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The development of digital libraries has enhanced the integration of textual and multimedia information in many document collections.
The World Wide Web provides the connectivity for many digital library users. Studies exploring the searching characteristics of Web users
are an important and a growing area of research. Most Web user studies have focused on general Web searching, regardless of subject
matter or format. Little research has examined how Web users search for multimedia information. Our study examines users’ multimedia
searching on a major Web search service. The data set examined consisted of 1,025,908 queries from 211,058 use®,d Erajie
Web search service. From this data set, we identified and analyzed queries for audio, image, and video queries. Our findings were compared
to results from general Web searching studies. Implications for the design of Web searching services and interfaces are discussed.

1. Introduction Some Web search services provide special mechanisms
for multimedia searching. Excitdtp://www.excite.
The World Wide Web (Web) is an immense repositor§om and Yahodttp://www.yahoo.com are two such

of multimedia information [Angelides and Dustar 1997Veb IR systems. The advantage of their approach is that
Lesk 1997a, b] that includes combinations of text, imagglultimedia searching is performed in an identical way to
video, film or audio artifacts. Many museums and reposit&Xt searching.  No additional burden is placed on the
ries of multimedia information are going online [Takahasrﬁeamher- If the searcher desires a multimedia document, the

et al. 1998]. One can now access world famous art gallerig§archer enters a query and specifies a multimedia attribute.
via the Web, such as Monet's worklattp://sunsite. For example, a user searching for recordingdimimy Buffet

unc.edu/wm/paint/auth/monet/first/ _ As of Songs could entédimmy Buffet songsor “audio of Jimmy

22 August 1999, Alta Vistéttp://www.altavista. ]I(3u,ffet songs.’TEis rr;]ay rer:rieve Iyrlic Sg.eeﬁ of J_irrEmy Buf—h
digital.com had indexed approximately 9,983,032 im1€tS songs, rather than the actual audio files. The searcher

ages on the Wédb Lawrence and Giles [1999] estimateqCOUId also use audio file extensions, such as avi or wav. The

there are 180 million images on the publicly indexed Webme procedqres are ut|||zed_ for wdeq or image retneva],
using appropriate terms and file extensions for each media.

and 3Tb of image data, not including other types of mun:fhe disadvantage of this approach is the placement of con-

media files, such as audio and video. The hypertext trans €l ual knowledge burden on the searchers, who may not be

protocol (HTTP) lends itself to the easy transfer of aUdi?amiliar with multimedia formats
video, and image formats integrated with textual informa- Web multimedia searching. mechanisms_ include the

tion. . : .
: o following: Alta Vista http://www.altavista.com
In general, Web users search for multimedia informa; 9 P

. . . earchers can narrow a query to specifically search for an
tion as they search for textual information [Schauble 199% age; Lycoshttp:/www.lycos.com/ searchers can

The simplest image search algorithm used by inform""ti%'%arch for pictures and audio files in MP3 format only;
retrieval (IR) systems locates multimedia files by SearCh"?-%tBothttp'//WWWW hotbot.com provides searching

for file extensions and matching the filename to terms ingg, image .video and the MP3 audio format. Some Web
query [Wittenet al. 1994]. Some Web IR systems may regearch services specialize in multimedia collections. Web-
trieve on-line documents with embedded multimedia filegg gy http://www.ctr.columbia.edu/webseek/

The multimedia filename may not match the query termgyioys users to search by term or select from general cate-
but the Web document may contain text that does. gories of images and video. Webseek returns thumbnail im-
1 with Alta Vista, one can select the image radio box and enter a **' (e. ‘f’}ges as the document result "_St' Th? system also_ prowdes
the wildcard character) into the search box. This will return the numb&POIS for content-based searching for images and videos us-
of images in the Alta Vista inverted file index. ing color histograms generated from visual scenes.
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In this paper we present an overview of research in Weéb1. Research questions
multimedia searching and present results of audio, video, . .
and images data analysis followed by a more in-depth com- Our study addresses the following research questions.

parison between multimedia and general Web searchipgwnat are the characteristics of Web users’ queries for

characteristics. multimedia, audio and image information?
2. What are the similarities and differences between Web
2. Related studies users’ multimedia and general search queries?

A growing body of research is analyzing users’ general )
Web searching characteristics, with fewer studies examinifg Research design
gueries by users seeking multimedia information. Jansen .
and Pooch [1999] provide an in-depth review of Web usérl' Excite data set

searc?t!ng ZFUd'eSS _lnlgtenleril;g.ge., W';[jhm:t (;egard toht_exttual Excitehttp://www.excite.com searches are based
or multimedia). Spinlet al. [ ] conducted researchin On the exact terms a user enters in a query; however, capi-

web user searching |nten'Fs. Mult|m¢d|a sea_lr.chlng. reseag hzation is disregarded, with the exception of logical com-
has typically focused on image retrieval utilizing indexe ands AND, OR, and AND NOT. There is no stemming

image collections [Enser 1995; Goodrum and Kim 199 he Excite transaction lo .
. e ) g data set consisted of 1,025,908
Hastings 1995; O'Connaet al. 1999; Turner 1990]. Some rﬁ:g:ords (table 1).

image research has focused on the design of multimedia ; : ; : .

systems [Aslandogaet al. 1997]. Other researchers have Each record in the transaction log contained three fields:

investigated audio and video retrieval [Brownal. 1996]. e ldentification an anonymous code assigned by the Excite

Smithet al. [1998] provide analysis on the demand for seek- Server to a user machine.

ing video when designing a multimedia classroom. e Time of Day measured in hours, minutes, and seconds
Goodrum and Spink [1999] specifically analyzed users’ from midnight of 16 September 1997.

image queries, terms and sessions using the same data Uged e ry: the query terms exactly as entered by the user.

in our study. Twenty-eight (28) terms were used to iden-

tify queries for both still and moving images, resulting in a Our analysis focused on the user’s sessions, queries, and

subset of 33,149 image queries by 9,855 users. They pietm level of analysis. Basically, sessioris the entire se-

vide data on: (l)mage queries- the number of search quence of queries by a particular usergéeryis the one or

terms, and the use of visual modifiers, (@age search More terms entered into the Web IR systemteAmis any

sessions- the number of queries per user, modification&iling of characters bounded by white space.

made to subsequent queries in a session, andn{aye

terms~ their rank/frequency distribution and the most highly-2. Data analysis

used search terms. Goodrum and Spink [1999] found a ,
mean of 2.64 image queries per user containing a meanThe data set was loaded into a database management ap-

of 3.74 terms per query. Image queries contained a IarB!écat'_on' Que_rles In this apphcat!qn were develop(.ed that
number of unique terms. The most frequently occurrin@onta'ned multimedia terms. Specifically, there were:

image related terms appeared less than 10% of the timg,audio query- containing 27 audio related terms,
with most terms occurring only once. This can be €oNg video query- containing 13 video-related terms,
trasted to earlier work by Enser [1995] who examined writ- . - .
ten queries for pictorial information in a non-digital environ-* image query- containing 30 image-related terms.
ment. Figure 1 shows the specific terms used in each query. The
In our study, we analyze a large set of Web multimegueries were case insensitive.
dia queries from Excite, including image, audio and video These queries were executed against the database. If a
queries. We investigate the searching characteristics of Wader session contained a query not including any of these
users seeking multimedia information with implications foterms, that query would not appear in the analysis. Since
Web search services. Our study design generally adhereg tis difficult to determine an information need based on a
the format and definitions of Web studies outlined by Janseimgle term, the result lists were reviewed, and the queries
and Pooch [1999]. This analysis is part of a larger ongoiriat were obviously not multimedia related were removed.
study of Web searching behavior by Janstral. [1998, When in doubt, the query was not removed from the result
1999] utilizing transaction logs of searches conducted Higts. We feel confident that majority of the queries in this
Excite users. analysis relate to multimedia searching.

Table 1
Basic data.

1,025,910 queries 211,063 users 2,216,986 terms.16 2 mean terms per query .86 = mean queries per session
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Generally, the queries were not altered in anyway. Ré: Results
search by Janseet al. [2000] shows that the cleaning of
the query terms (i.e., removing non-alphanumeric charactersTable 2 provides an overview of the results of the data

such ast,

—, 1, etc.) results in minor changes to the overafet analysis. Table 2 presents the median, mean, standard

results. We did remove leading and trailingand “ char- deviation, maximum, and minimum for session length and
acters in the term analysis. Also, as discussed by Jansgigries length in each of the three-multimedia categories.
and Pooch [1999], concerning Web transaction logs, we are

making an assumption in this analysis that the user ident#i-1. Audio queries

cation field denotes a searcher, while technically it denotes a

computer on which a cookie has been placed. This impactsFindings related to audio queries were:

the analysis, especially on lengthy sessions. These session
may indicate that the machine is a common use computer.

Audio terms Image terms Video terms
au art’ .avi
.au bitmap .mjpeg
audio Bmp .mov
av .bitmap .mov8
.av .bmp .mpeg
band Camera .mpg
cd Cartoon animated
concerts Gallery clip
lyrics gif clips
mpz .gif drivers
multimedia’ image mjpeg
music images mov
noise jpeg movie
song ipg movies
songs pcx mpeg
sonic .jpeg mpg
sonics .jpg plugins
sound .pcx quicktime
sound card photo video
sound cards photographs viewers
soundblaster photograph avi
sounds photos
soundwave pic
speakers pics
track .pic
vocals .pics
wav picture
.wav pictures

png

.png

tif

tiff

tif tiff

Figure 1. Specific terms used in each query.

§,810 audio queries representing: 0.37% of all queries
were submitted by 1,525 users representing 0.73% of all
users from the data set containing 15,661 total terms and
2,101 unique terms.

Total number of terms represented 0.73% of all total
terms in the data set.

Mean session length for audio searching was 2.44 queries
Mean query length was 4.11 terms.

Top occurring audio term wasusic with 1365 occur-
rences in the set of audio queries.

Number of audio queries was extremely small (0.37%)
compared to the total set of all queries. This is surpris-
ing given the large number of music compact diskettes
(CD) and tapes sold each year. The lack of audio search
terms may have been due to economic and technical is-
sues concerning delivery of commercial recordings via
the Web [Kirsch 1998]. With the acceptance of the MP3
audio standard for Web delivery of commercial audio,
the number of audio queries on a particular search en-
gine will probably increase. Already]P3is a top query
term on Web IR systems [Nielsen/NetRating 1999].

4.2. Video queries

Table 2
Comparison of statistics from the three multimedia categories.

Findings related to video queries were:

7,630 video queries represented 0.74% of all queries sub-
mitted by 2,613 users containing 24,514 total terms and
2,725 unique terms representing 1.14% of all total terms
in the data set.

Mean session length for video searching was 2.91 queries.

Mean video query length was 3.21 terms.

Audio queries

Video queries

Image queries

Number % Number % Number %
Total 3810 0.37% 7630 0.74% 27144 2.65%
Queries/user  Terms/query Queries/user  Terms/query Queries/user  Terms/query
Median 2 4 2 3 2 3
Mean 2.44 4.11 291 3.32 3.27 3.46
Std dev 2.95 2.67 3.85 1.96 5.49 2.2
Max 51 37 70 44 267 33
Min 1 1 1 1 1 1
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Table 3
Top 10 multimedia terms in each category.
Audio Video Image
Rank Term Number % Term Number % Term Number %
1 music 1365 g2 movies 1707 /6 pictures 10571 126
2 sound 485 30 video 1696 02 photos 3507 34
3 audio 457 92 movie 1289 26 pictures 1508 Bl
4 lyrics 340 217 videos 860 31 pics 1500 B0
5 cd 333 213 clips 428 175 photo 1241 B2
6 song 227 us clipart 219 89 gallery 950 01
7 songs 225 n4 pictures 204 @3 images 875 91
8 wav 211 135 mpeg 133 B4 art 809 86
9 band 204 BO animated 117 as camera 679 02
10 sounds 117 .90 avi 117 048 photography 579 .82

e Top occurring video term wasovies with a frequency the smallest proportion of multimedia queries, but they were
of 1,707 occurrences in the set of video queries. slightly longer than video or image queries.

e Almost twice as manyideoqueries asudioqueries and _
the other statistics such as number of users and numBet- Term analysis

?r:c terrr:js_, were _along the T_'ame Imet(r)]f abOUtbtW'C(? vygat Table 3 lists the top ten terms used for multimedia search-
€ audio que?ﬁs wtere. ﬁwever, ?j rt1um eré) tVI Rg. The terms are listed from the top ranked term to the
queries was sttt quite small compared fo over data S%‘nth ranked term by frequency of occurrence in queries

As a category, the 0.74 percentage is similar as reportﬁgm :
. ) that category. Number is the frequency of occurrence,
by Janseret al. [1999] wherepictureswas the fifth top e.g., the number one ranked audio term (engusi oc-

ranking category of terms (ranking behind the four ca urred 1,365 times in the audio queries. The % is the per-

egories ofsexual modifiers Ioc_atlons a”‘?' economig. centage that this number represents of all terms from all
So, although the percentage is small, video may repr(’fﬂeries in that multimedia query category.

sent one of the larger classifications of queries relative to |, taple 3 there is surprising little overlap between cat-

all other categories. egories, with ‘pictures’ being the only top term to appear
in more than one category. This is surprising because these

4.3. Image queries multimedia formats are typically used in combination, es-
o _ _ pecially audio and image files, and one would expect some
Findings related to image queries were: overlap among the categories. Across all three categories,

there appear to be three or four terms that dominaweisic
%Sovies videq movie andpictures For Web site designs,

se terms should be included in the meta-data of appropri-
e Web sites. For Web IR systems that desire to cater to
ultimedia searcher, these terms probably should be avail-
able via some interface mechanism.

e 27,144 image queries representing 2.65% of all queri
submitted by 8,310 users representing 4.37% of all us
from the data set containing 93,847 total terms and 8,0
unigue terms representing 4.37% of all total terms in tk]ﬁ
data set.

e Mean session length was 3.27 queries.
e Mean query length was 3.46 terms.

e Top occurring image term wasctures with 10,571 oc-
currences in the set of image queries. In analyzing trends in multimedia queries, one can com-

e The number of image queries was by far the largest Bfre and contrast-searching characteristics, such as those
the three-multimedia categories. There were seven tindigged in table 2, in each of the three categories — video, au-
more image queries than audio queries and image queﬁ&and image. From table 2, we note that the median session
were 3.5 times more frequent than video queries. Alsth all cases was 2 queries and the average was varied from
4.37% of the users searching for some type of image a#¢#4 for audio queries to 3.27 for image queries. These fig-
not an insignificant number of users. With a user popi'es are generally higher than those reported from general
lation of this size, it seems it would be worthwhile for afVeb searching, where the mean session was 1 query and the

IR system to provide some mechanism to facilitate imagBean was 2.84 queries. . .
searching. With respect to the query level of analysis, the median

guery length varied with 3 terms for video and image queries
Overall, multimedia queries formed a small proportioand 4 terms for audio queries. The mean query length ranged
(less than 4%) of users’ queries. However, when Excifeom 3.32 terms for video queries to 4.11 terms for audio
users were searching for multimedia, they were more liketueries. We compared these statistics to general Web search-
to search forimages than audio or video. Audio queries wargy characteristics, using data from [Jangssnal. 1999].

5. Discussion
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As might be expected, these figures are higher than genemagjine’s database, it is not difficult to provide tools to as-
Web searching, where the reported median was 1 term asist users in specifying a multimedia information need and
the average was 2.21 terms. The higher figure is expectetrieving information with media file extensions. What is
due to the need by the searcher to add a multimedia temore challenging at this time is the provision of multimedia
to the query. However, these findings suggest that mulsurrogates in the retrieved item list. Extracting thumbnails
media searching may place additional cognitive load on tlaéd sound bites from web pages and ranking them for rele-
searcher that the IR system should address. vancy are areas of much needed future research.
Our findings also highlight several key aspects of multi-
media searching. First, the number of users searching for
multimedia documents, especially images, suggests a néédnowledgements
to provide Web mechanism to facilitate this searching. Sec-
ond, multimedia sessions and queries are still short com- The authors gratefully acknowledge the assistance of Ex-
pared to traditional IR system searching, but longer th&#e€. Inc.,in prowdmgthe datafpr this resegrch. Without the
general Web sessions and queries. There is little query f&nerous data sharing by Excite, Inc., this research would
formulation for the majority of users. This may also sugge80t be possible. We also acknowledge the generous support
either a problem with the Web IR system or that the precisiélf our institutions for this research.
of the Web IR system has satisfied the searcher’s information
need. Third, there appear to be a small number of multime-
dia terms that occur frequently and a large number of ter
that OCcurverY infrequently. . . .. . Angelides, M. and S. Dustdar (199 ultimedia Information Systems
Our analysis of these Web multimedia queries indicates kjywer, Boston.
that multimedia searching may be challenged by a lack aflandogan, Y., C. Thier, C. Yu, J. Zou, and N. Rishe (1997), “Using
representational congruity. There are four areas that affectSemantic Contents and WordNet in Image Retrieval Phoceedings

the outcome of IR system interaction with respect to repre- of the 20th Annual International ACM SIGIR Conference on Research
sentational congruity' and Development in Information RetrieyAlCM Publications, pp. 286—

295.
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