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ABSTRACT
In adaptive hypertexts the user is guided in two ways: through
the existence of links and through link annotation or hid-
ing. Link structures have been investigated, starting with
Botafogo et al, and the effect of link annotation has been
studied, for instance by Brusilovsky et al. This paper studies
the combined effect of link structure and annotation/hiding
on the navigation patterns of users. It defines empirical
hubs and studies their correlation with hubs as defined by
Kleinberg without considering adaptation. The data for the
analysis have been extracted from the logs of the course
“Hypermedia Structures and Systems,” an online adaptive
course offered at the Eindhoven University of Technology.

Categories and Subject Descriptors
H.5.4 [Information Interfaces and Presentation (I.7)]:
Hypertext/Hypermedia—Navigation

General Terms
Experimentation, Human Factors, Measurement

Keywords
Adaptive Hypermedia, Navigation, Evaluation, Structural
Analysis

1. INTRODUCTION AND RELATED WORKS
Adaptive Hypermedia (AH) systems create an individual

model for each user based on her goals, preferences, and
knowledge, and use the model to adapt the system to the
needs of the user [2]. AH systems have been widely used in
online distance learning, where adaptation is employed as a
means to improve the learning experience of each student. In
the adaptive educational hypermedia (AEH) system AHA!,
developed by De Bra et al. [7], the on-line learning material
is adapted in two ways: the adaptation engine can present
links in different colors depending on whether it considers
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the student ready to study the link destination (page), and it
can conditionally include fragments and objects in the page,
for instance to show a prerequisite explanation. Link colors
or colored icons suggest which links are relevant to each
student; this approach is for instance discussed in Romero
et al. in [13].

Recent years have witnessed much effort on the devel-
opment of frameworks for adaptive Web-based educational
systems [3] and on the evaluation of AEH systems [9]. The
work on AHA!, used for the course “Hypermedia Structures
and Systems” at the Eindhoven University of Technology,
started in 1996 [6] and its considered a pioneer work in the
area. This AEH system is under continuous development [7].
For this paper AHA! version 3.0 was used [8]. We briefly
describe the AHA! system in Section 2.

Empirical studies carried out by Kaplan et al. [11] and
Brusilovsky and Pesin [5] suggest that adaptive navigation
support can speed up the navigation and learning of the
students. A good survey about the state of the art of AEH
systems can be found in [4], while a more specific treatment
on evaluations of AEH systems is presented in [9].

In this work we analyze the structure of an adaptive course
created with AHA!. We use data obtained from the access
log of the students. To understand the way users navigate
through an adaptive course, our goal is to identify which
pages and links influence the choices of the students and
contrast this with the rules employed by the adaptation en-
gine. Another goal is to verify whether the adaptation rules,
created by the author of the course, influence the navigation
of the students.

In non-adaptive hypertext the first significant research
on the navigation structure was done in [1]. An analy-
sis of link structures makes sense as the structure is inde-
pendent of how the hypertext is used, unlike with adap-
tive hypertext where the link structure (of available links)
may change while the user is navigating the hyperspace.
While [1] concentrated on compactness and stratum more
recent link structure analyses have focused on hubs and au-
thorities in the context of hyperdocuments as proposed by
Kleinberg [12]. Typically, hubs have a lot of outgoing links,
and authorities a lot of incoming links. In this paper we also
introduce the notion of informative pages, which are pages
that not only have a large number of links, thereby being
good candidates for hubs but also carry information that
guides the student through the links in the page, an alpha-
betical index of keywords is an example of a strong hub that
is not an informative page as it has no textual information
to help the user in selecting a link to follow.
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The goals of this paper are twofold: we want to come
up with a definition of structure that takes the existence
of adaptation into account, but that can be verified on the
definition of an adaptive hyperdocument (not considering
actual use), and we want to verify the structure that emerges
from the actual use of the adaptive hyperdocument by the
students and analyze the influence of link existence versus
the adaptive link annotation of hiding.

2. AHA! AND THE ADAPTIVE HYPERTEXT
COURSE

The AHA! system is a Web-based adaptation engine and
authoring tool developed at the Eindhoven University of
Technology, starting in 1996. In this paper we consider
AHA! version 3.0.

An adaptive course in AHA! consists of concepts that are
connected to pages. The pages contain information and links
to concepts. (Links must refer to concepts instead of pages,
and the link destination page may be adaptively selected
by the adaptation engine.) A page may also contain links to
“external” pages on the Web, but we shall not consider these
here. One approach used in AHA! to adapt a course is to
use different colors for the links of the pages. The author of
the course defines rules to determine the conditions under
which a presentation class is associated with a link. The
default presentation classes are bad, good, and neutral, and
have the following meaning and presentation style:

• The bad links point to non-recommended concepts,
which means that according to the rules defined by the
author, the student is expected to study something—
do some reading or perform some tests—before access-
ing these concepts. Bad links are colored in black and
are not underlined, which implies that they are indis-
tinguishable from the textual information of the page.
So, bad links are hidden within the text, though they
are fully operational and can be clicked on at any time.

• The good links point to a recommended concept that
the student has not yet visited after it became recom-
mended. Good links are colored in blue.

• The neutral links point to a recommended concept that
the student has already visited after it became recom-
mended. Neutral links are colored in purple.

Because of the choice of adaptation and colors the hyper-
text course looks like a standard (non-adaptive) website with
pages and blue and purple links.

The data considered for this paper consists of the access
log of 127 students of the hypertext course offered during
2006 and 2007. The course was offered only through distance
learning and had students from Dutch and Flemish univer-
sities. The access log contains 62993 entries, but we used
only 34850 entries in our study. We found that 19886 en-
tries referred to 51 students for which information regarding
the test they performed was missing. We also disregarded
9257 entries for which the “referrer” information necessary
to identify the link used to reach a concept or page was
missing.1

1There are several possible causes for this problem such as
the Web browser (e.g., Opera) may reuse pages from its
local cache or the students may open a page in a new tab or
window.

3. EMPIRICAL ANALYSIS OF LINK USAGE
We start our analysis by noticing that even though links

associated with the presentation class bad were hidden within
the text, the number of accesses via bad links was substan-
tial: roughly 6.58% of all the links followed were bad links,
while 42.29% were good links and 51.13% were neutral links.
The issue of users following non-recommended links has been
observed in other systems but was never studied closely. Our
goal in the sequel is to analyze this issue further in order to
discover why students go against the recommendation of the
author of the course and access bad links.

Consider Figure 1, which shows the presentation classes
used to access the 12 main concepts of the course. We con-
sider main concepts to be the concepts that introduce a topic
in the course; the other concepts are subconcepts of some
main concept. The main concepts are listed in (and linked
from) the course’s welcome page. Since this page provides a
bullet list of topics the link hiding technique does not really
succeed in hiding links here, but it does provide annotation
by not showing blue links for the non-recommended links.

Note in Figure 1 that the concepts definition, history, and
intro are never accessed through bad links because these
links are always recommended. These concepts represent
the first three main concepts or chapters of the course. Each
chapter contains a multiple choice test. The“advanced” top-
ics only become recommended after the student has com-
pleted the tests of the introductory chapters. (Only taking
the tests is considered, not the score that is obtained.)

Figure 1: Total number of accesses performed by
the students to each main concept of the course.
The colors represent the presentation class of the
link used to access the concept.

The eight “advanced” concepts shown in Figure 1 have
sometimes been accessed through a bad link. The Adaptive
Hypermedia concept has 42 accesses via bad links and 174
accesses via good or neutral links, giving roughly 20% of its
accesses via bad links. We now focus on the bad accesses
to this Adaptive Hypermedia concept. One might think that
most bad accesses to any concept would come from the “wel-
come” page where the non-recommended links are still visi-
ble in a bullet list. However, the collected data shows that
less than 12% of the bad accesses to “Adaptive Hypermedia”
came from the welcome page; hence, most bad accesses came
from pages in which the link to “Adaptive Hypermedia” is
effectively invisible (colored black and appearing in the main
text). This suggests a behavior that we refer to as curious
browsing: through the welcome page the students are hinted
about the existence of the Adaptive Hypermedia concept,
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but they are not immediately drawn to it. But throughout
the text, on different pages, the concept is mentioned again
and again, and at some point the student’s curiosity pre-
vails and she finds out that the term is actually a hidden
link and clicks on it. In addition to “being mentioned” the
term Adaptive Hypermedia is named as a technology used
in the hypertext course itself and students may wish to find
out what that actually does.

We dwell on the idea of curious browsing a little further,
and show in Figure 2 that 24 students accessed the Adaptive
Hypermedia concept via bad links out of a total number of
42 accesses, which shows that some students accessed this
concept more than once via bad links. We also point out
that 76 students appear in the access log, so roughly 30% of
the students accessed Adaptive Hypermedia via bad links.

Figure 2: Number of students that accessed a con-
cept via bad links. We show the five concepts with
the largest number of student accesses via bad links.

The concepts hierarchies, distancematrix, and usermodel
can be reached from the concept Adaptive Hypermedia; so
Figure 2 shows that students who follow a bad link to read
about Adaptive Hypermedia do not stop at the first page
but look for more hidden links to detailed information from
that concept. Aside from Adaptive Hypermedia, the other
concepts had roughly an average number of 1.5 accesses via
bad links per student, which suggests that after revisiting
the page, the students refrained from following the bad link
again and waited until the link became good. This gives
evidence that the students generally abided by the adapta-
tion rules and that the adaptive engine of AHA! was to a
large extent successful in guiding the students’ navigation.
In order to reinforce our suggestion that curious browsing for
“Adaptive Hypermedia” was caused by the topic being men-
tioned in several places, we note that the in-degree (number
of links pointing to the concept regardless of the link’s pre-
sentation class) of the“Adaptive Hypermedia”concept is 14,
which is the fifth largest in-degree in the course.

The observations in this section show a connection be-
tween the link adaptation and link structure: the adaptive
guidance offered by the system is generally followed by the
students, except for concepts that turn out to be an author-
ity, i. e. that have many incoming links. In the next section
we study link structure further to find out how adaptation
and link structure influence each other.

4. HUBS AND INFORMATIVE PAGES
Kleinberg [12] created an important algorithm called HITS

that uses ideas from random walks and measures each page

according to two classes, called hubs and authorities. Intu-
itively, good authorities are considered the interesting Web
pages (i.e., Web pages that people want to visit), while good
hubs are the Web pages that have links to good authorities.

In the previous section we noted that authorities may
counteract the effect of link adaptation: authorities are vis-
ited even when the system recommends against them. Here
we study the role of hubs in adaptive courses. In general,
hubs are pages containing a large number of links (i. e., a
large out-degree), but since in an adaptive course the num-
ber of links can change, we need a new definition for hubs.

Figure 3 shows a rank of the concepts whose links were
most frequently used to access other concepts. We remark
that twelve of the concepts presented in Figure 3 have the
largest out-degree in the course. This shows how a concept
is used as a hub, since some concepts not only have large
out-degree, but also contain links that were indeed used by
the students to access another concept. In Section 4.1, we
investigate the idea of hubs for an adaptive course with the
notion of empirical hubs. In Section 4.2 we introduce the
idea of informative pages to illustrate why the existence of
many pages with a large out-degree was not a problem in
the hypertext course.

Figure 3: Concepts whose links were most fre-
quently used to access another concept.

4.1 The Empirical Hub Coefficient
We define the Empirical hub coefficient (EHC) of a page

X as the ratio between the number of times that students
clicked on a link of X to go to a different concept and the
number of times that students accessed X. Intuitively, pages
with large EHC are the ones used as hubs. Note that the
EHC is a number between 0 and 1, where 1 means that each
time a student visited page X she clicked on a link to another
concept and 0 meaning that nobody ever clicked on a link
in X that leads to a different concept (most likely because
X has no links).

Table 1 contrasts the out-degree with the EHC of the
pages of the course. The rows represent the EHC split into
intervals of 0.05, and the columns represent the out-degree.
Entry (i, j) of the table then corresponds to the number of
pages having EHC falling into the interval represented by
row i and out-degree represented by column j.

In the hypertext course, links to a given concept could be
found in many other concepts. The course is quite densely
linked; links to a single concept can even be found in the
subconcepts of that concept, which are called chapters. This
tends to decrease the EHC of the concepts since students are
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EHC \ Out-degree 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0 - 0.05 19 3

0.05 - 0.1 11 4 2 1
0.1 - 0.15 1 8 1 2 2
0.15 - 0.2 1 1 1 1
0.2 - 0.25 5 5 2 1
0.25 - 0.3 1 3 1 1 1
0.3 - 0.35 1 2 1 1 1 1 1
0.35 - 0.4 2 1 3 1 1
0.4 - 0.45 3 3 1 1 1
0.45 - 0.5 2 1 1 2 1 1 2 1
0.5 - 0.55 1 1 2 1 1 1
0.55 - 0.6 1 1 1 2 1 1 2
0.6 - 0.65 1 3 1 1 1
0.65 - 0.7 2 1 1 2 1 2
0.7 - 0.75 1 1 1
0.75 - 0.8 1 1
0.8 - 0.85
0.85 - 0.9
0.9 - 0.95
0.95 - 1

Table 1: Number of pages with EHC according to the row and out-degree represented by the column.

Out-Degree Concept
Total Number First Access First Click First Access with Click

Of Users Students Time Students Time Students Time
1 18 history 76 59 86 68 73 57 79
2 17 authoring 76 60 89 68 88 57 98
3 15 intro 76 50 182 73 116 49 174
4 14 dexter 75 57 135 64 148 56 145
5 14 welcome 76 61 71 75 62 61 71
6 12 openhypermedia 74 52 99 57 74 46 87
7 11 definition 76 49 159 70 145 49 171
8 11 www 76 62 159 59 178 51 184
9 10 link 76 60 106 60 128 51 119
10 10 microcosm 66 48 78 19 53 17 48
11 10 navigaids 72 58 24 64 26 54 25
12 10 scripting 68 50 89 14 81 14 81
13 9 dynamicview 67 45 109 33 119 29 123
14 9 hyperties 75 59 130 55 115 49 129
15 9 intermedia 74 61 93 57 92 51 94
16 9 navigation 76 54 86 69 80 52 93
17 9 sculptural 66 46 113 40 103 37 114
18 9 wwwserver 68 54 91 48 85 43 87

Table 2: First access information for some concepts. The table shows the out-degree, the number of students
who accessed each concept, and three types of first access: first access, which consists of the very first access
of a student to the concept provided she followed a link or pressed the back button of the browser after
visiting the concept, first click, which is the first time a student followed a link from the concept, and first
access with click, which is the intersection of the previous two. For each type of access, the table shows the
number of students and the average time in seconds they spent on the page.

unlikely to revisit concepts that they have already visited
while studying another chapter. On the other hand, Table 1
shows that there are many pages with out-degree between 3
and 9 and with EHC larger than 0.5. This may be another
consequence of the absence of a centralized menu. In this
course, when finding a link, students seemed to prefer to fol-
low it immediately instead of waiting for the link to appear
in subsequent pages. Such behavior (“let’s visit the page
now because we risk not finding it again later”) contributes
to having pages with large EHC.

A standard statistical measure that can be used to see the
correlation between the out-degree of a page and its EHC is
the correlation coefficient [10]. For the data shown in Table
1, the correlation coefficient is 0.71, which means a large
out-degree implies large EHC.

4.2 Informative Pages
As Table 1 shows, this course has many pages with large

out-degree, which can be a problem since a myriad of links
in a page may generate confusion about which link the stu-
dent should follow. On the other hand, pages with large
out-degree are beneficial for decreasing the depth of the link
structure of the course, i. e., the minimum number of links

that must be followed between any two pages that are fur-
thest apart in terms of number of links.2

The hypertext course has 18 concepts with out-degree
larger than 8, which is a quite large number. We exam-
ine this issue further with Table 2, which shows concepts
ordered by out-degree. For each concept, it shows the to-
tal number of students that accessed that concept and three
types of first access: first access, first click, and first access
with click. For each of the three types of access, Table 2
shows the number of students that had an access of that
type to the concept, and the average time in seconds that
the students spent in the Web page during such access.

Table 2 reveals an important characteristic that motivates
us to define informative pages. We classify a page as an in-
formative page if it contains information that can guide the
student on the decision about which link she should follow.
Therefore, the presence of informative pages mitigates the
problem inherent to pages with large out-degree. An ex-
ample of an informative page is the history concept. This
concept contains textual information regarding the order ac-
cording to which the student should follow its links. Note
that for the first access with click, students spent 79 seconds
on the page on average, which gives evidence that the stu-
dent indeed read the textual information in the page before

2In the terminology of [1] this would imply a high compact-
ness value.
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following a link. On the other hand, consider the concepts
welcome and navigaids. The concept welcome is special be-
cause on the first visit (when just starting the course) it
actually shows a “readme” page which has a lot of infor-
mation and just one link, to itself. After that it becomes
a page with almost no information and a large number of
links. The“readme”is studied carefully, requiring 71 seconds
on average. The concept navigaids is a typical example of
a non-informative page: it has very little text, and a large
number of links. There is not enough text to really guide the
student into choosing a particular link. The reading time of
the first access is only 25 seconds.

Now, consider the concepts microcosm and scripting. For
first access, note that 48 students accessed microcosm and
50 students accessed scripting. However, for first click, only
19 and 14 students accessed microcosm and scripting, re-
spectively. This means that most students that accessed
these concepts never followed their links; they most likely
clicked in the back button of the browser. We see this kind
of concepts as (de-facto) dead ends.

Table 2 corroborates the idea that informative pages play
an important role guiding the students through the maze of
links that Web pages with large out-degree can create. We
observe that students spent a large amount of time in their
first access to the concepts, suggesting that they stopped
to read the information provided in the page. Informa-
tive pages combine the functionality of a hub with a normal
course page, whereas other pages that are just hubs but have
a short reading time offer a lot of choice but no guidance.
Such pages are to be avoided. The author should add infor-
mation to the pages that can guide the student through the
many links they offer.

5. CONCLUSION
In this work we have presented a case study of an adaptive

course implemented with AHA! version 3.0. Our focus has
been to empirically check whether the adaptation mecha-
nism influences the students’ behavior. We have approached
this issue from different angles. We have performed an anal-
ysis of the presentation classes of the links in the course,
focusing on detecting if students followed the so-called bad
links and if their navigation behavior was affected by the
presence of bad links. We found that pages that can be
classified as authorities, having many incoming links, make
the students curious and thus cause students to investigate
them even when they are not yet recommended. When an
author wishes for students to follow the adaptive guidance,
authorities that are not recommended from the start should
be avoided. We have also carried out a structural analysis of
the course, comparing the definition of hubs to new empir-
ical measures, called empirical hub coefficient and informa-
tive pages. We have observed that empirical hubs arose in
the course, most of which turned out to also be informative
pages that guided the navigation of the students through
the large number of links that empirical hubs contain. We
also found non-informative hubs that give the student many
choices but no guidance. An author should ensure that all
hubs are also informative pages.

In the near future, we plan to carry out another case study
of the hypertext course that is now re-implemented with
the newer version of AHA!, called GALE and part of the
EU FP7 project GRAPPLE. The newer version has a menu
to navigate through the course; therefore, a comparison be-

tween the two versions may shed more light on the issue of
verifying how the structure of the course and the navigation
aids that are offered impact students’ navigation.
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