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Introduction

Hypertext

A Hypertext is a graph with uni- or bi-directional edges. A node
represents a text document. An edge between two nodes
represents a link between two text documents.

Unlike books, hypertext is non-linear. Links allow for associative
leaps from one idea to the next; they can connect related Web
services; a menu with links provides structure to a hyperdocument
or Website.
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Orientation and Disorientation

Web navigation is not just about getting from one page to
another; it's also about orientation.

Adaptive hypermedia are an answer to the problem of
disorientation, commonly known as “Lost in Hyperspace”

While navigating a site, users generally need to know:
» identify their current position in a hyperdocument;
» reconstruct the way that led to this position;

» distinguish among different options for moving on from this
position.
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Knowing the current location

Knowledge about the current location helps users in:
» understanding page content by its relation to other pages
» estimating the level of detail of information provided in a page

» deciding whether one should look further or not

Teevan, J., Alvarado, C., Ackerman, M. S., Karger, D. R. (2004). The perfect search engine is not enough: a study

of orienteering behavior in directed search. Proc. CHI 2004.
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Theoretical models

The task of user interface designers is to understand the users and
their tasks, and how to translate this knowledge into a working
system.

Empirical data is a valuable source of knowledge on how users
interact with Web-based systems.

Theoretical models, or cognitive frameworks explain the underlying
processes of observed patterns.
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Cognitive frameworks

Cogpnitive frameworks are working computer programs that
simulate user interactions with an interface, making use of
strategies that are assumed to reflect actual user strategies. From
a behavioristic point of view, these frameworks can be seen as an
‘explanation’ of the underlying actions.
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Information seeking

Information seeking refers to all of the various activities people
undergo to find information.

Not all information seeking is the same. Sometimes you may know
exactly what you're looking for. Other times, you may have only a
general idea of what you're after.
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Modes of information seeking

On the Web, several modes of information seeking (or browsing)
can be observed:

» Serendipitous browsing: there is no real goal and little focus,
for example reading through news sites, browsing online
stores, checking out Facebook

» Exploratory seeking: there may be some idea or a need, but
people may not be able to articulate that need clearly. For
example, looking for nice holiday destinations.

» Semi-directed browsing: the user has a general goal, but no
clear idea where to find what he needs. For example, learning
activities.
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» Known-item search: (a.k.a. directed browsing) users know
what they want, can describe it in words and may also know
where to start looking. For example, browsing Amazon for a
specific book.

» Re-finding: this often overlooked mode refers to looking for
things people have already seen. For example, a known hotel
booking site or a blog that they want to share.

In the next part of this lecture, we focus on a model for
(semi-)directed browsing.

Foster, A., Ford, N. (2003). Serendipity and information seeking: an empirical study. Journal of Documentation,

59(3), 321-340.
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Information Foraging

Developed by Peter Pirolli and Stuart K. Card at PARC in the late
1990s.

A theory that applies the ideas from optimal foraging theory to
understand how human users search for information.

Assumption: when searching for information, humans use
"built-in" foraging mechanisms that evolved to help our animal
ancestors find food.

The theory assumes that people, when possible, will modify their
strategies to maximize their rate of gaining valuable information.

Pirolli, P., Card, S. (1999). Information foraging. Psychological review, 106(4), 643.
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Overview

Information Foraging Theory consists of three parts:

» Information patch models, which deal with time allocation
and information filtering activities

» [nformation scent models, which address the identification of
information value from proximal cues (content and links)

» Information diet models, which address decisions about the
selection and pursuit of information items.
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Information foraging does not assume that human behavior is
classically rational. Decisions are based on:

» imperfect and incomplete information

» balancing effort and expected outcomes (satisficing)
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Motivation
Imagine a bird of prey that faces the recurrent problem of deciding
what to eat.
» different types of environments and prey will yield different
amounts of net energy
» the different food-source types will have different distributions
over the environment
» this means that different environments or prey will have
different access (or navigation) costs

» birds have developed strategies for maximizing the amount of
energy returned per amount of effort

Optimal foraging theory models how foragers maximize the rate of
gain, given the constraints of the environment in which it lives.
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Information seekers (e.g. office workers or researchers) face the
recurrent problem of finding task-relevant information.

» information is available in books, manuscripts, online
documents, ...

» different information sources will have different profitabilities
(in terms of information returned and time needed to process
the source)

» different kinds of sources are distributed in different ways

In typical offices, material for ongoing tasks is readily in hand (in
stacks and piles), a personal archive is located in shelves and
drawers, other archival information is stored in libraries and other
archives.
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Information Patches

Optimal foraging theory assumes that the environment of some
animal has a ‘patchy’ structure.

» berries are found in patches on berry bushes

> the berry forager must expend some amount of between-patch
time to get to the next food patch (e.g. berry bush)

> once in a patch, the forager engages in within-patch foraging

» as the animal forages within a patch, the amount of food
diminishes or depletes

» the animal faces the decision of continuing to forage in the
patch or leaving to seek a new one
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By analogy, the task environment of an information forager often
has a patchy structure:

» information may reside in piles of documents, file drawers,
book shelves, libraries, ...

» online information patches include Web sites, lists of search
results, bookmark collections, . ..

Often the person is faced with similar decisions as the berry

forager: how should time be allocated among between-patch
foraging tasks and within-patch foraging tasks?
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Patch Models

Let G be the total net amount of valuable information gained, Tz
the amount of time spent between patches, and Ty the amount of
time spent within patches.

The rate of gain R can be defined as:

G

R __ /@
Tp +Tw
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Further, let tp be the average time between processing patches
and tyy the average time to process a patch.

The average rate of encountering patches is:

The time spent within patches can then be represented as:

Tw = NT'pty
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The total amount of information gained can be represented as a
linear function of between-patch foraging time and the average
gain per item g:

G = )\TBg
This allows us to express the rate of gain as:

NT'Bg Ag

R = f—
Ts + Mpte 1+ My
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The profitability m of a patch is defined as the ratio of net value
gained per patch to the cost of within patch processing:

Increase of the rate of gain can reached by:

» increasing the profitability 7 of within-patch activities (e.g.
reducing the cost of within-patch processing)

» decreasing the between-patch costs (or rather, increasing the
average rate of encountering patches A
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A variation of the above formula for the rate of gain takes into
account that there are different kinds of information patches, each
with their own rate of encountering \;, their amount of information
returned in some within-patch foraging time ty;, g;(tw;):

- Yo Nigi(tw)
L+>0 0 Nitws
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Maximizing the Rate of Gain
When foraging within a patch, the cumulative gain function
gi(tw;) is decelerating. According to Charnov's Marginal Value
Theorem a forager should remain in a patch so long as the slope of
gi is greater than the average rate of gain R for the environment:

Gain

R

(a) o alty)

Between-patch
time

Within-patch
time

<

Figure: The rate-maximizing time to spend in a patch occurs when the
slope of the within-patch gain is equal to the average rate of gain.
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Decreasing time between patches
The figure below illustrates the effect of decreasing between-patch
time costs: it does not only improves the overall average rate of
gain, but the optimal gain is also achieved by spending less time
within a patch.

Gain

(b)

Within-patch
time

Between-patch
time

tB 1 tBZ
Between-patch \
enrichment N ,/‘

Figure: Enrichment activities that reduce between-patch time costs.
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Decreasing time within patches

Within-patch optimization improves the overall average rate of
gain as well. A counter-intuitive effect is that the optimal
within-patch time is reduced as well.

Gain R,
gty Within-patch
enrichment
TN
@ g (tw)

Between-patch P Within-patch

fime ) FRN > time

ta 4 1

Figure: Enrichment activities that improve the returns from a patch.
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Application: Why Google Makes People Leave Your Site
Faster

Moving between sites has always been easy.
But, from an information foraging perspective, it used to be best if
users stayed put:

» the vast majority of websites were horrible

> the probability that the next site would be any good was
extremely low.

https://www.nngroup.com/articles/information-scent/
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Early website designers were advised to follow two design

strategies:
» convince users that the site is worthy of their attention:
having good information and making it easy to find.
» once they arrive, make it easy for users to find even more
good stuff so that they stay rather than go elsewhere.
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Google has reversed this equation: it is now extremely easy for
users to search and find other good sites.

The better search engines get at highlighting quality sites, the less
time users will spend on any one site.
Google and always-on connections have changed the most fruitful
design strategy to one with three components:

» Support short visits; be a snack

» Encourage users to return; use mechanisms such as
newsletters as a reminder

» Emphasize search engine visibility and other ways of increasing
frequent visits

Eelco Herder | User Modeling and Personalization 10: Information Foraging and Web Navigation | 29/61
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Information Scent

As users browse the WWW, they make judgments about the utility
of different courses of action available to them. Typically, they
must use local cues, such as link images and text, to make
navigation decisions.

Information scent refers to the local cues that users process in
making such judgments. The analogy is to organisms that use
local smell cues to make judgments about where to go next (for
instance in pursuing some prey).
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Web Science — Investigating the Future of Information and Communication

the (imperfect) perception of the value, cost or access path of
information sources obtained from proximal cues

Moaodeli
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Application: Deceivingly Strong Information Scent Costs

Sales
Users were looking for a baby seat for their car

Quite logically, they looked in the automotive section. No baby
seats there, so no sale.

Users assumed that the site didn't sell the product they needed
because it wasn’t in the category where they assumed they'd find
it.

In fact, the product was in a different section of the site, without a
cross-reference from the car area. This often ends up costing
websites sales.

https://www.nngroup.com/articles/wrong-information-scent-costs-sales/
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Information Diet Selection
Diet models in optimal foraging theory deal with the problem of
constructing the diet that optimizes its gain of energy per unit
cost.
» Pursuing small hard-to-catch prey while large easy-to-catch
prey are equally available would be a suboptimal diet.

Remember the formulas for the rate of gain R and the profitability
7 of an item or patch:

- Yoy Aigi(twa)
1+ Z?:l Nitwi

g
=2
tw
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The most logical strategy for information diet selection would be
to:

» first order the items by their (estimated) profitability (in
decreasing order)

» add items to the diet until the rate of gain for a diet of the top
k items is greater than the profitability of the k + 1** item.

k
1 Aigi(tw
R(k‘) _ Zz:l kg ( W) > 9k+1
1+ Zi:l Nitwi lwk+1
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ROt R(k)

Rate of gain
(value/time cost)
w
|
|

0 1 1 1 I.I-'I~—|. |

12 3 45 67 89 10
Rank of item profitability (k)

Figure: A hypothetical example of the relationship between profitability
(p) and rate of gain (R) for diets including items 1, 2, ...k.
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Effects of Scent and Breadth on Use of Search

Katz and Byrne carried out a study with four online stores with
menus that differed in:

» breadth (the amount of items displayed at once)
» information scent (the clarity of the labels).

Except for the site title and the color scheme, all other elements
were kept constant.

Katz and Byrne. Effects of Scent and Breadth on use of Site-Specific Search on E-Commerce Web Sites. ACM

Trans. CHI 10 (3), 2003
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Participants were shown each site one at a time in random order.
They were asked whether they would click on a menu item or if
they would use site search to find the item.

The hypothesis was that ineffective menu structures would lead to
higher use of the search functionality.

Which structure performed best?
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Results

The results clearly support the notion that the decision to search or
to browse is strongly affected by the labeling and menu structure.

Given broad, high-scent menus, participants searched less than
10% of the time, but they searched almost 40% of the time when
faced with narrow, low-scent menus.

The breadth effect turned out to be larger than the scent effect
(this may not generalize to all sizes of menus and all levels of
semantic relatedness).
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Social Information Foraging

Information foraging theory has mainly focused on information
seeking by the solitary user.

In the Web 2.0 world, social bookmarks and tags turn the
discovery of knowledge into a collective action.

Cooperation may yield more benefits than simply making
information search more parallel and making it less prone to
failure.

» Membership in a group provides resources that can be used to
achieve individual goals.

Pirolli, P. (2009). An elementary social information foraging model. Proc. CHI 2009.
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Individual foragers who broker information and ideas across groups
might be exposed to a greater diversity of information themselves,
and be a conduit to greater diversity for their colleagues.

Effective work groups are ones that share information and
know-how with external members; effectiveness is improved by
diversity of the group.

Groups do not become arbitrarily large: there may be some form of
overhead that at some point outweighs the advantages of further
increments in the size of groups.

» limited resources

> group communication costs
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The optimum size of this group is n=7. However, people will

continue to join the group as long as the rate of return is higher
than for solitary foraging.

The rate of gain for the group diminishes, but remaining in the
group is still better.

Once the group reaches the equilibrium size of n=45, some group

members may leave.
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Web Navigation

Information foraging deliberately does not specify what exactly

constitutes within-patch and between-patch navigation. On the
Web, there is a large number of basic mechanisms that together
form the 'navigation logic’ on the Web.

In the remainder of this lecture, a survey of the most common
mechanisms.
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Associative Navigation

Associative links connect pages with similar topics and content.
These links may be embedded in running text or displayed as

related links.

Welcome To My Home Page

1y name is Eelco Herder. | work as a postdoc at the L3S Research Center in Hannover, where |
conductresearch in the field of Human-Computer Interaction. My specialization is Adaptive
Hypermedia

1 am currently involved in the European projects Grapple and Stella, in which | work as local team
leader and work package manager. | was general manager of the Prolean NOE, which finished
successfull in 2008 | served as local chai of the Adaptive Hypermedia 2008 corference and as
publicit chair of UMAP 2010 and UMAP 2011, Apart from project coordination, | supervise four Ph.D.
students. Since 2007 | serve as the chai of the German SIG on Adaptive Systems and nteractive
Systems ABIS

My main research interests include Web personaiization, user modeling, usabiity and HClin general
In Grapple, we buid a framework for user modeling, reasoning and profile enrichment using Web 2.0
senvices. Other research topics include Web usage analysis and the development of tools for
Personal Information Management.

war. “Trotz der Krat dieses katastrophalen Ereignisses
konnten wir es nur sehen, weil unser Sonnensystem zuféllig
genau in die Mindung dieses Energie-Jets blickt’, betonte
Levan

olz THEMA:
SIEHE AUCH:
08/06/2011 Neues Mega-Teleskop liefert erste
Bilder
08/06/2011 Google Earth ‘Space Station’ auf dem Mars
gesichiet ©

25/05/2011 Genaue Karte des erdnahen Universums
verdffentlicht

12i05/2011 Erste Bilder des Asteroiden Vesta

09/05/2011 entdeckt sturme in
Galaxien

Figure: Associative and related links
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Recommendations and other kinds of adaptive suggested links also
fall in the category ‘associative links'.

Customers Who Bought This Item Also Bought Page 1of 15

The Lord of the Rings (3 Star Wars - The Original  Pirates of the Caribbean  Star Wars - Prequel The Hobbit: 70th The Simarillion by 1. R. R.
Book Box set) by 1. R.R.  Trilogy [DVD] DVD ~ Trilogy [DVD] DVD ~ Trilogy [DVD] DVD ~ Anniversary Edition by3.  Tolkien

Tolden Harrison Ford Johnny Depp Hayden Christensen ®. R. Tolkien Sttt (162)
Folololole (21) Fokedokoe (92) FoAododok (s6) Fodododol (71) Fefodolole (292) £4.87

£11.08 £8.90 £31.25 £4.76

(s0)

Tags Customers Associate with This Product (whats this2) Search Products Tagged with
Click on a tag to find related items, discussions, and people [

Check the boxes next to the tags you consider relevant or enter your own tags in the field below

(0 lord of the rings (53) (0 elijah wood (15) () viggo mortensen (7)
() box set (40) O girls ()

(O tolkien (35) [ peter jackson (10) Agree with these tags?
(J trilogy (- () beautiful (s) See all 78 tags...

Figure: Recommendations
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Local Navigation
Step and page navigation allows people to move sequentially
through pages. They provide local structure.

Step navigation typically consists of a text label (‘previous’, ‘next’)
and an arrow. Step navigation can be regarded as ‘direct guidance'
through an information domain.

File Edit View History Bookmarks ScrapBook Iools Help

| & |% || E) nttp://webhistoryproject blogspat.com/

() Web History Repository Project
B} Follow Share

Figure: Step navigation
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Page navigation provides additional information and options.
Paging is a common method to divide large chunks of information
(long texts or search result sets) in smaller pieces.

Pagina 1 van 69

< Start < Vorige 112|314 ]15|6]718]9]10 Volgende * Einde ==

Figure: Page navigation
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Structural Navigation

Structural navigation connects one page to another; they impose a
hierarchy on the hypertext structure.

The most common and most flexible form of structural navigation
is the vertical menu. The menu may be static or it may expand
sub-items once a main item is chosen. There are also dynamic
variations known as fly-out, pull-down or pop-up menus.

EC-TEL 2011

Figure: Navigation bar
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Tab navigation is quite similar to navigation bars, except that each
tab stands out individually. Amazon has experimented with many

types of tab navigation.

amazon.com

eneens ATUSRN NS PR

Searehs [Bocks - -} Browse: [Lterature T Fiction 5] Gl

amazoncom. W | mer

e G
(o] ot aics [eswors [ kmowen [ it

FRIENDS. &

Hella. Already a customer? Sign in to get recommendations,

ama;on,com, W view camt | wisnust | vounaccount) | wew
e TODAY'S FEATURED STORES "

o8 sy,
soucs || 104 | mecnoucs) | MEGE) | viveo)

» INTERNATIONAL | TOP SELLERS | > FRIENDS & FAVORITES | » FREE E-CARDS || » PLAYSTATION2

Hello. Sign in to get recommendations.

AMAZONCOM | camora s st | 1 512831 Luke'S ; Store | Account | g Cart | Wish List | Help

BRSS9, 1 U DU | Gancuae | ccessors 1 RIS 1 OB IARE

lCameraa proto a ﬁn.....,‘,l : s

Figure: Tab navigation in Amazon
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Overview Navigation
Similar to menus and navigation bars, overview navigation tools
impose a (hierarchical) structure upon a Web site.
The most common overview is the site map.

Volkswagen Sitemap.

Modelle

» Fox

» Polo

b Golf

» Golf Cabriolet
» Golf Plus.

» Golf Variant
» Golf GTI

» Beetle

» Sciraceo

Weitere Links

Gebrauchtwagen

» Das WeRAuto
» Leistungsversprechen
+ Qualitatscheck
» Beratung
» Tipps zum Kauf
+ Tipps zum Verkauf
» Gebrauchtwagen-Schatzung
+ Kauf beim Handler
» Garantie

Eelco Herder | User Modeling and Personalization

+ Der neue Jetta

» Touran

» Tiguan

+ Der neue Eos

» Der neue Passat

» Der neue Passat Variant
» Passat CC

» Sharan

» Touareg

Service & Zubehor

» Volkswagen Service
» Unsere Serviceleistungen
» Vokswagen Service Qualtat
b Umwettplakette
» Hilfe und Sicherheit
» Pflege und Wartung
» Rat und Tat
b Direkt Express
» Unfall Spezialist
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+ Der neue Caddy

+ Mutivan

» Calfornia

» Vokswagen Exclusive
» R/RLine

+ Sonderfahrzeuge

» Nutzfanrzeuge



The Open Directory Project DMOZ maintained a (incomplete)
directory of the Web. It is currently hosted at Google.

With the increase in quality of search results and the size of the
Web, directories have become less popular.
Google

directory

Web Images Groups News Shopning Maps

The web organized by topic into categories.

Arts Home Regional
Music. Movies, Peforming Ats. Coolng, Family. Gardening, North America. Eutope, Oceania

Business Kids and Teens. Science
i int B

Figure: Web directory
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A more recent overview mechanism is the tag cloud, which lists
links alphabetically and weighted by frequency or popularity: the
larger the link, the more important it is.

Tag clouds reflect a certain zeitgeist for a site or topic. As a
navigation mechanism, tag clouds have limited value.

Year: 2010

Publication Tag Cloud

activities apmne analysis smotaions APPTOACH zriadne avaiale awareness
based building ces cotanoraion COllaborative communities comme

content context wren 818 ceocice design development different domarr
education educational enhanced cwionment envionments evaluation

issues ki

feedback framework future ... information
.. learning ... N TR

king NEW ns practice em D process
provide ecommendation recommendstio ommender repositories
research reseacnes resources resuts iy SOCia
software spaces - stakeholders stellar students systems

technologies t€CHNOlOGY technolog
web work workshop 20

nhanced tel tool wos USEr

Figure: Tag cloud
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Functional Navigation

Functional navigation is a type of meta-navigation that brings the
user to specific parts of a site or the Web that are not directly
linked, or that are not part of the main content.

The most popular form of functional navigation is the search box.

iGoogle

| Google Search | [ Im Feeling Lucky |

Figure: Google Search
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Toolboxes allow users to change their profiles, their settings or
(language) preferences.

Eelco Herder i:l'

Eelco Herder
eelcoherder@googlemail.com

View profile
Privacy

Account settings

Change the Sign out

Figure: Toolbox at Google

Eelco Herder | User Modeling and Personalization 10: Information Foraging and Web Navigation | 55/61



Submission forms allow people to submit information, to create an
account, to provide a transaction or to obtain specific information
based on their given input.

N

Bahn  Sparpreis-  Hotel  Vergieich
Finder

Auskunft, Preise, Buchung

['Von Bahnhof / Haltestelle _ 1[]

.. nach Bahnnof / Haltestele

@ Einfache Fahrt () Hin-
Fr, 17.06.11

Schnelle Verbindung [] Nur Nahverkehr
bevorzugen

Erwachsene  Kinder8-14J.  Kinder 0-5 J.

)
1 Ervacrsener  [kenebancars <]

@ 2. Klasse reisen () 1. Klasse reisen

> Weitere Suchoptionen

> Von Tir zu Tur

Figure: Submission form at Bahn.de
Eelco Herder | User Modeling and Personalization 10: Information Foraging and Web Navigation | 56/61



Temporal Navigation

Temporal (or history) navigation tools allow users to return to
pages that they have visited before.

Most temporal navigation tools are integrated in the browser: the
back button, bookmarks, tabs and the history list.

File Edit View History Bookmarks ScrapBook Tools

5
s [ am

I Vegatopia - Vegatopia

[0 Vegstopia - Vegstopia

8] UMAP 2011 - User Modeling, Adaptation and Personalization
W Portal:Contents/A-Z index - Wikipedia, the free encyclopedia
W Portal:Contents - Wikipedia, the free encyclopedia

W Wikipedic, the free encyclopedia

W Wikipedia

V. Vegatopia Webforums - Forumindex

B Stellar 0A Publications - Year
61 Stellsr O Public

W Stellar 0 Public ear
" Stellar OA Publications - Year

Figure: Browser Back Button
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Many sites also offer breadcrumbs, links to previously visited pages
or (more commonly) pages that are higher in the hierarchy.

You are here: Home » Studenis » Student Support

Main Menu Student Support

UMAP 2011 Similar to earlier years, students who wil
Wicrosoft Research and User Modeling It

Pragram

Figure: A breadcrumb bar
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Wrapup

While navigating a site, users generally need to know:
» identify their current position in a hyperdocument;
» reconstruct the way that led to this position;

» distinguish among different options for moving on from this
position.
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On the Web, various different kinds of navigation mechanisms are
available to support this process:

>

>

Eelco Herder

Associative navigation
Local navigation
Structural navigation
Overview navigation
Functional navigation

Temporal navigation
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Information foraging theory suggests that users:
» look for information and services that is organized in a
‘patchy’ structure
» make use of proximal cues (information scent) to decide
whether to leave a patch or not

» continue searching for information and services until they are
satisfied or until the rate of gain drops

Adaptive navigation support aims to address one or more of the
above issues by adding, removing, annotating, highlighting or
disabling links, by providing personalized overviews or history
support.
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