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Abstract. The practice of annotation is a secular and omnipresent activity . We
find the annotation in several areas such as learning, semantic web, social
networks, digital library, bioinformatics, etc. Thus, since the year 1989 and with
the emergence of information technology, several annotation systems have been
developed in human-computer environment adapted for various contexts and
for various roles. These ubiquitous annotation systems allow users to annotate
with digital information several electronic resources such as: web pages, text
files, databases, images, videos, etc. Even though this topic has already been
partially studied by other researchers, the previous works have left some open
issues. It concern essentially the lack of how to organize all the developed
annotation systems according to formal criteria in order to facilitate to the users
the choice of an annotation system in a well-defined context and according to
unified requirements. This problem is mainly due to the fact that annotation
systems have only been developed for specific purposes. As a result, there is
only a fragmentary picture of these annotation tools in the literature. The aim
of this article is to provide a unified and integrated picture of all the annotation
systems in human-computer environment. Therefore, we present a classification
of sixty annotation tools developed by industry and academia during the last
twenty-five years. This organization of annotation tools is built on the basis of
five generic criteria. Observations and discussion of open issues conclude this
survey.
Keywords: Annotation system, metadata, annotation, tag, Human-Computer
environment, classification, survey.

1 Introduction
Digital annotation presents an activity central in many important tasks, such as
studying, indexing and retrieving. It is an important modality of interaction with
digital objects (web pages, text files, programs, etc.). Annotations cover a very broad
spectrum, because they range from explaining and enriching an information resource
with personal observations to transmitting and sharing ideas and knowledge on a
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subject [10]. They can be geared not only to the individual’s way of working and to a
given method of study, but also to a way of doing research [18]. Moreover, they may
cover different scopes and have different kinds of annotative context: they can be
private, shared, or public, according to the type of intellectual work that is being
carried out [39]. Furthermore, annotations are not only a way of explaining and
enriching an information resource with personal observations, but also a means of
transmitting and sharing ideas to improve collaborative work practices [29]. Thus, the
possibility of enriching digital contents by adding annotations has attracted many
researchers, who have looked at this opportunity from many different perspectives
and with a number of purposes in mind [9].
Therefore, since the year 1989, several annotation systems have been developed in
human-computer environment adapted for various contexts and for various roles. The
list of annotation tools is growing every year. The researchers have mostly focused on
providing more and more sophisticated interfaces with several annotation
functionalities. These ubiquitous annotation systems allow users to annotate with
digital information several electronic resources such as: web pages, text files,
databases, images, videos, etc. The proposed annotation tools have been adopted in a
variety of different contexts, such as content enrichment, collaborative and learning
applications, and social networks, as well as in various information management
systems, such the semantic web, digital libraries, and databases [11, 20].
Even though the annotation system is so common and familiar, it turns out to be
especially elusive when it comes to explicitly and formally classifying it, mainly
because it is applied in very diverse areas. Indeed, we usually derive what an
annotation is from the particular task to which it is applied, rather than investigating
the annotation system by itself in order to understand its features and how to use it. To
cite a few examples, if we deal with the semantic web, annotation systems are
considered as makers of metadata [2]; in the field of digital libraries annotation tools
are treated as a means of appending an additional content [25]; when we talk about
databases, annotation systems represent both provenance information about the
managed data and a way of creating the database itself [1]; finally, in social networks
and collaborative tagging, annotation systems are tools of representing of tags or
keywords on different kinds of digital content, e.g. photos, videos or bookmarks [9].
This flourishing of different viewpoints about the annotation systems, which is
usually considered as an enrichment of the community of annotation and metadata,
reveals a lack of a clear comprehension of how to organize all the developed
annotation systems of the literature according to formal criteria in order to facilitate to
the users the choice of an annotation system in a well-defined context and according
to unified requirements. As a result, there is only a fragmentary picture of these
annotation tools with its classifications and features.
The aim of the article is to provide a unified and integrated picture of annotation
systems in human-computer environment. This panoramic view is based on a
classification of sixty (60) annotation systems developed in the literature during the
last twenty five years by industry and academia. This organization of annotation tools
is built on the basis of five generic criteria: annotation type (computational /
cognitive); category of annotation system (application/ plugin/ web site); type of
annotative activity (manual/ semi-automatic/ automatic); annotated resource type
(text/ web page/ video/ audio/ image/ database/ web service/ Doc/ HTML/ PDFs) and
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application domain (semantic web / social networks/ digital library/ learning/
databases/ web services/ computational linguistics/ bioinformatics).
The rest of this article is organized as follows: Section 2 presents a general
presentation of annotation systems and a classification of these tools according
several criteria; Section 3 draws some key observations and a discussion of open
research issues about the annotations sys tems. Finally Section 4 concludes this
survey.

2 Annotation Systems
2.1 Definition of annotation systems
Annotation systems have been developed since the 90 th to transpose on electronic
document the secular practice of annotation. Then, these systems have gradually taken
advantage of processing capabilities and communication of modern computers to
enrich the practice of electronic annotation [20]. An annotation system or still called
annotation tool or “annoteur”, is a system allowing users to annotate various types of
electronic resources with different kind of annotations [29]. Many researchers have
been interested in the creation of annotation tools to facilitate the annotation practice
of the annotator in digital environment. We can find numerous commercial software
and research prototypes created to annotate electronic resources (see Figure 1).

Fig. 1. Several annotation systems are developed in different contexts.

2.2 Classification of annotation systems
Annotation systems have been popular among both researchers and practitioners. In
the literature the number of annotation systems does not stop increasing every year.
The researchers have mostly focused on providing more and more sophisticated
interfaces with several annotation functionalities. There are various areas of
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continuing research and implementation on annotation systems. Researchers have
taken different approaches to develop and implement these applications. However,
this diversification about these approaches, which is usually considered as an
enrichment of the community of annotation and metadata, reveals a lack of a clear
comprehension of how to organize all the developed annotation systems of the
literature according to formal criteria in order to facilitate to the users the choice of an
annotation system in a well-defined context and according to unified requirements. As
a result, there is only a fragmentary picture of these annotation tools with its
classifications and features.
To unify and integrate the picture of annotation systems in digital environment, we
present a classification of sixty annotation tools developed in the literature during the
last twenty five years by industry and academia. This organization of annotation tools
is built on the basis of five criteria (see Table 1). Each annotation system should focus
on a particular type of annotation. In each annotation type corresponding to a set of
appropriate application areas in which the annotation system is developed.
Afterward, an annotation system in a particular application domain can be one of
three categories: (application / website / plugin) . For each category, the annotation
system is necessarily based on a process of annotative activity (manual / semiautomatic / automatic) and annotates a particular digital resource type.

Table 1. Criteria of annotation systems classification
CRIT ERIA
Annotation type

Application domain

Annotation system category
Annotative activity type
Annotated resource type

SPECIFICAT ION
Cognitive

Computational
Semantic web
Digital library
Databases
Learning
Computational-linguistics
Social networks
Web services
Bioinformatics
Application – Website – Plugin
Manual – Semi-automatic – Automatic
T ext / PDF/ HTML/ Doc/ Table/ Web service/ Sound /
Image/ Video/ Database

2.2.1. First criterion: Annotation type (computational / cognitive)
 Computational annotation (metadata): Annotation can be considered as
metadata, that is, additional data which relate to an existing content and clarify its
properties and semantics [6]. With this aim, annotations have to conform to some
specifications that define the structure, the semantic, the syntax, and even the
values that annotations can assume. Computational annotation is used to annotate
resources with metadata to facilitate their use by software agents. It is used in the
field of information retrieval, summarization, document classification, indexing
etc. Computational annotation is applicable to any type of resource: web pages,
text files, databases and even for images and videos. The recipients of this kind of
annotation are both people and computing devices. On the one hand, metadata
can benefit people because, if they are expressed in a human -readable form and
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their format and fields are known, they can be read by people and used to obtain
useful and well-structured information about an existing content. On the other
hand, computational annotations offer computing devices the means for
automatically processing the annotated contents. The computational annotations
cover essentially the domains of semantic web [2], databases [42], computational
linguistics [15], web services [40] and bioinformatics [35].
 Cognitive annotation (track of reading): This is an annotation that is processed
and manipulated by human agents. This category of annotation requires a
cognitive and intellectual effort to be interpreted. It is visible and distinguishable
on the document. The annotation is considered as a track of the a ctivity of
reading, which means that the reader is active and productive. It is the result of
the investment of the reader in the consulted document. Cognitive annotations are
regarded as additional content that relates to an existing content, meaning that
they increase the existing content by providing an additional layer of elucidation
and explanation. However, this elucidation does not happen, as in the case of
annotations as metadata, by means of some kind of constrained or formal
description of the semantic of the annotated object [6]. On the contrary, the
explanation itself takes the shape of an additional content that can help people
understand the annotated content. However, the semantic of the additional
content may be no more explicit for a computing device than the semantic of th e
annotated content. Therefore, the final recipients of this kind of annotation are
people; because a cognitive annotation does not make the annotated object more
readily processable by a computer than the same object without annotations. The
cognitive annotations cover essentially the domains of learning [3], digital library
[28] and social networks [10].
2.2.2. Second criterion: Application domains
As we saw previously, the electronic annotation can be organized in two main
categories: computational annotations which cover essentially the domains of
Semantic web, Databases, Computational linguistics, Web services and
Bioinformatics; cognitive annotation which stretch essentially the domains of
Learning, Digital library and Social networks.
A relevant example of the use of computational annotation is provided by the
Semantic web [33] initiative promoted by the World Wide Web Consortium (W3C),
which aims at enhancing human-understandable data, namely Web pages, with
computer-understandable data, namely metadata, so that information is given welldefined meaning, better enabling computing devices an d people to work in
cooperation. The process of adding metadata to Web pages is called semantic
annotation, because it involves the decoration of existing data, such as a piece of text
whose content is understandable only to people, with semantic metadata that describe
that piece of text, so that computers can process it and thus in turn, offer automation,
integration, and reuse of data across various applications [1]. The annotations are
represented using W3C recommended standard languages as syntax for describing
and exchanging metadata like RDF (Resource Description Framework) or OWL (Web
Ontology Language). The Semantic Web proposes annotating document content using
semantic information from domain ontologies. The result is Web pages with machine
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interpretable mark-up that provide the source material with which agents and
Semantic Web services operate.
A broader example of the use of annotations as metadata is provided by the
Computational linguistic domain, wherein linguistic annotation covers any descriptive
or analytic notations applied to raw language data. The basic data may be in the form
of time functions, audio, video and/or physiological recordings or it may be textual
[15]. The added notations may include transcriptions of all sorts (from phonetic
features to discourse structures), part of speech and sense tagging, syntactic analysis,
reference annotation, and so on. Corpus annotation, sometimes called tagging, can be
broadly conceptualized as the process of enriching a corpus by adding linguistic and
other information, inserted by humans or machines (or a combination of them) in
service of a theoretical or practical goal.
A relevant example of the use of cognitive annotation is presented in the context of
a Digital library (DL). Thus, the creation of new information resources is supported
by annotations in two ways. First, when users add annotations to existing information
resources, these are new information resources themselves [25]. Second, annotations
can also assist in the creation of new information resources. Through annotations,
new ideas and concepts can be discussed and the results of such a discussion can then
be integrated into the newly created object [1].
Cognitive annotations are also used in the context of Social networks wherein
social tagging on online portals has become a trend now. It has emerged as one of the
best ways of associating metadata with web objects. Social networks have become a
popular medium for people to communicate and distribute ideas, content, news and
advertisements. Also, social content annotation has naturally emerged as a method of
annotating, categorization and filtering of online information [10]. With the increase
in the kinds of web objects becoming available, collaborative tagging of such objects
is also developing along new dimensions . Social tagging became popular with the
launch of sites like Delicious and Flickr [43]. Since then, different social systems
have been built that support tagging of a variety of resources. On blogging sites like
Blogger, Word-press, Live-journal, blog authors can add tags to their posts. On
micro-blogging sites like Twitter [8], hash-tags are used within the tweet text itself.
On social networking sites like Facebook, Orkut, etc., users often annotate parts of the
photos. Users can also provide tagging information in other forms like marking
something as ‘Like’ on Facebook [10]. Social news sites like Digg and Slash-Dot
allow users to attach tags to news stories. Yelp, CitySearch and other sites allow users
to attach their reviews and other users to select tags to rate reviews too. Multimedia
objects like podcasts, live casts, videos and music can also be tagged on sites like
YouTube, Imeem, Metacafe, etc [16].
As a final example of the use of cognitive annotations, we present the context of
Learning. During this process, the learner’s activities are numerous and especially
varied [3, 22]. Thus, the learner can choose to read, write, listen, discuss, experiment,
or annotate various resources to achieve his learning goals. Among these activities the
annotation practice is very common and omnipresent because while reading, the
learner usually uses comments, highlights, circles sections and posts it to annotate the
consulted resources [30]. Annotations give students the chance to summarize new
ideas while receiving peer support. Tagging can be considered as an action of
reflection, where the tagger can summarize a series of thoughts into one or more
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annotations, each of which stands on its own to describe some aspect of the resources
based on the tagger's experiences and beliefs [25].
2.2.3. Third criterion: Category of annotation system (application / plugin / web site)
Several annotation systems focus on developing an advanced architecture and
building a user-friendly annotation interface to improve annotations of various
electronic resources in digital environment. These annotation systems can be
classified in three main categories (see Figure 2):

Fig. 2. Category of annotation system (Application/ Plugin/ Website).







Annotation application: It is a whole application that allows its users to annotate
the resources consulted via the web. Annotation application offers several
features and allows multiple browsers to view and annotate web pages. XLibris
[26], PDF Annotator [13], InsightNotes [42] and CASAM [14] are examples of
annotation application.
Annotation plugin: It is a toolbar or also called additional module added within
application or web browser to annotate web pages consulted through the browser.
Several toolbars exist such as Amaya [33], Keeppy [18], OntoMat [27], NewWebAnnot [21] and ATLAS [36].
Annotation web-site (service): It is a specialized web-site for annotating that
offers to its registered users the ability to annotate web resources. We quote in
this type of annotation system: Delicious, Flickr and Reddit [38].

2.2.4. Fourth criterion: Type of the annotative activity (manual / semi-automatic/
automatic)
Each annotative activity realized by an annotator using an annotation system passes
through two complementary processes: choose the anchor and the shape of the
annotation in a given resource (Process 1) and specify the properties of the annotation
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(Process 2). Based on these two processes, we can classify the existing annotation
systems into three categories:
 Manual annotation system: Each of the two previously mentioned processes is
manually executed by the user himself. The creation process is completely
chargeable to the annotator, who selects the shape and the anchor of the
annotation and then specifies properties to give to this note. This type of
annotation system tries to simply reproduce the annotation process on paper
towards computer. Consequently, when it is a question of annotating a wide
collection of digital documents, the annotative activity becomes heavy for the
annotator. CATool [4] and Keeppy [18] are examples of manual annotation
system.
 Semi-automatic annotation system: In this type the first process is performed by
the annotator while the second process is executed by the annotation tool. The
annotator begins to annotate manually. Mean-while the tool textually analyzes his
annotations and generates rules of annotation. Then, the tool uses these rules to
deduct passages potentially notables and create candidate annotations. The user
can then validate or not the annotations proposed by the tool. The system uses
these validations to correct its rules. From a certain level of improvement, the
semi-automatic annotation system can continue the annotation process alone.
This type of annotation system is used especially in the context of the Semantic
Web. Indeed, the semantic annotation of Web resources is painful and heavy if it
is a question of annotating a large number of resources. Therefore, various tools
are proposed to overcome this problem and assist the annot ator in the annotation
process. WebAnnot [3], Marky [28], New-WebAnnot [22] and Memory-specs
[39] are examples of semi-automatic annotation system.
 Automatic annotation system: The automatic annotation means that both
processes are executed by the annotation system. Thus, according to certain
criteria (given by the user or retrieved from another computer system) the
annotation tool selects itself the anchor and the shape of the annotation and then
specify its relevant properties [23]. One of the most popular automatic annotation
system is the search bar which is an extension of Web browsers that allows to
highlight with different colors the keywords typed by the user [41]. Share-Me
[39], ATLAS [36] and CASAM [14] are examples of automatic annotation
system.
2.2.5. Fifth criterion: Type of annotated resources
Through the annotations systems, annotators consult and annotate varied electronic
resources. Such a resource is dematerialized in a particular format: Text, Doc, HTML,
PDF, Table, Video, Image, Audio, Source code, URL, Web service and Database.
Table 2 highlights a set of sixty (60) annotation systems found in the literature
review classified according to the five (5) criteria presented above. The tools are
presented according to the chronological order their publication or update year (from
1989 until 2014), what allows to evaluate the gradual improvements made to these
annotation tools. In the case where the annotation system has several versions, we
take the recent version to follow the updates in each annotation system.

@Note

Filtered-Push

Armarius

WSMO Studio

SMORE (version 2.0b)

AnT&Cow

UCAT

IPSA

NCST

Ann. Sys. for Sem.Web

AnnoteImage

Third Voice

Re:mark

ComMentor

Mosaic (version 2.0)

InterNote

2011

2010

2009

2009

2008

2007

2006

2005

2003

2003

2002

2002

2000

1999

1996

1994

1993

1989















Digital Library

Digital Library

Web services

Semantic Web

Semantic Web

Learning

Digital Library

Semantic Web

Semantic Web

Bioinformatics

Web

Learning

Digital Library

Web

Digital Library

Video

Text

Database

Image

Web service

Image

HTML

HTML

Image

HTML

Text

Image

HTML

PDF

HTML

HTML

Text

Annotated
resource
type



Bioinformatics

HTML

Application
domain



Semantic Web

Video, Image

Social Networks
Semantic Web



Computational



Site Web



































Automatic

Type of annotative
activity























Manual



Application

Category of
annotation system

















P lugin

Annotation
type














Semiautomatic

Table 2. Classification of annotation systems based on five criteria

eduKEN

Year

Diigo

2011

Name of annotation
system

Pivo

Cognitive
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Crocodoc

ATLAS
Axiom
CASAM

WebAnnot

Share Me

In Situ
Keeppy (ver 2.4.6)
MeDetect

Indicoder

CATool
CLAS

WikiLayer
BioAnnote

Surfing Notes

eHOST

AlvisAE
CAT

2014

2014

2014
2014
2014

2013

2013

2013
2013
2013

2013

2013
2013

2012
2013

2012

2012

2012
2012

Year

Domeo Annotation

2014

Name of annotation
system

ndNotes



Semantic Web
Digital Library
Semantic Web

Learning

Semantic Web

Semantic Web
Web pages
Bioinformatics

Digital Library

Learning
Learning

Digital Library
Bioinformatics

Learning

Comp Linguistics

Comp Linguistics
Learning

HTML

Doc, PDF

Video
Doc, PDF
Video

HTML, Doc

Doc

Text
HTML
HTML

Doc, HTML

Video
Video

HTML
Doc

HTML

Text

Text
All types

Annotated
resource
type



Learning

Doc, PDF

Application
domain



Bioinformatics











Digital Library

Computational





Site Web














Application
































Automatic



Semiautomatic

Type of annotative
activity



















Manual

Category of
annotation system






















P lugin

Annotation
type
























Cognitive

Org-mode (vers 8.2.10)

Open Rev

New-WebAnnot

Memory specs

InsightNotes
Marky (ver 2.3)

Ink Annotation Framework

Framework ASVA

Facebook (ver 2014)
Flickr (ver 2014)

2014
2014

2014

2014

2014

2014

2014
2014

2014

2014

2014
2014

Year

Prostetnic highlighter (v 2.5)
QuickFox-Notes (ver 2.8.5)

2014
2014
2014
2014
2014
2014
2014
2014

Name of annotation system

QuickNote (ver 0.7.5)
rbutr
Reddit
Twitter (ver 2014)
UberNote (ver 2.0)
VideoANT (ver 3.0.0)
Word Microsoft (ver 2014)
YouTube (ver 3.0.0)

Digital Library

Learning

Semantic Web

Databases
Bioinformatics

Digital Library

Semantic Web

Social Networks
Social Networks

Text

PDF

HTML

Text

Database
All types

Doc

Video

All types
Image, Video

Annotated
resource
type




Semantic Web

HTML
HTML

Application
domain



Web
Web

HTML
URL
URL
Text
HTML
Video
Doc
Video







Web
Semantic Web
Semantic Web
Social Networks
Web pages
Semantic Web
All domains
Semantic Web



Computational












Site Web












Application












Semiautomatic



Automatic

Type of annotative
activity






















Manual

Category of
annotation system















P lugin

Annotation
type






















Cognitive
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3 Observations, limitations and open questions
From the study and the organization of the annotation systems in Human -Computer
environment, we can synthesize some observations, limitations and open questions
presented as follow:


Synthesis 1

Generally speaking, the term annotation refers to a piece of data associated to another
piece of data. Annotations are used in a wide-variety of systems such as blogs, social
networks, databases or wikis. Annotations can be defined on every identified resource
such as documents, data in a file or in a database, images or video. Annotations can be
defined at different level of granularity. For example, in document management
systems, annotations can be attached from the whole document to the word level.
Annotations can be set manually i.e., made by a user, can be semi-automatic i.e.,
based on suggestions or fully automated. Annotations can be associated to a group of
users (experts, novices, etc.) and can be shared within the group or with other groups.
A lot of attempts have been made in the research of annotation systems, many
problems, both technical and non-technical, still exist to keep these systems from
successful and widely adopted. Marshall [25] argued that “relatively few researchers
are dedicated to understanding what the users actually need ”. Azouaou et al. [3]
argued that “there is nowadays no widespread annotation service”. Gabriel et al. [10]
claimed that “there is no wide spread use of web annotation systems”. No single
approach is available now that supports all of the features that would work with any
standard browser [18]. Also, the existing tools have little connection between each
other. Some of them require ins tallation; some require users to log in before use.
These factors may all become potential burdens for their users. Many researchers
identified several limitations in the implementation of current web annotation
systems. The most important of these is the lack of a standardized representation for
web annotations, which means that current systems are divergent and proprietary,
therefore limiting the possibility for third parties to create clients. Furthermore, they
discussed some remaining challenges for annotation systems. The first one is users’
privacy. With the current annotation systems’ architecture and implementation, users’
navigational habits as well as the words they like and dislike can be tracked. When
annotations are stored in public annotation s ervers, the shared or private annotations
should be protected from the reach of unauthorized users and the owners of web sites
should be able to prevent impropriate annotations to appear on their sites. A best
example of this is this problem faced Third Voice [24]. Thus, annotation systems
should take more account the security of annotations made by their users. Another
issue is interoperability. Current existing annotation systems adopt different strategies
to represent annotations, and use different ways to save these annotations. For
example, XPointer have been proposed for XML documents and been adopted by
Amaya, and Yawas [7] adds the occurrence of the selected text. A detailed discussion
appears in [1] where the authors propose new ways to represent the annotation
anchor. Their proposition not only applies to XML documents, but also to HTML,
PostScript and PDF documents.
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Synthesis 2

In another view point, the designers must take into consideration more user centered
collaborative design during creation of annotations systems. Annotation can
potentially become a bottleneck if it is done by knowledge workers with many
demands on their time. Since few organizations have the capacity to employ
professional annotators it is crucial to provide knowledge workers with easy to use
interfaces that simplify the annotation process and place it in the context of their
everyday work. A good approach would be a single point of entry interface, so that
the environment in which users annotate documents is integrated with the one in
which they create, read, share and edit them. Annotation systems design also needs to
facilitate collaboration between users, which is a key facet of knowledge work with
experts from different fields contributing to and reusing intelligent documents [4, 14].
Other issues for collaboration include implementing systems to control what to share
with whom. For example, in a medical context, doctors might share all information
about patients among themselves but only share anonym information with planners
[35]. This brings us to issues related to trus t, provenance and access rights. An
Intranet provides a more controlled environment for tracing the provenance of
annotations than the wild Web but access policies are a critical issue to organizations
which are invariably concerned with confidentiality issues for client and staff data. As
far as cooperation is concerned, almost all of the analyzed systems show that
annotations have great potential for supporting and improving interaction among
users, and even among computing devices. Therefore, there is a need for modeling
and offering different scopes of annotations, for example, private, shared, or public,
and managing the access rights of various groups of users.


Synthesis 3

Although highly sophisticated annotation systems exist both conceptually as well as
technologically, we still observe that their acceptance is somewhat limited on behalf
of the annotator. Studies made in the works of [25, 31, 32] show that many readers
prefer to print an electronic document and to annotate it on paper instead of
annotating it directly on its electronic format using an annotation system. Therefore,
the process of marking a paper document with the tools that we find in our
environment, a pen, a highlighter, is most preferred by the reader instead of reading a
document on a screen and the mark via a software interface that requires us to use the
keyboard, mouse, stylet, etc. Marshall [25] and Omheni et al. [12, 37] study different
kinds of people annotating paper texts for a variety of reasons. That’s because
annotation on paper is a seamless and flexible practice. Annotations on electronic
texts have generally been more problematic. On some reading platforms , annotation is
clunky, interrupting reading as the reader pulls up menus, makes selections, switches
to a keyboard to type in text: the reader’s attention is refocused on the user interface
rather than on the book’s content. Electronic annotation tools may also limit a
reader’s expressive intent (e.g., forcing a highlight to be continuous when the reader
wants to fragment it, or imposing neatness on a reader when she wants to scrawl).
Sometimes the electronic annotations are stored in infelicitous ways so they are either
gone when the reader returns to the eBook on a different computer or so they are
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recoverable when the reader believes them to be deleted and loans the book or
document to a colleague. Thus, according to Marshall [25] "the comfort of annotation
on paper cannot be reached. But, the advantages of reading and annotation in digital
environment should be able to compensate for this lack of comfort ".


Synthesis 4

The annotative activity in Human-Computer environment can be manual, semiautomatic or automatic. In the cognitive view point annotation systems tend to spend
the manual mode to the semi-automatic mode. While in the computational view point
annotation tools attempt to spend the semi-automatic mode to the automatic mode.
Neither manual nor automated annotation is infallible, and both have advantages.
Manual annotation can be performed with relatively little corpus preparation and can
be done inexpensively on quite complex phenomena. It is primarily a question of
explaining to the annotators the desired annotation scheme and providing the data.
But manual work is slow and limited to small results; mounting a large -scale
annotation effort that covers tens of thousands of words is a significant undertaking.
Automated annotation, on the other hand, requires a considerable investment in
corpus preparation and the programming of the automated tagging system, especially
if it is first trained on a seed corpus and then applied to a larger one. Its results may be
of poor quality. But it is fast, and can produce outputs over very large corpora of all
types in very little time [15]. Several efforts have been made towards building
scalable, automatic semantic annotation platforms [34]. Most of these systems focus
on manual and semi-automatic tooling to improve the productivity of a human
annotator rather than on fully automated methods. However, even with machine
assistance, annotation of content is a difficult, time consuming and error-prone task.
Semantic Annotation faces the challenge to deliver tools capable of full automatic
annotation. The question at this moment is if the challenge of semantically annotating
pages is solved and we know it still has a long road ahead.


Synthesis 5

In another view point, the aim of the conceptual annotation models is to formalize the
main concepts concerning annotations and to define the relationships between
annotations and annotated information resources. Therefore, the proposed formal
model captures both syntactic and semantic aspects of the annotations. Thus, there are
many types of annotation models available in the scientific state of the art and in the
already existing end-user applications. We quote in this survey the three main
standard frameworks of the annotation: the W3C annotation project Annotea [19], the
IEEE Learning Object Metadata (LOM) [17] and the Dublin Core [5]. Using standard
formats is preferred, wherever possible, as the investment in marking up resources is
considerable and standardization builds in future proofing because new tools, services
etc., which were not envisaged when the original semantic annotat ion was performed
may be developed. For annotation systems, standards can provide a bridging
mechanism that allows heterogeneous resources to be accessed simultaneously and
collaborating users and organizations to share annotations. Because of the need for
interoperability, identification and access rights, annotation systems should use basic
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annotation framework to model the annotation. But despite the success of RDF
technology in the Semantic Web; the Dublin core in Web technology and IEEE-LOM
in the world of learning, few annotation systems adopt these standards to model
annotations. This raises a big problem of interoperability and compatibility between
these systems since each of them is based on a particular personal annotation model.


Synthesis 6

Although the existing annotation tools offer good user interaction interfaces, project
management and quality control abilities are still limited. Therefore, some recent
research works focus on these challenges. For example Marky [28] introduces, a new
Web based document annotation tool equipped to manage multi-user and iterative
projects, and to evaluate annotation quality throughout the project life cycle. At the
core, Marky is a Web application based on the open source CakePHP framework.
User interface relies on HTML5 and CSS3 technologies. Rangy library assists in
browser-independent implementation of common DOM range and selection tasks, and
Ajax and JQuery technologies are used to enhance user-system interaction. Marky
grants solid management of inter- and intra-annotator work. Most notably, its
annotation tracking system supports systematic and on -demand agreement analysis
and annotation amendment. Each annotator may work over documents as usual, but
all the annotations made are saved by the tracking system and may be further
compared. So, the project administrator is able to evaluate annotation consistency
among annotators and across rounds of annotation, while annotators are able to reject
or amend subsets of annotations made in previous rounds. As a side effect, the
tracking system minimizes resource and time consumption.


Synthesis 7

Finally, most of the annotation systems described previously serve their intended
purpose quite well however to deal with the overwhelming size of the web, new
approaches need to be considered. In any computerized system, resources (such as
processing power, secondary storage, main memory, etc.) are always scarce. No
matter how much we have available, a system could always make use of more. These
systems are very demanding, much more than normal ones since they need to process
huge amounts of texts using complex linguistic tools in the least possible time.
Physical resources are not the only bottleneck in the whole system. The raw material
which the systems utilize is digital resources, downloaded from the internet.
Unfortunately, this process is still extremely slow, especially when several pages are
requested simultaneously from the same server. In synthesis, we can conclude that
such systems are only usable by top of the range computers having a high bandwidth
connection to the internet. A possible solution is to exploit new technologies in
distributed computing such as cloud computing [8]. The benefits of such an approach
are various. Since the system is utilizing resources elsewhere on the internet, there is
no need of a powerful machine with huge network bandwidth. The client is just a thin
system whereby the user defines the seed data and simply initializes the system which
is then executed somewhere remotely in the cloud.
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4 Conclusions and Future Work
Based on an overview of existing annotation systems, both in research and industry,
this article proposes a unified and integrated picture of annotation systems in several
areas of technology. This panoramic view is based on a classification of sixty
annotation systems developed in the literature during the last twenty five years by
industry and academia. This organization of annotation tools is built on the basis of
five criteria: annotation type (computational / cognitive); category of annotation
system (application/ plugin/ web site); type of annotative activity (manual/ semiautomatic/ automatic); type of annotated resource (text/ web page/ video/ image/
database) and application domain (semantic web / social networks/ digital library/
learning/ databases/ Web services/ computational linguistics/ bioinformatics). The
presented list of annotation systems is not exhaustive, but it contains the majority of
annotation systems encountered in our survey of annotation tools. Even if there are
other annotation systems developed in the literature which are not mentioned in this
article, it is certain that these systems can be easily integrated into our classification
since the categorization technique is based on cross -cutting criteria applicable for any
annotation system.
Nevertheless, the outcome of this article has been limited by the inadequate
information about the annotation systems that were discussed. Some of the systems
are open source; therefore it is possible to study its documentation and code to
explore the structure. However, for many of the other systems, it is very difficult, if
not impossible, to get to know their strategies of implementation. Therefore, in the
next phase, we will aim to reach a thorough understanding of the implementation and
structure of the annotation systems. This tools studied above are necessarily based on
annotation models to conceptualize their properties in a formal way to be exploited by
computer systems. Thus, we are also planning to propose a survey of conceptual
annotation models in digital contents. In another perspective, based on the five criteria
of annotation systems classification, we will try to propose a service of annotation
systems research. This service presents a user interface providing the possibility of
looking for an annotation system which meets the requirements of the user according
to the criteria of classification.
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