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Abstract. Information foraging theory lays a good foundation for web user
modeling. However, the existing user modeling methods mainly focus on fixed
information needs. In the real world, a user’s information goal often evolves,
and information foraging is a negotiation process between the user and the sys-
tem. In this paper, we proposed an agent based approach that modeled the dy-
namic information seeking process of information foragers.
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1 Introduction

Usability evaluation is important in the software development lifecycle. However, it is
usually difficult to afford a large number of real users to participate in the usability
studies. Using software tools to simulate real users’ behavior and therefore to conduct
automated usability evaluation is a practical solution. There are some tools that based
on information foraging theory for web usability evaluation, such as SNIF-ACT [1]
and WUFIS [2]. They modeled web users’ navigation from page to page searching for
information with fixed information goals. However, a user’s information goal may
change based on what is learned during the seeking process. He/she may adapt to
what the system has if the original information goal is not reached. The goal evolve-
ment and the adaptation/negotiation process between searchers and systems have not
been well addressed in the existing models.

This paper proposes an agent based web user model. The model distinguishes itself
from the existing models in that it situated information goal in context and modeled
the goal evolvement and the negotiation process of information seeking.

2 Information Foraging

Information foraging theory [3] is a foundation theory of web navigation. On the web,
users typically forage for information by navigating from page to page along web
links. The content of pages associated with these links is usually presented to the user
by some snippets of text or graphic. Foragers use these proximal cues (snippets,
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graphics) to assess the distal content (page pointed by the link). Information scent is a
subjective perception of the value and cost of information sources obtained from
proximal cues, such as web links, or icons representing the content sources [2]. The
goal of the information forager is to use proximal information scent cues (eg. a web
link) to predict the utility of distal sources of content (i.e. the web page associated
with a web link), and to choose the links having the maximum expected utility [1].
Three important aspects of information foraging have not been well addressed in the
existing web user modeling literature:

1) The goal of information foraging evolves. According to the berrypicking infor-
mation seeking model [4], in real-life web search, users may begin with one feature of

a broader topic, or a relevant reference, and move through a variety of sources. Each
new piece of information encountered can offer new ideas and directions to follow,
hence a new conception of query. The search goal evolves.

2) Information foraging is situated in context. Information foraging is usually a
task embedded in the context of other tasks. Its value and cost structure is conse-
quently defined in relation to the embedding task and often changes dynamically over
time [5]. Such an embedding task can be choosing a good graduate school, developing
a financial plan, or writing a scientific paper.

3) Information foraging is a negotiation process between the searcher and the sys-
tem [6]. It is a trade-off between the value of information gained and the cost of per-
forming a task to find the information. Therefore, foraging refers to the variety of
strategies seekers exhibit in their quest for information and how humans adapt to their
environments on a situational basis.

3 Negotiating Information Foraging Agent (NIF-Agent)

Software agents are autonomous entities that work towards their goals. They are suit-
able to work as representatives of human users. This section proposes a negotiating
information foraging agent (NIF Agent) to simulate web information foragers. The
NIF agent is able to model the goal evolvement, goal’s context and the negotiation
process of information foraging.

e NIF Agent Knowledge Model

Users may have different level of search goals. There can be four broad categories of
goals: long term goal, leading search goal, current search goal and interactive inten-
tion [7]. For a specific search, higher level search goals may have different lower
level options (sub goals). For example, to find out “why the baby is crying”, the user
may have a few search options in mind, such as ‘“ear infection” or “infant colic”.
Lower level goals may further have next level of options. Different levels of goals
form a hierarchical structure. The goals and their relationships form the knowledge
base of a NIF agent, and it can be defined as a directed graph KB= <V, E>, where
V={v li=1,2,... n },itis aset of all search goals E = {(v;, vj) | v; is the higher
level goal of v; }, it is a set of goal relationships, v; is termed as father of v, v; is termed
as son of vj.

e Proximal Scent Matrix
The scent of information comes from the linguistic relationships between words ex-
pressing an information need and words contained in links to web pages. People are
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more likely to select the link on a page that appears to have the highest probability of
leading them to the page best matching their information need.

The proximal scent of a link is calculated as a degree of similarity between the
proximal cues and the information need. Proximal Scent Matrix PS’ and PS can be
computed based on WUFIS (Web User Flow by Information Scent) algorithm [2, 8]
which calculates the similarity based on the weight of word importance. Each PS’(i,j)
describes the similarity degree between the proximal cues of a link (link from page j
to page i) and the information need. Matrix PS is obtained by normalizing the PS’
matrix so that each of the columns sums to 1. Each entry in PS(i,j) specifies the prob-
ability of a user flowing down the link from page j to page i.

e Automation of Information Foraging

Information goal evolves and is embedded in certain context. The knowledge base of
NIF agent models the context. For an information goal (a node in KB), its higher level
goals is the search purpose and sibling goals are other search options. When a user is
not able to achieve a search goal, he/she may change to other options (sibling goals)
or a more general goal (father goal). For example, for the purpose of finding out “why
my baby is crying, and always draw up his knees against his abdomens”, the user may
search for the possible options, from “ear infection” to “rashes”. He/she may also shift
to a more general search about “crying baby”. The shifting of goals models the dy-
namic evolvement of the information need.

A user might bring some initial information needs to start the foraging. However,
the system may not be able to satisfy the user’s needs exactly. Other information is
still acceptable to the user if it has considerably strong information scent (satisfying
certain threshold) to the user. This is the negotiation nature of information foraging.
As in the “crying baby” example, if the user hasn’t found the perfect explanation of
the baby’s situation, a link “infant colic” with high information scent may also catch
his/her attention. In this case, “infant colic” is actually the most likely answer.

Algorithm Forage and Find is provided below. Algorithm Forage automates the
information foraging processes with evolving goals, and the algorithm Find is a sub
function that forages for a fixed information goal. In the algorithm, v.InfoNeed,
v.father/v.son and v.visited are used to refer to the information need vector of goal v,
the super/sub goal of v and whether v is processed respectively.

Algorithm. Forage ()
For all ve V in KB, v.visited = false
CurrentPage = ny, add n, to the end of PageLog //PageLog records the history
v = StartNode //Suppose the search starts from a goal StartNodeeV
While (v#£®)
{ If Find(v.InfoNeed)= true Return true
Else
v.visited = true, v = v.father
if (v # @) // change goal to the most detailed level of other relevant goals
while (exist v.son # @ and v.son.visited = false ) v =v.son
} Return false
End Forage.
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Algorithm. Find ( InformationNeed )  // forage for a fixed information need
Step = 0, Build matrix PS’ and PS based on InformationNeed
While (Step < MaxSteps)  // give up after a certain number of steps
{ Randomly generate NextPage based on the probability, i.e. the value of
PS[1, CurrentPage], PS[2, CurrentPage],... ,PS[n, CurrentPage]
Put NextPage at the end of PageLog, Step=Step+1
If (PS’(NextPage, CurrentPage) >0) //0is the user satisfaction threshold
CurrentPage = NextPage, Return true
// suppose the link cues are meaningful, i.e. if the link cue is similar with the
// user need, the page pointed by the link is also similar to the user need
Else CurrentPage = NextPage // flow to the next page and continue foraging
} Return false
End Find.

4 Conclusion and Future Works

The NIF agent we proposed models the exploratory search activity [9]. The model
distinguishes from the existing models in that it models the evolvement of informa-
tion need and the negotiation process of information seeking. Future works include
the implementation of a NIF agent tool and evaluation of its effectiveness.

References

1. Pirolli, P.L., Fu, W., Chi, E.H., Farahat, A.: Information scent and Web navigation: theory,
models and automated usability evaluation. The Next Wave: NSA’s Review of Emerging
Technologies 15(2), 5-12 (2006)

2. Chi, E.H,, Pirolli, P., Chen, K., Pitkow, J.: Using information scent to model user informa-
tion needs and actions on the Web. In: Proceedings of the SIGCHI conference on Human
factors in computing systems, Seattle, USA, pp. 490-497 (2001)

3. Pirolli, P., Card, S.K.: Information foraging. Psychological review 106(4), 643—-675 (1999)

4. Bates, M.J.: The design of browsing and berrypicking techniques for the online search inter-
face. Online Review 13, 407-424 (1989)

5. Pirolli, P., Card, S.: Information foraging in information access environments. In: Proceed-
ings of the SIGCHI conference on Human factors in computing systems, pp. 51-58 (1995)

6. Kalbach, J.: Designing for Information Foragers: A Behavioral Model for Information Seek-
ing on the World Wide Web. Internetworking ITG Newsletter (3.3) (2000),
http://www.internettg.org/newsletter/dec00/
article_information_foragers.html

7. Xie, H.: Shifts of interactive intentions and information seeking strategies in interactive infor-
mation retrieval. Journal of the Smerican Society for Information Science 51, 841-857 (2000)

8. Lawrance, J., Bellamy, R., Burnett, M., Rector, K.: Using information scent to model the
dynamic foraging behavior of programmers in maintenance tasks. In: Proceeding of the
twenty-sixth annual SIGCHI conference on Human factors in computing systems, Florence,
Italy, pp. 1323-1332 (2008)

9. White, R.W., Drucker, S.M., Marchionini, G., Hearst, M., Schraefel, M.C.: Exploratory
search and HCI: designing and evaluating interfaces to support exploratory search interac-
tion. In: CHI 2007 extended abstracts on Human factors in computing systems, April 2007,
San Jose, USA (2007)



	Web User Modeling via Negotiating Information Foraging Agent
	Introduction
	Information Foraging
	Negotiating Information Foraging Agent (NIF-Agent)
	Conclusion and Future Works
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




