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Abstract

The author presents results of research on informatics education with em-
phasis on system comprehension for 21st century local, national and global
needs. Learners have to create a sustainable cognitive model of a computer
to demystify such an informatics system, which can only be reached by fos-
tering system comprehension. The underlying hypothesis of this article is that
knowing fundamental ideas of informatics and their combination in a system
help learners to develop a cognitive approach to informatics systems. Par-
ticularly, the development of networked thinking as a cognitive precondition
for mental models of systems is focused by this article. We will contribute to
the question, what kind of comprehension and how far system comprehen-
sion can be supported. Assuming two pillars of the subject informatics, i.e.
informatics modelling and comprehension of informatics systems, object-
oriented design patterns join both. Knowing about multifaceted interdepend-
encies between components of a system and the cognitive analysis of such a
system is of great value to overcome the tendency of searching for a single
cause of an effect. With this in mind, the author offers a theoretical basis why
design patterns are an essential component of the subject informatics at sec-
ondary level. However, new media need a new cognitive approach. Regard-
ing the Didactic System introduced by Brinda and Schubert, exploration
modules are an appropriate way to support teaching and learning design pat-
terns in practice. In this article, a current project developing an exploration
module to introduce design patterns with emphasis on system comprehen-
sion to learners at upper secondary level is described.

Keywords: Exploration Modules, Learning Model, Knowledge Representa-
tion, System Comprehension, Networked Thinking

Motivation

This article is structured as follows:

First, we give a short motivation for the assumption that understanding back-
ground processes will help learners for 21st century local, national and global
needs. Therefore, we will present the fundamental ideas of computer sci-
ence, first introduced by Schwill as an educational principle (Schwill, 1997).
Note that for consistency reasons we will refer to these ideas as fundamental
ideas of informatics or fundamental ideas, for short.

Afterwards, we will bridge the gap between fundamental ideas and system
comprehension by regarding design patterns. Classifying design patterns that
contain fundamental ideas fulfilling a breadth issue of informatics as a sci-



ence, we lead over to system comprehension. Therefore, we show that de-
sign patterns have a strong systemic quality. Based on the educational value
of fundamental ideas of informatics we present a classification of design pat-
terns from learner’s perspective.

From a historical perspective, informatics has been seen as a science con-
sidering a single computing machine as its theoretical basis. Since the
1990s, regarding computers as single machines is no longer appropriate.
Generally, they are part of networks and taking part in the Internet.

Regarding the IFIP-publication “Information and Communication Technology
for Secondary Education, A Curriculum for Schools”, “students should be
able to differentiate between the basic components of a computer system
[...]- They should be aware of the connectivity of computers in a local and an
external network and be familiar with the appropriate functions of the net-
works can give* (van Weert, 2000, p. 57).

Magenheim takes into consideration the process of construction, modelling,
deconstruction, re-engineering, and anticipating socio-technical aspects of
systems (Magenheim, 2005).

Aim of our research is a learner-centred cognitive approach to informatics
system comprehension. In the following we will define what we mean by the
term informatics system.

Definition: An informatics system is the composition of hardware, software,
and network infrastructure to solve problems including all non-technical as-
pects (in the application domain) like systems design, user qualification, se-
curity issues, and consequences of use (Claus and Schwill, 2003, p. 301).
The term informatics system is used to avoid overemphasis of technical as-
pects.

Consequently and consistent with the IFIP definition, informatics is “the sci-
ence dealing with the design, realization, evaluation, use, and maintenance
of information processing systems; including hardware, software, organiza-
tional and human aspects, and the industrial, commercial, governmental and
political implications” (van Weert, 2000, p. 9).

To set the theoretical basis for further discussion, we will present the concept
of fundamental ideas of informatics in the following (Schwill, 1997). Funda-
mental ideas of informatics orient the learning process towards the structure
of informatics. Reflecting on fundamental ideas in the design process of in-
formatics systems, Schwill identifies three master ideas for which the criteria
of fundamental ideas hold: algorithmization, structured dissection, and lan-
guage.



algorithmization

design paradigms  programming concepts process evaluation
branch-and-bound concatenation (sequence, array, composite) process, thread
divide-and-conquer  alternative (if,case, composite) concurrency
greedy-approach iteration (while, list, file, stack, queue) processor e .
plane-sweeping recursion (recursive procedure, tree, search tree)parallelism verification complexity
backtracking nondeterminism simulation :
] ) mini part. correctness reduction
dynamic programming gg{gr&?&zaﬁgj’;cts classes termination diagonalization
, g consistency order
completeness unit-cost measure
fairness log-cost measure
worst/average/

amortized case

/ structured dlSSGCtlon
modularization hlerarchlzanOn \
/ \ / \ orthogonalization

emulation

methods tools representation realization hybrid systems
top-down method locality of objects  nesting translation
bottom-up method specification parantheses interpretation )
information hiding abstract datatyp  directed graph operational extension
layering team work tree inheritance
genericness
/ Ianguage \
syntax semantics
accepting consistency
generating completeness

transformation

Figure 1: Fundamental Ideas of Informatics®

The collection of fundamental ideas given by Schwill (see Figure 1, (Claus
and Schwill, 2003, p. 299)) is far from complete and the placement of some
fundamental ideas in the trees is debatable, because the assignment of ideas
to master ideas is not unique. As proposed by Schwill, we can regard them
as examples. However, the master ideas algorithmization, structured dissec-
tion, and language are consensus with regard to their educational value.
Including fundamental ideas in the learning process means to teach and
learn ways of thinking that permit non-specific transfer. Instead of manual
skills that only permit specific transfer, learners are able to recreate new rep-
resentations of their knowledge permanently. Thus, topics concerning infor-
matics — or their underlying principles — can be evaluated based on these cri-
teria with respect to their relevance to the subject informatics. This paper
contributes to the question how to modify curricula in order to assign a cen-
tral role to fundamental ideas.

! Names written in italics have been added for systematization only and denote
groups of ideas but are not ideas themselves



Concept to Foster System Comprehension
In this article we will present the result of research in Didactics of Informatics,
l.e. a concept to foster system comprehension in the subject informatics at
secondary level.
Therefore, we have to consider three parties:

A) the learner,

B) Didactics of Informatics as a discipline, and

C) Informatics as a science.
The parties A and B are interested in strategies of learning and (new) cogni-
tive approaches, whereas B and C cope with informatics systems at a scien-
tific level. Regarding informatics systems, structure, functioning, and princi-
ples of systems are of interest.

The author is convinced that topics like architecture of computers and their
building principles including representation of data, operations, and function
units contribute to system comprehension. In particular, further considera-
tions concerning structure and order of function units like layered architec-
tures and object-oriented architectures are essential, whereas former ap-
proaches like block diagrams fail describing the network aspect of informatics
systems.

Taking the object-oriented approach, inheritance hierarchies, the model-view-
controller-architecture (MVC) as an object-oriented equivalent of a layered
architecture, and the combination of object-oriented design patterns to build a
system are of great importance with regard to systems. Object-oriented de-
sign patterns have been identified by software developers as general recur-
ring solutions to common problems in object-oriented software design that
offer a high level of abstraction and a new knowledge representation to de-
velop networked thinking.

Building on the high level of abstraction, we will discuss a design pattern ap-
proach to system comprehension in this article. Considering design patterns,
we will identify fundamental ideas of informatics inherent in them, which are
important in the fields of activities of B and C and research the relationships
and connections between them. We assume that learning single fundamental
ideas of informatics does not contribute to system comprehension in an ade-
guate manner. In the context of design patterns, we will use them to describe
functioning of informatics systems and heuristic knowledge about the design
of such systems. Thus, by fostering comprehension of informatics system we
attain an additional aim: we orient the subject towards the science informatics
by putting emphasis on networked fundamental ideas. Therefore, we assume
that a broad spectrum of fundamental ideas, i.e. including all master ideas, is
adequate for upper secondary education.

Thus, we have to build the cognitive bridge between fundamental ideas and
system comprehension and there is potential for networked thinking on
learner’s side in a learner-centred cognitive approach. Hence, the didactic
challenge is to present a successful learning model to system comprehen-
sion that will foster networked thinking.
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Design Patterns from the Aspect of System Comprehension
From a didactic view, design patterns as best practice solutions of common
problems offer educational advantages. They represent good and elegant
solutions and they are representatives of heuristic knowledge. Hence, they
are valuable learning materials. However, we will focus on design patterns in
the context of systems. Thus, we notice that design patterns describe decen-
tralized object-oriented models: Guzdial claims that learners often have a
centralized mindset, i.e. they prefer centralized models that are easy to un-
derstand and efficient, but contrary to the rules of object-oriented modelling
(Guzdial, 1995). Therefore, design patterns help to overcome this problem.
Decentralized models lead to a better understanding of concurrent and dis-
tributed processes like collaboration of objects that are responsible for them-
selves. Thus, a decentralized mindset is important to analyze systems.

In conventional lessons based on design patterns, fundamental ideas inher-
ent in design patterns were not used as an opportunity to learn a broad spec-
trum of fundamental ideas. Nevertheless, fundamental ideas are attractive to
learners because of simplicity, efficiency, and elegance.
Consequently, we want to compensate known disadvantages of system
comprehension by offering design patterns as knowledge representation

1. to learn essential principles and heuristics, and

2. to learn networked fundamental ideas.
Hence, the cognitive approach based on design patterns reduces complexity
by classification of knowledge networks.

Schubert presents further aspects of systems and links design patterns to the
Didactic System consisting of exercise classes, exploration modules, and
knowledge networks (Schubert, 2005). It is also part of our research to con-
nect data structures, algorithms, and basic principles of object-oriented mod-
elling with system comprehension. By microstructure of a system the fact is
meant that design patterns and the combination of design patterns form sub-
systems, whose combinations form the whole system. The macrostructure of
a system denotes the architecture of the system, which is based on layers.
Concluding that design patterns and models of layers contribute to compre-
hension of informatics systems, four levels should be integrated into the
knowledge network (S;) of lower secondary education:

S;: “the fundamental concept of recursion with the pattern Composite
without models of layers,

S, the two-layer-model of architecture, which separates the GUI (View)
from other components,

S;:  the pattern Facade,

S4:.  the combination of Facade and Composite.” (Schubert, 2005, p. 4)

At upper secondary, five additional levels have to be integrated:

Ss:  “the three-layer-model, which separates the GUI (View), the applica-
tion of inference machine (Control) and the database (Model) as
macrostructure of the architecture,

Se:  the pattern Observer,

S7. the network of patterns as microstructure of the architecture,

Ss:  the pattern Proxy,



So: the combination of Proxy, Observer, Facade and Composite.”
(Schubert, 2005, p. 4)

With this in mind, we will analyze and structure the learning process of sys-
tem comprehension. By system comprehension, we mean that learners
should have knowledge and hypotheses about causes and effects of errors,
involved components and objects. Furthermore, learners have to know initial
points and states of components to analyze system behaviour from prede-
fined states.

Considering an informatics system, there are three points of interest: external
behaviour, internal structure, and further internal properties that specify a
system (Claus and Schwill, 2003). The advantage of a design pattern ap-
proach is the existing specification of those patterns. Hence, learners can in-
vestigate each point in a learner-centred cognitive approach. Later, learners
investigate variations of single design patterns and their combinations to
permit transfer of previous knowledge.

With regard to system comprehension, there are two aspects of design pat-
terns to be considered. First, they demand for external context, i.e. they are
part of an object-oriented model. Second, they are complex enough to be
seen as a subsystem forming larger subsystems by combination with other
design patterns. Hence, the Composite pattern is an informatics way to teach
recursion, whereas Fibonacci numbers are a mathematical representation.
The demand for variable context allows learners to develop a cognitive model
for fundamental ideas of informatics as a part of an informatics system.
Knowing a set of design patterns and designing a system, their context can
be assumed to be known, which permits focusing on a subsystem and results
in better solutions. Moreover, during analysis of a system knowing such sub-
systems and especially its external behaviour provides knowledge about
structure and functioning of the surrounding system.

Besides, the classification of design patterns given by Buschmann et al.
(Buschmann et al. 1996) based on levels of abstraction, i.e. distinguishing
between idioms, design patterns and architectures, illustrates interdepend-
ence of different components. For example, the Observer design pattern can
be identified as a part of the Model-View-Controller Architecture. This exam-
ple shows the essential concept of layers and their connection with design
patterns. Two layers that realize a separation of data and view respectively
three layers that realize a separation of data (model), view, and aspects of
interaction (controller) form the basis for modularization.

Regarding the fundamental ideas and linking them to design patterns, we
have a means to introduce a system into the learning process understand-
able by learners: we can ensure educational coherence between the funda-
mental ideas inherent in the design patterns as subsystems and the princi-
ples of the whole system.

Learners’ Classification of Design Patterns
The choice of adequate design patterns for a learner-centred cognitive ap-
proach is sophisticated. The design patterns described in literature — particu-



larly by Gamma et al. (Gamma et al., 1995) — form the pool from which we
will make a classification. Note that we do not want to create new design pat-
terns for the learning process only, according to a propaedeutic to Informatics
as a science.
For our classification scheme we will investigate the following criteria:
1. Characteristics of design patterns as systems:

a. external behaviour,

b. internal structure,

C. properties,

2. The design pattern has to be based on fundamental ideas; particularly
it should be based on (all) master ideas, respectively the selection has
to cover all master ideas without overemphasis of a single master
idea:

a. algorithmization,
b. structured dissection,
c. language,

3. Level of complexity.

Considering design patterns, we distinguish between external and internal
behaviour with respect to systems. Interfaces and abstract classes describe
external behaviour. To visualize external behaviour, the class diagram of the
Unified Modeling Language (UML) is adequate (OMG, 2005). By internal be-
haviour, we mean objects and object interaction that can be visualized by ob-
ject diagrams and sequence diagrams.

In the following, we will investigate two design patterns with respect to their
suitability for the learning process. Therefore, we will compare Composite
and Bridge based on the classification given above. That is, considering the
master ideas algorithmization, structured dissection, and language connected
with the description of a system, i.e. external behaviour, internal structure
and internal properties. We will start with the fundamental ideas, because
they have an impact on the analysis of the system. The level of complexity
will be discussed during the final evaluation.

With regard to Gamma et al., Bridge is a structural design pattern based on
object aggregation (Gamma et al., 1995). It separates an abstraction from its
implementation. Thus, the fundamental idea decomposition is inherent in it.
Hence, Bridge fulfils aspects of the master idea structured dissection. Further
properties are design reuse and information hiding (encapsulation).
Furthermore, there are aspects of algorithmization: parameterization (which
implementation to choose), alternative and polymorphism (dynamic binding).
To develop a cognitive approach to system behaviour, polymorphism is an
important concept. It denotes different behaviour of operations and variables
depending on their context. Regarding an informatics system, learners have
to cope with changing characteristics and behaviour of a component, respec-
tively parameters of components. Polymorphism is essential for interfaces
and inheritance hierarchies that, in turn, are essential for system comprehen-
sion.

Every design pattern can be represented by the UML. Thus, there are as-
pects of language as a master idea, but on a low level.



Regarding the external behaviour of Bridge as a system, separation of im-
plementation and abstraction is essential. A client interacts with instances of
the abstraction.

The abstraction passes requests from a client to an object of the implementa-
tion. Moreover, the fundamental ideas identified so far have to be investi-
gated, because they disclose internal behaviour and structure.

Further properties of Bridge are depending on a concrete implementation or
a concrete model specifying number and kinds of implementation or abstrac-
tion.

Now we turn our attention to Composite, which is a structural design pattern
based on object aggregation, and composes objects into tree structures
(Gamma et al., 1995). Individual objects and compositions of objects are
treated uniformly.

Considering fundamental ideas, recursive decomposition is essential to
Composite. Hence, there are strong relations to the master ideas structured
dissection and algorithmization. Particularly, the divide-and-conquer algo-
rithm inherent in it that is realized by recursion is valuable for the subject in-
formatics.

Beyond its representation by the UML, Composite also contributes to the
master idea language. As mentioned by Schneider, textual objects can be
built applying this design pattern (Schneider, 2003). A text is divided into sec-
tions, which are subdivided into smaller sections. Single characters form the
leaves of the resulting tree structure. To set emphasis on dynamic aspects of
algorithmization we use further classes to represent nonterminal expressions
of different kinds like repetition and selection and map the context of the de-
sign pattern to regular expressions and grammars. Thus, information about
syntax is stored in the resulting inheritance hierarchy. Hence, we can use
Composite to parse phrases and to cope with syntax. Note that in the context
of formal language, the Composite design pattern is also known as Inter-
preter design pattern.

Considering the external behaviour of Composite as a system, the unique
interface to its components is characteristic. The client executes an operation
on Composite where every component executes it depending on the specifi-
cation of the component.

The internal structure of Composite depends on recursion and polymorphism.
Internal properties are depending on a concrete example, i.e. with regard to
the Interpreter, a context object has to be used as a parameter.

Finally, we will evaluate the results. It is obvious that both design patterns are
complex and considering their properties as a small system is valuable.
However, there is one advantage regarding Composite: it contributes to the
master idea language beyond a representation via UML. Textual objects as
described by Schneider are considered in the sixth grade. Hence, there is
much potential to introduce the Interpreter variation into the learning process.
Based on experiences at the University of Siegen, considerations described
above, and the work of Schneider, the author recommends Composite as a
valuable content of a subject informatics. However, Bridge is not as recom-
mendable as Composite. First, there is the fact that language as a master



idea is not supported beyond UML. Furthermore, Bridge has to be consid-
ered very complex (see Table 1), which is interesting with regard to design
patterns as a system, but it may only be appropriate at the very end of sec-
ondary level. Finally, we admit that there are other design patterns not inves-
tigated in this article, which show separation of concerns in a much simpler
way, e.g. the Observer design pattern. The Strategy design pattern is more
adequate with regard to the fundamental idea “alternative” that belongs to
algorithmization.

Suitability for Learner-Centred Cognitive Approach to In-
formatics System Comprehension

High Medium Low

Composite (**)

Bridge (***)

Design Patterns Singleton (*)

Observer (**)

Strategy (**)

Abstract Factory (**)

Facade (*)

Table 1: Classification of design patterns with respect to suitability for
“Didactic Systems” based on investigations concerning fundamental
ideas and systemic analysis

Applying this classification to a set of design patterns, we get the result de-
noted in Table 1. Notice that the levels of complexity (low: *; medium: **;
high:***) have been assigned by Harrer and Schneider (Harrer and Schnei-
der, 2002).

The advantage of the classification described above is that also combinations
of design patterns can be integrated easily by the learner. As an example, we
will consider the combination of Composite and Proxy. Therefore, we assume
the following scenario: a figure consisting of subfigures, which is realized by
Composite, has to be put into a text document. To permit working on the text
in a comfortable way, the figure should not be included itself but a lightweight
placeholder object, i.e. a Proxy. Now the learner can apply the criteria given
above and investigate the suitability for his system comprehension. Instead
of using the Proxy, we could also combine Iterator and Composite or further
design patterns. Regarding the literature, Composite is often combined with
Builder, Prototype, Chain of Responsibility, Decorator, Flyweight, Iterator,
Visitor and Proxy. Applying the given classification, learners can prove all
combinations and decide whether to use their cognitive approach.

Usually, such subsystems are the sum of the potential of their components
with regard to fundamental ideas, but with an additional cognitive value
through networking these ideas. However, modifications have to be applied
to combine design patterns. Moreover, the criteria concerning the system,
particularly properties and external behaviour, change with regard to the im-
portance of the subsystem.




An Exploration Module for Upper Secondary Education

To support the approach to system comprehension we want to foster new
ways of learning and new ways of teaching — nevertheless, we can also inte-
grate the concept into traditional learning situations. In the area of e-learning
it is consensus that “Blended Learning”, i.e. use of learning environments
guided by teachers, has the potential to add advantages of e-learning to the
learning process without negative aspects of pure e-learning. Particularly,
learning environments can help motivated learners and teachers who want to
apply their knowledge within an adequate domain.

Therefore, learning environments adapt to learners’ needs, i.e. different lev-
els of difficulty and different learning paths have to be constructed.

Moreover, modelling with abstract building blocks is of high importance with
regard to working life where expert systems are often used.

Brinda and Schubert introduced exploration modules as new aids for learning
object-oriented modelling in learner-centred informatics education (Brinda
and Schubert, 2002a). Their description of how using exploration modules as
a part of the Didactic System can help learners to discover a solution of exer-
cise classes. Combining requirements of such an exploration module with the
requirements for system comprehension in a more general way, the author
presents a recent approach of constructing an exploration module dealing
with design patterns. Since June 2005, students of informatics with speciali-
zation media informatics are developing an exploration module for design
patterns at school (upper secondary level). They are modelling a scenario
realizing different levels of abstraction and learner interaction. The project is
Java-based and will last until Summer 2006.

Exploration modules support learners’ activity. Activating multidimensional
aspects of learning, which are addressing different senses, demanding
learners’ activity and giving feedback inside the learning environment, learn-
ers explore the environment, plan actions to solve problems posed by them-
selves or the teacher, and verify the result. Applying the didactic technique of
exploration modules, we hope to support gaining knowledge about substan-
tial concepts of informatics, general problem solving strategies, and creating
mental models by networked thinking. Self-competence and team compe-
tence are strengthened in the lesson designed and guided by the teacher as
a discovery process.

Van Weert distinguishes the following kinds of learning: assignment-, task-,
problem- and situation-based learning (van Weert, 2001, p. 48f).

Assuming a tactical role of learners at problem based learning, learners ex-
plore simple model elements at first. Abstraction of these simple elements
has to be done during a discussion guided by the teacher. Additionally,
learners construct model views assisted by the exploration module, which
provides heuristics to identify further (abstract) elements in the problem do-
main.

Assuming a strategic role of learners at situation based learning, learners
have to identify problem and solution methods. Consistency between differ-
ent views and completeness of the model are essential. The exploration
module supports error awareness of learners by identifying inconsistencies



between different views, but logical errors have to be discussed in class. To
deepen comprehension of an informatics system, the exploration module it-
self can be investigated at a meta-level by its design- and analysis docu-
ments together with its source code (Brinda and Schubert, 2002b).

In the following, the author presents the development of an exploration mod-
ule for introducing design patterns at secondary level by examining the de-
sign decisions taken so far.

Therefore, we have to assume and generate knowledge structures for the
structuring of the educational process. Further questions are to integrate non-
object-oriented principles into the learning environment. We have to provide
a view showing when and how to modify design patterns. In particular, com-
position of different design patterns at a high level of abstraction is relevant to
cognitive development and therefore to improve informatics system compre-
hension. Such composition also demands for creativity.

For convenience, we will sum up the requirements given in the requirements
specification:
— ashort introduction to object-oriented modelling
— creation of an attractive, gender-sensitive learning scenario
— approach to design patterns represented by UML-diagrams
— explorative interaction concerning design patterns:  UML-
representation, creation of design patterns in the context of a system,
source-code-representation in Java, animations, exercise classes,
properties of design patterns
— extensibility of the exploration module
— metadata for the learning processes
— different levels of difficulty
— high degree of freedom with respect to learner’s activity
— Intuitive exploration and evaluation of properties of systems
Integration of the design patterns Proxy, Observer, and Composite is manda-
tory. Combination of design patterns is intended.

The overall scenario of the exploration module is a theme park. Within the
scenario the learners are free to choose a level of difficulty meeting their
needs and to select the design patterns arbitrarily, e.g. the one whose con-
text appeals most to them. The scenario has been chosen, because it is con-
sidered to be gender-sensitive on the one hand, and it will provide various
possibilities of extension with respect to deeper system comprehension on
the other hand. Guided use of selected basis functions within a bounded
subscenario is typical for exploration modules. Thus, modularity is the guid-
ing principle during the development of the exploration module.

With respect to different views, class diagrams, object diagrams, real-world
view, and source-code view will be implemented. Particularly, the class dia-
gram view shows behaviour of a design pattern and can be interpreted as a
system view. Every view can be edited by learners. Therefore, changes in
one view will be immediately applied to any other view. An additional feature
can also be an animation visualizing processes of fundamental ideas of in-
formatics, e.g. recursion.



Tests and exercises will be realized by multiple-choice, puzzle, and analysis
and construction of UML-based design descriptions, i.e. combination of de-
sign patterns. To encourage learners to be creative, we will not restrict their
creativity by only posing multiple-choice tests. Hence, learners’ design de-
scriptions should be evaluated in team work.

Related Work

This paper is closely related to Schneider’s article (Schneider, 2003) where
Composite and Observer design patterns are presented for use at secondary
level. Based on Schneider’s article, the author links the design patterns to the
fundamental ideas introduced by Schwill and emphasizes the contribution of
design patterns to informatics system comprehension. Furthermore, the de-
velopment of an exploration module visualizing the design patterns in a
whole system is presented. Thus, the article contributes to the question how
to integrate design patterns into the subject informatics posed by Schneider.

Summary and Conclusions

In this article, we have presented a system-oriented approach to the subject
informatics at secondary level. Assuming that knowing fundamental ideas of
informatics permits understanding informatics systems, design patterns as a
means to introduce networked fundamental ideas are presented. Moreover,
there is a strong cognitive quality of design patterns. They are complex
enough to be seen as system representations themselves forming subsys-
tems combined with other design patterns, and they are part of an external
object-oriented model.

With regard to the classification scheme presented in this paper, knowledge
representation will be investigated as a further criterion with respect to learn-
ers at secondary level.

The next step is to discuss the concept within the scientific community. The
extended classification scheme will be used to introduce design patterns into
the learning process. After the development of a concept for the learning
process, application of this concept has to be done at school together with
student teachers. The empirical data collected during the application phase
will enforce adjustments of the approach to learners’ needs. An objective is to
create workshops addressing teachers to include an approach to system
comprehension into the subject informatics.
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