, and D(w) is set as dL.Finally, the importance E(w) of word w is calculated bythe following equation using Fm(w), p(w), and D(w):

E(w) = Fm(w) + p
′(w) + D

′(w). (10)Here, p′(w) and D′(w) are normalized values of p(w) and
D(w) so that each maximum value becomes 1.
4.1.3 Automatic Selection and Listing methodsWe designed the automatic selection and listing methodsto determine a search keyword based on the importance ofeach word in the circle, which is calculated as described insection 4.1.2. The automatic selection method mainly aimsat reducing users' operations and selects just one keywordas the word with the highest importance like the Googlesearch's �I'm Feeling Lucky� feature. On the other hand, the

Figure 7: Architecture of the Click-Search interfacelisting method mainly aims at avoiding the wrong keywordselection due to the single keyword selection. It selects thesix words with the highest importance as search keywordcandidates and lists them on the user's screen. Then, theusers manually select the search keyword by pushing thecorresponding numerical key.
4.2 ImplementationWe implemented the Click-Search interface as a server/clientarchitecture (See Figure 7) since cellular phones lack pro-cessing power at this time. The client sends both the coordi-nates of the circle center and radius after the user completesto adjust the circle. Then, the server determines the searchkeyword from the words contained in the circle. Note thatin the listing method, the keyword selection requires theuse's decision. The server performs the search operation byspecifying the keyword using the API provided by Yahoo!JAPAN[13], and get the Web page which is the top searchresult. Then, the server sends the resulted Web page to theclient, and the client presents the received page on the user'sscreen.The server was implemented on a PC with Windows XPand coded with Visual C# and PHP (hypertext prepro-cessor). We implemented a prototype of the client using�BREW simulator�, which is a BREW emulator providedby Qualcomm[7], and coded with BREW[3]. However, ourproposed system does not restrict the programming platformto BREW, and can be implemented using other languagessuch as C++ and Java.Since the technical progress of cellular phones is remark-ably rapid, we expect that it will be possible to implementthe whole system (both the server and the client) on a cel-lular phone in the very near future.The current version of our system can deal only withJapanese pages. Therefore, though examples of interfacesin this paper are in English, the real interfaces in the imple-mented system is in Japanese. The Click-Search interfaceuses MeCab[5] for Japanese morphological analysis.
5. EVALUATIONIn this section, we describe the experiment conducted toverify the e�ectiveness of our proposed interface.
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Figure 8: Number of operations
5.1 User experimentParticipants were ten men and two women from our lab-oratory. The participants executed nine tasks using threeinterfaces: the automatic selection and listing methods pro-posed in this paper and the �direct pointing� method. Thedirect pointing method is a version of the Click-Search methodin [4] which has been modi�ed for usage with cellular phones.In this method, users have to scroll the screen using the di-rection pad and specify a search keyword by pointing andclicking a word using the pointer displayed at the center ofthe screen. Since we implemented the client using a BREWsimulator, the participants operated the BREW simulatorusing a mouse on the screen of the desktop PC.We gave participants a few tasks for searching for a spe-ci�c word on a Web page. For these tasks, we used Webpages of news articles and chose various types of words assearch keywords to achieve fairness in the experiment: fourperson names, two place names, two general terms, and oneunknown word. In order to simulate a common situation inWeb browsing using a cellular phone, we instructed the par-ticipants not to immediately search a speci�ed keyword, butto read the whole article �rst and then search the keyword.Furthermore, in order to dissociate the interfaces and tasks,we divided participants into six groups and assigned eachgroup a di�erent combination of interfaces and tasks.During the experiment, the number of operations for eachtask was automatically recorded. We asked the participantsto evaluate subjectively the number of operations on a scaleof �ve levels (1: few - 3: usual - 5: many) after �nishing eachtask. We also asked them to evaluate how easy it was to useeach interface on a scale of �ve levels (1: not easy - 3: usual- 5: easy) after �nishing all tasks. In addition, the partici-pants wrote free-form comments about the advantages anddisadvantages of our proposed interface.
5.2 Results: Number of operationsFigure 8 shows the distribution of the numbers of ac-tual operations for all tasks, which were obtained from therecorded operation log. The numbers of operations werewidely distributed, thus, a parametric test is not suitable for

examining the result. Therefore, we conducted the Kruskal-Wallis test, which is a non-parametric test used for exam-ining di�erences among groups, with 5% signi�cance level.We found no signi�cant di�erence among the three meth-ods. This is because usual scrolling requires much moreoperations to read articles on a Web page than specifying asearch keyword, thus, the di�erences in the number of op-erations among the three methods are relatively not verylarge.Figure 9 shows the subjective impressions of the numberof operations for each method, which the participants an-swered after �nishing the task. From this result, we can seean interesting fact. 61% of participants selected level 1 or2 (little or very little) for the automatic selection methodand 83% for the listing method, whereas 11% selected 1or 2for the direct pointing method. This result shows that thenumber of operations when using the automatic selectionand listing methods is perceived to be less than that whenusing the direct pointing method, i.e., our proposed inter-face enabled participants to specify a keyword with feweroperations. The listing method was perceived as requiringfewer operations, despite the fact that it requires one moreoperation than the Automatic selection method to select akeyword by using the numerical key from the list of thecandidates. This seems to be because users prefer to knowwhich word was used for the search. We got the followingcomment from a participant: �In the automatic selectionmethod, the system should provide feedback to users aboutwhat word was set as the search keyword.�
5.3 Result: questionnaire surveyFigure 10 shows the results of the questionnaire surveyasking how easy it was to use each interface. The averagescore was 3.25 for the automatic selection method, 4.25 forthe listing method, and 2.75 for the direct pointing method.This result shows that the participants thought the auto-matic selection and listing methods were easier to use thanthe direct pointing method; The listing method was eval-uated as the best. We got the following comments fromthe participants: �In the listing method, the target word Iwanted to search was always on the list of the candidates,�
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Figure 10: Easy to useand �I could not understand which word was selected as asearch keyword in the automatic selection method.� There-fore, in the automatic selection method, we should providefeedback, such as highlighting the selected word, so thatusers can recognize which word was selected as a search key-word. The listing method was preferred by the participantsbecause they could always recognize the search keyword byselecting it from the list by themselves.
5.4 Result: accuracyFigure 11 shows the accuracy of keyword selection includ-ing mis-operations, which are de�ned as failure cases wherethe participants' targeted keywords were not included in theextracted words. Figure 12 shows the accuracy when ignor-ing mis-operations. Here, the accuracy for each keywordis de�ned as the ratio of search operations in which thekeyword was correctly selected to all the search operationsregarding the keyword. This result shows that the listingmethod always included the keyword successfully in the listof the candidates if the corresponding word was successfullycontained in the circle.As for the task using person name 3, the accuracy of theautomatic selection method was 0%, even when the partici-pants correctly included the word in the circle. The impor-tance of person name 3 was low because there were many
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Figure 11: Accuracy of keyword selection including the mis-operations
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Figure 12: Accuracy of keyword selection when ignoring mis-operationsother person names near person name 3. The same thingalso happened for general term 2, i.e., the automatic selec-tion method was not able to select general term 2 as thekeyword even when the participants included the word inthe circle. This is because there were some proper nounsnear general term 2 in the Web page, and the importance ofgeneral term 2 was smaller than those of the proper nouns.On the other hand, as for general term 1 and unknown word1, the participants often could not include these words cor-rectly in the circle. This seems to be because these wordswere long; eight characters and nine characters, respectively,and thus, it was di�cult to include these words completelyin the circle. Therefore, we should modify our methods toextract long words even if the words are only partially in-cluded in the circle.
6. DISCUSSIONS

6.1 Importance of wordsThe proposed interface selects a search keyword consid-ering proper nouns, tf · idf and the distance between theword and the circle center. It is expected that the accuracyof keyword selection can be improved by using users' brows-ing context. For example, when a user scrolls from left to
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right and tries to select a keyword using our interface, we canexpect that the user's target word is on the right side of thecircle. Therefore, it might be e�ective to take the scrollingdirection into account when calculating the importance ofwords.
6.2 Evaluation using cellular phonesIn our experiment, we used an emulator on a desktop PCand evaluated tasks that required the participants to per-form keyword searches. However, this is di�erent from a realsituation of Web browsing using a cellular phone. Speci�-cally, operations on the emulator using a mouse are easierand simpler than operations using the direction pad on thecellular phone. Additionally, �nding a speci�c keyword (re-quested by us in advance) is like �searching� rather than�browsing�. Therefore, we need to conduct additional exper-iments using actual cellular phones in which users browseWeb pages freely and perform keyword searches by speci-fying words of interest. Furthermore, we should compareour approach with some general Web searching methods, inwhich users input a keyword on a form using numerical keys.
7. CONCLUSIONIn this paper, we proposed a Click-Search interface forcellular phone users. In the proposed interface, when a userpushes a key, a circle appears on the screen and keeps ex-panding as long as the user keeps pushing. The user releasesthe key when the target word is included in the circle. Then,the system selects a search keyword from the words insidethe circle considering the attributes of the words and theirdistance from the circle center. Using this interface, userscan specify a keyword simply by pushing a few buttons.We conducted a user experiment and con�rmed that ourproposed interface enables users to specify a keyword withfewer operations.In future work, we will consider a selection method toconsider user's search intention and an e�ective presentationmethod of the resulting Web pages. Furthermore, we willconduct additional experiments using actual cellular phoneson which users read Web pages freely and search for wordsof interest, and verify the e�ectiveness of our proposed in-terface in a real environment.
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