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Abstract 
 

It is important that all pedagogical design decisions in 
educational learning environments are made explicit to 
the educator. However, implicit assumptions affecting or 
even contradicting the “official” pedagogical method 
may unbeknownst slip into the design. We discuss a con-
crete problem in the area of adaptive hypermedia systems 
related to the notion of a prerequisite. Prerequisites are 
frequently used to describe the many different education-
ally effective paths on which learners may traverse a hy-
permedia system. However, closer look reveals that sev-
eral different concepts are called prerequisite and confus-
ing them may lead to flawed designs. We will make rec-
ommendations as how to avoid misusing the different 
notions of prerequisites in adaptive hypermedia systems. 
 
 

1. Introduction 
 
There will always be some implicit design decisions in 

a complex system, now matter how hard designers try to 
avoid them. Some of these decisions may be inconsistent 
with the pedagogy employed by the learning environment 
potentially hampering its effectiveness. We will discuss 
this issue in the area of adaptive hypermedia systems 
(AHS). Although a explicit pedagogical model is part of 
the general architecture, assumptions inconsistent with 
the pedagogical model may sometimes slip in through the 
backdoor. One of these backdoors is the concept of a 
“prerequisite,” or, more correctly, the concepts (sic!) re-
ferred to as prerequisite. 

Hypermedia has been recognized as having great po-
tential in providing content to learners. Relationships be-
tween concepts can be made explicit with hyperlinks, and 
the same material can be organized along different di-
mensions presenting the material to be learned from dif-
ferent views [1]. 

Hyperlinks allow each individual learner to traverse 
and explore the content in a way that fits his or her inter-
ests and learning goals the best. However, this added 
flexibility, compared to books which are often read in a 

more or less linear fashion, can also cause problems seri-
ously impacting the pedagogical benefits of a hypermedia 
system. It is quite easy for the learner to lose orientation 
that manifests itself in the learner not knowing how the 
current page fits into the big picture and what hyperlinked 
path to follow. 

This is one of the problems that adaptive hypermedia 
attempts to solve. Adaptive navigation support and con-
tent organization is used to present the learner with the 
most effective paths through the hypermedia system 
given the learner’s characteristics, skills, learning goals, 
and behavior. 

This approach is also known as curriculum sequenc-
ing. For most systems using curriculum sequencing, this 
means that the pages are organized in a partial order 
which depends on the pedagogical model underlying the 
system and the content to be presented to the learner. 

Often, the concept of a prerequisite is used to define 
this partial order. Although, different systems vary in the 
details of how prerequisites are implemented and used, 
we can assume that if page pa is a prerequisite of page pb 
then the content a described on page pa must be learned 
before pb describing content b is allowed to be visited. 
Without loss of generality we will assume that each con-
cept x is described on exactly one page px. 

As a common result of this approach, the pages (or 
concepts) are partially ordered such that if concept a is 
required to understand concept b, then pa is a prerequisite 
of pb resulting in the constraint that pa must be visited 
before pb. 

In this paper, we will show that this decision already 
includes some strong implicit assumptions about the un-
derlying pedagogy, even in systems with explicit peda-
gogical models. We will suggest how this problem can be 
solved resulting in systems whose adaptive mechanism 
and the pedagogical model are clearly separated. 
 

2. General Architecture 
 
We base the discussion of the general architecture of 

adaptive hypermedia systems on the work of De Bra and 
colleagues whose model is called AHAM [2, 3]. Al-



though other architectures could be used, AHAM is used 
because it explicitly refers to the pedagogical model. 

The main elements of AHAM are the domain model, 
the user model, the teaching model, and the adaptive en-
gine. 

The domain model describes the content to be learned, 
that is, the concepts and how they are structured and re-
lated to each other. 

The user model describes characteristics of an individ-
ual learner using the hypermedia system. For each user of 
the system, a specific model is built based on information 
gained through pretests, observed behavior, online quiz-
zes, etc. 

The teaching model (or, as we call it, the pedagogical 
model), describes how the user model and domain model 
are used to do the adaptation which is then actually exe-
cuted by the adaptation engine. 

The purpose of the pedagogical model is to make ex-
plicit how the system is adapted to the learner’s needs. 
Thus, with respect to navigation, it describes what the 
pedagogically effective paths are for each individual 
learner. This is not a trivial task. It only takes 13 pages to 
provide a different path for every person of the earth’s 
current population of six billion people. 
 

3. Prerequisites 
 
As mentioned earlier, prerequisites are often used in 

adaptive web sites to partially specify in what order the 
web pages need to be visited. The definition of a prereq-
uisite in this context is as follows. If page pa is a prerequi-
site of page pb, then page pa must be visited before page 
pb may be visited. This definition of a prerequisite speci-
fies a mechanism to partially order pages in an adaptive 
web site. 

Switching over to an educational context, the concept 
of prerequisite is used in a pedagogical sense. For in-
stance, if concept a is required to understand concept b 
then a is called a prerequisite of b. Alternatively, at a 
more coarse-grained level, if the material of course a is 
required for the material in course b to be mastered, a is 
declared a prerequisite of b. 

Let’s assume that a is required to understand b, that is, 
a is a prerequisite (in the pedagogical sense) of b. By 
definition of a prerequisite in adaptive web sites it follows 
that the page describing concept a must be visited before 
the page describing concept b may be accessed. In short, 
if a is required to understand b then a must be visited 
before b.  

However, this conclusion is not correct for the general 
case and may contradict the specifications in the pedago-
gical model of the AHS. 
 

3.1 A Prerequisite is Not a Prerequisite 
 
Although many books present concepts in such an or-

der that a concept a required to understand concept b is 
presented before b is presented, there are important situa-
tions where this approach is inappropriate. Also, some 
important teaching methodologies may require different 
kinds of orderings. Next, we briefly discuss a few exam-
ples of such methodologies. 

Problem-Based Learning (PBL) is a teaching/learning 
method developed for medical students [4]. One of the 
fundamental principles is that the students need to dis-
cover on their own that they are missing a certain under-
standing that they have to acquire before they can solve 
the case at hand. This approach is not restricted to highly 
specialized medical students. The same method has been 
used in middle school science curricula where the stu-
dents are expected to discover that, in order to find the 
solution, they need to learn more about a certain concept 
[5]. This may result in a trip to the library, checking a 
web site (which is not adaptive yet), or talk to some ex-
pert, e.g., a student’s parent. Learning by Design (LBD) 
is another approach based on the design process that re-
quires the students to discover the need to learn certain 
concepts [6]. 

Of course, this may not be the approach of choice if 
you have to teach mathematics or programming. It would 
be hard to imagine the students discover all those theo-
rems. However, a final example from teaching user inter-
face design at the college level shows that some instruc-
tors may quite often use approaches consistent with LBD. 

Assume you are teaching the user interface design pro-
cess and you are talking about the need for not just one 
but alternative approaches or prototypes during the earlier 
design iterations. One way to go from here is to ask the 
students which one of the approaches is the best. Quite 
soon, they realize that they need something like a set of 
criteria, actually, a set of quantifiable and measurable 
criteria. If, instead, the students are simply told in 
advance that measurable criteria are needed, they may not 
be clear about why they are needed. 

In terms of prerequisites, these examples can be de-
scribed as follows. A concept a is required to understand 
concept b. Before concept a is discussed, concept b is 
presented to the student who needs to discover the need to 
learn about a. Therefore, the student will learn about a 
and then be able to fully understand b. This approach, 
where applicable, has the advantage that the need of a for 
b is more clear to the student. 

It is now easy to see that we talk about two different 
concepts when referring to prerequisites. 

 
• A prerequisite is a mechanism to partially order 

web pages in an adaptive web site. 



• A prerequisite is a pedagogical relationship be-
tween two concepts. 

 
The next two sections will investigate both prerequi-

site concepts in more detail. 
 
3.2 Prerequisites as Ordering Mechanism 

 
If we consider the definition of a prerequisite as an or-

dering mechanism and assume that pa is a prerequisite of 
px and also pb is a prerequisite of px, it follows that the 
conjunction of pa and pb is a prerequisite of px. Although 
this approach covers many situations, it imposes an un-
necessary constraint on what kinds of prerequisites can be 
defined. 

However, extending the expressiveness of prerequi-
sites comes at a cost. For instance, adding disjunctive 
prerequisites of the form “the disjunction ‘pa or pb’ is the 
prerequisite of px”, where at least one of pa and pb need to 
be visited before px may be visited, requires computation-
ally expensive algorithms [7]. These extensions can be 
useful, though. For example, it can be used to make sure 
that a student sees the use of a certain concept or feature, 
say of a programming language, in at least two examples. 
This constraint can be easily expressed as a disjunction of 
conjunctions. Another example where disjunctions come 
in handy is where the instructor has several examples to 
explain an issue in the lecture notes. He wants to select 
just one example and make sure he is not going over 
other, redundant examples. Again, conjunctions alone 
cannot express such a relationship easily, but a disjunc-
tion of conjunctions can. For a more elaborate discussion 
of disjunctions, see [7]. 

Adding full prepositional logic, that is, adding nega-
tion can cause even bigger problems with non-terminating 
updating algorithms resulting in difficult-to-define se-
mantics [2]. In addition, replacing the visited/not-visited 
dichotomy of pages with continuous variables and some 
more or less arbitrary thresholds may make it more diffi-
cult to interpret the meaning of these variables and thus, 
of the prerequisites.  

It is therefore of utmost importance to clearly define 
the semantics of the mechanisms and formalisms used. 
 
3.3 Pedagogical Prerequisites 

 
A pedagogical prerequisite states the relationship be-

tween two concepts with respect to a learner. If a concept 
a is required to understand concept b, then a is a prereq-
uisite for b. Again, we claim that this is an incorrect over-
generalization. Let’s look at an example. 

Imagine you are a programmer and need a good ran-
dom number generator to drive your simulation. You look 
up your web-based manual and find an entry “random 
number generator” in the index. 

In the first scenario, we assume that the web-based 
system is not adaptive, thus all the hyperlinks are avail-
able to all users all the time. Clicking on the link in the 
index gets you to the page with the title “Random Num-
ber Generator” and the page mentions that the generator, 
Mersenne Twister, is fast and has a period of 219937-1. 
Knowing what a period of a pseudo-random number gen-
erator is you use it in your program without any problems 
and the resulting simulation runs well. 

In the second scenario, we use an adaptive version of 
the same manual. You will only see links to concepts you 
are ready to learn. Again, you click on the link in the in-
dex and the system understands that you want to learn the 
concept on that page, namely about the Mersenne Twister 
random number generator. So it provides you with the 
following list of recommended links: primitivity of char-
acteristic polynomials, inversive-decimation method, 
resolution-wise lattice method, etc. Probably, you are not 
ready to learn about the intricate details of the random 
number generator called Mersenne Twister. If you study 
hard enough, you may be able to get to the actual random 
number generator page in a few weeks and run the simu-
lation soon thereafter. 

Obviously, we don’t want to learn every pedagogical 
prerequisite even though it exists. Whether we want to 
learn a prerequisite a of b depends on why and for what 
purpose we need to learn about b. Do we need a deep 
understanding of b, do we need to be able to use b in non-
standard situations, or are we just going to apply it in the 
most common cases? 

This problem cannot be solved satisfactorily by just 
including those concepts that the user is required to learn. 
This would only work if every learner had to learn all the 
concepts in the web site. This is not a very interesting 
case for adaptive web sites that are supposed to cater to 
each learner individually. Consider an adaptive web-
based manual. Most users will read parts of it only on 
demand and the random number generator example 
shows that the intended use of the concept influences 
what prerequisites are to be learned and which are not. 

By definition of a prerequisite, a prerequisite that is 
not required is not a prerequisite. A potential approach 
may be using something like levels of understanding as 
proposed by Merrill’s Component Display Theory [8]. In 
the context of adaptive hypermedia systems, this idea has 
also been mentioned by Murray [9]. Loosely based on 
Merrill’s work, a concept could be used in various ways: 
remember, use, and understand. Remember: no need to 
learn the concept in any way, just being aware of its exis-
tence. Use, meaning applying the concept in normal situa-
tions: no need to understand the underlying principles of 
the concept. Understand: required to understand the un-
derlying principles of the concept, thus, also being able to 
apply it in exceptional situations. 



Of course, adding this kind of differentiation may 
complicate things and it may become less and less clear 
what the status of a specific prerequisite is. Furthermore, 
it is not clear who would specify the prerequisites for all 
the different situations, for instance, for remember, use, 
and understand. And finally, who would know whether 
the learner cares deeply about a concept or not? Maybe he 
really wants to know more about the Mersenne Twister, 
just because of its cool name. 
 
3.4 Preconditions and Prerequisites 

 
We have discussed two main problems with the use of 

prerequisites. 
First, these are really two different concepts that hap-

pen to have the same name and look similar at their sur-
face. As an anonymous reviewer has once suggested, we 
could call the prerequisites used as ordering mechanisms 
“preconditions.” The pedagogical prerequisites should 
possibly be called exactly that, pedagogical prerequisites, 
to emphasize their purpose and origin. After all, in non-
educational applications of AHS we still would need pre-
conditions but probably no pedagogical prerequisites. 

Second, a pedagogical prerequisite does not necessar-
ily have to be learnt at all, which is not a newly discov-
ered issue. However, it should be taken more seriously in 
many AHS. 

It will be impossible to completely avoid having im-
plicit design decisions slip in that contradict the underly-
ing pedagogical model. We propose to clearly mark the 
separation between those parts (the set P for Pedagogy) in 
the AHS that are related to pedagogy and those that are 
not (the set NP). Clearly, the intersection of P and NP 
must be empty. Furthermore, the parts in NP must imple-
ment those in P, that is, the pedagogical model of the 
AHS must be fully described by the elements in NP. 
 

4. Conclusions 
 

An educational system must make its underlying peda-
gogical method explicit. The notion of prerequisites 
shows that there is always the danger that some implicit 
assumptions inconsistent with the “official” approach 
may slip in. 

With respect to AHS, keeping a separate pedagogical 
model is important. However, every design decision 
needs to be understood in the light of the pedagogical 
method employed. In practice, this can be very difficult if 
not impossible. Almost every design decision will have 
some impact on the learner. However, if we try to keep 
pedagogical parts and those implementing them as strictly 

apart as possible, we may reduce the number of harmful, 
implicit design decisions. 
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