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Abstract — Digital annotation systems are usually based on
partial scenarios and arbitrary requirements. Accicental and
essential characteristics are usually mixed in noaxplicit models.
Documents and annotations are linked together aco@htally
according to the current technology, allowing for he development
of disposable prototypes, but not to the support ofion-functional
requirements such as extensibility, robustness anihteractivity.
In this paper we perform a careful analysis on theconcept of
annotation, studying the scenarios supported by digl
annotation tools. We also derived essential req@ements based
on a classification of annotation systems appliedtexisting tools.
The analysis performed and the proposed classificain can be
applied and extended to other type of collaborativeystems.

Keywords—Requirement analysis; System classification;
Conceptual modeling; Collaborative Systems; DigitalAnnotation
Systems; Electronic Texts.

I. INTRODUCTION

Given the newfound popularity of digital documentsla

content, digital annotation systems have also becpapular.
Nevertheless, annotation systems and prototypesragted
accidentally, with no essential conceptualizatiam feuse.
Hence, the solutions become a mix of accidertdlH{og and
essential aspects dependent on the editors andséraw
technologies and on the available documents.

Therefore, the research issue at hand consists
demonstrating the essential requirements for a tadigi
annotation system. The hypothesis we rely on irgeta
characterize the autonomy between annotations acuhaents
as independent artifacts, as well as to circurnecthe
requirements for annotation access..

This paper is organized as follows. In sectiomi, present
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the fundamental concepts that will allow the reameclearly
understand what a digital annotation is. In sectibhwe
present the different annotation scenarios, fromchvhwe
extracted the characteristics which were used tmter a
classification system that was applied to exissggtems (as
described in Section 1V). From the set of such ysed and
with the application of criteria to recognize thendamental
principles, we derived a set of essential requirgmédor
digital annotation systems. The inclusion of susfpuirements
will allow for digital annotation systems to be reogeneral
and robust.

[I. ANNOTATION: BASIC CONCEPTS

Based on current studies on annotations on papes, i
possible to isolate the definition from the objémtnotation”
from interference from technological artifacts,caimscribing
and differentiating it from other concepts, whdtets us to the
following definition.

Annotation is a byproduct of the interaction wikte ttext or
any other annotation-prone object. They are maite tacit
(Marshall studies, section Il.A) or explicit int@ms (National
Library Manuscript studies, section II.E). Nevel#ss, in both
intentions, annotations depend on the contextheir meaning
(Microsoft Research Studies, section 11.D). They thre result
%f cognitive non automatic activities, not beingansequence
oP translation between languages (oral to writg)s the case
of note taking. They are also not semi-automatickings, as
in the case of meta-information ontologies.

From this definition, we can arrive at two transagraspects
that create a correlation between the act of crgati
annotations and the act of editing documents:

Autonomy of the annotations: annotations must exist
separately, both physically and time-wise fromthegpective
documents. The elimination of a document must liotirate
its annotations.
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Interdependency between annotation and documenthe
document’s writing may be able to use the annatatias a
resource, but annotate must be a different act &din

The term “digital annotation” is found in many difént
research areas, such as semantic web, digitahfibhaman-
computer interact and computer mediated collabaratiork.
Hence, it is critical do define the study objectt ranly
conceptually, but also as related to the usagedeithological
support that are valid to the research problem atdh
Therefore, we define the concept of annotation idensg
first the human factor research, second, the eeolutf the
digital annotation support systems and last, iegyasscenarios
as approached in scientific literature.

At the W3C-Annotation Working Group [1], there iset
following definition: “in general, an annotationdgfined as an
object associated with another through a relatipnsiihe
annotation object and the relationship may be of kind.”
This is a quite generic definition, which may beeora
problem, for it does not allow differentiating betn
annotations of objects such as anchors, links,ra@skages in
discussion groups or even combinations of thosedn ahat
environments.

In order to improve this definition, we performed a
investigation on how annotations were conceivedh o its
digital and manuscript formats.

A. Annotation as a result of reading

Anthropologist Michel de Certeau interprets readasya
hunting operation, in which the annotator’s rote is

time elapses, even for their original author. Tfane to
Marshall, the reader is not the author of the tieut,the author
of the annotations. This conclusion seems to cateilthe
diverging opinions of de Certeau and Marshall.

B. Annotation as note taking

The activity of note taking has been extensiveldistd by
researchers in educational psychology, which canatd in
the issues of effectiveness of annotations as eepsoand as a
product [5,6]. Ladas suggests that the activitynofe taking
should be guided by tips given by the professorthst the
students are informed on the correct time and stdjef their
notes [7]. Kiewra et al. have studied techniquakianpacts on
the learning in three scenarios of note taking eirup (taking
notes and not reviewing), coding and storing (tladdo
includes the review) and external storage (abdtam taking
notes and review the ones taken by another stuf&8f) In a
digital scenario, Armel and Shrock returned to tbsue of
when a student must be asked to take notes [10].

C. Annotation for discussion and to help recollection

In an ethnographic study comparing reading on papelr
online, O’Hara and Sellen observed the usage dftations to
help understand the text and to highlight elemémas might
be reused [11]. Ovsiannikov, Arbib and McNeill istigated
the form and the object of annotations on paperdiszbvered
that they are used during and after the readingy fh2refore
in agreement with the conclusions of O'Hara & Selle
According to both research, annotations are usedelp

“In effect, reading is like a peregrination on arfecollection, by means of marks of interpretatiguestions,

imposed system (the text’s, analogous to the ord

built in a city or a supermarket). Therefore,hét

book is an effect (a construct) from the readeg on

must consider the latter's operation adeatio, a

production that came from the reader. He doesn!’

switch places with the author, but invents in et t

something other that its original intention. He

detaches it from its origin (lost or accessory) ) o !
r;aace in the text (in-line, pop-up, margins).

combines its fragments and creates somethi

Leflection, and opinion), as well as complementatior
rewriting in the annotator words.

The interviewees also declared to use annotatisre \&ay
to discuss passages with other students. Shareatations
ork as an instrument of communication and, Theegfthe
characteristics which were implicit in the paperguigm
become explicit, such as intention (or motive), atieh
between annotations, meta-information (author, )dated

unknown in the space organized by his capacity to

allow an indefinite plurality of meaning.” [2, p.2p

Hence, for de Certeau, when the reader annotatefoée
not produce authorship, but yet a tangle of inteations,
questions, addendums and highlights. On the ottzerd,h
Marshall’s ethnographic research defends annottes an
intelligible and researchable byproduct of readjBgl]. In
order to create this idea, Marshall studies stusl@mnotations
in library textbooks and, since he did not haveeascto the
students themselves, he relied solely on the cteistics of
the annotations for the classification task, sucimarkings for
emphasis, references, interpretations and assmtati The
annotations as byproducts of the reading processept tacit
and idiosyncratic intentions, for they lose theieaning as

D. Annotation as Contextualized Writing

The role of context is determinant to the meanirig
annotations, especially if we are discussing thacept of
authorship. Usability experiments made by Microfdsearch
[13,14] demonstrated the impact of the lack of ernfdue to
the loss of annotation position). From the theoedtpoint of
view and based on text organization theories, Bpt@vialdi
and Rizzo declared the lack of autonomy of annmtatiin
relation to the context [15].

E. Annotation as a review

For this study, we sought out examples of expiiténtions
of annotations. For that, we studied two manuserit the
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National Library at Rio de Janeiro, "Namoros com
Medicina" by Méario de Andrade, from 1935, and "Numa
Nympha" by Afonso Henrique de Lima Barreto, froni49

Mario de Andrade’s manuscript is a series of artiwta
performed on the text of an article that the wrjgablished on
the Journal of Medical Publications. This articlasaa study
by Mério de Andrade on beliefs about the therapeusie of
excrements.

Lima Barreto’s manuscript is a series of annotatiorade

gharing. This way, many of these interventions are
idiosyncratic and have tacit meaning. Some frequeatlers
tend to develop a personal catalog of symbols dair t
annotations are made for themselves, not for thginat
authors and therefore there is no relation betwarerotation
and text authorship. Consequently, it is a premiseto have
more than one version of the text.

1) Environmental Evidences

on an edition of his own book "Numa e Nympha". Lima Mayer demonstrates that the practice of creatimpttions

Barreto uses annotations to correct grammar mistakel to
add new content to his opus.

We can identify in these manuscripts two basicaotiin
the annotations: choice of place in the text and thod
appearance of the annotation.

The choice of place is made according to the best o
associate the annotation to the text. For instacoeections
are made over the letters of the original text ahitlea
complementation is made at the margins.

The choice of appearance shows the intention o&titieor.
Mario de Andrade uses pencils and different colensp
according to a pre-establish intention. Annotationgen serve
to correct typographic errors and to add new disous to the
text. Red pen characterizes the annotations ofmth&t recent
version, while black pen corresponds to an iniaklysis
made by the author. Penciled annotations servedopgthe
paragraphs by subjects (in this case, diseasesfeTdre also
examples of annotations on annotations. The ariontamade
by the writers follow self defined patterns of syt and
colors in order to define specific review actionfor(
themselves or for the editors).

Scenarios represent different contexts for the ephof
annotation. The intention is to provide an intetgtien
framework for the already defined annotation cohcéfe will
describe the scenarios based on some categoribsasuthe
relation of the annotations with the documents|abarative
use and the motivations behind them. As factuapsttp we
will list for each scenario evidences of use iariture and the
available tools.

The scenario exposition is in growing order of abbrative
use, the first ones describing individual use awit tmotives,
while the last ones describe collaborative use axylicit
motives. We also list the activities performed #imel products
generated in each scenario.

USAGE SCENARIOS FORDIGITAL ANNOTATIONS

A. Reading

Owning a text and given the permission to intervesta a
pen or digital instrument, the reader writes dowar h
annotations or takes notes in a notebook. Shetakié note of
her impressions, doubts and opinions, and also tmerkext,
underlining it, writing symbols and scribe overdin

Annotations and notes made this way are not ingride

improves markedly the reading [16]. Adler et apaded that
the reading takes about 70% of the time spent icuchent
manipulation activities [17]. For these reader$ol@rformed
writing activities in the document itself. Meanvdil note
taking and annotations during reading took abo@b 48 the
time.

Reading accompanied by writing, note taking andudision
was observed by many researchers. In the refef&ezding
— a hunting operation”, Michel de Certeau statest tine
reader, in spite of the resemblance, does not beeonauthor.
Marshall points out that in spite of the tacit aoften
idiosyncratic character of the annotations, thedeeauses
several different ways of annotation to help hiadiag [9].
Schilit, Golovschinsky and Price have created énmt‘active
reading” [18] for this situation. Kaplan and Chiskaluated
the exchange of annotations in a digital book [E$]d
observed impact in the reading practices bothetrttividual
and at the group level. In posterior studies, Bralbbok the
discussion beyond cognitive effects and focusedhersocial
effects, such as making explicit the students’ iread
impressions which were initially tacit [20]. Suahfarmation
could be used to improve the teaching of readiagtares.

2) Tools

Prototypes such as Alph [19] and commercial toathsas
HyLighter™ [21] and RepliGo http://www.cerience.coijn
were used in this scenario, as well as text editwas support
annotations such as Microsoft Word® and Adobe Aat&b
Reading devices such as the Amazon Kindle™ also
contemplate annotation during reading. There arso al
prototypes that work in a similar way as in papemaations,
as presented by Schilit, Golovschinsky and Pricg] [And
Bargeron and Moscovich [22].

B. Note taking Scenario

Students write comments on slides, video or auldat is
shown in classroom using some device (blackboartbes
project or even a TV). The notes are taken for gpeakuse,
even though it is common practice for studentshotg@copy
notebooks from their classmates that are more @gdror
come to class more often.

During school years, it is common for teachers ather
their students’ notebooks in order to evaluategtinity of the
notes taken. The annotations do not influence thetent
authorship, in spite of the facts that the teadkehe author
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and that the teacher has access to the studemtsheots. In
this case, the content version is also unique.

1) Environmental Evidences

Educational research on note taking is quite ofdrtinag
from the beginning of the last century, with Craxef¢23].

Carter and van Matre discussed the process ofgalates
and its byproducts [3]. The authors showed thatethie no
marked improvement in the student’s understandihgnashe
takes notes herself or when she uses her coll€adnethis
line, Ladas recommends that the teachers give tilersts
some clues on when take notes and what to anndtadeder
to maximize the amount and the quality of the ntagen [4].
Kiewra corroborates those results showing thatatttévity of
note taking is more justified by their use to stahd review
the subject rather than by the cognitive proceds.[2As such,
educational psychology turned itself to the invgedion on the
use of memory, as in the mentioned three configanat
treated by Kiewra et al. [6]. Armel and Shrock deped
experiments on note taking in a computerized enwvirent [7]
and found evidences similar to those of Kiewra.

2) Tools

Research in this scenario still attracts a largkstrial and
academic production. There are tools for the aatioai of
written notes and audio recorded in meetings, saglthe
Filochat [24] and Dynomite [25] systems. In thisngdline, the
AWS system [26] allows for the association of text slides
and its respective audio. Pimentel et al. [27] Godilarte et al.
[28] also demonstrated systems that allow for theogation of
videos with digital ink in a note taking scenario. those
systems, annotations on the audio media servea@lsethe

audio spot annotated, as well as to aggregate montescenario [38].

uAnnotate [29], Classroom 2000 [30] and BSCW [3ijsort
note taking and the creation of new content.

3) Incompatible Systems

an ontology, which consists of a formal represématbof
concepts in a domain and the relation between thoseepts
[35].

In a second moment, users navigate among pageshsepr
for information that might have received a specdittology
label. This way, it is possible to retrieve all paghat received
classification notes such as “good practices”. Basa the
searches and the annotations made, a librarianuateal the
use of annotations and suggests new items to ireptbg
ontology. Based on the annotation density in soages, the
librarian may suggest new related content. This ,wthg
digital library is continuously improved and adrerto a
community of readers.

This collaborative style is similar to Wikipediajtowith the
structure and the organization of a library. Intespdf the
evolution of the annotated material, no versionggept with
the respective annotations.

1) Environmental Evidences

Smith tested annotations as instruments for reflecand
interpretation, whose final results created ontigle¢36]. For
that, he organized experiments in which studentated
annotations as labels over images. Smith demoedtrtte
possibility of collaborative building knowledge neaeéxplicit
as new ontologies.

Arko experimented with annotations in a digitalrdity in
order to foster collaboration among readers throwgh
exchange of labels and text interpretations [37].

2) Tools
At first, hypermedia systems with capacity for atation

exchange such as Knowledge Weasel were used in this
we have seen semantic

More recently,
annotation tools based on Web browsers such as Aifi38).
Specific uses for digital libraries are exemplifidy the
WebCobalt system [40] and, for
VideoAnnex (www.research.ibm.com/VideoAnnEand EVA

We found systems that are not compatible with thisystems [41]. Prototypes have been proposed, sudheaone

scenario, for they do not allow for annotations amtent
(whether it is slide, audio or associated videQdargples of

described by Rigo et al. [42], by Fogli, Fresta dWdssio
[43], the M-OntoMat-Annotatizer [44] and the Vanea{45].

those are the systems NotePals [32], WandaML [33] e

NoteTaker [34], which deal with ergonomic and cletern
recognition issues. Collaborative authorship system the
Web such as Wiki are also not compatible with gtsnario.
This is the case of educational environments sscMaodle
(www.moddle.ord, TeleEduc www.teleduc.org.b)/ WebCT
(www.blackboard.com ATutor (www.atutor.cay and OLAT

D. Discussion Scenario
This scenario starts with the distribution of attexdigital

format for debate. The debaters annotate on the tequest
their peers’ annotations and annotate those arnoosat

The annotations on annotations are a dialog among

(http:/mww.olat.ory. The same applies to collaboration@nnotators that may give birth to new subjectshis case the

environments such as Curiowfw.zengobi.com/curip and
Google Notebookvww.google.com/notebogk

C. Digital Libraries and Ontologies Scenario

moderator may decide to add a new topic to the tExén
with those changes, the text version is unique ettier words,
there are no different versions of the text beiabated.

Next, new annotations can be made on the new tdjie.
debate can have a finish date or remain open uhél

This scenario is characterized by two different ggsa moderator decides to end it. At the end of the tigbthe

moments. First, people annotate parts of a pade peitsonal
interpretations or with labels from a specializadiatog called

moderator summarizes the discussion using a cotigpilaf
notes and text.
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1) Environmental Evidences

In a seminal work, Davis and Huttenlocher impleradrthis
scenario on classes at Cornell University usingapfietary
tool called CoNote [46]. Swan and Meskill reported
students annotating on their colleagues annotationsa
hypermedia system for literature teaching [47]alweb based
course, Nokelainen et al. reported that study bahbiere
undergoing positive change after students annotadbed
supplied material [48]. Lauer and Busl demonstréteduse of
voice annotations to discuss educational mateelextual
format [49]. A similar scenario can be found inatdissions
forums (for instance http://ifets.ieee.org/). Thiéfedence is
that the text does not receive the annotation thjrdmecause it
does not perform the function of organizing thecdssion, but
only of introducing the issue. According to Hermaand
Kienle, the discussion through annotations musib¥olthe
underlying structure of the text [50].

2) Tools

Examples with demonstrated use for this scenari iar
their majority prototypes, such as CoNote [46], Web [51],
Vannotea [45], Educosm [52], SholionWB [53] and natate
[29] systems.

E. Colaborative Writing Scenario

This scenario intends to allow many authors to ter@atext
by using several suggested texts and to annoteta.thThe
annotations serve to question, interpret, illustraynthesize
and add content or references. The annotationssaise to
highlight important parts. In a certain moment, allthors
define the general structure of the new text. Tlaenml for
the new text will come from the exchange of anrioiet
already written and from discussions coming
annotations on the final text. For that, the artimta are
transformed into text that may become the founddafiiw new
annotations. At this point, a new version of thewuent is
generated and all participants use the same verslence,
there is no collaborative writing on different vierss.

1) Environmental Evidences

In a research on collaborative learning,
demonstrates that it is not enough for the studentead and
summarize texts— it is also necessary for themetmte and to
reorganize arguments [54]. The scenario desciihesdrates
this situation through the support for contextuadizliscussion
and the consolidation of annotations as partsefekt.

Using a proprietary tool called PREP, Neuwirth ét areflection of the student [61].

investigated collaborative writing using annotasid®5]. In
another study, Neuwirth et al. reported that i-lannotations
generate higher volume of revision, problem solviagd
discussion interactions when compared
separated from the text [56].

2) Tools

Text editors that support revisions are the maafstased in
this scenario. Seminal examples were the prototyped T
[57] and PREP [55]. Commercial tools such as Micfos
Word were tested in this scenario by Cadiz, Gupth@rudin
[11]. As a complementary act to the revision attiviVeng
and Gennari suggested an annotation tool that stgpo
versioning and planning of collaborative text wniti [58].
GoogleDocs Www.google.com/documentshas resources to
exchange files and to perform annotation in theitezIf.

F. Revision Scenario

This scenario is based on the exchange of annogatio
between reviewers and a team that is responsibkbdadigital
material, which can be either text or source code.

Each reviewer has a goal — for example, if the raltes a
source code, reviewers may verify security ruleshitecture
patterns or algorithm complexity.

The reviewers not necessarily annotate on the samston
of the material. Hence, there are annotations iferéint
versions.

The review annotations are made in order to require

clarifications or adjustments on a text. Team aatans are
explanatory and corrective, indicating that a deteggroblem
was or will be solved in the code in a certain whlyerefore,
annotations induce change in the material andethes, the
creation of new versions.

In order to organize the review, annotations ardema pre-
established points, such as methods and variallardéons.
Annotation exchange can involve annotations on tatioms.
The reviewer can also request that another reviemrée
down new annotations.

As soon as the new points are all taken, the revigiv

througperform the last annotations which will become aal@ation

of the material and of the team’s annotations. ¢éothat the
collaborative review does not contemplate ortholgi@por

style corrections because such activities are radegjuate to
the collaborative writing scenario.

1) Environmental Evidences
This scenario can be a support for formative eviana

Jacksofccording to Black and William, an evaluation came b

considered formative if the result of the learnamivities is
used to adapt the teaching approach [59]. Cowie Beidl
stress that it is fundamental the bi-directionarelater of the
formative evaluation [60].

Crooks defends the need for the evaluation to declu self-
Using students’ it
annotations as an input for formative evaluatioranslyzed
and recommended by Brahier, who performed expettsnam
reading education with commercial tools [20].

to annotion Nokelainen et al. reported the use of a tool withim

approach similar to formative evaluation [48], whic
contemplated analysis of the annotation and e-mxahange
logs. Moreover, a questionnaire on the personatnieg
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strategies and perceptions (self-reflection) waglieg,
demonstrating gain in both aspects.

2) Tools

We did not find specific support for annotations this
scenario, but there are reports of experiments egthmercial
tools such as Hylighter [21], Educosm [52] and Re@l
(http://www.cerience.cojn

G. Scenario Analysis

Table 1maps all the activity types for the previeaenarios.
We can see that is not possible to differentiatévéen
scenarios based on the activities. This would aisb be
desirable, for it would lead to the conception ofaalistic and
impoverished scenarios, such as ones that inclundg
questioning activities, for example.

Nevertheless, based on the scenarios descriptiencam
realize that there is a gradual transition fromitidividual to
the collaborative use.

In reading and note taking scenarios,
byproducts are vestigial from the activities. Theus in those
scenarios is on the representation of cognitivegsses tha
are tantamount for learning.

On the other hand, on collaborative scenarios (dison,
writing and review), the emphasis is on the commation
media. Therefore, from the first described scesaup to the
last, there is a shift from the interest in the duct
(annotation-content) to the process (annotationhaxge-
communication). The ontology scenario is at a itenmspoint.

The impact of annotations on documents (and vicsaye
corresponds to a transversal aspect declared uheffirdtion of
digital annotations — autonomy between annotatiamsl
documents. Table 2 illustrates two extreme situatid he first
one (lines 1, 2 and 3) suggests that even if weease the
number of annotation there is no impact whatsoerethe
document, while the second one (lines 4 and 5) estgghat
the increase of changes in the document does rady iim an
increase in the number of annotations.

The use case sought is the one that support bgihciis
We choose, therefore, the review scenario and siggFeamise
the idea that by supporting the most complex sinawe will
automatically support the simpler ones. In otherrdsp
through reductionism, from the review scenarioscar arrive
at the other scenarios.

The scenarios identified were analyzed with theliagtion
of the theory of conceptual metaphors [62, 63].nfrrthis
analysis, we derived functional characteristics aneltrics
associated with each scenario, and the followitripates:

Author : person that edits an annotation or a document;

Content: information produced by the author of the

annotation;

Position: point in the document referred by the annotation;

(sound, video, text);

Intention: reason that motivated the creation of the
annotation (doubt, interpretation, reference);

Context: Temporal session that includes a set of actiitie
The context establishes a common goal for a groip o
collaborators. One single author can have differetgs in
different contexts.

Figure 1 summarized in a class diagram the atg#ut
metrics and behaviors extracted from the scenawadysis.

IV. CLASSIFICATION OFDIGITAL ANNOTATION SYSTEMS

In order to perform the analysis presented in pliger, we
considered 80 digital annotation systems proposettheé last
25 years. The analyzed systems may be defined un fo
technological cycles, as presented in Figure 2.hEacle
corresponds to the use of a specific technologythe
development of annotation resources.

The first cycle represents the first stand-alorgy@ms with
annotation resources (beginning circa 1987). Cy@e

the annotiol€Presents the resources of annotation on Web pages

(beginning in 1994). Cycle 3 gathers the resouréms

t annotations based on XML technology (beginning @0®

and cycle 4 represents the annotations made in /@b
technology, Plugins and Cloud Computing (beginniimg
2004).

Nevertheless, a classification solely based on tisneot
enough. The diversity of existing application typeakes us
pose another question: how can we classify thosesg so
that we can make better selections and comparisons?

Different classifications of annotation systems éhdeen
made with specific focus. Brush et al. classifiggstams
according to the asynchronous change between dotsiraed
annotations. For that, they divided the annotatiesources
into two groups: frozen documents (systems thabatoallow
change after receiving annotations) and documeitts pve-
established annotation points (that allow for cleaag long as
the annotation points are removed) [12].

In another classification made by Hori, Abe and Othe
systems are organized according to the transforrtingtion
of the annotation versus the authorship system (6é{l
According to those authors, transforming annotatiare those
which suggest some structure modification in theotated
passage, while assertive annotations merely deel#ibutes
on that passage. As to the authorship method,isnctitegory
of classification, annotations can occur by setector by
example, the former representing the situation wihie@
annotation is associated with a specific passagleeofext and
the latter representing the situation when the tatiom
becomes part of the passage itself. With this ileason, the
author identified three different annotation systefnecause
they did not find examples of assertive annotations

Analyzing the scenarios, the main characteristiat th

Date/time: temporal label that marks the moment when th emanded another form of classification was therauty of

annotation was created or modified;

annotations and documents. Thennotation autonomy

Media: support media where the content was generatganS'StS on the dependency type from the annotatiorthe
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documents. The dependency will be heteronomoushef
annotations do not have a life cycle of themseltres, is, the
actions of saving, moving and editing always hapjpgether
with the document. This is the case of the Wikisp@eDocs,
Google Notes, Microsoft OneNote and locally ingdll
editors. On the other hand, if the annotations halite cycle
of themselves, they may exist independently ofdbeument.
In this case, the annotations will be autonomowusnédf the

tbeing non-essential or accidental. In our case, ubage

scenarios and the derived functionalities corredptm the
description of the annotation concept, for they doh in
variable attributes.

For the classification we will use all these corisepvhich
have already been adequately instantiated.

The second part of the method is to find the clysadat
will be done using the concepts of paradigmatic tamdnomic

documents are centrally stored, as in the case @b Weclassification. Both methods are called non-histobecause

annotations.

On the other handdocument autonomy consists on the

type of dependency from the document to the aniootatThe
document is stored centrally and all the annotatipaint to
the same document instance, implying in a singleudent
version. This is the case where the life cyclehef dtocument
is not controlled by the annotator, but by somebeldg who
has the role of editor. Tools that support this ticdized
document writing are the Wikis, GoogleDocs and Vyelge
annotations.

In another case, the autonomous character of thendent
implies in having annotations in different versioihthe same
document. This is the case where the documentlitde is
controlled by the annotator, who also has the obleditor.
We see this character in text, code or diagranoedthat get

they build their classes based on time events.

Dunnell explains that the paradigmatic classifiati
consists in creating classes through the intexmectf
dimensions, where a dimension is a set of attrébtitat cannot
coexist, that is, they are mutually exclusive.

On the other hand, the taxonomy allows creatingsela
based on variable attributes. Using paradigmatiad an
taxonomic classes allows us to seek correlatiortsvessn
different types of attributes. This approach hagredictive
and heuristic character, first because all the neefi
dimensions forecast new types (as happened in Nkiade
periodic table) and second because the sortediarékow for
the fast characterization of a new element accgrdin its
immutable (essential) and variable (accidentaljlattes that
matter to the model.

their documents from a shared versioning system JCV Based on the combination of the two dimensions of

Subversion, SourceSafe, etc.). Hence, both anontatand
documents can be classified hsteronomous (stored in a
single repository and in a single version) autonomous
(stored in many places and in independent versions)

autonomy, we arrived at four different classes mficdation
systems. We adopted the labBlsand D for annotations and
documents respectively artd and a for heteronomous and
autonomous respectively (Figure 3). The claléih is the

In order to create a classification based on thosimpler, because annotations and documents shareatine

characteristics, we sought in several sources fassification
method that supplied an adequate systematic asabysil
found an adequate framework in the work of Dunfrelin the
field of archaeology [65].

Using a research from such a distant field of etiggemay
strike as odd, but there is a certain similaritywgen both
areas: since archaeology is the study of objectdifrad by
man, the classification of systems (some that ayeerthan 30
years old) is not far from being a branch of tl@¢isce.

We can make a small synthesis of the road we &dveb
far:
following elements: attributes, places of annotai@and use
scenarios. This approach has a parallel with Dliroeicepts
such as intensive definition, extensive definiticand
description, respectively.

An intensive definition is found by the list of essial
attributes. In our case, the annotation definitiand the
proposed model.

The extensive definition is obtained through
enumeration of all objects for which the concempglicable.
In our case, the forms of annotation (types of &aium
places).

thelocument

life cycle. It is not possible to separate annotati from
documents, because we use a single tool to ediaandtate.
This way, annotations are stored in the documéetmnselves.

The classes in the other quadrants are defined! las¢he
transitions from the classes previously defined.

In the transition fronNhDh to NhDa (labeled as 1 in Figure
3), the document property ceases to be unique. &achtator
will have a different version of the document. Tisigshe case
where persons need to cooperate, but will be etedua
individually on the final result of the annotatedcdment. The

we defined the concept “annotation” based e t annotation resource in commercial text editorsighatance of

this class. Each person has a document with the samrcture,
but with different annotations, which remain hetemmous,
while the document is now autonomous, for it camange
together with the annotations.

In the transition fronNhDh to NaDh (labeled as 2 in Figure
3), the annotations become private, so that theybeamore
easily controlled by the annotators. On the othandhthe
is kept unique and centralized. The pre-
collaborative scenarios require this type of systéVeb
annotation resources through browsers are an oestahthis
class. The same is valid for annotation resouroemabile

The description of a concept is the explanationt thaevices, because due to its disconnection pronasinéicture a

contemplates the variable attributes. Variableitattes are
those that are not necessary to identify uniquely concept,

separation between annotation in local bases anttatieed
documents is necessary. Hence, this class of systplies in
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documents with heteronomous life cycle and auton@moreason for that is the facility offered by the matjon type for

annotations. the repositioning of annotations in the documerttictv is a
With the transition fromNhDa to NaDa (labeled as 3 in requirement identified with this class of digitahrmtation

Figure 3), the collaboration on document versidagsto use systems. The list of all classified systems ishim appendix.

annotations made locally through a mobile devicpantially

made available by the author. V. ESSENTIALREQUIREMENTS

Situations requiring this kind of flexibility corspond to The choice of software frontiers is a difficult dps
collaboration groups organized under demand angdeanily. Jecision that can have many consequences. The first
Persons can decide to annotate and afterwards DrEker  architectural design restriction implies that aspedassified
some of the group’s annotations available. Th@&athe Case as essential must be inside the frontier while abeidental
of collaborative writing of a report from an exteresresearch gnes outside. To be outside the frontier doesnmedn that
project. Participants and observers share diffedemument they will not be included, but that they will reqgiuncoupling
versions and decide do annotate it as the regeltiseported.  gg|utions.

The reason for persons to keep annotations witsleating  Bourque et al. [66] established eight criteria thave been
may be to wait for a better version of their owmafation or  ysed by Software Engineering specialists to redurcénitial
of the report itself. This way, one would make sthat the st of 65 recommendations to 16 suggested as foedtals
annotation will be a contribution instead of a istion. This  for the field. Similarly, we can use these critdgadentify the
is patent in the observers because they did ndicipate egssential requirements for digital annotations. difiteria are:

intensively in the reported findings. 1. Fundamental principles are less specific than

Systems in this class can evolve frddhDa through a methodologies and techniques.
resource that allows segregating annotations frdme t 2. Fundamental principles last longer than
document, therefore allowing for the separate diamiuof methodologies and techniques.
annotations and document. When we add resourcesltba 3. Fundamental principles usually are discovered or
system to make private annotations available tarilliged abstracted from practice and must have some
collaborators, we getldaDa system type correspondence to good practices.

With the transition fronNaDh to NaDa, the collaboration 4. Fundamental principles of software engineering
through private annotation exchange ceases to bee single must not contradict more general fundamental
document and takes place on different documentoreysThe principles.
autonomous annotations make reference to diffetecament 5. Fundamental principles must not prioritize
versions. This situation happens in collaborativiing of the characteristics of a solution (the engineering
manual of a family of equipments which share paiftshe process is responsible for that). Fundamental
documentation and its respective annotations. iBhédso the principles must identify and explain the importance
case of software products documentation systemsyhich of several characteristics which will be selectgd b
deliveries (releases) require versioned and doctedesource the engineering process.
code. The use of open patterns inK&Dh systems is the path 6. There can be compromises in the application of
of interoperability that leads fdaDasystems. fundamental principles.

The application of this classificati_on to the an_mlgt systems 7. A fundamental principle must be precise enough to
(Table 3) demonstrates that there is a lack ofteols for the be able to guarantee confirmation or contradiction.
quadrantivhDhand specialiNaDa . 8. A fundamental principle must be related to one or

We also considered in this analysis the annotapiaces more basic concepts.

types used in these systems. We identified thevatig types:  some of these criteria to identify fundamental giptes in

ancho.r (or bridge) t-ype., in which the annoFatlon. is .assts.ni software engineering can be applied to the problem

to an icon or hyperlink in the documeppst-it (or in-line), in  selecting essential requirements in digital animasoftware.

which the annotation is attached to the documentain Hence, four new criteria specific for this type agplication

minimized form; in-place, with the annotation visible and were derived:

integrated to the document, similarly to an annofaton Technical Limitation (derived from do criterion-2): The

paper; projection, as the annotation made on a transpareBksential requirement must not be justified scdslan answer

layer overlaid to the document; ambtebook with the g technical limitations.

annotations stored in different documents. _ Specificity (derived from criterion-1): The essential
The synthesis of the relation between types of @iio®  requirement must not exist in other systems thae fifferent

places according to the systems classificationr@sgnted in goals. In other words, the requirement must ndfutiidled by

Figure 4. We realized that systems from quadrimi®h and gther systems.

NaDh prioritize annotation of the anchor type, whileeth vjapility (derived from criterion-7) : The essential

systems from quadrarMapa presents a larger proportion of requirement must resist to the confirmation or camittion
projection type annotation than the other quadraiiise test: can we annotate without this resource?
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Identity (derived from criteria 4 and 8): The essential project of new digital annotation systems. The Nitybof this
requirement must be described in terms of annatatiosition proposal was verified with the implementation of an
and annotation place. Therefore, it must not colittathose annotation system as a plugin for the Eclipse dagrmént
concepts either. In other words, is this activionsidered as framework, in which those requirements were contated
an annotation? [68].

The application of these new criteria to requiretren The classification of those 80 systems, togetheh e
resulted in the classification of 21 requiremergfireéd in this separation on essential and accidental requirememisns
type of system into five groups (Table 4). The iegaents space to really reusable digital annotation mod®isce this

that escape all four criteria are considered aotade

VI. |IMPLEMENTED PROTOTYPE

We consider the coding a design step [67]. We did n

performed usability tests. In order to demonstrate
requirements, we chose the review scenario anchéate a
plugin from the Java Eclipse framework called Jempit
(http://code.google.com/pljupiter-eclipse-plugin/), which
automatizes the review process into four phasedigtoation,
individual, team and rework.

The first phase (Figure 5) consists in choosingh@ut
reviewers, files and review attributes (severitype,
resolution, status, etc.).

The second phase consists in the individual cneatib
occurrences by the reviewers (“Individual Phase’itaFigure
6). An occurrence consists in a problem identifirethe code
and is shown as an annotation beside the source. ddds
exhibition mode and the access to content in araeparea
correspond to the metaphor of the anchor placei(€ig).

In the third phase, the team receives a list ouoences
filtered by a moderator (“Team Phase” tab in Figéyewhile
the fourth phase corresponds to the action of #sgn to
which the solution of the occurrence was delegétedwork”
tab in Figure 6).

We adapted the plugin Jupiter in two aspects. ,First
changed the occurrence visualization in order tgehan
annotation place adequate to the proposed revie@masio.
For that, we allowed for the visualization of cormize
exchanged between authors during review phasesiré-ig).
Second, we forced the respect to authorship infoomaWwe
also developed an authentication component in otder
guarantee the integrity of the authorship inforomtiand
another to allow the persistence of annotatior¥Nit. files.

VII. CONCLUSION

In this paper, we showed an extensive and analyticao]

panorama of the digital annotation technology, frahe
analysis of 80 different systems available in th&t P5 years.
The analyzed systems and the resulting classificatire
shown in the appendix.

We also described six different use scenarios tete
widely supported by scientific literature in theelfls of
educational technology and human-computer intevactin
other words, those scenarios were not a result éomrbitrary
and imaginative exercise.

We created a classification of annotation systerith &
matrix of paradigmatic classes that can be useguide the

separation was based on objective and testableriaritit is
possible to reapply them for future new technalabi
advancements.

Finally, we must highlight the fact that conceptual
metaphors used in this work can also be appliedth®r
collaborative scenarios, such as information seeker
collaborative editors. The selection criteria fessential
requirements would support the analysis of othehrielogy
families, such as application frameworks. The pigradtic
classification based on autonomy and heteronomggoaies
can be applied to other distributed models, suchagent
systems or network based systems. The classificaidn also
be used as a criterion in the selection of esdertjgirements.
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Table 1 Activity types at each use scenario

o Reading Note taking Ontologies Collaborative Discussion  Review

Activities .
Writing

Analyze X X X
Sinthesize X X X X
Memorize X
Copy X X
Classify X X
Search X X
Question X X X
Mark X X X

Table 2 Relation between annotations and document

Annotations cause impact on the

Document causes impact on the

Scenario document? annotations?
1 Reading No Yes
2 Note taking No Yes
3  Ontologies No Yes
4  Collaborative writing Yes No
5 Discussion Yes No
6 Review Yes Yes

Annotation for Reading

* Authoring atfributes: name, date

* Annotation formats: intention, media (text,
audio, image)

* Annotation position

* Metric density: annotation by author, by
intention, by document

T

Annotation for Collaboration

4}

Annotation for
Discussion

Annotation for
Collaborative Writing

Annotation for
Revision

* Annotation context
* Annotation of annotation

* Impact metrics: most popular
annotations, most commented
annotator

* Collaboration roles

* Conversion between
annotation and text

* Stability metrics:
annotations converted in text

* Annotation versions

* Text versions

* Traceability between text and
annotation

* Stability metrics: annotation
by document version

Figure 1 Summary of the extracted characteristics
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] ~
] ~

systems

+ Stand-Alone

Figure 2 Published systems and technological cycleycle 1, Stand-alone; cycle 2, Web; cycle 3, XMlgycle 4, Web 2.0

Annotation life cycle

Heteronomous Autonomous
NhDh NaDh
Het Wikis,
eteronomous Google Docs, 2__-, Web annotation
Google Notes
Document 1] 4]
life cycle NhDa J Il NaDa
Integrated editors 3
Text, -1 .
Codé Machine and software
Autonomous Diagrams, documentation
One Note

Labels: N = Annotation; D= Document
a (lowercase)=autonomous;
h (lowercase)=heteronomous

Figure 3 Autonomy quadrants

Table 3 Distribution of systems by quadrants

Quadrant Amount of systems %
NhDh 9 11%
NaDh 36 45%
NhDa 31 39%
NaDa 4 5%
Total 80 100%
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Table 4 Application of the criteria to the requirements

. o Technical
Identity | Viability Limitation
FR1: Associate annotations to any part of the Is part of the annotation
. Yes - - - .
document or to predefined parts. activity
FR2: Change the annotation position Yes - - - Is part of th? annotation
activity
FR3: annotate on different media (sound, text, Yes i i ) Is part of the annotation
image, video) activity
FR4: Keep authorship information and annotatign Yes i i ) Is part of the annotation
justification activity
FR5: Annotate over other annotations (annotatign Yes i i ) Is part of the annotation
place) activity
FR6: Keep annotations independent from the Its absence makes the
No Yes - - . .
document scenario not viable
FR7: Share annotations among collaborators Np Yes - - Its abseﬂce makes the
scenario not viable
FR8: Keep documents intact (copyright) No Yes - - Its abseﬂce makes the
scenario not viable
FR9: Annotate on different document versions N@ No| Yes - Cannot be supported by
external components
FR10: Conciliate competing annotations and Cannot be supported by
. No No Yes -
document versions. external components
FR11: Preserve annotations whose position in the Cannot be supported by
. . No No Yes -
document was lost (annotation orphaning) external components
It is expected that in the
FR12: Search on annotations No No N Yes futurg the envwon'ments
will support this
functionality
It is expected that in the
FR13: Visualize documents and annotations future the environments
No No No Yes . .
together will support this
functionality
It is expected that in the
FR14: Render annotations No No Na Yes future_ the envwon_ments
will support this
functionality
It is expected that in the
FR15: Print documents and annotations together No No No Yes futurg the envwon'ments
will support this
functionality
FR16: Control document versions. No No N¢ No Dad match the criteria
FR17: Control access by profile. No No NQ No Dat match the criteria
FR18: Coordinate dialog No No No No Did not mateé triteria
FR19: Notify about change No No No No Did not mattoh criteria
FR20: Manage publishing No No No No Did not matud criteria
FR21: Work offline No No No No Did not match théteria
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Distribution of Annotation Places by Quadrant @Post-It
mAnchor/ Link
70% - OIn-place
59% OProjection
60% - ENote Pad
50%
50% -
40% 40%
40% - 10%
30% -
20%6
20% -
10% -
0% 0%l 0%
0% - , .
NhDh NaDh NhDa NaDa

Figure 4 Distribution of annotation places by quadant

- Review —
Review ID Description Date New. .. |
Arch Review  description 2010-10-30
SecurityRev... Revison of security standards 2008-11-01
DEFALLT Default configuration 1570-01-01

i Review ID Property

. 2 . o
Review 1D | securityRevision |

Description | Revison of security standards |

Review File | Reviewer | Author | Storage || Ttem Entries | Default Ttems | Fiters |

@ src/AccessController java Add .. ]

Figure 5 Review configuration in the implemented pototype.
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& Authentication View P-l- Review Editor &2 ll- Review Tablew o [ 4L R H A4 T8

matthias : srcfAccessController.java : 15

Type: Coding Standards v | Severity: | Mormal w |
Summary: | MNomendatura |
Description: Verificar se nome estd adequada.

Individual Phase |Tear|1 Phase || Rework Phase |

Figure 6 Review ocurrence creation in the implemesetd prototype.

|ﬂ| AccessController java 55 - ]
=P ~ |
. : — i
* Cnntrols acoess o resources, granting or
* denving access for uzer
* @Bauthor christian.adriang
& = |/
e |em
public class AccessController { |
i:
private String operation=nmull; =
private String object:
Multiple markers at this line [F_'I‘ (14
- Momendatura do Método [matthias] nnll:
- Singleton [matthias] b
@ Authentication View | 2 Review Editor | 2 Review Table £ v ol om || Y T T O
Sampﬂer_j_ect - Arch Review - Individual Phase (Review ID filter matched & of 6 reviews) - |
Reviewer SUmmary Description Annotation Revision
Momendatu... | Nome predsa sequir o'... | [chris-30/10/10 11:45]:Sugiro ir... | [roberto-30/10/10 11:50]:Trocare...
matthias Singleton Controller deve ser sin,,.  [matthias-13/11/08 10:06]:veja...  [adriano-30/10/10 11:39]:Trocare. ..
chriz Izsues
| chris Variaveis bo...  As variaveis devem bo...
adriano Summary 101 content 101 content content
adriano Summary202  content 202 content content

Figure 7 Implementation in the prototype of the anbor place with two occurrences in the same position
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private String operation=null;
private String object:

| public LccessControllexr(){

i Momendatura do Métoda [matthias] Team Phase:
i Singleton [matthias] [chris-30/10/10 11:45]:Sugiro trocar para Control
IHGETHL e ey [matthias-30/10/10 11:46]:Ha outras opgdes?
Manager?

5 [adriano-30/10,/10 11:43]:Control significa restringir,
portanto € mais adequado,

Rework Phase:
[roberto-30/10/10 11:50]:Trocaremos para Control

v_ |
& Authentication View | 2} Review Editor | 2} Review Table 22 L v e om (Y- T T O
SampleProject - Arch Review - Individual Phase (Review ID filter matched 6 of 6 reviews)

Reviewer Summary Description Annotation Revision

matthias Momendatu... Mome precsa sequir o ...  [chris-30/10/10 11:45]:Sugiro tr...  [roberto-30/10/10 11:50]:Trocare...

matthias Singleton Controller deve ser sin,..  [matthias-13/11/08 10:08];veja...  [adriano-30,10/10 11:39]:Trocare. ..

chris Issues

chris Variaveis bo.,. As variaveis devem bo, ..

adriano Summary 101 content 101 content content

adriano Summary202  content 202 content content

Figure 8 Annotation place for the discussion of theeview process in the implemented prototype.
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APPENDIX— CLASSIFICATION OF THEANALYZED SYSTEMS

Quadrants Annotation Places
System Reference Year Source | NhDh [ NaDh | NhDa | NaDa P(I)tSt'Anchor/Li nk pllgzze Proj:ctio Notebook
HyperCard [69] 1987 Product X X X
Notecards [70] 1987 Hypertext X X X
Quilt [57] 1988 CcScw X X
InterNote [71] 1989 Hypertex X X
Agquanet [72] 1991 Hypertex X X
SEPIA [73] 1992 Hypertext] X X
Deckview [74] 1993 uIST X X
KnowledgeWeasel [38] 1993 Hypertext X X
Filochat [24] 1994 CHI X X X
GPA [75] 1995 WWwW X X
CoNote [76] 1995 CSCL X X
Commentor [77] 1995 CHI X X
BSCwW [31] 1995 CSCw X X
GroupWeb [78] 1996 CHI X X
Panbrowser [79] 1996 WWWwW X X
W4 [80] 1996 CHI X X
Classroom 2000 [30] 1996 MM X X X
WebKB [81] 1997 ICCS X X
Web4Groups [82] 1997 DEXA X X
Multivalent [83] 1997 DL X X X
Dynomite [25] 1997 CHI X X X X
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Quadrants Annotation places
System Reference Year Source | NhDh | NaDh | NhDa | NaDa P(I)tSt'Anchor/Link pllg-ce Projrt]ectio Notebook
Prep [56] 1998 CHI X X
iMarkup [84] 1998 Produc X X X X
Inote [85] 1998 Product X X X
Notable [86] 1999 CHI X X X
VirtualNotes [87] 1999 AMCIS| X X X
Ka [88] 2000 COLING X
AnnotTool [89] 2000 EDMediag X X
WebDiscussion [13] 2000 CSc\ X X
Amaya-Annotea [39] 2001 Produgt X X
A4SM [90] 2001 MM X
Y-Notes [91] 2001 Hypertekt X
SMAT [92] 2001 HICSS X X
Wispa [93] 2001 ITVE X X
Melita [94] 2002 EKAW X
WebCobalt [40] 2002 ICCE X X
SpacePen [95] 2002 19]} X X X
WebAnn/CAF [51] 2002 CHI X X X
AnchorConversation [96] 2002 CHI X X
Fluid [97] 2002 WWwW X
XLibris [98] 2002 UIST X X
Evol [64] 2003 CHI X X
Ambulant [99] 2003 DocEng X X
WordFreak [100] 2003 HLT X X
Callisto [22] 2003 CHI X X
Vannotea [45] 2003 KCAP| X X
UCAT [15] 2003 DNIS X X
Paper++ [101] 2003 CIKM X X
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Quadrants Annotation Places
System Reference Year Source |NhDh|NaDh | NhDa | NaDa P(I)tSt' (T pIIz;:e PrO]:CtIO Notebook
Layer [102] 2003 ISWC X X
Del.icio.us [103] 2003 Produc X X
Swog [58] 2004 CSCw X X
VideoAnnEx [104] 2004 Trecvid X X
ESP [105] 2004 CHI X X
Hats [106] 2004 Hypertext X
Madcow [107] 2004 AVI X X
MemoryNet [108] 2004 CHI X X
Sholion [53] 2004 ICALT X X
eBook [109] 2004 ITICSE X X
Crayon [110] 2004 UIST X X
DigitalGraffiti [111] 2004 CHI X X
Hylighter [21] 2005 Product] X X
M-OntoMat-Annotatizer [44] 2005 Product X X
Annozilla-Annotea [112] 2005 Product X X
IBM-EVA [41] 2005 Product X X
Cronos [113] 2005 LAWEB X X X
3D-Book [114] 2005 CHI X X X
uAnnotate [29] 2006 ICALT X X X
AWS [115] 2006 ISM X X X
Stikis www.stickis.com 2006 Produgt X X
Acrobat www.adobe.com 2007 Product X
MSWord office. microsoft.com 2007 Product X X X X
msword
office.microsoft.com
OneNote nenote 2007 Product X X X X X
GoogleDocs docs.google.com 2008 Produict X X
A.nnotate http://a.nnotate.co 2008 Product X X
MovieTool www.ricoh.com 2008 Product X X
Reframeit www.reframeit.con| 2008 Produgt X
Webnotes www.webnotes.ne 2008 Product
LayerPad www.layerpad.con 2009 Product X
Crocodoc crocodoc.com 2010 Produto X X
Blerp www.blerp.com 2010 Product X X
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