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Adaptive navigation support (ANS) is a new direction of
research within the area of adaptive interfaces. The goal
of ANS techniques is to help users find an appropriate
path in the learning and information space by adapting
link presentation to the goals, knowledge, and other char-
acteristics of an individual user. This paper is devoted to
evaluation of adaptive navigation support in educational
context. We present an educational hypermedia sys-
tem ISIS-Tutor that applies several ANS technologies —
adaptive annotation, adaptive hiding, and direct guidance
— and describe a study which evaluates the first two
technologies. The results show that adaptive navigation
support is helpful and can reduce user navigation efforts.
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1. Introduction

The use of adaptive hypermedia systems is one
of the ways of increasing the functionality of hy-
permedia. Adaptive hypermedia systems build
amodel of the goals, preferences and knowledge
of the individual user and use this throughout
the interaction for adaptation to the needs of
that user. Adaptive hypermedia can be useful in
any situation when the system is expected to be
used by people with different goals and knowl-
edge, where the hyperspace is reasonably big,
or where the system can successfully guide the
user in his or her work (P. Brusilovsky, 1996).
Education is one of the most promising appli-
cation areas for adaptive hypermedia. Adaptive
hypermedia can be applied here for all the above
reasons to adapt the presented information to the

current knowledge level of the student, to pro-
vide navigation support and to guide the student
in the learning process.

There are two general ways of adaptation in
adaptive hypermedia: adaptive presentation (or
content-level adaptation) and adaptive naviga-
tion support (or link-level adaptation). Adap-
tive presentation is the most studied way of
hypermedia adaptation (I. Beaumont, 1994; C.
Boyle & A. O. Encarnacion, 1994). The idea of
adaptive presentation is to adapt the content of a
page to the knowledge, goals and other features
of an individual user. With adaptive presen-
tation the content of a hypermedia page is in-
dividually generated or assembled from pieces
for each user. Generally, qualified users re-
ceive a deeper and more detailed information,
while novices receive more additional expla-
nations. Adaptive navigation support (ANS)
comprises all the ways to alter visible links to
support hyperspace navigation (P. Brusilovsky
et al., 1997). The idea of adaptive navigation
support techniques is to help users to find their
paths in hyperspace by adapting the way of
presenting links to goals, knowledge and other
characteristics of an individual user. Currently,
several kinds of adaptive navigation support
techniques are being investigated. Direct guid-
ance techniques may suggest where the user
should proceed according to the student’s learn-
ing goals and state of knowledge (R. Zeiliger,
1993). Adaptive annotation applies visual cues
to show the educational status of nodes behind
the links, for example using different icons to
show what is learned and ready to be learned (P.
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Brusilovsky et al., 1996a; B. de La Passardiere
& A. Dufresne, 1992). Adaptive hiding reduces
the cognitive load of the student by hiding less
relevant links (T. Pérez et al., 1995). Adaptive
sorting orders non-contextual links on hyper-
media pages placing links that are most relevant
for the given user in the given context to the top
(H. Hohl et al., 1996; C. Kaplan et al., 1993).

Adaptive navigation support is currently a pop-
ular research area. A number of various tech-
niques were suggested and developed (P. Brusi-
lovsky, 1996). Unfortunately there is a big gap
between development and evaluation of ANS
techniques. The only evaluated ANS technique
is an adaptive sorting technique implemented in
HYPERFLEX system (C. Kaplan et al., 1993).
This paper attempts to bridge this gap. It is cen-
tered on the study of adaptive navigation support
in educational hypermedia. The object of the
study is our system ISIS-Tutor, one of the first
educational hypermedia systems with ANS. We
present the results of our recent experiment that
was aimed to test the effect of adaptive navi-
gation support in educational hypermedia and
to compare two techniques of support — adap-
tive annotation and adaptive hiding of links.
As far as we know, these two most promis-
ing techniques of adaptive navigation support
have never been evaluated in a classroom study
before.

2. The ISIS-Tutor system

ISIS-Tutor is an intelligent learning environ-
ment to support learning a print formatting lan-
guage of an information retrieval system CDS/
ISIS/M (ISIS for short). This system was dis-
tributed by UNESCO and used widely in Rus-
sia and in many information centers worldwide.
The print formatting language is a kind of pro-
gramming language with over 50 different com-
mands and modifiers. It is used to display or
print the result of a search, or the content of a
database. A complete description of ISIS-Tutor
can be found in (P. Brusilovsky & L. Pesin,
1994a; P. Brusilovsky & L. Pesin, 1994b).This
section presents only those features of ISIS-
Tutor that are required to discuss adaptive nav-
igation support.

ISIS-Tutor is a combination of a hypermedia-
based electronic textbook, an intelligent tutor

and an exploratory environment. The hyper-
text component of ISIS-Tutor supports student-
driven learning in a hyperspace of educational
material and provides adaptive navigation sup-
port. The nodes in the hyperspace are units of
learning material (ULM). There are three kinds
of ULM in ISIS-Tutor: concept presentations,
problems to solve and examples (program frag-
ments) to analyze. Each unit constitutes an ele-
mentary step of the learning process. Using the
hypermedia interface the student can navigate in
the hyperspace of learning material and select
the next ULM to work. The tutor component
supports guided tutoring (curriculum sequenc-
ing). If a student hesitates to select the next
ULM, the tutor component analyzes the state of
the student knowledge reflected in the student
model and selects the next most relevant ULM.
Another duty of the tutoring component is to up-
date the student model when the current ULM
is completed. More details about sequencing
and student modeling techniques implemented
in ISIS-Tutor can be found in (P. Brusilovsky
& L. Pesin, 1994b). The learning environ-
ment allows the user to experiment with print
formatting commands. Tt provides an editor
and stepwise interpreter with extended visual-
ization. Working with an example the student
can use the exploratory environment which in-
cludes the visualizing interpreter. The environ-
ment lets him or her play with the given example
using the interpreter, change the input data and
the example itself. Working with a problem the
student can also use the environment to design
and test the solution.

The key to intelligent behavior of ISIS-Tutor is
the knowledge about the subject and about the
student represented in a form of domain model
and student model. The domain model rep-
resents the material being taught (knowledge
about the print formatting language) as concep-
tual network. The material is divided into el-
ementary concepts and structured as a directed
graph (concept map) where the links represent
several kinds of relationships between the cle-
ments including prerequisite relationship. The
domain model in ISIS-Tutor contains 64 con-
cepts.

The student model includes a model of student
knowledge and a sequence of individual learn-
ing goals. A model of student knowledge rep-
resents the current level of student knowledge
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on the subject as “weighted overlay.” It means
that for each concept of the domain model the
student model stores an integer value reflecting
the extent to which the student has mastered
this concept. The model of student knowledge
is kept up-to-date by the tutor component and
supports the adaptive capacity of all modules.
The sequence of learning goals is assigned in-
dividually by a human teacher. Each learning
goal is a set of domain concepts that has to be
mastered before moving to the next goal. ISIS-
Tutor provides a mechanism of learning goals
as a way for a human tutor to adjust the system
to his or her preferred order of presenting the
material.

All ULMs are indexed with domain model con-
cepts. ULMs are stored in the knowledge base
of learning material as frames. Each of the
ULM frames has a slot which contains the list
of domain concepts related to this ULM,; for ex-
ample, the list of concepts required to solve the
problem. This list (called the spectrum of the
ULM) provides a link between the ULM and
the domain model.

ISIS-Tutor uses a specific approach to imple-
ment educational hypermedia based on the fol-
lowing three ideas. First, the central part of the
hypermedia network is designed in a form of
visualized domain network. Each node of the
domain network is represented by a node of the
hyperspace, and links between domain network
nodes constitute main bi-directional paths be-
tween hyperspace nodes. Thus the structure of
the overall hyperspace resembles the pedagogic
structure of the domain knowledge. Second,
each ULM is also represented as a node of the
hyperspace and connected to all domain con-
cepts listed in its spectrum. Third, hypermedia
‘pages’ which are external representations of all
the mentioned hyperspace nodes are not stored
in a fixed format, but generated by the hyperme-
dia component from their internal frame-based
representation.

The hyperspace of educational material in ISIS-
Tutor is naturally structured and tightly inter-
linked. The nodes of this hyperspace are con-
cept presentations, examples and problems. Each
node has many links to other nodes of all three
kinds. These multiple links provide many ways
of navigation. For example, the user can select
a domain concept from the concept index (Fig-
ure 1), then move to a related construct, then to

some example of its application. Here the user
can use the environment to play with the exam-
ple, then move back to the construct and repeat
it with another example. Then the user can se-
lect one of the problems related to the construct
to master the obtained knowledge. If the prob-
lem appears to be hard, the student can analyze
the list of concepts in the problem spectrum and
move from a problem to the concept that is not
well understood (and which can be far away in
the network from the starting concept). A user
in ISIS-Tutor has many ways of navigation and
many paths going from the current node to re-
lated nodes. To help the user to navigate in this
tightly interlinked hyperspace the hypermedia
component applies several adaptive navigation
support techniques.

3. Adaptive navigation support in
ISIS-Tutor

3.1. Direct Guidance

The most traditional technique of adaptive navi-
gation support in ISIS-Tutor is a direct guidance
technique. Direct guidance is implemented in
ISIS-Tutor in a form of a special “Teach me”
button which is available on any page present-
ing a concept or a problem, as well as on the
index page and within the exploratory environ-
ment. This button activates an intelligent se-
quencing module of the tutor component. The
sequencing module applies an embedded tutor-
ing strategy to select the next ULM - the most
useful ULM according to the current state of
user knowledge. To make a choice the sequenc-
ing module uses the domain and student models
and the spectra of ULM. The selected ULM is
presented to the student. The sequencing tech-
nique used in ISIS-Tutor is a simplified version
of our general intelligent sequencing technique
described in (P. L. Brusilovsky, 1992).

3.2. Adaptive annotation

In ISIS-Tutor, annotations of links inform the
user about educational and goal status of related
nodes. The hypermedia component uses the
student model to determine current educational
status for each concept represented by a hyper-
media page: not-ready-to-be-learned (i.e., has
unlearned prerequisites), ready-to-be-learned,
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known (learning started), and learned (student
has demonstrated knowledge about the concept
by solving the required number of problems for
the concept). Our idea is that concepts with dif-
ferent educational status have different mean-
ings for students and making educational sta-
tus visible would help them in hyperspace nav-
igation. To make educational status visible,
the hypermedia component marks all links to
concepts (local links as well as links from in-
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dex) using colors and some special charac-
ters. The key point is that links to nodes with
different educational status are marked differ-
ently. In the current version of ISIS-Tutor links
to not-ready-to-be-learned concepts were not
colored, ready-to-be-learned were colored red,
both known and learned were colored green,
and learned concepts were additionally marked
with sign “+” (we used special signs to avoid
using too many colors). Figure 1 shows the
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Fig. la. Concept index page of ISIS-Tutor with annotated links.
Scrolling is required to see the links to the concepts from 45 to 64.
Links to learned concepts are shown green. Links to ready-to-be-learned concepts are shown red.
Links to-not-ready-to-be-learned concepts are not annotated by color.

Concept index
+ I General format 2 Arithmetic expression
3 Removing empty lines 4 Unconditional go to new line
+ 5 Go to new line 6 Selecting a position in a string
7 Printing blanks + 8 Field output
9 The concept of MFN 10 Unconditional literal
1 Arithmetic function L 12 Arithmetic function Mfn
13 Arithmetic function Val 14 Arithmetic function Rsum
15 Arithmetic function Rmin 16 Arithmetic function Rmax
17 Arithmetic function Ravr 18 Mixing % and #
19 Mixing / and # 20 Conditional literal
21 Repeating literal 22 Printing MFN
23 String expressions 24 Prefix conditional literal
25 Suffix literal - 26 Null-literal
27 Repeating literal with + 28 Prefix repeating literal
29 Setting output mode 30 Mixing conditional literal and %
31 Mixing conditional literal and # 32 Mixing conditional literal and /
33 Mixing conditional literal and C 34 Mixing conditional literal and X
35 Mixing conditional literal and M 36 L and U modes in M command
37 H mode in M command 38 D mode in M command
39 P mode in M command 40 String function F
41 String function Ref 42 String function S
43 User programs format 44 Relational expressions
Enter - learn F4-practice F6-teach-me F8-problem-index F9-back PgDn-next-page
+ Well learned Learned Ready to be learned

Fig. 1b. This is a translation of the original Cyrillic page. Green color (learned) is shown in italic. Red color
(ready-to-be-learned) is shown in bold. Links to not-ready-to-be-learned concepts (not annotated) are shown as
normal text.
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first part of the ISIS-Tutor concept index page
with annotated links (scrolling is required to
see the links to the concepts from 45 to 64).

Similar annotation technique is used to adapt
link presentation to the current educational goal.
As mentioned in the section 3.1, the educational
goal in ISIS-Tutor is just a set of concepts that
the student expects to learn at the current ses-
sion. The difference between goal and non-goal
nodes is also meaningful for the student. To
make this difference visible the links to concepts
that are within the goal of the current lesson are
marked with a sign “-” while all other links
have no goal-related mark. Thus, all the links
to the concepts with different educational and
goal status are marked differently using colors
and special marks “+” and “-”. The same way
is used to annotate not only all links to con-
cept pages, but also all links to problems and
examples. As a result, all links in ISIS-Tutor
are adaptively annotated by different colors and
special marks. These annotations inform the
student about the educational and goal states of
all kinds of related pages (Table 1, column B).

3.3. Adaptive Hiding

The idea of adaptive hiding in ISIS-Tutor is to
reduce the cognitive load by hiding from the
student all links to the nodes that the student is
“not expected to learn.” There are two kinds of
these links in ISIS-Tutor: links to not-ready-to-
be-learned nodes and links to the nodes that are
outside the current educational goal. In “pure

annotation” mode (i.e., when hiding is switched
off) these links are not annotated (Table 1, col-
umn B). In “hiding” mode (i.e., when hiding is
switched on) these links are hidden: they are
removed from any menus and its position in the
menus is occupied by the next visible links (Ta-
ble 1, column C). As a result, all menus of links
become much shorter for a novice who gets
most of the links hidden. For example, full in-
dex of concepts takes two screens in ISIS-Tutor
(Figure 1). In the hiding mode the novice starts
with the index containing just two links, and
during first sessions the growing index still fits
one page (Figure 2). Note that “hiding” mode
in ISIS-Tutor is not a pure hiding but a combina-
tion of hiding and annotation. Learned, known
and ready-to-be-learned nodes are still anno-
tated differently as in normal annotation mode
(Table 1, column C). In the most recent version
of ISIS-Tutor hiding is an option which can be
switched on and off. One of the reasons to im-
plement hiding by this way was to test possible
additional effect provided by hiding.

4. The Study

To test the effect of adaptive navigation support
in educational hypermedia and to compare two
most promising ANS techniques we conducted
an experimental study. Special experimental
version of ISIS-Tutor was used for the study. In
addition to “annotation” and “hiding” modes the
experimental version had a non-adaptive mode
which works like a normal hypertext: nothing

Educational status of the A.Non- | B. Adaptive | C. Adaptive
node behind the link adaptive | annotation hiding
Qutside educational goal NA NA hidden
Within educational goal NA mark "-" mark "-"
Well-learned NA mark "+" mark "+"
Known NA green color | green color
Ready-to-be-learned NA red color red color
Not-ready-to-be-learned NA NA hidden

Table 1. Summary of annotations applied in three experimental versions of ISIS-Tutor.

NA means no annotation.
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I
061 BHA TOPHAT
HJpnaseHHe AYCTBIX CTPOK
Mepexon Ha HOBYKW CTpokY |
fleuats npobeace
Honstue MFN ;
APHPHIeTHNECKAR PoHBEUHS Val

MoeTopawapnca autepaa
lMeeTOoPAUMACA AHTEPaAa c +
HcraHoeka pesmna BnBODA
Buibop maHHB PParMeHTa NOAR
Boieon nognoas

lmtar- — H3yunTb  F4-npa

2 APHIMETHYECKHE BbPaEEHHA
4 be3ycAcEHbI NEPEXofl HA HOBYW CTPROK.
6 Bribop NOSHUHH B CTPOKe

B Poeon noas

10 BesycaoEHbE nHTEPaA
20 Ycaoenem AnTepaa
22 Boeon MFN
28 llPedMKCHER NOBTOPAHUMICA AHTEPaAa
5Z PazneueHHe nepeol CTPOKH NoOAs
541 Buifop cHEWEeHHA PParveHTa noas
56 lMoevopamumecs rpynnb
.3apay F9-uasap
Houxo ussuar

Fig. 2a. The same index page as on figure 1 with hidden links to not-ready-to-be-learned nodes.

+ I General format
3 Removing empty lines
+ 5 Go to new line
7 Printing blanks
9 The concept of MFN
13 Arithmetic function Val
21 Repeating literal
27 Repeating literal with +

Concept index

29 Setting output mode 52 Positioning first line of the field
53 Selecting subfield length 54 Selecting field fragment shift
55 Printing subfield 56 Repeating groups
Enter - learn F4-practice Fé6-teach-me F8-problem-index F9-back PgDn-next-page
+ Well learned Learned Ready to be learned

2 Arithmetic expression

4 Unconditional go to new line
6 Selecting a position in a string
8 Field output

10 Unconditional literal

20 Conditional literal

22 Printing MFN

28 Prefix repeating literal

Fig. 2b. This is a translation of the original Cyrillic page. Green color (learned) is shown in italic. Red color
(ready-to-be-learned) is shown in bold.

is hidden or annotated. Comprehensive tracing
facilities were also provided. The direct goal
of the study was to compare in the same ed-
ucational context three versions of ISIS-Tutor:
non-adaptive, adaptive annotation (we call it
adaptive for short), and adaptive hiding (we
call it restrictive for short, because it restricts
student choice). Non-adaptive version was set
to non-adaptive mode, adaptive version was set
to the mode with adaptive navigation support
by annotation, and restrictive version was set to
the mode with adaptive navigation support by
annotation and hiding (Table 1). To avoid in-
terference, direct guidance was switched off in
all the three versions.

Twenty-six subjects (11 males and 15 females)
took part in the experiment. All subjects were
18-19 years old first year computer science
students of the Moscow State University. At
the moment of the study they had only two
months of courses, so they could be consid-
ered as “computer science oriented”, but not as
“computer science professionals”. All students

had no previous experience of work with ISIS or
ISIS-Tutor but had an experience of work with
various computer systems. The subjects were
divided randomly into three groups. “Non-
adaptive” group (7 subjects) worked with non-
adaptive version of ISIS-Tutor (as described
above), “adaptive” group (8 subjects) worked
with adaptive version and “restrictive” group
(11 subjects) worked with restrictive version.

All subjects were briefly introduced to ISIS
and ISIS-Tutor and were asked to complete the
same part of the course on ISIS print format-
ting language. The part of the course selected
for the experiment contained ten concepts (from
64 available), all related examples, and ten test
problems which required not more than these
ten concepts to be solved. The selected con-
cepts were taken from the beginning part of
the course and could be learned (according to
prerequisite relationships) without knowing any
other concepts. These ten concepts and ten
problems were set as educational goal to all
students. Users of both adaptive groups could
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always see the goal concepts and tasks anno-
tated by “-” mark. Users of non-adaptive group
had a sheet of paper with the list of goal con-
cepts and tasks. It should be noted that “the rest
of the hyperspace” (i.e., the nodes outside the
given set of concepts and tasks) was not forbid-
den for the students to visit. The students of
non-adaptive and adaptive groups were free to
investigate concepts, examples, and problems
outside the educational goal. However, the stu-
dents of “restrictive” group were not able to do
that, because any nodes outside the educational
goal were hidden, The time was not limited.
Each student completed the educational goal
when all ten goal concepts were learned and all
ten goal problems were solved.

All actions of the students working with the sys-
tem were recorded as individual traces. These
traces were then analyzed by a special program
to compute several parameters which we con-
sider as important for comparing the perfor-
mance of the three groups. These parameters
were used as dependent variables in process-
ing the results of the experiment. The most
important dependent variables were the time re-
quired to complete the course and the overall
number of navigation steps. According to the
results of the only similar experiment (C. Ka-
plan et al., 1993), we expected that both the
time and the number of steps should decrease
for adaptive versions. However we have no
other definite hypotheses. So we computed 31
different dependent variables (half of them will
be described later) to compare various aspects
of user performance.

It appears that we failed to communicate to the
students clearly enough that they were expected
to achieve the educational goal as quickly as
possible and leave immediately after it. As
we found later analyzing traces, some students
treated the experiment more as a test and be-
haved as we expected, other students considered
it also as a chance to play with an interesting sys-
tem and sometimes kept working after all goal
problems had been solved. Five students (one
from non-adaptive, three from adaptive, and one
from restrictive groups) misunderstood the goal
to the extent that they never visited any goal
problems or goal concepts. Since the require-
ment to pass all ten concepts and problems was
the key unifying requirement of the experiment,
we had to exclude the data of these 5 students

from consideration. All 21 considered subjects
really solved all 10 problems and visited all re-
quired concepts.

5. The Results

When processing the results, we have tried to
find two kinds of effects. First, what is affected
by adaptivity (i.e., what is different for non-
adaptive group on one side and both adaptive
and restrictive groups on another side)? Sec-
ond, what is affected by a specific kind of adap-
tivity (i.e., what is different for adaptive and
restrictive group)? We used three procedures to
analyze the results of the study for each variable.
First, we used ANOVA to check the difference
between all the three groups. If there was no
significant difference, we combined adaptive
and restrictive groups into one joint adaptive
group and applied non-paired t-test to compare
this joined group with the non-adaptive group.
Also, when it was reasonable, we used non-
paired t-test to compare adaptive and restrictive
groups.

We have found only 11 dependent variables
among 31 for which the difference between the
groups was visible on a box plot. Moreover, for
most of these variables the difference appeared
to be not significant, showing not more than a
tendency. In the following subsections we show
and discuss results for several group dependent
variables.

5.1. Global performance

The first group of dependent variables is global
performance parameters which, as we expect,
have to be affected by the navigation support. In
addition to such parameters as overall time and
overall number of steps, which have been con-
sidered in earlier experiments with navigation
support (C. Kaplan et al., 1993), we were espe-
cially interested in finding patterns of inefficient

browsing such as concept and task repetitions
(Table 2).

Number of steps. ANOVA shows a significant
difference between all the three groups (with
ANOVA p-value 0.041) for the overall number
of steps. A step here means a navigation step
from one activity to another, for example, from
one concept page to another concept page or
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Group Number of Time (sec) Concept "Unforced" Task
steps repetitions concept repetitions
repetitions
Non-adaptive 81.3 2196 17.3 11.2 6.2
Adaptive 652 1418 9.0 5.0 0.8
Restrictive 58.2 1785 8.9 4.8 0.4

Table 2. Mean values of performance parameters for three groups.

from a concept to example. A visit to an exam-
ple page or to the environment was counted as
one activity, even if the user managed to play
with several examples in one visit. The number
of steps for adaptive group is much smaller than
for non-adaptive group and it is even slightly
less for the restrictive group. The really signifi-
cant difference was found between non-adaptive
and joint adaptive groups: unpaired t-test for
non-adaptive versus joint adaptive group gives
p-value 0.015. Thus, adaptive navigation sup-
port does provide navigation support, signifi-
cantly reducing students’ navigation efforts.

Time. The visible difference for overall time of
work between non-adaptive and both adaptive
groups is not significant. In a sense, it means
that the time decreased to a less extent than the
number of steps. The most probable reason for
that is the following: the overall time consists
of the time spent reading pages and the naviga-
tion time spent on making navigation decisions
and moving from page to page. Our hypothesis
is that navigation support affects the navigation
time but not the reading time. So, the effect of
navigation support on the overall time should be
less visible. Another similar hypothesis is that
the users of adaptive groups spent more time
working in example and practice modes. Each
visit to the environment was counted as one step,
though it usually takes considerably more time
than a visit to a concept page. Unfortunately we
have recorded only the overall time and cannot
check this hypothesis.

Concept repetitions. The number of concept
repetitions, that is, repeated visits to the same
concept page, is visibly less for adaptive groups.

This difference becomes significant if we con-
sider only “unforced” or “unexplainable” con-
cept repetitions, i.e., exclude “natural” repeti-
tion of concepts after incorrect solution of a
problem related to this concept (unpaired t-
test for non-adaptive versus joint adaptive group
gives p-value 0.048). A possible interpretation
is based on the fact that in hypermedia part of
the visits to related nodes is made not for learn-
ing, but for orientation purpose. Students move
to a related node for a short time just to check
what is around. We think that the number of
short orientation visits is reduced with adaptive
navigation support. Annotations may give the
student enough information about related nodes,
to avoid visiting them in some cases. This hy-
pothesis can also partly explain, why the time
difference between adaptive and non-adaptive
groups is not significant while the difference in
the number of steps is significant. In any case,
adaptive navigation support reduces users’ navi-
gation efforts in hyperspace and makes the work
more efficient.

Task repetitions. ANOVA shows significant dif-
ference (with p-value 0.007) for the number of
task repetitions, i.e., the number of repeated tri-
als to solve the same task. The number of rep-
etitions is significantly less for adaptive groups
(unpaired t-test for the non-adaptive versus the
joint adaptive group gives p-value 0.0014). Our
data show that in many cases the students from
the non-adaptive group entered the task page
and left it without a correct solution (and of-
ten without a single trial to solve the task). At
the same time, students from adaptive groups
almost always left a task page with a correct so-
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Group Concept index | Concept-> | Concept -> | Task index Task ->
concept task concept
Non-adaptive 18.5 8.1 9.8 122 240
Adaptive 18.4 1.8 6.4 9.6 22
Restrictive 14.0 1.6 8.1 0 1.8

Table 3. Mean values of navigation parameters for three groups.

lution (mean value for the number of repeated
trials is less than one for 10 solved problems!).
It means that annotation-based adaptive naviga-
tion support, which recommends visiting ready-
to-be-learned pages and warns against visit-
ing not-ready-to-be-learned pages, works quite
well.

5.2. Navigation

We have checked a number of parameters re-
lated to differences in navigation. For each
kind of navigation (index->concept, concept-
>task, etc.) we have counted how many times
it was used (Table 3). ANOVA shows no sig-
nificant difference between groups for all navi-
gation parameters (including concept->concept
navigation where mean values for adaptive and
non-adaptive groups look quite different). The
users appeared to be very different in their nav-
igation. In respect of the kinds of navigation,
many users seem to have preferred styles and the
diversity of styles used within each group was
quite big. In respect of visiting non-goal and
not-ready pages, some users (“explorers”) vis-
ited a number of them and some users never left
the “recommended” set of concepts and tasks.
Since our groups were reasonably small, indi-
vidual differences make any influence of adap-
tation insignificant. Yet, there is one interesting
difference, which we consider important to re-
port.

The use of index. The use of task index (i.e.,
the number of times the student uses task in-
dex page to navigate to one of task pages)
visibly decreases from non-adaptive to adap-
tive version and from adaptive to restrictive

one. The difference between both ends in
this row (i.e., between non-adaptive and restric-
tive groups) reaches significance (t-test gives p-
value 0.049). What is specific for index-based
navigation? Our interpretation is that index is
often used for navigation as an ultimate tool
when the student has problems with finding a
path in the hyperspace. Adaptive navigation
support helps the student to find such a path
(i.e., to navigate to a relevant task from a con-
cept page) and decreases the need to use the
index. '

5.3. Recall

Originally, we expected that adaptation could
improve navigation, but, since it will make the
user navigation work easier, the user will have
less clear understanding of the hyperspace struc-
ture. To check this hypothesis we asked all sub-
jects to complete a small recall test after they
had finished the main part of the experiment.
In the recall test the subjects had to reconstruct
the structure of the learned part of hyperspace
by simply drawing a network of concepts and
links between them. We counted how many
correct concepts and links the students remem-
bered, how many they did not remember, and
how many wrong concepts and links they had
drawn (Table 4). We found no significant dif-
ference for any of these parameters.

5.4. To hide or not to hide?

All significant differences reported above were
found between non-adaptive and joint adaptive
groups. It means that we have demonstrated the
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Group Recalled concepts Recalled Recalled links [ Recalled links
correct concepts correct incorrect
incorrect
Non-adaptive 7.0 0.7 8.6 54
Adaptive 6.2 1.2 5 B.5
Restrictive 6.9 0.8 5.7 5.1
Table 4. Mean values of recall parameters for three groups.
Group % users visited | % users visited | % users visited | % users visited visited
non-goal tasks | not-ready tasks non-goal not-ready non-goal
concepts concepts concepts
Non-adaptive 20 66 33 0 1.0
Adaptive 0 100 80 20 2.8
Restrictive 0 0 0 0 0.0

Table 5. Visiting “not useful” pages.

value of adaptive annotation. At the same time,
we have failed to determine any additional value
of hiding in ISIS-Tutor context. No signifi-
cant difference was found between adaptive and
restrictive groups for all collected parameters.
One of the reasons may be the smaller number of
subjects involved in comparison of adaptive ver-
sus restrictive group. Another possiblereason is
that annotation and hiding provide similar influ-
ence on user performance, so additional value
of hiding is not visible when annotation is also
used. To make a more careful comparison, we
have to compare annotation with “pure” hiding.

The unique setting for restrictive group is hiding
the “not useful” nodes: not-ready-to-be-learned
nodes and nodes outside the current educational
goal. It is interesting to check how often these
“not useful” nodes were used in non-adaptive
and adaptive versions (Table 5). What is im-
portant is the very number of visited “not use-

ful” nodes and the fact that all but two stu-
dents of both “non-restricted” groups visited
at least one of such nodes. It gives us the
confidence that freedom of navigation is im-
portant for the users and that annotation tech-
nique could be a better candidate for adaptive
navigation support than hiding. The data also
show that the average number of visited “not
useful” concepts and the number of users who
visited it are bigger for the adaptive version.
From one point of view, it is a really strange
phenomenon: the users of adaptive group had
annotation which warned them about not-ready
and non-goal pages . . .and they were more ca-
ger to visit it! From another point of view,
we may say that the users who have naviga-
tion support feel themselves more confident in
the “recommended” part of the hyperspace to
allow some excursions outside this part. In
any case, this difference is also not significant.
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6. Discussion

Our experience with adaptive navigation sup-
port and the results of our experimental study
show that adaptive navigation support is an ef-
ficient technology of hypermedia adaptation in
an educational context. The method of adaptive
navigation support in ISIS-Tutor is relatively
simple, however it provides a significant effect.
The main effect of adaptive navigation support
by annotation and hiding in an educational con-
text is reducing of the overall number of steps
(number of visited nodes) required to learn a
particular part of the course without reducing
the quality of learning. The comprehension
time is not affected significantly. These results
are similar to the results of another experimen-
tal study of adaptive navigation support (sorting
technique in an information retrieval context)
reported in (C. Kaplan et al., 1993) and prob-
ably can be considered as a general effect of
adaptive navigation support.

It is interesting to compare the effect of adap-
tive navigation support with the effect of adap-
tive presentation reported in (C. Boyle & A.
O. Encarnacion, 1994). This work reports that
adaptive presentation in hypermedia can reduce
the time for learning the material and improve
the comprehension of it, but cannot reduce nav-
igation time and the number of nodes visited in
the process of learning. At the same time, adap-
tive navigation support can hardly improve the
quality of learning and the comprehension time,
but it can reduce the number of visited nodes —
thus further reducing the overall learning time.
These techniques look complementary and can
be used together for further improvement of the
effectiveness of adaptive hypermedia.

There is an evidence that the students working
with adaptive navigation support (either anno-
tation of hiding versions) feel themselves more
confident and comfortable than the users of non-
adaptive hypertext. In particular, they can af-
ford time and cognitive efforts to learn some-
thing outside the educational goal, or to play
more with the environment. A significant differ-
ence between annotation and hiding techniques
of navigation support was not found; however
there is an evidence that unrestricted freedom
of navigation is important for the user. In this
sense adaptive annotation technique can be pre-
ferred over adaptive hiding. .

While claiming that annotation is a good tech-
nique for adaptive navigation support we do not
claim that using colors is the best way of an-
notation. Colors can be less meaningful for the
student than other ways of annotation. In ad-
dition, too many different colors on the screen
are very distracting. We think that using icon-
based (P. Brusilovsky et al., 1996a; B. de La
Passardiere & A. Dufresne, 1992) or text-based
(Z. Zhao et al., 1993) annotation is better in
many ways. Unfortunately, it requires advanced
display facilities, while ISIS-Tutor was limited
to a DOS-based version of ISIS.

Adaptive navigation support is a very new area
of research. More work is required to compare
different techniques of adaptive navigation sup-
port and different variations of them in different
contexts. However the results we have up to date
are good enough to recommend adaptive nav-
igation support (and in particular our method
of adaptive navigation support) as an efficient
technology to improve the functionality of hy-
permedia.

Ourselves, we continue our work on annotation-
based adaptive navigation support in the con-
text of Web-based educational hypermedia. The
Web, which is a hypermedia system in its essence,
is a very suitable area for applying adaptive nav-
igation support techniques. We think that adap-
tation is especially important for Web-based
hypermedia. First, most Web-based applica-
tions are to be used by a much wider variety of
users than any standalone applications. A Web
application, which is designed with a particu-
lar class of users in mind, may not suit other
users. Second, in many cases the user work-
ing with a Web application is “alone” (probably
from home). That is why the assistance that a
colleague or a teacher typically provides adap-
tively in a normal classroom situation, is not
available. The class of users who need adap-
tivity urgently are Web “newcomers” with al-
most no Web experience (and often no general
computer experience). These users simply can-
not cope with complex hyperspaces offered by
modern Web-based applications. We think that
the techniques of adaptive navigation support
developed in ISIS-Tutor may be very useful in
Web-based educational hypermedia. Currently,
these techniques are implemented in two sys-
tems: ELM-ART (P. Brusilovsky et al., 1996a),
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an intelligent Web-based tutor for LISP and In-
terBook (P. Brusilovsky et al., 1996b), a tool for
development adaptive hypermedia on the Web.
Unfortunately we have not yet completed for-
mal studies with these systems and therefore
cannot report how useful our techniques are in
the Web context.
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