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Abstract. A number of factors may in uence Web users' choice of which links to follow.
These include assumptions about document quality and anticipated retrieval times. The present
generation of World Wide Web browsers, however, provide only minimal support to assist
users in making informed decisions. Web browser `link user interfaces' typically only display a
document's Universal Resource Identi er (URL), whilst a simple binary colour change in the
URL's anchor is used to indicate its activation history. The question then is, how do users deal
with the problem of having to make such decisions when the information at hand is insucient?
We have been conducting an investigation of how users make link selections. The results
show users often are forced to fall back on heuristics and improvising strategies drawn from past
experience. Based upon these results, we present a prototype of the `link lens', an enhanced
link designed to make such decisions easier and more productive for all users and help less
experienced ones gain a better understanding of Web behaviour.

Introduction
The present generation of World Wide Web browsers provide users with too little information to help them decide whether to choose a link. Whilst there may be a number of
factors that may in uence this decision, the only information that the user can rely on
being provided by a browser user interface is the document's URL, and an indication of
its activation history. Sometimes, the user may be able to determine from contextual
information whether to activate it or not (see Figure 1). For example, by choosing an
appropriate anchor, the author of the document in which the link is embedded can help
the user to determine quality and/or relevance [Nielsen 98]; similarly, a description of the
document's size and type may help the user to assess how long it will take to download,
and whether he or she will be able to view it locally. Since this kind of information is
entirely discretionary, however, authors often do not go to the trouble of including it.
Where such explicit information is lacking, users may still be able to infer useful
information about the document and its download overheads. For example, the URL may

contain implicit information such as the document's type and the physical location of its
server. Such resourcefulness suggests that users would bene t if this kind of information
were made more explicit, perhaps through the agency of an enhanced link. The selection
and activation of a link is not the end of the user's dilemma, however. Download times
are often long and unpredictable and may leave users uncertain about when | or if | it
will be completed. Yet, browsers (see Figure 1) generally provide only limited feedback
of download progress; even its placement seems to suggest that it is an afterthought.

Figure 1: Netscape's `link user interface'.
We have been conducting an investigation of how users make link selections and of
their behaviour subsequent to link activation. The results show how users fall back on
heuristics and improvising strategies drawn from past experience. One important issue
that emerges is that users' heuristics are often awed simply because the picture of Web
behaviour that they get from the user interface is too abstract. Based upon these results,
we discuss speci c ways in which links might be enhanced to improve users' understanding
of Web behaviour and provide more reliable information about its contents. The concept
of enhanced or `rich' links has been the subject of some discussion in the hypermedia
literature (see e.g., [Bieber 97]). Our objective here is to investigate what these might
entail from a user perspective.
We begin by discussing some critical determinants of World Wide Web usability.
We then present a model of link selection decision-making behaviour and relate this to
our empirical observations of users. We then review relevant usability principles and
nally, we propose ways in which users' decisions could be better supported through the
`link lens', a prototype of an enhanced link based upon Magic Lens1 concepts [Bier 94,
Stone 94].

Usability and the World Wide Web
The Web raises many usability issues [GVU 98]. In this paper, however, we focus on two
speci c ones which are fundamental to understanding how to enhance the link. The rst of
these is content: how users determine that the document referenced by a link meets their
requirements. The second is the temporal behaviour of the link: how long the selected
document will take to download. These two factors together: quality of the document
and quality of service are key determinants of users' selection and use of links. These
factors interact, however, so their combined in uence cannot be determined a priori. For
example, a user may be prepared to tolerate slow download where the document quality
is known to be high. Conversely, if time is pressing, then a lower quality | but more
speedily downloaded | document may be more acceptable.
Neither document quality, nor its corollary, relevance, can be properly assessed except
in the context of use. The only certain way that a user has of determining these properties
is to download the document. However, following this strategy blindly may require the
1
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user to invest a lot of time and e ort. This is simply impractical when the user has many
documents from which to choose, such as when picking from a list of documents generated
by a search engine. One solution is to make use of whatever contextual information is
available. For example, the choice of anchor may provide a meaningful summary of the
content of the document which it references. The wider context in which the anchor
appears may also provide further information.
The problems of relying on contextual information partly explain the current wide
interest in developing a standardised document markup language such as W3C's Extensible Markup Language (XML) [XML] so that content providers can add meta-data |
information about information | to Web documents. One goal of adding meta-data is
to facilitate the automatic processing of documents by Web applications such as search
engines. We argue, however, that meta-data may also be an important resource for the
design of an enhanced link. The rst practical objective of our work is therefore to
investigate how meta-data might be presented through an enhanced link.
As any Web user soon learns, the simple underlying abstraction of a seamless, distributed information space is rarely sustained in practice. Instead of an instant and
deterministic response to link activation, the user typically must cope with unpredictable
download times arising from variable latencies and network bandwidths. System response
times in general are recognised as a major factor in determining the usability of an interactive system [Conn 95, Dix 87, Dix 94, Johnson 95b, Planas 88] and investigating how
Web delays a ect user behaviour is an area of growing interest [Guo 97, McManus 97,
Johnson 97, Sears 97].
Studies have looked at how users' strategies change to cope with extreme delays or
system failures [O'Donnell 95, McManus 97]. The unpredictable nature of Web download
times means that users are unable to apply consistent coping strategies which leads
to frustration and error. Attempts have been made to formalise this behaviour with
an aim to helping developers design for download latencies [Johnson 95a, Johnson 97].
Other studies suggest that users' perceptions of document quality on the one hand, and
their tolerance of download times on the other, are not independent. In particular, they
indicate that download times may in uence users' perception of document quality and
relevance. For example, users' ratings of how interesting a document have been shown to
decrease for longer download times [Ramsay 98, Sears 97]. Conversely, users' tolerance
of download delays is in uenced by their expectations of document quality [Johnson 97]
Despite the well-known detrimental e ects of unpredictable delays on users, browser
user interfaces all but ignore the problem. Whilst abstractions are useful tools for protecting users from unnecessary details of system behaviour, rigid adherence to a single abstraction may deny them the information they need to act e ectively [Dourish 95, Kieras 90].
The link user interface, we argue, is a good example of this problem. The account it
o ers of the behaviour of the underlying system is too abstract and so fails to provide
users with the resources for informed decisions and e ective improvisation when potential
problems are detected. Our second practical objective, therefore, is to investigate how
to provide all users with a more informative account of download behaviour [Parker 97]
which is helpful both for decision-making and for learning.

Terminology
A distributed information space such as the Web consists of documents connected by
links. A document may represent di erent types of content, it may be referenced by links,
and also contain links that reference other documents within the information space. A
document can therefore be referenced by a number of links each situated in a di erent
document.
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Figure 2: The link.
A link is embedded within a document and attached to part of latter's content by its
anchor (see Figure 2) [Neilsen 90]. With respect to a particular link, we will de ne the
object in which the link is embedded as the referencing document. Similarly, the object
that the link points to will be de ned as the referenced document.
As well as being identi ed with its anchor, referencing, and referenced documents, a
link also has behavioural properties which become evident when it is activated and the
referenced document is downloaded from the server to the user's client. This behaviour
re ects the communication process which is implemented on the underlying network
between the two locations.

Understanding Web User Behaviour
A series of studies of Web user behaviour were undertaken in order to learn more about
how users made link activation decisions. A number of subjects were recruited with
varying degrees of Web experience and expertise in computer use, ranging from novices
to experts. Data about subject browsing behaviour was automatically logged by using

a proxy server connected to the WWW client. This parsed the HTML pages that the
subject downloaded and recorded the URL, number of images, number of links, number
of applets and the download time from the proxy request to the proxy receiving the data.
Each browsing session was also recorded using video and audio.
At the end of the session, all the collected data | video, audio and proxy logs | was
reviewed and a detailed transcript of the session was produced. A re-enactment protocol
was then employed to elicit from subjects the reasoning behind their actions [Wright 91].
All the utterances of the subject and the investigator were recorded on audio cassette
and later transcribed.
Analysis of this data leads us to propose a three phase model of user link activation
decision-making behaviour:

Assessment of value The user must decide prior to activating a link whether the ref-

erenced document contains information that is useful with respect to the user's
overall objective. Reaching a positive assessment will lead to the link being activated and the download of the referenced document will commence; a negative
assessment will result in the link being ignored. In addition to the assessment of
the referenced document's content, the user also makes an assessment of the likely
download quality of service (QoS). The potential of a long wait (e.g., because of
server or network congestion, low network bandwidth) for the referenced document
may persuade a user to ignore the link, or at least ignore the link for the present
until a more favourable time. Our subjects often tried to infer by the URL information about the probable length of the wait. Here, heuristics and rules of thumb
prompted by previous experience often come into play. For example:
\This page is on a University server and that means it should be quick
because they have fastish servers."
The assessment of value process that the user undertakes prior to activating a link
can therefore, be split into two parts:
1. an assessment of content, and
2. an assessment of download QoS, particularly the anticipated delay in downloading the document.

Download Once the link has been activated, the document download begins. During

this phase the user is exposed to the underlying behaviour of the communication
network. As we noted above, users of interactive systems are often very sensitive
to delays, especially where these are of an unpredictable extent. The problem takes
on even greater signi cance for the Web, however, because browser user interfaces
allow users to interrupt and abandon the download at any time. In our studies,
observations of users choosing this option were very common.
Johnson has employed micro-economic cost-utility models and the notion of marginal utility to analyse Web user responses to download delays [Johnson 97]. He
demonstrated that users' tolerance of delays could be manipulated by increasing
their expectations of document quality. Johnson's ndings are evidence for the
close relationship between the assessment of value phase and the download phase;
by increasing the information available to the user before they activate the link, the

user is not only better informed about its nominal value, but is also better able to
make an informed decision about whether the document is worth waiting for.
Some of our subjects revealed interesting beliefs about the extent to which their
actions could in uence the download time. For example, several subjects articulated
the view that slow downloads could be speeded up by stopping and restarting them.
When asked to explain this, one user drew upon a telephone analogy:
\. . . [it] is like a crackerly telephone line, if you ring again the quality is
often better."
Others provided more technically sophisticated rationales for their behaviour:
\. . . when you stop and reload, it is possible to get a better route for the
data, so it may be quicker."
\. . . there is only a certain number of connections that a server can make,
by reloading a page a new connection may have become free due to a
time out or other users disconnecting."

Evaluation The nal phase allows a user to evaluate the outcome of activating the

link. If the activation was successful, the referenced document can be perused and
its content can be compared with the expectations generated by the assessment of
value phase. Similarly, the download performance can be evaluated. The evaluation
process may stimulate the formation of heuristics that will serve to make sense of
the experience, and which may then come into play in future cycles of interaction.
A avour of these heuristics is evident in explanations given by our subjects such
as:
\. . . all sites in Australia are slow."
\. . . it is night time in America so all information will be transferred very
fast."

We can now consider in more detail how the usability objectives de ned earlier may
be tackled. Our discussion will focus on two broad areas in turn: documents and links.

Documents
Our subjects sometimes used the URL to draw conclusions about the content of a document. For example, in the case of URL www.dcs.cam.ac.uk/smith/publications.html,
one user was able to conclude that it referenced a list of publications (publications.
html) by the author Smith (smith). Other parts of the URL may also yield useful pointers
to document content, quality and relevance. For example, understanding how to decode
dcs.cam.ac may lead a user to infer that the author's publications are in the eld of
computer science (dcs) and that they are probably academic papers (ac.uk). The user
might even infer that, as a member of a prestigious university (cam), the quality of the
papers is likely to be good.
Despite such user resourcefulness, it is evident that meta-data is the key element in
improving users' capacity to make informed assessments of a document's quality and

relevance [Bieber 97]. Of course, the form this meta-data will take must be dependent
upon the kind of document it describes. Whilst it is easy to specify that the meta-data for
a scienti c paper would include its authors, key words and abstract, that of many other
document types is more dicult to anticipate. The issue that must be addressed then
is how such meta-data may be e ectively presented to the user. One possible approach
is to use meta-data to provide some insights in to the document structure. A simple
illustration of how this might be done is shown in Figure 3. Here we see the document
content summarised by:
1. Author, title, keywords, abstract and section names appearing in the document.
HTML already provides some support for document meta-data through the use of
a number of pre-de ned tags. These include author, title, and keywords. The new
proposed document markup language XML goes further in that it allows the author
to de ne new tags; in fact, every component of an XML document may be tagged
in this way.
2. The distribution of keywords through the document body. This can provide a better
indication of relevance than a simple count [Hearst 95].
3. A thumbnail outline of the document. The concept of genre is one possible way in
which broader notions of meta-data may be addressed. The use of genre in the print
media, for example, enables people to make quick and easy distinctions between the
vast variety of publications available. To help the readership distinguish between
these news genre, simple visual cues such as the tabloid and broad sheet format
have been developed. The thumbnail is an attempt to provide similar visual cues
for Web documents.
4. The numbers and sizes of di erent embedded media types and the number of links.
This also may provide the user with genre cues. For example, a document containing
many links may appear to be a richer resource for browsing.

Figure 3: An example of document meta-data: structure and content summaries.

The Link
To provide the user with appropriate information about the link, it is necessary to identify
an abstraction | or perhaps a layered set of abstractions | that can explain its behaviour
[Dourish 95]. Our chosen link abstraction has two elements. The rst is the channel, a
communication resource which connects two (or more) computers together, and allows
information to ow between them in either direction. If we restrict our notion of channel
to the overall connection between the browser client and the document server, we have
a concept that is synonymous with the communication associated with a download. The
other element of our link abstraction is the site, a resource for despatching documents
provided by the server. A channel and a site can now be associated with a link, and their
properties can be presented to the user as a ordances for understanding link behaviour.
The key property of a link is its QoS. De nitions of link QoS for multimedia applications cite several contributing factors [Guo 97]. For the Web user, however, the key QoS
criteria is time. In simple terms, what the user wants to know before initiating a download is the delay before the download is completed. For the link, this can be de ned as
a function of site and channel latencies and channel bandwidth. Latencies re ect server
and network congestion causing competition for these resources.
A full link time a ordance, however, must also provide the user with information about
the task in progress. The concept of time a ordance is informed by users' subjective
desire for closure, the knowledge that a system task has been successfully completed.
Until this is evident, users will tend to monitor the task, assessing its progress and
preparing contingency plans should they determine that it has failed. Lack of adequate
time a ordances may mislead users, for example, causing them to terminate the task
erroneously.
According to Conn, a complete time a ordance should meet eight requirements, representing information about distinct task properties [Conn 95]. We con ne ourselves here
to those where the link user interface is particularly de cient, and discuss ways in which
an enhanced link might satisfy them. Some of the solutions we propose raise functional
requirements which are addressed later.
Acceptance: Acknowledgement that the task has been correctly speci ed and is executable. Arguably, this is essentially a null requirement for browsers if the task
`speci cation' is de ned syntactically as simply the act of pointing at any visible anchor. However, in so-called direct manipulation interfaces, syntactically acceptable
action speci cations have an implied semantic correctness [Schneidermann 86]. For
example, a document's visibility is proof of its existence. In the case of an anchor,
however, this relationship between visibility and existence may not hold.
Improved satisfying of acceptance requirements could be achieved by server and
document status information being available when the user is in the act of specifying
the download task. This is the most timely moment to provide this information
and resolves the inconsistency between visibility and existence.
Scope: Measures of task scale, including predicted delay before completion. This requirement is not satis ed by the information provided through the link user interface. It
may be partially satis ed by contextual information provided by the author of the
referencing document, such as the referenced document's size.
Download scope is a function of the referenced document size and the link QoS.
Satisfying scope requirements implies that these factors can be determined in ad-

vance of the download being initiated, In practice, however, only the document size
can be accurately determined in this way | given suitable functional extensions.
Link QoS gures should take into account the e ects of caching. Caches were introduced to exploit locality in users' document downloading behaviour. For example,
there may be a cache on the user's (client) machine and a cache on a local proxy
serving a number of users. If a document has been previously retrieved it could be
available on these caches. A cached document will almost always download more
quickly than the copy on its server.
Progress: Clear feedback as execution of the task proceeds, including its rate of progress. This requirement we consider is only partially satis ed. Although a progress
indicator is maintained during the download, it is often dicult to relate the information it provides of the task state to its subsequent behaviour. One reason for this
is that a document which may seem to the user to be a single entity may actually be
composed of many embedded parts (e.g., images) each of which will trigger its own
download process. The order of these embedded downloads is non-deterministic.
In most browsers2 the progress display area is time-multiplexed between these separate downloads, making it impossible for the user to maintain a coherent picture
of the overall download progress [McManus 97].
An example of an improved link time a ordance is shown in Figure 4. The map
display shows the channel as a physical connection between the user's client and the
document server. Its colour is used to represent predicted channel QoS (ranging from
blue for poor to red for good). The graph shows site QoS information and the predicted
download scope. Download progress is indicated by animation of the document media
content display in Figure 3.

Figure 4: An example of link QoS data: channel and site QoS summaries.

Functional Implications
The possible improvements outlined above are more than cosmetic and raise additional
functional requirements of the underlying system.
2
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If the link is to be able to provide the user with meta-data, this information must
either be provided by the referencing document's author, or be downloaded from the
referenced document's server. The former approach has been applied in some specialised
hypermedia publications [Bieber 97]. However, our goal is to make meta-data available
for a wider range of documents, and this is only achievable by following the download
approach. To avoid this creating its own delays, two requirements must be met. First,
the meta-data must be accessible to the client without downloading the whole document.
Second, some kind of meta-data pre-loading or transclusion strategy is required so that
it is available in a timely way to the user.
The HTTP protocol already supports client access of document parts through the
HTTP-EQUIV directive. This allows authors to specify document tags which can be
downloaded separately from the rest of the document and so HTTP already has the
necessary hooks to meet the rst requirement. The second requirement can be met by
appropriate client side enhancements. There are a number of possible meta-data pre-load
strategies. For example:






All link meta-data is pre-loaded when the referencing document is opened. This is
the least ecient strategy. Its drawbacks include the fact that the number of links
may be large. The following three strategies adopt a progressively more conservative
approach.
Pre-loading is limited to those links that are within the currently visible area of the
referencing document.
Pre-loading is triggered when the user moves the link lens tool within a speci ed
distance of the link anchor.
Pre-loading is triggered when the user passes the link lens tool over the link anchor.

All the above pre-load strategies are assumed to operate automatically. It would be
sensible, however, to allow user control over pre-loading, e.g., setting it on or o , and
determining thresholds where appropriate. Yet another approach would be to give control
of pre-loading to the referenced document's site. For example:


Pre-loading is determined by the accumulated history of link activation by other
users. This strategy would provide user with a form of collaborative ltering mechanism.

The accurate determination of download scope relies on knowing channel and site
QoS. Obtaining real-time channel QoS data is problematic given current communication
protocol limitations. The Hypertext Transfer Protocol (HTTP) is layered on top of
the Transmission Control Protocol (TCP), which itself is layered on top of the Internet
Protocol (IP). The latter does not support any QoS functions and so TCP cannot make
any assumptions about factors such as latency or bandwidth. The only channel QoS
related notion supported by IP is distance as measured by the number of `hops' between
the sender and receiver [Brebner 97]. Support for QoS is planned as part of an enhanced
HTTP protocol [Guo 97], but in the meantime we must look to other solutions.
There are now several companies o ering Web server QoS data on-line. Such data
typically includes the number of hits per day, the average latency, and the numbers of
broken links. However, we have decided to use a di erent approach which, though less

accurate, does not assume the availability of site QoS servers. The link lens utilises the
performance of the meta-data pre-load cycle to calculate channel and site QoS for each
link. In the limit case where link pre-loading has not been completed before the user
wants to have access to it, the link can simply be assigned a low QoS, leaving the user to
draw his or her own conclusions.

A Prototype Link Lens
The concept upon which the link lens is based is the so-called Magic Lens or movable
lter [Bier 94, Stone 94]. Magic lens lters combine arbitrarily shaped visual eld with
an operator that changes the presentation of objects within the view eld. In the link
lens, the view eld is bound to the cursor and is sensitive to any anchors that it is passed
over. When applied in this way, its two operators, document and link, transform the
anchor into views of document meta-data and link QoS. The prototype link lens is shown
in Figure 5. The design was evolved from paper-based sketches of possible lens features.
These were presented to six subjects who rated them according to perceived usefulness.
Their overall opinion was that the link lens would a ect their browsing strategies.
With the exception of the document abstract, there was no consensus about which parts
of the link lens would be the most useful, but all subjects expressed a desire to be able
to choose a subset of meta-data for viewing at one time. Depending on the task being
undertaken, the subjects felt that some parts of the link lens could be bene cial to the
usability of the system.
We are currently carrying out further testing of several versions of the link lens with
groups of Web users. The objectives include evaluating the value to users of the various
di erent kinds of link information. We are also investigating di erent ways of presenting
the information, including enabling users to customise or adapt the link lens to match
their needs, and more economical encodings based upon the appearance of the link in the
referencing document. A particular emphasis of this work will be to explore how degrees
of user experience a ect their ability to make use of link information.

Conclusions and Further Work
The prototype link lens presents document meta-data and time a ordances in the form of
link QoS information. Its goal is to provide Web users with timely and relevant information prior to their activation of links and during subsequent downloads. Underlying our
work is the belief that by making a more \truthful" picture of Web behaviour available,
users will be able to formulate more appropriate explanations of its behaviour and make
more informed decisions about its use.
Future work will focus on evaluation and exploration of improved techniques for link
information presentation, including the value of layered abstractions of Web behaviour.
The question of how much users need to know about Web behaviour is a priority for
further investigation. The evidence from our user studies con rms that users will generate
explanations of Web behaviour and will act upon them. Their reasoning and the analogies
they draw upon, however, range from the simple to the sophisticated. So, it is probable
that novice users will need di erent kinds of abstractions from those for more experienced
users. Our aim in developing the link lens is to provide support for all kinds of users. An
important part of our strategy for achieving this is to recognise that in the hands of a

less experienced user, the link lens may serve as a tool for learning about how the Web
behaves.
As part of a broader programme of work for improving the value of the Web, we also
plan to investigate the use of collaborative ltering | document usage and user ratings
[Hill 95, Procter 97] | as additional document quality and relevance information. Finally,
as HTTP protocol enhancements become available, we will examine how they may be
applied in this context.
Finally, any mechanism for improving Web users' capacity to nd relevant information
must ultimately rely upon the willingness of content providers to recognise users' needs.
In particular, the need for content providers to include meta-data is paramount. The link
lens is designed so that the user will nd it easy to distinguish between content providers
who are conscientious in this regard and those who are not. In this way, we believe that
putting tools like the link lens in the hands of users can provide an incentive for content
providers to formulate and adhere to \good authoring practice".
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Figure 5: The prototype link lens.

