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Abstract: The spread of the internet and the evolutionhef Web significantly change the way

how we learn. Technology brings enhancements finlag almost on a daily basis. In this paper
we discuss the role and importance of content atioots in a domain of web-based learning. We
focus on collaboration support, continuous improgeta of the content quality and increase of
students’ motivation. We present two basic typesaivity flows within an adaptive web-based

educational system and aim at annotations in baticeptual as well as practical point of view. We
present results of several long-term experimentslgoted in real courses of programming learning
to observe the impact of annotations on educatipraadess.

Introduction

Efficient education is a cornerstone of knowledgeiety. The key for further development of the kiexge society
is technology-enhanced learning, allowing for angtj anywhere access to learning materials. Howewen if e-
learning has many successful applications, thdtimadl in-class learning is still much superiorywaf education.
The reason is in an implicit presence of two kegnednts:adaptation and collaboration which are hard to
implement in virtual learning environments. A gotehcher adapts the explanations according to abéméd
provided by the students (either to explicit ondew somebody raises his hand and asks a questigmplicit,
recognizable from students’ faces and reactionsyo8d teacher chooses the right (i.e., persongligadstions to
determine how well a particular student masteraréiqular topic. However, the adaptation is almadstays targeted
to the whole class at once, usually consideringottrdormance of majority of present students. Taige-size-fits-
all” approach must inevitably fail for advanceddstuats, who find the teacher’s explanations slow bodng, as
well as for weak students, who cannot keep pade tivé# majority of the class. Collaboration betwsaments of a
class can be also achieved very easily, whenatéxuately supported by a teacher, e.g. by progakidiscussion
between students themselves in order to make a ooragreement about a particular problem (Alavi 3994

The challenge is to incorporate these key elemgftisaditional in-class learning into web-basedhéag, which is
currently the most popular way of technology-enleahtearning. Adaptive web-based learning occursnwéie
educational system adapts to user needs, goalprafetences (Beaumont & Brusilovsky 1995). Learrbiegomes
more efficient and a learner is able to learn bettdearn faster (Weibelzahl & Weber 2002). Hypetilike nature
of web-based education enables to overcome theionent “one-size-fits-all” problem of an in-classataing by
tailoring the presented content to a particularrilea Personalization effect is often deliveredainform of
recommendations or course sequencing that is baisadchniques related to adaptive presentationaaiagbtive
navigation support (Brusilovsky 1996). These teghas are based on a semantic descriptions of actudpmain
(often forming a concept map) also referred to asoarse metadataand alearner modelstoring student’s
characteristics in relation to a domain model (seunetadata).

We can already see efforts to incorporate aspéasliaborationinto virtual learning environments. The emergence
of web 2.0 principles such as user-oriented autlgorfblogs, wikis), knowledge sharing and organati
(annotating, tagging, discussing), and collaboratinstant messaging, social networks) reflect latrning as well.

A web user (learner) is no longer considered t@ lm@entent consumer, but is given an opportunityadicipate in
the content creation and enhancement. Web 2.0iplesctogether with advancing web-based technooigigrove
overall user experience during learning by offerimgraction, active participation and more compeés. Besides
greater autonomy for the learner, the traditiood of a teacher changes and distinction betwessthes and student



blurs (Downes 2005). The need for collaboration tedievelopment of collaboration-supporting compugeor
services for LMS (Meccawy et al. 2008) or attemmtsextend existing learning standards (Ip & Carz0€3).
Technology is leveraged in order to shift tradiibimdividual learning towards collaborative leawgi(Dillenbourgh
1999, TvaroZzek 2011).

Sustainability of the learning content quality, aee of the major bottlenecks of state-of-the-atocational web-
based systems, is gaining popularity as we witaessicredible growth of learning materials avaiabh the Web.
The content may (and often does) contain erronspievent from “smooth” learning. It is becomingdr®geneous
and this reflects into various levels of appronegss for a learner. For example, some parts sseatel some parts
are more difficult. In order to improve the qualif/learning content, obvious question arises: Howevelop and
maintain the content, which can serve for bettarimg? How to handle big amounts of learning nial®rThe
situation is even worse when considering technokgyanced learning such as adaptive learning éfiasron rich
domain descriptions (metadata). Conceptual degmnipf a domain contains — e.g. when consideringcept map —
hundreds of concepts (domain knowledge elementsesan thousands of relationships (Simko & Biel&@009).
Teachers are able to create a content, but thayotdbave enough time and space to define metadégabelieve
these issues can be to some extent addressedldlyarative learning systems, where learners themsealan utilize
a concept ofnnotationsduring learning. In this context we see annotatias a feasible tool for a domain model
enrichment — not only by adding the content (useated exercises, questions, etc.), but also byiging additional
content descriptions (tags, comments, etc.). Furtbee, the potential of annotations exceeds theeisf content
quality improvement; it also affects the motivationlearning. Enriched and interactive content belp to get and
keep attention. We believe that visual and conipetdttractiveness of annotations can increasadesrmotivation
resulting into improvement of learning performance.

In this paper we focus on annotation as a concegtt@ol for collaborative educational support. \Wenp to its
importance in the context of adaptive and collathezaweb-based education. First we describe anpotas a
whole. We discuss various types of annotationg; gaticular goals. We analyze annotations fromr yeerspective:
we cover user interfaces and usability. We emphkasie role of motivation within collaboration. Wieasv how we
integrated annotations into ALEF, adaptive learriragnework aimed to improve learning efficiency gmesent
results of several experiments conducted with seteannotation tools.

Collaborating by Annotating
Collaboration Flow in Learning

Collaborative learning can be understood in variaays. In this paper we adopt the broader defimjtiwhere
collaborative learning is viewed as “a situationwhich two or more people learn or attempt to lessmething
together” (Dillenbourg 1999). Learners work togettiesearch for understanding, meaning or solutiongarticular
problems.

In our previous work we defined a concept of adegptveb-based learning 2.0 that merges adaptiveiteamwith
emerging concepts of Web 2.0 (Simko et al. 201@nsRlering such an environment, we distinguish diferent
groups of activitiestearning flowandcollaboration flow(Fig. 1). Although the flows are separated infigare, in
real world situations they occur simultaneously stiadent can both learn and collaborate. The legrfdow covers
learning from study material delivered by a per$@ation engine — gersonalizermodule adapts the content
(conceptually described by domain modélto a particular user based on his actual knovdedgals and needs
(represented by aser modgl Semantic logging and user model inferencingaanged to collect and process data
related to the usage of a system — from visitipg@ge to providing explicit feedback — and to updateser model.

Collaboration flow starts similarly — adapted canttes presented to student, who can collaboratangnovements
and enrichments of the content and metadata digarging sessions by using a numbecaolfaborative adaptive
content creatomodules. Modules form the core of collaboratiomflproviding means for a collaboration support
(creation, sharing or update of annotations).
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Figure 1: Activity flows during learning (Simko et al. 2010).

We log student actions and derive semantics ofettaadions within each collaborative adaptive canteeator
module. The important aspect is evaluation of sttudeehavior by analyzing logs in order to underdtatudent
motivation for actual creation of the annotatiohus$, the advantage of the course content annogaiEsinot only
in the improvements oflomain modeljuality, but also in more accurate estimation eéruinterests and current
knowledge reflected in herser model

Annotation framework

We implemented the collaborative flow within our &adive Learning Framework (ALEF). We put an emphasi
the design of annotations within the framework ides to allow for a straightforward creation of eligse types of
annotations to enable and facilitate rich and rpuitipose participation and interaction.

ALEF’s annotation framework was designed with resge reusability and extendibility. In order tohieve it, we
designed a common representation of content andtations within the system. We see content and tatina as
one entity —Resource(Fig. 2). Resources are connected wWRblationshipsof various types determining their
semantics. We support a general purpose relatipndhinotates that can be further specialized. Such a
representation allows us to assign annotationsmteat, but even annotations to annotations. Famgike, this way
we represent comments replies resulting into audson thread.

Resource Relationship
[ |
Content Annotation Subsumes Annotates
i [ I |
LearningObject Blog Concept Tag Comment

Figure 2: Extendibility of resource annotations. Resourceshmassigned general purpdseotategelationship
that can be further specialized according to tleeific needs.
Creating and Accessing Annotations — User Perspeet

We recognize two different types of annotationsrfra conceptual point of vievper-text-annotationsand per-
content-annotationsThe former is related to a specific part of texd.g., a word, a phrase, a paragraph, which was



selected during an annotation creation. The l&tezlated to a specific content as a whole — @tipe an exercise,
etc. Per-content annotations are typically cre&t@u the outside of the learning content using datid widgets.

Every annotation has two facetontentand context Content is the actual payload of an annotatingerited by
a student, for instance a comment or URL of anraatesource. Context holds information related $sogiation
(binding) of an annotation to the learning objentl aptionally also to the text, where the annotatias been
originally inserted by a student, if it isper-text-annotationHaving two distinct facets, we provide studenithw
two different types of navigation among annotatioascess-by-contexand access-by-contentThe former is
applicable only foper-text-annotation&nd is used to access an annotation within itsegtni.e. in the text while
reading it. The latter allows students to browse @ew annotations separately from the text.

To create and access both content and contextmafayn of annotations, we designed four distinctiger interface
elements:

- in-text interaction and presentation,

- sidebar,

- annotation browsers,

- annotation filter.

In-text interaction and presentatigorovides visualization and access of per-text tatiums in their exact positions.
To insert an annotation, a student selects part déxt and uses an in-text menu, which pops-up albe
highlighted text (Fig. 3, left), chooses a typeamiotation and inserts the actual content. Oncaraotation is
inserted, the selected text remains highlightethdécate presence of an annotation, which can aedeby simply
hovering the mouse over that text. The contenhefannotation is shown in a popup window (Fig.ight). In-text
interaction and presentation represents the fastestss to annotations with no significant intetiorp during
learning.
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Figure 3: In-text menu for inserting new annotation and digjpig an annotation (content in Slovak).

The drawback of in-text presentation of annotatisrthat the text become almost fully highlighted @onsiderably
less readable as the amount of inserted annotatjongs over time. We handle this situation by theatation
sidebar, which displays aggregations of regionh wiany annotations.

Sidebarprovides anaccess-by-contextavigation by visualizing annotated regions asifigoositions of affected
annotations within the text (Fig. 4). Regions oa $idebar are interactive; student can click oagion and view a
list of all annotations within it. In-text style ofisualization is used only when student interasith certain

annotation from the list, e.g. to view or editdtmntent.

Annotation browserprovides theaccess-by-contemavigation by listing all annotations related te tcurrently
displayed learning object so students can easdy montent of annotations regardless of their jposivithin the
text. Selection or interaction with an annotatioside the browser invokes in-text visualizationniicate context of
an annotation, if any. Annotation browsers are enpnted as widgets located on the right-side otineen, not
distracting from the main text in the central part.

Annotation filterallows users (students as well as teachers) &ztsehich types of annotations they would like to
have visible, e.g. to see only reported errors evfiting them. The filter of displayed annotatioissa part of
adaptability of the learning environment towardafers’ preferences and actual needs.
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Figure 4: Annotation sidebar and annotation browsers (corite8tovak).

Collaborative Adaptive Content Creators

ALEF implements the annotation functionality with@ollaborative adaptive content creat@momponents. We
designed and implemented several such componants€f referred to aannotation widges Each annotation
widget introduces different goals for collaboratanmd may use any of aforementioned interface elesnen

Tagger

Tagger is simple annotation widget that enableastsign user defined tags to the content. Motivaltiehind the

tagging may differentiate among users. Some mayaggeto categorize the content to their own categpoothers to

annotate content that they should pay more attemtion the future. Some may tag difficult learnioigjects, others
learning objects that are important in order toi@od desired learning outcome. Tag annotationseskzed as per-
content annotations, i.e. a user can tag the whalaing object, not its particular parts. Usens assign private tags
as well as public anonymous tags.

Besides providing additional style of navigationthin a course, tags can be utilized for maintaincayrse
metadata, as they represent a form of collaboratereantic descriptions. Moreover, user defined trgsvery
important for managing course quality. Tag analysis reveal implicit user ratings of learning mate; thus
allowing (later) filtering of popular, useful or Wevritten learning objects.

Commentator

Commentator serves as a general purpose annoteitiget for creation of per-text annotations. Studeran add
private, public or public but anonymous commentsaty part of any learning object. Besides commegntire
textual content, students can also comment (“réply other existing public or public anonymous coemts,
resulting into discussion threads on arbitrarydepiypically related to misconceptions or learrpngblems.

Comments as well as all of the following annotatigpes can be rated by other students. It helgs déstinguish
more and less relevant contributions.

Error reporter

Error reporter constitutes generalization of comiaem widget. It is specialized for inserting ereord bug reports
related to content, which are found by the studeRe&ported errors are evaluated by a teacher imggutito
improved content serving for a better learning.sTrocess supports collaboration between studeha a@acher.

External resources inserter

External source inserter provides functionality ifmserting links to external sources into learntogtent in order to
enrich it with a quality source of knowledge. Thame two ways to insert a link: either apex-text-annotation
using in-text menu, or through external source wid@ontext of an external source inserted thrabghwidget will
be assigned to whole learning text. After insertx¢ernal source, the widget will list external sms inserted into



current learning object. Displayed sources aresddly their quality, high quality sources are om & the widget.
Because of possibly large/considerable amount sdrted sources, we limited the number of visiblerses to a
default value. Student can eventually expand tligetito see all sources.

Questions creator

Question creator widget provides students withraerface for adding questions and for answeringaihestions
added by their peers. This implicates that theesyssupports such types of question, which can laduated
automatically. Currently, students may add fiveetymf questions: (1) single choice question, (2jtipla choice
question, (3) simple free text answer questions®ling question (the task is to re-order thediiméo correct order)
and (5) text complement question (the task is Honfissing words into dedicated fields within thext, e.g.
completing missing commands in a programming coéas).a user-generated question is a special kinanof
annotation, the procedure of adding a questionaseth on the principles of adding an annotation. dhly
difference is that after selecting the text andodlittg a question as a type of annotation, a studgmesented with a
form for specifying question type, title, descrgstiand options along with an indication of corraaswer(s).

The part dedicated for answering question createdtiddents has similar interface as ordinary qaestpresent
within learning materials except that it is dismdywithin a widget instead of in a main contentdaw when a
student chooses a question. After filling an answeis automatically evaluated by the system amel $tudent
receives an instant feedback about her answerrvidtels, she can rate the question in order to ohiterquestion’s
perceived quality. At the time, rating can be alsmwed as a substitution for expressing other ssetated to a
guestion, e.g. addressing misconceptions.

Annotating, i.e. adding questions, is a complexcpss. It is necessary for given questions to extleedninimal
level of quality. We designed a question lifecyeallow teacher to select it among the other mgsful student-
created questions and transform it into an exetgédcher) questions to become a part of a cuaricul

Rating Models for Motivation and Content Improvemen

Motivation is an important factor affecting studeriearning performance. In our educational systeenmotivate
students by facing them with human basic instincompetitiveness. We allow students to engagesimale game
of collectingactivity pointsdetermined by type and intensity of actions thatlents perform within the system and
to obtain highest rating among all peers. The hidgarpose of the game is to lead students to fuliljze
collaboration and annotation options.

While students learn, they see their actual poamd absolute position among other competing stsddritis is
a sufficient information for a student to determiie chances to win or at least — to keep his atinanking.

Besides motivation, we introduce resource ratinglehalt partially influences student’s rating ireteystem, but its
major aim is to collect information about resoucelity and usefulness that can be further utilime@nprove the
quality of learning content.

Student rating model

To increase motivation of students we designed deinof student rating. We introduceseoreas an indicator of
students’ overall activity within the learning cear Our intent is to motivate students not to fomusingle type of
learning task, but to perform wide variety of tas®wed by annotation widgets. To address thisiregqnent, we
separately evaluate score for each assessed lgactinity. Score of an activity is computed addak:

:

S(u,a) = k[l]n(
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whereS(u,a)is score for activity typa performed by a usar, S3(a) is a basic score for an activity typeN(u,a)is
number of realizations of activity tymeby useru, andk is a factor of distortion. We assess the followiearning
activities, categorized into two main flows (thegyrhave differengs(a)):

Learning flow Collaboration flow

- reading (visiting) explanations - inserting annotations (comments, error

- answering questions reports, questions, external sources etc.)
- solving exercises - rating annotations

After evaluating scores for individual types ofigities, we calculate a cumulative score reflectivgrall activity of
student. Besides particular learning and collalianadctivities, student overall rating also depeadghe quality of
annotations he created:

S(=>w,3(ua+) B

0R,

whereS(u)is overall score rating of a studantw, denotes actual weight of an activity typeS(u,a)is score for
activity typea performed by a student Pg(r) is explicit rating of a resouraeandR, is a set of all resources created
by useru. By using weights we set up different significalusefulness of activity types for students.

Resource rating model

In order to determine a quality of a resource withisystem (either content or annotation), we pgefe resource
quality rating model. Resource quality derives frtime explicit resource rating given by students anglicit
resource ranking derived from actions of studest®eaated with a given resource. It is computedeighted sum
of both ratings:

P(r) =w, [P,(r) + w,[P(r)

whereP(r) is overall rating of a resouregPg(r) is explicit rating andP;(r) is implicit rating of a resource andw,
and w;, are weights for determining the importance of aplieit and implicit rating, respectivelyw, + w; = 1.
Explicit rating is common for all resource typesiasn computed as weighted mean of all users’ rating

()= KUu)P(un

ubuy

whereK(i) is overall knowledge level of a studemt Pg(u,r) is explicit rating of resource by a student. By
considering overall knowledge level of studentsprefer ratings given by more advanced students.

Computation of implicit rating depends on a typer@dource. For each type of resource, differemmgatcan be
defined according to actions related to that typeesource. The following table introduces maintdas that
influence the computation of implicit ratirigy(r) for selected types of resources (Tab. 1). Noteithglicit ranking
has typically lower weight than explicit. Detailddscription of each computation is out of the scofpthis paper.

Table 1: Example factors influencing the computation of ligiprating P;(r).

Resorce Type Example factors Resource type Example factors
(Content) (Annotation)
Explanation Number of repeated visits Tag Popylarita tag
Question Ratio of correct to incorrect answers| User-created Ratio of correct to incorrect answers
Number ofl don’t understandanswers | question Number ofl don’t understandanswers
Number of errors (reported by error reporter,

Exercise Number of hint requests Comment Numbeepmifes
Ext. resource Number of accesses to external resour
Error report The relevance of error




Evaluation

We evaluated the proposed approach in a domairogfgamming learning. Due to the extensivity and ptaxity of
the framework, we have not evaluated all aspetdsect to collaboration and learning content qualitprovement
based on annotations. However, we conducted thx@erienents in order to evaluate the following hypses:

1. Question creation supports/stimulates collaboradioth course content enrichment.

2. Error reporter improves the quality of the learndmmptent by revealing relevant errors in the canten

3. Motivating students based on a game increasesgiesaactivity in the system.

Question creation evaluation

We evaluated the first hypotheses in real educatisettings during Functional and logic programmawgirse
lectured at Slovak University of Technology in Bsktva. Students had access to educational matéoialearning
programming language Prolog and were instructezbtdribute questions to this learning content, anty answer
and rate existing questions. We analyzed colledtdd (questions, answers, ratings) after seven slage the start
of the experiment and found out that 30 studentewesolved in this activity (nearly 60% of all sients that could
participate). Students created together 88 questad provided 660 answers.

We evaluated the hypothesis by assessing quesgioaiity. We manually evaluated all obtained questiand
divided them into three levels according to theiality (Tab. 2): First level contained high qualifyestions, which
are about to be used as new educational matefiaéssecond level contained correct questions it thfficulty
wa rather low or they were not spelled properlye Third level contained questions useless for et purposes,
defective questions or ambiguous questions. The ssample of questions was evaluated by deriviriggstusing
guestion quality rating model based on learningobfiuality rating model. The method marked 24 tjoes of 88
as quality questions (Tab. 3). We compared thesstiuns with the questions evaluated manually. Atiog to the
table the rating model did not estimate for qualiestions high quality questions only, but alsma@uestions with
the second level of quality. Important result iatthone of the faulty questions was marked as tyuatie.

Table 2: Manually determined quality level (88 questions)Table 3: Manually determined quality level*.

Quality level No. of questions Quality level No. of questions
1. High quality questions 33 1. High quality guess 17

2. Medium quality questions 48 2. Medium qualibegtions 7

3. Defective questions 7 3. Defective questions 0

* of 24 questions automatically marked as qualitgsfions

The results show that even in a small period oinee t(a week) student can leverage annotation-b&sadto
contribute new quality content. This way an oveilelirning content quality increases. More detaifs this
experiment can be found in (&fik & Bielikova 2010).

Error reporting evaluation

We evaluated error reporting feature during Proc@dprogramming course lectured at Slovak Universit
Technology in Bratislava. For six weeks, studemais possibility to create annotations for the leagrdéontent of the
course (consisting of 213 explanations, 162 exescéd 420 questions). They created comments,dpayts and
during the last two weeks of the semester they gdédhe possibility of inserting links to extermakources. Out of
272 students, 129 created at least one annotaiba3% of all students) .They added 949 annotafiotstal (Tab.
4), from which 782 were relevant (those that ditl cantain error or were semantically correct). legting finding
is that the most common type of annotation wasreor @eport. Students mostly revealed grammaticaire and
misspellings that occurred in the learning cont@iften duplication appeared among error reportsctwimcreased
the credibility of provided error reports.

An important aspect of error reporting is the lesélknowledge of students who participate in antioga We
identified that 8% of students with the best ovemabessment created 50% of all error reports 8t & the most



advanced students provided 82% error reports @instlatistics apply for all annotations). Such dations also
have higher quality and thereby help the weakedesits. We also found that 5% of the most weak peifag
students did not create any annotation. Nevertaelde number of provided relevant errors (eithereror less
severe) and average occurrence of errors (1 eerot @6 learning objects) prove that error repgrfeature reveals
relevant errors and helps improving the qualityhef learning content.

Table 4. Annotation statistics over six weeks of the term.

Annotation type All Relevan Ratio
Comments 65 54 .83
Errors 697 546 .78
External sources* 187 182 .97
In total: 949 782 .82

* possible to add only during last two weekstaf term.

Motivation evaluation

In the last experiment we were observing how métwvainfluences students’ behavior within a leagngystem. We
used the same setup as in the previous case dixivgeeks (from 8 till 13™ week of semester) in the course of
learning programming. In the beginning of the ceune encouraged students to use annotations im tordeelp
themselves as well as others by improving the ciinte also told the students that their activitg anitiative will

be in reward changed for bonus points to their aVerssessment in the course. In the period haktiat the
beginning of eleventh week, we deployed the studatig model. Student activities are depictedhia following
figure (Fig. 5).
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Figure 5: Student activity counts per day (y-axis) frofat8l 13" week of a term (x-axis). Activities related to

annotations (left), activities related to conteight).

We observed increase in the count of specific legractivities after the deployment of studentrmgtimodel. While
there was no significant change in activities etatto content (visiting an explanation, answeringuastion, etc.),
the number of activities related to annotationglijagl an annotation, rating an annotation) substliyincreased.

We noticed decreased degree of activity in th8 waek, in both content and annotations relatedities. This
probably relates with the fact that it was the lastek of the term and students were finishing tfie@l projects,
having not much time left for learning (in fact, that time they were supposed to master majorittheftopics).
Further analysis showed that students’ interestone difficult and time-consuming content-relatadkis (solving an
exercise) increased more significantly and inteiresimple and not demanding tasks was affectey slightly.

Considering the increase of activity, we believat throposed score model increases motivation ofsits to solve
variety of tasks, resulting into a potential in@eaf learning performance and outcomes.



Conclusions

User-generated annotations of the Web content iactime area of research, which already proved thasitive
impact in case of web-based learning. For instainc@rarzan & Brusilovsky 2006), authors proposeskevice for
adding annotations to any set of linked web-documencluding learning materials and built an affit social
navigation support on top of it. However, similattyother known works, they do not consider thecgation itself
as a part of the content, meaning that learnensatamollaborate on annotations themselves, onlgament initially
generated by a teacher.

In this paper, we described our approach to integraof content annotations into adaptive web-basagning,
where they play a crucial role of supporting théatmration between students, leading to improvamehlearning
outcomes. Even more, collaboratively created atiooisincrease quality of available content eitbygrenriching it
by links to high quality external resources, paigtout key ideas in comments or just reporting @ibuhe content.

Collaboration through annotations also positivelfluences students’ motivation to actually learmotigh the
system, as they feel to be involved in the procplsgjing an active role. We can additionally setugaming and
reward mechanisms, which ensure continuous madivati contribute quality annotations to the content

We performed several long-term experiments in cealrses of learning programming at bachelor degfestudy.
The results show that annotations can be usedtasl dor supporting collaboration and learning @nitquality
improvement. In order to evaluate the whole progosencept of annotations and its binding to alletayof
educational process, we need to (as a future vemdluct comprehensive multi-layer evaluation.
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