
























































CHAPTER2. BACKGROUND 16 

that the individual would not pause (to perform some other task) while within a site. As such, many 

statistics provided by log analysis products, which are based on user sessions, are also unreliable. 

These include average page per views, average length of session, average length of a page view, top 

entry and exit pages, single use pages and top paths through a site. 

Researchers such as Pirolli et al [38] have suggested more complicated heuristics to uniquely 

identify users, such as examining successive requests with regards to site topology to determine if 

the subsequent page is reachable from the first. If not, this would indicate mUltiple users as would 

requests for pages that have already been visited (if it were a single user no requests for pages 

already stored in cache would be made). However, Pitkow (a co-author on [38]) himself stated that 

these measures have not been shown to reliably identify users with any degree of accuracy [39]. 

2.2.4 Cookies 

Some of the difficulties experienced when analysing log files outlined in Section 2.2.3 can be over­

come through the use of cookies. With log analysers having to deal with the same proxy being 

utilised by multiple users as well as dynamic IP addresses, many log analysis packages eagerly 

embrace the use of cookies to isolate individual users. 

Cookies are small samples of textual information that a web server stores on a client's (user's) 

computer. Several specifications exist that control both the cookie file maintained by the user's 

browser and the cookie string that is passed between servers and clients. 

Cookies are transferred in the header of an HTML file and contain up to six variables, two of 

which are obligatory and four of which are optional. The mandatory variables are the cookie name, 

which could be any unique name provided by a specific site, and the cookie value, which could either 

a variable name gathered from within a form or else a unique identifier to be used by a database. It 

is this second variable that is used to uniquely identify a user by log analysers. The four remaining 

optional variables are the expiration date, the valid path and the valid domain of the cookie as well 

as whether the web site issuing the cookie can only be used under a secure connection. 

Unfortunately for web site usage evaluators, cookies are not universally accepted by the user 

community. Many users are hesitant to access sites that install cookies due to privacy concerns 

as they do not wish their virtual movements to be known. Some also refuse to accept cookies for 

security considerations as cookies have been exploited by malicious programmers to spread viruses. 

2.2.5 Proposals for Improving Usage Statistics Gathering 

New proposals are being put forward to make usage data obtained without the use of cookies more 

reliable. Examples include hit-metering [31] and usersampling [39]: 
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CHAPTER 2. BACKGROUND 17 

• Hit-metering proposes the implementation of a new HTTP header, called "Meter". This 

header would enable proxy-caches to report usage and referral information to the original 

server. Additional extensions could also permit the originating server to limit the number of 

times a proxy-cache returns a document before requesting a fresh copy . 

• User sampling involves continuous sampling of a random set of users. The users being sam­

pled are identified using cookies. Once a user has been identified, caching is defeated for all 

subsequent requests by that user during the sampling period. 

2.3 Other Approaches 

Due to the shortcomings of log file analysis other approaches to determine web site usage have also 

been investigated. However, each of these has its own benefits and weaknesses. 

2.3.1 Qualitative Methods 

Different approaches include qualitative methods of data collection. These range from guest books 

and feedback forms to user surveys and focus groups. The advantage of these types of data collec­

tion methods is that they include information such as user opinions on site content, navigation and 

"look-and-feel". In addition they can provide indications as to user satisfaction and motivations. A 

disadvantage of these methods is that they are costly and time-consuming. In addition, many users 

are unwilling to participate in surveys or to fill out forms. 

2.3.2 Using Information Scent 

Attempts concerned more with predicting web site usage rather than displaying current usage in­

formation have also been proposed. One such attempt makes use of information scent, which is the 

"imperfect, subjective perception of the value, cost or access path of information sources obtained 

from proximal cues, such as web links, or icons representing the content sources" [10]. To our 

knowledge, this method is restricted to academic use and has yet to be adopted outside the research 

community. 

2.3.3 Human Browsing 

Another approach involves companies, such as Vividence [54], that employ people to browse web 

sites. These organisations will gather and provide user feedback from their employees concerning a 

site, for a certain fee. While such an approach can provide one with different types of information 

than log file analysis, it does also face certain drawbacks. For instance, people who are browsing 
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CHAPTER 2. BACKGROUND 18 

a Web site as part of their job may have very different interests and motivations to those who are 

browsing either for leisure, business or information gathering. 

2.3.4 Software Agents 

A new emerging approach is to employ software agents as surrogate users to traverse a web site and 

determine usage information. Systems such as WebCriteria SiteProfile [55] use a browsing agent to 

traverse a web site using a modified GOMS model [6] and record download times and other data. 

The problem with these types of systems is that they are limited to metrics such as load times and 

amounts of content versus hyperlink structure. Any system attempting to provide more information 

would have to show that their software agent had similar browsing patterns to a human. 

2.4 Use of Log File Analysis 

The decision was made to obtain data using log file analysis for several reasons. Firstly, it is 

presently the most common method of determining web site usage as the number of log analy­

sis products available can attest. Secondly, it is an economically and chronologically inexpensive 

process, requiring no specialised equipment or highly trained personnel. In addition, as web servers 

automatically keep logs it is convenient as data is readily available. Finally, although, many of the 

statistics log analysis provides without the use of cookies are estimates at best, these still offer some 

indication of site usage as long as it is kept in mind that they are only estimates. 

2.5 Summary 

This chapter provided some background information relevant to this research. 

Web sites and the components of which they are comprised were examined. These include 

a base URL, links connecting the various pages that make up the site and optional text, images, 

animations, audio and video files according to the designers discretion. In addition many sites 

possess an organisational homepage, a global navigation bar and the inclusion of smaller, self­

contained web sites. 

Log file analysis was then discussed. It consists of parsing text files called log files, which are 

created by web servers to store interactions between servers and client browsers. Analysing these 

files can provide information concerning requests for individual pages, such as the date and time 

of request, as well as information about the user for whom the request was made, such as browser 

type. 
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CHAPTER 2. BACKGROUND 19 

However, log file analysis is prone to certain errors resulting from caching, incomplete data 

and incorrect assumptions. The use of cookies can reduce these errors but they introduce their own 

issues such as privacy and security concerns. 

Other approaches to measuring web site usage include qualitative methods, information scent, 

human browsing and software agents. Each of these has its own strengths and weaknesses and it 

remains to be seen if any of them will replace log file analysis as the currently most widely used 

method of detennining site usage. 

In spite of its failings log file analysis was chosen as the method for obtaining data for this 

research as it is economical as well as convenient. 
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Chapter 3 

Previous Work 

As the role that the World Wide Web perfonned in day-to-day activities increased, so the importance 

of understanding web sites and peoples' interaction with them became more apparent. However, 

attaining this understanding requires the analysis of vast quantities of data, as popular sites may 

receive many thousands of visits per day. With infonnation visualisation proving an important tool 

in extracting useful infonnation from large data sets, numerous research efforts were developed that 

address the visualisation of web sites. 

This chapter investigates several of these previous works. 

It begins with Section 3. L which lists the purposes that related research projects attempt to 

address. This is followed by Section 3.2, which provides a recapitulation of the factors identified 

to have an effect on visualising web site usage, which were introduced in Section 1.3 in Chapter 

1. Section 3.3 then examines several classes into which previous works can be classified, and 

investigates the manner in which each approached the factors mentioned previously. Finally, the 

chapter is concluded by Section 3.4, which summarises the main points presented. 

3.1 Purposes of Past Web Site Visualisations 

The topic of web site visualisation has been approached from several different perspectives, the 

purposes of which vary as greatly as the resulting metaphors. Although when examining previous 

works it is important to bear their purpose in mind, it is more the manner in which these efforts 

chose to represent web sites that is of concern to this dissertation. Thus, in the discussion to follow, 

past projects will be considered in relation to the visual representations, or metaphors, they utilise, 

rather than according to their function. 

However, as the objectives of a project has a direct influence on the resulting metaphor, a brief 

look at the varying purposes of past efforts is first provided. 

20 
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CHAPTER 3. PREVIOUS WORK 21 

While a number of web site visualisations exist, most projects, whether commercial or academic 

in nature, can be generally grouped into one of three categories according to their intended func­

tion . These are: web site navigation visualisations, web query visualisations and web site usage 

visualisations. 

3.1.1 Web Site Navigation Visualisations 

Of the three, web site navigation visualisations are probably the most numerous. The nonlinear 

qualities of many web sites, in addition to the fact that only one page may be viewed at a time, 

has led to users experiencing problems (see Section 1.2.3) while navigating certain sites. Visitors 

to complex or sizable sites may often become "lost" in that they lose track of the location of the 

page they are currently viewing in relation to the rest of the site. The simple history list and back 

and forward buttons, which many browsers employ, often add to the predicament, as they are more 

suited to a linear construct. Activating them can thus lead to pages that are different to those that the 

users expected. As a result, instead of providing help, these aids can cause users to become more 

confused. 

(a) (b) 

Figure 4: Examples of Web Site Navigation Visualisations. (a) Ptolomaeus, the 
web cartographer by Battista et al. (b) Inxight Software's Tree Studio. 

To solve these difficulties, various attempts have been made to create visualisations of web sites 

that aid users in effectively navigating those sites. These range from simple site maps located on the 

web sites themselves, such as those produced by Dynamic Diagrams [13], and applications designed 

to augment currently existing navigational support (browsers' history lists), such as Ptolomaeus [3] 

(Figure 4a), to more complicated stand-alone products, like Inxight Software's Tree Studio [23] 

(Figure 4b). 

Regardless of their approach, these efforts all seek to improve users' understanding of a web 

site by familiarising them with its structure and improving their conceptual overview of the entire 
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CHAPTER 3. PREVIOUS WORK 22 

site. 

3.1.2 Web Query Visualisations 

The World Wide Web has evolved into an important information resource, containing information 

concerning a wide variety of topics. Indeed, it is rare to encounter a subject upon which there does 

not exist at least one web page. To date, however, successfully utilising this source of information 

has not been an issue of whether the required information is available, but rather of whether that 

information is locatable. Performing a search using a search engine that retrieves only the necessary 

information is a task that is far from simple. 

As a result, several researchers have developed systems designed to make the searching process 

less vulnerable to inaccurate or undesired results. These efforts consist of supplementing search 

engines by visualising the search and/or the results returned. As pages containing related topics are 

often located in close proximity to each other, most of these visualisations include some form of 

visual ising the site structure, in order to illustrate interconnected pages on the required subject. An 

examples of a project that falls into this category is WebQuery by Carriere and Kazman [8]. 

3.1.3 Web Site Usage Visualisation 

Relatively little research has been conducted in the field of visualising web site usage. Some excep­

tions include the early effort of Pitkow and Bharat (40], the contribution by Hochheiser and Shnei­

derman [20] (Figure Sa) and the various works produced by the Xerox PARC group (38],[9],[10]. 

There are however, a plethora of commercial products which determine web site usage from log 

file analysis and then visualise the results in the form of tables, histograms and pie charts. These 

include WebTrends Log Analyzer [56] (Figure 5b), NetTracker Enterprise [43] and Funnel Web 

Professional [1], to name but a few (others can be seen in an article run in PC Magazine [52]). 

Aside from these, more complex products exist that include some form of site structure visuali­

sation as well as the log analysis data. Examples of these more advanced offerings are those such as 

Mercury Interactive's Astra SiteManager [28] (Figure 5c) and Microsoft's Site Server [30] (Figure 

5d), which incorporates visualisation research performed at Xerox PARC that was later licensed as 

a software component to OEM developers. 

All the tools in this category attempt to aid in the analysis and understanding of the manner in 

which users "use" or navigate web sites. Feedback is thus obtained on whether current sites are 

fulfilling their aims, as well as on possible avenues of improvements. 

Before proceeding to examine the metaphors that have been developed to address the problems 

stated above, a recapitulation of the factors by which they will be evaluated is required. This is 

presented in the following section. 
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Figure 5: Examples of Web Site Usage Analysis Tools. (a) Hochheiser and Schnei­
derman's Spotfire tool. (b) WebTrends Log Analyzer. (c) Mercury Interactive's Astra 
SiteManager. (d) Microsoft's Site Server. 

3.2 Factors Affecting Web Site Visualisations 

23 

Irrespective of the purpose for which a web site visualisation is devised, there are certain factors that 

which it must successfully address in order to be effective. These factors were identified through an 

investigation of information visualisation literature as well as previous attempts at visualising web 

sites. Common issues faced by past works as well as approaches to visualisation such as Schneider­

man's visualising information mantra of "overview, zoom and filter then details on demand" [46] 

can be summarised into the following five factors: 

1. Structure Representation, 

2. Data Representation, 

3. Scalability, 
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CHAPTER 3. PREVIOUS WORK 24 

4. Context Maintenance, and 

5. Data Exploration. 

Attention will now be given to each of these in tum. 

3.2.1 Structure Representation 

Of the five factors identified, the manner in which the structure of a site is represented has the 

greatest impact on the appearance of a metaphor. As such, the choice of how to represent site 

structure is a vital one. This importance is compounded by the fact that the chosen representation 

affects the other four factors to a large extent as well. 

The most important requirement of the selected representation is that the user is able to correctly 

identify and interpret it. If users are unable to form a clear mental conception of the site's structure 

from the visual display they are viewing, then it is unlikely that they will make effective use of the 

visualisation. 

A number of other concerns exist. One of these is the type of structure being visualised. Visual­

isation developers can decide to either represent the link structure of a site or else its file structure. 

A web site's link structure refers to the logical organisation of the site as determined by the pres­

ence of links between pages, while the file structure depends on the folder organisation of the actual 

HTML files that comprise the site. The type of structure being displayed has an influence on the 

representation utilised as certain metaphors may be more suited to one structure type than the other 

(for example, a hierarchical tree representation may be the most appropriate for visualising file 

structure). Most often, the choice of structure type used is dictated by the purpose of the visual is­

ing system. It is possible for a system to visualise both structure types, although utilising a single 

metaphor to do so may lead to a reduction of effectiveness due to necessary compromises. A better 

option may be to switch between mUltiple metaphors instead. 

Another concern to be addressed regards the decision of implementing a two dimensional 

metaphor or else a three dimensional one. Two dimensional representations are generally sim­

pler and easier to use than their more complex three dimensional counterparts. However, an extra 

dimension permits designers to include additional information than would otherwise be possible. 

All these concerns need to be carefully considered so that an effective structure representation 

can be chosen. 

3.2.2 Data Representation 

The ultimate goa] of any visualisation is to graphically represent data in a meaningful manner. Thus, 

the issue of how to display information is one that requires careful consideration. 
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CHAPTER 3. PREVIOUS WORK 25 

The nature of the data to be visualised clearly plays a large role in this consideration. Web site 

visualisations usually contain either site usage data, which includes items such as server loads, page 

accesses, error statistics and browser details, or else query data, which comprises the results of a 

site search. Navigation data, such as the location of pages or history lists of links already visited, 

are normally encoded in the structure representation itself. The different data categories present 

designers with different issues, which need to take into account when creating a metaphor. 

In addition, complications arise in that the options of displaying data are restricted by the enti­

ties to which they pertain. With regards to web sites, data could be associated with web pages, links, 

servers, visitors or entire sites. As these entities vary greatly in character, so their representation is 

likely to differ significantly as well. However, all these entities will generally be represented by 

some form of geometric object, and there is a limit to the number of methods by which information 

can be encoded in a geometric body. These include altering the item's colour, size, transparency, 

shape and texture. Deciding on which of these will be the most effective can prove to be a challeng­

ing matter. 

Whatever the chosen means of representing data, disparities between individual data values 

should be readily discernible. In addition, any trends or patterns present in the data should be 

highlighted and made apparent. 

3.2.3 Scalability 

As the World Wide Web expands, so the factor of scalability gains in importance. With the increas­

ing number of services available online, the size of modem web sites is continually rising. Thus, it is 

possible to encounter sites that consist of several thousand pages. This introduces several potential 

problems in terms of web site visualisation. 

The value of a visualisation which is restricted to depicting sites of small or intermediate size 

is severely limited. Therefore, a requirement exists that visualisations are able to gracefully handle 

sites of large scale. 

When sites reach a certain size, several concerns materialise. The first of these is cluttering. 

Cluttering occurs when certain elements of a visualisation obscure other elements. This is mostly 

the result of attempting to display too much content for the available screen estate. 

The second concern is that of presenting the user with too much information at the same time. 

The user therefore suffers from cognitive overload, whereby slhe is unable to mentally acknowledge 

and process all the information currently being displayed, which results in confusion. 

The third concern is that of speed considerations. As the size of the site being visualised in­

creases, so the number of graphics primitives required to render its representation increases as well. 

While modem graphics accelerator cards are able to render vast numbers of primitives at interactive 
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CHAPTER 3. PREVIOUS WORK 26 

rates, they still possess limits. Thus, once a site requires a certain number of objects to be drawn, 

the rate at which the visualisation display is refreshed will be reduced. Once this rate is reduced 

to a critical level, the user will perceive the delay and may have difficulties in effectively interact­

ing with the system. Therefore, the choice of which graphics objects to utilise in representing the 

site becomes vital, as certain objects may be more efficient to render using graphics hardware than 

others. 

These considerations all need to be addressed in order to ensure that a visualisation is not ren­

dered unusable due to attempting to visualise a large and complex site. 

3.2.4 Context Maintenance 

With the size of many modern web sites, displaying the entire site in great detail in a single view 

is impractical. Instead, visualisers rely on the concept of "focus and context". This notion involves 

the display of highly detailed depiction of a subsection of the visualisation (i.e., the focus), together 

with a low-level detail view that provides the perspective location of the high detail view, in terms of 

the entire visualisation (i.e., the context). Without such a context view, users could lose track of the 

position of the subsection that they are currently viewing, thereby becoming "disorientated". What 

would follow, would be a loss of productive time while the user attempts to reorient him/herself. 

While there is no argument concerning the need for a focus and context mechanism, the best 

method to implement such a mechanism could provide much debate - several different possibili­

ties exist. Among others, these include the use of two separate windows, the use of a "fish-eye" 

algorithm and the use of alternative geometric spaces. 

3.2.5 Data Exploration 

The final issue to be discussed is that of data exploration. 

A visualisation is only of use if users are able to explore and manipulate it effectively. If details 

of the information being displayed are not readily accessible, it may lead to frustration as well 

as a reluctance to continue utilising the visualisation. Thus, interaction with the data needs to be 

implemented in such a manner that it is intuitive, consistent and "user-friendly". 

Data exploration consists of two components, namely the manner in which the overall visuali­

sation is manipulated and thereby "navigated", and the method by which further details concerning 

a particular item are obtained (this is sometimes referred to as "drilling down"). While the former 

is generally of vital importance regardless of context, the latter may depend on the application type. 

Certain applications contain less information than others, and so may be able to display all rele­

vant details at a single level without requiring further user interaction. For those projects that do 

necessitate drilling down to acquire additional information, both the actual mechanics of how the 
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CHAPTER 3. PREVIOUS WORK 27 

drill-down process is peiformed, as well as the manner in which the further information is presented, 

contribute to the usability of the end systems. 

Unfortunately, the issue of data exploration is complicated by the fact that the effectiveness of 

particular interaction techniques is often subjective. Interaction methods that one user is able to 

utilise efficiently, may daunt another user. Selecting data exploration methods that most, if not all, 

users find beneficial is a nontrivial task. 

Now that the factors which affect any web site visualisation have been outlined, a discussion of 

previous attempts at representing web sites follows. The decisions taken by each, with regards to 

the factors described above, will be examined for any benefit they may provide to the development 

of a new metaphor. 

3.3 Past Metaphors Used 

With the number of people searching for effective visualisations of web sites, there are bound to be 

certain metaphors that occur frequently, regardless of the manner of tool in which they appear or 

that tool's purpose. Although certain disparities may exist within each metaphor group depending 

on the requirements of the systems that utilise them, in general, examples of a particular metaphor 

will display similar behaviour and share like appearances. Such metaphors include cyclic graphs, 

hierarchical trees, cone trees, radial views and hyperbolic trees. These metaphors, which are en­

countered in many disparate applications ranging from site navigation aids to web query tools, will 

now be each described in tum. 

3.3.1 Cyclic Graphs 

The majority of past web site visualisations depict sites as either cyclic graphs or else hierarchical 

trees. Of the two, cyclic graph metaphors are encountered far less frequently, even though they are 

more accurate representations of web sites. 

Cyclic graphs are comprised of a network of nodes, usually denoted by circles or rectangles, 

which are connected by lines that signify links. In terms of web site visualisation, the nodes com­

monly represent individual web pages, while the lines portray the links between those pages. Cycles 

may occur in these graphs, as it is not uncommon for web sites to contain paths that lead back on 

themselves. 

Given the current popularity of tree representations of web sites, most of the projects that depict 

web sites as graphs tend to be early efforts, such as Web Viz [40] and AOLpress' now defunct mini­

web representation [25], which is shown on the left side of Figure 6. 
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Figure 6: Cyclic graphs versus hierarchical trees, the two main metaphors used 
to depict web sites. In the picture on the left is a cyclic graph representation of the 
Dynamic Diagrams web site (www.dynamicdiagrams.com). which was created using AOL­
press' mini-web too\. The image on the right shows a hierarchical tree representation of 
CNN's web site (www.cnn.com) created using IBM's Mapuccino tool. 

Structure 

28 

Both the appearance and the interactivity of graph representations depend a great deal on the layout 

algorithm used. Determining an appropriate positioning of the nodes and edges of a graph is a com­

plex task, one that has generated an entire field of research (refer to [18] for a brief treatise) . Aside 

from those constraints imposed by aesthetic rules, such as nodes and edges being evenly distributed, 

edges having the same length, edges being straight lines, etc., devising graph layout algorithms is 

further complicated by the requirement that the resulting graphs possess certain properties. One 

such property is planarity, which refers to whether it is possible to draw a graph on a plane without 

any edges intersecting. 

Numerous approaches have been taken to solve these problems. The ensuing algorithms, many 

of which have been applied to web sites, can be categorised either according to the type of layout 

they produce, or else according to the methodology on which they are based. An example of the for­

mer would be a grid layout, such as the hexagonal grid layout in NicheWorks [57], that place nodes 

at regular positions (usually with integer coordinates). Layouts that are defined by the method­

ology utilised include non-deterministic approaches, such as simulated annealing algorithms and 

force-based models. 

The different classes of layout algorithms produce graphs that may vary greatly in appearance. 

Whi Ie each possesses desirable traits, each class also generates its own difficulties. However, one 

problem shared by all is the scale of the graph. Few systems claim to effectively handle graphs that 

contain many thousands of nodes and edges, NicheWorks and H3Viewer [34] being the exceptions. 

Unfortunately, as already discussed, encountering web sites of this size is becoming increasingly 
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common. Layout algorithms that generate good layouts for several hundred nodes may no longer 

be suitable for graphs that are several orders of magnitude larger. Cluttering becomes a major issue, 

and occlusions may become severe enough to cause navigation and queries about particular nodes 

to be impossible. 

There have been attempts to alleviate the problems posed by scale through the use of three 

dimensional layouts. The HyperSpace system [58], developed at the University of Birmingham, 

takes this approach. However, on its own, the addition of an extra dimension can only assuage the 

predicament to a certain extent. Ultimately, the limits imposed by available screen estate renders 

the display of all the nodes and edges of large scale graphs impractical. 

Aside from 3D, the use of non-Euclidean geometry has also been proposed as a means of 

handling large graphs, although these techniques are more often applied to trees. As a result, these 

will be discussed in Section 3.3.5. 

Data Representation 

Web Viz, a tool that visualises the results of web server log file analysis, encodes frequency and 

recency of access information in the width and colour of links and the borders of their associated 

nodes. The nodes themselves are represented by text boxes that contain the names of the related 

pages. NicheWorks includes the ability to map data to additional node and edge attributes such as 

shape, size and line style. 

The problem with embedding information in the node icons, or representations, is that such an 

approach is limited to relatively small sites with regards to displaying overall patterns in the data. 

Once a certain limit is reached, discerning the individual nodes can become problematic due to the 

effect of cluttering, as well as to the necessarily reduced size of the icons in order to fit the entire 

site into view. A side effect of this is that node icons very rarely resemble the appearance of the 

pages they represent. Altering node attributes then, is best suited to the mapping of information that 

will only be required for drill-down operations. 

On the other hand, the encoding of information in the edges (or links) is not affected as greatly 

by the scale of the visualised site, as these are generally easier to perceive at greater distances. 

An interesting use of node colour is that implemented in the HyperSpace system, which is a 

navigational and search aid tool. The system renders nodes in greyscale according to their distance 

from the viewer in the 3D representation. Nodes that are light are therefore closer to the user 

whereas those in the distance fade into the dark background. 

In addition to the information mapped onto the actual structure representation, supplementary 

data may be presented in tables or standard graphical user interface widgets such as text boxes. 
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Scalability 

Cnlike early systems, most tools that make use of cyclic graph representations do not attempt to 

portray entire web sites. Instead, they utilise some means of reducing the number of nodes and edges 

required to be shown. Common means of achieving this include the use of some form of clustering, 

whereby parts of the graph are abstracted or "summed" and replaced by a single representation (for 

example the "supemodes" in HyperSpace), and the use of user-defined filters, such as those utilised 

in NicheWorks. 

The use of filters introduces the danger of suppressing data to such an extent that the user loses 

the context of the filtered results. This becomes possible when a system no longer renders any 

representation of those sections that are filtered out at all. 

Context Maintenance 

Aside from those projects which make use of non-Euclidean geometry or fish-eye views, most 

graph-based systems do not make any provision for context maintenance. This is understandable in 

that when many of these systems were devised, web sites consisted of far fewer pages. There are, 

of course, methods of maintaining context that can be applied across a range of metaphors, such 

as the use of fish-eye distortions and secondary overview windows. These will be discussed when 

examples of systems that implement them are encountered. 

Data Exploration 

Systems that provide navigational support contain standard zoom and pan abilities. Drill-down 

operations are typically performed either by mouse-over gestures, node selection or else by typing 

the identity of the node into a text field on the interface. The latter is probably the least effective, as 

it requires the user to break focus from the visualisation to look at the surrounding interface instead. 

3.3.2 Hierarchical Trees 

As already mentioned, web sites are most commonly displayed in the form of hierarchical trees. 

Trees have received a lot of attention in graph literature and thus there exist numerous different tree 

layout algorithms, many of which have been to used to represent web sites. This subsection dis­

cusses only systems which make use of a classical tree layout. Relevant variations and adaptations 

will be dealt with later. 

The traditional tree contains an initial node called the root node. This node generally possesses 

several subnodes. which are said to be children of the root node, and which mayor may not contain 

children of their own. If a node does not have any children it is referred to as a leaf node. Trees 
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are created by adding nodes to the root node and subsequently adding further nodes to these nodes. 

In this manner, a hierarchy consisting of several levels is set up. A classical layout algorithm will 

place children nodes "below" their common ancestor. 

With regards to web sites, the home page is usually associated with the root node of a tree. Any 

pages which are directly accessible from the home page then form the children of the root node. 

Links leading from these pages correspond to the nodes of the next level of the hierarchical tree and 

so on. 

Most of the early "site maps" that many web sites provided in order to aid the user in navigating 

the site, such as the Nature Neuroscience site [16], were hierarchical trees. An example of a tool 

that uses this representation is IBM's Mapuccino product [21], a screenshot of which is shown on 

the right side of Figure 6. 

Structure 

There are a few advantages to representing a web site as a tree rather than as a cyclic graph. For the 

same site, the number of links required to be rendered is much less, as any links that are not from 

parent to child pages are ignored. This results in more screen estate being available, which permits 

sites of greater size to be represented. Another advantage of tree representations is that links do 

not cross over each other, potentially making them easier to explore and understand. Finally, it can 

be argued that many users think of the structure of a site conceptually as a tree rather than a cyclic 

graph (it would be interesting to determine the influence of "site map trees" employed by many 

sites on this perception). Users might thus find a tree representation to be more familiar and may 

therefore be more comfortable interacting with one. 

Unfortunately, tree metaphors do possess some weaknesses as well. The most serious of these 

is the same attribute that makes them scale better than graph representations, namely, the lack of 

"non-tree" links (i.e., those links that do not follow the hierarchy). By not depicting these links, 

tree representations discard possibly valuable information about a site's structure. Many tree maps 

completely ignore non-tree links, which may have an adverse effect on how a site is navigated. 

Most systems that do address this problem, approach it by displaying non-tree links "on demand", 

or in other words, they will display non-tree links associated with a particular page when that page 

has been highlighted. This is only a partial solution however, as users are still presented with a 

poor idea of how the various pages comprising a site are interlinked beyond the links from parent 

to children. As a result, their understanding of the site layout suffers, as even if they intellectually 

understand that there exist links in the site that are not currently being displayed, their subconscious 

impression of the accessibility of certain pages may be limited to hierarchical paths. 
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Data Representation 

Classical tree representations are generally used only as web site navigational aids or else as comple­

mentary displays for systems using other metaphors. Consequently, the only data they are generally 

used for displaying is the layout of the site. Naturally, they could be modified to display other in­

formation, although this would depend on their actual implementation. For example, some systems, 

such as Spotfire [20], use windows file directory tree type browsers for representing trees. In these 

cases, mapping data to link attributes would be ineffective, as the lines representing the links are 

typically very short and therefore difficult to discern. Altering the page icons on the other hand may 

be a more promising route. 

Scalability 

Ordinary tree representations generally do not scale well beyond a few hundred nodes, which is 

inadequate for visualising modem web sites. Implementing a tree as a file directory type view, 

allows one to represent size of much greater size, as the majority of the tree will be hidden at most 

times. Such an approach does mean however, that more interaction is required in order to obtain an 

idea of the site's entire layout, especially if the site is relatively large and consists of many depths. 

Context Maintenance and Data Exploration 

With a tree representation such as those used by site maps, the entire site is nonnally in view. Thus, 

there are no requirements for the provision of context maintenance or navigation features. Tree 

implementations that hide sections of the tree are usually manipulated by mouse clicks on either 

nodes or else "activation points" (e.g. small boxes containing positive and negative signs), which 

then show or hide the relevant subsections of the tree. If the site is particularly deep, there is the risk 

of expanding so much of the site that the entire site no longer fits into view. In such a case, context 

can be easily lost. 

3.3.3 Cone Trees 

Devised by Robertson et al in 1991 [42J, cone trees are hierarchical trees that are displayed using 

an alternative layout. 

The original cone tree was a three dimensional construct that was viewed from the side. The 

root node of the hierarchy was located at the highest vertical point of the cone tree and fanned the 

apex of a cone, with its children placed evenly along the cone's base. Each of the root's children 

then fanned the apices of cones located beneath the root cone and that contained their own children 

as the bases, thus making up the next layer and so on. To ensure that cones didn't overlap and 
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thereby obscure each other, the radius of each cone was calculated to be proportional to the amount 

of space it requires. This space is determined by the total number of nodes contained in all paths 

leading from the nodes making up the cone itself. Cones belonging to the same layer were all of 

equal height. In addition, all the cones were rendered with transparent shading so that while they 

could readily be perceived, the cones located behind them were not obstructed. 

Cone trees can also be converted to two dimensions by viewing the cone tree from the top. In 

this form they are sometimes referred to as "dandelion" or "balloon" representations instead of cone 

trees. 
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Figure 7: Cone Tree Metaphor. The image on the left displays a screens hot from 
IXACTA's Ixsite tool [24], which makes use of a 2D cone tree representation of a web site. 
The picture on the right was taken from Mukherjea and Foley's Navigational View Builder 
tool [32], which utilises several different metaphors, this one in particular being a 3D cone 
tree. 

Since their development, the use of cone trees to illustrate site structure has become quite 

widespread. Although the top---down, two dimensional view (2D) is seen more frequently, such 

as in tools like Mercury Interactive's Astra SiteManager [28], IXACTA's Ixsite [24], Merzcom's 

Netscope [29] and the Visual Web product [53], the three dimensional (3D) variation is also occa­

sionally encountered, such as in Mukerjea and Foley's Navigational View Builder [32]. One unusual 

example of a cone tree was that utilised in Apple's Hotsauce tool [2]. Hotsauce utilised a top---down 

cone tree without the links being portrayed. Pages were thus represented by floating labels which 

were colour--<:oded according to the level of the tree they were located in. A large amount of overlap 

was experienced with higher levels obscuring lower ones. This was alleviated by "flying" down the 

tree so that the top levels disappeared from view. Hotsauce is no longer supported by Apple. 

An example of a 2D cone tree is illustrated on the left-hand side of Figure 7, while a 3D 

representation is provided on the right. 
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Structure 

As cone trees are merely hierarchical trees laid out in an alternative manner, they possess some 

of the same strengths and weaknesses as traditional hierarchical tree layouts. They are able to 

effectively display larger sites than graph metaphors and are conceptually simpler, but leave out 

structural information in the form on non-tree links. 

It may be argued that as the 3D cone tree is more aesthetically similar to a classical 2D hierar­

chical layout, it may reflect the intrinsic hierarchy of the data more apparently than the 2D version. 

Whether this is desirable in terms of web sites, considering that web sites are not always hierarchical 

in nature, is debatable. 

Data Representation 

Again, both node and link attributes can and have been utilised to encode web site data. Astra 

SiteManager renders links in one of three colours (blue, pink or red) depending on how many 

hits the associated page received. The use of three distinct colours has the advantage of removing 

any ambiguities the user may have concerning which range the number of hits for a page falls into. 

However, the particular choice of colours appears to have been made arbitrarily. As such, users have 

the additional overhead of recalling which range was indicated by what colour. A key is provided, 

but looking up this key requires the user to break their focus from the displayed data. To alleviate 

this problem, perhaps a colour scheme based on the rainbow colours might be used. However, an 

improvement is not guaranteed, as not all users may be familiar enough with such a scheme to be 

able to offhandedly rank colours accordingly. 

Scalability 

The original cone tree is a 3D structure, which allows it to make better use of screen estate than 

traditional 2D tree layouts. As such, larger sites can be displayed at the cost of using a more 

complicated depiction. However, a limit will be eventually reached when the cone tree becomes 

unmanageable. In such cases, the possibility of expanding and contracting (hiding) subtrees does 

exist, as with traditional trees. 

Context Maintenance 

3D cone trees that do not fit into a single view suffer more than their 2D counterparts, in that 

the 2D versions can make use of standard 2D context maintenance approaches, whereas context 

maintenance is more complicated for 3D cases. One standard 2D method is to use an additional 

"overview" window that portrays the entire site, while indicating the position and range of the 
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primary "focus" window. Astra SiteManager adopts this practice whereby a rectangular outline 

is used to indicate the "zoomed region" displayed in the other window. However, the system's 

approach breaks down in that it is possible for a user to zoom in to such an extent that the zoom 

outline rectangle becomes too small to perceive. The user thus loses all context and must zoom out 

until the outline is visible once more. 

The original 3D cone tree aided in maintaining context by presenting a single, unalterable view 

and rotating the necessary cones until the desired sections are in front. 

Data Exploration 

As already stated, it is not possible to alter the viewing angle of the original cone tree in order 

to investigate different sections of the tree. Instead, selecting a node has the effect of rotating the 

various cones comprising the tree, so that the selected node and each node in the path from the 

selected node to the root are brought to the front. The rotations of each substructure are done in 

parallel and are animated to aid the user in tracking the transfonnations. Although this system aids 

in context maintenance, it does require the user to wait while all the rotations and animations take 

place. 

3D cone trees that do not follow the original's interaction policy of a single viewing angle, 

permit users to examine the structure from various perspectives by rotating and possibly panning 

the tree. 

2D cone trees display similar browsing features to those of 2D graph and tree displays. 

3.3.4 Radial Views 

Radial views are hierarchical trees whose nodes are positioned in a radial manner. The root of the 

tree is located in the centre of a circle or disk. Successive levels of the tree are then mapped to ex­

panding concentric rings around the root node, with subtrees occupying non-overlapping segments 

of the circle. Examples of tools which describe web sites as bullseye views include IXACTA's Ixsite 

[24], InContext System's WebAnalyzer [22], CLEARWeb [11] and IBM's Mapuccino [2J]. Some 

of these systems utilise a radial placing of nodes but only display the links between nodes on de­

mand. Mapuccino initially uses a radial setup but allows the user to move the pages around thereby 

rearranging the layout. 

A radial view with displayed links features in the image on the left in figure 8, while the right 

shows a radial view where links are hidden. 

Two interesting variations on the radial theme were developed by researchers at Xerox PARe. 

The first of these, called a disk tree, was developed by Chi et al. [9]. The disk tree is similar to a 

traditional radial layouts, except that Chi et al. stacked several disk trees on top of each other. Each 
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Figure 8: Conventional Radial Views. On the left is an image taken from the CLEAR­
Web tool [11] . This image shows a bullseye view of a web site that al so illustrates the links 
down the site hierarchy, unlike the right-hand picture, which shows IXACTA Ixsite tool 
[24]. 

36 

disk represents a "time slice" created at different periods to form a time tube. This time tube thus 

enables one to view how a web site changed or evolved over time. The second metaphor, which was 

devised to minimise the inter-<Tossing of links [10], took a single disk tree and mapped it onto a 3D 

parabola or dome. This metaphor is known as a dome tree. The dome tree has a segment cut out so 

that one is able to view into the dome. 

Figure 9: Chi et al.'s [9][10] Disk Tree and Dome Tree Metaphors. A disk tree 
that represents a snapshot in time of a web site, multiples of which can be stacked on top of 
each other and combined to form a time tube, is shown on the left. On the right is a dome 
tree, which is a single disk tree that has been mapped to a 3D parabola with a segment 
missing. 

A disk tree is shown in the left-hand picture of Figure 9, whereas the right-hand image depicts 
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a dome tree. 

Structure 

As has already been mentioned, radial views present web sites as hierarchical trees. However, 

because of the altered layout, it is less obvious where the root node and hence the home page of a 

site is located, as compared to a classical arrangement. Users may thus explore the visualisation in a 

less hierarchical manner. While this effect may result in new insights into the data, it may also prove 

to be disconcerting for users who cannot conceptually orient themselves without firm knowledge of 

the position of the horne page. 

Two other consequences of this layout are also apparent. Firstly, it is more difficult to ascertain 

whether nodes occupying separate segments of the circle occur at the same depth as each other. 

Secondly, if a subtree is present that consists of only single branches it will be represented as a single 

straight line. Thus, if the node icons are sufficiently small it becomes problematic determining how 

many nodes and levels that line contains. 

Data Representation 

Some systems that use radial views dispense with displaying node icons. Instead, they rely on 

the understanding that at the end of each line representing a link, there exists the node, or page, 

to which that link leads (node icons may be explicitly displayed for highlighted nodes, however). 

Accordingly, these systems encode information pertaining to a node in the actual link representation 

leading to that node. 

Chi et al. double encode page access frequency using the colour and size of the links in their 

dome and disk tree representations. The links are shaded from bright green to black. This is an 

improvement over the colour scheme used by Astra SiteManager, as the progression from bright 

green to dark green to black suggests an intuitive scaling system. In addition, patterns in the data, 

such as areas of high usage, are easy to perceive as light areas against dark surroundings. 

One problem with this approach of encoding usage information about a page in a link to that 

page, is that an impression is created that all the accesses or hits that the page in question received 

came from that link. However, this may not be the case. For example, say there exists a page to 

which there are two links; one from its parent and one non-tree link from some page other than 

its parent. If most of the traffic to the page proceeded along the non-tree link, it would not be 

apparent as this link would not be explicitly displayed in a tree representation. Instead, the data 

could be misinterpreted in that it would seem that the link from the parent was responsible for all 

the page accesses, as the total page hits would be encoded in the parent link, regardless of where 

they came from. This may result in a negative impact on the usefulness and accuracy of the site 
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usage visualisation. Unfortunately, this is a problem shared by all tree representations, due to their 

limitations in showing non-tree links. 

ScaJabiJity 

By laying out branches concentrically around a central point, radial algorithms are able to utilise 

screen estate more effectively than classical tree layouts. Again, this means that sites of greater size 

can be depicted. 

Context Maintenance and Data Exploration 

Although in the systems listed above, there is no specific support for context maintenance (entire 

sites are depicted instead), as they all utilise 2D representations, with the exception of the dome 

tree, there is no reason why a zoom and overview window system cannot be used. Standard 2D data 

exploration techniques may also be applied. 

3.3.5 Hyperbolic Trees 

Hyperbolic trees represent another specialised form of hierarchical trees. Unlike conventional hier­

archical trees however, hyperbolic trees are laid out using an alternative, non-Euclidean geometry, 

namely hyperbolic geometry. 

Hyperbolic geometry can be distinguished from Euclidean geometry by observing the behaviour 

of parallel lines: in Euclidean space, for any given point there is exactly one line passing through it 

that is parallel to a given line, whereas in hyperbolic space there are many. In addition, in Euclidean 

space, the area of a circle expands linearly with respect to its radius, while in hyperbolic space the 

area grows exponentially (Munzner provides a more detailed account of hyperbolic space in [36]). 

Hyperbolic space also causes a visual effect similar to that obtained by a fish-eye camera lens, such 

as that used by Sarker and Brown [44], which expands a section of interest while displaying the 

remainder of the structure with successively less detail. These properties all prove to be useful in 

visual ising very large trees, and hence their use in visualising web sites. 

Silicon Graphic's Site Manager, which was based on research conducted by Munzner and Bur­

chard [36][35], provides an example of web sites displayed as hierarchical trees in 3D hyperbolic 

space. However, the 2D form of hyperbolic tree, which is attained by uniformly laying out a hi­

erarchy on an imaginary hyperbolic plane and then mapping the plane to the Euclidean space of a 

circle, is more common, as is evidenced by its use in products like Microsoft's Site Server [30] and 

lnxight Software's Tree Studio [23]. 

Figure 10 shows examples of a 2D and a 3D hyperbolic tree on the left and right-hand sides 

respectively. 
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Figure 10: Hyperbolic Trees. The picture on the left shows a web site depicted as a 
2D hyperbolic tree that was created using Inxight Software's Site Lens Studio [23]. The 
right-hand image illustrates a hierarchical tree laid out in 3D hyperbolic space that resulted 
from research conducted by Munzner [35] . 

Structure 

39 

Although laid out in an alternative geometric space, web sites that are represented by hyperbolic 

techniques tend to be displayed as trees. In fact, many tree layout algorithms including classical 

and cone tree variations can be reapplied in a hyperbolic setting. Hyperbolic trees thus share many 

characteristics with their conventional Euclidean counterparts. 

Data Representation 

One side effect of the distortion caused by hyperbolic space is that the size of the link and node 

representations are constantly altered depending on the current point of interest. Thus, a line rep­

resenting a given link may be long at one moment and hardly distinguishable the next. The human 

visual system generally gives emphasis to larger objects, and given that node and link attributes are 

commonly used to encode data, the effect of the same object changing size could have an influence 

on interpretation of the data. This influence could be nullified somewhat by extended exploration. 

Many systems, such as Microsoft's Site Server, that use hyperbolic views, map data to node rather 

than link attributes as a result. 

Scalability 

Due the fish-eye lens effect they have, hyperbolic trees are well suited to depict large sites. For 

very large sites, structure hiding may still occur whereby branches not currently of interest are not 
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displayed, but even in such cases more of the structure is in view than would be possible with 

Euclidean representations. 

Context Maintenance 

Hyperbolic layouts were designed largely with the "focus+context" distortion in mind. Allowing 

the user to focus on some detail without losing the context, promotes greater data exploration and 

aids the user's understanding of the site structure. The use of a single view to achieve this, has the 

added advantage of permitting users to concentrate on areas of interest without being required to 

divide their attention between two separate windows in order to maintain context. 

However, if structure hiding is implemented, context information can be lost. In Inxight's Tree 

Studio, which utilises a 2D hyperbolic view, viewing nodes that are very deep in a large tree results 

in the ancestor nodes higher up in the tree being concealed. It is thus no longer possible to identify 

which part of the site is currently in focus, without moving the focus back to where earlier nodes 

are brought into view. 

Data Exploration 

Navigating a hyperbolic tree involves the translation of the focal point of the visualisation. Shifting 

this point could be achieved in a number of various ways, such as causing a selected node to become 

the focus or else allowing the user to use a mouse to "grab" and move the point freely. Because of 

the nature of the hyperbolic layout, drill-down operations are generally limited to nodes within the 

current focus. However, as users are typically interested in acquiring further details about nodes 

they are currently focusing on, this does not present any difficulties. 

Difficulties may be encountered with very large scale sites, however. When a certain size limit 

is reached, a zoom feature might be necessary to observe minute details, as the distortion caused by 

the hyperbolic effect may not expand the area of interest enough. However, the addition of a zoom 

ability would defeat the initial purpose of the focus+context distortion that hyperbolic trees were 

designed for. 

3.3.6 Other Metaphors 

Although the metaphors already described are those that are seen most frequently, there do exist 

other, less popular means of representing web sites. 

One example of these is the treemap conceived by Schneiderman [45]. This approach makes 

use of a 2D space filling algorithm in which each node is denoted by a rectangle, the area of which 

is proportional to some node attribute. 
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Another metaphor is the perspective wall developed by Mackinlay et al. [27] . This metaphor 

requires data that is linearly organised along at least one dimension, such as date or time. The 

different walls then show data items which correspond to these different dates or times. The user 

focuses on one wall at a time with the others disappearing into the distance on either side. 

Figure 11: The Treemap and Perspective Wan Metaphors. The left image shows 
the Navigational View Builder's treemap view of a hierarchy of research pages [32]. The 
node colours represent author types. The right-hand image, also taken from [32], depicts a 
perspective wall view of a linear arrangement of files based on the last modification time. 
The different walls show files which were last modified in different time frames. 

Both a tree map and a perspective wall representation can be found in Mukherjea and Foley's 

Navigational View Builder tool [32] and are shown on the left and right-hand side of Figure 11 

respectively. 

These metaphors will not be considered further as they were judged to be ill-suited to the task 

of representing web site structure. This is due to the difficulty of showing links, both hierarchical 

and non-tree in their current incarnations. 

Having examined previous works in the field of web site visualisations, one common trait has 

become apparent. The problem has always been approached by treating web sites as normal trees or 

graphs and no attempt has been made to exploit any site features that are unique. Therefore, there 

exists a motivation to design and develop a metaphor that specifically caters for web sites. Such a 

metaphor is proposed in the next chapter. 

3.4 Summary 

In this chapter, previous efforts in the field of web site visualisation were examined. 
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Attempts have been made to visualise web sites for many purposes including aiding web site 

navigation, improving web search results and promoting greater understanding of web site usage. 

Regardless of their purpose, web site visualisations are required to address the following factors: 

structure representation, or the manner in which the site structure is depicted; data representation, 

which is how information is encoded; scalability, which refers to how well a system handles large 

scale sites; context maintenance, which deals with whether contextual information is retained while 

focusing on details; and lastly, data exploration, which regards the techniques used for navigation 

and exploration. 

Metaphors created to represent web sites can be grouped into certain classifications according to 

their appearance and behaviour. These include cyclic graphs representations as well as the various 

tree metaphors such as classical hierarchical trees, cone trees, radial views and hyperbolic trees. 

These various classes of metaphors generally approach structure representation by depicting 

web sites as either cyclic graphs or hierarchical trees. Data representation is achieved by encod­

ing information in node and link attributes including size, shape, colour and pattern. Scalability 

is addressed by attempting to efficiently utilise screen estate, as well as by reducing the amount 

of content required to be displayed. Context is maintained through either the use of an additional 

overview window or else by the use of focus+context techniques in a single window. Data explo­

ration is typically dealt with by providing zoom, pan and rotation features and drill--down operations 

are mostly performed by mouse selection of items of interest. 

Previous works have displayed a trend to regard web sites as normal trees or graphs. Breaking 

this trend presents an opportunity for creating a web site metaphor that is more specialised and 

effective. 
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Chapter 4 

Metaphor Development 

Devising a web site metaphor that effectively addresses all the key factors of structure and data 

representation, scalability, context maintenance and data exploration is a nontrivial task. Indeed, it 

is questionable whether it is possible to create a "perfect" representation that is versatile, simple to 

use and quick to understand. Instead, designing a metaphor usually involves certain compromises 

and tradeoffs, as was evident from previous efforts discussed in the preceding chapter. 

Much can be learned from previous attempts to balance the factors mentioned above. By adapt­

ing past proposals, so that they are more suitable for visualising web site usage in particular, and 

combining them with novel ideas and the approach of treating web sites as special entities rather 

than as typical graphs, a metaphor that is more effective than those currently in use may be devel­

oped. 

This chapter describes an attempt made to create such a metaphor. 

Section 4.1 describes the design decisions taken while developing an initial metaphor. Section 

4.2 then provides a summary description of the resulting metaphor. This is followed by Section 

4.3, which discusses the initial experiences and evaluations of the initial metaphor. After serious 

flaws were found in the initial metaphor, a second metaphor was developed, the design of which is 

outlined in Section 4.4. Section 4.5 then gives a brief description of the final metaphor, after which 

Section 4.6 discusses the initial experiences of the final metaphor. Finally, Section 4.7 provides a 

summary of the chapter. 

4.1 Initial Metaphor Design 

This section describes the initial attempt made to develop a web site metaphor for the purpose of 

visualising site usage. At the time of its conception, attention was focused primarily on the early 

goals of displaying the site layout, as well as presenting usage statistics that may have been found 
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in typical log analysis tools. 

The development of the metaphor will be discussed according to the factors affecting web site 

visualisation that were outlined in Section 3.2 of Chapter 3. The manner in which each factor was 

approached will be treated separately in the relevant sections below. 

4.1.1 Structure 

The first decision to be made involved whether to represent a web site as a hierarchical tree or as 

a cyclic graph. Both representations have their advantages and disadvantages. For instance, tree 

metaphors generally scale better and may bear greater similarities to users' existing conceptions of 

the site layout but exclude vital information concerning a site's link topology. On the other hand, 

graph metaphors embody a more accurate representation and contain additional details about page 

connectivity. They are, however, prone to problems such as cluttering for large scale sites. 

Bearing these considerations in mind, it was ultimately decided to utilise a tree representation, 

due to both the need to deal with increasingly large web sites as well as to the perception that trees 

provide greater familiarity. Accordingly, site structure is exhibited in the initial metaphor through 

the use of a hierarchical windows directory tree, such as those typically found in popular file system 

browsers. The directory tree is easily adapted by simply replacing file and folder icons with page 

icons and the associated page names or URL's. The resulting 2D structure representation is shown 

in Figure 12. 

Employing such a device has several benefits. For example, as a result of their widespread 

application, especially in terms of depicting file structures, these directory trees are well understood 

by most computer literate people. In addition, directory trees are able to represent reasonably large 

scale hierarchies, as due to their mechanism of expanding and contracting individual branches, only 

partial sections of a tree need be shown at any particular instant. 

Adopting such an approach does present certain difficulties, however. In particular, a means of 

displaying detailed information as well as a method of handling non-tree links must be found. 

In terms of presenting more information, the size of the page and link representations in a 

directory tree precludes the possibility of illustrating numerous details concurrently. Instead, it is 

likely that only a single item of information, or variable, will be displayable at a time. As a result, 

the simultaneous portrayal of multiple variables needs to be accommodated separately. One viable 

option for achieving this is to include several details pertaining to a web page in a table, which is 

then presented whenever that particular page's icon is selected. However, a drawback of switching 

directly from a directory tree view to a table is that it is possible that a loss of contextual information 

will occur. A more favourable alternative might be to use an intermediate representation and then 

to only pop up the table following an extended drill-down operation. In this manner, a user could 
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obtain a slightly more detailed view of a subsection of the site, decide which page appears to be the 

most promising and then view the table for that page. Comparisons between multiple data items 

could also be performed. To this end, the initial metaphor contains an additional, intermediate view 

of a portion of the site structure. This view consists of two alternative layouts, namely a flat classical 

tree layout and a 3D cone tree layout (these can be seen in Figure 13a and Figure 13b respectively). 

Regardless of which layout is currently activated, the selected page forms the root node of the tree. 

Links from pages that seemingly lead nowhere are simply indicators that the associated page is 

not a leaf node, i.e., it contains a sub-tree of descendants that are not in view. Of the two views, 

the classical tree presents a layout that is simpler, requires less manipulation and makes direct 

comparisons between two pages within the view easier. Conversely, the cone tree layout requires 

increased interaction by means of necessary rotations in order to locate suitable viewing points but 

makes more effective use of the available screen estate. Both layouts provide a view of a fragment 

of the site topology while simultaneously depicting several usage statistics. 
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Figure 12: Directory Tree View. This view provides an overview of the entire site using 
a windows directory type browser. Page icons are colour coded on a grey scale according 
to the amount of traffic that page received. Page icons can be dragged and dropped with 
the mouse into the box labeled "Active Pages" (on the top right) in order to access the 
intermediate and more detailed view of that page. 
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(a) (b) 

Figure 13: Intermediate Tree View. The intermediate view provides a more detailed 
view of a page and up to 3 levels of the hierarchy below that page. Page icons have bars 
present on them, representing various usage statistics. This view can be toggled from a flat 
hierarchical tree view (a) or a 3D cone tree view (b) . 

(a) (b) 

Figure 14: Focusing the Intermediate Tree View. The amount of pages displayed 
in the intermediate view can be reduced by hiding or "pruning" pages or branches. This is 
performed by clicking on the small square below a page icon which will cause that pages 
below that page to be hidden. (a) An intermediate view with no pruning. (b) The same 
view with a branch pruned. 

46 

Having decided on a method for displaying detailed views of subsections of a site, attention 

was turned to solving the second issue resulting from the use of a directory tree, namely how to 

portray non-tree links. This task presented a greater challenge, as even though non-tree links would, 
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