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I. INTRODUCTION 
DAPTIVE link annotation is a powerful personalization technology in adaptive educational 

hypermedia and e-Learning systems. The purpose of adaptive annotation is to augment 

links with personalized hints that inform the user about the current state of nodes behind the 

annotated links. Usually, these annotations are provided in the form of visual cues employing, 

for example, contrasting font colors, sizes, and types for the link anchor or different icons 

next to the anchor (Brusilovsky, 2007). A range of annotation approaches has been explored 

in many Web-based educational hypermedia systems (Brusilovsky and Eklund, 1998; De Bra 

and Calvi, 1998; Henze and Nejdl, 2001; Papanikolaou et al., 2003; Weber and Brusilovsky, 

2001). Empirical studies of adaptive annotation in the educational context have demonstrated 

that it can help students to acquire knowledge faster (Brusilovsky and Pesin, 1998; Masthoff, 

2002), improve learning outcomes (Davidovic et al., 2003; Specht, 1998), reduce 

navigational overhead (Brusilovsky and Eklund, 1998; Brusilovsky and Pesin, 1998; 

Masthoff, 2002), and encourage non-sequential navigation (Brusilovsky and Eklund, 1998). 

These effects are well-known and are frequently cited as being a benefit of using adaptive 

annotation. 

Much less explored is the ability of adaptive annotation to significantly increase student 

motivation to work with non-mandatory educational content. This effect was first discovered 

during studies of the ELM-ART system (Weber and Specht, 1997). While the magnitude of 
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the effect was large (the number of visited pages for a version with adaptive navigation 

support was twice as large than for a version without it), it was not statistically significant 

due to the small sample size, thus, motivational value of adaptive annotation went unnoticed 

by the community. More recently, our team re-discovered the motivational value of adaptive 

annotation in a study of the QuizGuide adaptive hypermedia service (Brusilovsky et al., 

2004). The presence of adaptive annotation in QuizGuide encouraged students to try twice as 

many questions, as well as to access a significantly larger diversity of questions. In some 

sense, adaptive annotations made the work with quizzes almost addictive: Once the students 

started a session, they worked with the system for a significantly longer period of time doing 

significantly more work. The average session length (measured in terms of questions 

attempted per session) nearly doubled (Brusilovsky and Sosnovsky, 2005).  

Despite the significance of the results obtained in the QuizGuide study, a single study 

was not deemed sufficient to pronounce the motivational effect of adaptive annotation as 

being a prime reason to use this technology. Moreover, QuizGuide used a rather non-

traditional topic-based adaptation mechanism. It was not evident whether the same effect 

could be observed with a classic concept-based adaptation mechanism, with different kinds of 

educational content, and in different domains. Over the last three years, we performed a 

larger scale exploration of the “addictive links” effect. We developed two adaptive 

hypermedia systems, which differ from the original QuizGuide in at least two of three 

aspects: type of adaptation mechanism, type of content, and learning domain. We also 

performed several classroom studies of these systems to explore the motivational and other 

values of adaptive link annotation in a realistic course-length context. Our studies confirmed 

our original observations in both explored systems, demonstrated the significance of the 

observed effect, and produced a better understanding of some underlying mechanisms. This 

paper presents an account of this work. We start with a brief review of early studies of the 



motivational effect in ELM-ART and QuizGuide (Section II). After that, we introduce two 

new systems, NavEx and SQL Guide, that were used to confirm the motivational effect 

(Sections III and IV), and present the results of the classroom studies of these systems 

(Sections V and VI). At the end, we discuss the importance of our findings in the context of 

increasing student motivation in E-Learning (Section VII), and chart some directions for 

future research (Section VIII). 

II. ELM-ART AND QUIZGUIDE – THE DISCOVERY OF THE MOTIVATIONAL EFFECT 
ELM-ART (Weber and Brusilovsky, 2001), one of the first Web-based adaptive 

hypermedia systems, used concept-based adaptive link annotation to guide students to the 

most appropriate pages, examples, and problems in an interactive textbook for the LISP 

programming language. For example, a red bullet before a link to a page indicated that the 

student is not ready yet to explore the content of this page, while a green bullet indicated 

recommended content, i.e., interesting and ready-to-be-learned (Fig. 1). The motivational 

effect of adaptive link annotation was discovered in an out-of-classroom study of ELM-ART. 

The system was freely available on the Web for anyone interested in learning LISP. The use 

of the system was not mandatory – the users worked with the system for only as long as they 

were interested and motivated. The log analysis reported in (Weber and Specht, 1997) 

demonstrated that those users, who were familiar with at least one programming language, 

worked with adaptive link annotations visited almost twice as many pages (23.0 vs. 13.1 

pages) and solved more exercises and problems than similar users working without 

annotations. The authors noted, however that the “effect is not quite statistically significant in 

our small sample,” reporting p = 0.11. In addition, there was no effect of adaptive link 

annotation on users who were absolute novices in programming. This indicates that this effect 

may depend on the background knowledge level of the user (Brusilovsky, 2003). 



 

Fig. 1. Adaptive link annotation in ELM-ART. Red bullets indicate those pages, which the system perceives o be too 
advanced for the user. Green bullets indicate recommended (ready-to-be-learned) pages. 
 

QuizGuide (Brusilovsky et al., 2004), is an adaptive hypermedia service providing 

personalized access to self-assessment quizzes on C programming. It uses adaptive link 

annotation for the same purpose as ELM-ART and many other adaptive educational 

hypermedia systems—to guide students to the most appropriate learning content at a given 

time. However, the form of QuizGuide’s annotation is relatively different: it focuses on the 

student’s current knowledge and learning goals, as represented in terms of coarse-grained 

topics. Instead of indexing quizzes and questions with traditional fine-grained concepts, 

QuizGuide groups them into topics, which represent large chunks of domain knowledge (Fig. 

2). The link to each topic is annotated with an icon showing a target with (or without) arrows. 



The number of arrows (from 0 to 3) reflects the student’s performance on all quizzes that 

belong to the annotated topic (no arrows represent none or very little progress, while three 

arrows indicate a high level of understanding). The color of a target encodes the relevance of 

a topic to the current learning goal of the entire class. Current topics (the focus of the most 

recent lecture) are annotated with bright-blue targets. Topics that serve as prerequisites for 

any of the current topics are marked with pale-blue targets. Completed topics are assigned 

grey targets. Finally, topics that belong to the learning goals not yet covered in class are 

annotated with crossed targets. The original motivation of this design was to increase the 

quality of learning and the success rate of student’s answers by guiding them to the most 

appropriate quizzes. These are results that adaptive link annotation is known to deliver in the 

educational context (Brusilovsky, 2007). 

 

 

Fig. 2. QuizGuide interface 

During the classroom study, QuizGuide was made available to students as one of the 

tools presented on the course portal. Within the course portal, the students were able to access 

the same set of self-assessment quizzes in either the traditional way (without annotation) as or 



through QuizGuide (with adaptive annotation). The use of self-assessment quizzes was not 

mandatory—the students were allowed to use them as much as they wanted, in order to 

evaluate the level of their knowledge and to prepare for classroom quizzes and exams. The 

value of adaptive link annotation was assessed by comparing the activity logs and the 

learning outcomes of the students from different classes and within a single class. While the 

analysis demonstrated that the original goal was achieved (in the presence of adaptive 

annotation, the success rate in students’ answers and the overall knowledge gain increased 

significantly) (Brusilovsky and Sosnovsky, 2005), the most striking effect of adaptive 

annotation was the remarkable increase of student motivation to work with self-assessment 

quizzes (Brusilovsky and Sosnovsky, 2005; Brusilovsky et al., 2006). As we mentioned 

above, with the added adaptive annotations, the system became remarkably more “addictive”. 

The value of all non-capped performance parameters doubled or nearly doubled. For 

example, the average number of question attempts over the course duration increased from 

128 to 261. The average number of different quizzes attempted by a student within a single 

session increased from 1.87 to 3.64. All results were statistically significant. The values of 

most capped performance parameters also increased significantly. For example, with 

QuizGuide, a significantly larger percentage of students actively worked with the system 

(Brusilovsky et al., 2006). 

III. NAVEX – ADAPTIVE GUIDANCE FOR ANNOTATED CODE EXAMPLES 
The NavEx system (Yudelson and Brusilovsky, 2005) provides adaptive access to a 

specific kind of educational content: interactive programming examples (about 70 examples 

are accessible through NavEx). NavEx is implemented as an adaptive, value-added service 

for a non-adaptive system, WebEx (Brusilovsky and Yudelson, 2008) which delivers the 

examples and supports student interaction with examples. NavEx groups all available 

examples into one learning tool and augments links to them with adaptive visual cues. The 



NavEx window consists of a navigation frame (on left) and the content area (Fig. 3). 

Adaptive link annotations presented in the navigation frame integrate several kinds of 

information about the examples and express them through the icon and font type.  

 

Fig. 3. The interface for NavEx 

The icon/font combination displayed by NavEx attempts to combine two known 

approaches to adaptive link annotation. First, zone-based annotation clearly indicates which 

examples are appropriate for a student’s level of knowledge and which are not. This approach 

was pioneered on the Web in ELM-ART (Weber and Brusilovsky, 2001) and explored in a 

number of e-Learning systems such as AHA! (De Bra and Calvi, 1998) and KBS-HyperBook 

(Henze and Nejdl, 2001). In addition, the second approach allows the annotation to reflect the 

student’s progress with each example. The progress-based annotation was pioneered on the 

Web in InterBook (Brusilovsky and Eklund, 1998) and further extended in INSPIRE 

(Papanikolaou et al., 2003) and other e-Learning systems. 

In NavEx, examples that are not-ready-to-be-learned are marked with crossed-out red 

stop icons, similar to the red bullet in ELM-ART (Fig. 3). Ready-to-be-learned examples are 

annotated with fillable circles. Depending upon the amount of work already done by a student 

within each example, the circle is empty, partially filled, or completely filled. NavEx 



distinguishes five progress levels from 0% to 100%, with 25% increments (Fig. 3). An empty 

green bullet denotes examples that are available, but not yet explored by the student. To 

distinguish ready-and-recommended examples (an analogy to the green bullet in ELM-ART) 

from ready-but-not-recommended (not appropriate due to the current level of he student’s 

knowledge), links to recommended examples are displayed in bold font.  

The decision about which annotation icons are displayed is made by the concept-based 

navigation support mechanism (Brusilovsky and Yudelson, 2008), which takes into account 

the current level of the student’s knowledge and the list of programming concepts associated 

with each example. An interesting innovation applied in NavEx is the fully-automatic 

indexing of examples by prerequisite and outcome concepts. First, a special parser generates 

the concept list for every example. Then, the resulting lists are separated into prerequisite and 

outcome concepts based on the course structure and the order of the examples. More details 

about this indexing procedure can be found in (Sosnovsky et al., 2004). 

Whenever a student views comments for a line of code within an example, WebEx 

sends a report to the user model. Once an example is sufficiently explored, all of the 

example’s concepts are considered to be learned. The level of “sufficiency” is defined by the 

ratio of example’s concepts that are learned to the total number of concepts in the example. A 

higher ratio means that fewer comments have to be viewed to sufficiently explore an 

example. The exact formulas for user modeling and icon selection can be found in (Yudelson 

and Brusilovsky, 2005). 

The stop icon indicates that the student does not know some of the prerequisite 

concepts of an example. The more examples the student browses, the more concepts he or she 

learns, thus the smaller number of examples that are annotated with stop icons. Following the 

spirit of adaptive link annotation, the stop icons warn (but do not forbid) students to access 

examples; they simply indicate that the links are not recommended navigational paths. The 



students are free to make their own decisions, even if it is against the system’s 

recommendation. 

It is worth mentioning here that the conceptual “knowledge” that NavEx deals with is 

not the same knowledge a student would get from problem solving. Navigating examples 

simply facilitates comprehension – only one of the tiers in Bloom’s cognitive behavior 

taxonomy (Bloom, 1956). Although seemingly inferior to application or analysis levels, the 

comprehension tier still constitutes an important aspect of student’s mastery of the domain. 

IV. SQL-GUIDE: CONCEPT-BASED NAVIGATION SUPPORT FOR DATABASE PROGRAMMING 
PROBLEMS 

SQL-Guide is an adaptive hypermedia service offering students personalized access to 

interactive problems in the domain of SQL-programming. Each problem requires the student 

to write an SQL query for a given task and a set of sample databases. The student’s answers 

are evaluated on-the-fly, and a limited amount of feedback is provided. An important feature 

of SQL-Guide is its dynamic problem generation. Every problem is, essentially, a template 

capable of generating a random problem based on the set of pre-defined features. A single 

template is capable of producing anywhere from a dozen to several hundred unique problems. 

As a result, when a student returns to a problem previously accessed, the problem definition, 

the original database and, consequently, the answer to the problem are different. This allows 

the students to master a certain skill through a sequence of typical exercises. Every template 

is associated with a coarse-grained topic and a set of concepts, thus, provides the basis for 

evaluating the student’s knowledge and adapting to it on two levels: topic-based and concept-

based. 

As an adaptive service, SQL-Guide resides between the individual user and a set of 

problems, trying to direct the user to the most appropriate problems. Following the 

QuizGuide model, SQL-Guide groups problems into coarse-grained topics and annotates 

topic links with adaptive “target-arrow” icons. The number of arrows reflects the current 



level of knowledge about the topic, and the color of the target indicates the relevance of a 

topic to the current learning goal of the class (Fig. 4a). SQL-Guide attempts to expand this 

approach by complementing topic-based annotation with an additional layer of concept-based 

annotation icons provided for the links to individual problems within each topic (see Fig. 4b). 

 

a) 

 

b) 

Fig. 4. Adaptive navigation for SQL-KnoT problems provided by SQL-Guide with disabled (a) and enabled (b) layers of 

concept-based annotations. 

Every icon associated with a problem represents the cumulative level of knowledge the 

student has demonstrated for the set of concepts underlying this problem. In addition, 

problems answered correctly receive a checkmark icon. Thus, while SQL-Guide uses the 

same concept-based navigation mechanism as NavEx (based on prerequisite-outcome 

indexing of problems with domain concepts), the adaptive concept-based annotations 

generated by SQL-Guide emphasize the progress-oriented approach of the original 

QuizGuide, instead of the ready/not ready approach of ELM-ART. To investigate whether the 

concept-based, progress-oriented annotations provide any additional value when combined 



with topic-based ones, we have developed another version of SQL-Guide, which disables the 

concept-based adaptation layer (Fig 4a).  

Fig. 5. summarizes all annotations used in both versions of the SQL-Guide interface. 

Large “target-arrow” icons (Fig. 5a) annotating topics are used in both versions; however, on 

the problem level, the interfaces differ. The only navigation support provided by the pure 

topic-based SQL-Guide for individual problems is a checkmark denoting that a problem was 

solved correctly at least once (Fig. 5b). The interface combining topic-based and concept-

based adaptation annotates problems using small targets with vertical progress bars (Fig. 6c). 

The student progress with the concepts underlying the problem is double-coded: as the 

knowledge level grows, the bar level rises and the icon fades. By means of this abstraction, 

SQL-Guide tries to deliver two kinds of information to the student: where the progress has 

been made (higher bar level) and where the attention should be focused (brighter target 

color). To help a student understand the meaning of annotations, SQL-Guide dynamically 

generates mouse-over hints for all icons. Detailed help explaining all interface elements is 

available as well. 

 

         a)          b)       c) 

Fig. 5. SQL-Guide annotations: (a) Topic-based: upper row – levels of topical relevance to the current learning goal (current 

goal, prerequisite for the current goal, passed goal, future goal); lower row – knowledge levels for the topic (from 0 to 3); (b) 

Problem progress (done / not done); (c) Concept-based (four knowledge levels combined with problem progress bar). 

V. A STUDY OF THE CONCEPT-BASED NAVIGATION SUPPORT IN NAVEX 
We performed a number of classroom studies for both the non-adaptive WebEx system, 

and the adaptive value-added service NavEx. The studies reported below were done in the 

context of an undergraduate programming course at the School of Information Sciences, 



University of Pittsburgh, from the Fall 2003 to the Fall 2004 semesters. The non-adaptive 

WebEx was accessible to students starting in the Fall 2003 semester. NavEx was introduced 

in the Fall 2004 semester. After students gained access to the adaptive interface (NavEx), the 

non-adaptive access to examples (WebEx) was still available—through non-annotated links 

in the course portal. In addition to annotated examples available via WebEx and/or NavEx, 

the course portal had links to relevant reading materials as well as self-assessment quizzes. 

Use of these tools was optional. The setup of the course remained the same across all 

semesters, preserving the instructor, lecture content, scope of home assignments (largely 

dealing with writing a small piece of code), and in-class quizzes. There were about 70 distinct 

annotated examples spread over 22 lectures made available to students, 60 of which actively 

participated in the studies across all 3 semesters. 

The introduction of an adaptive service caused an impressive increase in student 

interaction with examples, compared to their work with non-adaptive interfaces in previous 

semesters. Due to the fact that the only change in the interface for accessing annotated 

examples was an extra frame with annotated links in NavEx and that the work with 

educational content continued to be non-mandatory, the obtained data were interpreted as 

another demonstration of the motivational effect of the adaptive link annotation. The 

following subsections present some results, demonstrating both the quantitative and 

qualitative effect of NavEx on the profile of student work done with annotated examples. 

A. Bottom-line Data and Significance 
In this section, we will present our quantitative analysis of the added value that the 

adaptive annotations in NavEx offered over non-adaptive access through WebEx. The source 

data for the analysis were the activity logs collected by the systems. The logs recorded every 

user click (i.e., selecting an example to view or clicking on a line of example code). Data 

collection procedures did not differ across discussed semesters and were not dependent on the 



method students used to access code examples (whether via adaptive or non-adaptive 

systems). Student work with any of the discussed systems was equally considered for the user 

modeling. Log data gave clear evidence as to whether or not a student accessed quizzes or 

examples through the adaptive service. 

We used three variables to parameterize student performance: 

1. activity: the number of clicks on lines of code (in the case of WebEx and NavEx)—later 

referred to as clicks or actions; 

2. quantity: the number of examples explored (WebEx and NavEx)—later referred to as 

examples, and 

3. coverage: the number of lectures that the reviewed examples were drawn from (later 

referred to as lectures). 

Each of these variables was aggregated on two levels: 

4. overall performance level – the total number of clicks made, examples explored, and 

lectures covered by each user over the course of the semester; and 

5. session performance level – the average number of clicks made, examples explored, and 

average number of lecture topics explored per session by a user (also referred to later as 

average session statistics). 

Our objective was to determine whether activity, quantity and coverage of topics were 

higher for students who were exposed to NavEx than for those who used the non-adaptive 

WebEx format. We inspected nearly 3,400 WebEx and NavEx actions (requests for 

comments to the lines of code). Prior to the data examination, we performed outlier filtering 

with regards to the overall number of clicks made by a student over the semester. The 

filtering was done by setting a plus-minus three-sigma interval around the mean for the 

overall number of clicks. The distributions of data across all of our variables were severely 

skewed because there were a number of less active students (in terms of clicks made, 



examples reviewed, etc.), fewer were moderately active students, and very few were 

extremely active students. This, along with heterogeneity of variances, prevented us from 

applying parametric statistical tests to compare the usage data. Instead, we employed non-

parametric Mann-Whitney tests as t-tests' substitutes. The results revealed that values of 

nearly all performance measures across all aggregation levels were significantly higher for 

users exposed to the adaptive features of NavEx (Table 1).  

Table 1. Comparing the means of the variables for semesters when the adaptive system (NavEx) was used in combination 

with the non-adaptive one (WebEx) vs. semesters when only non-adaptive systems were used. 

  WebEx NavEx + WebEx p-value 

Clicks 34.76±6.66 171.90±65.56 <0.001*** 

Examples 5.66±0.87 18.10±4.32 <0.001*** 
Overall user 

statistics 
Lectures 3.52±0.42 8.20±1.23 <0.001*** 

Clicks 7.85±0.87 9.49±1.28 0.122              

Examples 1.56±0.12 2.03±0.22  0.013* 

Average 

user session 

statistics Lectures 1.20±0.05 1.37±0.10  0.020* 

* significant at the 0.05 level, *** significant at the .001 level 

On the level of overall statistics, users exposed to adaptive guidance were making 5 

times more clicks a semester (an average of roughly 170 vs. 35), reviewing almost three 

times as many code examples (an average of roughly 18 vs. 6), and covering almost twice as 

many lectures (an average of 8 lectures vs. 3.5). All of these differences were significant. On 

the level of average user session statistics, the number of examples reviewed and number of 

lectures they were drawn from were significantly higher for users of adaptive guidance. 

To ensure that the observed difference in user activity was not explained by differences 

in student population across semesters, but rather was, an indicator of the added value of 

adaptive annotation, we analyzed the students’ initial programming experience and gender 

across semesters. The results of the Chi-Square test show that there was no significant 



difference between the WebEx and NavEx groups in gender distribution (Chi-Square = 1.720, 

p-value = 0.268) or initial experience distribution (Chi-Square = 0.704, p-value = 0.703). 

We could not distill the effect of browsing the annotated examples on the student 

performance in-class (quizzes, midterm exam, final exam) during the reported studies. This 

can be attributed to the fact that WebEx/NavEx were only a part of a fleet of tools including 

self-assessment quizzes, which are known to significantly impact performance on their own. 

However, the studies where WebEx was used alone, without “competing” online educational 

tools (Goreva et al., 2007; Yudelson et al., 2008) demonstrated a significant positive effect of 

work with annotated examples for code understanding (that WebEx promotes). 

B. Navigational Pattern Analysis 
While comparing student work with adaptive and non-adaptive versions, we noticed 

that typical NavEx sessions were both longer and more diverse than WebEx-only sessions 

were: Students explored a larger number of examples through NavEx. In addition within the 

same session, students more frequently accessed activities corresponding to different lectures.  

 

Fig. 6. Time distribution of all actions performed by students with NavEx and WebEx in the Fall 2004 semester. Zone “A” – 

lecture stream, zone “B” – final exam cut, and zone “C” – self-motivated work with materials from earlier lectures. 

To take a closer look at the nature of these results, we performed a deeper analysis of 

student activity, by observing the number of lectures covered. Every selection of an example 



of a question was attributed to the lecture (or the learning goal) it belonged to. For example, 

Fig. 6 visualizes over 1,500 clicks on examples performed by students using WebEx via 

NavEx’s adaptive interface in the Fall 2004 semester. Fifteen lectures form the vertical axis. 

The time of the action is marked on the horizontal axis. We can detect three zones of activity. 

Zone “A” contains the “current” activity that students perform along the lecture stream of the 

course. It is fairly broad, since homework assignments (offered every other week consistently 

throughout reported semesters) introduce a 1-2 week delay in shifting the students’ focus 

from the previous topics. Zone “B” contains a period of preparation for the final exam. The 

pattern of work with our systems is totally different during this time. Finally, zone “C” 

contains all actions that students performed during the regular part of the semester, for topics 

located far from the current lectures, possibly in an attempt to bridge a gap in their 

knowledge that should have been acquired earlier. This is the zone we were particularly 

interested in: we wanted to check whether prerequisite-based adaptive annotations were 

effective in helping NavEx users to reinforce their knowledge by coming back to the 

examples from earlier lectures. 

To determine this, we used two measures to assess the intensity of students’ self-

motivated activity: the number of actions in zone “C” divided by the total number of actions 

and the average distance between the learning goal which was current at that particular time 

and their current activity. For the calculation of the second measure, we used zones “A” and 

“C”. For all students, we calculated an average “C”-ratio and goal distance for examples. To 

evaluate the influence of NavEx on motivated activity, we again divided students into two 

groups: adaptive (Fall 2004) and non-adaptive (Spring 2004 and Fall 2003). Since 

assumptions of homogeneity of variance and normality were violated, we had to perform a 

nonparametric Mann-Whitney’s test. As shown in Table 2, both measures are significantly 

higher for the adaptive group than for non-adaptive one. 



Table 2. These parameters characterize the self-motivated activity of students with and without adaptive annotations: the 

“C”-ratio estimates the percentage of students’ activity performed outside the current course focus, while the Goal distance 

assesses how broadly (in terms of learning goals) the voluntary interest of a student roams when working with the system. 

 
Non-adaptive 

(WebEx) 

Adaptive 

(NavEx) p-value 

“C” ratio 0.24±0.05 0.51±0.08 0.005** 

Goal distance 8.73±1.90 17.64±2.51 0.002** 

** significant at the .01 level 

The observed data provide evidence that progress-based and prerequisite-based 

adaptive annotations generated by NavEx increased the amount of student work not only 

quantitatively, but also qualitatively. In NavEx, the zone of recommended work is adapted to 

the student’s individual progress. It provides a stronger push to explore insufficiently learned 

prerequisite concepts in previous examples and changed the distribution of their work along 

the course directing students’ attention to the material related to earlier lectures which they 

may not have understood well. 

VI. EXPLORING THE VALUE OF COMBINED ADAPTIVE NAVIGATION SUPPORT IN SQL-GUIDE 
We evaluated SQL-Guide in two classroom studies in the Fall 2007 semester. The 

system was used as a learning tool in one graduate and one undergraduate database class (38 

and 36 students, respectively) taught by the same instructor. Each version of the system 

provided access to 46 problem templates. Each template was accessible in two ways—

through SQL-Guide (the adaptive mode) and through the learning portal (non-adaptive 

mode). To access SQL-Guide, students needed to login into the learning portal as well. 

Within SQL-Guide, templates were grouped into 10 topics (Fig. 4). 

Within the course portal, they were placed in the corresponding lecture folder. Both 

adaptive and non-adaptive versions of SQL-problems were equally accessible throughout the 

course; no additional incentive to use the adaptive mode was introduced. All user interactions 



with the systems were logged. For every problem-solving attempt, the associated log record 

contained template ID, time of the attempt, access point (SQL-Guide or portal), and the 

attempt result (success or failure). In total, 19 graduate students and 26 undergraduate 

students attempted at least one problem during the semester. 

A. The Motivational Effect: Confirming the Value of Adaptive Annotation 
The first goal of this classroom study was to check whether the motivational effect of 

topic-based navigation support discovered in QuizGuide (a system for the C-programming 

domain) could be transferred to a different domain (SQL programming) with a different kind 

of learning activity (C-questions emphasized program understanding, while SQL-problems 

emphasized program generation). To assess the value of adaptive navigation support in SQL-

Guide, we looked at such usage parameters as the number of attempts at answering the 

question, the number of distinct problems attempted, the number of topics for which at least 

one problem had been attempted, the number of sessions and the average session length. 

Overall, students accessed 4,081 problems through SQL-Guide and 1,218 problems through 

the non-adaptive course portal. Because the system was introduced to the graduate students 

later in the course, the total number of attempts made by the undergraduate students was 

larger. Nevertheless, the observed difference was stable for both courses: adaptive access to 

the problems dominated non-adaptive access. 

The results of the evaluation confirmed that the students were much more willing to 

access problems in the adaptive mode (through SQL-Guide). The magnitude of the effect was 

comparable to the earlier study of QuizGuide (Brusilovsky and Sosnovsky, 2005). On 

average, students from both courses made about three times more attempts in the adaptive 

mode than they did in the non-adaptive. They also accessed twice as many distinct problems 

and explored almost twice as many topics while receiving adaptive navigation support from 

SQL-Guide. The difference in the amount of work might have been caused by more frequent 



access (a greater number of sessions) and/or by longer sessions. For both these parameters, 

we observed significantly higher values in the adaptive mode than in the non-adaptive mode. 

Thus, in agreement with our previous findings (Brusilovsky and Sosnovsky, 2005), in the 

presence of adaptive navigation support students not only accessed the system more often, 

but also stayed with the system longer and did more work per session: i.e., the use of the 

system becomes “addictive.” Table 3 summarizes the results of statistical tests comparing 

major usage characteristics between the adaptive and non-adaptive modes. The Wilcoxon 

Matched-Pairs Signed-Rank Test was used in the analysis, since the parametric statistics 

assumptions were violated. 

Table 3. Comparison of cumulative usage parameters for adaptive and non-adaptive access to SQL problems 

 Adaptive Non-Adaptive p-value 

Number of Attempts 90.69 27.07 0.005 

Number of Attempted Problems 23.11 10.80 0.019 

Number of Attempted Topics 5.56 3.31 0.016 

Number of Sessions 3.27 2.09 0.047 

Average Session Length 21.99 10.62 0.021 

B. Determining the Added Value of Concept-based Adaptation 
To investigate the difference between the two versions of the SQL-Guide interface and 

determine the added value of the concept-based navigation, we divided students from both 

courses into two groups. Over the semester, the experimental group used the combined 

version of the system (Fig. 4b) while the control group had access to the pure topic-based 

interface (Fig. 4a). The non-adaptive access to the same set of SQL-KnoT problems, as well 

as all other course tools, was equally available for both groups. The groups were balanced 

with respect to the gender and pre-test scores. After filtering out outliers, the experimental 

group contained 13 students (7 undergraduate and 6 graduate), and the control group 

consisted of 15 students (8 undergraduate and 7 graduate). 



The analysis of main usage parameters (such as the number of attempts, the number of 

sessions, and the session length) did not reveal significant differences between groups. 

However, the non-parametric Mann-Whitney test indicated that students using the concept-

based interface, on average, made significantly more attempts per problem (M=3.36, 

SD=2.66) than those using the topic-based interface (M=1.68, SD=0.42): Mann-Whitney U 

statistics=51.0, p=0.033. We used the non-parametric Mann-Whitney test because the 

assumptions of parametric statistics did not hold. 

Such an increase in problem persistence led to another statistically significant effect. 

The comparison of student knowledge levels taken from their user models at the end of the 

semester showed that the students from the concept-based group achieved higher knowledge 

levels (M=0.45, SD=0.09) than the students from the topic-based group (M=0.39, SD=0.03): 

t(26) = 2.71, p=0.023. 

The next section analyzes the low-level navigational patterns followed by the students 

in SQL-Guide and reports on important differences in the distribution of these patterns 

between the experimental and the control group. 

C. Navigational Pattern Analysis 
To obtain a deeper understanding of how students in the two different groups worked 

with SQL-Guide and responded to adaptive guidance, we performed a navigation pattern 

analysis of student sessions. The analysis revealed eight basic patterns of navigation: four 

problem-based patterns characterizing the transition of a student from one problem to 

another, three topic-based patterns reflecting the moves between topics, and one combined 

pattern. 

The problem-based patterns defined students’ navigational behavior within a topic. 

Transitions between problems in such situations were largely determined by the adaptive 



guidance provided on the level of problem icons and the feedback generated by SQL-Knot. 

The problem-based patterns can be subcategorized into the following: 

- Sequential: a student moved from one problem to another in the order they are placed 

inside the topic; 

- Repetition: a student attempted the same problem again immediately after the previous 

attempt; 

- Go-Back: a student decided to return to one of the previous problems on the same 

topic; 

- Skipping: a student skips one or several problems within the same topic. 

The topic-based patterns can be explained by the reaction of a student to the adaptive 

topic icons. Whenever a student decides to switch a topic, s/he can observe the current state 

of topic-based annotations and use it as a hint for choosing the most appropriate set of 

problems to work on. To differentiate the topic-based navigational decisions from the 

problem-based ones, we identified the following three patterns: 

- Next-Topic: a student moves to the first problem of the topic next in the list; 

- Jump-Forward: a student moves to the first problem of a topic, which is several step 

further down the list; 

- Jump-Backward: a student moves to the first problem of a topic earlier in the list. 

Sometimes, when moving to a different topic, a student might decide to skip the rest of 

the problems of the previous topic and/or start the new topic, but not from the first problem. 

In these situations, the student’s behavior is influenced by both the topic icons on the top 

level and the problem icons within a topic. We considered such cases as combined patterns 

consisting of the corresponding topic-based pattern and one or two problem-based Skipping 

patterns (two Skipping patterns are registered if a student skips both the end of the previous 

topic and the beginning of the new one). 



Fig 7. represents all the patterns in a graphical format. The distribution of the patterns is 

given in Table 4. 

 

SEQUENTIAL 

 

REPETITION 

 

GO-BACK 

 

SKIPPING 

 

NEXT-TOPIC 

 

JUMP-FORWARD 

 

JUMP-BACKWARD 

 

COMBINED 

Fig. 7. Observed navigational patterns: the upper row shows problem-based patterns;  

while the lower row shows the three topic-based patterns and one combined pattern. 

Table 4. Navigation pattern distribution 

With concept-based 

navigation 

Without concept-based 

navigation Patterns 

Undergraduate Graduate Undergraduate Graduate 

Sequence 22.54% 44.44% 43.77% 52.37% 

Go-Back 2.80% 2.87% 4.58% 2.23% 
Topic-based 

patterns 
Skipping 15.59% 8.24% 19.85% 6.41% 

Repetition0 41.57% 26.52% 30.03% 36.49% 

Repetition1 17.51% 17.92% 1.78% 2.51% 

Next-Topic 42.05% 73.68% 37.14% 70.91% 

Jump-Fwrd 30.11% 15.79% 35.71% 16.36% 

Problem-

based 

patterns 

Jump-Bkwd 27.84% 10.53% 27.14% 12.73% 



 

One of the goals of adaptive navigation support is to promote non-sequential navigation 

and guide students to relevant content in the most effective way. Analysis of the topic-based 

pattern distribution showed that on the level of topics, both versions of SQL-Guide 

encouraged students to choose topics in a non-linear order: the combined ratio of non-

sequential patterns (Jump-Forward and Jump-Backward) varies from 65-70% for 

undergraduate students to 30-35% for graduate students. 

The evaluation of SQL-Guide problem-based patterns showed that most of them are 

dominated by sequential problem access. The ratios of such patterns as Go-Back, Skipping 

did not exceed 20% for any of the group. The presence of the concept-based adaptation did 

not have any significant effect on the occurrence of these patterns. However, for the second 

most popular pattern – Repetition – the presence of the concept-based annotations had a 

dramatic effect. Generally, Repetition has two major sources depending on the result of the 

user’s previous attempt: 

- Repetition0: when the previous answer is incorrect, a student is likely to retake the 

same problem to remedy the error, try a different answer and, finally, get a checkmark 

for the problem; 

- Repetition1: when the previous answer is correct, but the student still decides to solve 

the problem again. 

While the Repetition0 portion is stable across all the groups, introduction of concept-

based annotations increased the overall ratio of Repetition1 from 1.78% to 17.51% for the 

undergraduate students and from 2.51% to 17.92% in the graduate course. Hence, the 

adaptive concept-based problem icons motivated students to repeat the same problem pattern 

not only when they failed it, but also when the problem had been solved correctly. The 

presence of a checkmark in both versions of the system ensured that the students were aware 

of the problem status, i.e., the students were consciously asking the system to generate a 



similar problem with the same pattern after solving one correctly. Why did problem-level 

adaptive icons cause this change of behavior? It could be that these icons helped the students 

to realize that their knowledge of the concepts related to the problem were not strong (even 

after solving one instance of this problem) causing them to practice another instance right 

away. It could be that the students simply wanted to achieve a “higher score” indicated by the 

progress bars. We hope that future studies could reveal the source of the observed effect. In 

either case, this change of student behavior helps to explain two significant effects reported in 

the previous section: 

- the average number of attempts per problem was greater for the experimental group, 

because students repeated the same problem more often in the presence of concept-

based adaptive navigational support on the problem level; 

- the resulting knowledge levels were greater for the experimental group, because 

students worked more with each problem pattern either consciously trying to achieve a 

higher level of knowledge or simply trying to receive an icon with a higher level. 

These results confirmed the added value of adaptive annotation on the concept-based 

level. The students who were able to observe adaptive icons, became more “addicted” to 

work not only globally, but on the level of a single problem pattern as well. 

The observed effect may be considered from two sides. From one point of view, 

adaptive navigational cues caused students to become involved and motivated by the system, 

to work harder and achieve better results. On the other hand, repeating the same problem 

pattern multiple times after a problem is solved correctly could be less optimal than switching 

to another problem, which could help students to practice the concepts in a more different 

context. While repetitive work with the same problem pattern positively impacted student 

knowledge, we may speculate that a similar investment of time to work with a different 

pattern may have even a larger positive impact. We may also speculate that while existing 



concept level guidance significantly and positively affected student work, this guidance was 

too simple to affect student behavior in the most positive way. Indeed, the first version of 

concept-level guidance included simple progress-based guidance, but lacked traditional three-

state guidance (too simple, ready, too hard). Thus, our results not only show the effect of the 

concept-level adaptive guidance, but also suggest some ways to further improve it.  

VII. DISCUSSION 
Motivation is a critical factor for successful learning. Higher levels of motivation lead 

to better learning outcomes not just because of the increased amount of learning activity. It 

also improves cognitive engagement leading to better knowledge retention. The instructional 

strategies increasing motivation become overly critical in Web-based settings, as there is no 

teacher to provide reinforcement (Clark, 2002).  

A number of approaches were suggested to improve student motivation in the context 

of Web-based learning (Hurley, 2008). For example, the learning material served by the 

system can be organized so that it provides the intrinsic motivation for students by 

implementing certain pedagogical and psychological strategies for fostering attention, 

confidence and relevance (Keller, 1987). Another promising approach is to model the level of 

motivation and rely on particular adaptive strategies directly addressing the problem of low 

motivation (Hurley and Weibelzahl, 2007). 

Our studies demonstrate that adaptive link annotation presents a powerful addition to 

the list of already explored approaches. In the context of modern E-Learning, especially 

important is the ability of adaptive annotations to increase student’s motivation to work with 

non-mandatory educational content. Over the last decade, researchers and practitioners have 

developed a range of advanced Web-based educational tools such as educational animations 

and simulations, on-line labs, tutorials, and self-assessment questions. Many of these tools 

have been evaluated in the lab and small-scale classroom studies, and have proven to be 



useful. However, we have now learned that the mere availability of a good tool, although 

known as beneficial for students, is not enough to ensure its broad educational use (Naps et 

al., 2003). An important issue for those who research the use of computers in education is to 

increase the effective use of student-driven educational tools. Student-driven tools are created 

to assist student learning, yet their use is not required and does not count towards the 

student’s course grade. Unlike a variety of assessment-driven tools that the students are 

required to use in order to complete their assignments, it is up to the students to decide to 

what degree and how frequently they use the student-driven tools. An instructor might work 

hard to provide a good set of educational tools of known benefit to the students, only to 

discover that these tools are really underused. Our work has demonstrated that adaptive 

annotation can be instrumental in motivating students to do more work with non-mandatory 

educational tools which is likely, in turn, to lead to better learning outcomes. 

We have attempted to provide some insights into the mechanisms underlying the 

motivational value of adaptive annotation by analyzing the time-based distribution of 

students’ activity (NavEx) and their transition patterns (SQL-Guide). Both analyses 

demonstrated that adaptive annotation seems to foster diversity in student navigation. When 

the examples are adaptively served by NavEx, the students have accessed significantly more 

examples that are farther from the current learning focus, than through the learning portal 

(non-adaptive). This is demonstrated by the fact that about one half of the topics-based 

transition patterns registered in SQL-Guide were non-sequential patterns (jump-forward and 

jump-backward). 

At the same time, the exploration of the added value of concept-based annotation in SQL-

Guide showed that the problem-based adaptive icons increased repetitive use of the same 

problem pattern, which may be less optimal than using other patterns related to the same 

concepts. Students became clearly influenced by problem-level guidance. In this case, a 



relatively weak progress-based guidance may not guide the students in the most optimal way. 

There are several possible remedies for this problem: 

− “Rolling back:” reducing the adaptive navigation support back to the topic-based 

level (in this case, the students are less “addicted” to working with the same 

problem pattern and will be more frequently choose different problem patterns 

within a topic); 

− “Advancing forward:” developing more accurate concept-based adaptive 

annotations guiding the students within a topic in a more optimal way; 

− “Combining:” integrating glass box (Höök et al., 1996) progress-based approach 

implemented currently in QuizGuide with direct guidance, a different kind of 

navigation support (this would allow the student to break less optimal patterns). 

We plan to further investigate this issue and compare several possible strategies. One of the 

final goals of this study is the interface design for an e-Learning hypermedia service 

inheriting the addictive nature of adaptive navigation support and maximally promoting non-

sequential navigation within the limits of in-class usage. 

VIII. CONCLUSIONS AND FUTURE WORK 
The results of our studies, reported in this paper, confirm the motivational effect of 

adaptive link annotation in educational hypermedia, demonstrate its magnitude and 

significance, and shed some light on the mechanisms of this effect. We were able to 

demonstrate this effect in the context of two different personalized access systems. The 

presence of adaptive annotations resulted in the increase of several usage parameters. When 

accessing non-mandatory educational activities through adaptively annotated links, the 

students explored significantly more activities, worked with them more persistently, and 

accessed items that had a broader distribution over course lecture topics.  



Added to the earlier report of a similar effect of adaptive annotation in the ELM-ART 

study, our results allowed us to generalize the observations and talk about the motivational 

value of adaptive link annotation. We consider the results we obtained as both exciting and 

important. First, it is always exciting to discover new value in a popular technology. 

Secondly, the ability to significantly increase student motivation to interact more with non-

mandatory educational activities turns adaptive annotation into a technology that may 

become critical to the practical success of a wide range of beneficial educational 

technologies. 

More work is required to determine the borders of the motivational effect and to master 

its practical use. While this effect was observed with three different kinds of adaptive 

annotations, the mechanisms were conceptually similar, in that they combined 

appropriateness (too early, too late, just right) and progress-based (how much is already 

done) annotations. While we argue that both mechanisms contributed to the motivational 

value, we do not have data to confirm it. It is also not clear whether the observed effect is 

specific to these two annotation mechanisms or can be generalized to other kinds of adaptive 

annotations (and possibly to other kinds of adaptive navigation support). To answer these 

questions, we intend to continue our exploration of the motivational value of adaptive link 

annotation. 
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