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Abstract—Navigation as a part of an interface was always an
important issue of a design process. Because information architecture and the navigation of current websites are very complex, especially of e-commerce websites or information portals,
it is very hard to analyze or redesign a structure in a manual
way. In order to solve the problem of automation of website
structure analysis, there should be defined its model. Also, during the study of a subject it was found, that there is a lack of a
quality estimator, which allows to valuate in a vary moments
the quality of the structure. Observation of a structure quality
gives possibility to analyze and decide when the structure
should be changed basing on decision rules or calculated
thresholds for analyzed amount of time.
The main aim of this study is to describe a model for website
structure representation, derive the quality estimator, define
and solve the problem of website structure discovery and quality valuation utilizing the proposed metric.
Finally, experiment with utilization of proposed methods is
presented.

I. INTRODUCTION

T

HE main task of the website is to provide the content
and functionalities of the system. Such functionalities
usually are placed to the sub-pages of the website. The main
task of the navigation is to service efficiently and effectively
users’ requests, which are provided through these functionalities. Website usability is the measure of a success which
users experience while interacting with the system. This is
the extent to which users can achieve the desired objectives
during their visit. Some of the website usability factors include: the compatibility of the site layout, ease of use of a
search engine, adequate links that provide instant access to
information, a site map which serves as a table of content for
the whole site, legible fonts and appropriate use of colors to
highlight and organize information or functionalities. All
these factors contribute to the ease of use and make a visit
on the website useful and enjoyable [1]. In 2001 Donahue
[2] pointed, that difficult navigation with the limited flexibility constitutes the major problem of the usability. Therefore,
a good solution for the navigation should be provided [3].
According to the National Institute of Standards and Technology [4] ease of navigation is essential for users at all lev
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els of proficiency in using computers in order to navigate
and obtain the desired information on the websites. It can be
stated, that the number of planned functionalities at the design stage influences on the final number of pages and links
[5]. Also it may be stated, that the increase of the quality of
the interface is possible by increasing the quality of the
structure of the navigation.
Users may come to the website in many ways: through the
main page, as a result of the reference link from other websites, from the search results or an advertisement. Moreover,
users have different goals and their objectives are very diverse. Navigation should support those differences through
a variety of solutions: a hierarchical, task-oriented, chronological, alphabetical, and based on the popularity of information architecture [1]. It is required in order to avoid situation,
that user will be trapped inside one page or reach the orphaned page [6]. On the static website or dynamic one with
a limited number of links the navigation structure has a large
impact on the quality of delivered content. Therefore, evaluation and improvement of the website structure becomes a
key issue what repeatedly was underlined by researchers and
experts of Human-Computer Interaction field of studies [7],
[8], [9], [10], [11], [12], [13], [14], [15].
II. WEBSITE STRUCTURE DISCOVERY
For the problem of quality valuation of the website structure there are some estimators in the literature of subject.
Unfortunately, none of them treat the structure as a network
and take into account such information as connections between pages, popularity of single pages, their position or utilization of edges connecting these pages among the website.
Few proposed [16], [17] treat the website as a tree and in order to estimate aptitude of a structure they utilize knowledge
such as click number into a page and distance from a root
item. What is important is that distance from a root items is
treated like in height in tree structures, what is not true for
the website.
The motivation for solving the problem of a structure discovery with maximum data utilization and the problem of a
structure quality measurement comes from a need to increase the efficiency of the interface redesign process. It can
be reached by including into the process an automatic analysis of usage data and generating recommendations to change
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existing website structures into modified ones – adapted to
users’ needs.
A. Model of a website structure
The mere idea of using graphs to model the structure of
the website is widely used by practitioners and researchers.
First, Perkowitz [18] used to describe links on a single webpage with the graph structures. In Garofalakis’ studies [19]
model of a website was described as a tree, because of optimization simplification. Yen et al. [20] defined the environment consisting of three layers of evaluation and expansion
of website projects using graphs for modeling. In 2008 Yang
defined the conceptual model for the structure [21] thus using ontological paradigm. Another way to model the website
is to use Markov chains [22]. Also there can be found works
inspired by PageRank algorithm [23], where web mining is
used in order to optimize website structure [24].
The proposed model of a structure is understood as a set
of unique pages which may be reached with an internal linking through navigation elements (Fig. 1b). The structure is
mapped by a set of nodes and connections (Fig. 1a,c). The
first node in a structure is called a root node, which is accessible through the default domain or IP address in a browser
and returns the main page of a website. A navigation element may occur on one or many pages, but each time it may
consist of a different set of pages and links. Connections between pages may be directed or undirected (Fig.1c).

edge, or transitive – if on a path there is more than one intermediary node. Set of paths Pl is defined in (2).
(2)
A connection between two nodes exists if it is possible to
pass from one node to another. The set Cl contains all connections in a graph, see equation (3).
(3)
The length of from to is an average length of all paths between nodes (4).
(4)
Nodes and edges have additional characteristics and indicators, which will be used in a proposal of formulation of a
quality estimator.
B. Node characteristics and indicators
Every node in the structure has a distance from the root
node, which is calculated according to the distance function
in equation (5). For the root node the distance equals 1.
Pages are usually visited by users in such way, that nodes on
lower levels are rarely visited. The form of equation was derived as a result of analysis of statistics gathered by Google
Analytics of approximately 500 000 different users visiting
12 websites from different categories and left by them paths
of visits.
(5)
Another characteristic for a node is input-output defined in
equation (6), which is the sum of number of nodes, which
edges point to the processed node and number of outgoing
edges from the processed node (Fig. 2a).
(6)

Fig. 1. Elements of website structure: a) a subsite, b) a navigation element, c) connection between two sites, d) path, e) connection.

Such defined website l is modeled as a graph structure in
equation (1) of N nodes (pages) and M edges (links), where
URLl is a finite set of pages (1) which are in one domain in
the range of l website and El (1) is a finite set of links which
does not contain loops or reverse connections, where eli is an
edge from urllm to urlln to .

Node indicators determine the characteristics based on usage
data. These are:
• OccU(urlli, [t, t+τk]) – specifies the number of edges
used in all paths of all users of the website during the interval of time [t, t+τk];
• PopU(urlli, [t, t+τk]) – popularity of a node relatively
to the entire structure of the website at the interval of time
[t, t+τk], defined as equation (7);
(7)
• Acc(urlli) – availability of a node in the structure defined in (8), is an ease for urlli to be visited by users and
depends on the distance from the root and io characteristic;

(1)
Basic elements of a structure model paths P (Fig. 1d) and
connections C (Fig. 1e).
Path is a set of edges, which are the passage from one node
to another. Paths are directed – if between nodes there is one

(8)
C.Edge characteristics and indicators
Characteristics for edges are:
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•

Out(eli) – specifies the number of all edges that come
from the same node as the beginning of the edge. This indicator is illustrated in Fig. 2b and is defined as (9);
(9)

• Reach(eli) characteristic defined as (10) returns the number of nodes that can be achieved through following the
edge (Fig. 2c). If a node, which indicates an edge, is
a leaf, then the value of the characteristic equals 0.
(10)
Indicators are defined as follow:
• OccE(eli, [t, t+τk]) – specifies the number of occurrences
of edges in all paths in the interval of time [t, t+τk];
• The indicator r in (11) is an information about traffic between two nodes;
(11)
• PopE(eli, [t, t+τk]) is the edge’s popularity (12) – a number of occurrence of an edge in all paths obtained from
usage data in the interval of time [t, t+τk];
(12)

The proposed solution combines two approaches found in
the literature:
• The structure discovered on the basis of usage. Such approach includes such nodes and edges, which are present
in navigation patterns.
• The website crawled with a robot.
The structure is fully discovered after the results of two approaches are merged. It will effect with the structure containing detail information of both the navigation and the usage of nodes and edges. The solution of this task consists of
three subtasks:
• The scanning task of structure;
• The process of exclusion of orphan nodes;
• The task of sampling and applying data obtained
from statistics module.
An algorithm for website discovery is proposed
(Fig.3). The scanning task is solved by using the method of
multithreaded searching by a limited number of crawlers. It
is assumed that the tested website has a system for monitoring the usage data. Such an external system through a connector does exchange data with the website.
Orphan nodes in the structure of the website are frequently
the result of a human error. These are not nodes intently hidden from the user in the navigation, because such a node is
discovered during obtaining the usage data.

Fig. 2. Illustration of some characteristics of a model in a website structure.

D. Problem of a website structure discovery
Structure discovery is a required procedure for quality
valuation task.
For given: URL address of the l website; usage data collected for the website l; time k;
Determine: website structure based on navigation patterns modeled as a graph GIlk.
There are several limitations: orphan pages (Fig. 1e) must
be excluded; all internal content resources are excluded (i.e.
mp3, avi, flv, swf etc. files), non-significant nodes in folders
(e.g. /css, /media, /js, /admin) are filtered; limited response
time for server; threshold of usage for every node (i.e. less
than 1.5%) are ignored.

Fig. 3. An algorithm for discovering the website structure.

The node may contain links to external websites, but there is
no reference to it from the navigation. Orphan exclusion is
done in order to reduce the number of nodes that adversely
affect the value of the quality estimator of the structure.
Finding orphan nodes may help to understand which pages
have not been connected with the others. This task is solved
by using a recursive analysis of all the pages that contain at
least one working internal link in order to detect all isolated
nodes.
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Fig. 4. A conference website icss.pwr.wroc.pl, 13 nodes and 124
edges. a) Graph structure before MST processing; b) after processing
with MST algorithm.

E. Examples of discovered website structures
Using the proposed method of website representation it is
possible to map simple structure with no connections between nodes. Such structure is constructed as a tree (Fig.4b,
Fig.6). Because most of websites are graphs, in order to simplify the structure for analysis in terms of distribution of information in the nodes of the graph, a Minimum Spanning
Tree (MST) algorithm is applied.
Fig. 6. E-commerce website structure with 638 nodes with usage data
discovered between 2009-05-05 and 2011-05-05.

Fig. 5. Student’s portal edukacja.pwr.wroc.pl, 41 nodes, 142 edges with
applied usage data discovered between 2010-08-01 and 2011-05-05.

Structures of e-commerce websites are very complex,
manual modification of the structure is done by an information architect and it takes long time to process it manually.
Such a structure can be optimized using only the recommendations or intuitive knowledge. Application of MST is used
to solve this problem. Developed method of structure discovery is regulated with a filtering parameter which allows
filtering nodes to address name or percent of usage. It is reasonable to set usage data parameter to a high value (>2%)
for complex structures.
The spectrum of possible application of described method
is shown on figures (Fig.4ab, Fig.5, Fig.6, Fig.7).
III. PROBLEM OF QUALITY VALUATION OF WEBSITE
STRUCTURE

The problem is: for given graph GIl and history usage data
in the interval of time [t, t+τk] determine the quality of the
website structure. Note that for various periods of time τ the
value of the quality estimator will be different. Assuming
that the location of each node and the way of connections

Fig. 7. Hair beauty website structure with 30 nodes and 177 edges and
usage data discovered between 2010-10-01 and 2011-06-01.

between them designates how users operate the website, the
quality estimator should be dependent on the characteristics
of the nodes and edges. Therefore there are defined quality
criteria: number of node usage; number of edge usage; node
position in the structure; the importance of a node; the importance of an edge.
Usage data results with information whether the originally
designed structure is suitable for users or not. The quality
measure should include popularity of nodes and edges.
Therefore indicators of nodes and edges as defined in Section 2.B and 2.C are applied to develop the components of
an estimator. Therefore, the node influence on the structure
is defined as (13) and an indicator of the connectivity degree
of an edge is defined as (14).
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(13)
(14)
The quality estimator of the whole structure will be the
sum of all values ImpU of the nodes proportional to the sum
of edges values of CD and will be called Graph Energy and
defined as (15).
(15)
For the bare structure of the website it will be equal to 0 until the usage data will be applied. As the number of users
during observed interval of time τk may vary and thus generate different traffic within nodes and edges, characteristics
of the graph in time τk+1 should be normalized proportionally
to the value in τk period.
A. Complexity of a website structure discovery algorithm
The initial method in order to discover all connections
within graph has a complexity of O(N!) and is a NP-hard,
therefore the proposed method of website discovery explores
only the paths which are actually used by users in selected
interval of time. Computational complexity of method consists of the execution of subtasks:
• Scanning task (Fig. 3) is of O(k(N+M)), where k is
the maximum depth of the graph.
• Usage data extraction is of O(N+M) complexity, because of need to obtain data of every node and every
edge.
• Calculation of the graph characteristics: io has O(N),
out is of O(M) complexity, reach has O(M), d is of
O(M+N*logN).
The total complexity of the quality estimation after simplification is O(NlogN +M). The crucial for this method is number of nodes in the structure.
B. Experiments
To test proposed methods different websites were analyzed and monitored. In Fig.8 there are two of them – the
conference website (www.icss.pwr.wroc.pl) and the website
of hair beauty salon (www.saloncesare.pl). For both, the
structure was scanned (Fig. 4a, Fig.7), then usage data was
recorded and merged with the graph discovered by the
crawler. The sampling of the Graph Energy was done daily
(Fig.8), so the tendency could be better observed. There are
two lines on Fig.8 – blue stands for the equation (15), and
orange is a modified equation (15) with changed operation
between ImpU and CD to the sum. Orange is less resistant
for small changes, and blue is appropriate for long-term observations.
For the conference website, there were periods, where energy of the graph was lower or higher than average, and they
are considered as potential points of change in the website
structure, especially concerning the schedule of conference.
Intuitively it is understood that the conference’s structure
should change in different periods of time i.e. paper submission, accommodation page before the conference start. As

121

the graph energy is higher, the structure of the website is utilized better by users and they may reach goals more efficiently. Observation of changes in the quality of the structure contributes to detection of the moments in which there
are derogations from certain value En(τk). For the hair beauty website the lower line shows the En(τk) (Fig.8b) and is inside lower and higher limit all the time with only twice short
alarms detected. For the high and low limit Shewhart control
chart [25] was utilized and for observing tendencies and
making the decision of structure change Nine Nelson Rules
[26] were applied.

Fig. 8. Graph energy diagram of:
a) a conference website, b) a hair beauty salon website.

In order to compare results of two websites from the same
categories (i.e. two beauty salons) the normalization of
edge’s and node’s indicators should be done. More data on
experiment and framework can be found in [27].
IV. SUMMARY
The main aim of this study was to state and propose a solution for structure discovering problem and quality valuation problem. A website structure quality estimator gives the
ability to evaluate a website’s navigation conformity to the
way of how real users do use the website after its release to
the general public. Besides consistency and repeatability, automation provides increased cost benefits to the developer. It
improves the website redesign process and saves time.
In the future research there will be concerned following
tasks. First, the problem of website structure optimization
will be stated and the usage of quality metric based on
Graph Energy will be proposed. Second, the problem of usage change detection will be stated and algorithms for it will
be proposed. Third, the experimental framework will be upgraded with the new methods. Forth, the solution for discovering groups of users and recommending adapted structures
to them individually will be proposed. The solution of all
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discussed tasks will be an important step forward in studies
on automated analysis, optimization problem and synthesis
of website structures.
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