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Web content annotation

Abstract. Bookmarking represents a typical
activity of users while surfing web pages. When
they come across an interesting information and
want to remember where the information can be
found, they can create a bookmark and store it in
a bookmarking system.
Unfortunately, currently available systems offer
only limited functionality, which could be rather re-
stricting. Two main limitations are granularity of
bookmarked information and passive user support
in creating new bookmarks. In order to overcome
these limitations, we have developed a Firefox
plug-in enabling more advanced bookmarking.
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1 Introduction

Currently, the Web represents one of the most used
sources of information. It has penetrated all areas
of our lives. Probably every web user has already
faced a need to store the location of a currently vis-
ited page. The reason for this storing can be man-
ifold – from visiting a page (content of which could
be useful for user in future) more or less randomly
through spending quite a lot of time to search for
the content to enabling an easy access for future
frequent visits.

This problem is commonly being solved by us-
ing various methods of web content annotation and
bookmarking. Various bookmarking systems en-
able users to store the address of a web page for
subsequent easy retrieval of this page. Pages can be
annotated (most commonly in the form of category
assignment) to enable some form of bookkeeping of

the bookmarked pages.
Some web pages provide heterogeneous content

located on one page. Typical examples of such
pages are web portals publishing news from very
different categories. A typical user is not interested
in all the content offered by such pages but only in
a fragment of the content. After repeated visit-
ing a page (utilising the address of the page stored
in a bookmarking system), user is confronted with
the all content offered by the retrieved page. That
means to scan the content repeatedly to find the
fragment user is interested in.

A remedy for this repeated search within a page
is increasing the granularity of bookmarking – the
possibility not to bookmark a web page as a whole
but to enable to select a content fragment with sub-
sequent bookmarking this selected fragment.

Dealing with content fragments requires from
users to perform additional activities. If user wants
to bookmark only a fragment of a page instead of
the whole web page, then he must specify this frag-
ment before bookmarking it. If user wants to de-
fine several fragments on the same web page and
to bookmark them separately, he must also label
these fragments to distinguish one fragment from
other fragments.

A natural step in helping users in dealing with
content fragments is the transition from a passive
bookmarking to an active bookmarking. Instead of
selecting fragments manually after visiting a new
page, user can be offered with fragments, which
could be potentially interesting for him, together
with suggested labelling. The only activity required
from user is to accept (or deny or modify) suggested
bookmarking.

The paper introduces a Firefox plug-in for active
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bookmarking of content fragments located on web
pages. It enables user to select fragments and de-
fine categories the fragments belong to. Based on
collected data, the plug-in is able to locate frag-
ments, which could be interesting for a particular
user, along with suggested categories for them.

2 Plug-in for active bookmark-
ing

In order to support an idea of active bookmark-
ing, a bookmarking system has been designed and
implemented. The system combines the possibil-
ity to bookmark information fragments located on
web pages with the possibility to search for interest-
ing information fragments within a web page with
subsequent automatic fragment identification and
annotation.

The system was implemented as a plug-in into
Mozilla Firefox browser. It was designed for text
in English.

2.1 Architecture

An architecture of a simple active bookmarking sys-
tem is depicted in Fig. 1. The left part of the ar-
chitecture represents a passive bookmarking sub-
system while the right part presents plug-in enrich-
ment enabling active fragment bookmarking.

The designed plug-in enables for user to create a
personal collection of bookmarks. A new bookmark
can be created using the following steps:

• selection of an interested text fragment on a
displayed web page,

• assignment of one or several categories to the
selected fragment,

• processing of the bookmarked fragment.

After a fragment is selected and labelled, it is
subsequently processed. The processing includes
not only storing the bookmarked fragment into the
bookmark database but updating keyword database
as well.

The keyword database serves for an embedded
learning mechanism. This mechanism enables to
find interesting fragments within a newly displayed

Figure 1: Architecture of a bookmarking plug-in

web page in an automatic way. The found frag-
ments are classified into possible categories and vi-
able alternatives are offered as suggested labelling
of the fragments.

Besides accepting (with or without modification)
or denying the system’s suggestion, user can pro-
vide a feedback on the suggested fragments and/or
their labelling. Based on this feedback the keyword
database can be updated in order to improve sys-
tem’s classification abilities.

2.2 User interface
The plug-in is controlled using a context menu ap-
pearing after clicking the right mouse button any-
where within the page area. The plug-in adds a
submenu in the context menu.

In order to add a new bookmark, user has to
select a fragment within the displayed page using
mouse and select an appropriate item from the con-
text submenu. A new pop-up window appears and
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user can select/modify categories assigned to the
fragment as well as fill in optional data attributes.

It is possible to select a bookmarked fragment
and open the relevant page (a page containing the
fragment) in a new browser tab. After the page
is retrieved and displayed, defined fragments are
highlighted. Positioning cursor over a highlighted
fragment results in visualising all information rele-
vant to this fragment. Such situation is depicted in
Fig. 2.

Figure 2: Highlighted bookmarked fragment and
additional fragment information

Each category uses a defined colour (selected
from a palette of available colours). When a
fragment with an assigned category is displayed,
the fragment is highlighted using the colour cor-
responding to the category of the fragment (if the
fragment is categorised into more categories, then
the colour of the first category is used). Such sim-
ple colour code enables better user orientation, es-
pecially in a situation when a page with several

fragments from different categories is displayed.

When a new page is loaded into the browser, se-
lecting a relevant item from the context submenu
initialises searching for fragments which can be in-
teresting for user. If any fragment is identified, it is
highlighted and a suggested labelling is offered (the
identified fragment is highlighted using the colour
corresponding to the suggested category). This is
illustrated in Fig. 3. Additionally, the context sub-
menu activates two items for user positive or neg-
ative feedback. Both these items influence the em-
ployed learning mechanism.

Figure 3: Automatic fragment identification and
labelling suggestion

A set of windows serves for system maintenance.
For example, it is possible to define, modify or
delete user defined categories. Existing bookmarks
can be browsed with the possibility to delete or
modify fragment labelling as well as additional data
fields.
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2.3 Learning mechanism
Due to the implementation of the plug-in
(Javascript running within browser), only a sim-
ple version of the learning mechanism was incorpo-
rated. This mechanism is represented by the key-
word database, defined categories and a classifier.

Categories are defined by user. Each category
can be active or not. Although user can assign any
category to classify selected fragments, the system
uses only active categories to suggest proper clas-
sification of automatically found information frag-
ments. The system can classify a text fragment into
one of active categories only.

The keyword database stores keywords charac-
terising available categories. Each category is rep-
resented by a list of keywords and keyword frequen-
cies within this category. The length of these lists
is limited by a constant.

Learning takes place in two cases: adding a new
bookmark and obtaining a negative feedback from
user. In both cases a fragment is selected and high-
lighted – regardless it was defined by user or by
plug-in as a result of automatic fragment identifi-
cation.

Bookmarking a new fragment results in updating
the keyword database with keywords contained in
the fragment. But before this update takes place,
the text constituting the fragment is pre-processed.
This pre-processing consists of several steps:

• based on a regular expression, all characters
except numbers and letters are replaced with
space,

• several consecutive spaces are replaced by one
space only,

• text is segmented into terms,

• all uppercase letters are converted to lowercase
letters,

• terms are processed by the Porter stemmer [1].

Finally, each term is added to the categories the
fragment is assigned to. Adding a term to a cate-
gory can be twofold. If the category already con-
tains the term, then only frequency of this term
within the given category is incremented. If the
category does not contain the term, then the term
is added to the category’s keyword list.

Similarly, negative feedback from user results in
unlearning the highlighted fragment. The keyword
list of the category which was suggested for the
fragment is updated in a negative way – frequencies
of fragment’s terms are decremented (only if they
are present in the category keyword list).

The keyword database serves for a classifier to
identify relevant fragments in an automatic way.
First, text nodes should be obtained from a re-
trieved web page. Subsequently, each text node,
the length of which is higher than a constant, is
processed by the classifier.

The role of a classifier is played by the Naive
Bayes classifier [2]. It tries to classify a text node
into active categories taking relevant keywords and
their frequencies into account. A classification
score is calculated for each category. After selecting
a winning category, the classification score of this
category is compared to a threshold. If the score
is above the threshold, then the text node is con-
sidered as a newly identified information fragment
and the winning category is suggested for labelling
this fragment.

2.4 Other plug-in features

When bookmarking of a new fragment takes place,
it is possible to add not only categories the frag-
ment should be classified into but some additional
data as well:

• fragment commentary,

• todo task,

• todo date.

These data items are displayed along with high-
lighting the given text fragment within a displayed
web page.

Selection of an appropriate item from context
submenu results in retrieving and displaying all web
pages which contain bookmarked fragments having
todo date set to current date. Each such page is
open in a separate browser tab.

3 Experiments

The main aim of the presented experiments is to
illustrate how a particular parameter setting can
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influence plug-in behaviour as well as how the plug-
in conforms with simulated behaviour of users.

In order to perform experiments, the well known
Reuters-21578 collection [3] of English documents
was used. Two test document classes were formed
– class C1 representing documents related to trade
and business (supposing that a simulated user is
interested in this topic) and class C0 representing
“other” documents (the documents which are not
interesting for the simulated user). Both classes
were disjunctive – no one document used within
experiments belonged to both classes.

The achieved results of experiments are evalu-
ated using F1 coefficient combining precision and
recall.

Since the presented plug-in is dedicated for deal-
ing with web pages, text documents from the used
classes were transformed into simple web pages us-
ing a PHP script. The generated pages contained
several text documents while each document was
incorporated as a separate paragraph.

3.1 Length of keyword lists
This parameter controls the amount of information
used to describe defined categories which can be
assigned to bookmarked fragments. A small value
is expected to result in unsatisfactory description
of the categories and subsequently to worse perfor-
mance of the automatic fragment identification and
labelling. On the other hand, a big value could be
favourable from the point of the used classifier but
is too demanding due to the used implementation
and running environment. Therefore, a balanced
value should be determined.

The test focuses on how successfully the plug-in
is able to identify relevant fragments and suggest
their labelling. Fifty documents from C1 were used
as a training set. The role of a test set was played
by fifty other documents from C1 and fifty docu-
ments from C0. The experiment consisted of sev-
eral cycles – each cycle used a particular value of
the length of keyword lists and was performed in
the following steps:

• removing all keyword information from defini-
tions of categories,

• setting a particular list length coefficient,

• performing training phase on the training set,

• carrying out testing phase using the test set.

Achieved results are depicted in Fig. 4. It is ob-
vious, that steady increasing the length does not
imply the permanent increase of F1 value. After
the initial increase a saturation phase occurs, when
bigger values of the length do not bring any benefit.

Figure 4: Length of keyword lists experiment

3.2 Number of training fragments

Before the automatic fragment identification can
take place, it is necessary to provide the system
with a set of bookmarked fragments for the plug-
in to establish a satisfactory descriptions of defined
categories to be used for labelling. Regarding the
number of fragments used to initial category learn-
ing, “the more the better” seems to be a good strat-
egy – but those fragments have to be selected and
classified manually by user. That is why a balanced
value should be found again – to provide as good
performance of the plug-in as possible and simulta-
neously to minimise burden for user.

Also this test focuses on how successfully the
plug-in is able to identify relevant fragments and
suggest their labelling. Now, the training set con-
sisted of several document subsets. Each subset
was composed from five short (150 words maxi-
mum) documents retrieved from the C1 class. Sim-
ilarly to the previous experiment, the role of a test
set was played by thirty other documents from C1

and thirty documents from C0.
The experiment consisted of several cycles – each

cycle used bigger training set than its predecessor.
The first cycle started with two subsets included in
the training set. Each subsequent cycle extended
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the training set with another document subset in-
crementing the cardinality of the training set by
five.

Achieved results are depicted in Fig. 5. The pre-
sented plug-in performance is quite satisfactory –
the number of training fragments needed to achieve
full performance is low enough for user to book-
mark them manually.

Figure 5: Number of initial training fragments ex-
periment

3.3 User feedback
It is hardly sensible to expect that the initial train-
ing of category descriptions will be perfect. There-
fore user’s feedback plays a very important role –
it can help to enrich the information base on which
learning is based as well as it can accommodate
changes of user interest.

This experiment used the training set consisting
of forty documents from C1 complemented with ten
documents from C0. The role of a test set was
played by fifty other documents from C1 and fifty
documents from C0. One more document set was
used – the update set had the same structure as
the test set (fifty documents from C1 and fifty doc-
uments from C0) but contained other documents
than the test set.

First, category descriptions were trained by the
training set. During the training phase all docu-
ments from the training set were bookmarked with
the same labelling (bookmarking documents from
C0 as belonging to C1 simulated a bit unreliable
initial learning). Subsequently documents from the
test set were used to test plug-in’s ability to iden-
tify and label new fragments. This testing achieved
F1 = 0.77.

Next, the update set was used. The system tried
to identify and label relevant fragments. Its activity
was complemented by user feedback implying learn-
ing or unlearning in case of successful or unsuccess-
ful identification and labelling. After the update
set was processed, the test using the test set was
repeated. Now the plug-in achieved F1 = 0.85 –
initial unreliable category definitions were updated
and performance of the system increased.

4 Conclusions
The implementation and subsequent experiments
have shown the feasibility of both presented ideas
– finer grained bookmarking as well as active book-
marking. The implemented plug-in is quite use-
ful especially when dealing with more information
fragments of a limited length (belonging to differ-
ent categories) located on the same web page. It
can be successfully used as a simple personal tool
enabling better usage of the Web as an information
source.
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