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AnnotatEd: A Social Navigation and Annotation Service for Web-based Educational 

Resources 



Abstract: Web page annotation and adaptive navigation support are two active, 

but independent research directions focused on the same goal: expanding the 

functionality of the Web as a hypertext system. The goal of the AnnotatEd system 

presented in this paper has been to integrate annotation and adaptive navigation 

support into a single value-added service where the components can reinforce 

each other and create new unique attributes. This paper describes the 

implementation of AnnotatEd from early prototypes to the current version, which 

has been explored in several contexts. We summarize some lessons we learned 

during the development process and which defined the current functionality of the 

system. We also present the results of several classroom studies of the system. 

These results demonstrate the importance of the browsing-based information 

access supported by AnnotatEd and the value of both the annotation and 

navigation support functionalities offered by the system. 

 

Keywords: Web Annotation; Social Navigation; E-Learning; Navigation 

Support; Evaluation; Classroom Study 

1 Introduction 

The World Wide Web is currently the single most popular hypertext system; however, it 

is far from being the most powerful or the most advanced hypertext system. A number of the 

advanced features implemented in various pre-Web hypertext systems have been “lost” in the 

move from classic hypertext to the Web. As a result, a number of international research groups 

are now working on extending Web hypertext so that it will have the advanced functionalities 

which were already known to be valuable for pre-Web hypertext users.  

Content annotation is among the most active branches of work that is focused on 

enhancing the Web as a hypertext system. A number of pre-Web hypertext systems supported 

annotation in the form of highlighting or underlining a part of the text, or associating free format 

or structured comments with a portion of a page. The ability to annotate is important, but it is not 

inherent to Web architecture. To compensate for the missing functionality, many Web-based 

closed-corpus hypertext systems (such as virtual museums) offered proprietary tools for the users 

to annotate their own content. In the open-corpus context (unrestricted Web content), the ability 

to annotate was originally supported on the client side by some early browsers, but later became 

a function found within a range of Web annotation systems that provide value-added services and 

store annotation on the server side. The move from client-side to server-side annotation was 

originally caused by browser problems but was later fuelled by the extra value provided by 

centrally storing annotations: the ability to share annotations with others (Gibeo, 2004; Xin and 

Glass, 2005).  This ability enables open and closed-corpus Web annotation tools to support 

collaborative work over the Web.  

Other directions of work that are focused on enhancing the Web with advanced hypertext 

functionality include guided tours and adaptive navigation support. Guided tours allow a user to 

navigate a complex hyperspace along a linear, predefined path, which is frequently augmented 

with a narration. This functionality was implemented in several closed-corpus Web hypertext 

systems. To offer guided tours on the open-corpus Web, both browser-side support (Moody, 

1998; Noda et al., 2004) and intermediary-style systems (Sandvad et al., 2001; Shipman et al., 

2000) were suggested. Adaptive navigation support helps the user select the most relevant links 



to navigate. It has been implemented in many closed-corpus adaptive hypermedia systems 

(Brusilovsky, 2001) and a few open-corpus systems (Pazzani et al., 1996). 

When researching advanced hypertext functionality for Web browsing, one of the 

problems is how to support several functionalities in one system. While each enhancement offers 

some added value, existing projects focus on advancing Web hypertext in only one area – 

whether it is annotation, guided tours, or navigation support. The most interesting research 

question is how to integrate two or more of these enhancements so that the result will be more 

than the sum of its parts. For example, the integration of annotation and guided tours could 

enhance the value of guided tours by including both author- and user-created narrations 

(Shipman et al., 2000). 

The goal of the project presented in this paper was to integrate annotation and adaptive 

navigation support for open-corpus Web hypertext into a single value-added service. This paper 

introduces the AnnotatEd system, which offers both annotation (through highlighting and free-

text comments) and adaptive navigation support (through social navigation). It works in the 

traditional intermediary way (Barrett and Maglio, 1999), standing between Web pages and users. 

Each Web page is pre-processed by AnnotatEd before being displayed to the user. During this 

pre-processing stage, AnnotatEd adds adaptive visual cues to all eligible links and generates an 

additional annotation frame that allows the user to view and provide annotation. The navigation 

support and annotation components in AnnotatEd enhance each other's value. The navigation 

support component makes the user’s annotations more visible and valuable by adding visual cues 

to all links that lead to pages previously annotated by the user. In turn, access to annotations 

written by multiple users on the same pages allows the social navigation support component to 

extend the traditional traffic-based support with annotation-based support. 

This presentation is organized as follows: Sections 2 and 3 review related work in the 

area of Web annotation and social navigation. Section 4 gives an overview of the AnnotatEd 

system and describes the different stages it went through while being developed.  Sections 5 and 

6 present the internal mechanisms of AnnotatEd. Here we summarize the major development 

stages of these mechanisms and discuss the lessons learned.  Section 7 reports the most important 

results found in our evaluation of AnnotatEd.  Section 8 concludes the paper and describes some 

future directions for research. 

2 Web Annotation  

Web annotation has been popular among both researchers and practitioners. The list of 

Web annotation tools is growing every year.  While practitioners have been mostly focused on 

providing more and more sophisticated interfaces with several annotation functionalities, the 

researchers have been more interested in exploring the additional benefits that can be provided in 

Web annotation systems.  Accordingly, the review below distinguishes works focusing on the 

annotation interface from works providing annotation in a different context. 

2.1 Web Annotation Interfaces 

Several annotation systems focus on developing an advanced architecture and building a 

sophisticated but user-friendly annotation interface to improve Web-based annotations.  They try 

to support content-aware annotation on any arbitrary Web page.  Gibeo is an example of a well-

designed Web annotation system. Once the user is registered with their Website, the user may 

annotate any random Web page by merely adding “.gibeo.net” to the URL.  When any part of the 



text on the page is highlighted, a set of options is displayed to allow the user to specify whether 

the highlighted text is important, wrong, or cool.  The users can also add comments, corrections, 

links, or shared discussion to any part of the text.  All the annotation is shared with all users of 

the system and clicking on an annotation provides detailed information about the annotation, 

such as the name of its author.   

Marginalia (Xin and Glass, 2005) is a JavaScript Web annotation system that focuses on 

providing intuitive annotation functionality for any arbitrary Web page or comments made in the 

Moodle discussion forum.  Marginalia allows users to highlight any part of the text and write 

associated comments in the margin of the pages. Annotation may be marked as public or private. 

CritLink (Yee, 2002) is a Web annotation tool that allows annotation to any location on 

any public page, in order to support critical discussion and document annotation.  It doesn’t 

require installing any special client or server software and is supported by all browsers and 

operating systems.  Annotations can have types as well as be public or private.  CritLink 

augments the browsing experience by mediating all transactions between the browser and server. 

CritLink also tries to support other important hypertext functionalities such as bi-directional 

links, extrinsic links, typed links, and fine-grained links. 

2.2 Web Annotation and Collaborative Work 

The use of annotation for collaborative work is a popular branch of research that started 

well before the Web era. A range of important studies were performed with pre-Web annotation 

systems. For example, (Wojahn et al., 1998) studied the effect of an annotation interface on 

collaboration by comparing three different annotation interfaces.  They concluded that annotation 

interfaces affect the number and types of problems about which collaborators communicate. 

These studies provided a foundation for developing collaborative annotations on the Web.  

Arguably, the most well-known annotation tool in this category is the Annotea system, 

which enhances the collaborative development of the Semantic Web via shared Web annotations 

(Kahan et al., 2002).  Annotations are in the form of comments, notes, explanations, or any other 

type of external remarks attached to any Web document or portion of the document.  The users 

are able to access all attached annotations when they open the original document. 

Microsoft Office 2000 includes a “Web discussion” feature that allows collaborative 

annotation of any Web page. (Cadiz et al., 2000) studied the application of the Microsoft Office 

2000 Web annotation tool for collaborative writing within a large product group at Microsoft.  

Cadiz et al provide a detailed analysis of the factors influencing the collaborative usage of the 

Microsoft 2000 tool. Their results indicated that there was quite a variation in the usage of these 

annotations. 

MADCOW (Bottoni et al., 2006) is another example of a browser-based annotation tool 

for multimedia resources. MADCOW is designed to support document-centered collaboration. It 

offers context-bounded discussions and annotations of annotations.   

2.3 Web Annotation and Information Access 

Research on Web annotation for information access attempts to develop tools that use 

user annotation behavior to improve the user’s ability to retain and retrieve relevant information. 

A landmark pre-Web study of this type was about XLibris, a pen-based freeform annotation tool 

that supports highlighting, underlining, and commenting. XLibris employs users’ marks for the 

organization of information and to pinpoint information access by generating search queries from 



users’ annotations. In addition, XLibris provides a skimming mode, which highlights the most 

important parts of the document retrieved, based on other users’ annotations.  It also processes 

the highlighted text and offers links to similar documents (Schilit et al., 1998). More recently, 

Bradshaw and Light studied the degree of overlap between annotations when different 

researchers read the same article (Bradshaw and Light, 2007). They found a high degree of 

overlap in the annotated passages and they concluded that the users’ annotations are a reliable 

source for recommending important passages. 

YAWAS is an example of a similar Web annotation tool that allows users to highlight 

any part of the text.  It employs user annotation to provide personalized document summaries, by 

conglomerating the highlighted text.  The highlighted portions of the documents can also be used 

for personalized document clustering and classification (Denoue and Vignollet, 2001). 

2.4 Web Annotation and E-Learning 

E-learning is an important domain that has benefited from Web annotation tools.  

EDUCOSM (Kurhila et al., 2003) is an example of how annotation tools are used in e-learning.  

It allows annotations in the form of highlights and comments on any Web page.  EDUCOSM 

also supports collaborative knowledge building by allowing joint annotation of resources.  All 

the annotations are visible to all students, which helps them to learn from each other. 

(Rau et al., 2004) also developed a Web annotation tool that allows users to annotate 

Web-based resources and to share them with other learners.  Annotations are in the form of 

highlighted texts and comments.  The tool also allows the inserting and editing of annotations, 

and the ability to organize and present annotations hierarchically. Users have the option to keep 

the annotation individual or to share them with others. Sharing of annotations can be done 

synchronously or asynchronously.  

WebAnn (Brush et al., 2002) is a shared annotation system, which is embedded into 

Internet Explorer and allows the annotation of any random Webpage.  Annotations are context-

dependent and can be associated with any part of the page.  A study comparing WebAnn with a 

discussion board system in a graduate course showed that students made significantly more 

comments using WebAnn because of the ability to make contextual comments.   

Web Memo (Yanagisawa et al., 2004) is a Web browser that allows students to annotate 

Web pages by highlighting, writing comments, and drawing with a freehand pen.  Evaluation of 

this system among undergraduate students showed that the subjects were satisfied with the 

system.  Moreover, the evaluation showed that the frequency of highlighting, which is the most 

frequent form of annotation, does not differ, whether using the Web Memo system or paper-

based annotation. 

3 Social Navigation Support 

Adaptive navigation support is a group of interface techniques developed in the field of 

adaptive hypermedia (Brusilovsky, 2001) for guiding users to the most appropriate information 

resources. However, classic adaptive navigation support techniques rely on manual annotation 

produced by domain experts and are not well suited to structuring guidance for the large volume 

of open-corpus documents (Brusilovsky and Henze, 2007).  Social navigation support (SNS) 

techniques provide an alternative solution, which is based on the ideas of social navigation 

(Dieberger et al., 2000). Dourish and Chalmers (1994) define social navigation as “moving 

towards clusters of people” or “selecting subjects because others have been examining them.” 



SNS techniques make use of many users’ past interactions with the system to guide new users of 

the system, relying on the collective knowledge of a large community of users. The kind of 

interaction past learners had is taken into account by a SNS system; we can distinguish several 

types of SNS. The two types of SNS provided in AnnotatEd are traffic-based and annotation-

based SNS. 

Traffic-based SNS originates from the traditional “footprint” approach to social 

navigation (Wexelblat and Mayes, 1999).  It generally provides information about the number of 

visits users have made to each link.  Traffic-based SNS promotes links which have a higher 

number of visits.  For example, CoWeb extends a traditional WIKI hypertext by visualizing 

traffic-based social navigation (Dieberger and Guzdial, 2003).  The system tracks how often a 

page is accessed or modified.  It visualizes the density of the aggregated access for the past 24 

hours by applying three levels of color intensity to the footprint symbol. 

Annotation-based SNS is based on the annotation activities of the users, thus offering 

more reliable evidence of page importance than simple visitor count (the reference is removed 

for blind review). Annotation-based SNS promotes links to pages annotated by users, especially 

pages with higher numbers of annotations or positive annotations.  Annotation-based SNS is less 

frequently used. EDUCO (Kurhila et al., 2002) provides an annotation tool which allows learners 

to associate comments with a document.  It provides simple annotation-based SNS by keeping 

track of when comments are modified and visually demarcates new comments. 

4 The Interface of AnnotatEd: From Knowledge Sea II to ASSIST-ACM 

The AnnotatEd system presented in this paper is a social navigation and annotation 

service that employs users’ annotation and navigation information to provide social navigation 

support. AnnotatEd allows students to annotate Web pages by placing free-format comments that 

can be associated with the whole page or specific parts of the page, which are highlighted. 

Similar to other intermediary-type systems (Barrett and Maglio, 1999), AnnotatEd accompanies 

the students from page to page by redirecting all the page links through the AnnotatEd proxy 

service. The proxy service pre-fetches requested pages and augments links inside the pages in 

order to offer social adaptive navigation support. 

The navigation support is offered in a popular form—link annotation (Brusilovsky, 1996) 

and is personalized on both the group and individual level. AnnotatEd provides a visual cue next 

to each link, expressing the past interactions of the user and the group the user belongs to. To 

offer social navigation support, AnnotatEd keeps track of all the user’s actions: every click they 

make, the time they spend reading each page, and every annotation they make for each page.   

Figure 1 shows a sample page presented by AnnotatEd. As can be seen in the figure, the 

links inside the pages are augmented with traffic- and annotation-based visual cues.  The 

algorithms to generate these visual cues are explained in sections 4.4 and 4.5.  The right side of 

the page is the annotation frame, which allows the user to add notes to the page, highlight a 

fragment of text, or bookmark a page. When adding a note, in addition to creating free-format 

text, the user has the option to make the note private or share it with others and specify a type for 

the note.  The note can be signed with the user’s name or be anonymous.  To highlight a section, 

the user selects any part of the text and clicks on the highlight button.  The user can also 

bookmark the page by clicking on the bookmark button and later retrieve the bookmarked pages 

by clicking on the summary button. 

AnnotatEd is a multi-purpose system, which can be integrated into different Web-based 

systems, adding social navigation support to an existing system.  In this section, we present two 



examples of using AnnotatEd to support student work with external educational resources. The 

first one is the integration of AnnotatEd with Knowledge Sea II, which attempted to help 

students find the most useful pages in Web-based textbooks and tutorials (Brusilovsky et al., 

2004).  The second example demonstrates the use of AnnotatEd in the ASSIST-ACM system 

(Farzan et al., 2007), which was designed to help students and researchers locate relevant articles 

in the electronic version of Communications of the ACM, a magazine available through ACM’s 

Digital Library
*
. 

 

 
Figure 1. Sample page in AnnotatEd 

4.1 AnnotatEd and Knowledge Sea II 

Knowledge Sea II was designed to help students navigate from weekly lectures to 

relevant online educational materials by using a map-based information visualization and 

horizontal navigation between resources.  AnnotatEd is an important component of Knowledge 

Sea II, which enables the system to provide traffic-based (Brusilovsky et al., 2004) and 

annotation-based (Farzan and Brusilovsky, 2005) social navigation support.  

Figure 2 shows the general view of Knowledge Sea II. The left side of the figure shows a 

map of resources, with related resources being located closer to each other. When the user clicks 

on any of the map cells, they will see a list of resources inside that cell. When the user clicks on 

an item in the list, the page opens up inside AnnotatEd. We call this type of navigation to 

                                                
*
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resource pages—map-based access. In addition, the user may access resources using traditional 

browsing, by using the table of contents or clicking on links to move from page to page.  

 
Figure 2. AnnotatEd in the context of the Knowledge Sea II System  

 

All types of access are enhanced by the social navigation support. Each link inside the 

page shown by AnnotatEd is annotated with two different icons: the Traffic icon and the 

Annotation icon.  These icons are visible on the right side of Figure 2 and are shown in more 

detail in Figure 3.  The Traffic icon represents traffic-based SNS.  The background color 

represents the volume of visiting activity completed by a group of users (in this case, a class). 

The higher the intensity of the background color, the higher the group activity for that page. The 

concept of visiting activity or traffic integrates the number of visits and the time spent visiting.  

The human figure represents the individual’s visiting activity.  The intensity of its color 

represents the volume of the individual's traffic. In a similar way, the Annotation icon represents 

the number of annotations on the page made by the user (a note is present and ranked by color) 

and the group (denoted by background color). 

This map is not a part of AnnotatEd, but it displays the same traffic- and annotation-

based social navigation support cues using information about user navigation and annotation that 

has been collected in AnnotatEd. The background color of each cell and the color of the human 

icon inside the cell represent, respectively, the cumulative traffic produced by the group and the 

user while visiting pages clustered in the cell. Moreover, the cells are augmented with user 

annotations. For each document inside the cell, information about interactions and annotations is 

collected by AnnotatEd and the accumulated data is visualized on the map. In addition, each link 

inside a map cell is also augmented with traffic- and annotation-based information that has been 

collected by AnnotatEd using the same approach as AnnotatEd uses to annotate links inside 

pages. 

 
Figure 3. Navigational Cues 

 



4.2 AnnotatEd and ASSIST-ACM 

Similar to its usage in Knowledge Sea II, AnnotatEd is used in the ASSIST-ACM system 

to help students locate papers that are relevant to their information-seeking goals (Freyne et al., 

2007).  AnnotatEd keeps track of all papers visited by any member of the group and allows the 

members to annotate papers as being relevant or irrelevant to the group.  AnnotatEd uses this 

information to augment the links with visual cues.  ASSIST-ACM shows that visual cues 

generated by AnnotatEd can be tuned to the specific characteristics of each host system and its 

interface. ASSIST-ACM uses different fill levels for the footprints icon (Figure 4) instead of 

background color, to represent group visiting activity. The fill levels represent different degrees 

of visiting activity, with higher levels representing higher traffic.   

 

 
Figure 4. Visual icons representing the different magnitudes of group visiting activity 

 

 
Figure 5. The use of AnnotatEd in the ASSIST-ACM System 

 

Calculation of the color level can be adapted to the specific application as well.  For 

example, in the ASSIST-ACM system it was important to take into account both positive and 

negative social evidence. In this context, the users look at a list of papers each time and decide 



whether to check a specific paper or not.  Information about unvisited papers is as important as 

information about visited papers: i.e. unvisited papers are irrelevant to the group or user 

information-seeking goal.  Therefore, we compute the fill level by taking into account the 

number of times a paper is visited over the total number of times that the paper is shown to the 

users.  Figure 5 presents a sample page table of contents page in ASSIST-ACM, where the links 

are augmented with social cues and an article page is opened in AnnotatEd. The details about the 

usage of AnnotatEd in the ASSIST-ACM system can be found in (Farzan et al., 2007). 

 

5 Traffic-based SNS in AnnotatEd 

The implementation of traffic-based annotation support in AnnotatEd went through two 

stages. We started with a rather simple “footprint” mechanism for social navigation, previously 

discovered in earlier works (Wexelblat and Mayes, 1999). While this mechanism appeared to be 

quite helpful, user studies revealed some problems. On the positive side, we found that footprint-

based navigation, with its “pragmatic” click-counting interpretation, can achieve success in 

helping users find their way through hyperspace. On the negative side, our experience and user 

feedback pointed out that click-based footprints can mislead users, due to lack of accuracy. The 

number of clicks is not a reliable evidence of quality and relevance for the visited page. Page 

selection is done on the basis of the link anchor alone. So poor quality or irrelevant pages may 

not be always avoided by looking at the anchor. A short visit to the page may be required to 

realize whether it is relevant or not. Log analysis data from the two semesters of classroom study 

of Knowledge Sea II shows that about 60% of page visits are relatively short. Pragmatic counting 

does not distinguish these unproductive visits and lengthier ones, so the simple footprint 

mechanism can mislead the students towards non-important pages. A comparison of the quality 

of often, but quickly-visited pages to pages with fewer but longer visits, shows that a 

significantly higher percentage of pages with long visits are noteworthy to the students.  We 

define noteworthy pages as the ones which attract student annotations (Farzan and Brusilovsky, 

2005). To resolve these problems, we enhanced this mechanism to take into account time spent 

reading. This section briefly introduces the original mechanisms and then presents the details of 

the new mechanism, which is now used in both the Knowledge Sea II and ASSIST-ACM 

systems presented above. 

5.1 Stage I: Counting Page Visits 

The first version of AnnotatEd implemented a “footprint” mechanism for social 

navigation (Wexelblat and Mayes, 1999). The mechanism tracked all page-visiting activities 

(known as traffic) and made it visible to the community of users through link annotation. Links 

inside the pages were annotated with visual cues indicating individual and group traffic.  Traffic-

based visual cues are a combination of a human icon on a colored square, where the background 

color represents the visiting activity of the group and the color of the human icon represents the 

individual’s visiting activity. There are 10 levels of background color as shown in Figure 6. 

 

 



Figure 6. Background color levels representing the magnitude of group visiting activity 

 

To help distinguishing the color difference between low and high traffic easily, the 

intensity of the color increases logarithmically. The traffic level is computed by tracking the 

users’ page visits. The formula used for computation and a motivation for it can be found in 

(Brusilovsky et al., 2004). 

 

5.2 Stage II: Taking into Account the Time Spent Reading a Page 

To capture a more precise insight into the intention of the users and to eliminate potential 

“tar pits” (e.g., the user was attracted by a likely-relevant link and visited the document, but 

immediately backed away after discovering that it was not really good or relevant), we take into 

account time spent reading (TSR) each page.  A “real visit” to a document (based on the TSR) is 

computed as shown in figure 7.   

 
Figure 7. Computation of real visit based on TSR 

 

If the TSR is too short (less than 5 seconds) or too long (more than 10 minutes), the page 

visit is ignored. We have defined two thresholds for long and short pages based on our collected 

data from observing students’ interaction with the system.  If the TSR is below this threshold, 

only a partial “click” is credited as a proportion computed by dividing the TSR by the threshold.  

Only if the TSR is more than the threshold is the click counted as one real visit. 

Once the real visit is computed, we compute the traffic level by using the following 

formula: 

 
Where Min is the minimum possible number of group visits for a page, which we set to 

zero; while Max is maximum possible number of visits to a page, which is dependent on the 

number of students in the group, while the noOfIntervals is the possible number of different 

colors.  To make the color changes great enough that small changes in a relatively low number of 

clicks will be immediately reflected in color changes and noticed by the user, we used a 



logarithmic transformation.  Finally, normalization is performed to get the color level.  Figure 8 

shows an example where group and individual traffic levels aren’t proportional. 

 
Figure 8. Example of traffic levels, according to number of clicks 

 

The color of the human figure in the Traffic icon (Figure 2) shows the magnitude of 

individual visits, which is represented with 5 color intensity levels.  The color intensity is 

calculated the same way as explained above.  Figure 9 shows five human icons ranging from a 

dark blue to a very light blue color. 

 

 
Figure 9. Visual cues representing different levels of individual visiting activity 

6 Annotation-based SNS in AnnotatEd 

The current version of annotation-based SNS, used in Knowledge Sea II and ASSIST 

ACM, was developed over three design cycles. Each cycle was followed by extensive user 

studies. We learned a number of lessons during these studies and we think these lessons may be 

important to the reader. Instead of simply describing the current implementation of annotation-

based SNS, this section begins by presenting the two earlier versions along with lessons learned 

and the rationale which guided our design decisions. 

6.1 Stage I: A Simple Annotation Interface 

AnnotatEd began with a very simple annotation interface accompanied by a complete 

tracking feature.  The first version provided an easy-to-use interface for annotating educational 

resources by letting students add comments to the page. Students were not able to share notes 

with others and were not aware of annotations by others.  

Our preliminary evaluation of annotations showed that about 60% of the students 

appreciated the ability to annotate and further, were interested in sharing their annotations, 

seeing annotations made by others, and knowing which pages were annotated.  In addition, we 

examined notes written by the students and discovered that the notes could be categorized into 

three groups: praise (a positive point about the page), problem (a negative point about the page), 

or general (a neutral statement, such as, “I have to go back to this page”).  Considering this 



classification, 37 notes were classified as “praise,” 36 as “problem,” and 34 as “general.” This 

data motivated us to proceed with expanding the user's ability to annotate and also to explore the 

use of annotation as the source of a more reliable SNS.   

6.2 Stage II: Introduction of Annotation-Based Navigation Support 

In the second stage of the implementation of AnnotatEd, the students were able to view 

public notes written by others. We added the ability to make public and private annotations and 

to choose one of the above three categories for annotations (praise, problem, or general note). 

We also allowed students to choose to sign notes or to keep them anonymous. This was all added 

in order to motivate students to share feedback with their classmates.  Figure 10 presents the 

annotation interface of AnnotatEd, at that stage.  The top part of the annotation interface displays 

previously written notes.   

 
Figure 10. The Annotation Interface (Stage II) 

 

At this stage, we added basic annotation-based SNS by augmenting links to pages with 

public annotations with the Annotation icon.  Similar to the Traffic icon, the background color of 

the Annotation icon represents the magnitude of group annotation activity and the color of the 

sticky note icon represents the magnitude of individual annotation activity. Here the background 

has 3 levels and the foreground has two levels.  Since the number of annotations is not very large 

for each given paper, we used a fixed threshold for different color levels, as shown in Figure 11. 

 
Figure 11. Background color levels representing the magnitude of group annotation activity 

 

The evaluation of the second stage made us aware of some interface problems.  After an 

analysis of student annotations we discovered that the difference between types of annotations 

was not very clear to the students. First of all, many obviously positive annotations were 

categorized by the students as being merely “general” notes: 61% of the annotations that were 

rated as “general" were really “praise.”  We hypothesized that the interface may have triggered 

this problem.  As shown in Figure 10, in order to write a note, students must first choose the 

type, then the privacy level and authorship, then write the note, and click to save the note.  The 

default type is set to general and changing the type from default to any other case is optional.  



We think that the box for selection of type was too distant from the saving note button, so that 

the students could easily forget to change the type, when done.  Secondly, “problem” annotations 

were used not to indicate a negative page (as we had assumed), but to report problems with the 

page to the teacher.  

6.3 Stage III: Enhanced Annotation and Navigation Support 

To address interface issues encountered in Stage II, we removed the “problem” type and added 

the option to write a note that could only be seen by the instructor of the course.  The note to the 

instructor could serve as a way to report problems within the educational material. We also 

rearranged the interface and placed important options to consider closer to the “save note” button 

(Figure 12).  Following the results of our study of the use of signed and anonymous notes (see 

section 7.2), the signed option became the new default option.  

 

 
Figure 12. The Annotation Interface (Stage III) 

 

In the third stage we also enhanced both the annotation and navigation sides of the 

system. To allow for a simpler form of annotation, we added highlighting.  To highlight, one 

merely selects any part of the text and clicks on the “highlight” button.  Highlighting creates an 

effect similar to that of using a highlighter on paper.   

We also enhanced annotation-based navigation support by visualizing annotation 

temperature and by using the annotation type which had been provided by the student author.  

The Annotation icon was modified to represent this information. The background color of the 

square represented the same information about the density of group annotations, but the sticky 

note icon inside the square was replaced by a thumbs-up icon to indicate a positive annotation 

from the logged-on user. We used the sticky note to indicate the existence of a general note. 

Similar to the previous stage, the color of the foreground icons represented the density of 

individual notes. In addition, a thermometer icon was added to present the “overall temperature” 

of the annotations made by the group of students. The temperature grew warmer when a page 

attracted more positive annotations and colder when it attracted more problem-type annotations 

(Figures 2 and 3).  



7 Evaluation 

We focus this evaluation section on the application of AnnotatEd to the Knowledge Sea 

II system.  Knowledge Sea II has been used in the School of Information Sciences at the 

University of Pittsburgh for over six semesters and has been evaluated at the end of each 

semester.  We are reporting the results obtained during the evaluation of three versions of 

AnnotatEd during the first four semesters it was used. The studies were done in an introductory 

C programming course (undergraduate), and an information retrieval course (graduate).  Table 1 

presents general statistics about the number of students in the classroom for each study and the 

number of students who used the system.  It also shows the number of unique documents being 

accessed by the students and the maximum number of visits to a document.    

 
Table 1 – General usage statistics 

 Course System 

Stage 

Total 

students  

Students 

using the 

system 

Unique 

documents 

accessed 

Maximum 

visits to a 

document 

Fall 2003 C I 27 18 284 20 

Spring 2004 C II 26 25 431 18 

Fall 2004 C III 15 12 368 22 

Fall 2005 IR III 15 13 153 19 

 

In each class, the system was introduced by the instructor. The students were able to 

access the system anytime, anywhere.  During the study, all the students’ interactions with the 

system were logged for log analysis.  We also administered a questionnaire at the end of each 

semester, to collect the students’ subjective opinions. Following the developmental stages of the 

system, we ended each semester by evaluating the main new features of that particular system.  

The following subsections describe the evaluation goals of each stage. 

7.1 Stage I 

As described above in the first stage, while students had the ability to write annotations, 

no annotation-based social navigation was supported and students were only able to view their 

own annotations. A subjective evaluation was designed to discover the students’ opinion about 

the ability to annotate and their desire to share their annotations with others, know which pages 

had been annotated by others, and see the content of others’ annotations. The questions are 

shown in Figure 13. The first question was designed to assess the overall value of the annotation 

feature and the other two questions were designed to assess the potential value of adding social 

navigation support.   



 
Figure 13. Stage I: Subjective questions evaluating annotation features 

 

The result is shown in Figure 14.  The first column (Q1) shows that more than 60% of the 

students found the annotation ability very important or quite useful and less than 10% found it 

useless. The second column (Q2) shows that 70% of students were willing to share all their 

annotations or specific ones with other students and there were only 30% who didn’t want to 

share any information about their annotations with other students. The third column shows that 

60% of the students want to know about annotations made by others as long as the authors are 

willing to share them. Overall the subjective opinion is very positive towards annotations and 

potential annotation-based social navigation support.   

 
Figure 14. Stage I - Subjective opinions of students about the annotation features 



7.2 Stage II 

The stage II evaluation was mostly formative. In that stage, annotation-based social 

navigation support was added to AnnotatEd and Knowledge Sea II. Therefore, the focus of our 

stage II evaluation was the value and effect of this additional functionality. We were interested in 

evaluating the effect of annotation-based social navigation support on the students’ navigation 

behavior. We also were interested in assessing the value of some specific interface choices, such 

as the freedom to sign notes or to remain anonymous. Finally, we were interested in hearing the 

student’s subjective opinions about the new features.  

7.2.1 The effect of Social Navigation Support on Link-Following 

To assess the influence of annotation-based visual cues on user navigation, we looked at 

the following: 

1. The effect of annotation when the author revisited a page: We compared the chance of 

revisiting a page if the student had annotated it versus the chance of revisiting it if the page 

had not been annotated by the student.  The results show that the chance of revisiting is 48% 

when the page is self-annotated and 17% when it is not.  The difference is statistically 

significant (p-value=0.01) 

2. The effect of annotation on group navigation behavior: We computed the normalized access 

rate before and after the presence of public annotations. To normalize, we divided the 

number of page-visits by the number of possible days to access a page. Namely, the number 

of visits before annotation was divided by the number of days between the system’s first use 

and the date of its first public annotation, while activity after annotation was divided by the 

number of days public annotation had been used in the system. Figure 15 shows that the 

normalized access after public annotations were introduced is significantly larger than before 

the availability of public annotations (p-value < 0.001). 

 

 
Figure 15. Effect of the presence of public annotation on student visits 

 



7.2.2 The value of signed notes  

To assess the value of choice between anonymity and signed annotation provided in the 

Stage II interface, we compared the percentage of anonymous annotations with annotations 

signed by the user with the username.  As can be seen in Table 2, students preferred to sign their 

annotations in the majority of cases.  The result is rather notable considering that the anonymous 

annotation was the default option and thus students have consciously chosen to sign their 

annotations (Figure 10).  The difference is statistically significant (prtest - test on the equality of 

proportions, α=0.05) 

 
 Table 2 - Quantity of anonymous versus signed 

annotations 

 Number Percentage 

Anonymous 24 24.4898 

Signed 74 75.5102 

 

Moreover, we were interested in comparing the quality of annotations written in the 

anonymous and signed formats. We hypothesized that when students sign their annotations they 

are more likely to write higher quality annotation, since it affects their credibility among their 

peers.  To measure the quality of the annotations, we considered the type and length of the 

annotations: If the annotation had a type (problem or praise) it included more information and 

thus was considered more desirable.  Also we assumed that longer annotations included more 

information; although this is not a straightforward assumption and needs to be evaluated more 

closely. To evaluate our hypotheses, we looked at the percentage of typed annotation in 

anonymous and signed formats.  As shown in Table 3, 67% of anonymous annotations were in 

the general format while only 40.6% of the signed annotations were general. 

 

Table 3 - Type of anonymous versus signed 

annotations 

 Praise General Problem 

Anonymous 29.2% 67% 3.8% 

Signed 48.4% 40.6% 11% 

 

We also compared the length of anonymous versus signed annotations and, as shown in Figure 

16, signed annotations have a higher length on average and the difference is statistically 

significant (ttest, α=0.1). The result supports our hypothesis that students produce higher quality 

annotations in the signed format. 

 



 
Figure 16. The length of anonymous versus signed annotations 

7.2.3 Subjective evaluation 

   
Figure 17. Stage II - Subjective question evaluating annotation features and annotation-based social navigation 

support 



Stage II questionnaire was designed to assess the students’ opinions about the value of 

annotation-based social navigation support in addition to the ability to annotate in general. The 

key questions are shown in Figure 17.  

The results of the subjective evaluation is shown in Figure 18.  Q1 shows that more than 50% of 

the students found the ability to annotate very important or quite useful and less than 10% found 

it useless; but about 40% of the students found the ability to annotate only sometimes helpful. Q2 

shows that 82% of students liked to specify a type while writing a note.  Q3 shows that 80% of 

the students were willing to share all of their annotations or specific ones with other students and 

there were only 10% who didn’t want to share any information about their annotations with other 

students. Q4 shows that the density of public annotation mattered to more than 70% of the 

students. Q5 assesses the interest of the students in how they viewed the ability to highlight, in 

addition to writing notes.  The results show that the ability to highlight was appealing to more 

than 70% of the students.  Overall, the students’ subjective opinions were very positive towards 

annotations and students were in favour of annotation-based social navigation support.   

 

 
Figure 18. Stage II - Subjective opinions of students about the annotation features 

7.3 Stage III 

The third stage included the most recent annotation interface and annotation-based social 

navigation support as described in the paper.  As a result, the evaluation was more deep and 

summative, by nature.  The study included the evaluation of the system over two semesters in an 

undergraduate C programming course and a graduate Information Retrieval course.  In this stage, 

we were interested in evaluating the following hypotheses: 

1. Providing navigation support inside Web pages (browsing) would be important, because 

browsing-based access to content is vital for the students. We expected to observe a 

considerable usage of browsing, even with the presence of other access options such as 

search and map-based navigation. 

2. Annotating links with SNS cues would affect the students’ decision of which link to follow.   

3. Pages with annotation-based SNS are important pages.   

4. Students would appreciate the annotation functionality of the system. 

5. Students would appreciate the annotation-based SNS inside Web pages. 



7.3.1 Browsing versus Map-based Navigation and Search Access 

As mentioned before, AnnotatEd is connected to Knowledge Sea’s navigation map.  The 

whole system also offers a search interface.  Therefore, the same educational materials can be 

accessed in different ways. The same navigation support is provided for all three access methods 

(map, search, browsing).  To evaluate our first hypothesis, we compared the usage of these three 

accessing methods by tracking the source of each resource page access. Although map-based 

navigation is known to be advantageous, the overall number of accesses through browsing was 

higher than the number of map-based accesses (Figure 19). Also, while searching is considered 

to be the most important information access method on the Web, our results show that actually 

the lowest number of accesses was done through searching.  

It is worth noticing that the usage of search in the information retrieval course was 

significantly higher than in the C programming course.  This may be related to the fact that 

graduate students, especially those taking an information retrieval course were much more skilful 

and confident in using searches. However, the data also shows that independent of the level of 

students’ expertise, browsing was important.  Over both semesters, about 50% of the accesses 

were done through browsing.  The results support our first hypothesis and agree with the 

expected importance of browsing as a method of accessing information on the Web. 

 
 

Figure 19 - Percentage of access from each method 

7.3.2 Browsing versus Map-based Navigation: Helping the User to Find Relevant Pages 

Browsing seems to be very important for the students and they use it a lot. But does 

browsing help them to access pages they are looking for? We hypothesized that pages selected 

through browsing would be more relevant to the students, since they have more context from 

which to choose the page and thus should be more certain about the content of the page.  To 

assess our hypothesis, we looked at the exact pages accessed from two different accessing 

methods: map and browsing.  We found 62 pages where the same page had been accessed by 

both map-navigation and browsing.  We measured the desirability of the page by the time the 

student spent on the page, since time spent has been proven to show a strong correlation to 

interest (Claypool et al., 2002).  

 
Table 4 - Time spent on pages accessed through the map compared to time spent 



when browsing (in seconds) 

Browsing Map p-value (paired t test) 

104.84 64.24 0.028 

 

Table 4 presents the average time spent on a page accessed through the map compared 

with average time spent on the same page when accessed by browsing.  We observed that 

students spent significantly more time on a page when they accessed it through browsing.  This 

is a good indication that browsing provides the most reliable mechanism for the students to 

discover relevant and interesting pages. Together with the discovered fact that browsing is also a 

heavily-used information access approach, this fact allows us to argue that the presence of 

browsing is critical for educational information access systems.  The importance of browsing 

also justifies the research on improving browsing-based access to educational resources such as 

the social navigation support approach explored in this section.  

7.3.3 The Effect of Social Navigation Support on Link-Following 

To evaluate the effect of annotating links with SNS cues, we compared the number of 

accesses to links with and without traffic-based or annotation-based SNS cues.  As can be seen in 

Table 5, pages with traffic- or annotation-based SNS attracted a higher number of visits, with 

annotation-based SNS pages attracting the most visits.  In both cases, the difference is significant 

(α = 0.05).  The results support our second hypothesis and suggest that annotation can play an 

important role in providing navigation support to users.   
 

Table 5 - Average number of clicks for pages with and without traffic/annotation-based SNS 

 None Traffic Annotation 

Average number of clicks 1.4 1.8 3.6 

 

Additionally, similar to stage II we computed the normalized access rate before and after 

the presence of public annotations. Namely, the number of visits before annotation was divided 

by the number of days between the system’s first use and the date of its first public annotation, 

while activity after annotation was divided by the number of days public annotation had been 

used in the system. Figure 20 shows that normalized access after public annotations were created 

is significantly larger than before the availability of public annotations (p-value < 0.001). 

 
Figure 20. Effect of the presence of public annotation on student visits 

 



7.3.4 Importance of Pages with Student Annotation 

Our results show that students are more likely to follow a link to a page that has 

annotations on it; therefore, it is essential to know whether this guidance is accurate, by assessing 

the quality of these pages.  To evaluate the quality of annotated pages, we calculated the average 

access to the page before the page was annotated, in order to subtract out the effect of student 

annotation.  We compared this to the average accesses to pages with no annotation.  In both 

semesters, as shown in Table 6, pages with student annotations attracted significantly more 

clicks, even before they were annotated.  This result suggests that pages, which eventually get 

annotated, are somehow important for the group. It supports our third hypothesis: Annotation-

based SNS does lead the students to important pages. 
 

Table 6 - Average access to pages with and without annotation, before the occurrence of 

student annotation 

 Annotated Not Annotated p-value (t test) 

C programming 3.15 2.02 0.03 

Information Retrieval 2.58 1.42 0.0005 

 

Note, this result does not contradict the finding in section 7.3.2 that annotations attract 

users’ attention.  As presented in section 7.2.1 and 7.3.3, the data shows that normalized access 

to annotated pages is significantly higher after being annotated (figure 15 and 20).  

7.3.5 Subjective Data Analysis 

 
Figure 21. Stage III - Subjective question evaluating annotation features and annotation-based social navigation 

support 



 

Similar to previous stages, we conducted a questionnaire at the end of the semester to 

collect students’ subjective feedback about different features of the system.  Figure 21 shows 

questions related to annotation and annotation-based SNS. In the C programming course we 

asked separate questions about the note-writing and highlighting functionalities, while in the 

information retrieval course we asked one general question about annotation functionality, in 

order to decrease the number of questions asked.  As shown in figure 22, more than 80% of the 

students, in all cases, appreciated the ability to annotate as provided by the system.  This data 

supports our 4th hypothesis. 

 
Figure 22. Student attitude towards the annotation functionality of the system 
 

To evaluate student opinion about annotation-based SNS in a more detailed way, we 

asked 1) about the usefulness of displaying information about density of public annotations as a 

visual cue, 2) whether the private annotations offered by the system are important, and 3) 

whether the overall temperature of a link influenced them to follow a link.  The questions were 

multiple-choice, asking the level of agreement with the statement in the question.  The questions 

were exactly the same for both courses.  As presented in Figure 23, the dominant majority of the 

students positively evaluated the main features of annotation-based SNS. Among the listed three 

features, the visualization of the density of public annotation appeared to be less successful, 

especially in the context of an undergraduate class. Yet even in this class, the feature was 

positively evaluated by about 70% of students. The result supports our 5th hypothesis. 

 
Figure 23. Students’ attitude towards annotation-based SNS inside Web pages 



8 Conclusion and Future Work 

AnnotatEd provides social navigation services as well as the ability for students to add 

annotations when browsing educational resources on the Web.  AnnotatEd keeps track of page 

visiting actions and the annotation behavior of students and uses this information to offer social 

navigation support.  Social navigation support is offered through the adaptive annotation of links 

inside Web pages. We evaluated the importance of providing the browsing option in addition to 

structured navigation options, such as map-based navigation or search-based navigation.  Our 

results showed that browsing is used by the students at least as frequently as map-based 

navigation, and more frequently than searching.  We also evaluated the effect of traffic- and 

annotation-based SNS on student decision making.  Our results show that students access 

augmented links significantly more frequently than not annotated ones.  Moreover, we assessed 

the importance of pages that had been annotated by students.  The results suggest that pages with 

student annotations were more important to students.  The subjective data analysis uncovered a 

highly positive student attitude towards the annotation functionality of the system and 

annotation-based SNS.  

More extensive evaluation of traffic-based and annotated-based remains the most 

important goal of our future work.  We would like to evaluate AnnotatEd system with a higher 

number of users as well as to explore in more details how the users interact with the system and 

its annotation and social navigation features.  For example, do all users have equal chances to be 

the first to read a page before it receives any traffic-based annotation?  Or, instead, the users can 

be split into “explorers”, who read book pages ahead of their peers, and “followers”, who tend to 

read pages rather late?  Similarly, is the percentage of annotated pages comparable for different 

users or we can split users on “annotaters”, who leave the majority of annotations, and “readers” 

who use the annotations but rarely leave any?  In addition, using the eye-tracker we want to 

explore to what extent users pay attention to social visual cues.  How much of user attention the 

visual cues attract?  How frequently the users choose to follow visual cues, which they noticed 

and examined? 

We would also like to improve our annotation interface by making the annotation process 

easier, in particular, by enabling pen-based annotation.  We hypothesize that a more advanced 

annotation interface will encourage students to annotate more.  Also, we want to expand the 

bookmarking feature of the system, which is currently very primitive, and to explore the value of 

navigation support based on the analysis of pages bookmarked by students.  Finally, we would 

like to explore the use of AnnotatEd in other contexts and in conjunction with different 

information access systems. 
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