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navigation step, which possibly increases the overall
cognitive load required to perform the navigation to the final
content page.
Mobile users have even more benefit from the directory
scenario, especially when one takes into account the small
screen and inability to browse through a dozen of search
result pages with linked documents.
These comparisons only take into account an ideal
scenario where in the case of the search engine the first or
second search result page will show the requested link, and
that in the case of the directory scenario there is no confusion
in the choice at each level of the navigation tree.
Problems occur when the user is unable to find the
requested info. Usually in a navigation tree, the user starts to
browse back and forth the levels and chooses other paths,
entering other branches of the tree. When using a search
engine, the user browses through even more pages of the
result set and then introduces new or different set of keywords
in the search – thus starting from scratch.

ABSTRACT
This article gives an analysis how users click-streams in a
web directory represented as a general categorization tree can
be assessed in order to make deductions on the goals the user
had when browsing and the choices the user made while
trying to get to the needed information. The click-stream
analysis is then used to propose an algorithm for
restructuring of the categorization tree in order to optimize
the structure for better navigation and easier finding of
content. Based on several real-world metaphors of roaming in
spaces and choosing paths, the algorithm that was based on a
single user behaviour, is scaled to a general case. Finally, the
articles discusses how the access logs of a web site can be
used to gather info on usage patterns of the organization
structure itself and how it can be improved with the help of
the restructuring algorithm and the assessment of several
criteria named together - user satisfaction with the organization of content.
INTRODUCTION: TO SEARCH OR NOT TO SEARCH

ANALYSIS OF A DIRECTORY BROWSING SCENARIO

The introduction to this article starts with a simple scenario: a
computer user visits a knowledge base and tries to find the
web page with the requested content. When the appropriate
content is found he marks it as such.
The main question to ask is how to get to the content, to
search for it or navigate towards it?
Presumably the content is well categorized and organized
under easily understandable headings. This usually means that
a n-ary tree was used for the categorization of content and
that the user will be presented this tree for navigation.
So, the number of mouse clicks required to find the
requested content in a set of 1000 pages will be:
10 clicks at most when a binary tree is used
6 clicks in a ternary tree
even less for larger breadth of the tree
In the case of performing a search through the web's
search engine, the user will typically need at least:
2-3 keywords (10-15 keyboard clicks on average)
3 mouse clicks
Even if in consideration are taken the largest indexes of
web pages available today, which are in the rank of tens of
billion pages (see [1]) and are reported to include the whole
of the world wide web, the comparison still stands ground:
35 clicks in a binary tree
22 clicks in ternary tree ...
It is obvious that larger breadth of the navigation tree will
lead to lesser number of mouse clicks. On the other hand it
also means that there will be more options to choose at each

Figure 1 shows a navigational tree structure of a knowledgebase or a directory of web-pages organized in a hierarchical
manner. This is the intended user perception of the
organization of the directory. Internally there can be another
formal structure, but the user is usually presented a
navigational interface using a hierarchical category tree.
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Figure 1: Perceived navigational tree structure.
The following scenario is observed: a visitor of the website is
trying to find the right category with the required content and
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since one user's increase in satisfaction could mean a decrease
in satisfaction of a whole group of other users.
Based on the described user browsing session, and the
algorithm for a single user, a dynamic navigation tree
restructuring algorithm can be envisioned which will take into
account click-streams of all the visitors of the directory, and
try to improve the browsing process in specific or even
general scenarios.
The motif of the algorithm draws from an analogy with
park or forest trails where it is sometimes obvious that some
people always follow pre-made paths and some people tend to
search for short-cuts. After many have taken similar shortcuts through the grass, new more natural and more functional
paths occur. The tress-passers individually are not able to see
the change they make, but all of them put together do make a
difference.
This paper proposes a definition of a measurable
parameter that will be used to assess if the current
organization is better than the situation before the
reorganization. This parameter will be named user
satisfaction with the organization of content. This measure
will be used in the implementation of the algorithm to achieve
a better organization for a group of users, not just a single
user.
The user satisfaction can be measured by several criteria:
Number of clicks per user click stream
Tree depth of the success-category
Cumulative depth of the error-categories and the
success-category
Number of choices per screen
Number of errors-categories
Cases when content was not found at all
Some authors even define a measure called
navigational effort [2], which can also be used to
calculate the difference among two different
navigation structures.
Depending on the chosen weight of these criteria, an
assessment and customization of the layout of the navigation
structure can be made, in order to give satisfaction to a
specific user group. For example, if it is assumed that
business users have many tasks in their mind, the cognitive
load should be lessened and thus the number of choices per
screen should be smaller, so this criterion will have more
weight than the others.
Once the weight of the criteria is set, the calculation of
the new structure can be performed. This calculation should
happen per category sub-tree, so each category sub-tree can
be evaluated. If the satisfaction measure for some sub-trees is
significantly less than the general average in the tree, those
sub-trees should be reorganized.
This assessment can be done in breadth-first order until
we pin-point the problematic sub-categories. After that, in
each one of them, the restructuring algorithm can be
performed based on the path traversal statistics gathered from
site access logs.
The measurement is always based on the records in the
web access logs, where depending on the logging scheme that
is used, several data can be found (or recorded if its a custom
build application):
access time and page that is accessed

previous page that forwarded to the current page
user session
With these data, click-streams can be computed and
attributed to paths in the categorization tree (or graph if it is
so) and to user sessions, so it can be observed what a specific
user was doing. After that the measurement can begin and
assess on every user session if it has reached the goals.
The click-stream data acquired from the logs give
opportunities to compute the criteria parameters per clickstream and than overall statistics for each parameter on the
global level. This will be the reference set.
For each click-stream there will be a set of records which
will indicate the path the user took and the values of all the
criteria based on the click-stream. After that the restructuring
algorithm can be simulated and information will be gathered
of all possible elementary changes. It is yet to decide which of
this changes will give benefit globally.
In the final phase there will be records indicating all
possible atomic changes for all click-streams. Based on the
metaphor of forest paths, not all atomic changes required per
click-stream will be tried. Instead a threshold is set and only
the most “popular” changes will get through.
Finally, for all atomic changes a new cycle of
calculations for each of the click-streams will be performed,
as if the changes were all applied. This will give the second
set of criteria measurements the reorganized set.
If the reorganized set has better measure than the
reference set, all the changes of the final set are applied and
the new organization structure is published.
AUTOMATED RESTRUCTURING
Where does it happen to have a need for such automated
restructuring of the organization of content? This is certainly
not needed in books, but there are places where it can be
appropriate. Such examples are yellow pages, web directories,
knowledge bases and other similar repositories that have in
common:
great number of documents and
different unrelated aspects according to which a
categorization can be done
In fact any categorizing scheme can benefit from the
assessment that is proposed in order to be able to evolve and
be better.
These is also another aspect to automated restructuring
that should not be neglected. This is the case where a huge set
of documents should be made visible to a group of users or to
the public and when there is no possibility to involve in
manual categorization.
In such cases techniques from data-mining can be
employed in order to analyse the document set and gather a
preliminary topic hierarchy [3]. After that the directory can be
made visible to the users and the techniques envisioned in this
article can further optimize the structure of the site.
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