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ABSTRACT

Recently, the importance of computer science education in secon-
dary schools has been coming more and more into focus. Stu-
dents’ interests and motivation to pursue a career in CS related
fields are highly influenced by school. Also beliefs in the nature
of CS are influenced, and necessary foundations in knowledge
and skills are built. However, a major problem is the gap between
information and communication technologies (ICT) and computer
science (CS). Often pupils have only experiences in ICT, and
therefore develop inadequate beliefs about CS. We propose edu-
cational standards for CS in lower high school in order to bridge
ICT and CS.

Categories and Subject Descriptors

K3.2 [Computers & Education]: Computer and Information
Science Education — computer science education, information
systems education.

General Terms
Measurement, Performance, Experimentation, Human Factors,
Standardization.

Keywords
Secondary CS Education, K-12, Didactics of Informatics, CS Ed
Research, Educational Standards, Pedagogy, Gender.

1. INTRODUCTION

Looking at students in general we have to admit that computer
science has never been popular among all of them. Of all students
beginning post high school studies in Germany in 2005, only
7.6% decided to do a major in CS. With a dropout rate of 38%,
CS has headed the statistics in Germany for years [15]. The de-
crease in enrolments of all CS students between 2000 and 2005
adds up to 23.5%. In the United States, CS departments also faced
a dramatic decrease in enrolments of even 60% between 2000 and
2004 [28]. This situation is even more dramatic for female stu-
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dents [5], [24], [27]. A great deal of research — mostly in the field
of gender — has been done to understand this situation and many
different reasons have been given [8]. Good, Estrella and Mar-
golis ([12], pp. 91ff) summarize the following reasons for the
under-representation of females in CS at US high schools: few
opportunities, limited notion of relevance due to presenting a
narrow view of CS, negative teaching climate, accumulated nega-
tive experiences, and teaching concepts which fail to provide
pathways into CS at postsecondary level. They demand to de-
velop teacher training in CS, and collaboration of university and
high school in developing didactical approaches ([12], pp. 110ff).
The situation in Germany is comparable [9]. In Germany, coordi-
nated by the authors of the paper at hand, a working committee of
the German Informatics Society (Gesellschaft fir Informatik —
GI) [10] developed educational standards for lower secondary CS
education [11] which target the major issues, as they define a
change in content, role of teachers and provide guidelines for
didactic approaches in CS education. A main issue was to bridge
the gap between ICT and CS. The working group consisted of
persons from universities and high schools. In the following sec-
tion we will discuss the crucial role of this gap between ICT and
CS in further detail. After that an overview of the standards for
CS in lower secondary education will be given and examples
provided which show how ICT and CS can be bridged.

2. THE GAP BETWEEN ICT AND CS

Besides the above discussed reasons for low levels of interest and
high dropout rates, students’ preconceptions about the subject
matter of CS are further issues to be considered.

Greening [13] surveyed students of a secondary-level computing
course and observed that 92.9% possessed and used a computer at
home, but “the majority of students (over 58 percent) were unable
to approximate a definition of computer science.” (p. 149). Carter
mentions in her study that students who never think of majoring
in CS lack subject information, and the most part of the students
is unable to explain what CS topics are [6]. Beaubouef and Mason
state also that “students often have misconceptions about the field
of computer science. Many of them take a computer literacy
course, do well in it, and believe that computer science is all
about word processors, spreadsheets, or web browsers” ([3], p.
103). CS freshmen often believe CS is primarily concerned with
using and administrating computers, hardware and programming
[19]. Students who are less interested in computers never think of
studying this subject, while others who do well in using it believe
to be able to cope with CS as well [1].



For postsecondary education Cohoon and Asprey ([7], pp. 149f)
conclude that there is a consensus that computing experiences (in
a broad definition) have an impact on how students conceptualize
CS. The same hypothesis can be found in [4] pp. 501, [7], p. 171,
and in [13], [14], [18], [22]. However, others believe that comput-
ing experiences in programming have only minor or no impact
(e.g. [20], p. 80). In addition there are the effects of the hidden
curriculum. In other words, students’ conceptualizations of the
field may only in a minor part be shaped by prior experiences and
more influenced by the teaching approach and implicit messages
about the characteristics of CS. Overall, there are no direct rela-
tions between prior computing experiences and participation and
success in CS [6]. That is, computing experiences work as a start-
ing point for some students, whereas they are a barrier for others
[26].

We think the role of computer science education in lower secon-
dary education is to build on these experiences in computer usage
and to develop a more appropriate insight into the discipline and
the technology behind its applications. Teachers should take into
account prior experiences of their students and be aware of stu-
dents' preconceptions. As a consequence didactic approaches that
bridge the gap between computer usage and computer science are
needed. The proposed educational standards for CS in lower sec-
ondary education are a means to bridge this gap.

3. EDUCATIONAL STANDARDS

3.1 Overview

The “Principles and Standards for School Informatics — Educa-
tional Standards of Informatics in Lower Secondary Education”
(translation of the title [11]) of the GI address CS teachers, CS
teacher-trainers, and decision makers in the educational admini-
stration. They were stimulated by conclusions of the results of the
OECD PISA studies [17].

It is the aim to foster a contemporary and professionally substan-
tial CS education in high schools. Nowadays CS is important in
more and more areas of everyday life. The IT industry needs
qualified employees, and learners need professional orientation to
relate CS to their personal environments and also to acquire
knowledge to be able to consider subsequent CS-related educa-
tional phases on a more realistic perspective. The best way to-
wards this aim is to acquire competences in a CS subject of its
own in lower secondary education as early as possible. That is, to
teach CS instead of teaching ICT, computer literacy, or “computer
driving licences” with focus on computer usage only.

During the development of educational standards for computer
science in lower secondary education the working committee of
the GI acted on the assumption that CS is a subject of its own,
which is taught from year 5 to 10 (ages 11 to 16 years) at an aver-
age of one lesson per week. The standards define competences
that are to be developed after year 10. Some of these are needed
earlier so that various subjects in school can rely on the students'
abilities. Therefore, the standards are subdivided into the grade
groups “grades 5 to 7” as a foundation for the further academic
learning and “grades 8 to 10” as a general CS education to which
vocational and higher secondary education can connect to. This
arrangement into groups of grades makes different implementa-
tions in the different federal countries possible, but it is also the
demand that every learner (of every school type) must get the
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chance to acquire these CS competences at school. In the intro-
ductory principles of a good CS education this is stressed in the
topics equal opportunities and digital inclusion (instead of digital
divide). In this spirit these standards are opportunity-to-learn
standards. By also specifying the competences, which should be
acquired after 7" and 10™ grade, they are also outcome-oriented.
Moreover, they are minimum standards. The examples of those
German federal countries, in which CS is a regular subject in
lower secondary education, make reaching the competence de-
mands at least on a simple level possible. In 2008, in Germany 3
of 16 federal countries have compulsory CS classes in lower sec-
ondary education, the others offer facultative classes.

The standards and their structure have been developed gradually
in various workshops with numerous CS teachers and scientists
(also from Austria and Switzerland) in a perennial discussion
process since 2003. The standards document [11] is structured
into two main parts: the principles and the standards.

The principles draw a picture of a desirable CS subject. They
specify the conditions under which the demands of the standards
should be reached. They deal with equal opportunities, the cur-
riculum, teaching and learning, quality assurance, ICT usage, and
the multidisciplinarity of a CS subject. So they are about institu-
tional conditions as well as teaching methods. Both are strongly
interrelated in the implicitness that teachers need a profound pre-
and in-service training to give good CS lessons now and in future.

The standards specify the competences the learners should ac-
quire under the conditions of the CS subject described before. The
basic subdivision into content and process standards was taken
from the NCTM standards [21], but other structures might also be
possible and reasonable (see Figure 1).

Information and data

Algorithms

Languages and automata

Informatics systems

spJepuej}s jJusjuon

Informatics, man, and society

Figure 1. Content/process standards ([11], p. 11)

The content standards characterize the minimum of wanted pro-
fessional competences. The process standards specify how the
learners should be able to deal with the professional content. The
content standards though should not be misinterpreted as content
check lists to “be just completed” (see Table 1).

Good lessons evolve from stimulating examples, in which content
standards are interrelated and teaching methods are chosen in a
way the learners can practice actively the handling of the con-
tents, which is specified in the process standards.



Learners of all years should ...

Information and Data

- ... understand the connection between data and information
and different forms of representations of data

- ... understand operations on data, and interpret these with
regard to the represented information

- ... be able to trigger suitable operations on data

Algorithms

- ... be aware of algorithms to solve problems in different areas

- ... read and interpret given algorithms

- ... design and implement algorithms, using fundamental pro-
gramming concepts

- ... represent algorithms

Languages and Automata

- ... make use of formal languages for interaction with ICT and
for problem solving

- ... analyze and model automata

Informatics systems

- ... understand functionalities and structures of informatics
systems

- ... be able to use informatics systems properly

- ... be able to explore new informatics systems

Informatics, Man and Society

- ... be able to state interrelations between informatics systems
and their social context

- ... be aware of being able to make decisions in the use of
informatics systems and to adhere to social norms in usage

- ... be able to react to risks involved in using informatics sys-
tems

Table 1. Content competences

To what extend do these content and process standards cover
essential competences of secondary CS education? The main goal
of a general secondary CS education is to prepare learners as good
as possible for life in an “information society”, which is signifi-
cantly affected by the widespread usage of ICT in the private as
well as in the professional area.

Every learner should understand the design and the functionality
of informatics systems on a level that allows using them when
solving problems, but he should also be able to understand other
systems of the same class more easily. Learning about the design
and the functionality of informatics systems must go beyond the
usage of the user interface, which may change in the next product
version or when using another product. The starting point for a
product-independent approach is given by the representation of
information to problems relevant to the learners by data in infor-
matics systems of different application classes [16] (e. g. 4.2). So
the learners learn to adequately interpret the data produced by the
systems. Furthermore, they understand that information needs to
be represented by the use of certain languages to ensure that an
informatics system can process them with automata and algo-
rithms. This opens up an intuitive approach to the modelling of
the structure and the functionality of informatics systems (e. g.
4.1) and their exemplary implementation. This also helps the
learners to uncover the possibilities and dangers in principle and
to react adequately. They discover and evaluate relevant interrela-
tions between informatics, man and society.

All this takes place in good CS lessons which focus on the princi-
ples (see above) and stimulate the learners to an adequate commu-
nication using correct CS terminology, to structuring, reasoning,
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evaluating and cooperating and which finally interrelate CS re-
sults with those from outside.

3.2 Short Comparison to other Approaches
The standards described here are compared to subsequently se-
lected other approaches.

The idea of IT fluency [22] aims at the development of the capa-
bility to not only be able to use today’s technology in one’s own
field (which is defined as IT literacy), but also to be able to inde-
pendently learn and use new technology as it evolves, including
algorithmic thinking and problem solving. The idea of IT fluency
was proposed as a minimum standard that all college students
should achieve by the time they graduate. “Fluent” students
would master IT on three orthogonal axes namely concepts, capa-
bilities, and skills. Coming to the specified content and the proc-
esses there are big similarities with the minimum standards pre-
sented here. But the learners addressed here are significantly
younger than those of the IT fluency framework. This must be
taken into account by the teaching concepts.

The ACM model curriculum for K-12 CS [1] is structured into
four levels. Level I provides the “Foundations of Computer Sci-
ence” to K-8 learners. “Level I [...] should provide elementary
school students foundational concepts in computer science by
integrating basis skills in technology with simple ideas of algo-
rithmic thinking. This can be best accomplished by adding short
modules to existing science, mathematics and social science
units.” ([1], p. 7). The standards proposed here for the grades 5 to
7 go beyond that, because they combine IT literacy (e.g. usage of
a word processor) with basic CS concepts (e.g. analyzing the
similarities of all word processors by describing the data struc-
tures of word processor documents using OOM, see 4.2) in a sub-
ject of its own with well trained CS teachers. Previous experi-
ments with the integration of basic ICT and CS issues into other
classes did not work, mainly because of the lack of the other sub-
ject’s teachers basic ICT/CS knowledge. In Level II “Computer
Science in the Modern World” a general CS education for all
learners of grades 9 or 10 in separate CS classes is described. The
German standards describe competences for the grades 8 to 10
and also address general education, but the focus is less on hard-
ware and programming issues and more on modelling aspects (see
4.1).

4. BRIDGES

In this section, we will sketch several possible bridges between
ICT and CS. Both examples address learners of the grades 5 to 7
(11 to 13 years old), the first one can be found in the content stan-
dard “languages and automata”, the second one in “information
and data”.

4.1 Example 1: Automata

Often, learners find aspects of theoretical computer science to be
hard to learn and unrelated to their computer usage. In fact, the
subjects' aim is to explore fundamental possibilities and limita-
tions of e.g. certain kinds of automata. In reasoning about them
mathematically, a restriction to abstract alphabets is handy, such
that automata theory appears as the discipline about words like
aab, abba and babbba. If we restrict ourselves to finite state au-
tomata and state diagrams, however, the theory is not complex
any longer, and, moreover, students can experience its usefulness.



As an example, meet Luise, a 9-year-old girl. She got a new MP3-
player in order to be entertained on a long train journey. When
she did not know how to operate the device and the badly trans-
lated, purely textual manual did not help her, her father gave her
the state diagram shown below (Fig. 2, translated into English),
showing part of the device's functionality.

[>|| long

Last
track
stopped

Last
track

playing

Selection
music/
recording

Figure 2. State diagram of a MP3-player

Intuitively, Luise managed to operate the MP3-player. Subse-
quently, she even added further functionalities of the device to the
diagram. In order to do this, she explored the MP3-Player in a
trial-and-error fashion. In summary, she “analyzed and modeled
automata” as it is required within the educational standards of
formal languages and automata. In a classroom context further
examples can be added, such as operating a digital alarm clock.
The experience with many examples will then lead to discussing
the common principles and a theory will evolve.

4.2 Example 2: Word Processing and OOM

Word processing is a core part of ICT and it can be taught with
focus on software available in the classroom. The aim is then to
get a “word processor driving license” for a specific product,
involving the danger of too much specialization. An alternative
way of teaching the issue is to highlight common principles of
word processors. Still, there will be a product that is used most of
the time, but the teacher might make several other pieces of soft-
ware available, so that the learners find out that they have in fact
learned to use a whole class of products, i.e. word processors in
general. The advantage of OOM in this context (and thereby of
using CS in an ICT context) is that it supplies a language and
means of visualization to speak about general and transferable
concepts. The effort seems worthwhile e.g. in the next step, when
hypertexts are addressed. The students will recognize the old
structure of texts augmented with certain features which again can
be expressed in the same framework. One common principles is
e.g. that font, font size and font color are associated with each
character — using object oriented concepts, we can represent this
principle as the concept of a class: Class ‘Character’ has attributes
like “font’, ‘font size’ etc. Other attributes, e.g. alignment, belong
to entire paragraphs of a text. This allows to understand the struc-
ture of digital text (see figure 3). Learners will analyze which
parts of a text can easily and uniformly be manipulated, thus find-
ing characters and paragraphs as classes (with concrete characters
and paragraphs, the objects, as their instantiations). They will
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explore their attributes, and by which means (the methods) they
can change them. A class diagram (see Fig. 3, didactically re-
duced for the beginning (learners of age 12); the black circle at
the end of the connecting line represents a one-to-many relation-
ship) can show the structure, including the fact that paragraphs are
built out of characters.

DOCUMENT
PARAGRAPH

CHARACTER

Figure 3. Data structures of a word processor document

5. CONCLUSION AND OUTLOOK

The “Educational Standards for Computer Science in Lower Sec-
ondary Education” are a milestone in the development of secon-
dary CS education in the German speaking countries, because for
the first time and with various contributions of numerous relevant
actors in the field of secondary CS education a consensus about
the competences to be acquired by every learner of every school
type was achieved. It can be assumed that these standards will
significantly influence the next revisions of the federal countries’
CS school curricula and thus contribute on the one hand to better
comparable learning outcomes in the CS education field and on
the other to a more realistic picture of all learners about what CS
is all about (see Section 1).

The work on educational standards is not completed though, as
the standards mark a stage of development, which especially
specifies the desired professional breadth in the view of all con-
tributors. Statements about the professional depth especially with
regard to different school types are planned. The further discus-
sion and the usage of the standards in the everyday life at school
will also show to what extend the formulation was understandable
and comprehensible and to what extend the specified competence
demands are reachable in practice. Therefore practicable measur-
ing methods are needed (e. g. [25]). Moreover, there is a strong
need for well trained CS teachers, who conduct the whole process
actively by describing experiences and discussing critically. Fi-
nally, learning and teaching material needs to be developed to
stimulate the learners and the teachers for their work.

In this spirit, the work on the “Educational Standards of Informat-
ics” has just begun.
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