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Abstract  This paper provides a comprehensive study
on annotations by defining their contours and complex-
ity. This work adds a new complementary approach to
the usual case and user studies, and also investigates his-
tory in order to benefit from previous knowledge and
our cultural heritage. This study emphasizes an aspect
which has never previously been taken into account: the
temporal dimension involved in annotations. Moreover,
it discusses both the notion of hypertext between doc-
uments and annotations and the idea of annotations as
context for documents. The study gives the necessary
historical and cultural background to derive a set of key
features of annotations that must be taken into account
when designing systems that have to support the man-
agement of digital annotations on digital contents.
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1 Introduction and motivations

The study and the research concerning the annotation
of digital contents are an active field of investigation,
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which can be looked at from many different perspec-
tives. The previous research work on annotations has
left us with many open issues. These issues concern the
lack of clarity about: what an annotation is, what the fea-
tures and the way of using an annotation are, and what
architecture and functionalities a system with annota-
tion capabilities has to provide. These issues are mainly
due to the fact that until now models and systems for
annotations have been developed for specific purposes.
As a result, there is a fragmentary picture on the anno-
tation and its management, since the models and sys-
tems are all tied to specific usages and lack a general
validity.

The aim of this paper is to discuss the different per-
spectives regarding annotations in order to gather some
key features about them. These key features can help us
to better distinguish among the different uses of anno-
tations and to understand the case at hand when dealing
with annotations. Furthermore, they can be used as a
support if we need to make design choices for develop-
ing an annotation management system. In addition, they
can also be seen as the groundwork needed to properly
delineate the complexity of this problem, which is often
underestimated and only partially addressed. Finally,
these key features open the way for defining a com-
prehensive formal model of annotations on digital con-
tents, which has not been dealt with in previous research
on this topic and to date is still lacking. In conclusion,
we aim at contributing to solving the issue pointed out
by [29]:

strangely enough, there is not an agreement yet
on the definition of digital annotation, or on how
to distinguish it from other digital entities (e.g.
hyperlinks, metadata, newsgroup messages).
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Furthermore, an analysis of the basic operations,
to be enabled by a digital annotation system, seems
to be lacking.

This paper does not intend to be a fully exhaustive
survey on annotations or a comparison of all the exist-
ing annotation systems along some predefined set of
features. The reader interested in these issues can refer
to [36,51,71,74]

In order to achieve our aim, we will proceed in a two-
fold way by analysing annotations both from a historical
perspective and from a contemporary one. The rationale
for studying both the historical and the present view-
points about annotations is that our current notion of
annotation, even in a digital world, is strongly influenced
by the long history of the annotation. Thus, looking at
both aspects can provide us with a better understanding
of annotations.

When we talk about annotations, we deal with a con-
cept that has been stratified over a long period of time
in our culture, and literary research is the most effective
way to benefit from the pre-existing knowledge of our
cultural heritage [5,42]. On the other hand, analysing the
present use of annotations help us to understand both
the current trends in developing annotation manage-
ment systems and user requirements and expectations.

With respect to user requirements, if we were to con-
duct a user study aimed at gathering the user require-
ments for the design of an annotation management
system, users may not be able to express all their implicit
requirements, because they often overlook what they
have naturally absorbed from their cultural heritage or
studies. On the other hand, the historical perspective
on annotations provides us with the additional informa-
tion needed to complete the picture when designing an
annotation system. In a certain sense, we are conducting
a user study, where our users are the history of the anno-
tation, and they tell us what features of the annotation
are relevant.

In conclusion, the outcomes of this research are key
points concerning the features of the annotation that we
should take into account when developing a model for
the annotation and when designing a system capable of
providing annotation functionalities.

The paper is organized as follows: firstly, we pres-
ent different viewpoints on annotations, where Sect. 2.1
presents a thorough study from a historical point of
view, and Sect. 2.2 analyses present perspectives. Then,
we study the different uses of annotations: Sect. 3.1
discusses some relevant historical uses, while Sect. 3.2
introduces the current uses of annotation in different
information management systems, and highlights how
annotations can be used to search for relevant docu-
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ments in response to a user query. After that, Sect. 4
gathers up the observations made in the previous sec-
tions in order to wrap up and point out key features
about annotations that need to be taken into account
when designing information management systems.

2 Viewpoints
2.1 Historical viewpoints

A basic step in approaching the problem of annotations
is to define the meaning of the different terms that come
into play and to investigate their historical use over the
course of time. All of this is necessary in order to gather
information to effectively outline the problem.

Annotations are used not only in the literary field
but also for administrative and legal practice. In this
section, we have conducted research about annotations
that is an exhaustive analysis of the terms in different
frameworks and in different disciplines. The approach
is literary, because we firmly believe that studying the
terms, their meanings, their etymologies, and the way
they have been used can provide us with a solid ground-
work on which we can base our design choices. We have
adopted the following methodology: first, we look up
the given term in the dictionary; then, we investigate
its etymology and its historical usage; now that we have
all the needed information, we can highlight some key
points about the annotation to take into consideration
during the design phase.

2.1.1 Annotation

Both [52, p. 57] and [55, p. 198] define the word anno-
tation, firstly, as the act of annotating and, secondly, as a
note added as an explanation especially of some literary
work. 1EI [55, p. 198] further observes that the word
annotation can also be used in sentences with a passive
sense, as something worthy of annotating, in other words
noteworthy and worth remembering. The word annota-
tion is closely related to the verb annotate which, in turn,
means fo supply (a written work, such as an ancient text)
with critical or explanatory notes [52, p. 57] and to note
down, to write down, to record something [55, p. 198]. But
an important observation must be added to this defini-
tion: the annotation can be used in many situations tied
to legal and administrative practices.

Both [37, p. 107] and [52, p. 57] trace the etymology
of annotation back to the Latin word anndtatio, which
simply means annotation, note [34, p. 189]. The Latin
word annotatio, in turn, derives from the Latin verb
annotare, which means to annotate and to observe in writ-
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ing [34, p. 190]. Finally, the Latin verb anndtare comes
from the Latin word ndta, which means note, mark [34,
p. 1823], plus the intensifying prefix dd, which in com-
pound words means to approach, to tend and thus to add
[34, pp. 37-40]. Both [34, p. 1823] and [37, p. 1047] agree
that the Latin word ndta has an uncertain etymology.

We can distinguish different types of annotations.
Firstly, annotations written by the authors themselves:
these can be corrections (both formal and the content:
for example, the proofs), additions (when the authors
themselves add something to their written texts, after
they have been published in a final version), and some-
times commentaries. Secondly, the reader adds some
commentaries to the text written by the author. Thirdly,
an annotation is made with an administrative function,
also on the back of a document, as explained later in
Sect. 3.1.

From this point of view studying how annotations
were created, developed, and used during different his-
torical moments means to understand how a text derives
from a progressive stratification. In fact, a text can go
through subsequent phases of life (preparatory, final,
re-elaborated, interpreted), and in these phases the
annotations play a very important part, because they not
only show the editorial steps, but also show how the
author divides different information in three groups: pri-
vate information, information shared with certain peo-
ple, and public information. These kinds of information
are various and they can range from simple notes for
personal and non-transferable use, which at times can
be only vague ideas, to more formalized comments on
texts which have been written by others.

This brief discussion highlights some interesting
points about the annotation. Firstly, the annotation is
not only an object or something that is passive, but it
also contains the notion of activity, as its first meaning
“act of annotating”. In this sense, the annotation calls
for an active involvement by the subject who is engaged
in the act of supplying explanatory matter or keeping
record of something. Furthermore, the annotation also
covers, in its second meaning, the purpose of this active
involvement, as for example to produce an intellectual
work in order to add an explanation to some literary
work. This idea is further supported by the meaning of
the verb to annotate, which broadens the spectrum of
the word annotation towards keeping record of some-
thing. Therefore, on the whole, the annotation requires
an active involvement in order to produce an intellectual
work that has to be recorded. These facets of the annota-
tion are also present in the etymology of the word anno-
tation: the Latin verb anndtare means to make written
observations, comments or remarks in the long-lasting
and recordable written form; on the other hand, the

Latin word nota recalls the note or the mark put to
remember or highlight something.

In conclusion, we can point out how, in an annotation,
both the content of the annotation and the annotated
object benefit from each other and mutually reinforce
themselves. Indeed, the annotated object becomes note-
worthy thanks to the content of the annotation on it;
this represents a passive aspect of the act of annotat-
ing, since the annotated object undergoes the annota-
tion. On the other hand, the content of the annotation,
which represents the active part of the act of annotat-
ing, also becomes worth recording thanks to its link with
the annotated object. As a concrete example, consider
an autoritative commentary on a valuable literary work:
the literary work benefits from being commented by
an authoritative person; on the other hand, the com-
mentary is more relevant since it deals with a valuable
literary work.

2.1.2 Terms related to annotation

The range of our investigations can be widened to also
take into consideration synonyms and terms related to
the word annotation.

Spooner [82, p. 14] provides the following synonyms
of the term annotation: comment, commentary, eluci-
dation, explanation, footnote, gloss, interpretation, and
note. We can also add the word jotting to this list, which
is a very brief annotation [52, p. 789], and the word
scholium, which is a particular kind of annotation [58,
p. 158].

Table 1 provides the definitions for the different terms
listed above. Note that these definitions often refer to
printed documents or texts, since they are taken from an
English dictionary [52]. On the other hand, we should
consider that their validity is not limited only to printed
documents, but can also be applied and extended to
information resources in a digital context.

As can be noted from Table 1, these words are often
defined by terms used to describe other words in the list,
or they refer to the same notion of explaining, expound-
ing, interpreting, clarifying, or recording something. In
this way, they reveal how closely related they are.

In conclusion, the terms listed in Table 1 support,
refine and strengthen what has been observed above
about the word annotation. Therefore, the table intro-
duces further kinds of annotation which cover different
needs and tasks, such as the gloss, the postil, the note,
the jotting, and so on.

Now we can move a step further and investigate in
more detail the terms gloss, scholium, and postil in order
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Table 1 Definition of the terms related to annotation from [52]

A note explaining or criticizing a passage in a text and explanatory or critical matter added to a text

The act or process of explaining and a statement or occurrence that explains and a clarification of disputed terms
A note printed at the bottom of a page, to which attention is drawn by means of a reference mark in the body of

A short or expanded explanation or interpretation of a word, expression, or foreign phrase in the margin or text

The act or process of interpreting or explaining; elucidation and the result of interpreting; an explanation
A brief summary or record in writing especially a jotting for future reference and a short written statement giving
any kind of information and a critical comment, explanatory statement, or reference in the text of a book, often

The act of observing or the state of being observed and a comment or remark and the facts learned from

An account in permanent form, especially in writing, preserving knowledge or information about facts or events

Word Definition
Comment
Commentary An explanatory series of notes or comments
Elucidation Making clear (something obscure or difficult)
Explanation
or points
Footnote
the text
Gloss
of a manuscript
To jot To write a brief note of
Jotting Something jotted down
Interpretation
Note
preceded by a number
Notes Short descriptive or summarized jottings taken down for future reference
Observation
observing
Postil A commentary or marginal note, as in a Bible
Record
Scholium

A commentary or annotation, especially on a classical text

to understand the rich semantics of the annotation, how
it has evolved over time and its current consequences.

2.1.3 Gloss

Asreportedin [52, p. 620] and [37, p. 673], the word gloss
derives from the ancient Greek word yA@o o« (glossa),
which means tongue, language, idiom, spoken word, for-
eign or obsolete word [77, p. 393].

As reported in [56, pp. 652-653], at the time of the
ancient Greeks, the term gloss meant an obscure,
archaic, dialect, or rare locution that required an addi-
tional explanation. These locutions were object of study
by grammarians or object of research by scholarly poets,
especially the Alexandrine poets, who enriched their
compositions with these terms. Then, gloss meant the
explanations themselves of such locutions, either col-
lected in wide-ranging lexicons or as interlinear notes
placed above the words to be explained. This meth-
odology of study and a lexicographical practice dates
back to ancient times (there were glosses to Homer as
early as the fifth century Bc) and was fully developed
by the grammarians of the Alexandrine age. During the
Bizantine age and the Middle Ages, the term gloss meant
an interlinear or marginal note to a biblical or juridical
codex. For the biblical codices, the gloss was a very short
paraphrase to explain a passage of the Bible, sometimes
together with a mention to its allegorical interpretation.
On the other hand, for the juridical codices, the glosses
were explanatory annotations which constituted a thor-
ough commentary to the text.
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This discussion about the term gloss points out some
interesting facets of the annotation which have not fully
emerged in the previous observations about the term
annotation. The intellectual work entailed by the gloss
is of very high quality, because it is a method of both
study and research. This kind of intellectual work gives
us an idea of how strong the active involvement required
by the gloss is: it does not concern only the author them-
selves, but it is also capable of involving and stimulating
a wide community of people who work, study and do
research on a subject. Therefore, it turns out that an
annotation may comprise a public dimension, because it
becomes the vehicle for carrying and transmitting ideas
and knowledge to other people, or it may comprise a
shared dimension only, if the recipients of the annota-
tion are less numerous.

The research or study aspects and the public or shared
dimension entailed by the gloss help us to understand
how long-lasting and recordable the annotations are.
Indeed, they are not only comments and remarks to a
text, but also an autonomous intellectual work which is
worth recording. Finally, note how also in the case of the
gloss there is an intrinsic mutual reinforcement between
the annotations and the annotated objects which
strengthen each other by deepening the knowledge on
a subject.

2.1.4 Scholium

As reported in [52, p. 1305] and [37, p. 1479], the word
scholium derives from the ancient Greek word o x 6Atov
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(schdlion), which means comment, explanation [77,
p. 1793]. The ancient Greek word o x6itov (schélion),
in turn, comes from the ancient Greek word o xoAn
(scholé), which means scholarly activity and school [77,
p- 1793].

1EI [53, pp. 198-199] reports that the word scholium
designates short annotations or explanations written by
a reader in the margin of a manuscript. The distin-
guishing features of the scholium are the fact that they
are anonymous and fragmentary. The scholium is anon-
ymous because, initially, the reader writes their own
observations in the margin of the manuscript or pas-
sages taken from a commentary for both personal use
and scholastic needs. The next owner of the manuscript
often extends the scholium or modifies it. Therefore,
the lack of organic unity is explained in this way. Often
scholia also contain citations by the authors from which
the observations are taken; in this way, they are very
useful for reconstructing the doctrines and the works
of ancient grammarians that may no longer exist. Note
that the term scholium is used only in the literary field
and always means comment to the work of different
authors. Today it is not used in current languages, ex-
cepted Rumanian and Russian, where it means com-
mentary.

The term scholium suggests another facet of the anno-
tation: it may be created for personal purposes, and
therefore may entail a private dimension, since the main
recipient of the annotation is the author themselves.
However, the private dimension may represent only the
initial intention of the annotation, because other people
reading an annotated text can also benefit from exist-
ing annotations and can modify or extend them; thus,
the annotation passes from a private dimension to a
shared one. Taken to the extreme this process encom-
passes the possibility that an annotation becomes the
means for studying the thought of authors that otherwise
would be lost; thus, the annotation passes from a private
dimension to a public one. In conclusion, private anno-
tations are part of this spectrum of possibilities and this
makes us aware of the necessity to carefully preserve pri-
vate annotations, because they may also become worth
recording for reasons different from the ones that moti-
vated their creation.

2.1.5 Postil

As introduced in Table 1, a postil is a short annota-
tion—often a marginal or interlinear note—to a text,
handwritten by a scholar or by the authors themselves
to express observations, explanations, or criticisms. Dur-
ing the Middle Ages, postils were a scholastic practice

and they sometimes represented comments that were
more explanatory than simple notes [57, p. 1030].

Both [52, p. 1145] and [37, p. 1239] trace the etymol-
ogy of postil back to the Latin terms post illd (verbd
textiis) which mean after those (words in the text), which
often was the opening phrase of such annotation.

Therefore, in the etymology itself the word postil
emphasizes one of the main aspects concerning the anno-
tation: the annotation is the result of an intellectual work
on an existing text and is a follow-up to an already exist-
ing text. Therefore, the annotation comprises a tempo-
ral dimension that is often not explicit but that limits the
creation of the annotation to the existence of another
text. This temporal relationship between the annotation
and the annotated text does not mean that the annota-
tion cannot be considered as a stand-alone intellectual
work —and some glosses and scholia are by right consid-
ered autonomous pieces of knowledge —but it imposes
a temporal ordering between the existence of an anno-
tated text and the annotation on it. This temporal order-
ing cannot be overlooked since, for example, it allows
us to reconstruct how a piece of knowledge has been
created. Note that this temporal dimension turns out to
be fundamental if we think about the mutual reinforce-
ment between annotations and annotated objects, since
this does not happen immediately but on the contrary
needs time.

2.2 Present viewpoints

Many user studies are aimed at understanding anno-
tation practices and discovering common annotation
patterns. [64] studied personal annotative practices of
American college students to point out the form the
annotations have in the textbooks and the function of
the annotations, which is derived from their form. [64,
pp- 237-238] discovered that:

First, annotations are procedural signals, cluing in
the student to where an assignment starts, what
material is important (and as we will see, unimpor-
tant), and what material might require a second
(or successive readings). Second, annotations are
placemarks; they hold the quotes that are being
reserved for the paper that the student will write
at the end of the term, the chemical reactions and
term definitions the student must memorize for
the final, the theorem that is key to the proof in
the homework assignment. Third, they are an in
situ way of working problems. Fourth, annotations
record interpretive activity, either from another
reader (e.g. a professor’s explanation), or as the
result of careful reading (the student has inter-
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preted it him or herself). Fifth, and most elusively,
these markings act as a visible trace of a reader’s
attention, a focus on the passing words, and a
marker of all that has already been read (as if
these words are now possessed). Finally, the mark-
ings may just be incidental, reflecting the material
circumstance of reading.

Marshall [65] carries on her research work and cat-
egorizes annotations along several dimensions which
reflect the form annotations may take on: formal versus
informal annotations, explicit versus tacit annotations,
annotations as writing versus annotations as reading,
hyperextensive versus extensive versus intensive anno-
tations, permanent versus transient annotations, pub-
lished versus private annotations. Finally, [66,67,81]
investigate the relationship between private, shared and
public annotations and how they can be exploited to find
useful passages in the text.

It is worth noting how the findings of [64] and [65]
agree with the outcomes of the study conducted in the
previous section about the historical perspective on
annotations. Indeed, both glosses and scholia are, to
some extent, placemarks, an in situ way of working prob-
lems, they record an interpretive activity, and so on. The
different dimensions of the annotation are also taken
into account by the historical perspective: glosses are
often more formal annotations than scholia and pos-
tils, which are usually informal; scholia can be tacit
annotations due to their fragmentariness while glosses
can be explicit annotations; all the kinds of annotations
described in Sect. 2.1 act as a bridge between read-
ing and writing; glosses may be considered intensive
annotations, postils may be more extensive annotations
and both glosses and scholia often contain references
to other authors and quotations of other texts, which is
a way of being hyperextensive annotations; the strati-
fication of glosses and scholia in our cultural heritage
is a clear sign of the passage from transient to perma-
nent annotations; finally, the difference between postils,
scholia, and glosses comprises the distinction between
private and public annotations. On the other hand, nei-
ther [64] nor [65] explicitly points out the temporal
dimension entailed by annotations and the temporal
ordering between annotations and annotated objects,
which has been discussed in Sect. 2.1.5 with regard to
the term postil.

Phelps and Wilensky [74] suggest a list of desirable
properties for annotations: annotations should appear
in situ, that is on the documents themselves; they should
be highly expressive; they should be format and platform
independent; they should be extensible, yet composable,
in other words they should allow different styles of anno-
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tation; they should be distributed, open, and robust: they
may reside in a place while referring to documents in
another one.

Over the years, a lot of research work concerning
annotations has been done where the main focus of this
work has been on the employment of ad hoc devices
or handheld devices which enable reading appliances
with annotation capabilities, or on the design and devel-
opment of document models and systems which sup-
port annotations in specific management systems, in
particular:

— in digital libraries;

— in the Web;

— in collaboratory systems and working groups;
— in databases.

All of this research work has led to different view-
points about what an annotation is [7,10]; these different
viewpoints are taken into consideration in the following
sections.

2.2.1 Annotations are metadata

Annotations can be considered as additional data which
concern an existing content, i.e. they are metadata, as
they clarify in some way the properties and the semantics
of the annotated content. For example, the Annotea!
project developed by the World Wide Web Consortium
(W3C) [61] sees annotations as metadata and interprets
them as the first step in creating an infrastructure which
will handle and associate metadata with content and will
lead to the Semantic Web.”

Another example is MPEG-7 [60], formally named
“Multimedia Content Description Interface”, which is
a standard for annotating and describing multimedia
content data. MPEG-7 to some degree supports the
interpretation of the information meaning, which can
be passed onto, or accessed by, a device or a computer
code. MPEG-7 is not aimed at any one application in
particular; rather, the elements that MPEG-7 standard-
izes support as many broad ranges of applications as pos-
sible. As a further example, in the context of DataBase
Management System (DBMS) [24] sees annotations as
“information about data such as provenance, comments,
or other types of metadata.”

I http://www.w3.0rg/2001/Annotea/.
2 http://www.w3.0rg/2001/sw/.
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2.2.2 Annotations are contents

Differently from the previous case, annotations are addi-
tional contents which concern an existing content [71];
indeed, they increase existing content by providing an
additional layer of content that elucidates and explains
the existing one.

This viewpoint about annotations entails an intrinsic
dualism between annotation as content enrichment and
annotation as stand-alone document [5]:

— annotation as content enrichment: in this view anno-
tations are considered as mere additional content
regarding an existing document and as a result they
are not autonomous entities but in fact they rely on
previously existing information resources to justify
their existence;

— annotation as stand-alone document. in this view
annotations are considered as real documents and
are autonomous entities that maintain some sort of
connection with an existing document.

This twofold nature of the annotation is clear if we
think about the process of studying a document: firstly,
we can start annotating some interesting passages that
require an in-depth investigation which can be consid-
ered content enrichment; then we can reconsider and
collect our annotations and we can use them as a start-
ing point for a new document which covers the points we
would like to explain better, all of which is an annotation
as a stand-alone document. In this case the annotation
process can be seen as an informal, unstructured elabo-
ration which could lead to a rethinking of the annotated
document and to the creation of a new one. Bottoni
et al. [29] also agree with this viewpoint about annota-
tions and consider them to be reliant on the annotated
objects; in this way, [29] consider annotations as content
enrichment.

2.2.3 Annotations constitute a hypertext

Annotations allow the creation of new relationships
between existing contents, by means of links that con-
nect annotations together with existing content. In this
sense we can consider that existing content and anno-
tations constitute a hypertext [8,9], according to the
definition of hypertext provided in [1]. This hypertext
can be exploited not only for providing alternative nav-
igation and browsing capabilities, but also for offer-
ing advanced search functionalities. Furthermore, [65]
considers annotations as a natural way of creating and
increasing hypertexts that connect information reso-

urces in a Digital Library Management System (DLMS)
by actively engaging users. Finally, the hypertext which
exists between information resources and annotations
enables different annotation configurations: the first are
threads of annotations, i.e., an annotation made in
response to another annotation, and the second are sets
of annotations, i.e. a bundle of annotations on the same
information resource [5,10].

2.2.4 Annotations are a kind of context

Annotations introduce a new content layer aimed at elu-
cidating the meaning of underlying documents, so that
annotations can make hidden facets of the annotated
documents more explicit. We can consider that anno-
tations constitute a special kind of context which we
call annotative context, for the documents of a DLMS,
because they provide additional content which is related
to the annotated documents. This viewpoint about anno-
tations covers a wide range of annotations, ranging from
personal jottings in the margin of a page to scholarly
comments made by an expert to explain a passage of
a text. Therefore, these different kinds of annotations
involve different scopes for the annotation itself and,
consequently, different kinds of annotative context. If
we deal with a personal jotting, the recipient of the anno-
tation is usually the author himself and so this kind of
annotation involves a private annotative context; on the
other hand, the recipients of a scholarly annotation are
usually people who are not necessarily related to the
author of the annotation, which thus involves a public
annotative context; finally, a team of people can work
together on a shared topic and can exchange annota-
tions related to the topic in question: thus, in this case
we have a collaborative annotative context [8].

Neuhold et al. [72] make use of annotations for
exploiting and reconstructing different types of context.
For example, annotations can be useful for reconstruct-
ing the creation context of historical documents, when
this context is not available any more. For example,
systems like Collaboratory for Annotation Indexing
and Retrieval of Digitized Historical Archive Material
(COLLATE) [45,84] or Imaginum Patavinae Scienti-
ae Archivum (IPSA) [2,11,12] support researchers in
performing this task. Furthermore, [72] exploit annota-
tion for gathering information about the interpretation
context of a document, so that it is possible to provide
users with a framework where the interpretation of doc-
uments takes place. Finally, also the collection context,
which provides information about documents in relation
to other documents within a collection, can be enhanced
by using the hypertext that exists between annotations
and annotated documents [72].
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2.2.5 Annotations are dialog acts

Annotations are part of a discourse with an existing
content, where not only the single statement within the
discourse is taken into consideration, but also its posi-
tion and type within the discourse structure. This
approach is taken by [45,46,84] who consider annota-
tions as a means for placing a document in the collabo-
rative discourse to which it is related.

Bottoni et al. [28,29] rely, in some way, on this notion
of annotation, because they make use of the Rhetorical
Structure Theory (RST) [63] to define a set of annota-
tion types. Note that also [84] use the RST for the same
purpose.

Finally, [43] agree, to some extent, with this viewpoint
about annotations. Indeed, they interpret annotations
as a means that allow a “two way exchange of ideas
between the authors of the documents and the docu-
ment users”.

3 Usages
3.1 Historical uses
3.1.1 Historical annotations

Besides literary and philological annotations, there are
also annotations concerning administrative documents
and procedures. As a significative example of this kind,
during the Middle Ages notaries and archivists usu-
ally adopted a three-step procedure for preparing legal
papers.

The procedure was influenced by the characteristics
of the parchment, which was used for writing and record-
ing the information. Indeed, the parchment was made of
sheep skin and was partially tanned. As a consequence,
the front of the parchment, which was the internal part
of the skin, was whiter and more polished than the back
of the parchment, which was the part of the skin towards
the coat.

Therefore, in the first step of the procedure, notaries
recorded a draft of the names and other data, summariz-
ing the legal action, on the back of the parchment. These
annotations are called back-annotations, since they were
written on the back of the parchment, and they were
written beforehand [76, p. 51]. In the second step, these
annotations were used for writing the notarial docu-
ment in complete and legal form (in publica forma)® on

3 The italicized words in brackets are the Latin technical terms
used to indicate the specific technique. Note that they are the
translation of the word which precedes them.
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the front of the parchment [22]. In the third and final
step, since the notarial documents were preserved by
rolling them up, the archivists usually wrote a brief sum-
mary on the back of the parchment, in order to avoid
opening it and to facilitate the consultation. In addi-
tion, on the back of the parchment, the archivists used
to write a position-marker (segnatura) to show the log-
ical and physical position of this document inside the
archive. These annotations came after the document and
now serve as a trace for archival management showing
the ancient structure and vicissitudes of archives [73,
pp. 243].

In other cases, the annotations highlight the strati-
fications of an administrative text due to subsequent
administrative and legal actions. For example, both in
Middle Ages and Modern Ages, when people enrolled
in organizations, they were registered in special books,
called rolls (matriculae), and these registrations were
usually self-written, in other words standardized forms
did not exist and thus each registration took on a life of
its own. This situation and this special kind of annotation
is well represented in Fig. 1, where a page from a roll of
students is shown. The student wrote his personal data
directly in the roll, as reported below from annotation
ay of Fig. 1 (the translation is in brackets):

Godefridus Woyssel, filius Sigismundi Woysselii
reipublicae Vratislaviensis archiatri, inclitae Ger-
manorum nationi nomen suum dedit et solvit more
solito sex libras. Patavii anno 1605 die 29 augusti
(Godfrey Woyssel, Sigmund’s son, from Bratislaw,
enrolled and paid 6 liras).

After this registration, the chancellor of the University
recorded the tuition fee as paid;in annotation a, of Fig. 1
there is written Dedit libras 6 (he paid 6 liras).

With respect to the notion of time, it must be noted
that the annotation of the chancellor occurred contem-
porary to or just after the student’s enrolment. After-
wards, the chancellor could add other annotations about
some episodes or incidents in the academic life of a stu-
dent, as from annotation a3 of Fig. 1:

Propter ignominosas litteras Nationi nostrae scrip-
tas ignominose ex Nationis albo in publico conven-
tu, omnium consensu, extirpatus est

(he was ignominiously expelled by the Council of
Association, because he wrote an ignominious let-
ter to the Association) [78, p. 134 n. 1125].

Furthermore, note how the physical placement of the
annotations does not follow their temporal ordering but
instead is constrained by the free space available on the
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Fig. 1 The photo shows subsequent annotations on a roll of students (Italia, Padova, Archivio dell’Universita di Padova, Archivio
antico, Matricula Nationis Germanicae artistarum, reg. 465, c. 69v—published with the permission of Archivio Generale di Ateneo di

Padova)

paper; in the example of Fig. 1, annotation a3 is writ-
ten above annotation ay, even though az comes after ay,
because the space below a; was already filled with the
information about another student. Finally, note how
annotation a;, which reported the personal data of the
student, had been crossed out as a consequence of the
expulsion of the student from the University, as reported
in annotation a3. We can consider the cross-out as an
additional annotation a4, which modifies the status of
an existing annotation after its creation.

It is worth pointing out that a4 neither delete nor
remove aj but, on the contrary, the personal data of the
student are still readable under the cross-out. This is also
particularly important in the case of digital annotations,
because an annotation management system should imi-
tate the approach described above and avoid completely
deleting its annotations, since they allow us to trace how
a piece of information has been created and to provide
the lineage of each piece of information managed by the
system.

As a final remark, in the rolls there were also anno-
tations about the professional career of a student after
his degree, such as Medicinam exercet in patria (he has a
medical practice in his country of origin). This suggests

the use of annotations as a means of carrying out a
data curation approach with respect to the informa-
tion resources managed by our system [3,4], because
annotations allow us to keep the information resources
updated.

On the documents created by complex chanceries
numerous annotations were used, each one with its spe-
cific purpose for denoting a precise step of a complex
procedure; for an analytic list of these annotations,
please see the one of Pope’s chanceries [44, pp. 86-89].
For example, we can find some annotations which are a
concrete trace of collation between the first draft and the
final version of a document: in order to state that a doc-
ument was in the final version and it conformed to the
will of the author, the chancellor annotated some words,
which authorized the document being sent. As a further
example, the parchment of the Pope’s letter was usually
folded in order to affix the hanging seal. In this parch-
ment fold, we can find the annotations about a chancery
tax which the addressee must have paid before receiv-
ing the document. Also the different kinds of seal were
a further formal signal and tool which the document
author used to inform the addressees about significant
contents.
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As a further example, from Middle Ages until today
public chancelleries usually annotate analogical docu-
ments in different forms. During the late Middle Ages
the annotation Registratum (registered) written on the
document meant that this document was transcribed in
public form on a special book, together with other anno-
tations written by the chancellor and chancery notaries
[30, pp. 679-691] and [20,21]. Since the nineteenth cen-
tury integral transcription has been replaced by the sum-
mary of the data of the document. In fact, at the end of
eighteenth and nineteenth centuries, public administra-
tions adopted a registration system for records manage-
ment [41, pp. 165-169] and [25, pp. 355-357], based on
the following tools: register of inward and outward let-
ter-book; classification plan; and file list. Each of these
tools provides us with some kind of annotation, as dis-
cussedin the following. The register contains the descrip-
tive data of each document, such as number and date,
which are also written on the document itself by using a
stamp as a form to be filled in with the descriptive data.
The classification plan allows for the logical organization
of archival documents and determines the classification
index which is written on each document. The aggre-
gation of documents into files gives a physical order to
the archives which reflects a logical order. Each file is
enclosed in a paper container where identification data
on the file are written [26, pp. 45-60].

Documents often contain a lot of annotations which
show the subsequent steps of administrative procedures.
For example, on petition papers the sovereign wrote a
word of approval (usually fiar) [40, pp. 243-245] and
[23, tav. 34]. The administrative annotation can also be
a sign or a number: for example, in the books of delib-
erations of the Venetian Republic, a cross written in the
left margin of the text meant that the proposal had been
accepted. In accounting books using the double-entry
system where debits and credits must be equal, this is
carried out by making corresponding notes, such as ticks
or marks, on both sides of the register. With regard to
assets and inventories, the items are ticked off when
the book keepers perform an audit [70, pp. 49-74]. All
these administrative and managing annotations can be
considered both descriptive metadata and context 75,
pp. 169-195]. This use of annotation can also be found
today in the public administration.

A further use of annotations was in administrative
documents where head clerks wrote annotations to
indicate who was responsible for a task. This kind of
annotation demonstrates the concrete organization of
administrative offices and work-flow among employees.
Moreover, on analogical documents in the nineteenth
and twentieth centuries there were annotations about
archival management, indicating when a document had
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to be discarded from the archive. As a final example,
some stamps can be considered a further kind of anno-
tations, because they certify the subsequent steps of
different administrative procedures of public or private
administrations [35, pp. 111-113].

All these examples of administrative annotations
show that on analogical documents the same paper has
to be used in order to represent different subsequent
actions. Administrative people, especially in the Roman
law context, were used to producing documents by using
different forms of annotation: numbers, stamps, seals,
signatures, signs, and so on. Therefore, a challenge for
contemporary annotation systems is to provide support
for such advanced uses of annotations, which heavily
rely on an implicit temporal dimension.

In the bibliographical field there are some specific
annotations, called property notes, which can be a name,
a motto, a coat of arms, a symbolic drawing, and which
are used by owners of the book to make explicit their
property [18,19]. In this context, annotations become
an important tool for bibliographical researches, who
aim at rebuilding, at least virtually, the ancient dispersed
libraries and exploit such kinds of annotations as a means
for achieving their objective.

3.1.2 Historical glosses

The gloss was a practice that flourished especially in
the juridical context, as reported by [54, pp. 427-429].
During the Roman Empire, one of the usual literary
forms of Roman jurisprudence was the comment to the
works of former jurists, so that it is often possible to
distinguish the annotated text from the annotation to
the text; furthermore, the glosses were sometimes phys-
ically separated from the annotated text. However, the
most famous use of this kind of method of study is cred-
ited to the Bolognese school: indeed, the word gloss
denoted the way of studying the Justinian Code prac-
tised in Bologna, which began in the twelfth century Ap
The Bolognese gloss passed from a simpler form to a
more complex one by passing from simple interlinear
notes to a real theoretical treatment of the subject. The
glossarist reveals the contradictions (contrarietates) of
the Justinian books, raises doubts (dubiationes or du-
bietates), which often give rise to controversies (dissen-
siones). The contradictions often find an explanation
(solutio) and the doubts disappear by means of an appro-
priate distinction (distinctio or differentia). The glos-
sarist teaches the Justinian books and creates cases in
point and examples that originate glosses pointing out
the different cases (casus); furthermore, the glossarist
establishes and defines rules derived from the texts he
studies, and, accordingly, creates glosses that report such
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Fig. 2 The photo shows the typical structure of the gloss: the
author’s commentary, written in smaller characters, is placed
around the text, written in greater characters (Italia, Bologna,
Biblioteca Comunale dell’Archiginnasio, Salatiele, Ars notariae,
ms B 1484, c. 12r—published with the permission of Biblioteca
Comunale dell’ Archiginnasio di Bologna)

rules (regulae) and definitions (definitiones). In conclu-
sion, the Bolognese gloss was a way of doing research
aimed at defining and elucidating the law.

The glosses were usually arranged on a page around
the text, as shown in Fig. 2, which reproduces a page
from the work Ars notariae (Handbook for notaries)
written by Salatiele, one of the professors at the Univer-
sity of Bologna in the Middle Ages [48,79]. The logical
structure of glosses, seen as a professorial tool for high
teaching and as a system adopted by jurisprudence to
comment on codes, has become a solid method in the
scientific society. The notes, both footnotes and final
notes, are used by authors in order to justify assertions
written in the text through quotations of sources and
bibliography, to discuss assertions of other authors, and
to give some practical examples.

In the philological and diplomatic fields the editors of
literary texts and historical sources used a double array

of notes: on the one side, the notes on the text illustrate
the different text-witness and justify the editor’s choices;
on the other side, the historical notes precisely identify
and correct names of people and places, which may be
erroneously reported in the text or may not be explicitly
mentioned [17,39]. Therefore, the use of notes turns out
to be a work method and a scientific mentality.

3.1.3 Historical notes

The scientific use of notes derived from the glosses is
connected to a new kind of book created in medie-
val Universities, where Roman law was taught. Ancient
books were compact and unitary objects, they were not
organized into chapters and sections, and the whole page
was used for writing the text. They were intended for
reading and not for studying and, as a consequence, they
had to be read from the beginning to the end without the
possibility of skimming irrelevant content. In contrast, in
the Universities books were used by professors and stu-
dents to study and, especially, to comment and annotate
the codes. To this end, the University book was written
in two columns with large margins for commentaries.
This book, particularly consecrated to handbooks and
codes, develops into different chapters and paragraphs
in order to offer readers a structured and easy to con-
sult text which can be used without the need to read the
entire book [48].

The logical structure of University books and, espe-
cially, the possibility of unambiguously identifying each
piece of text by a hierarchical system of numbers and
characters can be considered a marking system ahead
of its time. Indeed, the medieval books were created by
academic people of the Universities in order to exactly
quote a specific passage of a code [41]. This logical sys-
tem of quotation is a necessary pre-requisite for the
following development of the scientific way of working.

In addition, the structure of the new University book
can be considered as a starting-point towards the system-
atic and alphabetic index. Since the birth of University
studies, the index system has become more complicated
and refined. In short, the exact quotation cannot exist
without the structure of text, based on logical subdivi-
sion of text and on ontological recognition of structural
elements.

This important lesson learned from the past should
also be taken into account when we design an anno-
tation management system, because the possibility of
digitally annotating and quoting can be a valid support
to the research work in a networked and distributed
environment.

@ Springer



12

M. Agosti et al.

3.2 Present uses

In the following sections, we will go into more detail
about the current viewpoints concerning annotations
and we will present some interesting cases of the use
of annotations and Information Management Systems
(IMSs) with annotation capabilities in the context of
digital libraries, the Web, and databases.

3.2.1 Digital libraries

Digital libraries are not only the digital versions of
traditional libraries and archives, but also they offer
means which go beyond the mere presentation of the
content stored in digital repositories. In the following
we point out this fact by discussing two definitions of
digital libraries which come from two different fields.
The more computer science oriented view is expressed
in the introduction in the first issue of the International
Journal on Digital Libraries, cited by [47]:

Digital Libraries are concerned with the creation
and management of information resources, the
movement of information across global networks
and the effective use of this information by a wide
range of users.

Librarians have a different definition of Digital Library
(DL), as proposed by the Digital Library Federation,
1998, cited by [47]:

Digital Libraries are organisations that provide the
resources, including the specialised stuff, to select,
structure, offer intellectual access to, interpret, dis-
tribute, preserve the integrity of, and ensure the
persistence over time of collections of digital works
so that they are readily and economically available
for use by a defined community or set of commu-
nities.

Annotations can be exploited in order to provide
users with the distinguishing features of a DLMS, as
highlighted above. Note, however, that also archives
have to be taken into account in this context, although
they are not explicitly mentioned in the previous defi-
nitions. The creation of new information resources is
supported by annotations in two ways. First, when users
add annotations to existing information resources, they
in turn become new information resources themselves.
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
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a discussion can then be integrated into the newly cre-
ated object. Annotations might increase and expand the
information resources managed by the digital library. In
this way, they may provide interpretations of information
resources. User communities benefit from such interpre-
tations in that they help the understanding of the anno-
tated resource and contain additional information about
it. As an example, in the Humanities, interpretation is
one of the basic tasks scholars perform: systems like
COLLATE [45,84] or IPSA [2,11,12] support this task
through annotations. Annotations support user commu-
nities in accessing the information resources provided by
the digital library in a personalized and customized way:
indeed, users can create annotations that link different
documents, enabling alternative paths for browsing dig-
ital contents and thus structuring them in alternative
ways.

Different layers of annotations can coexist on the
same document: a private layer of annotations accessible
only by the annotations author themselves, a collective
layer of annotations, shared by a team of people, and
finally a public layer of annotations, accessible to all
the users of the digital library. In this way, user com-
munities can benefit from different views of the infor-
mation resources managed by the digital library
[64,66,67]. A DL can encourage cooperative work prac-
tices, enabling the sharing of documents and annota-
tions, also with the aid of special devices, such as XLibris
[80]. Finally, as suggested in [68,69], searching, read-
ing and annotating a DL can be done together with
other activities, for example working with colleagues.
This may also occur in a mobile context, where merging
content and wireless communication can foster ubiqui-
tous access to DLMS, improving well established coop-
erative practices of work and exploiting physical and
digital resources. The wireless context and the small
form factor of handheld devices challenge our techni-
cal horizons for information management and access
and require specialized solutions to overcome the con-
straints imposed by such kinds of devices, as reported
in [6].

In the context of a DLMS it is also possibile to create
automatic annotations, which may facilitate the user’s
first approach with a document. Automatic annotations
can be created by using topic detection techniques to
associate each annotation with its related topic, which
constitutes the context of the annotation. In this way, a
document can be re-organized and segmented into top-
ics, whose dimension can range in many different sizes,
and annotations can present a brief description of those
topics. Then, by applying automatic hypertext construc-
tion techniques, similar to those presented in [14], those
pairs of topics and annotations can be linked together,
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proposing an alternative way of navigating the content
of a digital library.

Moreover, DLMS are currently in a state of evolu-
tion: today they are simply places where information
resources can be stored and made available, whereas
by tomorrow they will become an integrated part of
the way the user works. For example, instead of simply
downloading a paper and then working on a printed ver-
sion, a user will be able to work directly with the paper
by means of the tools provided by the DLMS and share
their work with colleagues. In this way, the user’s intel-
lectual work and the information resources provided by
the DL MS can be merged together to constitute a single
working context. Thus, the DL MS is no longer perceived
as something external to the intellectual production pro-
cess and nor as a mere consulting tool, but instead as an
intrinsic and active part of the intellectual production
process [7].

Annotations are effective means to enable the
paradigm of interaction between users and DLMSs envi-
sioned above, since they are very well-established prac-
tices and widely used. 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 prac-
tices. Therefore, annotations can be geared not only to
the way of working of the individual and to a method
of study but also to a way of doing research, as hap-
pens in the Humanities. Finally, annotations allow users
to naturally merge and link personal contents with the
information resources provided by the DLMS so that a
common context that unifies all of these contents can be
created.

In thislast respect, documents managed by the DLMS
and annotations constitute a hypertext [8,10], since
annotations allow the creation of new relationships
among existing objects, by means of links that con-
nect annotations together with existing objects. Halasz
[50] points out that annotations are one of the activities
that form the basis of any collaborative effort and for
which hypermedia systems are ideally suited, while [65]
considers annotations as a natural way of creating and
growing hypertexts that connect information resources
by actively engaging users. Moreover, DLMSs do not
normally have a hypertext connecting information
resources with each other; thus, annotations can turn
out to be an effective way of associating a hypertext to
a DLMS to enable an active and dynamic use of infor-
mation resources. This hypertext can span and cross the
boundaries of the single DLMS, if users need to inter-
act with the information resources managed by diverse
DLMSs [7]. This latter possibility is quite innovative,
because it offers the means for interconnecting various

DLMSs in a personalized way meaningful for the end-
user and, as recognized also by [59], is a big challenge
for the next generation DLMSs.

3.2.2 The Web

As previously introduced, the Annotea project [61]
considers annotations as metadata. Annotea defines
annotations as comments, notes, explanations, or other
types of external remarks that can be attached to any
Web document or a selected part of the document with-
out modifying the document. Annotea uses Resource
Description Framework (RDF)* and eXtensible Markup
Language (XML)> for describing annotations as meta-
data and XPointer® for locating the annotations in the
annotated document. Annotea employs a client-server
architecture, where annotations reside in dedicated serv-
ers and a specialized browser is capable of retrieving
them upon request, when visiting a Web page. [62] move
astep further and employ annotations as an extension of
the bookmarks to improve collaboration among users:
indeed, the additional data provided by annotations are
exploited to describe, organize, categorize, share, and
search for the bookmarks.

Moreover, the W3C Multimodal Interaction Working
Group’ is developing a markup language called Extensi-
ble MultiModal Annotation (EMMA) [85]. EMMA is a
markup language intended for providing semantic inter-
pretations for a variety of inputs, such as speech, natural
language text, and Graphical User Interface (GUI) input.
The language is focused on annotating the interpreta-
tion information of single and composed inputs, and it
is expected that this markup will be used primarily as
a standard data interchange format between the com-
ponents of a multimodal system. The general purpose
of EMMA is to represent information automatically
extracted from a user’s input by an interpretation com-
ponent. EMMA provides a simple structural syntax for
the organization of interpretations and instances, and
an annotative syntax derived from RDF to apply the
annotation to the input data at any level.

As a further example, Multimedia Annotation of Dig-
ital Content Over the Web (MADCOW) is based on a
client-server architecture as Annotea is. Servers are
repositories of annotations to which different clients
can connect, while the client is a plug-in for a stan-
dard Web browser [27]. MAD COW employs HyperText

4 http://www.w3.org/RDF/.

5 http://www.w3.0rg/XML/.

6 http://www.w3.org/XML/Linking.

7 http://www.w3.0rg/2002/mmi/Group/.
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Transfer Protocol (HTTP) to annotate Web resources
and allows both private and public annotations. More-
over, it allows different pre-established types of annota-
tions, such as explanation, comment, question, solution,
summary, and so on; in this respect, MAD COW opts for
a solution similar to the one of COLLATE, which is not
Web-based but it models annotations as different types
of dialog acts [45].

3.2.3 Databases

Annotations are also used in the context of the DBMSs
and, in particular, in the case of curated databases and
scientific databases. SWISS-PROT? is a curated protein
sequence database, which strives to provide a high level
of annotation, such as the description of the function
of a protein, its domains structure, and so on. In this
case, the annotations are embedded in the database and
merged with the annotated content. BIODAS’ provides
a Distributed Annotation System (DAS), which is a Web-
based servers system for sharing lists of annotations
across a certain segment of the genome. In this case,
the annotation are not mixed together with the con-
tent they annotate, but instead are separated from it.
Annotations have types, methods, and categories: the
annotation type is selected from a list of types that
have biological significance; the annotation method is
intended to describe how the annotated feature was
discovered and may include a reference to a software
program; the annotation category is a broad functional
category that can be used to filter, group, and sort anno-
tations. Finally, annotations may also be associated with
Web Uniform Resource Locators (URLs) that provide
additional human readable information about the
annotation itself [83].

In the context of scientific databases, [31] propose an
archiving technique for managing and archiving differ-
ent versions of such kinds of databases, as time moves
on. Buneman et al. [31] exploit the hierarchical struc-
ture of scientific data to represent the content and the
different versions of the database with a tree structure.
They attach annotations to the nodes of the tree, annota-
tions that contain time-stamp and key information about
the underlying data structure. Therefore, these anno-
tations are metadata about the database itself. These
annotations differ from the annotations contained in the
database, which are metadata about genome sequences.
In conclusion, this annotated tree structure provides an
additional data layer which allows the development of

8 http://www.expasy.org/sprot/.
9 http://biodas.org/.
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efficient algorithms in order to archive and search for
the different versions of the database.

Buneman et al. [32,33] investigate the use of annota-
tions with respect to the data provenance problem, some-
times also referred to as data lineage or data pedigree,
which is the description of the origins of a piece of data
and the process by which it arrived in a database. Bun-
eman et al. [32] distinguish between why-provenance,
which explains why a given piece of data is in the data-
base, and where-provenance, which explains where a
given piece of data comes from. Data provenance is arel-
evant issue in the field of curated and scientific databas-
es, such as genome databases, because in this field there
are few databases that are sources of data; all the other
databases are in a certain sense views of these source da-
tabases or of other views. The distinguishing feature of
these databases is the fact that they have to be curated:
in fact, they provide corrections and annotations to the
original source data made by experts. It is now clear
that data provenance is essential to any user interested
in the accuracy and timeliness of the data. In particu-
lar, where-provenance is important for understanding
the source of errors in data and for carrying annotations
through database queries, problems addressed in [33].
Bhagwat et al. [24] carries on the research about where-
provenance and propose and implement an extension to
arelational DBMS and an extension to Structured Query
Language (SQL), called propagate SOQL (pSQL), which
provides a clause for propagating annotations to tuples
through queries. Bhagwat et al. [24] intend annotations
to be an information about data such as provenance,
comments, or other types of metadata; they envisage the
following applications of annotations in DBMS: tracing
the provenance and flow of data, reporting errors or
remarks about a piece of data, and describing the qual-
ity or the security level of a piece of data.

3.2.4 Using annotation for search purposes

Despite all of the research in modelling annotations and
providing annotation-enabled systems, there is much
less study regarding the use of annotations for retrieving
documents.

Golovchinsky et al. [49] compare queries based on
annotations with relevance feedback, and consider
annotation-based queries as an automatic technique for
query construction, since queries are automatically gen-
erated from annotated text, e.g. from highlighted text.

Frommbholz et al. [45] consider annotations —specifi-
cally annotations threads—as an extension of the doc-
ument they belong to, creating a discourse context, in
which not only the annotation itself but also its position
in the discourse and its type, are exploited for searching
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and retrieving documents; this approach is revised and
extended upon in [46] to probabilistic datalog.

Agosti and Ferro [8,9] address this issue in the con-
text of data fusion [38]. In fact, annotations provide us
with an additional source of evidence, which is comple-
mentary to the one already contained in the set of doc-
uments. Therefore, we can exploit annotations with two
final objectives of retrieving more relevant documents
and of ranking them better. Furthermore, the paths
that connect annotations to documents in the hyper-
text become the vehicle for moving this further source of
evidence from annotation towards the documents. Thus,
both Hypertext Information Retrieval (HIR) techniques
[16] and link fusion techniques [86] can be exploited
in order to provide an advanced search strategy that
involves annotations. In addition, the mutual reinforce-
ment between annotations and annotated objects should
also be taken into account, for example, by employing
link analysis techniques, such as those described in [15].

4 Key features for system design

On the whole, the line of reasoning conducted in the
previous sections provides us with some key features of
the annotation that we should take into account when
designing systems that have to support the management
of digital annotations on digital contents. Those key fea-
tures are presented in the following subsections.

4.1 First-class intellectual work

Annotations are a valuable intellectual work, as it
emerges from the discussion in Sect. 2.1 and from the
user studies reported in Sect. 2.2. The spectrum of this
intellectual work is very broad, because it ranges from
explaining and enriching an information resource with
personal observations to transmitting and sharing ideas
and knowledge on a subject. In conclusion, annotations
can be geared not only to the way of working of the
individual and to a method of study, but also to a way of
doing research.

As a consequence, during the design of a system
with annotation functionalities, great attention should
be paid to providing the tools to support and facilitate
the creation of such valuable intellectual work, from
its early stages, such as informal jottings, to its more
mature and structured formulations. This requires not
only designing a system with the needed functionalities
but also taking care in designing the user interface of
the system which should make such functionalities eas-
ily accessible [13].

4.2 Various facets

Annotations comprise different viewpoints, as discussed
in Sect. 2.2: they may be considered as metadata, con-
tent, hypertext, context, or dialog acts. Moreover, the
boundaries between these viewpoints are not sharp and
they may coexist. All of these viewpoints have to be
taken into account, especially because they are tightly
coupled with and are the expression of the different
kinds of intellectual work that an annotation may bear.

This wide range of uses requires an additional flexibil-
ity to an annotation management system, which should
seamlessly support the different ways of using annota-
tions. As a consequence, the annotation management
system should avoid tying the annotation to only one of
the described viewpoints or, worse, offering a fixed set
of predefined annotation types.

4.3 Different scopes

Annotations involve different scopes and different kinds
of annotative context: they can be private, shared or
public, according to the type of intellectual work that
is carried out. Moreover, the boundaries between these
scopes are not fixed rather they may vary and evolve as
the time passes.

This feature requires the careful design of the man-
agement of both users and group of users in order to
support different and fine-grained access policies. For
example, a shared annotation could be visible only with
read permissions for a group, while another group could
have read/write permissions on the same annotation.

Moreover, the system should avoid scope conflicts.
For example, a private annotation cannot be annotated
by a public annotation; in this case, the author of the pri-
vate annotation could see both the public and the private
annotation, but another user could see only the public
annotation which would be annotating something hid-
den to this user.

4.4 Active involvement

Annotations call for an active involvement, the degree
of which varies according to the aim of the annota-
tion: private annotations requires the involvement of the
authors, although shared or public annotations involve
the participation of a whole community. Therefore,
annotations are suitable for improving collaboration
and co-operation among users.

Many different IMSs can benefit from annotations
and from the improved collaboration among their users.
For these reasons, annotations functionalities should not
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be embedded in any given system, but rather in a stand-
alone service capable of providing annotation function-
alities to other systems.

In this way, the user would benefit from a uniform
way of interaction with annotation functionalities, with-
out the need of changing their annotative practices only
because a user works with different IMSs. Finally, such
kinds of annotation services would act as a bridge
between different IMSs and allows the hypertext
between documents and annotations to cross the bound-
aries of the single /MS, in order to further exploit anno-
tations as an active and effective collaboration tool for
users.

4.5 Temporal dimension

Annotations implicitly entail a temporal dimension
which regulates the temporal ordering among annota-
tions and annotated information resources.

This temporal dimension needs to be taken into
account and to be explicitly modelled, since it implic-
itly influences each feature of the annotations and, in
addition, it allows us to trace the provenance of each
piece of knowledge managed by the system.

4.6 Search by using annotations

Annotations provide an additional source of evidence
that can be effectively exploited to search for documents.
Furthermore, this additional source of evidence holds
complex relationships with the annotated documents.
These complex relationships can be made explicit by
using the hypertext that connects documents and anno-
tation. In this way, the hypertext becomes the vehicle
for moving this source of evidence from annotations
towards documents, so that it is possible to develop
advanced search strategies. Moreover, the mutual rein-
forcement existing between annotations and annotated
objects should also be taken into account when defining
a search strategy that involves annotations.

As a consequence of making the annotation service a
stand-alone service which can be used by different IMSs,
we deal with a distributed search problem. Indeed, we
aim at combining multiple sources of evidence which
come from both documents and annotations. Since the
source of evidence concerning the documents is com-
pletely managed by the IMSs, the annotations service
has to query each /MS in order to obtain it. Only once the
annotation service has acquired this information from
the IMS, can it be combined with the source of evidence
which comes from annotations to create a list of result
documents that better satisfies the user’s information
needs.
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