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Abstract

Long study terms and a large number of students who do not suc-
cessfully finish their academic programs are damaging the national
economies to a large tune. In addition, personal study guidance to
attenuate these problems is very expensive, too. Misunderstanding of
examination regulations and a possible adversely balanced supply and
demand of courses can be reasons for increasing average study terms.
In this paper, we describe how technology enhanced learning can help
to save expenses in this field. Our approach is based upon an ontologi-
cal representation of academic programs and examination regulations.
It can help students in planning their curricula and identifying the con-
tents of academic programs as well as academic boards to forecast the
number of students which will presumably take a certain course in a
certain term.

1 Introduction

A lot of students of higher academic institutions do not finish their academic
program within the standard period of study or do not finish their academic
program at all (see [8]). These (long) study terms are damaging the national
economies to a large tune (see [10]). One reason for this problem is the fact
that students often do not know how to interpret the contents and conditions
of academic programs. This information is written in documents using a legal
language which can be very complicated. In many cases, the publication of ex-
plaining subsidiary documents like study guides cannot address that problem
because those documents are often to generic, and therefore do not fit for stu-
dents’ individual situations. This can lead to a large demand for study guidance
(see [5]). That study guidance is mostly offered by special employees or employ-
ees of the scientific staff. Thus, this non automatic guidance is very expensive.
Given by employees of the scientific staff, study guidance — in addition — is
error-prone because these employees are often not enough skilled. Furthermore,
offered study guidance is not availed by many students who actually demand a
guidance for different reasons (like bad skilled advisers or shame).

Teaching and examination regulations are forming the statutory framework
of academic programs. These regulations are legally binding and, therefore,
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worded in a legal terminology, and are — as already mentioned — often very
complicated, too. In addition, examination regulations of different academic
programs can be very heterogeneous. This can be a problem, e.g., if courses
of different academic programs have to be integrated into one curriculum (for
example“minor subjects”). In addition, there also might exist in parallel different
valid examination regulations of academic programs leading to the same degrees
even at a single academic institution. This can happen, e.g., after an introduction
of a new version of examination regulations. All these facts can increase the
demand on course and study guidance.

The field of technology enhanced learning contains information and com-
munication technologies to support activities in learning and teaching. It also
comprises activities without influence on the result of learning and teaching ac-
tivities which is an addition to the field of electronic learning (e-learning) (see
[11]). In order to use applications of the field of technology enhanced learning
to offer a computer assisted course and study guidance, it is needed to rep-
resent academic programs and the corresponding examination regulations in a
computer-readable language.

In addition, these facts can lead to problems from the point of academic
boards and lecturers. Without computer-readable representations of academic
programs and examination regulations it is very hard to forecast the number of
students which will presumably take a certain course in a certain term. Required
information about, e.g., who is able to take a certain course is not available. This
can lead to another bad expense factors. For example, it is difficult to decide
how many resources (like rooms of adequate size and equipment, appropriation
of enough tutors) should be provided in conjunction with the offer of certain
courses. In addition, an adversely balanced supply and demand of courses can
increase the average study term, too.

In the next section, we explain or ontological based approach to allow a
computer-based decision support system with ontological represented academic
programs and examination regulations. The paper is closed with a short overview
of related work and conclusions.

2 Approach

In order to save expenses which result from the above motivated problems,
we propose the development of an application in the field of technology en-
hanced learning. That application — called EUSTEL1 — can assist students in
interpreting their possibilities in planning their curricula depending on their in-
dividual skills, interests and statutory options. It also can help academic boards
in planning the supply of courses for the next terms.

As already mentioned, the basis for such an application is a computer-
readable representation of academic programs and the corresponding exami-
nation regulations. The relevant semantics of examination regulations are re-

1Decision Support System (Entscheidungsunterstützungssystem) in Technology Enhanced
Learning, see [7]
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quirements which have to be fulfilled by students in order to get their degrees.
These requirements describe possible curricula and can be modeled as processes
(see [5]). Basically, modeling examination regulations of academic programs as
a process in a computer-understandable language is a more intuitive way than
modeling them as a rule set. Among other things, that’s because academic
programs themselves (and their possible curricula) are kinds of processes.

There are a lot of different approaches that introduce meta-models to allow
a modeling of processes or workflows — like MQSeries [9] — just to mention
one. But there are more semantics than just the process itself to be modeled.
For example, it should be possible to model what kind of course can be taken as
a specific process step. In addition, a comparison of courses should be possible,
too. That’s why our approach bases upon ontologies. Ontological concepts
allow the explicit specification of conceptualizations [3]. Thus, we decided to
use them to model the processes of academic programs and their examination
regulations on the one side. On the other side, we use them to allow a semantical
representation of the contents of academic programs and their possible curricula,
too. We put it all together into one ontological meta-model, called “Curricula
Mapping Ontology” (CMO). Academic programs can be modeled as an ontology
model instantiating the CMO.

Figure 1: Overview of meta-model

The CMO is separated into three tiers: In the top tier, there are concepts
defined which allow the modeling of generic processes. These basic concepts
are, e.g., Process, Process_Step, and Condition. A Process is a set of Pro-
cess_Step and Condition instances which can be connected among each other
and form a directed graph representing the process. Examination regulations
forming the statutory framework for academic programs can be modeled by us-
ing concepts of the middle tier of the CMO: This tier contains concepts that
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are specializations of the generic concepts of the top tier or that are additional
defined. Concepts of this tier are, e.g., Result, Grade_Scale, and Availabil-

ity. Finally, the bottom tier contains specializations of concepts of the middle
tier representing special curricular steps. These steps can be very heterogeneous
comparing different academic programs. That’s why our approach provides the
definition of heterogeneous curricular steps (and bottom tiers). The bottom tier
can also contain some instances that connect these special descriptions to al-
low more generic model interpreters to analyze individual situations of students
relating to the modeled examination regulations (see below).

In order to be able to interpret individual situations relating to the modeled
examination regulations, individual achievements of students have to be mapped
with the model. This can be done by a model interpreter. In our approach, we
plan to use a generic interpreter that can interpret models instantiated of the
middle tier of the meta-model relating to individual situations. It also can inter-
pret models instantiated of the bottom tier of the meta-model if for each defined
bottom tier (which are each specializations of the middle tier) it is modeled how
that special concepts are connected to certain concepts of the middle tier. For
example, if an academic program has a description of curricular steps concerning
the workload (or lecturer, or anything else), this concept has to be connected
with a concept representing conditions, in order to be able to define a condition
like “the sum of the workload of a specific number of courses has to be bigger
than 14”.

In the next paragraphs, we give a short overview of the most important
concepts of the CMO. We start with the major concepts of its generic tier and
explain how those concepts are extended to be able to model examination regu-
lations. We finish this overview with an explanation how special curricular steps
can be defined and connected with concepts of the middle tier, in order to allow
a generic model interpreter to analyze individual situations relating to such a
model.

Figure 2: Basic concepts

Figure 2 shows the basic concepts of the CMO to model processes. An in-
stance of Process references a set of Process_Element instances. These in-
stances either have to be Process_Steps or Conditions. (Process_Element is
defined as abstract and therefore not intended to be instantiated directly. Ab-
stract concepts are visualized by shadows.) These instances can be connected
as predecessors and successors and form a directed graph that stands for the
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process. For each instance, a model interpreter has to acquire a boolean value
fulfilled that stands for a successfully taken process step or a fulfilled condi-
tion. The possibility to take a process step has to be interpreted that way that
such a step can be taken if the boolean value of the predecessor process element
(which can either be a process step or a condition) has to be interpreted as TRUE
or if there does not exist any predecessor process element. The question how the
boolean value of a Process_Step instance has to be interpreted will be discussed
below. The interpretation of the boolean value of a Condition depends on the
type of the Condition instance which is defined by choosing a specialization of
Condition, and its predecessors.

Figure 3: Concepts for special conditions

The type of condition can be chosen by instantiating a specialization of Con-
dition, see figure 3. Specializations can stand for simple logical conditions like
And, or for conditions that compare two numerical values (Value_Condition).
Like logic gates, the boolean value of logical conditions has to be interpreted
depending on its type and the boolean value of its preceding process elements.
The boolean value of an instance of Value_Condition has to be interpreted as
TRUE if the type of comparison (like Greater_Equals) — which can be chosen
by instantiating a specialization of Value_Condition — is fulfilled. The two
values that should be compared can either be modeled as constant values by
instantiating Value, or as variable values that can be acquired by aggregating
values of the predecessor set of the condition (like the number of successfully
passed process steps) by instantiating Achievement_Value. The type of value
that has to be aggregated depends on the specialization of Achievement_Type
that is referenced (like Passed). Instances of Achievement_Value also references
one instance of Aggregator whose type can be chosen by instantiating a spe-
cialization of Aggregator (like Count). Other concepts of the top tier — which
cannot be mentioned here in detail — are, e.g., concepts to dynamically choose
the relevant set of predecessors of a condition (like the latest three taken steps),
or the possibility to build terms of values.

Instantiating these concepts, very complex processes can be modeled. Just
to give an impression how such a process can look like, a simple process with a
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Figure 4: An instantiated part of a process

set of process steps and one condition is shown in figure 4. In order interpret the
boolean value of the condition Min3 as TRUE, the number of successfully passed
steps of the predecessor set of Min3 (which are the Process_Step instances A,
B, C, and D) has to be greater or equals three. The first value that should be
compared with the second value — and which has to be greater or equals than
the second value — is modeled as to be interpreted as a dynamical value that
stands for the number of successfully passed predecessor elements of Min3 (PC is
an instance of Achievement_Value referencing the Passed instance P which is a
specialization of Achievement_Type, and C which is an instance of Count which
is a specialization of Aggregator). The second value is a constant value (3 is an
instance of Value which has the attribute value 3). Min3 has to be interpreted
as fulfilled if the to be dynamically acquired value of PC is greater or equals the
constant value 3.

The middle tier of the CMO includes concepts that extends the concepts of
the top tier, e.g., by defining specializations of Achievement_Type. These spe-
cializations stand for, e.g., amount, grade, date, type, or attempt. In addition,
every process step is connected with a result which itself is connected with a
grade scale. With the knowledge of these concepts, a model interpreter can
determine whether a process step is successfully passed.

Figure 5: Wildcard concept

In order to be able to define which curricular steps are contemplable to be
assigned with a specific Process_Step instance, the “wildcard” concept is de-
fined in the middle tier (see figure 5). For every instance of Process_Step, a
wildcard can be defined. A wildcard is a specialization of Availability and
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stands for a possible assignment of a concrete curricular step to a Process_Step

instance. Because of the fact that there can be very different types of curricular
steps comparing different academic programs, heterogeneous specializations of
Availability can be defined in the bottom tier of the CMO. In figure 5, there
is an exemplary specialization of Availability shown: A Module that has some
optional attributes like Workload, Name, and Type. A concrete offered course of
an academic institution can be assigned to the corresponding process step if all
descriptions that are defined by the Availability instance are similar to the
description of the concrete offered course. If there is less information than avail-
able defined by the Availability instance, only those information is relevant to
ascertain if a concrete course can be assigned. For example, if the Availability
instance only defines that a module has to have six credits, all courses with six
credits can be assigned to the corresponding Process_Step instance — indepen-
dent of, e.g., the title or the subject. If elements of the defined description of
a specialization of Availability should be a possible part of a condition (for
example, “workload > 12”), the corresponding entity type has to be connected
to an existing specialization of Achievement_Type entity type, or a new defined
specialization of Achievement_Type entity type. We use a connection-concept
whose instances contain links to the attribute definition of the wildcard special-
ization and the defined subclass concept of Achievement_Type2. Thus, a generic
model interpreter can even interpret models of the bottom tier of the CMO.

Due to a lack of space, unfortunately, other important concepts of the CMO

cannot be discussed in this paper. These concepts are, e.g., internal processes
and process substitutions. The concept of internal processes can be used, e.g.,
for modeling rules that regulate the retry of (failed) attempts to take a curricular
step by modeling an (internal) process that has to be passed in order to pass the
corresponding process step. Process substitutions can be used, e.g., in order to
model the programs of minor subjects, or to model rules that specify that, e.g.,
a course can be substituted by two seminars, in order to keep the main process
clean.

Figure 6: Functionality of the model interpreter

As already mentioned, in order to analyze students’ achievements related to

2Using OWL, these are the URI of the attribute definition and the URI of the Achieve-

ment_Value specialization concept.
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a specific academic program, it is necessary that the modeled academic program
is interpreted concerning these achievements. This task can be done by a model
interpreter. A descriptive view of the functionality of such a model interpreter is
shown in figure 6: Based upon an ontological modeled set of individual achieve-
ments of a single student and the ontological model of the academic program,
for each process element of the ontological model, it has to be examined whether
its boolean value has to be interpreted as TRUE or as FALSE, and — in the case
of process steps — if a certain process step can be basically taken at all.

From different points of view there are different questions concerning onto-
logical represented academic programs and examination regulations. Students
might ask which courses or examinations do they still have to take/pass. Lectur-
ers might want to know how many students following which academic program
will presumably request their courses. Academic boards might want to evalu-
ate the quality of academic programs and examination regulations. All decision
support systems that can help in answering these questions can benefit from an
ontological representation of academic programs and examination regulations.
But they might use different methods to calculate answers. Figure 7 shows our
suggested architecture for systems like that.

Figure 7: Suggested architecture

In order to evaluate these concepts, we are currently developing the already
mentioned EUSTEL-System (see [7]). Therefore, the CMO is implemented us-
ing OWL-DL3 and instantiated for the representation of different academic pro-
grams. These artifacts are stored inside the “modelbase”. Beside other things,
the “database” contains information about the students’ individual achievements
which are the basis to interpret the model. In order to ensure data privacy guide-
lines (see [14]), these information should be exclusively physically stored at the
examination office. In order to be able to interpret these information related to
the model, we implement a “model interpreter” as described above. EUSTEL is
intended to offer decision support for students as well as for lecturers/academic
boards. That’s why we have to implement different methods which are offered
by the “methodbase” that allow the conversion of the results of the model in-

3http://www.w3.org/TR/owl-features/
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terpretation into specific knowledge (like: How many students are able to take
a specific course, or which courses is a specific student able to take?). In order
to offer these services at the same place where students already can take their
courses and view their results, we plan to integrate the “dialog component” in
the learning management system Stud.IP4.

3 Related Work

Our approach is less a business model approach to earn money with e-learning
(as described, e.g., in [1]). We suggest an approach to save expenses using tech-
niques of the field of technology enhanced learning. It is comparable with other
approaches that want to offer decision support for students on basis of their
achievements and academic programs like [5], [6], or [12]. As our approach, [5]
also uses a process view of academic programs but the semantic representation
of whole academic programs and the corresponding examination regulations is
not drawn up as much as in our ontological approach. [6] stands exemplarily for
rule based approaches to represent academic programs and their examination
regulations. [12] is intended to offer an electronic examination office. Other
approaches which are also intended to support the target group of academic
boards mostly aim financial aspects, like [4]; it provides a business intelligence
solution for the controlling of schools. Technically related work are other ap-
proaches of ontological representation of law like [2] or the approaches outlined
in [13]. Those approaches are mostly very generic, and thus, difficult to use for
the representation of academic programs and their examination regulations.

4 Conclusions and Future Work

In this paper, we presented an ontology based approach to design decision
support systems relating to academic programs and examination regulations in
the field of technology enhanced learning. Implementing systems like these,
expenses can be saved because fewer students will probably demand expensive
individual course guidance. In addition, lecturers and academic boards can make
better prognoses how many students will probably ask for specific courses. This
better information can help in saving expenses, too.

To evaluate our approach, we will finish our work on EUSTEL and offer a
decision support system for students as well as for lecturers/academic boards.
Using EUSTEL, students will be able to plan their individual curriculum on ba-
sis of the ontological representation of their academic programs with a graphical
user interface. They will be able to run through different settings of their curric-
ula (e.g., choice/changing of certain courses, choice/changing of primary/minor
subject) and get a visualization of their individual plans. In addition, lecturers
will be supported by EUSTEL in retrieving predictions of the demand for their
lessons in certain terms — broken down to different examination regulations
applied for the corresponding demanding students.

4http://www.studip.de/
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In addition, future work has to be done concerning the support of the transfer
of legal documents containing examination regulations of academic programs into
CMO models. We suggest a graphical tool that allows the “drawing” of processes
according to academic programs which also reduces the visible complexity of
CMO models. In the long term, we plan to develop a generator that allows the
creation of such legal documents out of an existing CMO model. Thus, legal
document and model would stand for equal semantics.
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