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1500 [ I 7 Participant Response
!
/ At the conclusion of the experiment, participants were
- False Alarm Rate I,’ asked about their search strategies and opinions of the three
Z 100~ ~—- 150 ;- types of summaries. Several of the participants noted that
% e / using the enhanced thumbnails was intuitive and less work
g —_ 015 / than using either the text or plain thumbnails. One partici-
K /,’ , pant commented that searching for information with text
é 50— ;- summaries did not seem difficult before he was exposed to
z 7/ // searching with the enhanced thumbnails. Sixteen of the 18
/"// participants used the genre information present in the
= - . thumbnails. Fifteen participants used cues from the callouts,
0L m specifically the relationship between search terms, the loca-
Depth (d) tion of search terms, or how often the terms appeared, when
searching for information with the enhanced thumbnails.
FIG. 5. Effects of perturbations of false alarm rates. Seven participants rated the enhanced thumbnails as their

favorite summary type overall, while an additional six pre-

type, F(2,150) = .36, p = 0.70. There was an effect of ferred the enhanced thumbnails for certain types of tasks.
question categonk(3,150) = 15.01,p < 0.01, and an Those participants who did not prefer the enhanced thumb-
interaction of summary type by question -category,nailsto the plain thumbnails or text summaries reported that
F(6,150) = 5.87,p < 0.01. Thefalse alarm rate for they liked the idea, but desired changes in our implemen-
enhanced thumbnails is either the lowest or close to théation of the enhancements.
lowest false alarm rate in each of the question categories.

The false alarm rates vary by a factor of almost 14, from
about 0.01 to about 0.14. Although the absolute sizes oPummary
these fals_e_alarm rateg seem small, such variatioqs can have jare we summarize some of the major results of this
a dramatic impact. This can be illustrated by considering analysis:
idealized case of searching for information by surfing along
links in a. hyp(_artext coIIect_ion., such as a Web site, Assume (1) For total search time, text summaries are the worst
that the imaginary Web site is arranged as a tree structure Nl
with an average branching facttx Assume that a user (2) The relationship between summary type and total
starts at the root page and is seeking a target page that is  search time depends greatly on question category.

depthd from the root. If the false alarm ratg, is perfectf (3) For minimizing the number of visits to content pages,
= 0, then the user will visitd pages. This cost grows plain thumbnails are worst.

linearly with d, the distance of the target from the root. If ~ (4) The relationship between summary type and number of
the false alarm rate is maximurh= 1, then the user will visits depends upon question category.

visit half the pages in the Web site, on average. This cost (5) Participants spent more time on the summary page per

grows exponentially withd, because the number of pages visit than on the content pages. _

grows exponentially with depth. (6) For all but the Picture task, pgrtlglpants spent more time
Figure 5 shows the effects of perturbations in false alarm Sv?t;hsi;Zng;y gfi%iggn\gﬁ't with text summaries than

rates more colncreteﬁ)by Qisplgying search cost functions (7) False alarm rates depended greatly on task, with en-

for a hypothetical Web site with branching factor= 10. hanced thumbnails always yielding either the lowest

Search cost refers to the number of pages a user must visit false alarm rates or nearly the lowest.

before arriving at the desired page. The curves represents

cost functions for links with false alarm ratesfof 0.015,

0.100, 0.125, an@.150. One can see that the search cosPiscussion

regime changes very little dsanges from 0.015 to 0.100,

but changes dramatically dsbecomes greater than .100.

Indeed, for a branching factor @f = 10, there is a phase

One of the most interesting results is the fact that the
relationship between summary type and total search time is
i ! ffected so strongly by question category. Here, we examine
change from.r.sl linear search cost to an gxponentlal S€AIGis result in a more detailed analysis. By considering the
cost at the critical value df= 0.100.Small improvements results of several of our analyses simultaneously, we see a

wthe;alse ?_Iarm r?ttetg ass;ue:ted with ]J_nd|\|/|dualrl:nks (t:a attern that suggests that for some question categories,
ave dramafic quaiitative efiects on surling farge nypertex articipants used different strategies with one of the sum-

collections. mary types than with the others, and that the strategy used
for a summary type may vary by question category. We now

°This search cost analysis follows the analysis of heuristic searctfliSCUSS these possible strategies, relating them to informa-
developed by Huberman and Hogg (1987). tion foraging theory and considering their advantages and
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disadvantages. We then review our findings in light of theséVe would expect that this case would generally be charac-
strategies, showing how they explain user performance iterized by a higher number of visits to content pages, higher
certain tasks. Finally, we discuss design implications. false alarm rates, and shorter visit times on content pages.
Our basic conjecture is that searchers use strategies Although the low-scent strategy may be the best the user
based on cues encountered during the current task. Previogan do in a given situation, we believe the low-scent sce-
work on information foraging theory (Pirolli & Card, 1999) nario is less desirable than the high-scent scenario. For
presents a computational cognitive model to predifar-  example, it requires more visits. In a real-world situation, an
mation scentthe strength of local cues, such as text labelsjncreased number of visits translates into more time spent
in providing an indication of the utility or relevance of a on the task because of network latencies in downloading
navigational path leading to some distal information. Theadditional content pages (we removed these latencies in our
summary types can be considered as having some degreesifidy by caching pages locally). Further, the low-scent
information scent, i.e., some degree of useful informationscenario is more likely to frustrate participants because it
about whether the page they represent is worth visitingrequires more guesswork and gives them less of a sense of
Participants are likely to use this information to determinecontrol.
whether or not to follow a link. Further, participants are  Our data suggest that the low-scent strategy was used for
likely to leave a page when they feel that the utility of text summaries in the Picture category, and for plain thumb-
additional time spent on that page is lower than the utilitynails in the Side-Effects and Homepage categories. We
value of going to another (either summary or content) pagediscuss these cases in turn, relating each to our data in the
Utility might depend upon both the additional time required Results section. In the Picture case, participants spent less
on the page and the amount by which this additional timgime on the summary page, less time on the content page,
would likely increase the chances of finding the answer taand made more visits to content pages when using text
the query. summaries than when using plain or enhanced thumbnails.
We now consider two different degrees of information Further, the false alarm rate was higher for text than the
scent. We begin with the case in which the summary typether summary types. Perhaps participants in this situation
has a high degree of information scent. In this case, particspent less time on the summary page because for the Picture
ipants are likely to use high-scenstrategy. In other words, questions there is more relevant information available on
they may use the summary page to fairly carefully identifycontent pages than on the text summary pages. It makes
a summary that is likely to lead to the correct answer. Theysense that text would be less informative for these questions
will visit the corresponding page and search for the answethan thumbnails, as thumbnails allow a user to see the
on this page, repeating the process if the answer, in fachresence of a picture on a page. Once on the content page,
seems not to be available. Because summaries provide iim many cases participants may have quickly seen that the
formation relevant to the task, we would expect that thistop of the page did not contain an image, and judged it more
case would generally be characterized by a lower number afost-effective to go back to the summary page and try
visits to content pages, lower false alarm rates, and longeanother content page than to further examine the current
visit times on content pages. (Although, of course, onecontent page, leading to short visits to content pages. Con-
would expect aspects of the content page itself to affect visiversely, the plain and enhanced thumbnail summary pages
times, on average we expect visit times to be longer becaug@ovided a great deal of information relevant to the Picture
(a) the user has already extracted some of the most obviowgiestions, so participants may have assessed that their time
information about the page from the summary, so the purwas well spent on the summary pages. Once they selected a
pose of the visit is to extract more detailed information; (b)page to visit, they may have had a strong expectation that
the user may be looking for a specific element indicated irthe correct answer was on that page, and therefore, been
the summary; and (c) the user may have higher confidenceilling to spend longer visiting the page.
that the answer is available on the content page, and there- For the Side-effects category, we see much the same
fore, be willing to spend more time searching for it. The pattern, except with plain thumbnails rather than text sum-
effect of the content page itself on visit times is beyond themaries leading to the shorter visit times and larger number
scope of this article.) of visits. Plain thumbnails provide weak information scent
Next, we consider the case in which the summary typeelevant to this question category, so users may have
has a low degree of information scent. In this case, particquickly made a guess as to what page to visit to proceed to
ipants are likely to use law-scenttrategy: a low amount of more informative content pages. Once on a content page,
information on the summary page might make it worthwhile participants may have quickly judged that the drug name did
for a user to choose pages fairly arbitrarily so they camot appear in the page header and concluded that they would
quickly go to content pages that may have better informamore efficiently spent their time trying a different content
tion. Because the summary page provides little informatiorpage. Again, such a strategy would lead to relatively more
about the content page, a large amount of new informatiowisits and a higher false alarm rate, as found.
may be quickly and easily available from the content page. In the Homepage questions we see a similar pattern for
The user may quickly extract this information and, if the plain thumbnails compared to text summaries—plain
page does not look promising, return to the summary pagehumbnails lead to a greater number of shorter visits than
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text summaries. Again, this behavior makes sense—thereasing the information scent of the enhanced thumbnails.
name of the person, either in a text summary or an enhancdebr example, we are experimenting with emphasizing in the
thumbnail, aids in finding their homepage. Although onethumbnails items other than search keywords. One can use
can perhaps classify a page as a homepage without this textnumber of algorithms to choose relevant words given a
information, such a classification is sometimes misleadingsearch goal, for example, term frequency inverse document
as search results often include homepages for people oth&equency (TFIDF). One can also choose nontextual ele-
than the target. Participants may quickly visit pages toments to enhance, for example, by choosing a representative
extract information such as the text in headers. However, iimage to enlarge.
this case plain thumbnails did not yield a higher false alarm We are also exploring different ways to position the
rate. callouts on the thumbnail. In the examples presented in this

Note that in all cases in which we see evidence of thearticle, the callouts are positioned directly above the word
low-scent strategies, low information on the summary pagevith which they are associated in the thumbnail. However,
leads to short visit times oboththe summary and content it may be desirable to slightly adjust the position of the
pages. callouts so as to minimize their occlusion of each other or of

Although we see hints of low-scent strategy in someother useful information on the thumbnail such as readable
cases for text and plain thumbnails, we do not see evidendaeeaders. Another alternative is to include the text in only
of this strategy for enhanced thumbnails. Instead, we see @ne callout per thumbnail and render the other callouts as
pattern in which enhanced thumbnails consistently lead t@olored bands only, giving the user a sense of the distribu-
short visits to the summary page, medium-length visits taion of the word in the page without cluttering it with text.
the content pages, few visits, and low false alarm rates. This It would also be interesting to consider how one might
pattern suggests that enhanced thumbnails have high scebtjild thumbnails into a production search engine. Doing so
and therefore, consistently allow for quick and accuratewould introduce many significant system-engineering is-
judgments about which content pages contain the answer &ues, such as the bandwidth requirements to download the
the query. This apparertigh-scenteffect is particularly images and the time to generate thumbnails for a given
interesting because study participants had developed strajuery. Partial precomputation of the thumbnails may ad-
egies for using text summaries over a period of years andress the latter, but would introduce storage requirements.
lacked corresponding experience with thumbnails.

This effect translated into benefits for enhanced thumb-
nails overall. The relative performance of plain thumbnailsAcknowledgments
and text was variable: these two summary types would . )
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