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Abstract. Closed corpus AH systems demonstrate what is lplest achieve with
adaptive hypermedia technologies. However, theyirmpractical for dealing with
the large volume of open corpus resources. Our Kedye Sea project explores
social navigation support, an approach for progdopen corpus personalized
guidance that is based on past learners’ interagtith the system. The most recent
stage of our project focuses on using annotationsdcial navigation support. We
present here Knowledge Sea I, which implements otation-based social
navigation support, and report the results of sBvelassroom studies, which have
evaluated this technology.

1 Introduction

Day by day, the amount of information on the Inetrgrows, which makes the Internet an
important resource in learning. However, learnges teaving a hard time finding what
they are looking for and are very often frustrateith the search process. Adaptive
navigation support techniques developed in the fiélAdaptive Hypermedia [1] could be
used to guide learners to the right resources atitht time. However, concept-based
navigation support mechanisms used in traditionddpgtive Hypermedia (AH) systems
are not suitable for the large volume of open cempocuments [2]. When searching for a
mechanism to deal with the large scale of adaptaegation support needed in open
corpus hypermedia, we turned to the ideas of soeigigation [5]. We have attempted to
develop personalized navigation support techniginres are based on past learners’
interactions with the system. We call thescial navigation support (SNS). Unlike
traditional adaptive navigation support, whicheslon expert-provided knowledge about
each resourcesocial navigation support relies on ttoellective knowledge of a large
community of learners, casually gathered throughynthifferent forms of feedback.

We explored social navigation support in the contéXXnowledge Sea, a project that
currently focuses on helping students of introdycfarogramming courses find relevant
readings among hundreds of online tutorial pagegilduted over the Web. In the first



stage of our project, we explored the relativelsaightforward "footprint” techniques
suggested in early papers on social navigatior8]4The idea of the "footprints" is to
count how many users are passing through a linkvisiting a page, in order to
recommend the most popular links and pages. Conmtpitie ideas of social navigation
with the ideas of group modeling and adaptive ratidg support, we have implemented a
"socially adaptive" system, Knowledge Sea Il [2hiS system changes the intensity of a
cell's background color, to indicate how many usdrthe current group have visited each
tutorial page and each cluster of tutorial paghe: more visits, the more intensive the
color (Fig. 1). This kind of SNS helped the leamtr clearly recognize the most and the
least visited pages and guide their navigationaiogds appropriately. Our classroom
study [2] demonstrated that a footprint-based S&&bile to increase the usage of open
corpus resources and that the learners appretiatgniensely. At the same time, a few
students pointed out that the number of visits page is not always a reliable measure of
its relevance to their needs and asked for begtevance indicators.
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Fig. 1- The map view and two cell views in Knowledge 8ea

This paper presents the second stage of our propith focused on providing a
more reliable SNS: predict learner interest in veses through other learners’ feedback.
Our main challenge was to extract feedback fromomastthat users are naturally
performing while working with the system. To answis challenge, we explored
annotation-based social navigation support. We encouraged learners to annotate pages
they are reading by writing notes or highlightingrts of the page they found important.
These annotations were used as an implicit indicatqage relevance for the current
group of learners. The annotation-based SNS wateimgnted in the newest version of
Knowledge Sea Il (KSIl) and explored in two clagsrostudies. The results indicate that
it is a promising approach for open corpus adaptigigation support. In the following



sections we introduce KSII, describe two conseeuimplementations of annotation-
based SNS, present the results of the classroatiesiiand analyze similar projects.

2 Annotation-based Social Navigation Support in Knowledge Sea

The starting point for our work on annotation-baseNS was the first version of
Knowledge Sea Il system (Fig. 1), which combinesl ke of a self-organized knowledge
map [3] with a simple "footprint” SNS [2]. The firgersion of KSII provided a simple
interface for annotating tutorial pages by addingten notes. To help students navigate
back to pages with notes, all such cells and pages marked with a note icon (Fig. 1).
In the first version, all notes were private: stotdewere not able to see note icons or
annotation made by others.

As a part of our evaluation of KSII, we asked thelents several questions about the
system’s annotations. The answers showed that &@datof the students appreciated the
ability to annotate and further, were interestedshmaring their annotations, seeing
annotations made by others, and knowing which pagese annotatedF{g. 4). In
addition, we examined the notes that the studewtsted for themselves and discovered
that almost all notes could be categorized integ¢hgroups: praise, problem, or general
(37 praise, 36 problem, 34 general). This datavatgd us to proceed with expanding the
role of annotations in KSIl and exploring the udeannotation as a source of a more
reliable SNS, which we called annotation-based SNf&. current version of annotation-
based SNS was developed in two phases, which wataaged during the spring and fall
semesters of 2004. The remaining part of this secfiresents the new features for
annotation-based SNS which were introduced dutiege phases. The following section
focuses on assessing the value of these features.

2.1 Phase 1: Public and Private Notes

The second version of KSII offered students thditgtio make their annotations public
and to choose one of three types of annotatioraisgr problem, or general note). To
make the presence of public annotations visiblghemavigation level, we augmented the
links inside the cell content window, and the lifkstween tutorial pages with a small
sticky note icon inside a yellow square. The catbthe square represented the density of
public annotations and the color of the sticky nejgresented the density of the personal
annotations. Therefore, students could more easdlke their navigation decisions, based
on annotation information in addition to the traffnformation, which had been provided
in the first version of the system.

We expected two effects from the new annotatioerfate. We expected that the
presence of public annotation would affect the etts! navigational behavior, i.e.,
students would be more likely to visit pages witinatations. We also hoped that students



would categorize the annotations by type, to expteemselves more clearly. The main
objective of the Spring 2004 classroom study waesgess these hypotheses.

2.2 Phase 2: Stronger Annotation-Based Navigation Sujpt

In the second stage, we introduced several newrfegt motivated by the results of the
Spring 2004 evaluation. From tlagthoring side, we attempted to encourage students to
annotate by simplifying the annotation interface @o this, we added highlighting
(hypothesizing that highlighting would be easier fbe students to use than writing
notes). Fig. 2 presents the final version of aniaranterface (available on the right side
of each tutorial page). To highlight, a student easily select part of the text inside the
tutorial page and click on highlight button. Likesej they can deselect the text. To write
notes, students need to specify the following: typethe note (praise, problem, or
general), visibility of the note (public versusvate note), and anonymous versus signed.
We added the option to sign notes in this phaserdler to motivate students to share
feedback with their classmates. As Fig. 2 showalesits can view any previously written
notes they are the authors of but only the puldies written by others.
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Fig. 2-Tutorial page with the annotation frame

From theusage side, we tried to offer stronger navigation support vigualizing
annotatiortemperature andby using the annotatiotype, which had been provided by the
student author . Every link in a cell content dutrial window is augmented with one or
two icons inside a small square. As in the previphase, the background color of the
square gives information about the density of grammotations. The icon inside the
square now indicates the type of personal annatafiio present). A thumbs-up icon
indicates that the current student has written tipe annotation or has highlighted part
of the page. A question mark shows that the cursardent has written a problem-type



annotation, while a sticky note indicates the @xise of a general note. In addition, a
thermometer icon shows the “temperature” of theosations of the students in the
current group. The temperature is warmer when rstudents have associated positive
annotations with the page and colder when moreestsdhave associated problem-type
annotations with the page. Fig. 3 presents patietell content window with annotation-
based social navigation support. Labels explari¢hns in the picture below.
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We hypothesized that the usage of annotation wlalid typed notes will be higher
since the benefit of it is clearer. We expectedsé® stronger correlation between
annotated pages and students’ navigation behawer.also expected that usage of the
system will increase since it is easier for stugéatfind relevant information.

3 Evaluation

We assessed the effectiveness of the system ahdhwaour hypotheses through a three-
semester user study. The study was done in ardudtory C programming course taught
every semester at the School of Information Scigndeiversity of Pittsburgh. During the
study, students’ interaction with the system waggém. In addition, each student’s
opinion about the system and its features was ismlicthrough a non-mandatory
guestionnaire presented at the end of each semeStatyzing students’ logs, we
evaluated the effect of annotation on studentsigaion and overall usage of the system.
The questionnaire provided data on the studentigiiap about the annotation ability of
the system, their interest in visiting pages artedtdy others, and their interest in sharing
annotations with others. The rest of this sectiescdbes the evaluation of the system in
detail. The three versions of KSIl compared in ggstion (Fall 2003, Spring 2004, Fall



2004) differed only in the annotation authoring dateduse for navigation support, as
explained in section 2.

3.1 Students’ Attitude toward Annotations

As shown in Fig. 4, about 60% of students appreditite ability to annotate and very few

gave negative ratings to it, within the first twensesters. This positive attitude further

increased after we expanded both the authoringuaade aspects of annotations. For the
most recent version, evaluated in the Fall 2004es¢en, 90% of the students found the
ability to annotate to be a positive asset and rgme any negative feedback. We also
asked students for their opinion of annotation-dasa&vigation support (usage of public

annotation to guide navigation). About 70% of thedsnts rated annotation-based

navigation support in a positive way. The graploveh that the enhancement of

annotation abilities increased positive attitudeaal annotation.
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Fig. 4— Student’s opinions about the annotation feabfitbe system

3.2  Effect of Annotation on Usage of the System

Fig. 5 presents the usage of three versions of K& three semesters. Note that it is
only in the third version of KSII, which balanced extended annotation interface with a
more comprehensive annotation-based navigationcstjppe were able to achieve a
visible increase of all usage parameters. Howeegen the first simple version of

annotation-based navigational support (showing d¢héy density of public annotations)

caused a very solid increase in the percentageidésts actively using the system.
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Fig. 5-Overall usage of KS system over the 3 semesteausea study

3.3  Effect of Annotations on Students’ Navigational Behvior

To analyze the effectiveness of annotation-basedgation support, we compared
navigation behavior of students related to preseateannotation. We looked at
documents with public annotations over the last teemesters and analyzed the
percentage of activity on each document beforeadted public annotation existed. We
also looked at documents with public and privatecaations to investigate the effect of
annotation on revisiting a document by the auttidh® annotation.

Annotated pages versus useful page$he first thing we have attempted to evaluate is a
correlation between page quality for the given grand presence of annotation. To argue
that guiding students to annotated pages is mefuinge need to show that pages that
get annotated are attractive and useful for ther®ne way to evaluate the quality of a
page is by the frequency of its access. Table Wshbat page access probability (the
number of visits divided by the possible number difcuments to be visited) is
significantly larger for annotated pages. This isva-way correlation. From one side,
most-visited pages get annotated. From the othée, sihe presence of annotation
encourages student to visit pages.

Table 1- Effect of annotation in visiting a page

Average visit p-value
Spring 2004 | Fall 2004| Spring 2004 Fall 2004

Annotated 4.87 5.38
Not Annotated | 0.025 0.033 0.00001 0.00001

Another (and probably more reliable) indicator efjp quality is average page-reading
time. Table 2 compares time spent reading (TSRp&ges with and without annotation.
For comparison, we looked at the median TSR oJethal pages, by category, for all
students. The median was chosen, in order tolgsgesignificance to extreme TSRs. The
data shows that students spend significantly mione teading pages with annotations
than those without annotations. Thus, annotatisethanavigation support does indeed
guide students to important pages.



Table 2 -Effect of annotation on Time Spent Reading (TBRdcond) a page

Median TSR p-value
Spring 2004| Fall 2004 Spring 2004 Fall 2004

Annotated 363 177
Not Annotated | 28 27 0.00001 | 0.00001

The effect of annotation on group navigation behawar: Once we established that
guiding students to annotated pages is meaningifelnext question is to ask whether or
not the annotation-based navigation support suezkedguiding students to these pages.
To answer it, we computed the normalized accesslratore and after the presence of
public annotation. To normalize, we divided the temof page-visits by the number of
possible days to access a page. Namely, the nuofhilvésits before annotation is divided
by the number of days from the first day of usihg system until the date of first public
annotation and activity after annotation is dividedthe number of days after the first
public annotation until the last day of using tlgetem. Fig. 6 shows that in spring and fall
of 2004, in most cases, more than 50% of the visita page were done after public
annotation existed. The difference is statisticaignificant (p-value= 0.00001).
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Effect of personal annotation on personal navigatioal behavior: In the analysis of
effectiveness of annotation, we looked at the éffd@annotation on revisiting a page by
the author of the annotation. We compared the fmibtyaof visiting a page that had been
annotated by the student herself in the past Withptrobability of visiting a page that had
not yet been annotated by this student. As showralrle 3, in both semesters, students
were more likely to revisit a page that they hagady annotated. The difference in both
cases is statistically significant. The studentsodaite pages that they want to revisit, so
showing previously annotated pages is useful feigagional support.

Table 3- Chance of self-revisit on annotated and not tated pages

Without annotation | With annotation | p-value

Spring 2004 17% 48% 0.01
Fall 2004 18% 47% 0.0¢




Effect of thermometer on group navigation behavior: While the presence of both
public and private annotations significantly infheed navigational behavior, we were not
able to demonstrate the influence of the tempegaiton on navigation behavior. The
frequency of visits to pages with a positive terapare was not very different from pages
with neutral or even negative temperatures. Afterencareful analysis of students’
annotations we discovered that the difference betwigpes of annotation was not very
clear to the students. First, many obviously pesitinnotations were typed by students as
being merely “general” notes. Table 4 shows thatentban 50% of “general" annotations
were really “praise.” Secondly, “problem” annotaisowere used not to indicate a bad
page (as we assumed), but to report problems Wélpage to the teacher. In effect, the
thermometer icon was useful to indicate pages withlic annotations. However, the
students could not rely on the “temperature” tovskive quality of the information.

Table 4- Usage of type of annotations

Total Number of Praise | General| Typed as General
Annotations but is really Praise
Spring 2004 41 16 25 17
Fall 2004 51 24 21 11

4 Previous Work

Several e-learning systems have been developed ti@ndea of social navigation. Most
relevant to our project are CoFIND [6] and Educd. [CoFIND is a self-organized
learning environment that organizes online resaitieugh the counting of votes cast by
learners. Learners can associate different typegialities (such as “simple”, “good for
beginners”) with each resource to help with theaaigation of the resources. Although
CoFIND has been pretty successful among its ugerdjes heavily on explicit feedback.
Providing explicit feedback can interfere with teidents’ learning process and can
increase students’ extraneous cognitive load. Edigoa collaborative learning
environment that supports social navigation in airend indirect ways. Direct social
navigation is supported through real-time discussita chat rooms. Indirect social
navigation is supported by annotating resourcesordony to the number of visits.
Although direct social navigation is interestingiat is more interesting and important to
us is indirect social navigation. Indirect socialvigation is well suited for online settings
since people access the resource on an indivichgs kat discrete, disjointed times and
locations. Direct social navigation can offer vditife help to those who are not able to
participate in real time discussions. It is harddepond to discussions when people are
online at different times and it is more diffictitt associate topics in the discussion with
specific content within the resources. The disarssiould be totally irrelevant to the
associated resource. In terms of indirect suppbiogial navigation, Educo relies on



simple implicit feedback from students: the numloérvisits. Although Educo also
enables learners to annotate documents, this iafiom is not used for navigation
support.

5 Conclusion

Social navigation is a promising approach for pdowj navigation support inside a
community of online learners. However, the chalen@f collecting feedback from

learners make reliable social navigation suppoffficdit. Our results show that

annotation-based social navigation support is rattractive for learners. Yet, the learners
have to be motivated to annotate the tutorial pa@esa future direction of this work, we

are planning to provide bridges from students’ aation to course material by letting

student bookmark pages as related to specificiestor assignments. We believe this will
give more motivation and clearer navigational suppo students who are authoring
annotations and those who are later influencedhémt
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