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Abstract. While reading documents, people commonly make @tioos: they
underline or highlight text and write comments ine tmargin. Making
annotations during reading activities has been shimabe an efficient method
for aiding understanding and interpretation. Insttpaper we present a
comparison of paper-based and online annotationth@nworkplace. Online
annotations were collected in a laboratory studgking use of the Web-based
annotation tool SpreadCrumbs. A field study was tougather paper-based
annotations. The results validate the benefits eb\Whnotations. A comparison
of the online annotations with paper-based anrwtatprovides several insights
in user needs for enhanced online annotation tomsn which design
guidelines can be drawn.
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1 Introduction

Learning has become an integral part of many pé&opleryday working life. Due
to a more knowledge-based society and rapid changeshnology, one often has to
search for and read information in order to keejpasgate. Each individual presents a
set of cognitive strategies that involve the leagnprocess: each person learns in her
own way, style and pace. At the same time, theaalter of learning at the workplace
has shifted from a solitary, paper-based activity tWeb-based activity, making use
of various resources, including discussion forumd social networking sites [1]. As
a result, one ends up with a large collection aftteced digital resources; due to
limitations of the Web, annotations — if any — gygically made separately (in a word
processor or on a paper sheet). By contrast, ammptpaper documents is a natural
activity that involves direct interaction with thdocument and that is known to
support understanding and memorization [2].

The term annotation comprises several methods, including underliningd a
highlighting text and writing additional commentsthe margin. These activities are
shown to stimulate critical thinking in a procekattcan be calledctive readindg3].

All additional writing done by the reader can bexsidered a variety of annotation,
irrespective of its form - formal or informal, imgk or explicit, permanent or



transient - or its function - signaling for futurattention, memory aiding,
interpretation, memory aiding or even reflections af the subject.

In order to understand how to better support actaaling and annotations in the
digital context, we carried out a study to complaosv people annotate online with
how people create paper-based annotations. Spatiéintion is given to the type of
annotations, their function and perceived diffimdtin creating and using these
annotations. Before presenting the comparativeystu@ present some theoretical
underpinnings. In section 2 we describe backgrowsgarch on annotations in the
learning process — including a categorization ofadation types and a comparison of
screen-based reading with paper-based reading.ifiépecf annotation in the e-
learning context are discussed in section 3. Weirmea with our comparative study,
which consisted of a laboratory study making useaofonline annotation tool —
SpreadCrumbs — and a field study in which we ingattd common annotation
habits in the paper-based context. We end thisrpajple a discussion of the results
and their implications.

2 Annotationsin Learning

In this section we provide an overview on the mil@nnotations in learning. First
we discuss a classification of different forms ainatation. We continue with a
categorization of reasons why people annotate w#ening. At the end of this
section we explore various impediments for the 4aeof annotation in the online
context.

Based on an extensive field research on textbodisshall [4] categorized the
different kinds of annotations by forms and itsdtions. Below, we will discuss the
forms of annotation that are relevant for learnimgposes and their functions during
the learning process:

- underlining or highlighting titles and section heaags: this kind of
annotation serves as signaling for future attenf@mawing an asterisk near a
heading or highlighting it will remind the readdrat there is something
special about that topic, something to be constlene explored in more
detail.

- highlighting and marking words or phrases and withéxt markingssimilar
to above, the main goal is signaling for futureation — from themselves or
from collaborators. The annotated pieces of tepicslly carry important
and valuable observations. The act of highlightitext also helps in
memorizing it.

- notation in margins or near figuresany kind of diagrams, formulas and
calculations that structure and elaborate the dectirmontents. This type of
annotation is specifically meant to serve comprelmmn An example is a
calculation near an equation or theorem presemtedtéxt, to quickly check
its meaning and correctness.

- notes in the margins or between lines of télese descriptive annotations
are usually interpretations of the document’s catsteThese can be phrases
in the margin that summarize or comment upon a®eadr a page. Single



words are typically general terms, keywords andsifecation of a section.
Such annotations help the interpretation of the leshext where the reader
better establish the topic of the content of eaat pf the text creating his
own mental structure and decreasing the overalitiog load.

In all of these cases the value of annotationsf@réoth annotators and future
readers. Memory adding, signaling attention, problworking and interpretation
annotations definitely benefit the annotator butynadso benefit other readers —
provided that the annotations are explicit, reaglapld understandable.

In collaborative group work, students typically wamn the same content, but this
content is extracted from different resources: dgample, they all have their own
copies of the obligatory textbook. This is a litiba inherent to paper-based
annotations. Even though the annotations areustiful for personal use, they fail to
play a role in the communicative and collaboratigarning processes, which is a
barrier for the leverage of learning by social ¢arcivism [5]. Web 2.0 technologies
explicitly facilitate these processes and theirdfigs on knowledge gathering and
construction have been lately discussed [6]. Mogeolsy exchange of documents,
including annotations, remarks and insights, daztsonly serve the direct, content-
related goals, but also contributes to motivationd aenjoyable professional
relationships [7].

Despite the many potential benefits of online dmi@tive environments in
comparison with traditional paper-based annotatitere are quite some issues
related to migrating reading and annotation todbeaputer. There is a vast body of
research [8, 9, 10, and 11] that discuss the mssiyes when moving from paper-
based reading to screen display reading:

- tangibility: in contrast to a text displayed on a computeresgrpaper offers
physical tangibility. Readers can hold the papdhay like, they can move it
around to adjust their perspective and distance-[9 order to improve
legibility [8] and even to facilitate handwritind2]. Paper is also superior to
electronic devices in terms of legibility. Furthevhile reading one page,
readers can use another page for writing notes.

- orientation paper documents give readers a better sensecatida within
the text, by physical cues, such as the thicknesthe sides of a book or
different paper materials in a magazine [10]. Theses support text
skimming and cross-reading and they are instrurhemtsen trying to
relocate some text [13, 14]. Digital documents dot rhold these
characteristics [8, 10], an issue that needs toovmrcome by increased
attention for usability in device design and inded design.

- multiple displayspaper provides a single canvas for each pagexvfi5].
Each one holds unique properties of physical taliyib text content,
modifications and additions from the readers. Tinei@l pages simulate this
on the single device screen, but in some casesodimp concurrence
reading from several documents turns to be an udwtask [10].

- cooperative interactionlby circulating a piece of paper, more than one
person can interact with the content and build upach others’ annotations
[11]. Whereas groupware facilitates simultaneowssiens, versioning and
collaboration, it does not yet reach the intuitiméeraction as provided by
circulating paper-based documents [16].



In addition to these usability issues, there akers# technical issues that have been
examined [14] to understand the challenge of diggading. In the context of this
paper, we are mainly concerned with the implicatidar annotations. A major
guestion is whether — given the required prognessrims of technology and interface
design — electronic annotations will be used in shene manner as the traditional
paper-based annotations. From the above there iteree that due to inherent
differences when moving from the paper-based waoldelectronic devices, the
character of annotations will necessarily change.

Paper-based annotations have been used for centarid can therefore be
considered a highly developed activity, one thgiresents an important part of
reading, writing, and scholarship. Annotation oscur a wide variety of forms and it
is applied for many different purposes. Annotations only add substance to the text
but also implicitly may reveal the reader’s engagetwith the material [4]. Previous
research has verified that no matter the form ap@ses of the annotations, the
benefits are immediately clear to the future redd&i. Further, some researchers
state that people’s needs for making annotatiomisenVeb environment do not differ
significantly from their needs in the paper envirmnt [18]. In section 4 we shed
some more light on this discrepancy by empiricallymparing these situations.
Before we continue to this section, we shortly déscthe role of annotations in Web-
based interaction and e-learning.

3 Web Annotationsin e-Learning

The benefits and opportunities of electronic angmatic annotations, elaborating
on their paper-based counterparts, have long lgogeavisioned by Vanevar Bush in
the Memex [19]. Bush envisaged that by relatingdatuments that users have read
and attaching their annotations to these documemndijduals could organize and re-
find information resources in an associative manregether with any earlier
annotations. Whereas the original rich forms ofaations in Hypertext systems —
with different categories, directions and even ivinks — allowed for these
associative trails, in the Web as it is today thisctionality is not totally fulfilled, as
readers have limited possibilities for sharing canta or questions by writing back
to the pages. As a result, users spend a lot oftdffing to comprehend the different
formats of how people comment on-line resourceagusioping strategies such as
sending comments via e-mail [20].

Recent Web 2.0 technologies provide an open resoerwironment where
individuals can freely collaborate. Nevertheledgse technologies typically only
cover just a slight portion of the Web or one sfiediind of annotation. These
technologies are typically implemented as Web ssrgebrowser enhancements.

The basic idea of a Web annotation system is thatuser has the ability to
change, add or attach any type of content to atip@resource, similar as she would
do it with a paper document. An application (uspallbrowser plug-in) enables the
user to modify the Web pages, highlight parts @fntl add tags or comments, while
the back-end of the system just need to check thesetations and associate them
with the specific user and the specific URL.



As discussed in the previous section, by activeindp involved with the text, users
can better memorize and understand it. By conteastotating on a computer-screen
is an activity that competes with the reading fiselue to the lack of direct
manipulation. However, users will do so when thedfigs are higher than the costs in
terms of effort. These benefits may include thargpef time needed for re-finding,
summarizing, organizing, sharing and contributingliree annotations. A rather
economical view on the balance between the dravébankl benefits has been given
by [21]'s information foraging theory, in which ltescribed the above activities as
information enrichment

Today, both companies and academia institutions terners to complete tasks
and solve problems through project-centered legrréince it may not be feasible for
all participants involved in the projects to meet @ regular basis, they must be
assisted by information and communication techngld® support this collaboration
there are specific methods for Computer Supporteltaorative Learning (CSCL)
provided by learning environments and other platfocan be adapted to fit this need.
For the best results of the learning process, tathods should help each learner to
act individuallyto reach her own goals and ¢ooperateby sharing and discussing
ideas to accomplish an assignment.

As discussed in the previous section, in the sarmg annotations contribute for
memory aiding, text interpretation and informatiogfinding, Web annotations
provide the same functionality in the online enmiment. Web annotations are
accessible anytime and anywhere, with diverse sggrdssibilities, clearly enhancing
workgroup collaboration [22] for cooperative tagisd learning processes. However
it is important to remark that the full richness mdper annotations will only be
achieved if the digital annotations hold the sameadficial feature of beingin-
context ‘In-context’ annotations are visible within tlegiginal resource, enhancing it
with the observations and remarks of the annotatdiich are likely to help in
individual tasks in similar ways as is the caséwidper documents [10].

Despite the limitations in terms of usability arahgibility, advantages of Web
annotation tools go far beyond the advantages gfilae paper annotations. In
addition to the sharing capabilities within onlie@mmunities, digital annotations can
be indexed, ordered, rated and searched. Thesditbeme confirmed by several
studies on annotations tools [e.g. 18], in whichip@ants have remarked that search
the annotations is a very desirable feature.

Even though there are currently systems that stipgromotations, studies have
shown that users often resort to different stratedor simulating annotation tools,
making use of e-mails and messages to self andatedatext documents. The main
reason for this phenomenon lies mainly in the nesngseffort required for creating
and organizing annotationslf ‘it takes three clicks to get it down, it's eadie e-
mail” [2]. As users will inevitably resort to other ategies if annotation tools require
too much effort, it is necessary to have a lighgleicapture tool, with flexible
organizational capacity, visibility and practicainminding. In particular if one takes
into account that many annotations are primarilyanbeas temporary storage, or a
means for cognitive support or as reminders, ¢obees clear that these factors need



to be better taken into account in annotation tofils personal information
management and learning systems.

4 A Comparative Study on Paper-Based and Online Annotations

In order to better understand the real use of atioois and Web annotations, we
have implemented a straightforward online annatatg&ystem, SpreadCrumbs.
SpreadCrumbs provides a minimalistic interfaceafdding post-its notes, crumbs, to
any point within a Web page. Crumbs are used aopat reminders, for information
re-finding and for collaboration and social navigat support [26]. With
SpreadCrumbs, users can add annotations to anyrégelrce creating a collection
of bookmarks, add comments to the resources, vigudie annotations on the page
(in-context) and share these annotations. The ipaogite contains the author, the
other users that can see this annotation, the toldthe comments — as shown in Fig.
1. To add a annotation, the user just has to tstHecoption “Add Crumb” from the
right-click context menu. This action will pop-upaandow where the user just need
to fill the topic and comments. Further, the usan choose some friends from her
social network to share this annotation with.
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Using SpreadCrumbs, we have conducted a numbexpériments. In the next
section we report a selection of the results, wipiddvide insight in how users create
annotations for their personal use and for sharifibis laboratory study is
complemented by a field study in which we invegggain which situations users
chose to print documents, how they annotate thetnvadrether and how they share



these annotated documents. The main goal of thesareh is to investigate the types
of annotations encountered online and on papertafidd differences between these
two situations. The results of this study are etgumbto provide insight in differences

between these two situations and to provide degigidelines for the design of

annotation tools and the way they are used.

4.1 First Study: Annotation on the Web

The experiments with our annotation tool were cateld with 18 participants,
who all stated to be very proficient working witbrnsputer and internet technology.
From those, 16 are working in the field of compwgience.

At the beginning of each session, in which only tperticipant and the
experimenter were present, the tool was introducdte participant by giving a brief
overview of the usage of it. Following the introtion, we asked the participants to
answer a set of 10 questions by writing down treaem and annotating the resource.
These questions were specific information findiagks that could be solved by a
brief internet search with any popular search emgiWe ensured that most of the
guestions were very specific domain questions anerical in nature to reduce the
possibility of the participants to know the answersan example: What is the
estimate percentage of Chinese among the populatiddrunei?. The experiment
setup enforced the participant to annotate usefuhlrd to memorize information for
future reference — in fact, in a second round, vilk agk the same participants to
actually re-find the information by making use bé tannotations provided in the first
round.

During the experiment, the participants creategta bf 207 annotations, covering
81 different Web resources. The average numbemoodsvper annotation was 4.1. An
important observation was that the participantgyémeral carefully positioned the
annotations in the context of the Web page: frore #t8 participants using
SpreadCrumbs, 16 placed the annotations of eacktiquenear the text, table, or
paragraph where they found the answers. This tygeeloavior is not supported by
the simple bookmarking functionality of regular tmsers.

We noticed that out of the 18 participants who uSedeadCrumbs, only six of
them included the answers in the annotations withit&e majority opted for using
keywords of the respective question. Just oneqipatit typed explicit full sentences
when annotating the pageé3here seem to be different walks - I'm not suresthibr
the 9.4km walk brings us to the top, but | think sd.. made 35 homeruns in 2005.
Yes, | think this should be the right answer.”

Although the participants were very proficient withe computer, all of them
stated that they regularly print digital documeifds reading, even when these
documents are relatively short (up to 8 pages). dhlithem confirmed that they
usually annotate those printed documents in one waynother, by means of
highlighting text and adding their own commentsnsights in the margin.

This somehow contradicts a very interesting obsemaduring the experiment.
One of the answers consisted of a short passagedrbook (2 sentences with less
than 40 words). However, all of the participantsndestrated laziness when having
to write down the quote on paper. All of them askeasame questionDb | have to



write the whole sentencé?We allowed them to write down only the refereficethe
passage (page and paragraph), a suggestion thatfolasied by all of the
participants. The contradiction arises since theigiants do not desire to write if
they have the option of typing (or copy and pastil)they keep annotating with the
pen even though several means of digital annotatxst.

None of the users demonstrated problems regartisnggdage of the tool. After the
short introduction, all of them performed the tagsannotating and consulting
annotated resources without any effort or mistakee participants demonstrated
enjoyment with the tool interface and functionakti The direct manipulation and the
‘in-context’ features were the most appreciatede”Ahaving conducted the tasks, the
participants were handed over a questionnaire ichwihey had to choose terms from
a list of adjectives gave us a data set of the psespective over the tool. This
guestionnaire measures usability and satisfaction with a list 1df8 adjectives,
positives and negatives. This methodology givespimicipants more confidence to
be critical to the system choosing negative teffhe top 10 terms chosen weEasy
to use, Usable, Useful, Collaborative, Helpful, @enient, Connected, Friendly,
Innovative, Straight ForwardThese results show us that the participants wbeld
willing to use such tool on a more regular basis.

Regular use of SpreadCrumbs. In addition to the laboratory study, we collected
analyzed log files from users that were not invdive the experiments. The results
show some interesting differences that distinguisb behaviors when annotating.
Examining 177 shared annotations, we identifieche@rage length of 10.35 words
per annotation, whereas from 371 personal annotatiee found an average of 4.56
words per annotation. With the permission of thersisve extracted some examples
of annotations that illustrate these numbers apddtfference between the linguistic
structures of the notes — see Table 1.

The examples of personal notes show that thesatprannotations in many cases
contain a rather short, cryptic message. Thesetatimas typically just consist of
keywords or some sort of reminders for the authofsyhich the purpose often is
only understandable by the users themselves. lildhme noted that these keywords
should not be mistaken for tags. While tags hadeszriptive nature, these keyword-
based annotations carry additional (sometimes aitplinformation. By contrast,
shared annotations are very explicit and well-dbedr with full meaningful
sentences, in form similar to chat or text messages

Table 1. Example of personal and shared Web annotations.

Personal Shared
“Conference Deadline: October 29"  “All artists aredm Sweden, | think, and do
Jazz music (quite soft) but nice...”
“Flat 64m 2 rooms windthorststr. 8" “Let me know ihdre's anything else to be
done.”

“TO DO

1 http://www.userfocus.co.uk/articles/satisfactiamh



4.2 Second Study: How People Annotate on Paper

To compare annotations in the online context widpgy-based annotations, we
visited the working place of 22 PhDs students aostPocs. We asked each one of
them to take a look at the last 3 research papeasticles that they have printed and
read. In total we have collected 66 articles, cionga total of 591 pages of text.

We found 1778 annotations and an average of 3.08tations per page. The table
below shows the average of each type of annotagompage.

Table 2. Annotations found by type.

Annotation types

Highlighting/Mark sections headings 153 8.6%
Highlighting/Mark text 1297 73%
Problem solving 2 0.1%
General notes (Notes in the margins) 326 18.3%

The far majority of the annotations (73%) involuéd highlighting and marking of
text. Some participants had the tendency to onghllght main words within a
sentence or paragraph. In these cases we coumtenblitbction of highlighted words
belonging to a continuous block of text as one gigcannotation.

9% of the documents discussed with the participamtsed out to be part of
collaborative work in which two or more people werwolved. All except two
participants reported that they shared their contsnema email or some online
communication tool; only two participants shareé $tame sheet of paper, which
contained annotations from both parties.

Another valuable observation is that all of thetipgrants who share annotations

said that they do annotate in a different (moreefedy way when they annotate
concerning another reader.
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Fig. 2. Examples of annotated papers examined duringeleresearch.

To examine in more detail the annotation strategiesasked our participants to
classify the goal of reading the paper. We distisiged between the following
categoriesreading for writing reading for learning reviewing and other. Reading



for writing is the common activity of reading related artictesextract ideas and
references specifically for propose of writifReading for learningncludes the act of
getting updated in some patrticular field, read alb@w publications or learning some
new approaches to apply in some other activityhsag solving math problems or
implementing algorithmsReviewingconsist exclusively of reading papers to give
feedback to the author. Finally, any other typeezfding was categorized ather.
The table below shows some numbers of the fieldareh by the type of reading
activity.

Table 3. Results by reading goal.

Writing Learning Review Other

Articles 31 23 9 3
Articles annotated 28 16 7 3
Annotations/Page 2.36 4.7 1.11 6.3

Annotation types

Highlighting/Mark sections headings 10.5% 7.5% 9.4% 4.8%
Highlighting/Mark text 66.0% 82.9% 40.6% 72.2%
Problem solving 0.1% - 0.9% -
General notes (Notes in the margins) 23,3% 9.6% 49.1% 23.0%

In addition to comments directly put on paper, ¢hparticipants also used the
technique of attaching annotations to the origth@tument with post-its that were
attached to the paper. From the 66 articles andJy¥@ (15%) did not contain any
annotation. One participant that did not have ampoégation in any printed paper said
that she keeps her annotations in a separatednfiteer computer for each digital
article. Two other participants said that theytfid® a very quick reading on the
computer to check the relevance of the text, aridisf relevant than they print it. In
their own words: First | read on the computer to see if | really dde print. We
have noticed that in many cases participants atsal wifferent marking colors for
highlighting with the purpose of attributing diféart levels of importance. From the
annotations we identified many different ways ajnsiling important parts on the
text. As an example, one participant created hen eywmbology for annotating:
squaresaround the terms means new terminologyderline means definitions and
circles means open question or issues over some topicserannotations symbols
were used combined with highlighting (importance)d amany times they even
overlapped. One last interesting observation was Ilehavior of one of the
participants who keeps two printed versions of gyeEper: one with annotations and
one clean print. As stated, the clean print issffuture reading when she may want to
get the idea without influence of her previous egsl. Although the vast number of
highlighting annotations on the papers, none ofpidwicipants use such mechanisms
that allow persistent highlighting on digital docemts or web resources.

In summary of the observations we identified twoirmelusters of annotations:
relevance adjustmenannotationswhere implicit highlight and signaling indicate



different levels of importance in the text acohtributive annotationsvhere explicit
readable remarks are added attached to the text.

As a last part of our interviews we asked the sibjto describe how they arrange
their papers that lay on their desktops. The reiecategories described were topic,
quality, importance, date of reading and task. Bhigle observation may guide us to
design better metaphors of the possible dimensidws trailing online resources.

5 Discussion

From the results presented above we can sketch sopressions on some user’s
behaviors. Apparently, the high amount of highlightmarking signifies “laziness”
of the annotators. This laziness is in fact a veayetduce cognitive overload (because
of switching between tasks) and to keep focusethermain task (the reading itself)
while still providing meaningful cues.

The higher amount of annotations per page for tharfiing” papers shows that
these annotations have a clear function for menmyizertain parts of the text (by
actively doing something with it).

The category of “review” papers shows a higherdegy of notes in the margin
comparing to the other categories. These are almedhinly comments to be
included in the review. Additionally, the low nunmbaf highlights clearly shows that
the readers are not concerned about signalingufard attention. Out of this we draw
the conclusion that there is indeed a significaiffeience between the goals and
behaviors of papers based and digital online atinota The papers that had higher
amount of notes and the lower number of highligistéxplained before an action that
means signaling for future attention) indicate a-ooncern of the reader about a
future reading. In the other hand, online annotati(notes in the margin as used in
the experiment) are mostly used on resources thaneant to be reused and found in
a future work session. We conclude that, althougime annotations are similar in its
structure to margin notes, its scope is more coafparto highlighting where the real
main goal remains in signaling for future attentéomd facilitation for re-finding.

Within the collected data of online annotationse #wverage number of words
(4.56) in private annotations does not cover theraye length of short sentences
while the shared annotations (average of 10.35 svpedt annotations) fit the average
of short and medium sentences statistically measur plain text documents [27].
We deduce that private annotations, in generalit @omtain full sentences and as in
the paper based texts they are just a perspectimetbe topic context or keywords
and classification of a section (or resource) thimdigital environment mostly used
for re-finding. The shared online annotations diedwld more explicit meanings
where the authors tend to be clearer when shafieg thoughts. This evidently
shows the different behavior and concerns of thiévidual when writing personal or
shared annotations. Although differences have liea@md between paper and digital
annotations, if we use the same reading goalsifitag®n for online readings and
translate the annotations meanings, we find outitiraontext notes annotations are
the optimized form for attention signaling, sumrmation, interpretation and
improving bookmarks search, in both personal ardeshenvironments.



The sum of our two studies suggests some desigticatipns for annotation
systems. First of all the annotation action museffertless in all senses — easy to
access and visualize, as few interactions as gesaifd in-context interactions to
minimize the lose focus. Online resources can leg disr all sorts of reading tasks,
thus annotation systems must supply all forms ofiotations, not by similar
representations but by providing the means to aehiee same goals. The necessary
effort still requires some engagement from the ,usewever the benefits discussed
should overcome and become in hand to the usefisidiag tools, easy manipulation
and organization of the annotations and resouncgsharing capabilities.

6 Conclusions

In this paper we discussed the role of annotatiolearning in general and in e-
learning in particular. From the background rededrdias become clear that the act
of annotating supports the learning process in phpsed situation. However, when
it comes to online learning, annotation becomeadatitional cognitive burden, due to
the lack of suitable tools and intrinsic problerakated to reading from a screen and
interacting via keyboard and mouse.

From the comparison of online annotation with papesed annotation it becomes
clear that there is a difference between both ty@edine annotations were typically
short and had a certain purpose in terms of rafmdsharing or commenting. The
high amount of highlighting in paper-based annotatihas an intrinsic value. Based
on the results we conclude that emphasis in thesldpment of annotation tools
should be put on added value by better exploithrey dnnotations (for example for
enhanced re-finding tools, visual overviews, grogpisharing, collaborating) rather
than to try and mimic the ‘old-fashioned’ paperdmh@nnotation. At the same time,
writing an annotation should cost as little effast possible, as otherwise people will
inevitably resort to other ways of getting theiintis done [2].

This poses a design challenge for the developmérgnnotation systems and
provides an explanation why these kinds of systeave not found an audience yet.
Furthermore, we think that the development of addellie for annotations will
provide many more opportunities for personalizihg tearning environment and for
facilitating communication and collaboration betwédearners.
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