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Preface

Informatics Education — Supporting Computational Thinking contains papers presented
at the Third International Conference on Informatics in Secondary Schools — Evolution
and Perspective, ISSEP 2008, held in July 2008 in Torun, Poland.

As with the proceedings of the two previous ISSEP conferences (2005 in Klagen-
furt, Austria, and 2006 in Vilnius, Lithuania), the papers presented in this volume
address issues of informatics education transcending national boundaries and, there-
fore, transcending differences in the various national legislation and organization of
the educational system. Observing these issues, one might notice a trend. The pro-
ceedings of the First ISSEP were termed From Computer Literacy to Informatics Fun-
damentals [1]. There, broad room was given to general education in ICT. The ECDL,
the European Computer Driving License, propagated since the late 1990s, had pene-
trated school at this time already on a broad scale and teachers, parents, as well as
pupils were rather happy with this situation. Teachers had material that had a clear
scope, was relatively easy to teach, and especially easy to examine. Parents had the
assurance that their children learn “modern and relevant stuff,” and for kids the com-
puter was sufficiently modern so that anything that had to do with computers was con-
sidered to be attractive. Moreover, the difficulties of programming marking the early
days of informatics education in school seemed no longer relevant. Some colleagues
had a more distant vision though. They already proposed in their papers to weave
conceptual knowledge into the strictly application-focused instruction of how to han-
dle computers; and how to handle widely used general application software.

A trend of the still young second millennium to be witnessed external to school is
that personal computers have penetrated households and citizens are increasingly
using the Internet not only as a professional resource but also privately as an informa-
tion resource as well as an infrastructure for communicating with relatives and friends,
along with companies and public authorities. Politicians encouraged this and publi-
cized e-learning as “learning of the future.” As technical competence for e-learning
was missing in the broad base of educators, e-learning was initially pushed into the
domain of those who could handle computers, i.e., teachers of informatics. The pro-
ceedings of the Second ISSEP, Informatics Education — The Bridge between Using
and Understanding Computers [2], reflect this situation in so far as they focus, next to
discussions about the breadth of informatics education, on programming instruction
and programming contests, but also on ICT and on e-learning.

The fact that informatics education, due to its relationship with technical devices, is
bound to act swiftly in response to societal trends can be seen from the proceedings of
the Third ISSEP. While the call for papers still voiced the theme “Informatics Educa-
tion — Contributing Across the Curriculum”, it is well justified to label these proceed-
ings Informatics Education — Supporting Computational Thinking. Placing a focus on
“computing” might seem at first glance like returning to the roots of informatics edu-
cation forced by some stubborn teachers, blindly excited about programming. It is not!
It is a reaction (and to some extent an anticipation) of the fact that not only personal
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computers have penetrated homes but quite often laptops have penetrated school bags.
Even more important, the cell phone (mobile phone, in some countries referred to as
“handy”), a device highly popular not only with children, can no longer be considered
simply as a telephone, i.e., as a device for oral communication. It has gradually be-
come a universal communication device. Its SMS facility makes it a teletype devise,
its camera a multi-media device, and its addressability an Internet access device.
School is not needed to teach kids how to handle this highly powerful and therefore
also quite complex device. Kids learn this from their peers. This phenomenon, how-
ever, places new challenges on informatics education.

Consequently, the basics of using computers can no longer benefit from the excitement
of using sophisticated technical equipment. The mobile phone in the possession of children
has already become a more sophisticated device for a spectrum of limited tasks than a mere
PC. What remains? If informatics education is constrained to ICT-education, it is training
about skills that are not terribly motivating for a substantial portion of a class. Studies have
shown that too much ICT training does specifically turn off girls [3, 4]. A personal experi-
ence I had recently in this respect involved a young lady asking me on the basis of her
school education in informatics “How can you be so excited about such a dull subject?”

Several authors in these proceedings respond to these challenges by addressing the
issue of what informatics education has to offer young people beyond the skills of how
to use computers. The answers have a broad range. Computing in the sense of algo-
rithmic constructions are among them as well as focusing on physical constructions by
building small robots. Others focus rather on the intellectual challenge of anticipation
and combining critical thinking, motherhood, and possibly also some mathematics
before venturing into a brute force (algorithmic) solution. In summary, one might see
a trend toward “back to the roots” of algorithms and programming. But these concepts
are not to be seen from the computer scientist’s perspective or from the perspective of
preparing pupils for a computer science profession. They are rather to be seen from
the teacher’s perspective, preparing students for a life in an environment loaded with
information and information technology and for preparing them with problem-solving
strategies that got cultivated in the computing domain but whose scope extends com-
puting by far.

Due to the trends mentioned above as well as to effective training measures of in
service teachers, e-learning got out of the focus of informatics teachers. The didactical
challenges involved with e-learning still require further discussion. But these discus-
sions better take place in didactical conferences of the respective discipline. Only
some infrastructural issues remain in the realm of informatics experts, and these were
discussed at the conference.

The 32 papers contained in this volume consist of 28 contributed papers, selected
out of 63 submissions and 4 invited contributions. They were reviewed by at least
three members of the Program Committee and can be grouped into the sections intro-
duced below.

The section on “Informatics, a Challenging Topic” starts with the paper by Syslo
and Kwiatkowska. In this opening lecture, the authors introduce readers to the devel-
opment of informatics education in Poland. The paper nicely shows, with this national
example of Poland, some of the observations mentioned above and urges informatics
instruction to instill computational thinking on students. The fact that computing skills
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have to be nurtured already with young pupils is alluded to in the paper by Dagiene
and Futschek. They discuss tasks for the Bebras contest, addressed at pupils of grade 5
to 12, stratified into 3 age groups. Diks and Madey report in their keynote on work
with Polish contestants at International Olympiads in Informatics (IOI). They show
how students are prepared to perform well in such international competitions and how
their career as informatics professionals progresses.

The next section focuses on informatics as a technical discipline in presenting “Di-
dactical Merits of Robot-Based Instruction.” Programming is not seen as the way to
instruct computers but as the way to move a technical device, the robot. The advan-
tage with robot programming, which is of course computer programming in a special
way, is not only that the effects of the program can be seen immediately — this would
also apply, e.g., to spreadsheet programming — but that students have to think in terms
of integrated systems.

Rhine and Martin describe a series of learning modules created in the context of an in-
teractive robotics course. They focus specifically on the integrative aspects of mathe-
matics, geometry, physics, and informatics. Wu, Tseng, and Huang report on different
learning effects observed with students working with physical robots and those working
just with robot simulators. Kamada, Aoki, Kurebayashi, and Yamamoto describe their
(inexpensive) robot building kit and its programming language. In the following paper,
members of this group, Kurebayashi, Aoki, Kamada, Kanemune, and Kuno, report on a
learning unit using this robot construction kit for building a tri-axial robot. They report
that students had a better understanding about automatically controlled systems after
taking this course. Thus, they met their aims of knowledge transfer.

Issues concerning “Transfer of Knowledge and Concept Formation” is the linking
theme of the next section. Knowledge transfer from solving abstract problems to con-
crete design issues is addressed in Ginat’s keynote. Departing from the statement that
design is a fundamental skill in computer science, he analyzes students’ skills to find
all simple non-intersecting polygons that can be drawn on a grid structure consisting
of 3 x 3 equidistantly placed points such that the area enclosed equals a fixed amount
2 cmz). He uses the relationship between forms identified by students and forms
missed by them to hypothesize different skill deficiencies of the experimental subjects.

The paper by Sendova, Stefanova, Nikolova, and Kovatcheva reports on a course es-
tablishing ICT skills with teachers. It is placed in the transfer section, however, because
the actual theme of this contribution is on the transfer of ideas to enhance motivation.
This general concept can be successfully applied in any other kind of informatics instruc-
tion. Its essence is to motivate learners by integrating them into the educational process
in such a way that they transcend the role of observers by becoming constituent members
of the teaching venture in a form where teaching and learning flows into each other.

Schulte’s duality reconstruction also departs from an ICT vantage point. On the ba-
sis of analyzing a word processor, he introduces the notion of didactical lenses which
allow students to perceive structural as well as functional aspects of the material cov-
ered. Thus, the perspective of the engineer and the perspective of the application spe-
cialist become visible and students can thus construct a multifaceted image of the
discipline.

Romeike considers transfer issues from a motivational perspective. In school, stu-
dents quite often are forced to solve problems that are too remote from their personal
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problems to trigger motivation. The different performance children show in solving
challenges of their daily life (such as using a mobile phone to its full extent) and in
solving typical simple algorithmic problems lets the author conclude that instead of
pre-canned artificial algorithmic problems, school should offer open challenges with a
stepwise progression of difficulty. Gruber also looks at various approaches to raise the
motivation of pupils, zooming in particularly on in-classroom differentiation.

The section on “Object Orientation and Programming” starts out with Hubwieser’s
paper on an analysis of learning objectives in object-oriented programming. The moti-
vation of the analysis resulted from the need of writing a textbook. However, the mes-
sage conveyed transcends this immediate problem domain. Conducting a similar
analysis might help in various situations to protect teachers from rushing into the most
modern developments of the professional side of the discipline without considering
didactical consequences and without considering whether students can be accompa-
nied along the whole trip from showing them a concept and making them convincingly
aware of the usefulness of this concept.

Weigend takes a modeling perspective in pleading to make a distinction between
the existential aspects of a state and its possessive elements. Benaya and Zur’s delib-
erations are based on empirical results, studying the performance and problems faced
by students, who already know how to program in an algorithmic language, in a course
that introduced them to object-oriented programming in Java.

Yovcheva proposes what she refers to as a “spiral approach” of teaching program-
ming. Departing from simple mathematical problems, a spiral of increasing complex-
ity is defined in such a way that youngsters learn programming in small chunks, the
bites being small enough to be comprehended and big enough to solve the problem at
hand. A different angle of introducing students to algorithmic problem solving is pre-
sented by Haberman, Muller, and Averbuch. They recommend fostering critical think-
ing of students by dragging them away from starting programming too quickly. The
authors challenged students with a core example backed up with variations. The prob-
lems are set such that the text of the examples varies only moderately, while the solu-
tion to the problems become, with some variations, almost trivial for those who apply
good motherhood and some mathematical reasoning; in other cases, a slight modifica-
tion of the problem substantially raises the complexity of the required solution.

The section closes with two papers following slightly different strands of ideas.
Adamaszek, Chrzastowski-Wachtel, and Niewiarowska intend to help novice pro-
grammers stumbling over pointers and related concepts by introducing VIPER, a
visual interpreter for Pascal. Blonskis and Dagiene report on an analysis of programs
developed by students during their maturity exams.

The following section, “Strategies for Writing Textbooks and Teacher Education,”
starts out with two contributions reporting the authors’ reflections and recommenda-
tions for textbooks introducing students to informatics. Freiermuth, Hromkovic and
Steffen explain in a keynote lecture their way of teaching fundamental concepts using
LOGO as didactical vehicle. In doing so, they also establish bridges between com-
puter science and mathematics. Noteworthy is their remark that a systematic way of
teaching avoids gender problems in programming courses. Kalas and Winczer also
strive for an introductory text that should “build respect for informatics as a science
and as a subject.” But they follow a different strategy. While the group from ETH is
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liberal with space needed to express their ideas, the colleagues from Bratislava submit
to the trend of short messages. They show how to fit 10 chapters into a total of 48
pages while still striving at a constructivist approach, following the progressive pat-
tern of using, understanding, and creating information technology.

A totally different approach is presented in the paper by Nishida, Idosaka, Kofuku,
Kanemune and Kuno. They strive to popularize Bell, Witten and Fellows’ concept of
“Computer Science Unplugged” and report the experience they obtained with this
approach in three schools.

The section closes with papers on teacher training. Ragonis and Hazzan report on a
course for preparing pre-service computer science teachers for Israeli high schools. It
covers a broad spectrum of topics from an informatics didactics perspective. While in
this course, programming, though addressed from various angles, is just one among
several topics, the ensuing paper by Kolczyk focuses specifically on how informatics
teachers should present algorithms. It departs from the vantage point that planning,
i.e., proper anticipation of situations yet to come and reflecting about potential alterna-
tives of reaction, is a key capability to be developed before programming. On this
basis, the paper shows how planning may be trained in small progressive steps. This
approach to programming starts already at the primary level and progresses to later
phases of the curriculum. The paper by Grgurina reports on teacher training at the
University of Groningen. After an explanation of the Dutch system of teacher forma-
tion, a concept of highly supervised training on the job is described.

Almost antithetic to the Dutch approach are the reports from Latvia and from Li-
thuania. Both apply e-learning technology to upgrade their teachers. The paper from
the Latvian colleagues, placed in the e-learning section, specifically addresses the
problem of smoothening the difference between Riga and the countryside. Dagiene,
Zajanckauskiene, and Zilinskiene focus on this technology as a means and an end in so
far as they argue for e-learning as a powerful and purposeful way of motivating teach-
ers to use the technology they are to familiarize students with for their own learning.
The details of the targets to be achieved by this program are reported in the paper
opening the next section.

The section on “National and International Perspectives on ICT Education” starts
with a paper from Dagiene, reporting on the implementation of the national strategy
for the introduction of information and communication technologies into the Lithu-
anian educational system. This contribution, reporting on a progressive strategy of
introducing IT in grade 5 to 10, is followed by a report on a project assessing spread-
sheet knowledge and skills of French secondary school students, presented by Tort,
Blondel and Bruillard. The study shows that, when ICT is to be used in a mode remote
from those domains where it has penetrated private life, formal education is still a
necessity. This section closes with a paper by Micheuz, arguing for a harmonization
of informatics education in Europe on the terminology level as well as on the level of
concepts. The NCTM standard for mathematics is proposed as an example from a
related discipline. Various initiatives aiming at structuring informatics education are
mentioned.

The proceedings close with tree papers dealing with “e-Learning” issues. This sec-
tion starts with a contribution from Eibl and Schubert reporting on design criteria for
e-learning systems considering security aspects. Damasevi¢ius and Stuikys aim for



X Preface

reusable learning objects, reporting their experience of producing generative compo-
nents. Lavendels, Sitikovs, and Krauklis report on the use of information technologies
for reducing the gap between teachers in the capital of Latvia and country-side teach-
ers. It is noteworthy to mention that this is the initiative of a university, to broaden the
base of their students by providing pupils from the countryside with access to modern
education in informatics.

A conference like this is not possible without many hands and brains working for it or
without the financial support of graceful donors. Hence, I would like to thank particularly
the General Chair and the members of the Program Committee and all the additional
reviewers for ensuring the quality of papers accepted. Among them, Carol Sperry de-
serves specific mention as she helped some authors to improve linguistic aspects of their
text. Special thanks are due to the Organizing Committee led by Anna Beata Kwiat-
kowska and to Annette Lippitsch for editorial support for these proceedings.

The conference was made possible due to the support of several sponsors whose
help is gratefully acknowledged. Finally, hosting of the conference by the Faculty of
Mathematics and Computer Science, Nicolaus Copernicus University in Torun is
gratefully acknowledged.

April 2008 Roland Mittermeir
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The Challenging Face of Informatics Education in Poland

Maciej M. Systo"* and Anna Beata Kwiatkowska®

!Institute of Computer Science, University of Wroclaw
F. Joliot-Curie str. 15, 50-383 Wroclaw, Poland
syslo@ii.uni.wroc.pl
? Faculty of Mathematics and Computer Science, Nicolaus Copernicus University
Chopin str. 12/18, 87-100 Torun, Poland
aba@mat.uni.torun.pl, syslo@mat.uni.torun.pl

Abstract. In this paper, a learning and teaching framework is described which
is aimed at increasing student interest in studying computer science as a disci-
pline, or at least in better understanding how a computer and its tools work and
can be used in solving problems which may occur in different areas.

In the beginning of information education in Poland, in the mid 80’s, the in-
formatics curricula for schools and teaching were focused on computer science.
Then, in the beginning of the 90’s, with the growing popularity and wide use of
end-user friendly software, the emphasis in education has moved from com-
puter science to information technology, from constructing computer solutions
to using ready-made tools, from computer science for some students to informa-
tion technology for all. We demonstrate here, however, how teaching and
learning information technology can be used to enhance algorithmic and com-
putational thinking in solving with computers, problems which arise in various
school subjects, learning disciplines and in real life.

We strongly believe that the learning methodology presented here, about
computer use by students and applying computers and information technology
to solving problems, would be a good motivation and preparation for their
future decisions to study computing and become computer specialists.

1 Introduction

We begin with a comment on terminology. In Poland, ‘informatics’ (pl. informatyka)
is used for ‘computer science’ and also for almost all disciplines and subjects, espe-
cially in education, which have anything to do with computers. There is for instance:
applied informatics (in practice, ‘applied informatics’ in subject A, means ‘the use of
computers in subject A’), computer physics, chemical informatics, medical informat-
ics, etc. In this paper, the term ‘informatics’ is equivalent to ‘computer science’ and
we use ‘computer science’ when we want to emphasize scientific aspects of the dis-
cussion. The term ‘computing’ however, which embraces ‘computer science’, ‘soft-
ware engineering’, ‘information systems’, ‘information technology’ and some other
computer-related titles, is not popular in Poland and has no official counterpart, with
the exception of ‘computational science’ which is sometimes used for computations
related to scientific problems.
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In our paper [15], presented at the 1* ISSEP Conference in Klagenfurt (2005) we
focused our attention on the question: how much informatics is needed to use informa-
tion technology? In particular we investigated:

e to what extent should one learn a discipline (informatics) to be able to use its ap-
plications (information technology), and

e how to prepare teachers of informatics and information technology, as well as teachers
of other subjects who are equipped with the technology for their new role as modera-
tors of students’ learning, to use information technology in different situations.

Today, other questions and their answers are more important for the computer sci-
ence community as well as for society as a whole. In this paper, we are also motivated
by recently growing interests to answer a fundamental question: Is Computer Science
Dying? This question is formulated as a result of a gradual decline in the number of
students applying to earn a computer science degree.

The main goal of this paper is to 1) show that students in middle and high schools
can begin to learn basic informatics principles and start to master computational
thinking (see [19] and Section 2.2) while learning how to use computers and their
applications (information technology), and 2) how to apply informatics tools and
methods in studying and learning other subjects and solving problems from various
disciplines and areas. We are convinced that the approach presented in this paper can
help students to add computational thinking to the traditional three Rs: (i.e. reading,
writing and arithmetic) as an additional basic skill needed by everyone. Moreover we
believe that in this way we may better prepare our school students to choose a future
career as either computer scientists or computer specialists.

Our considerations are based on our experience in:

e working on syllabi and text books on informatics and information technology for
schools;

e teaching informatics and information technology in schools;

e preparing future teachers, in-service training of working teachers, and our experi-
ences in guiding and supporting teachers of informatics and information technology.

The approach described in this paper has been implemented in some schools in Po-
land which use our textbooks [7-9]. The main obstacle to expanding this approach to a
larger number of schools is the lack of teachers — teachers of informatics and other
subjects, who are adequately prepared in computational thinking. Teacher preparation
in computational thinking will be the subject of another paper.

The paper is organized as follows. In Section 2 we focus on the development of
computer science with a special emphasis on its role and place in education. In Sec-
tion 3 we briefly present the education system in Poland and the role of informatics
education. In Section 4 we describe general ideas illustrated by examples of our
approach in learning and teaching information technology which is oriented to devel-
oping computational thinking. Finally some conclusions are formulated.

2 Computer Science, Education, Computational Thinking

In this section we first comment on a recent question regarding whether computer
science is a dying discipline, then present the main challenges of computer science
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education and finally discuss the role of computational thinking in meeting these
challenges.

2.1 Is Computer Science in Crisis?

In Poland in the 1960’s, computer science at universities was a part of the discipline
of mathematics, and popular among mathematicians and other scientists who used
computers as tools for their theoretical research and practical calculations. It was the
‘new fashion’ to enhance research papers with the results of computations performed
by a computer, to add some computer oriented theoretical calculations, and to also
include some computer codes (programs, e.g. in Algol or in Fortran). The majority of
Ph.D. theses in almost all disciplines included some computer calculations designed
and performed by members of computer science departments.

After a few years, computer science departments were set apart from mathematics
departments, and today there is a mathematics and informatics faculty at almost all
Polish universities. Although most of the professors in computer science departments
have made their scientific careers (Ph.D., habilitation and the professor title) in
mathematics, in actuality, the scientific cooperation between members of these two
departments, even within the same faculty, is rather incidental.

Since its beginning, computer science has often been confused with computer
programming and computer technology. Computer science curricula are largely re-
sponsible for this image of the discipline popular today in our society. They were
developed at a time when, for most students, the study of computer science was the
first introduction to computing and there was no software available. Today, most
students enter university with years of computer experience usually gotten outside of
schools, since computer technology is a part of their lives. Moreover, students and
universities have access to high-level tools which can be used to design and produce
complex applications for business, science and entertainment without the knowledge
of logic, discrete mathematics, programming methodology, or computability, which
belong to every computer science curriculum. Complex graphic designs (e.g. pro-
duced by a photographer Ryszard Horowitz) and animations (e.g. The Cathedral,
2002 by Tomasz Baginski, an Oscar-nominated short movie) can be created with no
knowledge of object-oriented design.

Today, one of the challenges to a curriculum in computer science is to catch up to
the new technology and the other is to adjust it to rapidly changing markets and users’
expectations. Moreover, as a starting point, the initial preparation of students must
also be taken into account.

A new curriculum should widen the computer science student’s view of the world.
Scientists and students in university faculties of computer science still work on devel-
oping theoretical solutions to problems which are not always practical. On the other
hand, the computer industry moves its focus to delivery and service. Moreover, some
computer science departments, especially at undergraduate colleges, become informa-
tion technology departments and mainly develop resources to meet the needs of the
market and customers. They use computer tools as black boxes and they teach only a
little of discrete mathematics, algorithmics, formal programming methods and lan-
guages, Turing machines, etc.
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One may expect that in the future new computing departments will be interdisci-
plinary, drawing ideas from various disciplines and contributing a computing founda-
tion to those disciplines. They will look outwards to address computing applications.

Some people argue that there is no longer a need for a large number of computer
scientists working on foundations of the discipline and developing basic products
such as programs, algorithms, libraries, systems, languages, compilers, as it was in the
1960’s and 1970’s. However, there is still a demand for experts and specialists in
various areas of computer use and applications who are competent in the range of the
university curriculum in computer science. Therefore, there is still and will be in the
future a need for students and graduates in all areas of computing. If so, how should
we prepare students in high schools who wish to choose university computer science
as their future career?

2.2 Computer Science Education

Today, many people, among them policy makers (even some in education), teachers,
academics and parents do not consider computer science as an independent science
and, therefore, as a separate school subject. Most of them confuse computer science
and information technology and limit informatics education to making computers and
the Internet available to students and teachers in class rooms and at home. The fun-
damental problem is that they do not distinguish between using computer and network
technology and studying the general principles of computing.

When in the 80’s and 90’s, computer science was confused with computer pro-
gramming there was a strong opposition among education policy makers and parents
to teaching informatics. They argued that only a few high school graduates would
choose a career as a programmer. The same people claimed that the use of computers
in schools should not be separated from other subjects.

Twenty years ago, very few students had used a computer, either in schools or at
home, before they entered university. For the last 10 years, the main emphasis in K-12
education was on computer literacy, which is focused mainly on using applied (office)
software and the Internet. As a result, most high school graduates are quite fluent in
using computers to play, search the web and communicate, but their actual knowledge
about the discipline of computer science and about what happens inside a computer
and in the net and web — or actual knowledge of the discipline of computer science —
is on a very low level. As a result, graduates have no real interest in pursuing com-
puter science as a career choice. In fact they are not even fluent in using information
technology as defined in [1], see also [5]. They don’t see themselves creating a new
culture or new technology, only working with the technology that has already been
invented. Evidently it is easier to follow than to innovate and invent, to take risks.
Youth’s infatuation with technology does not extend to their desire to learn the disci-
pline of computer science — we need to discover how to motivate students to go ‘be-
yond the screen’ and investigate how computers and software work so they can create
their own computer solutions.

It is also the case that students have tasted enough information technology while
growing up to want something different at the university level. To change this, infor-
mation technology and informatics in primary, middle and secondary schools should
prepare students for further study in information technology-related fields instead of
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being satisfied with the knowledge and skills they have already learned. Sometimes
students are disappointed and discouraged with the information technology subjects in
schools. They do not see any future in studying this subject more deeply, even for use
in the discipline they are most interested in, becoming a member of the IT profession,
that is, to become a user of information technology with a solid, professional base in
computer science [5].

We have to take into consideration that the factors for choosing computer science
as a study field today are different.

Informatics education in schools does not clear up the myths about computer sci-
ence and most of the students in high schools graduate with no clear answers to the
popular statements formulated as “relations”: CS = programming, CS = IT (ICT), CS
= computer literacy, CS = a tool for studying other subjects, CS # scientific discipline.
The White Paper by the CSTA [13] lists a number of challenges and requirements that
must be met if we want to succeed in bridging the gaps in education and improve
education in informatics as a computer science discipline:

e students should acquire a broad overview of the field of CS;

e informatics instruction should focus on problem solving and algorithmic thinking;

e informatics should be taught independently of specific application software and
programming languages and environments;

e informatics should be taught using real-world problem situations;

e informatics education should provide a solid background for the professional use
of computers in other disciplines.

One of our goals in this paper is to show how we partly meet these challenges in
our approach to informatics education for all students in schools in Poland — informat-
ics education in this paper stands for both computer science and communication and
information technology.

2.3 Computational Thinking

Our approach to informatics education in schools, from the beginning in the mid 60’s
through the mid 90’s, was to put the emphasis on algorithms and algorithmic think-
ing as the main components of computer science. The other important components
were also present — computers (together with operating systems and programming
environments) as machines for running algorithms and programming languages — as
tools for expressing algorithms to communicate them to computers and to other pro-
grammers. In fact there was no other application software available in those years.

Algorithmic thinking is understood as thinking in terms of existing or new algo-
rithms and as the ability to analyze problems from an algorithmic point of view,
which is how to apply known algorithms for their solution, how to devise a new algo-
rithmic solution for a new problem situation, to implement that solution, and then to
run and test it on a computer.

In the late 90’s, after a few years of struggling to find a proper place for informa-
tion technology in our education system, it was realized that skills known as com-
puter (or information technology) literacy, which is the capability to use today’s
technology in one’s own field, are not a sufficient preparation of the young genera-
tion, or the work force, or any other users of computers to help them adapt to changes
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in technology. The notion of fluency with information technology was adopted for
“a process of lifelong learning in which individuals continually apply what they know
to adapt to changes and acquire more knowledge to be more effective at applying
information technology to their work and personal lives.” [1] Fluency with informa-
tion technology requires three kinds of knowledge: contemporary skills (the ability to
use today’s computer applications), foundational concepts (the basic principles and
ideas of computers, networks, and information), and intellectual capabilities (the abil-
ity to apply information technology in complex situations). Information technology
fluency is therefore the capability to learn and use new technology as it evolves
throughout one’s professional lifetime. Moreover, it also includes the ability to use
algorithmic thinking and programming to solve problems.

A much wider view on computing competencies has been proposed by Jeannette
Wing in her paper on computational thinking [19]. Earlier, one of the EU directives
suggested in the late 90’s that the traditional skills for everyone known as the 3Rs (i.e.
reading, writing and arithmetic) should be extended to 3R+TI by adding skills in
applying information technology. Wing has taken this step further by proposing to
consider computational thinking and thus extending algorithmic thinking and flu-
ency with information technology to competencies which are built “on the power and
limits of computing processes, whether they are executed by a human or by a ma-
chine.” [19]. She argues “Just as the printing press facilitated the spread of the 3Rs ...
computing and computers facilitate the spread of computational thinking.”

One can observe the influence of computational thinking on other disciplines. On
the other hand, computer scientists’ interest in other disciplines is driven by their
belief that other scientists can benefit from computational thinking. For instance, in
mathematics, as formulated by R.-W. Hemming in 1959, the purpose of computing is
insight, not numbers. In our paper presented at the 2" ISSEP Conference [16] we
discussed a number of topics, which are usually considered as a part of informatics
education in schools and show how they can contribute to mathematics education. All
the topics described in [16] are included in the textbook for informatics [8], addressed
to high school students in Poland. However these topics are still absent in teaching
mathematics and in mathematics textbooks used by our students.

Computational thinking includes a range of mental tools that reflect the breadth of
computer science, for example, reduction and decomposition of a complex problem in
order to solve it efficiently, approximating when an exact solution is beyond the reach
of the computer, recursion as a method of inductive thinking and its computer imple-
mentation, representation and modeling some aspects of a problem to make it tracta-
ble, and heuristic reasoning to develop a solution.

We illustrate in Section 4 how we expose all our middle and high school students,
not only those interested in computer science, to computational thinking: with meth-
ods, models and tools within informatics education (information technology classes).
We agree with Jeannette Wing [19] and believe that computational thinking may
“inspire the public’s interest in the intellectual adventure of the field of computer
science” and as a result may also encourage more high school students to consider a
future career in computer science.
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3 Informatics Education in Poland — In the Past and Today

The first regular informatics classes (two hours a week) in Poland were organized in
two high schools in Wroclaw in the mid sixties, just ‘a day after’ the first three main-
frame commercial computers (Elliott 803, made in the UK) were installed in the Uni-
versity of Wroclaw and in two scientific institutions (in Warsaw and Gdansk). The
main topics of instruction were algorithms and programming in Algol 60, applied to
numerical calculations (e.g., polynomials, interpolation, numerical integration, and
their applications).

The first national curriculum for informatics as an independent subject was pro-
posed by the Polish Computer Society in 1985. For the next 10 years (mi-
cro)computers were mainly used in teaching informatics (computer science) as an
independent subject and only occasionally were they used as a support in teaching
other subjects. Then the development of user-friendly human-computer interfaces as
well as the Internet became the main factors that influenced the way computers were
used in our schools. In the mid 90’s, the term ‘information technology’, meaning
‘informatics for all students’, was accepted by the education policy makers in Poland.
Today ‘information technology’ is widely used in our education system as meaning
‘information and communication technology’ which means, as it does in other coun-
tries — computer science education for all, not only students.

3.1 Informatics in the Education System in Poland

Today, the education standard in the core national curriculum related to informatics
education is formulated as follows:

the responsibility of schools is to guarantee students the possibility of us-
ing information and communication technology, and to prepare them to
live in the information society

It is expected that schools are oriented towards across-curriculum integration of
computers, information technology, and the Internet with the learning and teaching of
all subjects.

Formal education (since 1999) starts in Poland at the age of 7. The school system
at the primary and secondary levels consists of three stages:

e primary school — 1-6 grades (age 7 to 13);
e middle school (in Polish: gimnazjum) — 7-9 grades (age 13 to 16);
e high school — 10-12 grades (to 13 in certain vocational schools) — (age 16 to 19).

As in the majority of European countries, informatics or information technology is
included in our national core curriculum as an independent subject:

e in primary schools — informatics, at least 2 hours per week for one year; actually
the scope of this subject is restricted in the curriculum to information technology
topics — how to use application and educational software, for instance, in other
school subjects;

e in middle schools — informatics, at least 2 hours per week for one year; the cur-
riculum of informatics for middle schools contains a section on algorithmics, algo-
rithmic thinking and solving problems with computers; although programming is
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not included in the curriculum, an introduction to Logo is a part of the instruction
in some schools and those students take the first steps in programming;

e in high schools — information technology, at least 2 hours per week for one year;
it is recommended that at this level of school education, information technology
should be mainly used to enhance other subjects with the use of computers;

e in high schools — informatics (understood as computer science), an elective sub-
ject, taught only in some high schools; students may also take an external final ex-
amination (matura in Polish) in informatics.

Therefore, information technology, as a separate subject, is now taught in all types
of schools in Poland. Therefore, since 2005, Poland has met the EU standard (see the
EU eLearning initiative [4]) that all students leaving the school system (formal educa-
tion) are digitally literate.

3.2 The Era of Informatics (Computer Science) in the Past

At the very beginning of informatics education in some of our high schools in the mid
60s’, due to the obvious difficulty in using computers personally and the lack of
human-computer interfaces, the main emphasis was put on writing programs for nu-
merical calculations and algorithmics was restricted to numerical methods.

Then for more than fifteen years (1985 — 2002), informatics (in fact, elements of
informatics — EI) was a part of the curriculum in Poland (for all schools with com-
puters) and was taught in elementary schools (1-8 — mainly during the last two years),
and in high schools (9-12 — for one, two, three and even four years). A textbook was
published (the first edition appeared in 1988) and it is perhaps interesting to mention
that this textbook had a new printing each year and more than 100 000 copies have
been sold; it is unusual for a textbook on informatics to remain unchanged on the
market for so long. It was due to the approach adopted in this book, which was mainly
on understanding how computers and software work and how to use computer tools in
problem solving. In that sense the content of the book was (and still is) universal: the
history of computers and informatics, how computers are designed and how they
work (operating systems), playing and learning (turtle graphics — Logo), from prob-
lems to programs (elements of programming), designing one’s own directory (data
base), calculations in mathematics, computing faster (elements of algorithmics), easy
and effective managing of a small business (spreadsheet).

A new series of textbooks for informatics in high schools has been recently written
with the same approach in mind [8]. We are in quite a comfortable situation since the
topics of information technology education are now taught as an independent subject
and are included in a different text book [9], and therefore we could omit them from
the textbook on informatics.

3.3 The Era of Information Technology

As a part of the Education Reform, the core curriculum was published in 1997, and
presently, with respect to informatics education, the main goal is: to guarantee stu-
dents the possibility of using information and communication technology, and to
prepare them to live in the information society.
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In developing the curriculum for information technology and informatics education
it was very useful to have the model for information technology development as pre-
sented in the UNECSO Curriculum [18]. This model provides a framework which
shows the interrelationship of various components within a system and aids under-
standing by all parties involved in education: students, parents, teachers, educational
administrators and policy-makers.

The UNESCO model [18] consists of four stages: emerging, applying, integrating,
and transforming. It also describes stages of teaching and learning and can be applied
to learning and using information technology (by students as well as by teachers),
teaching information technology and teaching with the help of information technol-
ogy. The model can also help to understand why students, teachers, schools and other
users of information technology have to follow a similar route of information tech-
nology development in their personal and professional lives. For instance, in the case
of the preparation of teachers, they first have to learn about computers (emerging
stage) to be able to use them in their subjects (applying stage), and then they begin to
integrate technology with other teaching areas and finally the school becomes ready
to play a transforming role in the community and society.

“The introduction of computers to schools in the 80’s created high expectations for
improving education. Today however those expectations have not yet been fulfilled —
it is argued that this is mainly due to unrealistic assumptions about learning as a pas-
sive process of information absorption. It is believed that to improve the results of
learning, computers should be embedded in, instead of only added to, learning envi-
ronments as tools that elicit and support in students the active processes of knowledge
construction and skill development.” [15]

4 Implementing Computational Thinking

In our approach to informatics education we make a general assumption that informat-
ics (= computer science) deals mainly with creating ‘new products’ related to com-
puters (such as hardware, programs and software, algorithms, notions, theories, etc.)
and information technology is mainly applying and using ‘informatics (computer re-
lated) products’. Although this distinction does not define either informatics or infor-
mation technology, it is very useful in describing the methodology of learning and
teaching both subjects. Moreover, one may argue — it is quite important for student
achievement — that information technology, especially its sophisticated tools, may be
used to create highly involved computer products. However, their novelty and ingenu-
ity contribute to the discipline to which they belong, rather than to computer science.

4.1 General Approach to Informatics Education

We describe here a general approach to teaching and learning information technology
and informatics (computer science in high schools) as independent subjects.

4.1.1 Elements of Style in Using Information Technology
In our approach to teaching and using information technology [7, 9] we convince a
learner to elaborate her/his style of working with information. Application software
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programs, such as editors (text and graphics), spreadsheets, presentation programs,
usually have several options which support a user in improving her/his style (e.g.,
styles, templates, wizards, etc.). Elements of style are also very important when work-
ing with information on the Internet, and in searching, publishing and communicating
on the web. A proper use of style options in software systems also depends on the
subject area to which an elaborated information belongs, and such products benefit
very much from a proper choice of styles.

We also expect students taking informatics (computer science) in high schools to
have their own style in working with information, for instance in computer programs,
data bases, spreadsheets, and multimedia presentations.

4.1.2 Creating ‘“Computer Products”

In teaching informatics we use a standard methodology, called algorithmic problem
solving, for the systematic development of a computer program (in general, a com-
puter solution) for an algorithmic problem, which covers the entire process of design-
ing and implementing the solution, from beginning to end. This methodology is aimed
at generating good solutions, characterised by three fundamental properties: readabil-
ity (the solution is understandable to anyone who is familiar with the problem domain
and computer tools used), correctness (the solution satisfies the problem specifica-
tion), and efficiency (the solution doesn’t waste computing resources, time and
space). The methodology consists of six stages:

1. Problem situation. Analyze and understand the problem statement, input and out-
put description, limitations.

2. Specification. Develop a precise specification of the problem based on the under-
standing of its statement and analysis made in Stage 1. The problem specification
consists of the input specification, the output specification and relations between
input and output. The specification is then used in the next stages as a program
specification.

3. Design. Design a computer solution (program) of the problem — choose an algo-
rithmic technique (e.g. recursion) and algorithms together with the proper data
structures. Decide which computer application should be used.

4. Coding. Write a complete computer solution based on the results of Stage 3. Trans-
late, test and evaluate the computer solution, and test the correctness of the solu-
tion. Already available building blocks (e.g. elements of subroutine libraries) may
be used as a complete solution or its parts.

5. Testing. Systematically verify and test your solution. Use the specification to verify
if the correct answer is produced for specified problem inputs. Some problem
benchmarks can be used to test the solution and to compare it with other solutions
of the problem.

6. Presentation. Write a documentation of your solution and users’ manual. The solu-
tion and the whole process which led to it can also be the subject of a presentation
which is then shown to a teacher and to other students.

This methodology applies to problems which can be solved by designing an algo-
rithm which is then implemented in a programming language as a computer program
and run on a computer.
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The main idea of our approach is that a similar methodology can be used to solve a
majority of tasks and problems which are in the range of information technology
rather than informatics (computer science) and end up with computer solutions that
are not necessarily computer programs in the traditional sense, for instance: docu-
ments, configurations of an educational program, data bases, web pages, and multi-
media presentations. Solving tasks and problems of information technology with the
methodology which is inherent in computer science is an opportunity to expose stu-
dents to computational thinking.

4.1.3 New Facets of Old Computer Science Notions

We extend the meaning of two computer science concepts, problem solving and pro-
gramming, to see them in a wider context of using computers to solve tasks and prob-
lems which are not necessarily algorithmic in nature and introducing all students to
computational thinking.

The core of computer science is about problem solving with computers. On the
other hand, students deal with problems in almost all subjects and quite often a com-
puter is a suitable tool for solving those problems. We may assume that, regardless of
the discipline, a problem occurs when one has to provide an answer/solution based
on what one has learned but is not told how to apply what was learned to solve the
problem. A problem should contain a certain difficulty, not just be a simple task.
When a computer is to be used in solving a problem we should also extend the range
of the problem to finding an answer on how to provide its computer solution. In such
a situation, our methodology described in this paper can be used to obtain a solution
and to develop computational thinking while solving problems from various disci-
plines with the help of computers.

We want to also extend the meaning of a program and programming. A computer
is a machine which only runs programs. It is fed with some basic programs and any
user may use her/his own programs. New programs are usually the result of pro-
gramming and they are often written in a programming language, a language which
computers can understand. In schools however there is not enough time to teach a
programming language and students are not prepared enough to learn programming.
However, there are plenty of opportunities to teach how one can communicate with a
computer by means of programs which are created by using tools other than
programming language tools. We ‘claim’ that the following computer objects are
programs: spreadsheet, data base, interactive and dynamic presentation, website, and
also documents and graphics which are the elements of programming office packages.
Hence again, one may use our methodology in teaching and learning how to obtain
these objects which is the subject of information technology classes. Therefore infor-
mation technology lessons may be used to develop computational thinking. This ob-
servation has an important meaning to school education since information technology
is a subject taken by all students for many years.

Our meaning of programming a computer within information technology with no
use of a programming language has a psychological advantage over programming in
the traditional sense since learning a programming language is considered by the
majority of students and their parents as the first step to a computer science career,
but our goal is only to expose all students to computational thinking.
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4.2 Computational Thinking in Informatics Education

In this section we present some examples of topics taken from the textbooks [7-9] to
illustrate how the general approach described in Section 4.1 can be used to develop
computational thinking.

4.2.1 The Use of Office Application Software

As mentioned above, while working with application (office) software, students are
able to develop elaborations on their style by using system-embedded options, which
support this development: styles, templates, wizards. As a result, ‘computer products’
generated by application software for various subjects benefit from a proper choice
and use of styles.

On the other hand, teachers and their students may use a more general approach to
obtain a computer product. Let us assume that a group of students, members of a
school bicycle club, want to present the club in an electronic form (e.g. as a booklet,
presentation, web page), which can be accessed from the school web site. The stu-
dents’ work may proceed according to the following stages (see Section 4.1.2):

1. Problem situation. Students discuss what kind of information about the club, and in
which form (text, graphics, animation, films), they want to present it. They also de-
cide how to proceed in obtaining information they do not yet have but wish to in-
clude in their presentation. Copyrights are also considered.

2. Specification. As a result of Stage 1, the content of the presentation is precisely
described at this stage, together with some relations (links) between different por-
tions of information.

3. Design. Students decide which computer application is the most suitable for their
presentation (e.g. MS Publisher, MS PowerPoint, a webpage editor). Depending on
the tool they choose, they now can plan a presentation and prepare the building
bricks in an electronic format.

4. Coding. The computer presentation is constructed based on the design elaborated
in Stage 3 and using information prepared in electronic formats. Moreover, stu-
dents test whether the presentation works correctly.

5. Testing. In this stage students systematically verify and test the presentation to see
if it satisfies its specification as determined in Stage 2.

6. Presentation. The presentation and the whole process which led to it now becomes
the subject of a presentation shown to a teacher and to other students.

4.2.2 Sorting Techniques, Demo Software Packages

Sorting appears in many real-world situations and may be treated from different
points of view: practical applications, operations and techniques performed, complex-
ity (number of operations performed), practical efficiency, etc. We usually demon-
strate different sorting techniques using educational software (see Fig. 1 and 2).
Students like to discuss and discover the order in which the elements are compared
and exchanged. They count the number of basic operations and they are surprised that
it may take a while to sort an already sorted sequence of elements, before they realize
that a computer cannot see that the sequence is already sorted.



The Challenging Face of Informatics Education in Poland 13

Fig. 1. Demonstration of the selection sort, and the algorithm for finding the smallest element

Fig. 2. Demo package for sorting algorithms (bubble, selection — in the figure, merge, insertion,
binary insertion, heap, quicksort)

In our textbooks [7-9] we use a number of demos for showing how some of the al-
gorithms work. In fact, these demos may be considered as unfinished programs, since
students can program by defining their final versions choosing values of parameters.

4.2.3 The Change-Making Problem
The following is a problem situation presented to students in middle school [7]: given
is a change V, find the least number of notes and coins of our currency which
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constitute the value V. We assume that each type of note and coin is available in
unlimited quantity. We first ask students to discuss how they usually get their change
in a shop (Problem situation). Quite often they remember situations in which they got
many small coins, for instance in shops that sell newspapers and other small items
such as chewing gum and pops, or in a school shop. The discussion leads to better
understanding the problem, its formulation (i.e. a specification consisting of input,
output and the relation between them) and hints how to solve it. Students easily come
to a heuristic strategy which says that if you want to have the smallest amount of
notes and coins you have to proceed in a greedy way — in each step the largest possi-
ble note or coin is used to form the change V. They verify the strategy making
changes for different values of V. The design stage of solving this problem ends with
a precise description of the greedy algorithm which solves the problem. Then in the
coding stage, the algorithm is coded as a spreadsheet. This problem is thus used to
demonstrate that a spreadsheet, such as MS Excel, may be used to program an algo-
rithm'. In the next stage students fest their programs (spreadsheets) using different
instances of V. Finally we return to the specification and ask the students if their pro-
grams for a given value V really find the smallest possible number of notes and coins
which constitute V. Most of them answer YES but they have difficulty in convincing
the other students that they are right®. We ask them to use their programs to make a
change for 61 groszys and then to modify their programs and add a new coin of 21
groszys (for gamblers!) and again find the solution. In this case, however, the smallest
amount of coins is not formed as a greedy solution. Other examples show that we can
get more than a minimal number of notes and coins if some of them are available in a
limited amount. Finally, students present their finding to the teacher and to other
students and write a short report about what they have done and obtained. In conclu-
sion, the change-making problem appears to be very interesting for students, they are
highly motivated to discuss possible solutions and then to code the greedy algorithm
and finally, to test it on different values. Students also like this problem as a pro-
gramming task for a spreadsheet — this problem is an example of algorithmics with a
spreadsheet.

4.2.4 The Knapsack Problem

Packing a knapsack (the knapsack problem) is another simple problem situation,
which can be solved by using a greedy approach: a knapsack of a given capacity W is
to be packed with some items, each having a value and weight. The goal is to take
items of the total weight at most W and the highest possible total value. In this case
students usually come up with one of three strategies: first take the most valuable
item, first take the lightest item, or first take the item with the largest value to weight
ratio. Then, in the stage of algorithm design, they work hard to find a problem in-
stance for which none of these greedy strategies produces the best solution. Greedy
solutions can be easily coded in a spreadsheet. Some students are also able to follow
and develop a dynamic programming algorithm for the knapsack problem.

! We have a number of other algorithmic problems which can be solved by using a spreadsheet
as a programming tool, for instance calculating a square root (see [16]).
% The change-making problem is computationally one of the hardest combinatorial problems.
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4.2.5 History of Computers and Informatics

Elements of the history of informatics can inspire and motivate students. There is
much to learn from computing history and its deep ties with the historical develop-
ment of other disciplines, such as mathematics, engineering, physics, biology and
many others.

In informatics (computer science), in contrast to rapidly changing technology, one
can identify timeless and invariant basic elements (e.g. notions, ideas, physical and
mental constructions) which constitute a meaningful base of the discipline and its
didactics. All traditional subjects with a long tradition in education, such as mathe-
matics and physics, are full of everlasting ideas and constructions. Computer science
with its close ties to these disciplines may share some of the common principles, such
as information representation (e.g. binary, positional), information transmission (e.g.
protocols), etc. [10]

All our textbooks [7-9] contain context references to historical ideas, notions, peo-
ple, facts, and pictures, which are not only limited to the history of computing but also
to historical events in other disciplines which have some connections to calculating
machines, computers and computing. A set of 12 two-sided posters, entitled History
of computing: ideas, people, machines has been published (see Fig. 3) and schools
are encouraged to buy and hang them in computer labs.

There are only a few facts in the history of computing closely related to Poland and
Polish. We think that at least two of them are very important contributions of Polish

Fig. 3. A poster from the set: History of computing: ideas, people, machines
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scientists to the general history of computing. First, it was the introduction of the
Polish Notation by Jan Lukasiewicz in the 1920’s, which was later modified to form
the Reverse Polish Notation (RPN). There are still many calculators available on the
market with RPN. It is a challenging question for our students: why do such calcula-
tors have no key with the equal sign’. We also show them a number of these
calculators (HP, Sinclair, MK). Unfortunately, we have no example of a calculator
with RPN which was invented and produced in Poland!

Another, very important innovation in computing was “Polish Bomba”, which was
to simulate the Enigma, done by Marian Rejewski (see Figure 4) and his colleagues in
the late 1930’s and is considered the beginning of computer cryptography.

There are plenty of other opportunities in schools: when talking about other disci-
plines, one can mention historical facts, events or people, recognized in the history of
computing and computers for their achievements. For example, we have Napier and
his logarithms and then slide rules, Blaise Pascal with his calculator Pascalina,
Wilhelm G. Leibniz and his stepped drum used in mechanical calculators (in Curta)
until their last days in 1972, Babbage who tried to correct mechanically some very
messy navigation and astronomy tables, Mark Twain, the first author who typed an
entire book on a typewriter (old text editor) and Ernest Hemingway who said of his
Corona 3 typewriter, “It is the only psychiatrist I would ever submit to”. In fact we
are using today a QWERTY computer keyboard invented in the second half of the
XIX century, one in which all the letters of the word TYPEWRITER are located in
one row, the QWERTY row!

Fig. 4. Marian Rejewski has a monument in Bydgoszcz (near Torun), where he was born

3 With respect to the first author, who had spent some time in Japan, it is also quite interesting
to demonstrate to students that the Japanese read mathematical expressions as if they have
been written in the RPN form, for instance 2+2=4 isread as 2 2 + 4 =.
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Most important is to include historical facts from computing into the general his-
tory of human innovations and achievements and also to mention the contribution and
impact of achievements in the domain of computing to the history of mankind. Al-
though no general-purpose computer was constructed before the end of the WWII, the
use of computing devices, such as “Polish Bomba” and a special-purpose computer
called Colossus, helped the war to be ended two years earlier.

5 Conclusions

We have presented in this paper the way in which informatics can be taught today in
secondary schools in Poland. The main focus moves from only using informatics tools
by students to applying a general strategy of solving problems with the use of com-
puters, to problems which arise in various school subjects, learning disciplines and in
the real world.

The approach which we present can be viewed as an implementation of the
computational thinking approach to learning and teaching about computers and with
computers. We also strongly believe that this way of talking with students about com-
puters and their role in solving problems may be a good motivation and preparation
for their future decisions to study computing and become computer specialists.
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Abstract. The Bebras International Contest on Informatics and Computer
Literacy is a motivation competition in informatics that addresses all lower and
upper secondary school pupils divided into three age groups: Benjamin (age 11-
14), Junior (age 15-16) and Senior (for upper secondary level). Using a computer
the pupils have to solve 15 to 21 tasks of different levels within 45 minutes. Two
general types of problems have been used: interactive tasks and multiple-choice
tasks. Creating interesting and attractive tasks that are also motivating and funny
for the pupils is very challenging. The paper deals with criteria for good tasks.
Some examples of tasks are presented and discussed as well.

Keywords: Teaching informatics, Computer education, Contest on computer
literacy, Developing tasks.

1 Introduction

The quality of tasks is crucial for the success of all task-based competitions. Usually
competitions have several goals and the tasks have to fulfill a wide variety of criteria.
The tasks must reflect the goals of the competition and should be adequate for the
applicants. Seeking to motivate students to learn science issues more deeply
competitions are one of the best ways to capture their attention [3, 4, 12]. In
educational competitions, tasks should attract students and drive them to learn and
explore as well to develop skills in the particular area [6]. Children are attracted by
competitions and get easier involved in discussions and become more active [11].

The Bebras International Contest on Informatics and Computer Literacy addresses
pupils grade 5 to 12 (13 in some countries) and aims to motivate the participants to be
interested in typical informatics problems. The Bebras Contest has a similar structure
as the Kangaroo Contest in the field of Mathematics [9]. The students have to solve a
series of tasks of three different difficulty levels. Each task takes between 1 to 4
minutes to be solved. Finding interesting and adequate tasks that can be solved in a
few minutes seems to be much harder in the field of informatics than in the field of
Mathematics. This paper shows criteria for good tasks and gives examples for good
task development.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 19 2008.
© Springer-Verlag Berlin Heidelberg 2008
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2 Experiences of the International Bebras Contest

The idea of the International Bebras Contest on Informatics and Computer Literacy
originated in Lithuania 2003 (The name Bebras — in English “beaver” — is connected
with the hard-working, intelligent, goal seeking and lively animal living around lakes
and rivers in Lithuania and other countries). It took almost a year to create tasks and
to prepare technology to implement it: the first contest started in October 2004. The
organizers had the goal to make the Bebras Contest an international one. The well-
known Baltic Olympiad in Informatics was organized in Lithuania in May 2005 [1]. It
was a good opportunity to advertise the Bebras Contest at least for participants of the
Olympiad (Denmark, Estonia, Finland, Germany, Latvia, Sweden, and Poland).
During the Baltic Olympiad the international Bebras workshop for creating tasks was
organized. Four more countries were invited and participated in the Bebras workshop
(Austria, Egypt, Israel, and The Netherlands). Participants spent a lot of time
discussing the structure and development of the contest as well as preparing tasks. It
was decided to run the Bebras Contest each autumn (October-November).

In spring 2006, the second International Bebras Contest workshop was organized
in Lithuania and the International Bebras Organizing Committee was established [8].
The main goal of the workshops is to develop a set of tasks for the coming Bebras
Contest. After a year the third international Bebras workshop was organized again in
the same place as previously. Two more countries joined the workshop: Slovakia and
Ukraine.

At the moment some countries have already been running the international Bebras
contest for their pupils, some are still in a preparation stage. In 2007, the Bebras
Contest was very successful in Germany — 21 802 participants (www.informatik-
biber.de), in Estonia — 2978 participants (www.miksike.ee), as well as in Lithuania —
7015 participants [8], in Poland — around 7000 participants (www.bobr.edu.pl), in the
Netherlands — 2405 participants (www.beverwestrijd.nl), in Austria — 1400 partic-
ipants (http://at.beverwedstrijd.nl/).

3 Categories of Tasks

Children and students are using computers and technology every day. Some of them
have a better understanding, other are plain users. However users need also some
thinking skills while applying technology. The best way to develop thinking skills is
to solve problems. The ability of pupils to solve problems in real-life settings is of
prime concern to educators and policy makers. Interest and engagement are very
important in problem solving [3, 5].

Problem solving is an individual’s capacity to use cognitive processes to confront
and resolve real, cross-disciplinary situations where the solution path is not
immediately obvious [2].

When teaching informatics and computer literacy via problem solving, it is very
important to choose interesting tasks (problems) for motivating learning. Therefore,
one should try to present problems from various fields of science and life, with a lot
of real data.
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Interest in competitions essentially depends on problems. Attraction, invention,
tricks, surprise should be desirable features of each problem presented to competitors.
The problems have to be selected carefully, taking into account the different aspects
of each problem, i.e. what educational power it contains and how to interpret its
attractiveness to students (whether it stimulates the motivation of learning).

Problems can be of different types: starting from the most common questions of
computers and their applications in the daily life to specific integrated problems
related to history, languages, arts, and, of course, mathematics. It is very important to
choose the problems in such a way that the participants of the competition could have
the same chance to solve the tasks, irrespective of the operating system or computer
programs used by them.

In informatics, there is also the problem of syllabus. Even if there is an education
standard for informatics at school in some countries, there till now there is no com-
mon agreement what should be included in an integrated syllabus using information
technologies. We can use some guidelines e.g. the UNESCO recommendations [7].

In the first and second international Bebras contests some problems were related to
the usage of various most common programs, others were related to hardware and
software, and some of them were connected with the culture and language. So it could
happen that some problems would not be applicable in some countries: some might
appear too simple, and some — too complicated.

At the second international Bebras workshop (2006), a brainstorming session was
held to generate ideas for different types of tasks that could be used in the contests.
Also the classification of tasks was started to elaborate and some topics groups were
suggested [10].

The classification proceeded further in the third Bebras workshop and in
discussions between members of the Bebras Organizing Committee. In September
2007, some active members of the Bebras Organizing Committee have launched the
meeting in Potsdam and elaborated the following proposal for topics of the Bebras
contests on informatics and computer literacy.

INF Information comprehension
Representation (symbolic, numerical, visual)
Coding, encryption

ALG Algorithmic thinking
Including programming aspects
USE Using computer systems

e.g. search engines, email, spread sheets, etc.
General principles, but no specific systems
STRUC Structures, patterns and arrangements
Combinatorics
Discrete structures (graphs, etc.)
PUZ Puzzles
Logical puzzles
Games (mastermind, minesweeper, etc.)
SOC ICT and Society
Social, ethical, cultural, international, legal issues
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This list of task categories improves the task types given in [10] in the respect that
it forms a small number of groups of tasks of nearly the same importance and gives
the categories names that are easily understandable even by pupils.

The selection of tasks is very important: a set of tasks must cover as many sub-
areas of informatics as possible, including algorithms and programming methods, and
what is most important, the pupils should acquire the skills of using them. The
problems have to be selected taking into account the different aspects of each pro-
blem. Two large groups of problems were distinguished: 1) interactive problems (for
making something with computer and technologies); 2) multiple choice questions.

The problems have to be selected carefully, with regard to different aspects of each
problem (i.e., what educational power it has) and interpretation of its attractiveness to
pupils (whether it stimulates the motivation of learning).

4 Criteria for Good Bebras Tasks

The following list of criteria reflects the experiences of the International Bebras
Organizing Committee in developing successful Bebras tasks:

Table 1. Criteria for good Bebras tasks on informatics and computer literacy that are used by
the International Bebras Organizing Committee. The criteria that start with the word “should”
may be not fulfilled by all Bebras tasks.

Good tasks ... Explanation

are related to informatics, As stated in the aims, the Bebras contest is a
computer science or computer | competition on informatics and computer literacy.
literacy

allow learning experiences In solving the tasks one should learn something
interesting. Learning gives satisfaction and is never
boring.

can be solved in 3 minutes 3 minutes is the average time to solve a task.

have a difficulty level Level A (1/3): simple, all pupils of the target group

(3 levels) should be able to solve.

Level B (1/3): intermediate, challenging tasks that
need some thinking to solve.
Level C (1/3): hard to solve, only the best can solve
these tasks.
are adequate for the age of Bebras has 3 age groups:
contestants (3 age groups) e Benjamin: grade 5 to 8,

e Junior: grade 9 to 10,

e Senior: grade 11 to 13.
Some tasks may be suitable for more than one age
group. They may differ in difficult level.
are independent from any The International Bebras Contest cannot support
curriculum all curricula of a large number of countries. The
Bebras tasks are oriented on the usual ability of
pupils of the addressed age groups.
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Table 1. (continued)

Good tasks ...

Explanation

are independent from specific
IT systems

Of course all tasks don’t rely on pre-knowledge of
details of specific IT systems. No specific operating
system, programming language or application
software is taken for granted. All system specific
terms must be explained within a task.

have easy understandable
problem statements

A problem statement should be presented as easy as
possible: easy understandable wording, easy
understandable presentation of the problem (maybe
use of pictures, examples, embedded in a proper
story, use of a simulation or an interactive solving
process), a problem statement should never be
misleading.

are presentable at a single
screen page

A single task should never exceed a single screen
page. Scrolling is not reasonable in a contest
situation.

are solvable at a computer,
without other hardware,
additional software or paper
and pencil

Bebras tasks are independent from specific
operating or application systems. Use of additional
software should not be necessary. Also a calculator
should not be necessary to use. Mental arithmetic
should be sufficient for all calculations. Cheating is
much easier within a computer lab if paper and
pencil is allowed.

are politically correct

Good tasks contain no gender, racial or religious
stereotypes.

should be funny

Some sort of excitement or fun should be provoked
by a good task or by solving the task. It should
never be boring.

should have pictures

Tasks that involve pictures are more attractive.
The pictures should play a role in understanding
or solving the task. It should not be a mere
illustration. Pictures are supporting visual
thinking.

should have interactive
elements (simulations, solving
activities, etc)

Multiple-choice is in many cases not adequate.
Sometimes it is appropriate to input a number or a
word or have a choice of a list of possibilities.
Often the result can be produced by operating a
simulation of a machine that should be operated

properly.

should give immediate
feedback

After solving a task correctly the participant should
have the certainty of having solved the task
correctly.
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Furthermore a good Bebras task should not be tricky. A tricky task is usually too hard
to be solved by thinking, but the knowledge of a very specific detail allows the solution.

To discuss this list of criteria we give some examples of tasks that were given
at beaver competitions. The first one lacks some of these criteria, the others are
almost perfect.

4.1 Example Task: Tomorrows Weather

We consider the following multiple choice task:
Assume that the weather would follow the rule:
“If there is a sunny day, the day after will be sunny too
If it is sunny today, what could you infer?

A. It is always sunny

B. Yesterday it was sunny

C. From now on it will always be sunny
D. It will never be sunny again

(One of the answers is correct)

Fig. 1. The Tomorrows Weather task that was given at Bebras contest 2007

At the first glance it seems that this task is a pure logic thinking question, but the
requested sort of thinking is exactly the same as it is necessary to understand loops in
algorithms and programs. Therefore the task category is partly algorithmic thinking
(ALG) and partly puzzles (PUZ) because of its logical puzzle characteristic. If one is
not sure that C is the correct answer it should be possible to exclude the wrong
answers by falsification of the answers A, B and D.

This task does not fulfill all optional criteria for good tasks:

e It has no picture involved
e It has no interactive elements

In the Bebras competition 2007 in Austria this task (a German translation) was
used in the age groups Benjamin and Senior. In both age groups it was the task with
the highest number of wrong answers.

Due to this fact we can say that also some other criteria are not completely
fulfilled:

e It is not funny (interesting) to solve the task (what is funny when the idea of
the task was not grasped by so many pupils?)

e The problem statement is not easily understandable (maybe there were
problems to understand the term “infer’)

e It does not allow enough learning experiences (what can be learned when
nearly all participants failed to solve the task?)

Due to this list of not fulfilled criteria it is now - after the competition -
questionable if this was really a good Bebras task.
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The Weather task yielded also another interesting result: it was the only task that
had more correct solutions in the younger group (22%) than in an elder group (10%).
It is very surprising that it was this logic oriented task that was easier for the younger
pupils to find the correct solution.

4.2 Example Task: Islands in a Lake

Now we give an example of a possibly perfect interactive task:

Beaver discovered a number of islands in a lake and
decided to build bridges to connect them. While
building bridges Beaver follows the rules: the bridges
must be built keeping the directions East-West and
North-South and they shouldn’t overlap each other.

Help Beaver to build as many bridges as possible. Use
the mouse to connect pairs of islands.

Fig. 2. An interactive task, age group Junior, difficulty level A (simple)

It is an algorithmic thinking (ALG) task, since a solution strategy incorporates
strategies to find all different ways of building bridges. The possibility of interactively
building bridges that are counted automatically and that can also be reset allows a sort
of game-based learning.

4.3 Example Task: Shape Manipulation

Anne created a program, which includes just three operations:

e rotation of the shape 90 degrees to the right
e rotation of the shape 90 degrees to the left
e mirroring of the shape



26 V. Dagiené and G. Futschek

These operations can be performed unlimitedly.

Which one of these shapes is IMPOSSIBLE to attain while experimenting with
the given shape?

——

Fig. 3. A multiple choice task, age group Benjamin, difficulty level C

This multiple choice task does not involve any interactive elements. The challenge
in this task is not doing but imagining the possible effects of the operations. It is a
way of thinking that is also necessary in testing software.

5 Challenges for the International Bebras Task Development

Each year the international Bebras workshop develops a set of new tasks and
questions. The group of international experts in pedagogy and computer science
follows a process that allows creativity in finding new tasks and ensures a high
quality of the output. It is not easy to create tasks that fulfill all criteria. Even the
mandatory criteria are often hard to meet. But all tasks that do not fulfill the
mandatory criteria have to be dropped. Often it is a process of several versions from
an imperfect task formulation to an acceptable formulation.

The mandatory criteria that are usually hard to meet are:

the task can be solved within 3 minutes

the problem statement is easy understandable

the task is presentable at a single screen page

the task is solvable at a PC without use of other SW or paper and pencil
the task is independent from specific systems

Practical tasks in informatics are usually not solvable within 3 minutes. So the
tasks for the Bebras contest have to concentrate on smaller learning items. Due to the
independence from specific systems the focus of the tasks is not the work in real
systems but the understanding of the principles, ideas and concepts that are involved
in informatics systems.

The easy understandability of tasks is in all contexts a very important goal. Not
only the wording but also the presentation of the task that may include interactive
elements is important. Since the pupils should be able to solve a task in an average
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time of 3 minutes, the formulation of a task should be as short as possible but at any
rate no longer than a single screen page. Since the Bebras contest is performed at PCs
there should be no need for paper and pencil to solve a task. It should not be easier to
solve a task on paper than without paper. Usually it is possible to provide suitable
interactive elements on the PC so that a solution on the PC is easier.

Of course the desirable criteria are much harder to meet; two of them are discussed
here:

e should be funny,
e  should have interactive elements

What is funny differs from person to person. But it is important that the authors of
the tasks think about the possible feelings of the pupils when they are confronted with
the tasks. The Bebras Contest should motivate the pupils to be interested more deeply
in informatics. This goal can only be reached if the tasks are interesting and provoke
some excitement. Pure knowledge tasks are often not as exciting as tasks where
thinking is necessary to solve them. Most of the Bebras tasks give new situations the
pupils have never seen before, so thinking is the only way to find the correct solution.

The interactivity is very typical for computers, so it is clear that a computer
oriented contest should apply interactive elements to explain or solve tasks. Very
often these interactive elements are “funny” to use and make the understandability of
the problem statement much easier.

Especially the interactive elements need a lot of effort in the implementation of the
tasks. But due to the attractiveness of interactive tasks the high effort for
implementing the interactive part is worth to be done.

6 Example of a Task Development

Now we describe the development of a task from the initial idea for that task to an
intermediate, not satisfactory state to the final formulation.

6.1 Idea for a Data Structure Task and First Formulation

At the beginning was the idea for a task that involves the data structure “Heap”. For a
given binary tree with values at the nodes we wanted to ask how many exchanges of
values are necessary to achieve a “Heap”.

i)
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Fig. 4. The binary tree that should be transformed to a “Heap”
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Since we cannot expect that the addressed pupils are familiar with the data
structure of a “Heap” we had to give a definition of a “Heap”.

The picture shows a binary tree with values in the nodes. A
binary tree is called a “Heap” if each parent node has a value
greater than or equal to both child nodes. The given binary
tree is not a “Heap”. Give the minimum number of value
exchanges (of any two nodes) that produces a “Heap”.

Answers: A)2 B)3 C)4 D)5

Fig. 5. The first formulation of the Heap task

This formulation requires pre-knowledge of the graph theoretical terms “node” and
“binary tree”, so this task may be suitable only for pupils of the senior age group.

The main problem with this task is that it is not easy understandable. There is only
a textual definition of a “Heap”; an example of a “Heap” may be very useful. If we
would use an example with other values than the given binary tree, the problem
description would be extremely lengthy and the presence of two different trees would
possibly be disturbing and misleading. If we would present the final Heap with the
values at the final positions of the given tree, this task would be understandable and
very easy to solve but there would be no learning about the “Heap” data structure
possible.

As we found the idea of this task very interesting and suitable for the Bebras
contest we had to work on a better presentation of this task.

6.2 Final Formulation with the Technique of Telling a Suitable Story

Finally we tried to find a suitable story that makes the understanding of a “Heap”
more intuitively and more easily. The idea for the story was “to take a group photo of
the young beavers”. This led to the final formulation of the Beaver’s Group Photo
task:

To make a group photo of 7 beavers it is necessary that the
smaller beavers stand in front and the larger beavers in back.
Unfortunately the beavers stand in a wrong order. In the
graphics below those beavers are connected by a line where the
back beaver should be larger than the front beaver. The only
operation to rearrange beavers you can do is exchanging any
two beavers of the group.

What is the minimum number of exchange-operations, that after
all, the beavers are ready for taking picture?

Please perform a minimum number of exchange-operations by
clicking on pairs of beavers.
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Fig. 6. The final formulation of the Heap task, that is easier understandable, it involves an
interactive solution

This task was given at the Bebras Contest 2006 in all three age groups. Even the
youngest pupils could solve this task due to its easy formulation using the
photographer story.

To avoid use of paper and pencil in solving this task a good Bebras system should
provide a possibility to interactively exchange the beavers. An automatic counter
could count the number of exchanges that can be used to find the solution. In fact not
all Bebras systems used by the Bebras countries in 2006 supported the interactive
exchange of beavers.

7 Summary

We discussed the special challenges for the group of people who create tasks for the
Bebras Contest. They have the goal to find interesting (“funny”) tasks in the field of
Informatics and Computer Literacy that are challenging and can be solved in a very
short time. A list of criteria for good tasks helps them to create and quality check the
created tasks.

In some cases a suitable story may make a presentation of a task much easier so
that also younger participants may solve the problem.

We are open for all kinds of proposals and ideas of collaboration and hope to find
friends and partners in all countries. Integration of information technologies into the
teaching process and understanding technology while using computers should be our
target. We should collaboratively try reaching it.

We are ready to share our experience, technology, and future plans with all who
are interested. We expect that it will foster your own competitions similar to the
Bebras contest or will encourage you to join us. We are sure that a well-organized
competition with interesting, playful, exciting problems, and attractive awards will
invite children of all countries to reason about proper use of computers and to explore
and to understand realities, possibilities, and failings of technology.
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Abstract. This paper presents the history of successes of young Poles in the
field of computer science (particularly, in programming) in the past 15 years
and indicates the grounds for their outstanding achievements. We will also
discuss conditions which should be fulfilled in order for successes of young
computer scientists to evolve into achievements in their professional life, corre-
sponding to their abilities and ambition. It seems that Polish experiences are
universal enough to be adopted also by some other countries and could be help-
ful in the process of selecting gifted IT students and in work with them.

1 Introduction

In school year 1993/1994 the first Polish Olympiad in Informatics [1] was organized.
The Olympiad is a national competition in informatics for high school students, rec-
ognized and financially supported by the Ministry of National Education. Around
12000 students have taken part in all editions of the Olympiad organized so far. Since
school year 1995/1996 Polish high school students have been bringing gold medals
from the International Olympiad in Informatics [2] every year. The biggest successes
of Polish contestants are the victories at the International Olympiad in Informatics in
2006 (Filip Wolski defeated 282 contestants from 74 countries) and 2007 (Tomasz
Kulczynski defeated 283 contestants from 77 countries). Academic successes of for-
mer Olympiad contestants prove how good the participants of the Polish Olympiad in
Informatics are. The biggest achievements include victories of Warsaw University'
teams in the ACM International Collegiate Programming Contest [3] in 2003 (Tomasz
Czajka, Andrzej Gasienica-Samek, Krzysztof Onak won a team victory in Beverly
Hills, defeating in the finals 69 teams selected in the process of elimination from 3850
teams representing 1329 schools from 68 countries) and 2007 (Marek Cygan, Marcin
Pilipczuk, Filip Wolski won a team victory in Tokyo, defeating in the finals 88 teams
selected in the process of elimination from 6099 teams representing 1756 schools
from 82 countries). Poles have also been successful in such world competitions as
TopCoder Open [4], Google Code Jam 2005 [5], Microsoft’s Imagine Cup [6] and the
IEEE Computer Society Annual International Design Competition [7].

! The name “Warsaw University” has been recently changed by the Senate of the University
into the “University of Warsaw” which became the official one in English and hence will be
used in this paper.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 31-@ 2008.
© Springer-Verlag Berlin Heidelberg 2008
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The role of competitions in selecting and educating particularly gifted high school
and university students cannot be underestimated. These educational events require
knowledge and skills greatly exceeding what is taught at schools and universities. As
an example, in [8] one can find minimum requirements which are to be met by par-
ticipants of the International Olympiad in Informatics. A good competition always
relates to the basis of the discipline which it concerns and the knowledge and skills
acquired through participation therein are not volatile and constitute grounds for
further field-related development. What is of even greater importance is for the com-
petition to engage and develop skills necessary in the future professional activity of
these young people: diligence, constant striving for self-development, self-discipline,
hunger for knowledge, self-improvement, ability to work in a team, honesty, ambi-
tion, eagerness to compete, striving for success. Taking part in a good competition
should pose intellectual challenge to a young person, whilst success should distin-
guish. On the other hand, competition organizers should make sure that participants
have the ability to get to know one another and make close contacts which can bear
fruit in their professional life. All of the aforementioned competitions meet these
criteria.

No competition should be the goal as such. Discovered talents must be perfected,
which means providing talented young people with possibilities of education at the
highest world level, contacts with the best researchers in the field, internships and
trainings in top companies having an actual impact on the development of the field,
challenging tasks to be solved, and finally providing young people with financial
means enabling their full engagement in professional work corresponding to their
ambition, knowledge and abilities.

In this article we present a review of the most important Polish and world competi-
tions in informatics. We provide their short characteristics and present the most
significant successes of Poles in these competitions. Furthermore, we attempt to char-
acterize the main factors which form the basis of successes of young Polish computer
scientists. Finally, we deliberate on what can be done in order for successes of young
people to evolve into professional achievements in their adult life.

2 Competitions in Informatics

The most important competitions in informatics for high school and university stu-
dents are these involving elements of algorithmics and programming. In competitions
of this type participants are presented with a certain number of tasks to be solved,
each of which consists of a short story presenting the problem situation which is to be
solved. The solution to a task is usually an algorithm in the form of a program written
in a (algorithmic) programming language chosen by a contestant from the set offered
by the organizers of the contest. The most commonly used programming languages
are C and C++. In recent years a decreasing interest in the Pascal language and an
increased popularity of the Java language could be observed. Correctly compiled
programs are then run against tests prepared by the organizers and unknown to
the contestants. Tests are chosen in a manner enabling detection of incorrect programs
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Task: COD

Every permutation A = (ay, ..., a,) of numbers 1, ..., n can be coded by a sequence
B = (by, ..., b,) in which b; equals the number of all g; such that (j < i & a; > a,), for
i=1,..n.

Example
The sequence B = (0, 0, 1, 0, 2, 0, 4) is the code of the permutation A = (1, 5, 2, 6, 4,
7, 3).

Task
Write a program that:

e reads from the text file COD.IN the length n and successive elements of the
sequence B,

e examines whether it is a code of some permutation of numbers 1, ..., n,

e if 50, it finds that permutation and writes it in the text file COD.OUT,

e otherwise it writes in the file COD.OUT one word NO.

Input

In the first line of the text file COD.IN there is a positive integer n <= 30000. It is the
number of elements of the sequence B. In each of the following n lines there is one
nonnegative integer not greater than 30000. It is the successive element of the se-
quence B.

Output

The file COD.OUT should contain: in each of n consecutive lines - one element of the
permutation A, whose code is the sequence B written in the file COD.IN, or word NO,
if the sequence B is not a code of any permutation.

Examples
For the file COD.IN: The file COD.OUT should contain:
6 1
0 6
0 4
1 2
2 5
1 3
3
For the file COD.IN: The file COD.OUT should contain:
2 NO

1
0
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and differentiation of solutions of different efficiency complexity, with main focus on
time complexity, whereas memory complexity is restricted by explicitly specified
limitations of memory used by the program. Depending on the competition, a solution
is assessed in a binary manner (all tests passed/some tests failed) or it receives a num-
ber of points based on its quality. In order to make the readers familiar with the style
of competition tasks, we present one of the tasks from the 2" Polish Olympiad in
Informatics.

People interested in combinatorics should discover at once that the task COD con-
cerns reconstructing a permutation from its inversion vector. In order to solve this
task one has to find out a bijection between permutations and inversion vectors. The
simplest way leading to this discovery (one has to examine the given inversion vector
from the end to the beginning) gives an algorithm working in »"2 time. However,
there are algorithms running in time O(nlogn). In order to design such an algorithm
knowledge about binary search trees is needed. We also have to keep in mind that it is
not sufficient for a contestant to discover the right algorithm — he or she has to write
a correct program implementing the invented algorithm. Even professional program-
mers are not able to write programs without errors at once. In order to get correct
programs they have to remove syntax errors, run several tests to remove logical faults
and finally examine the efficiency of the solution. Every participant of an algo-
rithmic/programming competition follows this path. At a small scale, contestants go
through implementation stages of actual programming projects, which include:

e task analysis (finding connections between permutations and inversion
vectors),

e consideration of possible solutions and selection of the best one (searching
for algorithms, choice of data structures, analysis of complexity, selection of
programming language),

e implementation of the selected solution (writing the program in the chosen
programming environment, deleting compilation errors, testing),

e submission of work results to the user (sending the written program to com-
petition judges).

This simple example already shows that in order to be successful in algorithmic and
programming competitions, one must possess the following skills:

e ability to analyze algorithmic tasks precisely (knowledge of mathematics and
logical reasoning are especially helpful in this process),

e ability to program in at least one high level programming language,

e knowledge of at least one programming environment as well as ability to
compile, debug and implement programs in this environment,

e knowledge of basic techniques of algorithm and data structure design.

Winners of prestigious competitions possess the above skills at the level represented
by the best professionals in the field.

Below we present short characteristics of the 5 most prestigious competitions in in-
formatics for high school and university students as well as the most significant
achievements of Poles in these competitions.
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2.1 Olympiads in Informatics

The Olympiad in Informatics is a competition targeted at high school students. Win-
ners (the first four) of national programming competitions represent their countries at
the International Olympiad in Informatics (IOI) [2]. The Polish Olympiad in Infor-
matics (POI) [1] consists of three stages. At each stage contestants are presented with
a number of tasks. The first stage is usually organized in October and November. It
gathers over a thousand of contestants. The contestants are presented with five or six
tasks that should be solved at home within a month and sent for evaluation. About
360 contestants are qualified to the second stage of the competition. The second stage
is organized in six regional centers located at universities cooperating with the POI
and takes three days. The first day is a preparation day — the contestants are to solve
one or two tasks during a three-hour session. However, the results are not counted in
the competition. During the second and the third day the contestants are to solve two
or three tasks during five-hour sessions. Solutions are collected from all the centers
and evaluated centrally. About 70 contestants are qualified to the third stage of the
competition. The final, third stage is organized in one place and takes five days. Simi-
larly to the second stage, there are three competition days. The two other days are for
pleasure. The first competition day is also a preparation day, during which contestants
have to solve one or two tasks in three hours. Each of the other two competition days
contestants have to solve three tasks in five hours. The four best contestants represent
Poland at the International Olympiad in Informatics (IOI) which takes place every
summer. The finals of the POI follow rules of the IOI. Every year the IOI gathers the
best computer science pupils from the whole the world. The first International Olym-
piad in Informatics took place in year 1989, four years before the POI started. Since
then Polish students have won 23 gold, 22 silver and 19 bronze medals and in the
years 2006 and 2007 Poles were the overall winners of the IOl — Filip Wolski and
Tomasz Kulczynski respectively.

2.2 The ACM International Collegiate Programming Contest (ICPC)

ICPC [3] is the oldest and the most prestigious computer science competition in the
world and it is considered to be world championship in team programming. ICPC is
targeted at university students and it is a team competition. Each team consists of
three students representing the same university. ICPC is a two-stage competition. The
first stage involves regional eliminations. There are a few dozen of such eliminations
and they take place on all inhabited continents. Teams which prove to be the best in
the eliminations (which always include the winners and a few further teams depend-
ing on a strength of the origin and the number of participating teams) advance to the
finals. Both the eliminations and finals are carried out in the same manner. Each
three-member team has one computer at its disposal, five hours of time and from 8 to
12 tasks to be solved. Solutions of particular tasks are evaluated at real time and
teams are informed about the result of task evaluation: accepted, run-time error, time-
limit exceeded, wrong answer, presentation error. Particular tasks are evaluated as
accepted or rejected. The team which completes the most tasks wins the competition.
In the event that more teams complete the same number of tasks, they will be ranked
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based on the shorter total time spent on solving completed tasks. However, each re-
jected submission of a completed task results in a 20-minut time penalty.

The history of the ACM competition goes back to 1977 and is inseparably con-
nected with Bill Poucher, the originator and animator of the competition. At the be-
ginning the competition was meant for teams from the United States (between 10 and
20). In academic year 2006/2007 the 31* Annual ACM International Collegiate Pro-
gramming Contest hosted 6099 teams representing 1756 universities from 82 coun-
tries, out of which 88 teams advanced to the finals in Tokyo. In the academic year
1994/1995 Poles, the University of Warsaw team to be precise, took part in the ACM
competition for the first time, instantly advancing to the finals and finishing at 11"
place. The University of Warsaw teams have uninterruptedly taken part in the finals
of this competition ever since. Only two universities from North America beat the
University of Warsaw as far as frequency of participation is concerned, namely Vir-
ginia Tech and the University of Waterloo. The biggest successes of the University of
Warsaw (and Poland) are victories in the ACM competition finals in 2003 and 2007.
The winning team of 2003 included Tomasz Czajka (the winner of the Polish Olym-
piad in Informatics in school year 1999/2000), Andrzej Gasienica-Samek (the winner
of the Polish Olympiad in Informatics in school years 1994/1995, 1996/1997 and
1997/1998), Krzysztof Onak (2™ place in the Polish Olympiad in Informatics in
school years 1997/1998 and 1999/2000). Academic world champions in team pro-
gramming in 2007 were: Marek Cygan (participant of the 2" stage of the Polish
Olympiad in Informatics in school years 2001/2002 and 2002/2003), Marcin
Pilipczuk (5" place in the Polish Olympiad in Informatics in school year 2001/2002,
13" place in school year 2002/2003), Filip Wolski (the winner of the Polish Olympiad
in Informatics in school years 2004/2005 and 2005/2006, the winner of the Interna-
tional Olympiad in Informatics in 2006). Other significant achievements in this com-
petition include 2™ place of the Jagiellonian University team (Arkadiusz Pawlik,
Barttomiej Walczak, Pawet Walter) in 2006, 5™ place of the team from the University
of Wroctaw in 2005 (Pawet Gawrychowski, Jakub Lopuszanski, Tomasz
Wawrzyniak), 6", 7" and 10" place of teams from the University of Warsaw in 2001,
2006 and 2004 subsequently. All members of these teams took part in the Polish
Olympiad in Informatics while they were high school students.

2.3 TopCoder

The TopCoder competition [4] is one of the youngest yet extremely popular competi-
tions in the world. The number of registered contestants representing over 200 coun-
tries is at present about 145.000. TopCoder is a competition for individuals and
features 3 categories: Algorithm, Design and Development. The Algorithm category
is the most popular one. It involves participants playing programming matches which
take place once a week on average. Each match lasts around one and a half hour and
is divided into two phases: coding phase and challenge phase. In the coding phase
participants are presented with three tasks: easy, of medium difficulty and difficult,
for 250, 500 and 1000 points respectively. In order to obtain a positive number of
points, the task must be solved correctly. The number of points for a correctly solved
task depends on the time spent on solving it. In the challenge phase participants can
see programs of other match participants and may question their correctness. For each
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detection of an incorrect solution one can receive additional points, whereas incorrect
reports result in deduction of points. The participant with the most points becomes
the winner of the match. Ranking of all participants is created on the basis of results
of the matches already played. Ranking points of students form the basis for ranking
of universities and countries. Since February 2005 University of Warsaw has been
ranked first in the TopCoder university ranking and Poland has been ranked second,
slightly falling behind Russia. As of the day of writing this article (March 2008), there
are 3 Poles among the top ten participants (Marek Cygan — on the third position,
Tomasz Czajka, Tomasz Kulczynski), each of whom has been a participant of the
Polish Olympiad of Informatics.

2.4 Imagine Cup

Imagine Cup [6] is a competition organized by Microsoft. It is targeted at university
students and encompasses 9 categories: Software Design, Embedded Development,
Game Development, Project Hoshimi, IT Challenge, Algorithm, Photography, Short
Film, and Interface Design. As can be concluded from the names of particular catego-
ries, the competition is addressed to both developers of IT tools and their users. The
aim of the competition is to stimulate creativeness of its participants. Poland has also
had spectacular successes in this competition. In 2007 Poles won in the following
categories: Algorithm (Przemystaw Dgbiak), Photography (Iwona Bielecka, Matgor-
zata Lopaciuk), Short Film (Julia Gérniewicz, Jacek Barcikowski).

2.5 Computer Society International Design Competition (CSIDC)

A few years ago IEEE computer society started searching for a new competition for-
mula for IT academic teams different from that of ICPC. As result of this effort the
CSIDC [7] competition had its debut in 2000. Participants of the competition were to
design and create a particular computer controlled device as a part of their academic
classes. Participating universities were drawn from those willing to take part in the
competition (in order to have a number of participants specified in advance, usually
around 200 world-wide). They received proper equipment kits and programming
packages from the organizers.

After a few months each of the participating teams presented a report which was
then evaluated by experts from industry and academy. The ten projects evaluated best
advanced to the finals. In the finals each team had a chance to present the results of
its work live. After proper debate experts chose the winner.

It turns out that also in this competition Polish computer scientists had great suc-
cesses. Teams from Poznan University of Technology advanced to the finals six
times, winning in the second and fourth edition of CSIDC (years 2001, 2004) and
finishing second in 2002 and 2005 as well as third in 2000. Unfortunately, due to
financial reasons the competition is not organized since 2007.

3 Anatomy of Success

In this chapter we attempt to answer a question: what is the secret of successes
of young Polish computer scientists? Without doubt numerous successes of young
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people repeated every year are not a coincidence. They also didn’t happen overnight.
It seems that the most important and long-term undertaking which had a great impact
on the development of computer science among youth in Poland was the organization
of the Olympiad in Informatics in 1993. The Olympiad is an institution which in co-
operation with the Ministry of National Education, the best universities in the country
(the University of Warsaw, Jagiellonian University, the University of Wroctaw,
Poznan University of Technology, AGH University of Science and Technology),
teachers and IT industry selects IT gifted high school students and takes care of their
development in an organized manner. These goals are realized by providing pupils
with the opportunity of noble rivalry in solving challenging computer science tasks.
These tasks are prepared both by world-class computer scientists and former partici-
pants of the Olympiad, who participate successfully in academic competitions. More-
over, former contestants of the Olympiad participate actively in Olympiad-related
works by preparing model solutions of tasks presented at the Olympiad and they are
the authors of the sophisticated software used during the Olympiad for the purposes of
automatization of work, particularly automatic evaluation of contestants’ solutions.

Besides the Olympiad, a very important role in the development of the most gifted
young people is played by the Polish Children’s Fund [9] — an organization which
for already 25 years takes care of gifted pupils (not only with IT talent). During work-
shops and camps organized by the Fund, the participants have the chance to familiar-
ize themselves with these fields of computer science which they do not necessarily
have to encounter while taking part in competitions. A vast majority of the aforemen-
tioned winners of different contests were participating in the Fund’s programme —
many of them (e.g. Tomasz Czajka, Andrzej Gasienica-Samek, Marcin Pilipczuk,
Filip Wolski) since early childhood. The Polish Children Fund is a unique organiza-
tion not only in Poland. Its activities are based on cooperation with numerous higher
educational and/or research institutions, as well as with individual academics willing
to offer their time and experience to work with particularly talented children and
young people.

The Olympiad conducts intensive educational activity. Each year post-Olympiad
materials are published and contain detailed analysis of solutions to tasks presented at
the Olympiad as well as model programs. Former Olympiad contestants run an Inter-
net educational portal for beginners in the field of programming and algorithmics
[10], thanks to which even pupils from small towns and villages have the chance to
discover the secrets of “real” computer science. Every year finalists of the Olympiad
have the opportunity to participate in summer camps combining recreation and educa-
tion, during which they attend lectures prepared by researchers and older students.
They may also develop their algorithmic and programming skills by taking part in
practical programming workshops.

People involved in the Olympiad’s work are very often authors or translators of the
most important IT handbooks, thanks to which young people can study in their
mother tongue.

The first person who can notice the talent of a student and help him/her choose the
right development path is the teacher. That is why the Olympiad organizes workshops
for teachers, during which they can familiarize themselves in practice with the speci-
ficity of computer science competitions.
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Such broad activity would not be possible without financial support. Activity of the
Olympiad in Informatics is financed from both public means (grant from the Ministry
of National Education) and private means from top IT companies in Poland. At this
point the significant role of the IT system integrator PROKOM SOFTWARE S.A., a
company that has been co-organizing the Olympiad since 1997, must be emphasized.

What is also of great importance is the fact that the best Olympiad contestants,
winners of programming competitions, form an elite and are role models for future
generations. Being a part of the elite is beneficial. This statement is reflected in the
policies of the top universities in the country which admit finalists of the Olympiad to
university without qualification procedure. The Faculty of Mathematics, Informatics
and Mechanics of the University of Warsaw itself yearly admits around 50 finalists,
who belong the group of the best students. Such a group of gifted students gives
teachers the opportunity to prepare classes at the highest level and expect a lot of their
students.

To sum up, the keys to success include:

e dedicated people (researchers, teachers, students, pupils),

e dedicated organizations (universities, the Ministry of National Education,
schools),

e financial security (the Ministry, sponsors — PROKOM SOFTWARE Com-
pany, ATM S.A.),

e quality (both task quality assurance and organization quality).

4 What Further

In order to achieve success at high school and university level, it’s enough to have a
group of dedicated people, good organization, official and financial support. The most
gifted young people are admitted to top universities in the country, which guarantee
high quality of their education. Achievements in competitions guarantee financial
support (scholarships) as well as possibility of internships in the best IT companies in
the world. Every year a few dozen of students of the University of Warsaw complete
internships in the largest and the best companies such as Google, Nvidia, Microsoft,
or IBM. While still at university, they manage to find employment without any prob-
lems. However, the question remains whether it is the kind of employment that corre-
sponds to their skills and ambition. Sometimes it is. It is no secret that successes of
Polish students in programming competitions were among the most important reasons
why some well-known IT companies (like Google or IBM) decided to open research
and development centers in Poland. The 20% rule of Google consisting in the possi-
bility to devote 20% of work time to fulfill one’s ideas is a good method of stimulat-
ing creativeness and making good use of the knowledge and skills of gifted young
people. All large companies should be encouraged to follow this example and trust
the knowledge and skills of talented people for their own and general development.
The most natural place of employment of the most talented individuals are univer-
sities. The Faculty of Mathematics, Informatics and Mechanics of the University of
Warsaw employs a lot of former Olympiad contestants. For instance, the research
work of former Olympiad contestants Marcin Mucha and Piotr Sankowski about
computing the maximum matching [11] contains breakthrough results for this field.
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There could be many more such works. However, financial conditions create a bar-
rier. Salary offered by universities to young researchers does not allow them to fully
concentrate on science. Provision of financial and organizational conditions for
“adult” development of competition and Olympiad winners is a challenge for many
countries, particularly the new EU countries. Results achieved by these people in
their youth proved that good organization and financial support bring successes rec-
ognized and acknowledged in the whole world. Investing in their adult lives will bring
successes enabling Poland and other new EU countries to become members of the
leading countries of the IT era.
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Integrating Mathematical Analysis of Sensors
and Motion in a Mobile Robotics Course
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Abstract. We describe a series of learning modules created as part of
a semester-long course, “Interactive Robotics,” which was offered to 32
high school juniors and seniors in the fall of 2007. The course integrates
hands-on experiences using practical mobile robots with meaningful the-
oretical learning. Our analysis of the learning modules focuses on the
mathematical knowledge that students employed as they solved robotics
problems. Through the context of these problems, students worked with
concepts of base numbering systems, data analysis and curve-fitting,
and analytic geometry. We demonstrate how these mathematical ideas
naturally emerge from the laboratory assignments that we developed,
and illustrate the nature of student thinking that is facilitated by this
approach.

1 Introduction

From middle school onward, scholastic institutions are organized by scientific
discipline. Thus mathematics is taught separately from physics, even though
these two topics are deeply intertwined. Indeed, Newton and Leibniz’s calculus
was originally conceived to explain physical phenomena. Today, secondary stu-
dents study abstract math in a sequence of courses, but independently study
science, technology or quantitative social sciences.

This separation of content and ideas into disciplinary boxes is deeply embed-
ded into our academic institutions and has been variously characterized as an
“unchallengeable high ground” and an “impregnable fortress” [10]. James Beane
claims that subject areas or disciplines “are actually territorial spaces carved out
by academic scholars for their own purposes” and that “their boundaries limit
our access to broader meanings” (cited in [10]).

Nevertheless, progressive educators and reseachers, at both secondary and
tertiary institutions, are challenging this presumptive structure of knowledge.
Venville et al. argue that the “integration of content from the science, mathe-
matics and technology learning areas is well-grounded in the philosophy of mid-
dle schooling,” and have conducted research to demonstrate stronger learning
results from curriculum integration approaches [9].

At the undergraduate level, engineering educators are deeply concerned with
both declining enrollments and students’ lack of ability to connect traditional
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theoretical curricula to practical applications upon commencement. There is a
substantial effort underway over the last twenty years to revamp first-year (and
sometimes second-year) engineering curricula to combine hands-on experiences
with theoretical presentation.

Many universities across the United States and FEurope have created inte-
grated, design-rich experiences in the first years of their undergraduate engi-
neering programs—so-called “cornerstone” projects [2]. Some examples among
many are Northwestern [I], University of California Berkeley [7], and MIT [I1].
In a 2005 article, Froyd and Ohland survey the practices of 14 undergraduate
programs in the United States that have taken an integrative approach to the
first year (or beyond) of an engineering curriculum [3].

As described by Raucent, the purpose of curriculum integration at the first-
year undergraduate level (the cornerstone design experience) is different from
the now-accepted, last-year “capstone design.” Instead of simply a focus on the
work product, there is an increased emphasis on the learning process:

Objectives of classical projects are usually to apply and synthesize knowl-
edge acquired during courses. Such projects are therefore result ori-
ented. However, within the framework of [our] project-based learning,
the project should be oriented towards the acquisition of new knowledge
and competencies. In this context, the result of a project is the solu-
tion (e.g. a prototype, a contest) and the learning process [§]. (emphasis
added)

In this fashion, universities try to bridge the unfortunate bifurcation of the vo-
cational and academic tracks often present in secondary institutions. Historically,
this division is based in 19th century assumptions that “industrial economies re-
quire the separation of mental and manual labour,” and it is not surprising that
there are sharp gaps in perceived status of these paths [12].

Zinser and Poledink lament the impact of this separation: “Without a strong
academic foundation, technical programs can have a narrow focus on entry-level
job skills and may limit students’ potential for postsecondary education; and,
without an occupational context, academic education can lose its relevance and
applicability to situations in which students are interested” [I3].

But there is a much deeper lost opportunity with the current state of affairs,
in which academically strong students are deprived of connections to tactile
learning, and more practically-oriented students are not offered the opportunity
to develop their strengths with symbolic reasoning.

As described by Hoyles et al., there is a dialectic between learners and arte-
facts, an “instrumental genesis”, which is described as the “mutual transfor-
mation of learner and artefact in the course of constructing knowledge with
technology.” The following is written in the context of understanding student
learning of mathematical ideas when using computer algebra systems, but is
equally relevant in understanding any interaction between students and interac-
tive, computational systems:
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There is a process of instrumentalisation, in which (in our terms) the
subject shapes the artefact for specific uses, and simultaneously a pro-
cess of instrumentation, in which the subject is shaped by actions with
the artefact. This dialectic by which learner and artefact are mutually
constituted in action is referred to as instrumental genesis [4]. (original
emphasis)

Instrumental genesis is a basis for understanding the learning that occurs
as students develop a computationally-enabled system (the robot) which then
“plays back” their representations to them. If the students’ robots perform as
they expect, then they can conclude that their reasoning is sound. On the other
hand, if the robot does not perform as anticipated, then students are encouraged
to debug their own understanding and/or the formal representation of it that
they have provided to the computational system (i.e., the code).

To summarize, we argue that these tactile and computational experiences are
crucial for student learning, not merely for inspirational purposes (though those
are welcome), but more profoundly to allow students the opportunity of having
an impartial external actor (the computational system or robot) that reflects
the students’ understanding back to them.

In the heart of this paper which follows, we describe the instructional context
for this particular curriculum integration project, and then detail some of the
mathematical thinking we have encouraged our students to pursue.

2 Our Context

The TEAMS Academy (Technology, Engineering and Math-Science) is a new
state-funded college program for academically advanced high school students.
Juniors and seniors from 12 local high schools take specially-designed courses
at UMass Lowell. Course topics include robotics, environmental engineering and
biotechnology, electronics geared toward building devices for disabled people, and
mechanical and materials engineering design. Classes meet for 90 minutes each
morning; students then return to their high schools for traditional coursework.

TEAMS courses are quite different from typical high school and freshmen
college courses. High schools offer traditional preparatory courses, often with
limited applications to problems or cross-curricular content. University freshmen
also are expected to take college level versions of these courses (e.g., Physics I
and Calculus I), and would not have the opportunity to take applied project-
centric courses until their junior or senior year. Thus, TEAMS courses offer high
school students something they cannot obtain either at their high school, or as
a first-year college student at the typical university.

Most TEAMS 11t grade students have completed high school courses in
algebra, geometry, advanced algebra, biology, and chemistry. Half the students
took introductory physics in the 8" or 9** grade. Twelfth graders typically
completed courses in pre-calculus, and some an Advanced Placement biology or
chemistry course. Our 12" graders are typically enrolled in full-year courses in
calculus and physics courses.
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3 The Interactive Robotics Course

The Interactive Robotics course introduces students to robots as autonomous
devices, and has them implement interesting and useful behaviors in robotic
devices. It is a lab course and is based on the iRobot “Create” mobile robot
platform. Students investigate different sensors and actuators and use them to
make the robot interact with its environment. They learn about robot control
architectures and how to write control software in the C language.

A key premise of the TEAMS Academy is to provide opportunities for stu-
dents to apply their pre-existing math and science skills while exploring chal-
lenging, new concepts in a project-based environment. As students experienced
the interaction between hardware and software, we sought out ways to show
them applications of mathematics and physics. We also chose a non-conventional
pedagogical approach by introducing the students to C programming through
robots.

The TEAMS course was instructed by co-author Rhine, who has a background
in electrical engineering and has taught mathematics and physics courses at
Tyngsborough High School for seven years. (For detailed curriculum materials,
please contact the authors.) Interactive Robotics uses Matari¢’s The Robotics
Primer as a text [6]. We offered two sections, each with 16 TEAMS students.
Only three students had significant exposure to programming, and three others
had limited exposure to programming or script-type languages. One student had
experience with a robotics club.

Following we present a discussion of the co-construction of mathematical
knowledge and hands-on work with the robotics hardware and software systems.
We present four vignettes: (1) the use of base number systems to communicate
with the low-level robot software, (2) the use of analytic geometry to understand
the robot’s motion patterns, (3) normalizing sensor values for motor power con-
trol, and (4) using graphing and algebraic analysis to model sensor performance.

3.1 Base Number Systems and the iRobot Create Open Interface

We used the iRobot Create educational robot base as the primary robot instruc-
tional hardware for the course. The Create is a modified version of the consumer
“Roomba” home vacuuming robot (Figure[I]). In the Create robot, the vacuum
is replaced with a cargo bay and a DB-25 connector to give access to power,
internal sensors, and a serial communication interface (Open Interface, or OI).

Students began with the OI, gaining rudimentary control of the robot through
a series of commands similar to microprocessor opcodes. Using a terminal emu-
lation program, students sent each opcode and its respective data bytes serially
in a choice of binary, decimal, and hexadecimal formats. (Later in the course,
after mastering the OI, students plugged in the “Command Module”—a micro-
processor board—and learned C programming.)

Only 3 students had any exposure to base n number systems, but the remain-
ing students quickly adapted their 3" grade knowledge of base 10 decimal digits
(ones digit, tens digit, hundreds digit, etc.) and advanced algebra knowledge of
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Fig. 1. The iRobot Create Robot

exponential functions to construct numbers in any desired base. A useful starting
point was to have the students work as a group to populate a table of numeric
conversions (Table [T).

Table 1. Homework Assignment to Introduce Students to Base Numbering Systems

Powers of 2 Write out the first sixteen positive numbers
20 1 binary | base 5 | decimal hex
2! 2 0000 0 0 0
52
53
o
2™ 32,768 1111 10 16 F

Students recognized patterns in each column of the binary number and ex-
trapolated results for the rest of the table. It was interesting to see the students’
reactions as they filled out the hexadecimal equivalents of the decimal numbers
10 through 15. In both classes, students used a variety of shapes to represent the
hexadecimal digits A through F. The students also concluded that groups of four
binary digits (four bits, or a nibble), correspond to a single hexadecimal digit.
This led to a discussion of simple microprocessor architecture, and grouping of
8 bits into a “byte” and two bytes into a “word.”

We asked the students to create a base-to-base conversion tool using a tech-
nology of their choice. They delivered various solutions including hand-written
tables, Excel spreadsheets, Java applets, script-based programs for graphing cal-
culators, and C programs.

In another exercise, students had to find the largest decimal number that
could be represented using a six digit number in base 2, 5, 8, 10, 16, and n.
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Students noted that 999,999,5 = 1,000, 000,9 — 1 = 10% — 1, and concluded that
the largest m-digit number that can be represented in base n is n” — 1. The
students used this result to understand the limits on magnitude for numbers
passed as inputs or outputs for arithmetic integer operations in C, passing data
to and from the Create robot, analog to digital conversions, etc.

Finally, students were asked to develop a method that could be used to rep-
resent negative (signed) binary and hexadecimal numbers when using only 16
bits (4 hexadecimal digits). Students developed a variety of ideas, including the
use of a sign bit and methods related to the two’s complement method. The
instructor facilitated a student discussion that led to an algorithm to find two’s
complement and sixteen’s complement signed numbers. Students concluded that
an m-digit signed base n number could range from —(m"~!) to +(m"~! —1).

After this introduction, students began to use the OI opcodes to control the
Create. Three of the 28 available commands are shown in Table

Table 2. Sample iRobot Create Open Interface Commands

Command [Opcode (dec)| Byte 1 Byte 2 Byte 3 Byte 4
LEDs 139 LED bits | LED color |LED brightness| n/a
(0-10) | (0-255) (0 - 255)
Drive 137 Velocity Radius
(=500 to +500 mm/sec) | (—2000 to +2000 mm)
Drive Direct 145 Right Wheel Velocity Left Wheel Velocity
(=500 to +500 mm/sec) | (=500 to +500 mm/sec)

For example, to drive the Create robot forward in a straight path at a velocity
of 100 mm/second, a student could use Drive Direct and specify left and right
wheel velocities of 100 mm/sec. The student would send opcode 145 followed by
four data bytes to specify the left and right wheel speeds either in decimal or
hexadecimal format as shown:

145 0 100 O 100 (5 bytes sent serially as decimal numbers)
0x91 0x00 0x64 0x00 0x64 (5 bytes sent serially as hex numbers)

To rotate the robot clockwise about its wheelbase center, one might use Drive
Direct with a right wheel velocity of —300 mm/second (FFD4;5) and a left
wheel velocity of 4300 (012C46) mm/second as follows:

137 265 156 1 44 (5 bytes sent serially as decimal numbers)
0x89 OxFF 0xD4 0x00 0x64 (5 bytes sent serially as hex numbers)

This second example demonstrates two interesting concepts that the students
needed to master to control the robot:

1. Because wheel speeds could range from —500 to +500 mm/sec, the opcode
architecture required two bytes rather than one (16 bits can represent signed
numbers from —32,768 to +32,767 while signed 8 bits numbers range from
—128 to +127).
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2. Because the bytes are sent one-by-one (serially), splitting the high and low
data bytes forced students using base 10 to go through an unwieldy conver-
sion process to send the opcode’s data bytes in decimal format. As a result,
many students gravitated to binary/hexadecimal number systems that are
the true language of microprocessors.

As students explored various Ol commands, they found that “numbers” could
also represent bitwise digital switch settings used by the Create’s microprocessor.
For example, the eight data bits of Data Byte 1 for the LED command (opcode
139) have the following functions:

Bit|| 716 | 5] 4|3 2 1 0
LED|| -| - | — | — | — |Advance| — [Play

If a student wished to turn on the Advance LED and turn off the Play LED,
the binary representation of Data Byte 1 could be xxxxx1x0 (where an “x”
represents the non-applicable data bits that can represent either 0 or 1).

Our students learned how to chain together series of commands to cause in-
teresting (but hardly complex or autonomous) actions, and were able to use
values returned by built-in sensors to interact with the environment. At this
point, students had developed a deep understanding of the hardware and how to
implement simple “programs,” but realized the OI script was an inherently lim-
ited way to control the robot. These skills and understanding of the limitations
provided a natural transition to the topic of C programming.

3.2 Exploration of Robot Motion and Geometry

As mentioned, the Create provides two methods to control the motion of the
robot. Drive Direct (opcode 145) actuates the left and right wheel motors in-
dependently as demonstrated above. The iRobot Roomba vacuum cleaner often
travels in arcs and spirals as part of its floor coverage algorithm. The Drive
command (opcode 137) implements this useful movement technique: data word
1 sets the robot’s velocity, and word 2 sets the turning radius.

As students experimented with the Drive and Drive Direct commands, we
asked them to think about the following:

1. How does the Create robot interpret the “radius” sent by the user?

2. How does the Create interpret a “velocity” sent by the user?

3. Derive a mathematical relationship between the Drive and Drive Direct
commands.

It was important for the students to experimentally verify that their precon-
ceived notions of velocity and radius were correct (many students found that
the iRobot engineers’ design differed from their expectations). Students set up a
variety of experimets to compare the outputs for the two commands. The meth-
ods used to derive the relationship varied as well based on their prior math and
physics skills and their ability to model a physical problem.
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Fig. 2. Representative Student Diagram of Robot Driving Through an Arc

In two or three cases, students did not fully grasp the concept of the problem
and provided insufficient answers. The rest of the students examined the geom-
etry of the situation and took different approaches when solving the problem.
Most students developed a diagram to help model the situation similar to that
shown in Figure

Most students used the following observation to develop a mathematical
model: as the robot travels around in a circle (the solid circle in Figure 2),
the time it takes for the robot’s center, C', to make one revolution is the same
time it takes for the left and right wheels to make one revolution. Therefore the
wheels must travel faster (or slower) than the center because it must travel a
longer (or shorter) distance in the same time.

For a given turning radius, r, the students calculated the distance traveled by
the center of the robot, the robots right wheel, and the robot’s left wheel (the
circumferences of the solid, dashed, and dotted concentric circles, respectively).
Using the observation above and the physical relationship between time, distance
and velocity, the students concluded:

2 2 2 —
time_for_one_revolution = Vl; = W(Z/—]: 65) = W(TVL 65)

where V¢, Vg, and V7, are the velocities of the robot center, right wheel, and left
wheel, respectively, and 65 represents half the Create’s wheelbase in mm.
About a third of the students employing this method used a specific numeric
example rather than generalizing the problem using algebra. Another third of
the students found the relationship above, but did not use the system of three
equations to find the general relationship between the Drive and Drive Direct
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Commands. The remainder of the students successfully completed the derivation
and found the following relationship:

Veo(r — 65 Vi 65
Drive(Ve, r) = DriveDirect(Vy, = C(TT ),VR = C(T:— ))

A few advanced students recognized that the velocity of the center of the robot
must be equal to the average of the velocities of the left and right wheels. From
this relationship they used implicit differentiation to reach the same general
conclusion shown above.

Some used physics and a constant angular velocity to model the problem. The
angular velocity, w, in radians/second, or rpm for points L, R, and C' are equal.
The students showed using unit analysis that wr = VT, where r is any length
radius and VT is the tangential velocity at that radius. Solving for w yields:
w = VT /r. Therefore, at points C, R, and L they found:

Ve Vr Vi
w=—= =

T (r+65) (r—65)

3.3 Normalizing Sensor Values for Motor Control

The Create robot has several built-in sensors and also has several ports for
connecting to a variety of external sensors and actuators. The students used
these different sensors to collect data from the operating environment and use
that information to control the behavior of the robot.

For example, the students experimented with Cadmium Sulfide (CdS) pho-
toresistors to sense the amount of visible light incident on the device. These
two-lead devices can be modeled as a resistance that varies from a few hundred
ohms in bright light to a few hundred thousand in the dark.

From the Create’s technical manual, students learned that the analog sensor
port reports this change in resistance as a varying voltage ranging from Ov to 5v.
The Create converts the analog voltage into a 10-bit unsigned digital number
(0 to 219 — 1, or 0 to 1,023). The students experimentally observed that these
sensors returned digital values ranging from approximately 200 units (dark) to
900 units (bright) as shown in Figure Bl data line (a).

We asked the student to create a algebraic function to convert these raw
sensor values (200 to 900) into a useable output to set the speed of a wheel.
For example, in complete darkness, the wheel should drive at a speed of —100
mm/second (away from the light), but bright light should have the opposite effect
(speed = +100 mm/second, toward light). For values in between, there should
be a proportional response. The students could use these results to implement
Braitenberg vehicles with photophobic and photophilic reactions.

To help the students visualize the problem, the instructor drew number lines
(a) and (c) shown in FigureB] and asked the students to find a way to manipulate
the input (a) into the desired output (c). As a group they developed a solution
by applying basic algebraic function translation and transformation concepts:
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(c) Desired wheel speed range, V(F(S(t))) = V(t)
100 ¢—————— +100

(b) sensor values shifted left 550 units, F(S)
-350 +350

(a) original digital photoresistor sensor values, S(t)
200 900
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Fig. 3. Photoresistor to Motor Power Conversion

1. Subtract 550 units from the sensor value to center the function on the origin
as shown in number line (b); i.e, F'(S) = S(t) — 550

2. The range of values spans 700 units, but needs to be scaled down to 200
units. Divide by 700 to normalize the range, then multiply by 200; i.e.,

v (t) = £8200 = 2(5 - 550)

Students used this method to implement proportional control in their C pro-
gram. Here is a sample line of code (the first parameter is left wheel velocity
controlled by the digital photoresistor input):

cr8_drive_direct(2*sensor/7, right_wheel_velocity);

3.4 Linearizing Raw Sensor Data

The students also used analog Sharp infrared distance sensors to implement wall
following and object detection. The students collected data and found that the
sensor output to be non-linear and inverted as shown in Figure @l (Note that
the sensor’s operating range is 10-80 cm). Although the nonlinearity could be
useful under certain circumstances, a linear output is generally easier to use for
proportional control and to convert to actual distance measurements.

In class discussions, students were encouraged to develop a mathematical
model of the empirical sensor measurements. Then they could algebraically find
the inverse of the model to recover the original distance inputs to the sensor.
This process would yield a sensor reading to distance function. The instructor
led the students through the process:

1. Find the equation of a function that accurately models the operating region
of the curve. The students suggested using a polynomial (parabola) and a
rational functions (hyperbola).

2. The instructor used a general form for a hyperbola below to model the
function. S represents the sensor output provided by the Create robot, and
d is the input distance:
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Fig. 4. Data from Sharp GP2D12 Distance Sensor with Hyperbolic Fit

After selecting approximate values for constants k, a, b, and ¢, the instructor
used a spreadsheet linked to a graph to manually fine tune the values to
fit the curve. Students with TI-89 graphing calculators were able to run a
hyperbolic regression to verify the instructors final values of k£ = 18,500,
a=3,b=8,and ¢ =0.

3. The students calculated the inverse function:

kE—b(S—c¢)

Fs) = a(S —c¢)

4. By taking a composition of the data provided by the sensor and the in-
verse function, the students correctly concluded that F(S(d)) = d. Several
students used this methodology to recover the actual distance values and
use these values to effectively control the behavior of the Create robot as it
sensed obstacles in its environment.

4 Conclusions

We have developed an advanced high school-level robotics course called Interac-
tive Robotics, which was delivered to 32 high school students. The course has a
focus on making connections between concepts inherent in the robotic materials
and a corresponding mathematical understanding of these ideas. As much as
possible, we have encouraged our students to develop their own mathematical
analysis to explain the robot behaviors. We have also supported them with our
own explanations of the concepts involved.

We believe this curriculum integration approach has strong pedagogical value.
Having a mathematical basis for understanding physical phenomena is at the core
of engineering practice. At the same time, students learn that mathematics has
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practical value. In many regards, the approach mirrors the “model-eliciting ac-
tivities” of mathematics educator Richard Lesh, where students develop a locally
contextual mathematics, based on their own existing mathematical knowledge,
to make sense of a problem situation [5].

We are particularly encouraged by the dialectic between practical work and
mathematical understanding that we observed in our students. This at the the
core of our approach. We believe all education would be improved by giving
students materials that can carry their ideas into the world.
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Abstract. This study compared the effects of using physical robots (LEGO
Mindstorms) and robot simulators (LEGO Mindstorms Simulator, LMS) in
teaching novice programming concepts. A quasi-experiment design was imple-
mented in this study. Four classes of high school students, totaling 151 students,
participated in the study. Two classes of 76 students used the physical robots to
learn programming, whereas the other two classes of 75 students used LMS.
The students’ post-experiment achievement tests, replies on questionnaires, and
focus group interview data were collected and analyzed. The findings of the
study were: (1) no significant difference was found on students’ performance
between the physical robot group and the simulator group, (2) the physical ro-
bot group demonstrated more positive attitudes toward the learning activities,
and (3) the physical robot group indicated that they could better imagine the
program behaviors.

Keywords: Programming, Robot, Simulator, LEGO Mindstorms.

1 Introduction

In recent years, computer science educators have advocated the use of robots in CS1
and CS2 courses, especially in teaching novices programming concepts [1, 2, 3, 4].
Some [5] further proposed that robotics-oriented projects could be used to motivate
and enhance the learning of certain knowledge areas recommended in ACM Comput-
ing Curriculum 2001 [6]. The use of robots addresses the problems or difficulties that
novice programmers face such as weak logical reasoning and coding before design-
ing; and students find working with robots interesting and fun [3].

Early use of the concept of robots in teaching programming originated from the
development of the “mini-language” approach. The idea of the mini-language ap-
proach is to design a small and simple language to support the beginning of learning
programming. Mini-languages provide insight into programming for the general
population and to teach algorithmic thinking [7]. The programming environment of
mini-languages is often accompanied with a micro-world, where students learn to
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program by studying how to control a robot, which can be a turtle, a ladybug, or other
agents, acting in the micro-world. Students can actually “see” how their programs
were executed by observing the behaviors of the programmed robot in the micro-
world. For example, in Papert’s LOGO [8], students command a turtle robot to draw
figures on the screen. In Karel the Robot (http://www.mtsu.edu/~untch/karel/), the
robot lives in a micro-world consisting of streets, walls, and beepers. The robot can
move along the streets, detect walls, and pick up, move, and put down beepers. Con-
cepts such as procedures and basic control structures can be quickly introduced to
students by using the Karel micro-world. The visual representation of the robot’s
world offers many benefits, among them are: the animation provides visual feedback
on the correctness of an algorithm and students can often see where their program
goes wrong simply by watching the animation [2]. Since students may eventually
learn to program with general-purpose programming languages, it was proposed to
use a subset of a general-purpose language to replace the mini-language approach [7].
In fact, various versions of Karel have been developed based on different program-
ming languages such as C, C++, and Java.

A good way to make the virtual robot more attractive for young students is to use
a real world robot [7]. The more practical and concrete the learning situations are, the
more learning takes place [9]. The game-like feature of the real robots motivates stu-
dents to invest time and mental efforts on learning [10]. The benefits of using real
robots have been supported by the availability of standardized, low-cost robot con-
struction kits during the last decade. For example, the newly released LEGO Mind-
storms NXT kit (http://www.lego.com), with a 32-bit microprocessor (NXT brick), 3
interactive servo motors, 4 sensors (sound, ultrasonic, light, and touch sensors),
wheels, USB and Bluetooth support, and 519 construction pieces — everything needed
for constructing a robot, costs approximately USD 250. It allows the user to build
fully autonomous robots with all computing power located within the machine. Many
CS educators have used LEGO Mindstorms to teach students programming concepts
and the reported effects are mostly positive [9, 11, 12].

Although there are many claimed benefits for using the physical robots to teach
novice programming, little empirical evidence has shown that its effects are indeed
better than the robot simulators on the screen. If the effects of both teaching tools are
the same, it may not be worth spending money on purchasing the physical robots.
This study reports our preliminary attempt to compare the effects of using the LEGO
Mindstorms (LM) robot and its simulator — LM Simulator in teaching novice pro-
gramming concepts.

2 Methodology

A quasi-experiment design was implemented in this study. Four classes with a total of
151 10th grade high school students who enrolled in an Introduction to Computers
course participated in the experiment. Two classes of 76 students used the LM robots
(LMR group) to learn programming concepts, whereas the other two classes of 75
students used the LM simulator (LMS group). The experiment was conducted over a
seven-week period in which students met two hours per week. All the learning activi-
ties were directed by the same teacher who was experienced in using the LM tools.
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We collected various data sources to analyze the effects between the two groups,
including the post-experiment achievement test scores, student questionnaires, and
focus group interviews with students. Below, we describe the LM robots, the LM
simulator, and the learning activities implemented in the study.

2.1 LEGO Mindstorms Robots

The LMR group used the LEGO Mindstorms RCX module which consisted of a 16
bit microprocessor (RCX brick), a light sensor, a touch sensor, and other LEGO com-
ponents. The robot can use its light sensor to track the path of a street and use its
touch sensor to detect the wall so that it can walk in a maze. We decided to provide
students with pre-assembled robots (see Fig. 1) instead of having students build their
own robot. This allows students to focus their attention on programming the robot. In
order to use Java with the Mindstorms robots, the original firmware in the RCX brick
was replaced with another firmware — leJOS which is a tiny Java Virtual Machine for
the LEGO Mindstorms RCX. LeJOS is an open source project and can be freely
downloaded from www.sourceforge.net. Due to the limited number of LM robots we
had, students in the LMR group share the robots, that is, two students used one LM
robot. However, each student was provided with a PC when writing programs.

Fig. 1. The pre-assembled robot for the LMR group

2.2 LEGO Mindstorms Simulator

As to the LM simulator group, we adopted the LEGO Mindstorms Simulator (LMS,
http://ddi.uni-paderborn.de/software/lego-mindstorms-simulator.html) as the learning
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Fig. 2. The LEGO Mindstorms Simulator for the LMS group

Fig. 3. Editing/compiling/downloading a robot program in Eclipse
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tool. The LMS was developed by a research group at the University of Paderborn.
The simulator is written in Java to simulate 1leJOS programs with simple 3D-Models
(see Fig. 2). LMS enables students to write programs in Java that will run in a graphic
simulator and in the LM robot. The simulator can simulate a robot and other actors,
such as walls and streets. A Java program written for controlling the LM robot in the
real world environment can also be used to control the virtual robot running in a simi-
lar scene on the simulator screen. Thus, the major difference between the two groups
is: the LMR group ran their programs in the real world, and the LMS group ran their
programs on LMS on a computer screen.

Both groups used Eclipse (http://www.eclipse.org/, see Fig. 3) to edit/compile/
download their programs. We had revised Eclipse source codes and several plug-ins
so that students could download their compiled programs to the LM robot and the
LMS with simple operations.

2.3 Learning Activities

The learning activities were designed to enable students to learn basic programming
concepts, that is, variables, expressions, assignment, and control structures. Because
our focus was on teaching algorithmic thinking, not the Java language, we limited
students’ use of Java components on the following: if-else, if-else-if, while, arithme-
tic/relational/Boolean operators, integer variables, and assignment. When writing
programs for solving a problem, we provided a template for students to use. All the
necessary declaration and system settings for the program were given in the template.
Students only had to program the codes on the algorithm block (see Fig. 3, “Start your
program here”).

LeJOS provides basic commands to control the LM robot. For example, for the ro-
bot to make a right turn, you need to give a command to stop the right motor (wheel)
and a command to start the left motor (wheel), and yet another command to keep the
current status for a certain amount of time. We considered these commands too primi-
tive and not intuitive enough for students to manipulate the robot, especially if our
focus was on algorithmic thinking. To reduce the learning load and make the control
of the robot more intuitive, we provided students with the following seven methods
(adapted from [13]):

Motor.A.setpower (n): Set the power of left motor to n level.

Motor.B.setpower (n): Set the power of right motor to n level.

car.travel (xn): The robot move forward (+) or backward (-) n centimeters.
car.rotate (+n): The robot turns clockwise (-) or counter-clockwise (+) n degrees.
car.stop (): The robot stops.

car.touch_sensor (): Return TRUE if the robot touches something, else False.
car.light_sensor (): Return the light intensity it detects.

The learning activities consist of five units as shown in Table 1. Each unit was con-
ducted with the following steps: First, the teacher demonstrated how to write a pro-
gram to solve an example problem. The codes of example programs were available
for students in the example folder. Next, students were given an assignment, which
was similar to the example problem and could be easily solved by revising the exam-
ple program. Finally, students were given a second assignment to write a whole pro-
gram. To solve the assignment, students would need to use the concepts/instructions
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taught in the unit. An optional third assignment was offered for students who had
finished the second assignment before the teacher concluded the unit.

Fig. 4 is the maze assignment given to the LMR group in Unit 2, whereas Fig. 2 is
the same assignment for the LMS group. To solve the problem, students would need
to use the conditional structure to determine whether the touch sensor touches a wall
and use a simple iterative structure (while(true)) to make the robot continue going.
Fig. 5 is the “Tracking the road” assignment given to the LMR group in Unit 4. Stu-
dents would need to make use of the light sensor to “see” the road to complete the

assignment.
Table 1. Programming and robot concepts covered in each unit
Unit Programming concepts Robot concepts Time
| 1. Editing programs (Eclipse) 1. LMR/LMS environment 3 hrs
2. Sequential structure 2. Basic control (move, turn, stop)
1. Conditional strugture (if-else) 1. Use of a touch sensor
2 2.Boolean expression 7 Detectine walls 4 hrs
3. Iteration structure (while) ’ &
1. Variables .
3 2. Conditional structure (if-else-if) Walking in a maze 2 hrs
4 1.Code reusing 1. Use of a light sensor 3 hrs
2.Review on control structures 2. Tracking the road
5 A small project Combining use of touch sensor 2 hrs

and light sensor

Fig. 4. The maze assignment for the LMR group
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Fig. 5. The “Tracking the road” assignment for the LMR group

3 Results and Discussion

3.1 Achievement Test

The post-experiment achievement test consists of two parts. One is for testing stu-
dents’ comprehension of programs the other is for testing a generation of programs.
Since our experiment lasted only 14 hours, we decided to cover only near-transfer
tasks in the achievement test, except for one task in the program generation part. The
near-transfer tasks were the ones which were similar to the examples or assignments
given in the learning activities. A ¢ test was performed to test the differences of the
achievement scores between the two groups. Table 2 presents the summary results.
The t test results show that there were no significant differences between the LMR
group and the LMS group in terms of the program comprehension (#(149) = 0.08, p =
.94), program generation (#(149) = 0.56, p = .58), and the total (#(149) =0.38, p =.71)
scores. Obviously, students achieved similar performance levels in learning pro-
gramming using either the physical robots or the robot simulator.

Table 2. The ¢ test results on students’ post-experiment test scores

Test (total scores) Group Mean SD 3
LMR 537 1.74 0.08
LMS 5.35 1.61

LMR  5.68 2.13 0.56
LMS 549  2.08

LMR 11.05 3.63 0.38
LMS 10.84 331

Program comprehension (7)

Program generation (8)

Total (15)
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3.2 Perceptions of Learning Activities

In the post-experiment questionnaire, we asked students in both groups about their
perceptions of the learning activities and their attitudes toward learning. Students
were asked to fill out the questionnaire on a Likert-type scale, which ranged from
strongly agree to strongly disagree. Scores were assigned 5 for strongly agree, 4 for
agree, etc. Table 3 shows the statistical results of students’ perceptions of the learning
activities. Overall, both groups considered themselves to understand the robot meth-
ods and the Java statement moderately well in the learning activities (Items 1 and 2)
and could reasonably visualize the robot’s behaviors when viewing a program (Items
3 and 4) — the mean score of each item is around 3.5 to 4 (agree). Both groups were
neutral on the difficulty of the assignment (Item 5).

The ¢ test results reveal that the physical robot group could better imagine the pro-
gram behaviors (Item 3, #(149) = 1.98, p < .05) and felt that they did not have enough
time to finish the assignments (Item 6, #(149) = 3.88, p < .01), as compared to the
robot simulator group. It seemed running robots in the real world environment might
enhance student construction of the mental model of programming, and thus enable
them to imagine program behaviors better. However, downloading programs to the
RCX brick via the easy interfered infrared and testing programs with the physical
robots required students to take extra time on the tasks. The newly released LEGO
Mindstorms NXT brick, which uses USB to download programs, may resolve the
problems that resulted from using infrared.

Table 3. The ¢ test results on students’ perceptions of the learning activities

Item Group Mean t
1. I understood the robot methods in the activities. LMR 412 0-90
LMS 3.99
2. T understood the Java statements in the activities. LMR = 3.71 0.93
LMS 3.56
3. I could imagine how the robot would move by LMR 3.76 1.98%
viewing the program. LMS 3.48
4. Viewing the robot running my program helped LMR 3.50 0.68
me find the bugs. LMS 3.39
LMR 3.09 .
5. In all, the assignments were not difficult. 1.90
LMS 2.79
6.1 did not have enough time to finish the assign- LMR  3.70 3.88%*
ments. LMS 3.17

p < .05, ¥*p < .01

3.3 Attitudes Toward Learning

Table 4 presents the summary results of students’ attitudes toward the learning activi-
ties. The results show that both groups of students felt a great sense of achievement
when seeing the robot running their programs, but no significant difference was found
between the two groups (Item 7, #(149) = 1.92, p = .057). The results also indicate that
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the physical robot group experienced having more fun on the programming tasks
(Item 8, #(149) = 3.39, p < .01) and wished to learn more about robot programming
(Item 9, #(149) = 3.40, p < .01) as compared to the robot simulator group. No signifi-
cant difference was found between the two groups when asked if they would like to
learn more about other programming (Item 10, #(149) = 1.28, p = .20). Overall, the
physical robot groups demonstrated more positive attitudes on learning.

Table 4. The ¢ test results on students’ attitudes about the learning activities

Item Group Mean t
7. 1 felt a sense of achievement when seeing the LMR 4.22 1.92
robot running my program. LMS 3.91
LMR 3.84 3.39%*
8. P i ith the robot fun.
rogramming wi e robot was fun LMS 3.17
. . LMR 3.54 3.40%*
9. 1 wish to learn more about robot programming. LMS 289
10. Besides robot programming, I wish to learn more LMR  3.62 1.28
about other programming. LMS 3.39

*p < 01

4 Conclusions

In this study, we compared the effects of using the physical robots and the robot simu-
lators in teaching novice programming. The post-experiment survey questionnaire
shows that students in the physical robot group had more fun with the learning activi-
ties, wished to learn more about robot programming, and considered themselves
imagining the program behaviors better as compared to the simulator group. How-
ever, there was no significant difference found between the two groups in terms of the
post-experiment achievement. The present study conducted the experiment for a short
period of time (14 hours) and only measured students’ near-transfer performance. It is
suggested that future studies extend the experiment time so that the learning effects
may become more evident and the far-transfer performance can also be measured.
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Abstract. Machines controlled by computers are spreading in almost
all areas of our society. However, students are not aware of the existence
of such devices. At present, we have developed an educational system
for secondary schools that can implement realistic computer controlled,
autonomous mechanics. The system is composed of a controller board as
hardware and a structured control language on top of the Dolittle pro-
gramming language as software. Mechanics controlled by the controller
board can be arranged according to the teacher’s wishes. The biggest
contribution of our system is its low-cost; students can bring their work
home and use the system. In this paper, the design concept of our ed-
ucational system and the design details are described. We then include
the results of a survey which was taken at workshops for lower secondary
school teachers.

1 Introduction

Controlling Robots is an effective way to learn computer programming [I]. In
addition, it becomes increasingly clear that the learning experiences of control-
ling robots encourage students’ understanding of electro-mechanic products. It
means that we need educated people who have knowledge of how computers
and communication devices work especially since they are embedded in the ma-
chines which surround us such as automobiles, train systems, vending machines,
elevators, home electric appliances, etc. By knowing the relationship between
hardware and software, we hope people will have a good perspective on how to
approach the issue if there is some trouble with their devices.

Our previous approach was giving children materials to build a simple mobile
robotic car with two wheels and put a simple computer controller board onto
it and have them program the car’s motion. The cars were not so precise and
they could not go in a strait line [7]. The children started to solve this problem
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in with both, a hardware and a software approach. We reasoned that, from this
experience we reasoned that the children would have a good mental model of
systems where the hardware and software are tightly coupled.

However, we learned that simply controlling a robotic car did not satisfy
the high scholastic achievement of these students because such robots can be
programed only for simple motions that move around on the field.

Thus, in order to accommodate those students, we have developed a new
controller board and programming language as well as more extensive teaching
materials so that teachers can conduct various lessons according to their own
ideas.

In this paper, we decribe the design concept of our teaching materials which
are composed of a triaxial robot controller board as hardware and a structured
robot-control language as software. Then, we report the evaluation of this con-
cept through experimental workshops for technology teachers.

2 Fundamental Design Policy as a Teaching Material

We think that the significance of learning control with embedded computers in
secondary information education is not only to understand the principle of com-
puters and machines separately, but also computers and machines as organized
systems as a whole, and that these systems are utilized in our daily life. In order
to realize this meaning, we have developed our new teaching material under the
fundamental design policies as follows:

— Each student must be able to design and craft their own machines

— Each student must be able to touch electronic parts on the controller board

— Each student must wire circuits of electorical elements of their machines by
himself or herself

— The teaching material must be low-cost; each student must be able to bring
her or his works (machines) back to her or his home

— The robot-control language must be easy to learn as only short periods of
time are available

In designing the above policies, we have kept in our mind that (1) every
technology regarding mechanics, electric circuits and existance of the computer
should be glass boxed (not black boxed), and (2) technology itself should be
learned in a short time. The necessity of (2) helps teachers to implement classes
using our teaching material easily. We assume the class could be conducted
within 10 hours (2 hours for learning the programming language, 4 hours for
building the robotic car, and 4 hours for programming the robot).

We assume that the target of control in school lessons is an autonomous mobile
robot with an arm. This kind of robot uses two motors for moving around on the
field and another motor for raising and lowering the arm which lifts and carries
an object. By using this mechanism, teachers can plan their lessons by starting
from a conventional biaxial mobile robot car and proceeding to using a third
motor.
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Condition_1 == Procedure_1
Infinite Condition_2 == Procedure_2[
Iteration
Condition_n &== Procedure_n | Break out of the loop

Procedure_1 Procedure_2 Procedure_n

Fig. 1. Typical Architecture of Robot-Control Program with Multiple Sensors

We chose Microchip PIC 16F630 as a microcontroller to satisfy the require-
ments listed above. The basic structure of the controller board was defined as
in Fig.[2 The detailed structure of this board will be shown in Section Bl We
named this “MYUROBO controller board” [5].

Meanwhile, concerning the software, a robot-control programming language
must have the feature of structured control flow.

Control programs for autonomous robots have a typical structure of branching
according to multiple senser inputs (including the changing of the internal status
values of the robot according to its behavior) and taking corresponding actions
(Fig. ). However, many robot programming environments use conditional jump
instructions to control program flow, and the structure explained above is diffi-
cult to construct with such primitive instructions. The situation actually holds
for the MYUROBO controller board.

An answer to the problem is to prepare higher-level language with structured
control flow, which is translated to the robot instructions by the compiler. We did
that first with the MYU BASIC processor [6], and then with the Dolittle [2][3][4]
language.

Consequently, we have developed a translator written in Dolittle to generate
MYUROBO instructions with a structured robot control language on top of the
Dolittle system. The strong points of our new language are that the language
largely uses Dolittle syntax and the Dolittle environment, so users do not have to
learn a new programming environment or new syntax (although some differences
exist between the robot language and the original Dolittle).

A brief description of Dolittle and how Dolittle can program robots is shown
in Section [

3 The Firmware of MYUROBO

The MYUROBO controller board is composed of a microcontroller, 4 input
ports, and 6 output ports. The output ports have three pairs of connectors; each
pair controls one DC motor for forward and reverse rotation. In the microcon-
troller, the flash memory and the EEPROM are embedded. The flash memory
includes MYUROBO firmware which implements a virtual CPU interpreter and
program loader. Actual robot programs are written as virtual CPU instructions
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Fig. 2. The Microcontroller of MYUROBO and the Role of Each Part

(bytecodes); they are loaded into the EEPROM and executed by the interpreter.
Fig. 2 shows the architecture of the microcontroller in MYUROBO and the role
of each component.

3.1 Bytecode Interpreter of MYUROBO

The bytecode interpreter of MYUROBO offers a virtual CPU which has function-
alities of memory transfer and calculating operations. The conceptual diagram
of the implemented virtual CPU is shown in Fig. Bl The virtual CPU is modeled
according to a register machine. The numerical and logical operations which are
executed on the A register (Accumulator) changes status flags (C for carry and Z
for zero). The status flags affect the behavior of conditional branch instructions.

Virtual Computer

Gemory CPU I Comm. Port )

Program Calculate
Control
and 0—'| 1/0 Port |
Memory Area

Input / Output
N

Fig.3. The Conceptual Diagram of Virtual CPU Realized by the MYUROBO
Firmware

3.2 Instructions Defined in the Bytecode

The implemented bytecode has mainly two categories of instructions. In one case
optimized instructions for robot control such as motor control or branch by the
status of sensor input are used. Alternatively, one may use instructions which are
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Table 1. Summary of MYUROBO Instructions (excerpt)

Instruction |Function I.nstruction |FunCti0n -
Startrobot start of robot program i blockstart start of the block 14
blockend end of the block
endrobot end of robot program 1 executeblock [execute block 14
n forward rotate both wheels forward . .. .
(i < 0.1 ds) i n repeatblock|repeat block 7 in n times
n back rz)r;ate bovthsg(;?:ﬁwir d exitblock exit from a current block
n turnright  |[turn the robot to the right " iDD Szt dn t? AAreglster
n turnleft turn the robot to the left " addn to
n stop stop the robot n SUB substitute n from A
n m tone play with m-width pulse INCA increment A .
7 Tabel label with i n OMP compare A with n
. . . n AND bitwise AND
fjump  jjump to label i’ n OR bitwise OR
¢ j jumpifthigh|jump to label 7 if the status 77 D if 7010
of sensor j is high JNZ qump if not zero
¢ j jumpiflow [jump to label 7 if the status Jumb 1 .
of sensor j is low JC jump if carry is set
JNC jump if carry is not set

the same as in other general purpose CPUs, such as transferring data between
registers or numerical and logical operations.

Table [ is a summary of typical MYUROBO instructions.

The allocation of bytecodes and naming of mnemonics corresponding to them
are carefully defined as upward compatible to our previous “biaxial robot con-
troller board” [I]. All bytecodes allocated in the previous board are included in
the new bytecode system.

4 Dolittle Programming Language

“Dolittle” is an object-oriented programming language designed for school educa-
tion. It has many fascinating features for school children such as turtle graphics,
coloring drawn figures, animated graphics, music, etc. These are prepared in the
Dolittle programming system as prototype objects.

Dolittle is a Java application. Users of Dolittle must prepare a Java runtime
environment in each PC.

4.1 Sample Program on the Screen

Fig. @ is a sample program of Dolittle and the result of the execution. Line (1)
creates a copy of prototype “turtle” and assigns it to the variable “Turtlel”. Line
(2) creates a copy of the prototype “button” with “left” labeled and moves it to
the position of (—120, 50). This object is assigned to the variable “LeftButton”.
In line (4) and (5), buttons are defined “click” methods by assigning a fragment
of a program surrounded by brackets. The right side of line (4) and (5) are
named “block”. By assigning a block object into a property of the object, the
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Turtlel = turtle ! create. // (1)
LeftButton = button ! "left" create -120 50 moveby. // (2)
RightButton = button ! "right" create 20 50 moveby. // (3)

LeftButton:click = [ Turtlel ! 10 leftturn ]. // (4)
RightButton:click = [ Turtlel ! 10 rightturn ]. // (5)
timer ! create [ Turtlel ! 10 forward ] execute. // (6)

Fig. 4. Sample Program of Dolittle

method definition is accomplished. The “click” method is automatically invoked
by pressing its corresponding button on the screen. In the line (6), the “timer”
object repeats the specified block during 10 seconds in every 0.1 seconds by
default (of course, the duration and period can be specified). The specified block
is “[ Turtlel ! 10 forward]”, the turtle moves forward 10 pixels in every 0.1
seconds.

As seen in Fig. @l the basic syntax of Dolittle is like “obj ! arg ... msg.”.
The object “obj” receives message “msg” with some arguments. This word order
seems to be strange in English, but we Japanese use this word order in our native
language. Currently, Dolittle supports three languages — Japanese, Korean and
English. Japanese and Korean have the same word order. Students can write
their programs by using their native characters; Japanese can write programs in
the Japanese alphabet, and Koreans can use the Korean alphabet.

4.2 Robot Control Using Dolittle

Dolittle has a “serialport” prototype object. This object has methods of “open”,
“close”, “write” and “read”. By using this object, Dolittle, running on a PC,
can communicate with external devices with a serial port.

The MYUROBO controller board has a program loader; it reads bytecodes
from its serial port and records them to the embedded EEPROM.

Hence, if Dolittle sends bytecodes for the MYUROBO board with a serialport
object, the user can program robot control code for MYUROBO with Dolittle.
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5 Programming Environment for MYUROBO Controller
Board

5.1 Programming Environment with Dolittle

At first, we developed a simple robot language (mnemonic) translator on top of
Dolittle. The main idea was to define a method for each of the mnemonics, and
the method outputs corresponding op-code to the serial port, optionally with
accompanying operand data.

The actual sample code is shown in Fig.[Bl In our Dolittle environment, the
“serialport” object is predefined. We defined additional methods whose names
are the same as the mnemonics. In these methods, we wrote codes to send
correspondent bytecodes and accompanying operand data to the serial port.
Then, the programmer can write a robot control code as three steps, such as
(1) opening the serial port, (2) doing some mnemonics method invocations, (3)
closing the port. In Fig. Bl mnemonics are written in a separate method named
“transfer”. By using this technique, the programmer can concentrate on writing
mnemonics because the other part of the program (before “startrobot” and after
“endrobot”) is completely the same in every program.

5.2 Structured Control and MYU BASIC

The Dolittle environment explained in the previous section was quite usable for
simple programs targeted to two-motor robots. However, when the programmer
starts to handle multiple sensors in the code, it becomes complicated and the
readability of it degrades.

To overcome the problem, a programming language with structured control
flow was necessary.

In answer to the problem, we first developed “MYU BASIC” [6] by modeling
this language in a way similar to structured Basic.

robo = serialport ! create.
robo:transfer = [ !
startrobot
20 forward
10 stop
20 back
10 stop
endrobot
1.
robo ! "coml" opensesame.
robo ! transfer.
robo ! closesesame.

Fig. 5. Example Program of MYUROBO Code in Dolittle
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5.3 Design of Structured Robot-Control Language on Dolittle
Syntax

From the experience with MY U BASIC, we learned that there is a good effect on the
readability of the code by using structured syntax. Then, we returned to Dolittle.

At first, we examined a syntax following original Dolittle as robot-control lan-
guage, but we abandoned this idea because we noticed that there is a semantic dif-
ference between the concepts of object-oriented programming in Dolittle and the
autonomy of the robot. In the Dolittle program, multiple objects communicate with
each other by message passing. On the other hand, in the robot-control program,
a robot object describes the entire robot. If the robot object communicates with
the other objects in Dolittle, it means that the robot has to communicate with the
Dolittle system on the PC while it is executing. This contradicts the autonomy of
the robot.

Consequently, we have determined the “MYU” object, which inherits the origi-
nal “serialport” object and is designed to implement all structured commands, as
methods of this object. The designed structured syntax is shown in Table[2]

Table 2. Structured Robot-Control Language on Dolittle

Function Syntax

Condition |[! nifhigh | then [! ... ] execute
[!niflow ] then [!...] else [!... ] execute

Iteration  |[!n ithigh ] whilerepeat [! ... ] execute
[!...] nrepeat

Terminating|break
Iteration

The syntax of the conditional branch and the iteration resembles the original
Dolittle except for the position of “!” sign and the absence of a period at the end of
the line.

robo = MYU ! "coml" create.
robo:collision_avoidance = [ !
[ ' 1 iflow ] whilerepeat
[ ' 10 back 10 turnright ] execute

].
robo:program = [ !
startrobot
[
forward
[' 2 ifhigh ] then [ ! collision_avoidance ] execute
] repeat
endrobot
].

robo ! program.

Fig. 6. Example Program of Structured Robot-Control Language on Dolittle
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Compiling to ROBOCODE... || | O forward | | 126 label =
126 jump

127 1 jumpiflow 127 label || |size: 13 intes

O forward 0 back [Ready for transfer?]

126 jump | | 126 1abel -
127 label = |- Port ‘com1® opened.

0 back size; 13 ntes =| |Transferring... i
126 label [Ready for transfer?] 160109127 12084 T
126 831278083 126 19

size: 13 ytes || |Port 'com 1’ opened. done. |
[Ready for transfer?] | |Transferring... Port 'com1’ closed. -

Fig. 7. Visual Elements of the MYU Object

Furthermore, in order to enable composing compound conditions, we introduced
“and” and “or” methods.

An example program using this structured language is shown in Fig.[6l This pro-
gram includes a definition of a subroutine by method definition, a method invoca-
tion, two conditional branches, and an iteration.

Fig.[Mshows the visual element of the “MYU” object. On the left is an appear-
ance at the moment the converted code is shown, the second image is an appear-
ance while transferring bytecodes, and the last is an appearance at the moment
that transferring has finished.

6 Workshops for Lower Secondary School Teachers

In order to assess the usefulness and practicality of our educational system, we
have had two workshops for lower secondary school teachers. One was held in Au-
gust 2006 for five participants at Fukuyama city in the Hiroshima prefecture and
the other was held in November 2006 for eight participants at Fujieda city in the
Shizuoka prefecture.

In the workshop, participants built their robots by copying the model robot we
had prepared. Then, they learned how to program robots with Dolittle and erabo-
lated their programs and mechanism to complete the assignment which was to have
to robot lift up a can, find a storage box with a touch-sensor and put the can in the
box. The workshop and the model robot is shown in Fig.

All participants could complete the assignment on time. After each workshop,
we asked the participants to evaluate our materials by answering a questionnaire.
As a result, almost all participants (11 from 13) answered “building the robot is
not difficult” and “programming is rather easy” (12 participants). Moreover, from
their answers, they felt our materials would be effective in technology and computer
classes.

At present, some lower secondary school teachers have started or completed
robot control classes and some are planning to conduct such classes.



72 T. Kamada et al.

Fig. 8. Venue of Workshop and Model Robot

7 Discussion

We think the MYUROBO controller board is compact and useful for working with
secondary school classes. It is low-cost so that all students can buy it and use it
in their homes. However, communicating to the PC is a problem. Serial ports are
legacy devices now. Students would have to buy a converter cable to use the board
at home. Consequently, we need a USB interface for our board, but the cost is a
barrier.

The structured robot-control language has a good reputation with school teach-
ers. However, there are some problems.

First, there is a difference in syntax between the robot-control language and the
original Dolittle. The robot object “MYU” is a standalone one. It cannot send and
receive messages between other objects that are running on the PC. In the robot-
control program, the code to send a message to another object causes a compiler
error in the translator. Then, the receiver of the messages must be the robot object
itself. That is why the “!” sign is always attached to the top of the block (as the
code “[ 7).

The second problem relates to the handling of registers and memory. This is be-
cause all of the instructions of the robot object are methods of the robot object. In
order to handle registers and memory, the programmer has to write a code to cal-
culate using the “A” register (accumulator). This is not intuitive. There would be
a need for writing expressions in robot control code as happens in other high-level
languages. However, we do not know how to handle expressions well in the current
implementation.

8 Related Works

The most popular educational robot system would be LEGO MindStorms, RCX
and NXT. But these are too large and too expensive for our purpose. Our teaching
material, including the MYUROBO controller board, costs about 20 Euros. We
think that this reasonable cost is the strongest argument for our system. Moreover,
when classes use our system, children get experience not only with plastic blocks
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but also with metal plates, screws, solder etc. By handling these various materials,
we hope children will have a more realistic experience with the robot. Our materials
for the robots are not standardized and so every child’s robot becomes the unique
one. Then, the controlling software for the robot is customized for that particular
robot. This should add to the good effect on learning computer programming,.

The Cricket []] is small enough but the bytecode interpreter on the Cricket is
optimized for the LOGO language. Hence, it would be difficult to implement the
translator from other high-level language such as Dolittle.

9 Conclusion

We have developed an educational system to learn robot-control for secondary edu-
cation. The system is composed of a MYUROBO controller board and a structured
robot-control language on Dolittle.

The benefit of the MYUROBO controller board is its low-cost and that it is lan-
guage free. Language free means that because the firmware of the controller board
realizes a virtual CPU which runs its bytecode interpreter, the user can program
with any kind of high-level language by developing the compiler or converter from
the language to the bytecode.

The benefit of a structured robot-control language is that it is easy to learn, as
proven from the results of the questionnaire summary from the two teacher
workshops.

But there are problems, such as a different syntax from the original Dolittle and
difficulty in handling variables and expressions in the implementation using the
Dolittle system. Enhancing the Dolittle system or developing an independent com-
piler would be needed to overcome these problems. We are going to design a new
structured robot-control language based on a fully object-oriented model.
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Abstract. We propose a technology education curriculum for lower sec-
ondary school students using an autonomous mobile robot with an arm.
The purpose of our curriculum is to teach the concept of systems that
work with mechanics, electricity and computers. For this purpose, we
have developed a control board and a computer language for an au-
tonomous mobile robot with an arm. The benefit of this kind of robot is
that students have to seriously think about the program for controlling
the arm to lift and carry objects. This kind of serious thought is not
necessary in programming simple mobile robots without arms[I]. In this
paper, we will report a test conducted to evaluate our teaching mate-
rials and lessons in lower secondary school. As a result, our technology
education curriculum satisfies requirements for students that have more
incentives to learn the concept of systems.

1 Introduction

In today’s information society, we are living with lots of embedded computers,
such as those within refrigerators, cars, and so on. To foster zest for living in
this information society, it is important to understand models of how embedded
computers control machines.

However, in Japanese “Technology and Home Economics” subject, mechanics
and computers are treated separately; mechanics controlled by embedded com-
puters are not taught. Therefore, students cannot get the idea of systems with
embedded computers, in spite of widespread technology which we use everyday
in our life. The downside of the fact is that they will not become citizens who un-
derstand the risks of technology and cannot evaluate the technological products
correctly.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 75-86] 2008.
© Springer-Verlag Berlin Heidelberg 2008
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In Japanese lower secondary schools, robot contests are quite popular (used
in more than 3,000 schools) in the manufacturing lessons of “Technology and
Home Economics” curriculum. In the robot contests, students compete with
each other to test their skills of controlling their hand-made robots. However,
those robots are not autonomous robots; they are controlled by humans through
remote controllers. Therefore, from such contests, students learn much about
mechanics, but almost nothing about computer controlled mechanics. We believe
that the heart of today’s embedded systems is computer controlled automatism,
and students should definitely learn such concepts. To enable such learning, (1)
appropriate material and (2) an effective curriculum are neccesary.

In this paper, we present an autonomous tri-axial robot (a mobile robot with
an arm) that we have developed as teaching material. Tri-axial means three
motors, two of which are used to drive wheels to move the robot around, and
one of which is used to lift the arm to carry things. Such robots can do some
useful work (e.g. carrying things and so) and are attractive for students. We
also present a curriculum we have developed which effectively make use of such
robots. Additionally, results of two experimental classes, one for lower secondary
school students and another for teachers, are reported. Finally, we discuss the
effectiveness of those curricula and teaching materials for students to learn the
computer controlled mechanics.

2 Overview of Our Hybrid Lessons

Our goal is to make the students comprehend the model in which mechanics are
controlled by embedded computers (and programs running on them). However,
such complex models cannot be taught in a single step. Therefore, we propose a
step-by-step style of lessons:

(1) Manufacturing the robots
In the first step, students assemble mechanical parts of the robot car (body,
gearwheels, motors, arms, and so on). They also learn wiring of electric parts
so that they can understand what electrical parts (CPU board, power supply,
motors, sensors and so on) their robots have, along with their connecting
topologies.

(2) Primitive programming experiences
In the second step, students experience primitive programming. With this
lesson, students understand that every action of a computer is controlled
through programs, and programs work in a concise step-by-step manner.

(3) Programming to control robots
As the third step, students finally craft programs and download those pro-
grams to the robot car, which operates autonomously under program control.

Through these lessons, students can grab practical models of computer con-
trolled mechanics along with collaboration among hardware and software. This
goal has been difficult to achieve in traditional lessons in Japan in which me-
chanics and computers were taught separately.
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3 Design of Teaching Materials

To carry out our lessons effectively, appropriate teaching materials are necessary.
The requirements for the teaching materials are as follows:

— The material should support learning of how the mechanics work. There-
fore, instead of being complete products, assembly kits, with which students
compose various parts as gearwheels, arms, etc. together, are desirable.

— The material should support learning of computer hardware. Through
wiring, and soldering to put the electric parts on a circuit board, students can
understand how the electrical hardware such as CPUs, sensors and electric
power supplies make the mechanics work.

— The material should support learning of embedded software with minimal
effort. Spending lots of time learning programming language syntax or com-
plex libraries is undesirable; the majority of time should be used to actually
experience robot control. Therefore, easy-to-learn programming languages
and/or environments with Japanese language support are necessary.

— The materials should be moderately priced, so that each of the students can
have their own robot. To achieve this goal in practice, price of materials
should be around ¥3,000 (about € 20) or so.

There was no teaching material which satisfies all of the above conditions.
Therefore, we have developed (1) electrical board with a CPU to control robot
cars, and (2) an educational programming system which runs cooperatively on
the electrical board and on a personal computer.

3.1 Control Board

For the purpose of controlling robots, a programming facility is required for the
control board. Our control board uses a PIC (CPU, program/data memory and
external interface packaged on a chip). Within the PIC, there is a small byte
code interpreter, and students’ programs are transferred from outside and stored
as byte code programs. Some of the byte code operations put a signal on the
external interface through which motor rotation is controlled.

In our curriculum, students put electrical parts on the control board and
connect them through soldering and wiring. Through those experiences, students
get a general idea of electrical circuitry and operation of the control board. The
circuit board we developed is shown in Figlll

As described earlier, our robots are tri-axial; two motors are used to control
two wheels (to move the robot car around), and one motor is used to raise/lower
arms. Therefore, our control board is capable of controlling three DC motors,
and also has four input ports to connect various sensors/switches. The sensors
include light sensor and touch switch (collision detector).

We use PIC16F630[2] as the micro controller on the board. This PIC has
FLASH memory, where we record our firmware. The firmware is responsible for
receiving the byte code program from the host computer and running (interpret-
ing) the program. The maximum length of the byte code programs is 127 bytes.
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Fig. 1. The control board and student’s work

Most of the byte code operations occupy 2 bytes (operation code and argument).
Byte code programs are transferred to the board from the host computer using
an RS232C cable and interface.

Aside from the control board, the mechanics of the robot car is built using
standard parts, such as a general purpose frame, gearwheels, wheels and so on.
The work of a student is shown in Figlll

3.2 Programming Language “Dolittle”

We adopted “Dolittle” [3] as a programming language and environment. Dolittle
is an object-oriented educational programming language with compact syntax,
and students can write programs using Japanese characters. Dolittle has turtle
graphics (inherited from LOGO). Turtle graphics are well suited to primitive
programming experiences because students can see the result of their programs
on the screen.

ROBO= MYU! "coml" create. /7 (D
ROBO: sendProgram= [! beginRobot // (2)
powerOnStart /7 (3)
[ /7 (&)

[! 2senserNo ifLow ] then [! rightForward ] // (8
else [! leftForward ] execute // (6)

[! 1senserNo ifHigh ] then [! getBall ] execute /7 (D)
Irepeat // (8
endRobot] . /7 (9)
ROBO: getBall= [! //(10)
10 stop //(11)
[! 4senserNo ifLow] whileRepeat [! motorRight ] execute //(12)
10 motorLeft //(13)
10 back //(14)
1. //(15)
ROBO! sendProgram. //(16)

Fig. 2. An example control program
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Additionally, we have implemented a simple robot language translator written
in Dolittle. With this translator, students can write their robot control programs
using Dolittle syntax. However, those robot control programs are translated to
byte code and transferred to the robot car.

Dolittle also has the facility to read/write RS232C communication ports. This
facility is used to control communication between the host computer and PIC
monitor and to transfer byte code programs.

Fig[2 shows a sample program for controlling a robot:

(1) makes a robot object which will communicate through the port “com1”.
(2)—(9) defines a method “sendProgram”.
- (2), (9) “beginRobot” and “endRobot” delimit the beginning and end of the
r
(

obot control program.

3) specifies that the program of the robot starts soon after the power switch

is turned on.

— (4)—(8) repeats infinitely.

— (5), (6) if the left sensor (sensor 2) touches a wall (or object), the robot
moves to the right, otherwise to the left.

— (7) if the center sensor (sensor 1) touches an object, the robot calls up
method “getBall”.

— (10)—(15) defines method “getBall” : The robot stops, moves the shovel up

to the limit, then goes back.

(16) transfers compiled byte codes to the robot.

Adopting Dolittle[3] made it possible for lower secondary school students to
learn this primitive program easily in a short period. This was essential to the
success of our curriculum because we cannot invest many hours for teaching
programming alone.

4 Experimental Classes for Teachers

To assess the usefulness and practicality of our materials and curriculum, we
have given two workshops, or experimental classes, for teachers. One was given in
August 2006 for five teachers at Fukuyama city in Hiroshima prefecture; another
was in November 2006 for eight teachers at Fujieda city in Shizuoka prefecture.

In the workshop, teachers first manufactured mobile robots with an arm,
then controlled them with their programs. The major goals of the lessons, when
applied to students, are as follows:

— Students can learn widely about mechanics, electricity and computers.
— Students can learn the outline of systems in which mechanics are controlled
by electricity and computers.

We asked the teachers to asses whether our materials and curriculum meet the
above goals, and to give us feedback as to what portion of the materials and
curriculum need to be revised (where it is too difficult for students or has other
problems). Kurebayashi took charge of two workshops.
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Table 1. Schedule of the workshop

description #hours
robot manufacturing 3
robot programming 3

Table 2. Q1 and Q2:You find it difficult for students to learn

Difficult Easy
5 4 3 2 1

Q1. robot manufacturingl 0 2 6 5 0

Q2. robot programming | 0 1 5 6 1

Table 3. Q3-Q6: The effect expected from our teaching material and curriculum

Agree Disagree
5 4 3 2 1

Q3. Good for students to study informatics and computers
Q4. Good for students to study technology and manufacturing
Q5. You would like to perform robot contest in class

Q6. Good for students to foster creativity and invention skills

o vio o
ESIEN IRCNEN
O~ R O
cooco
cooco

Table[] shows the contents of the workshops.

After the classes, we conducted a questionnaire survey to evaluate our mate-
rials. In the questionnaire, teachers answered each question choosing from a five
level scale (5: strongly agree 4: agree 3: not sure 2: disagree 1: strongly disagree).
The questions and the numbers for each choice are shown in Tablel] and Table[3l

In total, we think that subjective evaluations from teachers have confirmed
that our teaching materials and curriculum are effective for use in classes, both
for teaching manufacturing and teaching computers in a unified manner, and
also will have the effect of developing students’ creativity.

5 Experimental Classes for Lower Secondary School
Students

To evaluate the effectiveness and practicality of our materials and curriculum
with actual students, we conducted experimental classes in Hanashi lower sec-
ondary school (3rd grade, 123 students), Shizuoka prefecture, Japan. The lesson
started with each student creating a robot and then composing a program for
the robot. At the end of the lessons, a robot contest was held. Mr. Akiyama took
charge of these lessons.
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Table 4. Contents and schedule of the classes

contents #hours
Let’s learn about computer controls 1
Let’s try making a program 4
Let’s manufacture a robot 10
Create a program for robot control 3
Robot contest 3

Rule of the Programming
Robot Contest:

1. The robot must start
from the starting grid

2. Pick up the ball on the
storage

3. Carry it into the box

Fig. 3. The field layout and rules of the contest

5.1 Contents of the Classes

The contents and the number of hours for the classes are shown in Tablell After
the overview, students practiced simple graphics programming using Dolittle.
Then, students manufactured their own robots.

At the end of the arm of the robot, a paper cup with its bottom cut out and
an elastic band is fastened; when the robot puts the cup over an ping-pong ball
and raises the arm, the ball enters the cup and can be carried by the robot.
Students can freely elaborate and/or enhance the mechanism at will.

For robot control programming and the final contest, the task of picking up
ping-pong balls and carrying them was chosen. The layout of the field and the
rules are shown in Figl3l Scenes from the lessons are shown in Fig[l

5.2 The Result of the Lessons

All 123 students were able to complete their robots and control programs on time.
Also, there was no problem in learning the basics of programming. We think that
the choice of Dolittle programming language and associated robot programming
system contributed to this. Students were modifying and enhancing the sample
program at will; after trying their programs on the robot, they could change the
program to suit their intentions. As a result, the final robot contest was held
successfully.
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Fig. 4. A student working on his task and Students programming their robot

5.3 Questionnaire to the Students

After completing the lessons, we gave a questionnaire to the students. The goal
of the questionnaire was to evaluate the following points:

— Students’ willingness to learn
— Ease/difficulty level of our materials

The questionnaire was composed of 5 closed questions and a text description. The
selective questions were answered with a 5-level scale (5: Strongly agree, 4: Agree,
3: Not sure, 2: Disagree, 1: Strongly disagree). The content of selective questions
and numbers of students with percentages those who answered positively (choice
5 and 4) are shown in Table[l

The result suggests that students perceived both manufacturing and program-
ming as “hard fun” [4]. Therefore, the difficulty of our materials and curriculum
seems to be appropriate for lower secondary school students. Moreover, the ratio
of answers “I would like to continue the lessons” was very high; these lessons
raised students’ willingness to learn considerably.

We also requested students to describe freely at which points they felt diffi-
culty. Multiple answers were allowed. The purpose of this question was to inves-
tigate what is the hard point for the students and what aspect of the classes were
useful to them, from their own viewpoint. All students described something, re-
sulting in 243 answers in total. We categorized the answers, whose summary is
shown in Fig[Hl

Table 5. Results of the enquiry

description #students %positive
1. Manufacturing robots were difficult. 88 71.5
2. Manufacturing robots were enjoyable. 115 93.0
3. Programming robots were difficult. 87 70.1
4. Programming robots were enjoyable. 91 74.0
5. I am willing to continue this lessons 96 78.0
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Fig. 5. Summary of “difficult points”

From the above summary, we can point out that students learned a lot about
mechanics, electricity and computer programming. In other words, we think
that our original goal of teaching students a combined system of mechanics
and computer control was successfully achieved. Moreover, the ratio of answers
concerning computer programming is very high (49% in total), indicating that
students put lots of effort into computer programmings. This is an accurate
reflection of today’s embedded system or computer-controlled devices.

5.4 Study on Level of Understanding Embedded Systems

The original motivation for our curriculum
is to develop students’ understanding of em-
bedded systems in which computers control
mechanics, because such systems are widely
used, and today’s citizens should understand
the principles and risks of such technology. To
assess this kind of understanding, we made
another question to the students. The ques-
tion concerns the mechanism of elevators,
which are representative of computer con-
trolled mechanics and which are also familiar
to the students. We showed them the picture
of Figlil and asked the following questions:

Q1. Do you understand the meaning of
the phrase “errors in control panel pro-
gram?”

Q2. Please explain the role of the control
panel.

Fig. 6. Mechanism of elevators
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Fig. 7. The result of questionnaire on elevators

For Q1, we asked students to choose one from “Yes,” “Not sure,” or “No.”
For Q2, we checked if the student could choose at least one part shown in Figlf]
and explain its role correctly.

As a control group, we made the same questionnaire to students of another
public lower secondary school in the same city. This school does no teaching
about embedded systems at all. The number of students was 111. Fig[ll shows
the ratio of students who chose “Yes” for Q1 and could correctly answer Q2
for two schools. Additionally, we asked the students to raise their hand if they
thought that they understand the mechanism of the elevators, but no students
raised their hands.

As a result, the ratio of students who think they can understand the meaning
of the phrase “errors in the program of control panel” is almost the same, but
there is a large difference among the two groups in the ratio of students who can
write the role of control panel correctly.

In the control group (no embedded-system learning), there was a strong cor-
relation in understanding the role of the control panel and understanding the
meaning of the phrase “errors in the control panel program.” On the other
hand, in the experimental group (which experienced our curriculum), even when
the students answered “No” in Q1, lots of them could write the role of control
panel correctly in Q2. This means that there are many students who understand
the principle of systems with computer controlled mechanics, even if they do
not comprehend the somewhat difficult concept of “errors in the control panel
program.” The result confirms the effectiveness of our materials and of the cur-
riculum in enhancing understanding of the principle of embedded systems.

6 Discussion

We have developed teaching materials which can motivate students and which
support students to understand the principle of embedded systems. Students
did not feel much difficulty in manufacturing the robots and controlling them,
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as the robot consisted of processable materials such as plastic and brass, and
programming was easy to learn.

In the class, students handled lots of parts, such as motors, sensor switches and
control boards. Through these experiences, they could understand the principle
of systems in which motors move a robot and computers control motors referring
to signals from sensors. As a result, students thought “It’s difficult but fun.” and
teachers thought “It’s suitable for our classes”.

The robot contest was effective for learning. Students could refine their control
programs according to their intention, meaning that they could have concrete
understanding of computer controlled mechanics.

The elevator questionnaire revealed that students who experienced our cur-
riculum could answer properly, compared to the control group. This also indi-
cates the effectiveness of our materials and teaching methods.

7 Related Works

LEGO Mind-storms [5] can control a tri-axial robot which is constructed by
LEGO blocks. The robot can be programmed by a graphical language. The
CPU and other parts are packaged, so we can’t see the electrical parts inside the
block. These features are suitable for novices. But we think that in a technology
class, students should have the experience of seeing and constructing electronic
circuits in order to understanding systems, and they should have the experience
of programming and debugging by coding.

Cricket [6] can control a tri-axial robot also. It can be controlled by a graphical
language. It is useful for scientific education,but it is too expensive for students.
So we didn’t use it in our classes.

8 Conclusion

We developed autonomous mobile robots with an arm and conducted experi-
mental lessons. The robot can be used for robot contests in classes. Students can
learn the concept of systems by technology education and information education.

There are many system products, but they are a black box for many users.
Users cannot understand what they are and how they work. To understand their
principles, users should understand principles of software and hardware.

But not so many lower secondary school and higher secondary school students
want to become specialists. Therefore teaching materials and concepts which
students can be interested in are needed.

Our teaching materials for autonomous mobile robots with an arm and con-
trol programs are useful for hardware and software system education. By the
experience of manufacturing robots and control programming, We can expect
that students began to know the systems by analogy. Thus we are convinced of
the effect to learn the concept of systems that work with mechanics, electricity
and computers by using our teaching materials in Information and Technology
education.
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Abstract. Computer science educators expect their students to develop a scien-
tific design discipline with programs and proofs. Established acquisition of a
scientific discipline encapsulates rich cognitive representation, which is re-
flected by competent non-specific transfer. Do computer science graduates
demonstrate non-specific transfer of fundamental design notions? The study
presented here reveals some undesired findings. Computer science graduates,
who are engaged in teaching, showed rather limited competence with task rep-
resentation and the heuristic of decomposition and (re-)composition, as well as
with progression through ordered design stages. Many followed a rather unor-
dered and unconvincing solution plan, which yielded only partial outcomes, and
no conviction of exploitation. We describe our findings and offer suggestions
for explicitly elaborating (sometime implicit) design notions.

1 Introduction

Design is a fundamental skill in computer science, repeatedly required in the devel-
opment of computer programs (algorithms) and proofs. A design process is composed
of a series of stages — task analysis, solution planning, plan-execution, solution
evaluation (and verification), and the consideration of alternative solutions.

The design process may involve various problem-solving heuristics, among them
analogy (between the given task and other, familiar tasks), selection of a suitable
representation, task de-composition and re-composition, based on the chosen repre-
sentation, and more. The design also involves the utilization of concrete resources,
such as programming language constructs, data structures, design patterns (e.g.,
[1,8,17]), proof schemes, and computational models components.

Learning and acquisition of the design stages, heuristics, and resources involve
transfer [4,19,22]. The resources are explicitly studied in various curriculum courses,
and are acquired through repeated, focused practice, which involves specific transfer
(e.g., the learning of loop constructs). The design stages and design heuristics are
studied more implicitly, through solution-process illuminations. Their acquisition is
expected to develop gradually, into a scientific discipline, with accumulated experi-
ences of non-specific transfer. The main difference between the two kinds of transfers
is that specific transfer is simpler to teach, observe, and expect. Non-specific transfer
is subtler, in terms of its development, practice, and application.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 87 2008.
© Springer-Verlag Berlin Heidelberg 2008
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Although it is subtler, non-specific transfer is essential for competent problem
solving in any domain [4,5,15,19,21], including that of computer science. Students
should develop competence in utilizing and employing fundamental ideas in diverse
contexts within a domain [4,22], and demonstrate a scientific discipline that encapsu-
lates proficient expression of essential skills, including the skill of design.

A variety of studies illuminated novice difficulties with concrete resource transfer
of language constructs (e.g., [7,13,23]) and design patterns [18]. Novices demonstrate
limited comprehension and utilization of concrete constructs like loops and recursion,
and inadequate utilization of programming templates and schemes.

Very little was studied with respect to students' demonstration of non-specific
transfer of heuristics and disciplined design progression. One partial exception is [24],
which specifically examined novice difficulties with formulating proper goals and
plans during the program-design stages of planning and execution.

All the above studies focused on the design of computer programs. No studies were
conducted, to the best of our knowledge, with student difficulties in designing suitable
proofs in computer science. (Studies of proof comprehension and construction were
conducted in the domain of mathematics education.) However, proof design is essen-
tial in computer science. Moreover, leading computer scientists, including Hoar [16],
Dijkstra [6], and Gries [14] argue that program design should be done hand-in-hand
with proving, or convincing its correctness.

Computer science educators expect their students to develop a scientific design
discipline, be it with programs or proofs, by the end of their studies. Established ac-
quisition of a scientific discipline and scientific notions encapsulates rich internal
(cognitive) representation, which is reflected by competent non-specific transfer [15].
Is it really the case with design in computer science? Do computer science graduates
demonstrate non-specific transfer of fundamental design notions? Do they demon-
strate suitable heuristic invocations and a scientific design discipline? The objective
of this study is to examine this aspect, with computer science graduates who com-
pleted their studies and are currently engaged in teaching.

In the next section we describe our study, with a rather less common tool of an
a-typical task, and display our findings. In the section that follows, we discuss our
findings, and offer suggestions for explicitly elaborating sometimes-implicit design
elements, in order to enhance students' scientific design disciplines.

2 Design Disciplines

The population of our study included 33 computer science graduates, who teach in
college or high-school (some teach mathematics). We posed them a single task, which
did not directly involve computer-program design or proof design. Rather, they were
asked to generate and write on a paper a complete set of entities. For this, they had to
plan and apply a convincing, systematic scheme, thus demonstrating a scientific dis-
cipline and embedding notions of both program and proof design. In order to examine
non-specific transfer, we chose a task with elementary Geometry elements. The par-
ticipants were given 90 minutes for solving the Polygon task described below. They
were requested to describe their debates, diverse attempts, and decisions made during
their solution progress, in addition to the final answer.
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Polygons. Given a 3x3 grid of nine dots, as displayed in Figure-1 below, were
the distance between every two horizontally adjacent points is 1 (cm) and the dis-
tance between every two vertically adjacent points is 1 (cm), generate and display
on paper all the different simple (non self-intersecting) polygons with area 2
(cm?), such that their vertices are grid points. We consider all the different orien-
tations (rotation, reflection) of a polygon as the same polygon.

Fig. 1. The grid of nine dots

Note: We are not strict about avoiding redundant polygons in your answer, since
our focus is not on no-redundancies, but on the complete set of different poly-
gons.

Example: One obvious polygon is the rectangle below, in Figure-2. (Recall that
any rotation or reflection of this polygon is not considered a different polygon.)

Fig. 2. A rectangle of area 2, whose four vertices are grid points

At a first glance, one may get the impression that non-trivial geometrical insight is
required here. But, due to the grid size, the area calculation of any polygon placed on
the grid points is straightforward, and different orientations are rather easy to check.
The challenge is to select and utilize task characteristics with which it will be appro-
priate to reach a feeling of exploitation in generating all the relevant polygons. Com-
plete generation of all the polygons will be derived from an illuminating task
representation and a convincing applied plan.

In the beginning of the solution process, it is natural to start with some arbitrary,
straightforward polygons, as shown in Figure-3 below. One may rather quickly iden-
tify a large triangle, a hexagon, and a quadrilateral as those in the figure. It may ini-
tially seem that the total number of polygons is rather small, perhaps even less than
10; but, it actually is more than 20. After gaining some initial "feeling" of the task,
one should seek an illuminating perspective and yield an ordered generation plan.
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Fig. 3. Three rather straightforward polygons

Some problem solvers may start from the range of elements (polygons); whereas oth-
ers may start from a suitable domain representation (grid parts). In the former case, one
may try to yield polygons by: their number of sides, or by their side lengths, or by the
number of points on their exterior (interior), or by their sub-components. In the latter
case, one may start from the grid and represent it in various ways, by parts which may
be assembled and yield polygons. The notion of a suitable perspective plays an impor-
tant role here, as well as the heuristic of decomposition and (re-) composition. It is
probably natural for one to try different perspectives before devising an ordered system-
atic plan. One should carefully examine the domain, the range, and their inter-relations.

We observed the participants during their solution process, and collected their written
comments and solutions. In what follows, we classify and characterize the participants'
solutions, while referring to the above elements and the design stages indicated in the
Introduction (task analysis, solution planning, plan-execution, and solution evaluation).
The classification is divided into five groups, of different design disciplines. They are
described below, from the less disciplined to the more disciplined.

Design-Discipline 1: Unordered Progress + Local Restructuring

Nine participants demonstrated a very limited design discipline. After getting some
initial feeling of the task, by generating a few straightforward polygons, they did not
try to carefully analyze the task and yield an ordered polygon-generation plan. Rather,
they continued looking for additional polygons, by locally changing lines and parts of
the already generated polygons. Most of them generated between 12 to 16 polygons,
and obviously did not reach any feeling of exploitation, as they did not employ any
systematic theme.

The better ones among these participants applied some partially-ordered progres-
sion after noticing that some polygon parts are actually basic 1x1 (base, height) isos-
celes right triangles, of area 0.5, obtained from connecting 3 nearby grid dots, as
displayed in Figure-4 below. After observing one or more such triangles in a gener-
ated polygon, they decomposed the polygon, and restructured it "locally” by rotating
or reflecting such triangles for obtaining new polygons, as also shown in Figure-4.

A 40

Fig. 4. A basic right triangle, as a polygon part, and reflected
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All in all, these participants did not perform any ordered task analysis, and their
progress looked like a series of patches. They generated the rather straightforward
polygons, and then upon wondering whether they are done or not, they “discovered”,
a few times, one or two additional polygons. These discoveries were sometimes rather
arbitrary, or due to a "local recognition" of polygon parts that may be rotated or
reflected.

Design-Discipline 2: Partial Decomposition and Re-Composition

Ten participants demonstrated a somewhat better design discipline. After generating a
few straightforward polygons, they observed that these polygons may be decomposed
into parts, which may be re-composed in diverse ways and yield new polygons. Most
of them identified the 1x2 (base, height) right triangle as such a part (the rectangle in
Figure-2 and the triangle in Figure-3 may be viewed as a composition of two such
1x2 triangles; the quadrilateral in Figure-3 includes such a triangle as well).

Additional observed parts were: a 1x1 square, a 1x1 parallelogram, and a 2x1 isos-
celes right triangle, of area 1 (all these can be extracted from the polygons in
Figure-3). Some participants also observed as parts 1x1 isosceles right triangles (of
area 0.5), as the one in Figure-4.

After identifying the above polygon parts, these participants tried to systematically
compose all the area 2 polygons that may be obtained from the various compositions of
these parts. Some participants followed a very thorough generation scheme, of "going
through" all the possible combinations, and some were less systematic. They yielded
polygons like the left polygon in Figure-5 below. Those that observed as parts the 1x1
isosceles right triangles also added polygons such as the two right polygons in Figure-5.

All in all, these participants generated between 12 to 19 polygons, and some were
rather fond of their observations and polygon generation. However, although they
decomposed polygons into parts, their observations were rather limited and only par-
tially illuminating. Most of the above parts are rather large, and therefore yield limited
compositions. The participants tried to overcome this limitation by compositions that
include overlapping of sub-parts. But, a systematic scheme of such compositions is
not simple to yield, and therefore degrade the feeling of exploitation in the process of
polygon generation. In addition, the above parts were yielded from the rather straight-
forward polygons, and not from a thorough analysis of all the possible parts that may
be used in composing polygons. Some polygons were missing.

Fig. 5. Polygons composed of a triangle and a square, or only right triangles

Design-Discipline 3: Inconvenient Representation
Six participants sought characteristics that did not involve polygon decomposition.
Some recalled Pick's theorem [20], which provides an elegant formula for the area
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of lattice polygons (the area equals 1+B/2-1, where I is the number lattice (grid)
points inside the polygon and B is the number of the boundary lattice points). They
noticed that in the given task, I may either be 0 or 1 and B may be 6 or 4, accord-
ingly. Following this observation, they sought a systematic way for generating
polygons, but obtained only partial progress. (Though, others may yield an ordered
way.) However, some of them yielded the kite polygon (in Figure 6), upon generat-
ing polygons with an inner point. This polygon was not often reached by the other
participants.

Some participants tried to generate polygons by their number of sides. They started
with triangles, continued with quadrilaterals, and then pentagons and hexagons. Oth-
ers looked at the grid squares, and noticed that a square may be fully inside a polygon,
or fully outside, or may be divided into a part that is inside and a part that is outside.
Some tried to follow some systematic ways with angles between adjacent sides. Un-
fortunately, all these approaches yielded only limited progress. The number of poly-
gons generated by these participants diverted from 12 to 17.

All in all, these participants turned to various representations, or perspectives,
which were related to polygon characteristics; but were not illuminating enough for
them to yield thorough, systematic progress.

Fig. 6. A kite polygon, not often reached by the participants

Design-Discipline 4: Combined Approaches

Three participants felt that the initial approach they followed led them to unexploited
outcomes, and decided to continue with another approach, which will hopefully "com-
plete the picture". They started with the partial decomposition approach (design-
discipline 2) and felt that they were still missing some polygons. At this point they
turned to either looking for new grid point combinations, or new angle combinations
between adjacent sides. Their attempts yielded close to 20 polygons, but they still
lacked a feeling of exploitation, as their combined approaches did not encapsulate an
ordered, complete plan.

Design-Discipline 5: Suitable Representation

Five participants started in a way different from all the previous participants. They
examined the grid, and analyzed different shapes that may be obtained from con-
necting its points by lines. They particularly looked for small, "atomic" shapes from
which the different polygons may be composed. They identified two shapes: the
I1x1 isosceles right triangle (of figure-4), and the 1x1 obtuse triangle in Figure-7
below.
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Fig. 7. An "atomic" obtuse triangle

A short analysis shows that any polygon may be composed from (a combination
of) the above two atomic triangles. Some polygons may be composed from 4 atomic
right triangles, some — from 3 atomic right triangles and one atomic obtuse triangle,
and some — from 2 atomic right triangles and 2 atomic obtuse triangles. The latter
observation, of {4,0} {3,1} and {2,2} combinations of the atomic triangles may serve
as an upper-level decomposition of the task into three sub-tasks. (One may also spe-
cifically distinguish the case of a 1x1 square, which is composed of two 1x1 isosceles
right triangles.)

Each sub-task may then be further divided into sub-tasks, in planning the system-
atic generation of polygons. The case of {4,0} (four atomic right triangles, and no
atomic obtuse triangle) may be divided into sub-cases by the number of occupied grid
squares — first two squares (1 polygon, the 1x2 rectangle), then all the polygons that
are laid on three squares, and then all the polygons that (partly) occupy each of the
four squares. The case of {3,1} may be divided into two sub-cases — the case where
the atomic obtuse triangle occupies two grid squares together with an atomic right
triangle (and they form a 1x2 right triangle), and the case where the obtuse triangle
occupies two grid squares by itself and all the three atomic right triangles are in the
other two squares. The latter case yields the 3 polygons in Figure 8 below. The case
of {2,2} yields the remaining polygons — the kite, a parallelogram, and the 2x2
isosceles triangle of Figure 3.

Fig. 8. The atomic obtuse triangle is separate, on two grid squares

The participants in this group employed the above plan or a variant of this plan.
They started with different ways to divide the grid by lines, before reaching the or-
dered plan. Some distinguished a-priori the cases of a 1x1 square and a 1x2 right
triangle. Two of these participants validated their solution by employing a systematic
examination of the complementing areas of the grid; i.e., the areas that are not
occupied by the polygons.

Some of the participant answers (here, and in the other groups) included redundan-
cies, as the same polygon may be generated in more than one way (e.g., the 1x2
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rectangle may be obtained from two 1x1 squares or two 1x2 right triangles) or may be
generated twice, in different orientations. However, we were aware of this potential
difficulty a-priori, and therefore indicated in the note of the task definition that we are
not strict about no-redundancies.

All in all, the participants in this group demonstrated a scientific discipline in all
the stages of the design process. They conducted a thorough task analysis; chose a
suitable representation, based on atomic triangle shapes; and devised and imple-
mented an ordered plan of systematic polygon generation. They obtained a feeling of
exploitation in their generation scheme, as their plan combined hand-in-hand the
design and its correctness features, of thorough case analysis.

3 Discussion and Conclusion

The findings in the previous section reveal five different design disciplines, of which
only one was appropriate. Unfortunately, a vast majority of the participants demon-
strated the less suitable disciplines. One may try to relate the cause of these findings
to the a-typical task posed to the participants. We believe that this is not the case.

The Polygons task posed to the participants was indeed different and not analogous
to tasks they have encountered during their computer science studies. However, this is
a task suitable for examining non-specific transfer of design elements. Although the
participants were neither required to develop a computer program (algorithm) nor to
explicitly prove their answer, they had to employ fundamental feature of program and
proof design.

In solving the task one needs to conduct careful and thorough task analysis, and
seek a suitable representation, which will yield a systematic and complete solution
scheme. This may be obtained by carefully examining both the domain features (grid
lines and points) and the range features (of the polygons). Such an examination is
required in the design of programs and proofs. Failure to carefully look at both the
domain and the range may result in incomplete outcomes.

The task does not involve an "Aha" illumination. Rather, it requires careful de-
composition into cases and sub-cases. However, proper decomposition may only be
yielded from a representation that encapsulates atomic parts. This, again, is the case in
program and proof design. Failure to reach atomic features may result in a cumber-
some design, with overlapping objects, which will in turn yield partial outcomes due
to overlooked cases (as happened here).

The Polygons task may be viewed from diverse angles, and thus may elicit creative
observations [12]. Yet, one should seek the angle that "illuminates the picture" and
allows clear and ordered progress that leads to a feeling of exploitation, in the sense
of handling all the possible cases. Again — a fundamental theme in program and proof
design. When one does not follow a convincing plan, one may yield only partial
outcomes and lack the feeling of exploitation (as happened here).

The findings in this study reveal several difficulties with respect to the process of
design and the above fundamental notions. We describe them below.

o Task (domain-range) analysis. In four out of the five groups (of the previous
section), the task analysis was not thorough. Participants mostly analyzed the task
range — the polygons, and often not thoroughly. Many of them studied only the



Design Disciplines and Non-specific Transfer 95

straightforward polygons, and some less obvious polygons which they observed
during trial-&-error attempts. The vast majority did not carefully analyze the do-
main — the grid, in particular with respect to grid lines and atomic grid shapes.

Resources and Heuristics. The resources required in this task involved elemen-
tary-school Geometry, in the form of basic geometrical conceptions and triangle
(area) calculations. The main heuristics required to solve the task were two com-
mon computer science and problem solving heuristics — object and case decompo-
sition & re-composition, and suitable task representation. Most of the participants
employed these heuristics only in a limited way.

Decomposition & re-composition. The task involved two kinds of decomposi-
tions & re-compositions — object (polygon) decomposition into parts and case de-
composition (by polygon characteristics), where each case involved a different set
of the parts assembly, or composition. Unfortunately, the participants in the first
four groups did not perform complete and ordered object decomposition and did
not thoroughly yield the various cases of part compositions.

Representation. Proper object decomposition is tied to careful domain analysis,
and both involve the recognition of atomic parts. In this task there were two
atomic parts — a right triangle and an obtuse triangle, which could be recognized
by proper domain (grid lines) analysis. Yet, only the participants in the fifth
groups clearly recognized these parts. The other participants recognized only one
of the parts (the right triangle) or none. Failure to recognize the second atomic part
yielded incomplete outcomes, as well as cumbersome plan-execution, since larger,
overlapping parts were chosen instead.

Planning and plan-execution. The participants in the first group devised no plan.
They advanced through trial-&-error attempts, and showed no systematic progres-
sion. Their local progress at times reminded in some sense the "patching ad-
vancement" that is observed with novice designers [11]. The participants in the
second group did devise and follow a plan, but this plan yielded only a partial out-
come, as it was based on incomplete task analysis and heuristic employment. The
participants in the third and the fourth groups did not follow, or execute a consis-
tent plan, but rather changed their plan upon reaching points of no-progress. Only
the participants in the fifth group employed and followed an ordered plan.

Correctness, exploitation. The limited task analysis and heuristic employment of
the participants in the first four groups caused them a feeling of possibly-
incomplete outcomes. They did not reach a feeling of exploitation, in the sense of
generating a complete output set, as there were no solid observations which could
support convincing correctness argumentation. The only participants that reached
a feeling of exploitation and argued correctness were those in the fifth group, who
recognized a suitable representation and devised an ordered plan, based on a thor-
ough case analysis. They devised and executed a plan together with its supporting
correctness argumentation.

The above difficulties illuminate problematic expressions of non-specific transfer
of heuristics and disciplined design. Non-specific transfer involves rather different
domains and situations. Computer science graduates should acquire a rich scientific
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perspective that may be suitable for not only solving tasks similar to those posed to
them during their studies, but also to tasks like Polygons, which require the same
fundamental notions as the more standard computer science tasks.

The teaching of program and proof design should aim for competence in employ-
ing non-specific transfer as the one that was required here. Computer science teachers
should broaden their students' perception and application of the fundamental design
notions indicated above. These notions are often not explicitly underlined and elabo-
rated, possibly because textbooks and tutors expect students to assimilate them with
practice and experience. Yet, the above findings reveal that this is not the case. We
believe that one may not expect implicit acquisition of these notions. Textbooks and
tutors should explicitly underline and elaborate the essential design notions examined
above. In particular, they should explicitly illuminate and underline the notions of:

o Task analysis, with particular emphasis on thorough examination of the domain
elements, the range elements, and their inter-relations.

o Representation, which illuminates the key task objects and cases.

o Atomic elements, in particular with respect to decomposition and re-composition
of the task objects and cases.

 Exploitation, in the sense that all the possible domain-range relations are consid-
ered and handled. The above three notions are essential for reaching a feeling of
exploitation.

No less important is the illumination of characteristics of improper design. Stu-
dents may significantly learn from wrong [3,10,12,25], and should be aware of the
undesired outcomes yielded from:

o Partial domain-range examination.

o Trial-&-error progression, with repeated patching, due to an unordered progres-
sion plan.

o Incomplete task decomposition, which may result in overlooking relevant cases.

o Case redundancies, in the sense that the same cases may be handled more than
once, due to cumbersome decomposition and re-composition.

o Absent correctness conviction, due to the lack of exploitation.

Textbooks and tutors should repeatedly underline the above elements during the
design processes of both computer programs and proofs. In addition, occasional
utilization of non-standard, colorful tasks like the one presented here may offer a
refreshing enhancement to the standard way of teaching [2]. Tasks likes Polygons,
may serve as stimulating and inspiring means for pointing to students both the right
and the wrong. Due to their colorful characteristics, they raise motivation, enhance
intuition, and their lesson may be better remembered [9]. In addition, their non-
standard features yield practice of non-specific transfer, which should be enhanced
in the teaching of any domain [4,15,19]. The embedment of tasks like Polygons, for
underlining the right and the wrong in students' design disciplines, may develop
their scientific monitoring and control competence [21] as well as their scientific
perspectives and beliefs.
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Swimming: from the outside looking in, you
can’t understand it; from the inside looking
out, you can’t explain it.
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Abstract. The paper presents pilot experiences related to an educational meth-
odology developed within the European Innovative Teacher (I*Teach) project
for building ICT-enhanced skills [1]. The methodology is presented in the con-
text of a workshop for teachers in mathematics and informatics with a special
focus on enhancing presentation skills. The authors share their experience in
treating the very workshop as a project with specific stages - analyzing the
audience’s interests, developing a presentation scenario around a leading meta-
phor in harmony with the setting, distributing different roles among the present-
ers, involving the audience in an active reasoning and sharing. Thus the
workshop has demonstrated at a meta-level how the collective intelligence of
teachers could be harnessed in action. The main message is: such an approach
makes teachers feel like co-creators of the /*Teach project’s ideas and teachers
need only a bit of praise or encouragement to recognize themselves as
innovative teachers.

Keywords: Teacher education, ICT-enhanced skills, active learning methods.

1 Introduction

A broad range of new skills needed for teachers in the knowledge-based and life-long
learning society have been identified in studies within the EC program Education &
Training 2010 [2]. An important part of these skills refers to the competences and
abilities of teachers and trainers to design, develop, conduct, facilitate and assess
teaching and learning processes aimed at acquisition of productive soft skills en-
hanced by Information and Communication Technologies (ICT). These skills include:
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knowledge presentation, working on projects, problem solving, and communication
skills [3]. In response to the demand of enhancing the ICT skills with such soft skills
the Leonardo da Vinci Innovative Teacher (I*Teach) project has been launched with
the participation of Bulgarian mathematics and informatics educators [4]. The focus
of this project is on developing a practical methodology and supporting tools for
building /CT-enhanced skills — a concept coined to denote the synergy between soft
skills and ICT skills. The preliminary study within the project is oriented to the elabo-
ration of this concept. Through the collaborative effort of partners from seven Euro-
pean countries (Bulgaria, Germany, Italy, Lithuania, the Netherlands, Poland, and
Romania) the skills for

searching and selecting information
presenting information

working on a project

working in a team

are identified as the ICT-enhanced skills for which there was a biggest need in the
countries involved [5]. In what follows we try to give an idea of how to implement the
I*Teach methodology in the context of building presentation skills. The particular
event discussed herein is a workshop organized as a satellite event of the Annual
Spring Conference of the Union of the Bulgarian Mathematicians, Varna, 2007. This
workshop is a meeting of math researchers and teachers of highly achieving students
in mathematics and informatics.

2 How to Make a Good Presentation — Easier Said than Done

As discussed by Syslo and Kwiatkowska in [6], changes in mathematics education may
be expected according to the model for ICT development when the first stage (Discov-
ering ICT tools) and the second stage (Learning How to Use ICT Tools) are passed,
and the third stage (Understanding How and When to Use ICT Tools) is reached.
Thanks to numerous training courses in ICT for mathematics teachers in Bulgaria the
first two stages have been passed successfully. Now has come the most difficult and
important one — understanding How and When to use ICT tools so as to achieve par-
ticular educational goals. A series of sample educational scenarios have been designed
and offered in [7] in support of this third stage. An I*Teach scenario according to the
project framework represents a composition of tasks (implemented by active learning
methods) leading to an educational goal by covering intermediate objectives (mile-
stones). The metaphor behind such a scenario is a journey (the process) traced by mile-
stones leading to the final goal [4]. It was important for the I*Teach research team to
convince the ICT teachers with whom we worked that their (the teachers’) own presen-
tation skills and the presentation skills they were expected to develop in their students
should be far beyond the technical skills of using PowerPoint. Thus the teachers should
realize the very preparation of a series of slides is just one part of a very complex pro-
ject in which the objective of communication is not the transmission of information but
the reception of it. Of course, guidelines on how to make a good presentation and how
to avoid bad ones could be found on numerous sites of Internet and in many textbooks
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on ICT today. The real problems now are how to implement this advice and, even
more difficult, how to teach what good presentation skills mean. This was the gauntlet
the authors of this paper took up when deciding to organize a workshop on I*Teach
methodology for building ICT-enhanced skills.

2.1 Preparing — Some Necessary Conditions

We had made PowerPoint presentations on the /*Teach methodology at longer previ-
ous workshops [4] but we were not sure how to make best use of them. Following the
custom of some presenters we might have just as well reduced the number of slides...
Really? We knew that our whole preparation and presentation at the workshop should
be geared not to us, the lecturers, but to the audience. Our main objective was to make
our message understood and remembered. (Easier said than done.) As the ancient
Greek aphorism goes You could not step twice into the same river. This time the “wa-
ters” (the concrete conditions) were really very different: the workshop was held at
the biggest sea resort in Bulgaria and we decided that it would be a good idea to cen-
ter it around the Chinese proverb: Give a man a fish and you feed him for a day.
Teach a man to fish and you feed him for a lifetime. We had quoted this proverb on
many occasions but this time we decided to check it in practice and discuss the matter
with an expert in fishing. We talked with him about his skills and asked his permis-
sion to take pictures of him in action letting him know that they would be used in our
workshop. He was very cooperative and sympathetic with the teacher’s labor. The
scenario was becoming clearer in our heads: the next thing we did was to buy two toy
fishing rods.

2.2 Refining the Idea of How to Start

We kept looking for the most appropriate opening (as a very essential part of the sce-
nario) — probably one in the style of showing that we were not scared to be an object
of laughter; we hoped to prevent the teachers from following the man who had de-
cided not to go into the water until he learned to swim. It would have been nice to be
original and many of our trainees expected us to be so (at a previous /*Teach training
session immediately after the New Year we, the lecturers, appeared with funny hats in
harmony with the season [4]). But to invite the audience in the swimming pool in
bathing suits and funny hats would have been too crazy even for us. Still we needed
something that would give a special flavor to our workshop and we found it — fo catch
our audience with fish bites. The chef from our hotel was gained for the cause — he
prepared small fish sandwiches. Thus the opening was ideally tuned to the circum-
stances — noon time, the audience had sacrificed their lunch to attend the seminar and
deserved to be awarded in a cocktail style. The educational role of the fish bites was
still to be seen...

2.3 Analyzing the Audience

We knew in advance that most of our audience would be mathematics and informatics
teachers. In addition, as a satellite event of the conference there was a section of high



102 E. Sendova et al.

school students at which they were expected to present their projects in mathematics
and informatics at a very high performance level [8]. Thus the workshop title The
innovative teacher had to attract both young and very experienced colleagues who
were eager to keep up with the most modern tendencies of applying ICT in mathemat-
ics education. What would be most interesting for them, something we could help
them with? The original plan was to orient the workshop towards written presenta-
tions of teachers’ good practices, e.g. How to write an article for a math journal? But
after some preliminary discussions we realized that teachers were lacking a real moti-
vation for submitting articles to journals. At the same time there was a serious interest
in the oral presentations of projects — most of the teachers were working with their
students on research projects and teachers’ success depended to a certain extent on the
presentation skills of their students Furthermore, the teachers themselves were in the
role of presenters in their everyday activities. Depending on their presentation skills
the attention and the interest of their students would be held or lost. But how could we
be sure that we know better than our audience? And even if we did, should we follow
the traditional style of preaching the rules (taught by many of the teachers themselves)
by means of professionally made slides? It was clear that we should not deliver a
lecture but rather rediscover the ideas together and present at a meta-level the I*Teach
methodology for building ICT-enhanced skills (with a focus on the oral presentations
skills). Our message would be: If you want to learn to swim jump into the water with
us, quite in harmony with the active learning methods [7].

2.4 Balancing the Realization — Some Sufficient Conditions

Our rich teaching experience and the fact that we would present as a team made us
confident in tuning dynamically our presentation to the audience during the work-
shop. Thus, with the idea of balancing between the careful planning and divine inspi-
ration we felt ready for the start.

The mini-sandwiches were accepted with pleasant surprise but it was obvious that
their quantity would not replace a proper lunch. The first slide appeared as a back-
ground of this somewhat unexpected opening (Fig. 1)

What? — No title and authors? Every
guide for a good presentation says that it
is important to start properly — with in-
troducing ourselves and the theme of
the talk. Not necessarily! In fact, many
of the participants knew us for various
reasons and we decided to leave this part
for the end. The first idea to be conveyed
by the slide was that the presenters and
the audience should be like a school of
fish — enjoying the water together! An-
other message would be revealed Fig. 1. A school of fish
later on.
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Since there were several parallel ses-

sions at the conference a very important " your choice of what to attend?
problem for the participants seemed to be

the factors influencing the choice of what

to attend. This was the topic of brain- ?

storming we organized with our audience
(Fig. 2). We gave them some time for
reflections and the teachers began offer-
ing their suggestions which we started
filling in the blank slide in real time
(Fig. 3).

At the beginning the teachers were
slightly hesitant, just like students in a
classroom, but gradually they became very
active and it was clear that another slide
would be needed to reflect all their ideas.

We chose the factors that were the
most representative ones and showed our
audience with pride and joy the next
slide (Fig. 4).

These were in fact the same ideas

Fig. 2. Factors according to the audience

which the teachers themselves had sug- Fig. 3. What the teachers suggested
gested (but with slightly different
phrasing). Foadh——r
P T ks . Just with other words
It became clear that the audience and s

the presenters were interweaving their + To be interesting for the audience
roles and everybody was expecting with + To convey something new

. B . . + To be delivered in an understandable language
genuine interest the contribution of the + To keep the audience intrigued
others.

Although our team felt fairly self-
confident in improvising thanks to our
long practice in working jointly on pro- T S
jects and presenting together as lecturers
in teacher training courses we had care-
fully distributed our roles in the work-
shop. The captain of the presenting team had the role of challenging the well-
established rules for a good presentation and would provoke her co-presenters in the
hope of encouraging the audience to express their own view and opinion rather than
to receive passively information. The youngest member of our team in turn stayed
among the audience (thus making the argument with the rest of us more natural since
the audience didn’t know at the time that she was one of the presenters). With such an
approach we hoped to demonstrate skills for working in a team in addition to the other
ICT-enhanced skills (such as skills for planning, looking for information from differ-
ent sources, and working on a project). Our audience gradually realized the message
that a good presentation is like a good performance — the viewer expects to be sur-
prised. But to feel free to improvise it is crucial to know your partners and to tune the
distribution of the roles according to the potential and interests of all the team

Fig. 4. Authors’ suggestions
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members. Our youngest colleague shared her experience as a teacher in the National
High School of Mathematics and Sciences whose students can bring many surprises
for which there is no recipe. Thus the next question to the teachers came naturally:
How do you build ICT-enhanced skills in your school practice?

There were several enthusiasts ready to share their good practices — Boryana Ku-
yumdzieva who was the first one in Bulgaria to introduce graphic calculators in
mathematics classes, Katya Stoyanova who had organized a mathematical theater,
Steliana Kokinova who had participated in a team competition for teachers develop-
ing a set a problems on a given mathematical theme. Our role was to give comments
where appropriate, to extract the most essential things from all the examples, to help
these teachers realize what was innovative in their experience and how it could be
implemented by others. The important message we would like to convey was that the
teachers were co-creators of the [*Teach project ideas (metaphorically they were
swimming against tides of trouble the world knows very little about and they needed
only a bit of praise or encouragement to recognize themselves as innovative teachers).

The next step in our presentation scenario was to summarize what was the most
valuable in teachers’ good practices in the form of a challenge — we offered them to
participate in a competition for interpreting in educational context three slides with
pictures (Fig. 5).

(1) 2 3)

Fig. 5. The challenge

A few-minute silence of surprise followed, but then a lot of ideas were thrown in
the air as follows:
About Fig 5 (1)
Is this the golden fish? Students have more than three wishes.
Raising funds for education.
Is this the bait (for the student) or the catch (of the teacher)?
About Fig 5 (2)
Are we (the teachers) expected to learn this as well?
Consultations with the expert...
A lesson on catching whales.
ICT teacher training for 5-8 grade
About Fig 5 (3)
The hypotenuse is not always the shortest path.
Imagine that this is plus infinity...
The finger shows which way the “educational wind” blows.
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A colleague of ours, Prof. Neli Maneva, gave the following interpretation of the
whole challenge: The road to the useful knowledge requires sharing, attention and
illustrative examples. After the training, the trainer is free and satisfied but someone
has to do the real work.

Of course, our original interpretation was inspired by the Chinese proverb about
the fishing quoted above and the Zen koan: I'm pointing at the moon, and you're look-
ing at my finger (the moon been replaced by the sun this time) and we were trying to
express the current situation with the teacher education — we, the teachers’ educators
are talking about what we expect to see one day, and the teachers are interested in
what they are going to do on Monday. But we were open to the interpretations given
by the participants with such a sense of humor and wisdom.

Thus we reached the moment of demon-
strating the collective intelligence in action.
This intelligence was illustrated by Cornu
[9] interestingly enough in terms of “fish”—
when facing a big challenge a school of
small fish would take the form of a much
bigger fish as a self-defense (Fig.6).

This originally hidden message had to
be experienced to be captured!

The final goal of our journey (the pro-
Ject development process) was rediscov- Fig. 6. Collective intelligence
ered with the joint efforts of the audience
and the presenters (Fig.7).

The audience had realized that this pres-
entation could be considered as a product
of a whole project with a carefully planned
scenario (containing a challenge for the
audience), carried out by a team (including
the fisherman, the chef, the presenters in
different roles, and the audience itself).

The methods, strategies and approaches
included various means and technologies.
The information search combined with the
knowledge of experts in different fields Fig. 7. The joint product
reflected our experience in project work
which justified our choice to treat the workshop as a project itself (the team had to
generate the theme of the workshop and the way of presenting it in a fixed short time
and to find an original and appropriate way to implement it). The participants
confirmed our belief that the innovative teaching methods are often forgotten ones
(possibly enhanced by the new technologies). And in harmony with the whole presen-
tation idea, the introduction of the presenters was left for the (happy) end. We had
special awards for the most active participants — the two toy fishing rods were
delivered to the best catchers of ideas (Fig. 8).
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Fig. 8. The opening and the closing ceremony

The chef and the fisherman also received certificates for valuable contributions to
the workshop. As for us, the biggest reward was the impression of one of the innova-
tive teachers (Boryana Kuyumdzieva from Baba Tonka Mathematical High School in
Rousse) who shared after the event that she felt fully satisfied with the setting, the
support and the hope for the future conveyed by the workshop. The genuine novelty
for her was the quality of communication of ideas since: Everything could be said
and heard but what really matters is to experience it!

3 Reflections

After coming back to the hotel we smoothly passed to the next phase of our project —
the reflection. Why did the teachers so greatly appreciate this style of interaction?
One possible explanation is it gives people the feeling of achieving something that is
already within them and only needs a little encouragement to be seen and harnessed
into action. In other words, an innovative teacher in terms of the project I*Teach
could be any one of them, provided they look at where our fingers were pointing, not
at out fingers (the latter being very often the case with the teacher training courses).
To be innovative the teachers should experience as intellectually rewarding and en-
joyable what they are doing and learning by means of ICT; they shouldn’t think only
of how to remember all the technical details and make those as a teaching objective.
Within the whole I*Teach project (of which this workshop was only a milestone) we
tried to demonstrate to the teachers involved that the ICT are simply a means for ac-
complishing a concrete goal and that they could enhance important soft skills which
are not included in the current curriculum. Of course, the evaluation of the soft skills
(such as skills for searching for relevant information, working in a team, working on a
project, presenting your results in written and oral form) is very difficult and there are
not sufficiently refined tools for it. But the challenge should be faced and the gauntlet
should be taken. One way to show this was not to be afraid to risk being laughed at.
This helped our audience to share freely their own experience, their problems and
opinion. The teachers felt proud not only with their own ideas but were able to enjoy
and appreciate the ideas of the others — something which is very important for their
students as well. They caught our message that information should not be searched on
the Internet only — there are plenty of sources and experts around us. Furthermore, the
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rules for a “good presentation” could be extracted jointly with the audience rather
than being listed on a slide as a set of axioms. Besides, these rules are a good basis to
start with but if you want to reach a particular audience, your work starts with them
since divine inspiration is based on a solid preparation. The initial fish bites (no mat-
ter how tasty and well prepared) were seen now as a metaphor for the need of teach-
ing students how to fish as opposed to feeding them with bites of knowledge. The
participants ended the workshop even hungrier - not only for a proper lunch but for
knowledge to be gained thanks to their personal experience and ideas. As for us, we
tried to to look at our workshop scenario with new eyes and present it as a roadmap
(in a suitable form, of course) (Fig. 9).

Fig. 9. Scenario roadmap

The tail of the fish illustrates the idea that educational strategies in the spirit of the
I*Teach project could prepare teachers for their changing role of partners in a creative
process [10]. Furthermore, such a partnership could be further supported and main-
tained in the context of specially designed web-based collaborative environments [11-
12] and virtual centers for facilitating teacher’s professional development [13-18].

4 Conclusion

The audience became aware of the fact that their observations and experience were
the basis of our research and that we treat them as fellow researchers instead of as a
reality check for researchers.

The I*Teach workshop was a demonstration on a meta-level of how the collective
intelligence of innovative teachers could be harnessed in action. Pedagogical patterns
with similar ideas could be found in [19]. In our approach we tried to demonstrate all
the stages of an oral presentation tuned to a given audience — a careful analysis of the
audience’s interests and problems, making the best possible use of the particular set-
ting, developing a scenario around a leading metaphor, distributing specific roles
among the presenters, involving the audience in brainstorming and sharing of good
practices, making them aware that the innovative ideas were things they had already
probably done or were ready to do, and that all this was just the beginning — the real
cooperation was to start then.
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Our real reward was when already back at work we received a lot of e-mails and
letters with questions and requests for further courses and materials. Some teachers
invited us to attend their schools and observe project presentations of their students.
When visiting these schools we were convinced that as far as their presentation skills
were concerned the students felt like a school of fish in water.
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Abstract. This paper presents a duality perspective for teaching everyday soft-
ware products. The concept includes didactical lenses as a means to teach stu-
dents conceptual models of such digital artifacts. The duality of structure and
function is proposed as a didactic category to educationally reconstruct digital
artifacts from different perspectives (lenses). A comparison of teaching con-
cepts for word processors serves to illustrate the proposed concept of duality
reconstruction.

1 Introduction

It is very common for today's students to have daily contact with computers and ap-
plications (in short: with ICT). Consequently, the need and perspective on teaching
ICT and computer science at school is changing. In this paper, a socio-technical per-
spective on Informatics (CS) education is used to develop a concept for teaching ICT
as part of CS education. The concept is outlined using word processors as main
example.

In 7, the concept of educational lenses for the deconstruction of Informatics Sys-
tems (=IS) in specific application areas (contexts) was introduced. These lenses were
proposed to combine technical and social aspects. Using the socio-technical perspec-
tive while at the same time acknowledging the idea of the dual nature of digital arti-
facts, we can now refine the concept: Educational lenses enable a perspective which
makes the dual nature of specific parts of an IS visible. This process is called duality
reconstruction. Its purpose is twofold: on the one hand, didactic filters (lenses) high-
light the important parts of IS; they enable to teach the important parts of todays IS
without being overwhelmed by their manifold aspects, features and parts. They reduce
complexity without cutting off important issues. On the other hand, duality recon-
struction unfolds an educational perspective which acknowledges the dual nature of
these important parts and issues of IS.

The other aim of this paper is to give a more precise definition of educational
lenses and show how to use them for a didactic reconstruction of digital artifacts.

The chosen example is a topic that is usually considered as not very relevant for
CS education, because (presumably) only some aspects of CS are incorporated:
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teaching the use and understanding of word processors. This topic is often considered
as being redundant, as presumably every child is able to learn how to use word proc-
essors without help, and also using word processors is not really associated with other
CS-related tasks (whereas e. g. the use of spreadsheets is considered as more related
to programming). However, from the socio-technical perspective, duality Reconstruc-
tion can be used to develop courses in which the use of word processors is taught in a
way that reveals many important insights about CS.

The paper is structured as follows: First students’ current experiences with ICT are
described, and some didactical conclusions drawn. In the next section, concepts from
literature for teaching word processors are discussed. On this basis, the new concept
will be outlined and described. The paper ends with some concluding remarks.

2 Educational Relevance of Computer Usage in Everyday Life

Today, computers and ICT are simply an ordinary part of the everyday lives of our
students — with some important implications for teaching the science behind these
artifacts. Before discussing these implications, today’s experiences with ICT are
shortly outlined.

For the study KIM 2005 in Germany 9, a representative sample of 1.203 children
between 6 and 13 years were asked about their experiences with media and com-
puters: 47% own cell phones (71% at the age of 12-13); 76% use a computer (52% for
children between 6 and 7 years old; over 90% of children between 12 and 13); the rate
of computer usage is 26% every day; 56% once or more per week, 18% more seldom
(everyday usage: 14% of age 6-7, 36% of age 12-13); How to use a computer was
most often learned from the father (62%) or mother (37%), and then from friends
(24%). At school, 20% learned something about computer usage. In case of usage
problems, children ask peers in the same ratio.

Alan Mitchel 10 reports results from studies with secondary school students in the
UK: 55% say the experience of ICT in school "has put me off"; 68% would only take
CS, if they wanted a career in computing. 54% think it is more of a skill than a career;
juniors mostly think CS is 1) the science needed to produce computers, 2) similar to
ICT, and 3) understanding the ways computers operate; seniors compare CS to 1)
technological studies or engineering, 2) ICT and 3) math; many think CS is boring.

In our group, we qualitatively surveyed effects of computer usage in everyday life.
The main results are (see e.g. 11): University Students outside CS (such as psychol-
ogy majors) conceptualize CS as science that is focused on computers; experts are
seen as a kind of professional users whose job it is to solve usage problems and irra-
tional computer errors. The job is focused on technical aspects, it is not creative. Ma-
jors in different CS-related subjects focus on CS without drawing connections to
contexts. Both groups only seldom differentiate between ICT-courses and CS-courses
at school.

From these empirical results we can draw some conclusions: Students do not dif-
ferentiate between teaching ICT and/or CS at school. Therefore, teaching ICT should
aim at supporting viable mental models of CS too (see [CB06] for a discussion of
effects of ICT on CS). Although ICT and CS are often mistaken seen as the same;
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CS-issues (in a more correct meaning) are seen as irrelevant and detached from ICT-
experiences in everyday life.
In summary, the educational question is how to relate ICT and CS, so that

e learning ICT becomes valid and meaningful for students (given that many learn
computer usage outside school),

e learning ICT does not have negative effects for the learnability of CS,

e learning CS becomes meaningful and valid from a ICT literacy perspective.

Fortunately, there are some didactical concepts we can discuss in the next section.

3 Concepts for Teaching Word Processors

In this section three different concepts for teaching word processors are compared,
before presenting the socio technical approach.

3.1 Object-Oriented Analysis of Word Processors

Hubwieser uses the idea of object-oriented modeling to combine ICT and CS: “our
novice courses start in grade 6 with the elaboration of the basic concepts (“object”,
“attribute”, “method” and “class” in the context of vector graphics. In a second step
we develop the models by introducing the concept of aggregation (e.g. paragraphs
containing characters) in the context of text processing.” (5, p. 106). A character
object has several attributes (see Figure 1).

Character
Symbol
Font
Size
Color

Fig. 1. Attributes of a character in a word processor in lower secondary CS courses at school
according to Hubwieser

The educational aim of this approach is — as Hubwieser (5, p. 104) states — ,,to give
every child a fair chance to master the challenges of the information society and” to
prevent them from building wrong “self-made” mental models of these technologies
or from using an inappropriate vocabulary to describe them®.

3.2 Teaching with a Conceptual Model of Word Processors

Ben-Ari and Yeshno propose conceptual models to provide ,,a link between the target
system and the user’s mental model* (1, p. 1338), because a ,,user who must build a
mental model directly from the behavior of the target system is very likely to be mys-
tified* (1, p. 1343) and develops an inefficient or inappropriate mental model.

They suggest that WYSIWYG software cannot be understood completely from us-
age experiences; hence the internal data structure is (at least partially) hidden. A
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conceptual model should be taught that allows the user to understand the internal data
structures and operations on that structure.

Interestingly, Ben-Ari and Yeshno discuss the model given above (see Figure 1) as
such an inappropriate model (p. 1341). To prevent learners from conceptualizing font
“as a[n] attribute of the characters forming the WYSIWYG text” (p. 1341), they pro-
pose a block model as conceptual model for teaching word processors. A block is a
sequence of characters for which certain attributes are valid (font, language, etc.),
certain operations open a new block, and moving the cursor can have the effect to
enter another block, so that typing a character has a different effect.

| A line of text containing severlal blocks affecting the layout of the text. |

Fig. 2. Example of a block according to the block model proposed by Ben-Ari and Yeshno

From the results of a comparative study (block model vs. ‘activity based teaching’)
the authors conclude that conceptual models “enable the students to develop viable
mental models of applications, improving their performance on tasks and quite likely
decreasing their anxiety. [...] We also believe that once users learn to interpret system
behavior in terms of conceptual models, it will significantly change their approach to
learning software artifacts” (1, p. 1347).

3.3 Strategic Knowledge vs. Command Knowledge

Bhavnani et. al. 2 state that inefficient teaching relies on command knowledge: Such
concepts propose to demonstrate the given commands of an artefact like a word proc-
essor, and then focus on practicing. They propose teaching strategic knowledge, by
exploring alternative methods for solving complex tasks, discussing and demonstrat-
ing efficient methods and generalizing them to strategies which then can be practiced
in similar complex tasks. The Strategies are shown in Figure 3.

Iteration Reuse and modify groups of objects

Check original before making copies

Handle exceptions before/after modifications of groups
Make dependencies known to the computer

Exploit dependencies to generate variations

Make organizations known to the computer

Generate new representations from existing ones

View relevant information, do not view irrelevant information
View parts of spread-out information to fit on the screen

Propagation

Organization

Visualization

D= = = o =

Fig. 3. Strategic knowledge for using word processors (or spreadsheets), 2

The authors conducted a study in which teaching strategic knowledge was com-
pared to teaching command knowledge. However, it is not clear whether the results
are due to the different teaching methods used (in addition to the changed content of
teaching).
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The authors summarize their findings as follows: Teaching strategic knowledge
“(1) enables students to learn efficient strategies; (2) benefits student populations with
either technical or non-technical backgrounds; (3) does not require extra time com-
pared to the traditional approach focused on command knowledge; (4) does not harm
the acquisition of command knowledge; (5) has the potential of enabling the transfer
of strategic knowledge across different applications.” (2, p. 236).

3.4 Discussion of Concepts

The three approaches to teaching software artifacts (word processors) are quite simi-
lar. All aim at giving the learner some additional knowledge that goes beyond teach-
ing commands. The empirical results of the second and third approach suggest that
such additional skills do not lead to lower command knowledge — but at the same time
not to higher command knowledge, either.

The approaches differ in suggesting different conceptual models: An OO model, a
block model and a strategy model. In terms of mental models we can distinguish
structural and functional (mental) models, applying the terms Mann (8, p. 12 and
p-15) used for distinguishing models of programming languages: A functional model
describes operational rules; that is a relationship between goals and a sequence of
(usage) actions to achieve the goal. A structural model describes the general structure
and state of a system, and how this state is altered by specific operations. The focus of
a functional model is on steps to reach a goal; the focus of a structural model is on
predicting effects of operations. Both models lead to inferences about the other
model: When learning a functional model, the learner is likely to build (or: infer) a
structural model, too — and vice versa.

The first two models here are structural, the third is functional. Note that all three
approaches focus on one side only — hoping the learners will implicitly gain a suffi-
cient model of the other side, too. According to diSessa 4, functional models should
be taught first, as they “provide a way in”, followed and deepened by structural
knowledge (4, p. 114). The first two approaches therefore seem to rely on some prior
knowledge in using word processors. They aim at deepening this knowledge.

Interestingly, the same is true for the third approach. The approach to teach strat-
egy knowledge by means of function aims at teaching advanced knowledge based on
function; but without structure, strategies remain black boxes. It is an interesting
question whether functional knowledge taught can lead to appropriate structural
knowledge. It might be that by analyzing structure, different, or additional strategies
can be obtained.

In summary three questions remain unanswered:

1. How to assess the completeness and richness of aspects used for teaching?
2. How to find a proper sequencing of teaching structural and/or functional aspects?
3. How to combine structural and functional models?

Implicitly, and that is why this discussion is relevant for CS education research: a
certain level of usage skills is not possible without computer science knowledge.

In the following section, the socio-technical perspective is presented, which builds
a framework from which the three questions may be answered.
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4 Dual Nature of Digital Artifacts

In this section the socio-technical perspective (see 7) is refined according to the dual
nature of digital artifacts. In that approach, educational lenses were proposed as an
organizing principle for the integrated teaching of technical and social aspects of
informatics systems. Each lens highlights one educationally relevant dimension of a
sociotechnical informatics system. The lenses (see left column in the following table)
are: 1. Automation, 2. Interaction, 3. Information processing, 4. Networking, 5. Stan-

dardization and 6. Societal and ethical aspects.

Table 1. Overview of structural and functional aspects of educational lenses

Educational Structure (the ‘technical’ aspect as it [Function (the ‘social’ aspect as it would|
would be called by the traditional be called and considered as being not
Lenses . . . R
Engineer) important by the typical engineer)
Automation What is the data structure that allows | What process is (partially) automated,
which kinds of operations? What is the | and for what purpose?
structure (algorithm) of the prototypical
(important) explicit and implicit opera-
tion(s)?
Interaction What is the structure of the explicit | What is the effect/purpose of the in-
operations? teraction (gui/use) metaphor? Check
use strategies.
Information What is the structure of the implicit | What is the effect/purpose of these
processing operations and data visualization? implicit operations and data visualiza-
tion?
Networking Are there any networking/cooperation | How can people cooperate using the
(Cooperation) facilities? If so, how do they operate? artifact? How is cooperation organ-
ized-/affected by embedding the arti-
fact within an application context?
Norm, regula- | Which structural aspects (operations, | What is the purpose or rational of
tion and law | data structure) are due to regulation | certain regulations? What is the effect
(Standardiza- (standardization), and/or lead to regula- | of these regulations?
tion) tion?
Societal and | Analyze the structural development | Analyze the functional development
ethical aspects path of the artifacts: which structures | path: which functions are fundamen-
are fundamental/important and are | tal/important (e.g. other artifacts)?
affecting larger structures (e.g. other
artifacts)?

From the sociotechnical point of view they build a sequence from the most inner

(‘technical’) part of the system to the most outer parts, which are the social parts or
the social surrounding of the technical part. The system perspective alone fails in
bringing together social and technical aspects. Instead it reinforces their separation;
but based on the perspective of dual nature of digital artifacts, each part of the system
has a dual nature; and therefore each lens points to structural and functional aspects.

Structure can roughly be interpreted as focusing on the classical ‘technical’ aspect,
whereas function focuses on the classical social aspect. This is the core idea of using
the dual nature approach developed for the philosophical discussion of technical arti-
facts 6 for the educational discussion of digital artifacts.
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We can think of data structure and operations on this structure as the structural as-
pect of digital artifacts; and their functional aspect is connected to the goals one wants
to achieve with a certain artifact. It is determined by (and determining) the surround-
ing social context.

Acknowledging this idea of the dual nature of digital artifacts, educational lenses
have to be reorganized. That is, instead of conceptualizing the lenses as highlighting
either structural (‘technical’) or functional (‘social’) aspects, each lens now highlights
one relevant aspect of a digital artifact in its dual nature.

For example, the lens Standardization (norms regulation and law) now highlights
social processes of regulation and legislations connected with digital artifacts, as well
as ‘technical’ processes of standardization. There is an ongoing debate about stan-
dardization of file formats for text processing. From the engineering point of view,
file formats of e.g microsoft word and openoffice are changed to use xml-based solu-
tions. However, the driving force for this change is the discussion about the necessity
of having product-independent formats for storing text documents. So both sides are
needed to understand the change from .doc to .docx.

Table 1 gives a short characterization of the dual nature of each lens.

In the description of lenses some concepts were used which need to be explained:
The difference of explicit and implicit operations, and development paths.

Explicit operations are those whose effects are easy to assess, as e.g., in WYSIWIG
software, their results are explicit. Usually these results give visual feedback whether
the user is one step closer to his (usage) goal, or not. Therefore, explicit operations are
often executed without delay and allow the user to obtain the impression of directly
writing on a piece of paper, i.e., to directly interact with some material provided by the
digital artifacts. In addition, user actions often trigger operations not directly visible,
these are implicit operations. Such operations are needed to prepare the data: to store it
in suitable data structures, to define additional data in order to enable other explicit
operations in later steps. One example is to format headings by using pre-defined style
sheets (Headingl, Heading? ...), so that later a table of contents can be computed auto-
matically.

The difficulty with the distinction between explicit and implicit operations is that
there are many cases in which the distinction is based on the knowledge of the user.
E.g. for a skilled user it is obvious to use pre-defined style sheets like Headingl when
starting a new chapter. However, there are cases where operations remain implicit (for
example that typing a character in a word processor implicitly stores a code, and trig-
gers an operation to layout the character with a given font). Implicit operations might
be regarded as triggered side effects; however, they often allow additional function, as
they automate information processing.

Thinking of development paths sometimes helps to uncover such implicit opera-
tions (or, to be precise: to find ways to teach such implicit operations).

In the case of word processors, the development path goes back to writing texts on
paper or with typewriters. From the typewriter era we have inherited concepts like tab
stops and carriage return.
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5 Example: Duality Reconstruction of the Word Processor

In this section, the duality reconstruction is demonstrated using the WYSIWYG word
processor as example. This example was chosen because text processing is usually be
seen as easy to learn, and furthermore because it is seen as learnable by focusing on
the functional aspect only. Learning text processing in this point of view means
learning to use this type of digital artifact — and not to learn its structure. So when the
duality reconstruction of this example demonstrates how function and structure are
interwoven, and how both are needed to understand and being able to use even such a
‘trivial’ application, then the approach is likely to be useful with more complicated
(= more ‘technical’) digital artifacts as well.

The second purpose of this section is to check whether the lenses really are
applicable to digital artifacts. Remember, initially they were suggested to analyze the
social surroundings of a technical system. Interestingly, automation, the first, most
concrete lens and societal and ethical aspects, the last and most abstract lens, are
closely connected. Therefore these two lenses will be discussed initially, followed by
a brief discussion of the remaining lenses. Figure 4 gives an overview about the key
aspects discussed as results of the duality reconstruction of the word processor.

The answer to the question what is automated (first lens) by word processors seems
trivial: the mechanics of writing. Instead of laboriously producing marks on a sheet of
paper with a feather or a pencil, the word processor — like the typewriter — produces
these markings; and in addition to the typewriter with its fixed fonts we can easily
change the font of our text from e.g. Arial to Times New Roman. Of course, word
processors have many useful additional features like spell checking, support for in-
cluding tables, etc. — but the improvement of what we call mechanics of writing is the
major feature.

Automation

\

\ /
Code & Font ] 4
Social and

ethical ) Interaction
aspects \

/L Editing &
Process of Writing Formatting

Fig. 4. Assigned to lenses keywords resulting from duality reconstruction
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This feature is more important than it may seem, building the foundation for many
additional features. Therefore, we have to analyze the structural aspect of this feature,
how can it be, that it is now so easy to change the layout of the text, say by changing
the visual representation of characters from ‘Arial’ to ‘Times New Roman’? It is,
because word processors (or the computer) changed the nature of the written lan-
guage. For centuries, written language was defined as (more or less) permanent mark-
ings in a material. Materials like stones, parchment, papyrus, or paper can be used to
be marked with written characters. The important thing is that a character is a visible
marking on the material — if the marking is changed, the written text is changed, too.
Therefore a character was regarded as a unity of layout (glyph) and meaning as a
member of the alphabet of the language. With the introduction of computers, charac-
ters lost this unity — they are now separated in a visual marking (given by the fonts)
and an underlying data structure (given by code, like e.g. Unicode).

When the user types in a text, patterns of code are stored and in modern word
processors they are immediately visually presented in the actual chosen font. This
produces the illusion that typing a text in a word processor can be compared to typing
text with a typewriter.

It is important to note that this structural feature (dividing character in code and
font) is the foundation for many features of word processors. It is the reason why a
word processor can assign a different font to a given text without destroying it — the
used codes of the characters stay the same.

While supporting the mechanics of producing a marking on a material may seem to
be trivial, the structure behind this function immediately leads to several additional
functions: Regardless of the chosen font, a computer can search for a pattern of codes.
When a finished text is finally printed on paper, without additional effort we can save
a ‘copy’ on our hard disk (that is, in reality we save a pattern of codes and some addi-
tional information from which the word processor can produce a copy). It is easy to
change the text, to e.g. swap, add, and delete sentences, because these changes are
changes of code, and after that the new pattern of code is visually designed and ar-
ranged in the used font.

Before discussing why this seemingly trivial feature - automation of the mechanics
of writing - has important societal and ethical implications, let us summarize briefly
what a word processor basically automates: It changes the act of writing characters
from producing a fixed visual pattern on a material into storing the code of the charac-
ter, which is automatically presented in a visual layout (on screen or paper) given
other (usually predefined) data like the chosen font. By the way, the article about TeX
in Wikipedia (http://en.wikipedia.org/wiki/TeX) has a section about the hyphenation
and justification algorithms used in TeX to produce the layout of a paragraph which
gives a good impression of the algorithmic complexity of automatically producing the
visual layout of text.

Overall, the code & font structure has important societal impacts:

e  Writing texts: copying texts and plagiarism,

e  The electronic dissemination of texts via e.g. mail, www changes dramatically.

e Using written text: searching for documents; dissemination of text via elec-
tronic books (and their extra value compared to paper-based books)
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e Overall: it changes a fundamental defining feature of written language as
some fixed (permanent) visual pattern on a material. This feature has the im-
pact that written language was, as the writing process itself, sequential. Now
it is possible (or at least easier) to write iteratively. Interestingly, texts in the
WWW are often not sequential any more like we were used to from book
pages.

Based on this discussion of word processors from the above outlined socio-
technical perspective, the following sections present results from educational lenses
applied to word processors.

SECOND LENS: INTERACTION

Word processors can be seen as the prototypical application based on the principle of
WYSIWYG. Bravo for the XeroX Alto System seems to be the first WYSIWYG
editor. It uses a combination of mouse input and textual commands.

Table 2. Excerpt from Bravo’s user manual explaining the command ,Paragraph Append’,
p- 21 (http://www.bitsavers.org/pdf/xerox/alto/BravoCourse.pdf)

“To begin typing this additional text, select the last paragraph of the memo as a paragraph--
cursor on the left margin, arrow pointing to the right, push the Yellow mouse button. The cursor
will indicate a paragraph selection by changing its shape to a paragraph symbol. With the
paragraph selected, give an append command. That is, type:

a

There are some functional issues connected to this

1. The user directly changes the layout without having to remember commands (in
the example above, the Bravo Editor, a mixture of commands and direct manipu-
lation was used)

2. The user directly sees the result, as it will be printed on paper.

3. The way automation is used changes. Instead of typing in text, giving layout
commands, ‘compiling’ the input for processing, and then receiving the output
(the I-P-O model), the interactive model aims at hiding the processing in order to
give the user the illusion of directly typing characters as fonts on a simulated
piece of paper.

4. Formatting of the layout of the text now comes more into focus, which then cre-
ates the need for the corresponding function to effectively change the layout (e.g.
style sheets).

These functional issues are reflected in (more precisely: enabled by) the structure.

In addition to storing the characters or a text as code together with information how
they are to be formatted, types of layout (style sheets) are saved. Changing the layout
direction at a single place (changing the style sheet) thus can affect several pieces of
text.

THIRD LENS: INFORMATION PROCESSING
The division of a text document in content, layout and formation leads way to enable
more advanced functionalities we analyze as information processing. Note that we
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changed the usual content-layout-structure into content-layout-formation in order to
avoid confusion with the concept structure as part of the duality of digital artifacts.

The interesting aspect is that in addition to code and fonts (roughly: content and
layout) additional information about the formation of the text is given. Information
about division of a text in sections, subsection and according headings and subhead-
ings can be used to generate an outline-view which supports thinking about the theme.
It also allows changing the outline.

A typical general feature of information processing of digital artifacts is the ability
to (automatically) produce different views on the information. These different views
highlight different aspects, show central issues, abnormalities, or relations between
different parts. Word processors also allow different views on texts. For example the
outline view, showing the outline of the text.

FORTH LENS: NETWORKING

For collaboration, there are sometimes functions like comments and change tracking,
and for combining and comparing documents. Structurally, adding information about
changes and comments, and allowing different views (i.e. hide and show) seems quite
easy.

In addition, it seems that a new generation of web-based word processors is cur-
rently developed (or popularized), allowing multiple users synchronous writing in the
same document.

Fifths and sixth lenses were already briefly discussed above. (For standardization,
the pressure on using interchangeable file formats was discussed)

6 Discussion

In summary, the process described is not only analytic but also reconstructive. For
instance development path and interactions with usage contexts are added as
enrichment of the teaching content. The purpose is to make investigation of structure
meaningful, relevant and useful to the learner. The duality reconstruction connects
‘technology’ (in is isolated, single-sided meaning) with individual and social experi-
ences and practices. Thereby it opens a path to explore the science behind the many
digital artifacts.

In addition, taking into account function in the didactic reconstruction is a first step
to support students’ prior knowledge from everyday experiences. Therefore, explica-
tion of usage contexts is valuable. Putting the discussion of structure (or function) in
classroom in context supports this enrichment, so that function becomes understand-
able through structure, and structure becomes meaningful through function.

Lenses support a didactic reconstruction of the duality of digital artifacts: The
complexity and amount of functionalities and ‘technical’ ideas involved in today’s
typical digital artifacts is thus reduced and focused on specific issues — but without
isolating and de-contextualizing them.

While the initially discussed examples of teaching word processors tend to focus
on structure or function, duality reconstruction reveals their interrelation, and in addi-
tion enriches teaching aspects to include more abstract, more general and contextual
information.
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Abstract. In this paper we present a teaching framework that extends the tradi-
tional problem solving method in computer science education in order to in-
crease student motivation. It replaces problems by so-called challenges and in
particular emphasizes the learning situation and inspiration of the students. Fur-
thermore it combines several pedagogical principles and applies them in a proc-
ess of how students learn in a motivating and self-regulated way. In order to
justify the necessity of a new concept, problems in the traditional problem solv-
ing approaches in general high school education are highlighted. Implications
from research addressing similar issues are summarized. In order for addressing
students’ motivation changes are necessary; challenges can provide a basis to
start from.

1 Introduction

The core of computer science is all about problem solving: In software companies
customers usually have problems which programmers need to find a solution for.
Detailed models have been developed for finding the best methods to solve these
problems most efficiently. Some of these models, together with the general problem
solving approach, have found their way into computer science education. But is it
really all about problem solving? In a literature review about introductory program-
ming it looks like it does — problems seem to be everywhere: in the textbooks and
tasks as well as in the results of the courses. This paper considers the question,
whether learning in computer science' possibly happens differently: motivated by
personal challenges and creativity. Taking these factors into account, one of the major
problems in computer science may be solved: the decreasing interest and success of
our students.

' We refer to computer science in general even if illustrating the issue with examples from
programming in particular. The use of problem solving tasks is common but not unique to
teaching programming. Many concerns we bring up in this paper can be generalized to other
topics in teaching general computer science as well.
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2 Ways of Learning Computer Science

2.1 How Learning Computer Science Has Changed

Children today grow up in a different environment than they did 10 years ago and a
lot different than 20 years ago: Today computer technology is a part of their life.
Since young students more frequently use videogames, programmable mobile phones,
notebook computers and such, the use of technology becomes more and more normal.
People who are currently teaching grew up differently: If technology was available at
all, it was something special, something “fragile” and something you needed to put a
lot of thought and study in before you could use it efficiently. Also, you needed to use
it efficiently as technology was expensive and not that powerful. Things have
changed. Using computers today is generally easy and something most students can
do. Modern operating systems strive for being intuitive to understand (and are im-
proving in that). Hence the instructors’ efforts towards teaching usability of technol-
ogy can be diminished. Fortunately, this implies that computer science education in
schools can focus on matters that are essential to computer science instead of training
computer use. Also programming languages are progressing that way and are increas-
ingly used by non-computer scientists. People are getting to know the computer as a
new medium for expressing themselves, as a tool, which is supporting them not only
in work they need to do, but also for fun and in their hobbies [1].

Hence, what are the essential matters computer science education can now concentrate
on? One of the most common answers to this question would be problem solving. This
makes sense because by solving problems with the computer students can learn important
strategies that are typical for computer science. On the other hand this approach labels
computer science as just “dealing with problems”. It is questionable, whether this view
brings up the right motivation for today’s learners (cp. [1]). In addition we are still teach-
ing computer science in the way we learned it: getting excited about solving problems by
manipulating invisible data structures, computations and “Hello World” programs as the
peak of interactivity. So how can we better engage our students?

As educational research points out, learning is not just a rational act; it happens
also in emotional connections (e.g. [2, 3]). This means that not only facts need to be
learned in order to become a good rational problem solver. It is also about how a
student feels about what is learned and which meaning the facts to be learned have for
the student.

Altering the image we, as educators, have of computers may help in following the
change of technology usage in society: Computers are a part of life. They represent
fun, enjoyment, personal fulfillment and quality of life. This view brings up a lot of
motivation for using the computer. This can be seen when watching students using the
computers out of the lesson context. Why does that need to be different within the
lesson?

2.2 How Computer Science Concepts Are Learned Outside of the Lesson — A
Problem Solving Approach

In an interview we asked a committed student about how his interest in computer
science started [4]. His computing experiences started with gaming, which is typical
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for many students’ way of getting into computer science [S]. Through the interest in
gaming the student became familiar with his computer, started to improve little things
and finally got interested in the internet and web design. He discovered that there are
preconfigured modules he could use for achieving potential goals — as setting up a
homepage or an internet forum. By administrating the forum for his school class, the
student learned how he could be a designer for computer software. He learned to
handle problems which he encountered when doing so and each problem was per-
ceived as a challenge that he wanted to overcome in order to achieve what he wanted
to do. When the student wished to do things he could not achieve with modifying
other software, he learned basic programming concepts and started to write programs
for his needs. He perceives programming as interesting because without a lot of effort
he can achieve a lot. Furthermore, he states that programming for him is a creative
task. It is motivating for him that in the end he always will come up with a product;
with something “in his hand”. As this example shows, getting involved with meaning-
ful tasks can greatly motivate students for learning programming. Similar experiences
where students learn self-motivated are reported in papers about computer clubhouses
in the U.S. (e.g. [6-8]) and the application of games in programming courses [9, 10].
These experiences can be generalized in the following steps:

1.  The student gets to know a few examples of what a software/system/ pro-
gramming language is capable off.

2. The student, step by step, learns the fundamental principles of a tool and
what can be done with it.

3. The student becomes familiar and comfortable with the (programming) envi-
ronment.

4. The student generates ideas, e.g. what else can be done or what could be
done better or what he would like to have.

5.  The student adjusts example programs for his purpose or builds new ones
from scratch.

6.  The student implements, tests, analyzes, improves and presents his product.

In computer clubhouses similar steps are reflected in the underlying principles for
engaging with learning: imagine, create, play, share, reflect, imagine and so on [11].

As we consider these steps essential for a natural motivated way of learning pro-
gramming, they can be a basis for a checklist for computer science lessons. Psychol-
ogy research shows that intrinsic motivation declines with the age of the student,
starting from grade three. Furthermore extrinsic motivation is negatively correlated
with academic outcomes [12]. Hence, as educators we have to consider how we can
more intrinsically motivate our students. The possibility of creatively challenging the
students is quite unique for computer science classes and returns motivation to the
students. Later in this paper we will refer to the above mentioned steps for
consideration in a challenging teaching framework.

2.3 How Computer Science Concepts within the Class Room Are Learned —
Another Problem Solving Approach

In high school the first contact with computers generally follows a similar schema: As
every student needs to be able to use a computer and software, general recipes of how
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to operate standard software are taught in a procedural way. At this point already the
“problem solving” starts: Assignments such as “Create a tabular CV with the follow-
ing requirements” or “Create a spreadsheet that looks like the given example and
calculates the average gas consumption of a car” are common. We find this trouble-
some for the following reasons: Creating a CV may make sense, but at the time the
task is assigned the students usually are still quite far away from applying for a job.
Furthermore a tabular CV does not really allow including a possibly creative personal
touch (what actually is often wanted by the employees). Also typically the students
are still quite far away from driving a car and becoming interested in the gas mileage
of a car.

As the problem with the procedural methodology was already acknowledged in
computer science education, it is postulated to emphasize concepts instead of step-by-
step instruction (e.g. [13]). However, somehow this does not seem to be successful. In
many schools step-by-step instruction is still taught and also many school books more
or less match the “How to” methodology. A reason for this could be that the approach
and the tasks stayed the same as before. If a change in methodology is wanted, new
teaching concepts also need to be put into action with new kinds of tasks. This can be
difficult if the traditional problem solving approach is kept.

As seen, both approaches involve problem solving, but they are very different in
their origin and motivation of the students. One reason for this could be that the
school-teaching problem solving approach is derived from the science of computer
science: Problems of a “customer” (the teacher) are solved — as it is the task of a com-
puter scientist. Maybe, at least for the beginning, a different approach would be more
appropriate. Investigating what is happening in the classrooms we found many issues
with the problem of problem solving.

3 Problems of the Problem Solving Approach in Practice

3.1 Problems Often Are Not Problems (but Tasks)

A problem can be defined as an obstacle that stands between a person and a desired
goal, objective or purpose (cp. [14-16]). It should contain a certain difficulty and
something to solve, not just to do. The emphasis lies here in the unknown way of how
the desired goal can be achieved and stands in contrast to the understanding of “some-
thing to be done”. It may be arguable what is unknown. Unfortunately the unknown
often is interpreted as not knowing the recipe. But this is just a task. The Compact
Oxford English Dictionary defines a task as “a piece of work to be done” [17]. As
soon as the recipe is found, the problem becomes trivial and is solved in a few steps.
Typically in programming courses the problem then only consists of the implementa-
tion of code. Students in such situations do not need to reflect about their actions and
do not need to think about the concept of a problem. Instead they research how they
can quickly move from the point of origin to the problem’s “solution”.

An example from a school book illustrates this problem [18]: Given is a program
which adds two times (minutes and seconds). The given problem, which actually just
is a task, is: “Extend the program in a way that days can be input and handled”. A
typical student approach would be to copy the other lines of code and to adjust the



126 R. Romeike

converting factor. This indeed is a solution for the given problem. However, the learn-
ing outcome is questionable. The student refreshed his mathematical knowledge about
converting days into hours, but he did not learn or reinforce anything about computer
science concepts. This leads to another problem as discussed in the next section.

3.2 Problems Often Are Not Computer Science Problems but Math Problems

At the beginning, computers were used for what they could do best: to compute. This
fact has a tremendous impact on computer science education even today: computer
science teachers love numbers. A vast amount of problems assigned are derived from
mathematics. As mathematics is quite important and necessary for computer science
this may be understandable and there should be nothing wrong with it. However,
keeping in mind that we want to teach the students something about computer sci-
ence, the question needs to be raised: Is this goal actually achieved? We think that in
computer science students should learn about solving problems that are typical for
computer science with methods derived from computer science. If they do not, then
teaching this subject is not necessary. Many examples illustrate this problem, e.g. the
following example from a schoolbook [18]: Given is a python program which adds
two fractions. Task: “Extend the program that it realizes subtraction, multiplication
and division.” A commonly used task in many programming courses is the GCD:
“Realize a program that finds the Greatest Common Divisor”. These examples have in
common that the students need to find and solve the mathematical equation for a
given problem and implement it in code. There is no genuine algorithmic problem
solving involved.

Also, in computer science education research it happens that mathematical problem
solving is equated with algorithmic problem solving as demonstrated in a paper called
“Misleading Intuition in Algorithmic Problem Solving” [19]. The author demonstrates
how intuition can be an obstacle when searching for a problem’s solution: “A long
railway is divided into many equal sections. The distance between every two adjacent
sections is 1. N wagons are placed in N different sections which are not necessarily
consecutive. How can the railroad workers move all the wagons to one of the sections
such that the sum of all movements is minimal?” Problems in this task (average or
median?) are of mathematical nature, not derived from computer science. As reported
in the study, students chose the wrong mathematical solution. They were not using a
wrong algorithm.

Problematic as well is the motivational factor of mathematics. Mathematics does
not have the highest popularity among students. Despite the importance of mathemat-
ics, perhaps other problems — closer to computer science — would motivate the stu-
dents better. Looking at the programs which learners code when they are not in a
lesson context or learning autodidactic, programs related to mathematics can rarely be
found. This is probably because the students want to learn about programming and
not about mathematics. Indeed, mathematical problems have the advantage that they
are well-defined. This actually is atypical for computer science and comes with the
disadvantage that they generally only have one valid solution and they are remote
from the learners’ reality.
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3.3 Problems Often Are Not Problems to the Student

Educational research tells us that students perform better and are more motivated if
a task is meaningful to them (e.g. [20]). This view can be transferred to problem
solving. A problem is relevant and meaningful to a student if it comes out of his or
her reality, if he or she actually considers it as an obstacle and if he or she really
wants to achieve the required goal. If the problem is not apparently a problem to the
student because it is given to him or her by the teacher and additionally is just a task
(as the teacher knows the solution for it), in our opinion it does not fulfill the re-
quirements of a problem in this understanding as there is no internal motivation to
solve it. These factors also typically appear in the problem solving scenarios
described above.

4 Approaches for Overcoming the Problems of Problem Solving

4.1 Problem Solving and Problem Finding in Computer Science Education

Problem solving skills are considered essential in computer science lessons. Neverthe-
less a number of problems with the problem solving approach in the context of
programming have been reported. Researchers in computer science tried to overcome
them in various ways and found that highly intrinsically motivated students performed
better [21]; many students did not have a general interest in programming per se [22,
23] but motivation could be raised by using meaningful tasks and exercises [24-26]
and by assigning personally challenging tasks, e.g. competitions [27].

A few researchers extend their view on another often overlooked part of problem
solving, which actually plays an important role in computer science: problem finding,
problem posing or problem management. They found that problem solving skills
alone are not enough. It is necessary to include realistic problem finding with it:
Kaasbgll [28] could improve the failure rate in introductory programming courses by
teaching problem defining skills. The problems were new and partly unknown and
were motivating for and of interest to the students. As well, the students were required
to keep them realizable and manageable during the course. Sutinen and Tarhio [29]
also emphasize the importance of open problems. They report increased student moti-
vation by applying creative methods for problem management, which includes identi-
fication and specification of problems and training at the attitudinal level. Eastman
[30] reports success with a method emphasizing problem identification. Reed [31]
takes into account that education research has shown that an effective technique for
developing problem solving and critical-thinking skills is to expose students early and
often to “ill-defined” problems in their field. He successfully integrated ill-defined
problems in a CS1 course.

In summary, even if programming is not meeting the students’ motivation per se,
motivation and achievements can be raised by introducing open situations and letting
the students define problems to be solved themselves instead of assigning definite
problems.
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4.2 An Overlooked Aspect

Authors considering problem finding as important already pointed out the necessity of
considering personal aspects of the students. Also contextualization, personalization,
and choice can have beneficial effects on motivation and achievements [32]. Students
are individuals, coming with their own ideas, wishes and needs. These can be utilized
in a way that students are encouraged to develop their own goals in the lesson context.
When working on realizing these goals they will encounter problems they enjoy fac-
ing — and solving. Thus the teacher needs to influence the learning situation in such a
way that students are inspired to develop their own ideas and find their own chal-
lenges. This way they will solve problems that are meaningful to them.

Several pedagogical concepts from educational sciences and computer science
education share these thoughts and consider the students perspectives and needs. The
situated learning theory suggests incorporating the learning situation and the context
of learning. Discovery learning values that learning happens with a positive attitude
and is most effective when ones own questions and problems are mastered. This way
experiences are gained and a broader view of the field is adopted. Also the theory of
constructionism emphasizes that learning happens especially felicitously when the
learner is consciously engaged in constructing a public entity [20].

Considering the essential ideas of these learning theories reveals that two more
student-oriented aspects need to be regarded: The learning situation and the genera-
tion of ideas. Both are important to be considered in the process before the phases of
problem finding and problem solving begin.

The learning situation: The situation in which a student learns and in which he is
supposed to solve problems needs to be prepared and designed for activating and
inspiring the students’ ideas. In the computer science classroom this means on one
hand to provide the right IT and software for classroom use. On the other hand, it is
fundamental to prepare the learning situation by helping the students to get attitudinal
readiness, problem sensitivity, understanding of underlying principles and concepts
and awareness of the possibilities.

Inspiring ideas: Being allowed to realize ones own ideas is very motivating to students.
However, especially in a new surrounding with new tools or with new learned concepts it
is not easy to generate new ideas. Therefore, the teacher should support students in finding
new ideas and inspire them. This can happen with inspiring examples, creativity tech-
niques (e.g. brainstorming), discussions, suggesting analogies and modifications.

S5 The Challenge Cycle of Computer Science Education

We consolidated the factors found in the literature and our research in a teaching
framework. It substitutes “traditional” problem solving tasks with challenges®. As a
challenge we consider a problem that is relevant to the student, which has an open
ending and which preferably is chosen by the student himself. Thus the students are
encouraged to be creative and solve challenges that are meaningful to them. In the
challenges students can follow their own interests. They are guarded by the frame of

2 A challenge can be defined as “an interesting or difficult problem or task” [16] and “some-
thing needing great mental or physical effort in order to be done successfully” [14].



What’s My Challenge? The Forgotten Part of Problem Solving 129

the lesson context and thus learn individually the content of the lesson on a theme or a
derivation of the theme they determine themselves. It is intended to support the key
factors found for addressing students’ interests: Motivation, meaningful and personally
challenging tasks, relevance, creativity, applicability, contribution of ideas, experimen-
tation and IT support for creativity which is found in programming environments.

The sequence is described by a cycle (cp. Fig. 1) that is iterated through several
times in a lesson unit. It starts with each learning situation where new concepts are
taught. In a challenge phase the teacher clarifies the situation and prepares the stu-
dents to come up with ideas and to find their challenge. The challenge is then solved,
implemented and presented by a student. A first walk through the cycle will be illus-
trated. A framework similar to the Challenge Cycle we used in conducting a lesson
for introducing an 11" grade class to programming in a creative way (cp. [33]). In
order to support the creative participation of the students we found that it is beneficial
to embed every teaching phase in such a motivating teaching framework. This can be
done with regard to the Challenge Cycle which will be described as follows.

Challenge Phase

The situation in which a learner finds himself when entering the Challenge Cycle is
based on the prior experience, knowledge, the learning situation and comfort level of
the student. Thus the preparation of the situation by the teacher has an important

Presentatiol

Implementation

Improvement

Challenge
phase

Problem solving/ Implementation

phase

generation for
solving the
challenge

Problem management
phase

Fig. 1. The Challenge Cycle
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impact on the motivation of the student to engage with the learning content. There-
fore, the teacher needs to assure that the knowledge and concepts which are needed to
solve a desired challenge are well introduced or can be discovered by the learners
themselves. Also, in the beginning the field of the challenge needs to be limited to
certain constraints so that the students do not get “lost” in the space of possibilities
and choose a challenge that is manageable in the time given. We observed that stu-
dents come up with a lot of ideas after a new “playground of possibilities” is discov-
ered. Then, out of these ideas, they choose a challenge which they want to put into
practice. Finding the challenge also involves evaluating the challenge in the context of
time, knowledge, expected difficulty, and, if needed, changing/accommodating the
challenge. Typical characteristics of these challenges are — in contrast to many prob-
lem solving tasks — openness in possible elaboration, relevance, originality, and the
identification of the students with the task.

In the lesson unit conducted the students did not have any prior experience in pro-
gramming. Thus it was fundamental to provide the necessary motivation by making
them comfortable with the use of the programming environment and show them a few
basic examples of what it is capable of. Out of this, a task was assigned to create a
short movie reflecting a scene of their everyday life, a vacation, or a scene out of their
favorite movie. In the subsequent runs, through the cycle challenges such as animat-
ing their name, letting self designed balls fly over the screen, or the programming of
games have been encouraged.

Problem Management Phase

After finding their challenges the problem management phase starts with generating
ideas for solving the challenge. This phase involves problem solving strategies with
the added bonus that the students are highly motivated for solving their personal chal-
lenge. As for the introduction of programming, the ideas of the students have been
quite straight forward. Besides applying brainstorming of possible solutions no further
creativity techniques have been applied. Anyhow, for application in more advanced
challenges the emphasis of more creativity techniques for idea generation is intended.

Implementation Phase

Once a strategy and solution for the challenge is found the result can be implemented
and tested. This gives students the possibility to test the solution right away. If new
problems are encountered they need to be solved. Often potential for improving the
product is found and solved within the time available. In the conducted lesson unit the
open-ended tasks allowed improvements e.g. in game features, usability and appear-
ance. After the students finished their mini-project, time is provided by the teacher to
present the outcomes to the class. Questions, encountered problems and their solu-
tions are discussed with all students. Learning from the problem solving and being
inspired by the ideas of the others, the students are now ready for learning the next
concept. The situation is prepared for it.

6 Implications

Applying a New Perspective of IT and Programming
If the students come to computer science courses with the view of computer technol-
ogy as a tool for enhancing quality of life and personal expression as well as the belief
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that they can do great things with computers, then this view is something that should
be encouraged and should not be taken away from them. This outlook may maintain
the students’ motivation for deep engagement in the field. Even for those students
who come with a different perspective, being challenged will be a good starting point
for entering the field. Chances are that this will help them to persist in difficult times
and when encountering bigger problems.

With this new outlook, a new teaching concept becomes necessary. This has al-
ready been experienced with the transition of changing from software-use oriented
teaching towards teaching fundamental concepts: The goal can rarely be achieved if
the method and tasks stay the same. The Challenge Cycle has potential as a substitute
for the traditional problem solving method, at least in introductory courses. In our
future research we will address this question in detail.

Difference between Computer Science and Computer Science Education

The learning of computer science happens differently in school settings than in uni-
versity and in professional settings. Different is the motivation: A university student
chose to get involved with the subject with respect to his later career. Thus he may
tolerate solving “other’s” problems as he may expect the same as he enters the work-
force. The educational objectives in high school are different. The motivation and
personal factors of the students need to be considered in a special way. As students
are used to solving tasks given by the teacher, solving their own problems will open
for them a new horizon. After having experienced this, they will have the self-
confidence to and feel capable of “if they choose so” solving other people problems.
Perhaps it will be a challenge to them.

Teaching Computer Science in University

Nevertheless, even if the learning settings in general school and university are quite
different, challenging the students may help to overcome common problems in uni-
versity courses as well. Several approaches to enhance the learning experience in
programming courses share basic ideas of the challenge cycle. Especially for non-
majors and introductory courses this may be an approach worth trying.

7 Discussion

We presented a teaching concept that extends the traditional problem solving ap-
proach in computer science education. It replaces problems by so-called challenges
and in particular emphasizes the learning situation and inspiration of the students.
Furthermore it combines several pedagogical principles and applies them in a process
of how students learn in a motivating and self-regulated way.

The approach of motivating students in computer science with tasks that are inter-
esting to them is not unique. Some already have been mentioned, others employ moti-
vators like game programming (e.g. [9]) or real life contexts [34]. The Challenge
Cycle approach aims at taping students’ motivation earlier - through leaving them
choices, by contextualization and by personalization.

Another kind of challenge is described in a study by Long [10] where challenges
and competitions were used in programming games. Intrinsic motivation and learning
effectiveness improved. From our point of view a challenge does not necessarily need
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to involve a competition — students can be motivated by the context and ideas. This
possibility of creatively challenging the students is quite unique to computer science
classes and brings back the motivation to the students.

It has been demonstrated that the approach may work especially well in program-
ming topics, but we believe challenging the students will be beneficial in other con-
texts as well. We are currently applying this approach in computer science classes in a
high school setting and investigate the effective impact on motivation and learning
success. First experiences are promising.
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Abstract. This article addresses the question which goals a valuable and
sustainable learning process should aim at. Meaningful learning activities,
emotional commitment and meeting individual needs are identified as core
principles. According to these principles, several theories that support the con-
struction of such lesson sequences are discussed. In particular, the importance
of knowledge as compared to pure information retrieving is highlighted. From
this perspective, the concept of In-Classroom Differentiation is derived. Finally,
a concrete example demonstrates how this concept translates from theory into
practice. Thus, this article addresses both, the theoretical foundation and the
practical implementation.

Keywords: individualization, motivation, in-classroom differentiation, curios-
ity, learning activities.

1 Introduction

When talking about education, teachers, psychologists and educational scientists alike
share a wide range of common goals. They all emphasize the importance of sustain-
able learning, pointing out the indisputable fact that students’ knowledge should ex-
tend considerably beyond the next examination date. They also declare the principle
to secure significant learning successes for at least most of the students, and thus they
demand to meet each student's individual needs. And last but not least, everybody
wants to promote a high level of learning, not only in terms of technical skills, but
also in the realms of personal and social learning ([2], [13]).

All of these aims can hardly be dismissed, and at least I for myself can fully agree
with the notion that every teacher should try to achieve these goals. Of course there will
always be shortcomings of various kinds in our classrooms - education is a highly hu-
man-centered activity, and human beings are anything but perfect. I think this is a fact
we should appreciate rather than bemoan, but anyways, this is the reality we have to face.

Nevertheless, such ideal goals can serve as a guideline for planning, conducting
and evaluating lessons. They can do a great job as benchmarks for teaching quality
and help to establish and continuously reassert the qualities we want our schools to
stand for.
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But my personal experiences - and, unfortunately, also lots of serious studies - tell
us that there is a huge gap between theoretical postulations and practical outcomes.
And this is not a gap due to the simple fact that these theories tend not to translate
directly into practice. It looks as if there were completely different theories at work in
our schools ([7], [8]).

Sometimes it is claimed that practice does not need elaborate theories in order to
work. I think this is a huge and dangerous, though common, misconception. Every
practitioner - experienced as he might be - has at least an implicit theory in his mind
he refers to. And this theory largely commands his actions - sometimes even interfer-
ing with the intentions he explicitly aspires [6].

Just to give an example, every teacher wants his students to develop profound
knowledge and applicable skills which help students not only to master the next
exam, but prove helpful in many other fields (that's the intention teachers aspire). In
practice, students are frequently asked to simply reproduce facts everybody could
easily look up in a dictionary; and this just once for an exam. Evidently, the underly-
ing theory is that learning pure information by heart directly translates into applicable
knowledge - a theory most of us are likely to have serious doubts about. To sum it up:
what teachers do in practice contradicts what they aim at in theory. (This phenomenon
cannot be observed with teachers only, of course.)

So in this paper, we want to develop a very concrete, very detailed plan of lesson
which can be directly transferred into practice. But we also want to establish clear ties
between theoretical assumptions and concrete actions. In fact, this article should con-
vince the reader that the methods proposed here are indeed suitable for bringing the
ideas we value in theory alive in practice.

2 Theoretical Foundations

2.1 Basic Ideas of In-Classroom Differentiation

Following Herber [11], Herber/Vasarhelyi [9] and Herber/Vasarhelyi [10], the basic
assumption of In-Classroom Differentiation is that it is neither possible nor adorable
to trim the plurality of individual personalities to fit a single, specific norm. This
acknowledges the fact that students come into the classroom from many individual
and thus different backgrounds - and this fact prevails no matter how many different
types of schools may exist. As this statement cannot sensibly be declined, many
teaching methods conclude trying to detect some "average" student learner that serves
as a model. All lessons are designed for the needs and preconditions of that model.
The hope is obviously that all students resemble more or less that model, and there-
fore all students will more a less profit from lessons that are designed according to
that model.

I have the feeling that this is a very vague hope. It certainly does not support goals
like "motivation of students", "meeting students' individual needs" or "high level of
learning" to a degree worth mentioning.

Furthermore, it promotes a very pessimistic and depreciative perception of students
as persons. They are only inclined to learning if each and every step of the learning
process is planned, supervised and continuously graded.
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I think - and psychology tells us (Tolman [17], Schneider/Schmalt [14], Herber
[12], Weiner [18]) - that the opposite is true. It is not possible to teach people directly.
Human beings decide for themselves if and what they want to learn. Persons like
teachers can only facilitate this process - which does not mean that their influence
would be negligible. We can provide a setting and offer helpful hints which raise the
probability that successful learning processes will be taking place.

The basic concept of In-Classroom Differentiation is simple. Students are pre-
sented a pool of possible tasks (learning activities), ranging from very easy examples
to more difficult challenges. Sometimes it is even possible to address a thematic com-
plex in two or more different ways.

Roughly, examples can be separated into a group F of fundamental learning activi-
ties and a group A of additional learning activities, which are more difficult and/or
more complex and require an above-average performance.

A set of tasks should be defined as the "learning criterion", meaning the very basic
foundations about a topic each student should make sure to know about - or other-
wise, to seek help immediately if he or she has problems with this part.

Furthermore, an "explorative path" of examples can be proposed (and should be
proposed, especially if the concept is new to students), which can help students to
structure their work and assure them they are on the right way. This learning path
should start with very easy questions, making sure each student can experience suc-
cess and gets immediate, positive feedback. Consequently, more demanding examples
may be proposed, but should always be followed by one or more easy ones in order to
reduce the risk of frustration. Each path should end with some easy (criterion)
questions in order to guarantee final success. This complies with well established
psychological theories of learning and motivation, like Atkinson's concept of a "
middle degree of activation".

Students can always choose for themselves which task they want to address next - if
they want the thrill out of more demanding tasks (where you don't know the outcome in
advance), or whether they prefer more encouragement through easier examples.

This concept is well documented and was empirically examined and found to work
well in practice (Herber/Vasarhelyi [9], Herber/Vasarhelyi [10]). Yet it has not been
applied specifically to the teaching of Computer Science so far.

Obviously, this approach relies strongly on the intrinsic motivation of students.
Apart from acknowledging that such a motivation exists (that students accept the
notion of schools as places where they can and should learn something), many ele-
ments of this theory are designed to encourage such intrinsic motivation.

Learning activities should have ties to a person's previous experiences, the existent
knowledge base, the everyday life he or she lives etc. - in other words: learning activi-
ties should have some "personal importance" or some "emotional meaning". We tend
to forget things, no matter how easy they may be, if we do not assign them any emo-
tional meaning. If students can choose questions with different thematic priorities, we
increase the chance that some of them will be meaningful to students' minds.

Also, people who are motivated by their individual performance and successes can
be actually discouraged if they are constantly told what to do when and in which way.
So we may assume that in some conventional settings of school learning, those students
who would be willing to learn without any further incentive loose this inclination,
whereas other students are not really motivated by a monotone and strict learning plan.
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2.2 On the Importance of Playing for Learning Activities

Why do children play? Probably, that's a question typical for scientists; many other
people would simply state, "Well, they just do it." According to my opinion, question-
ing what looks trivial or self-evident at first glance is a promising starting point for
more detailed, new and revealing insights.

Psychology would teach us that children play in order to prepare for their later life.
Through playing, they can gain and try out skills and abilities which would be way
too dangerous to apply directly in practice. Playing is interpreted as a training field for
skills and techniques that prove essential to the adult (Gould/Gould [5], Gon-
zalez/Moll/Amanti [4], Spitzer [16]).

That's doubtlessly true - and it also sounds sensible - but it is only part of the truth.
It does not really explain why children play, as it focuses on the evolutionary aspect -
the species as an abstract entity has an advantage from the playing of children. But
that's not what motivates children to play.

They simply play because it is fun. In that sense, playing is a massive expression of
intrinsic motivation - and in turn the conclusive proof for its existence.

There are many hints that learning through playing encourages high learning suc-
cess. Most species loose their inclination to play once they grow older - humans don't.
That's one main reason why humans can easily learn new things throughout their
entire lifetime.

Let's summarize at this point: playing teaches and trains new skills and techniques
in a highly efficient way — however, we do not play because we urgently want to learn
something, but because it is fun.

Of course, the way we play changes over time - and many games we play happen
entirely in our fantasy, they are plays of our minds. But the principle remains the
same.

We should import this powerful learning tool (playing) into our classrooms. I
sometimes get the impression that every joke, every smile inside a school is somehow
misplaced, not to say subversive. Learning - according to the historical significance of
the topics and the gravity of life in general - has to take place in a serious and decent
atmosphere.

I would suggest, learning should take place in an environment that promotes learn-
ing successes in every possible way. And so we ought to appreciate it whenever chil-
dren have fun in lessons and can experience a playful encounter with new topics - it is
very likely that they will make significant learning progresses this way.

2.3 The Curiosity Hypotheses

Much research was done on intrinsic motivation - much of it under the label of curios-
ity behavior; a term that is largely synonymous to intrinsic motivation as it describes a
behavior that occurs without an obvious need to trigger it nor will an evident benefit
to hope for. It is performed for the sheer fun of it.

Curiosity - the need to explore unknown things and new environments - is a behav-
ior as ubiquitous and elementary as eating and drinking. And it is clear that curiosity
teaches individuals new things and widens theirs view of the world (Schnei-
der/Schmalt [14]).
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You may guess what comes next - we should welcome curiosity behavior of stu-
dents as it is likely to support their learning efforts. And curiosity is something we can
expect from every student, because it is a general characteristic of individuals (not
only humans).

But curiosity can only express itself if there are sufficient opportunities - meaning
a large enough number of learning activities students are interested in. As we cannot
assume that all students are interested in the same question at the same time, this
demands measures of In-Classroom Differentiation - in the sense described above.

2.4 Fundamental Ideas — Knowledge vs. Information

According to Bruner 1974, fundamental ideas can help to structure the abundance of
topics that might be implied by terms like "mathematics”, "computer science" and the
like (Schubert/Schwill [15], Fuchs [3]).

We will only state here that recursion constitutes a fundamental idea in computer
science. I think this is a reasonable fact for anybody familiar with the field.

If learning activities are centered around fundamental ideas, this is also a good pre-
condition for knowledge being generated rather than simplistic information. We are
often told that we live in a "knowledge society" nowadays, and this self-description of
our society carries along lots of promises and misleading concepts, with terms often
ill-defined that show an indistinctive use. In particular, the terms "information" and
"knowledge" are often used synonymously. In opposition to this trend, I think a clear
distinction is necessary.

"Information" - the way I see it - stands simply for chunks of facts. They are at
most loosely interlinked, very mobile, general, ubiquitous, show a considerable loss
of value over time, are no scarce resource and are easily accessible. Think of the
Internet, and everybody would subscribe to the fact that we live in an "Information
Society" today. Tools like the Internet confront us with an unstructured plenty of
information.

Knowledge, on the contrary, is the ability to work with information, to make use of
them and to derive benefits from them. Knowledge is generated "out of the right ques-
tions", it aims at structuring a flood of information. Knowledge provides a system of
coordinates to navigate the unstructured plenty of information. Knowledge is a scarce
resource, but contrary to information, it usually does not loose its value over time.

Learning tasks in the sense of In-Classroom Differentiation - with their emphasis
on optimal activation, playful learning and encouraging curiosity - provide an excel-
lent basis for creating knowledge.

3 A Concrete Example for a Learning Sequence

We finally present a detailed concept for a learning sequence that puts our theoretical
considerations and demands into practice. However, this plan should be considered a
suggestion which is still open to changes in order to satisfy specific needs or require-
ments. But it should do a good job in giving a lively impression on what this may
look like in reality.
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3.1 Steps of the Learning Sequence

The steps as they are presented here should be seen as an "explorative path" as de-
scribed above. Order and other details might be adapted, as well as there may be in-
cluded other activities students think of during the lessons.

e Information about the upcoming topics and activities (from the teacher). This in-
formation is a crucial point of the concept. It gives students an overview about
what they can expect and may also help them to organize their work. It is easier to
learn something if one knows what to learn about, because one can focus the atten-
tion on this aspect. It is also important for assigning value and meaning to learning
activities. Students should be assured at this point that they are not just supposed to
play around, but while they are encouraged to have fun with their activities, they
are about to learn some important and outstanding concepts. This information part
should not exceed some 5-10 minutes - students should get a first impression, but
do not need to understand details at this point.

e Presentation of the problem "The Towers of Hanoi". We have a tower of a given
number of disks with different diameters. The disks are stapled one on top of the
other such that the diameters continuously decrease from bottom to top. Further-
more, there are three possible construction sites. The task is to move the tower
from site 1 to site 2, obeying two rules: first, always move only one disk at a time,
and second, when placing one disk on top of another make sure that diameters al-
ways decrease from bottom to top. The game is illustrated by a set of small wooden
(or other material) disks which serve as a realistic model.

e Try for solutions of the problem using the haptic disk model. The more disks one
uses, the more challenging the task becomes. The solutions should be documented
in an informal way such that they are replicable by the students. Students may
choose whether to work alone or in groups on the problem.

e Some solutions should be documented in a way such that they are reproducable by
others. Students can also try to aim at a general solution principle that works for
any given number of stones.

e One of the solutions found before (remember that it is almost sure that everybody
will find a solution for at least two disks!) should be modified as follows:

Place one additional disk on bottom of the starting tower.

Move the tower from site 1 to site 3, using the solution found before.

Move the last disk (from the bottom) from site 1 to site 2.

Move the tower from site 3 to site 2, using the solution found before.

Look what happened.

It’s easy to discover: once we know how to move n-1 disks from one site to
another, it is very simple to move n disks from one site to another.

e A prototype-solution is presented. Such a solution can be derived by students in
individual ways, or they might refer to a given suggestion provided by the teacher.
Being able to demonstrate such a prototype solution using the disk model could be
one criterion task of the learning sequence.

e Similar problems are proposed or invented by students themselves (n!, Binomial
Coefficient, Fibonacci Numbers, Growth Functions, Interest Calculations etc. - de-
pending on the previous knowledge of students). Students should document/explain

el
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in some informal way how the concept of recursion is applied to the new problems.
In other words: how the idea is transferred from the tower-game to similar fields.

e One (or more) of the previous problems is formalized such that it can be modeled
as a computer program. This implies the definition of variables, the introduction of
formal equations, a formal way to describe how disks are moved from one site to
another etc. Once again, some prototype solutions for specific problems can be
provided.

e Develop an algorithm that solves one of the problems given.

e Implement the algorithm.

e Test the outcome of the program by comparing results to previously found
solutions.

During all these activities, students may help each other when they face difficulties
or ask the teacher for assistance. The teacher acts as a facilitator of the learning proc-
ess (which assigns an important function to the role of the teacher!), but it is not
necessary that he initiates or supervises every single step.

Also consider the fact that it is guaranteed that every student achieves the most im-
portant, fundamental learning goals (e.g. prototype solutions). On top of that, individ-
ual priorities can be built.

For grading purposes (a reality no learning paper should ignore) students can be
asked to present their solutions of previously defined criterion tasks. It is also possible
to require students to solve examples similar to those criterion tasks on their own; this
can take on the form of a very "traditional" test. The important thing here is that such
grading measures must not interfere with the learning process itself, but constitute a
clearly separate (though associated) activity.

3.2 Links Between Theory and Practice

I would like to pick out some points which illustrate how theoretical considerations
translate into practical actions.

e The model disks introduce a playful element into the learning sequence.

e The game might appeal to students' curiosity ("I want to know how that works!").

e Students are aware that they learn about a powerful and complex concept, which can
provide a meaning for the activities extending beyond the walls of the classroom.

e All proposed learning activities follow the guidelines of In-Classroom Differentia-
tion; the sequence itself is an example for an explorative path.

e Students can choose tasks that go along with their interests and abilities and thus
encourage their motivation and promote experiences of success.

e Once the learning sequence is completed, students are likely to have developed
knowledge about the concept of recursion rather than having assembled some iso-
lated chunks of information. Otherwise, they would not have been able to work on
problems this way.

e Different levels of abstraction are integrated in the learning sequence: disks as a
haptic model belong to the descriptive-concrete level; an informal (verbal) descrip-
tion of solution processes constitutes a symbolic representation, and a computer
program that calculates a solution is itself a prototype of a formal-abstract repre-
sentation of a problem.
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4 Conclusion

We have discussed some theoretical requirements for a sustainable learning process. We
have examined several theories which might help in trying to establish such learning
processes. As a consequence, we arrived at the concept of In-Classroom Differentiation.

We've also put this theory into practice, and shown how it might work. Let us finally
repeat that learning sequences like the one presented here address both aspects: they
encourage motivation among the students and welcome joy and fun during the learning
process, but they also put great emphasis on high-raking, sustainable learning successes.

Remark

One might argue that it is quite a lot of work for a teacher to prepare such a learning
sequence. Thus, it would be a great thing to develop learning materials for this type of
learning processes which are easily available for teachers. They are not more compli-
cated or more expensive than other learning materials. So I'm pretty confident that
they will be available once the demand is there. This article intends to create de-
mand...
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Abstract. The paper presents an analysis of the learning objectives that have to
be achieved in order to learn Object Oriented Programming. By using the pre-
requisite relation between these objectives we develop a sequence of concepts
for a textbook. The article is closed by some considerations concerning the elec-
tronic management of learning objectives using ontologies.

1 Introduction

As already pointed out in [4] and [6] it seems to be an extraordinary challenge to
teach Object Oriented Programming (shortened OOP) in a beginners course. On the
occasion of designing the new mandatory subject “Informatics” for Bavarian secon-
dary schools (as described also in [4] and [6]) we had to master exactly this challenge.
The most difficult task was to write a suitable textbook [7], because we had to arrange
all concepts of the curriculum in a sequence that could be followed by the practically
teaching persons in their everyday teaching lessons. This task was made even more
challenging by the guidelines we had set up with the preceding two textbooks of this
series [3, 5]: the book should consist of relatively small lessons that do not contain
more than 2-3 pages of information presentation, followed by at least two pages of
interesting exercises that are connected with the everyday experience of the students.
This demanded to break down the whole curriculum into many learning objectives,
which turned out to be heavily interconnected in many respects. It also turned out that
the basic subject areas “Algorithms”, “State Modelling”, “Object Oriented Model-
ling” (shortly OOM) and “OOP” are intervowen so strongly that we were forced to
apply a spiral approach that covers these areas repeatedly and alternatively.

This paper might be regarded as a continuation of [4] and [6], where I described the
course of lessons of our newly designed mandatory subject on informatics in Bavaria, in
terms of content focussing on the state aspect of object oriented programming.

In this paper I want to concentrate my explanations on the logical and didactical in-
terconnections of the subject areas of Algorithms, state modelling, OOM and OOP. 1
will show that these interconnections lead to circular dependencies in certain aspects
and propose a possible teaching sequence in order to resolve these dependencies. The
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paper shall not only present a particular learning approach for OOP but also suggest a
methodology to elaborate such new learning approaches for difficult, complex or
complicated subject areas.

2 Learning Objectives

In order to describe the learning process that was suggested by our new curriculum
we used the concept of learning objectives. Concerning the generality of these objec-
tives we distinguish (following [1]):

— global objectives: “Complex, multifaced learning outcomes that require substantial
time and instruction to accomplish”;

— educational objectives: derived from global objectives by breaking “them down
into a more focused, delimited form™;

— instructional objectives, with the purpose “to focus teaching and testing on narrow,
day-to-day slices of learning in fairly specific content areas”.

The following considerations will be restricted to the third type (instructional objec-
tives). While the global objectives of our course of lessons are mostly fixed by legal
prescriptions (like the Bavarian Law of Education), we have described some of our
educational objectives in [6].

Also following [1] we regard learning objectives as a combination of a certain type
of knowledge and an observable behavior (called cognitive process) concerning this
type of knowledge, forming the two dimensions of their revision of Bloom’s
taxonomy:

Knowledge dimension, partitioned into
A. factual,
B. conceptual,
C. procedural and
D. metacognitive knowledge,
Cognitive process dimension, partitioned into the behavior types
1. remember,
. understand,
. apply,
. analyze,
. evaluate and
. create.

AN N B W

In [6] I have already pointed out why it is so difficult for students to understand even
simple OO-programs: firstly because the learning objectives easily reach the most
difficult category (D6) of the taxonomy (creating meta-cognitive knowledge e.g. by
learning different programming strategies) in this taxonomy. Secondly because there
is a big number of objectives that has to be reached before the first program can be
really understood.



144 P. Hubwieser

Of course I am aware of the fact that modern constructivistic learning and teaching
approaches do not worship the concept of observable learning objectives very much.
One of the reasons might be found in the suspicion that by elaborating a sequence of
such objectives the teachers might be tempted to restrict the learning process of their
students exactly on this sequence (see [2]). As we have pointed out in many publications
(eg. [6]), we definitely encourage our informatics teachers to follow constructivistic
approaches, because in our opinion these are well suited to the demands of the subject
of informatics in secondary schools. Therefore, we do not propose to partition every
teaching lesson by a sequence of learning objectives. However we suppose that under
certain specific circumstances learning objectives are very useful, e.g. in order to:

— identify (one or more) possible learning paths trough a specific subject area that is
very complicated, very broad or very difficult,

— arrange a set of concepts sequentially forced by certain circumstances, e.g. by the
urge of writing a textbook (as in our case),

— design an examination which has to take into consideration which learning pro-
gress the students have made up to its point of time,

— evaluate learning processes in detail,

— compare two similar courses of lessons, e.g. similar modules of Bachelor degrees
from different universities,

— design an E-Learning system, particularly to define the possible sequences of
learning objects that will be offered to the user,

— describe the context of usage of any teaching material (media, examples of lessons,
examinations etc.).

Hence, despite all reservations against the usage of learning objectives that arise out
of constructivism, apparently there still is a strong need for learning objectives under
certain circumstances. Without the usage of learning objectives the didactical research
and practice would fall back to mysticism in these cases.

As a compromise for the practicing teacher we propose to elaborate only some few
very important learning objectives in order to describe and evaluate processes during
longer periods of time, but not to use such objectives to plan the course of a single
lesson.

3 Connecting Instructional Objectives

When talking about instructional objectives during the following considerations, I will
often list only the pure concepts that represent the knowledge part of the objectives,
thus apparently belonging to the type conceptual. Concerning the cognitive process
dimension the students mostly will have to achieve at least the stage of the second
category understand, while later in the course they might have to apply the concepts.
By listing a pure concept like class I want to address the instructional objective “un-
derstand the conceptual knowledge class”, thus belonging to the category B2 of the
taxonomy described above.
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Apparently it is not possible to arrange the instructional objectives in any arbitrary
order, because some of them have to be achieved before certain others can be reached.
For example one has to understand the concept of object (O1) before one is able to
understand the concept of class (O2). This connection can be described by a prereg-
uisite relation on the set of learning objectives, in this case between Ol and O2: “Ol1
is prerequisite of O2”, meaning that “O1 has to be achieved before O2” (see [8]).
More precise considerations show that there are (at least) two different types of
prerequisite relations:

1. “Hard” prerequisite (P1) forced by a substantial or logical dependency: concept2
contained in objective O2 is based on conceptl contained in objective O1. This
means that it is not possible to understand concept2 without having understood
conceptl.

2. “Soft” prerequisite (P2) suggested by didactical deliberation: It is necessary to
reach objective Ol in order to apply teaching or working methods that support di-
dactical principles. Therefore it is not necessary to reach O1 before objective 02,
but it is advisable in order to ease or to improve the learning process towards O2.

Let us assume that our overall educational objective is “creating object oriented pro-
grams that implement given algorithms”. In the first step we search instructional ob-
jectives out of OOP that necessarily have to be (at least) understood in order to
achieve this and try to arrange them in a possible learning sequence. In the second
step we detect that there are some objectives out of other subject areas (“Algorithms”,
“state modelling” and “OOM”) that are connected with some of the objectives out of
OOP by prerequisite relations P1 respectively P2. Fig. 1 shows the simplified result of
these considerations.

Most of the relations of type P2 shown in Fig. 1 result from the desire of imple-
menting and simulating theoretical concepts by programs as soon as possible.

4 Resolving Circular Dependencies

If we want to respect not only the hard prerequisite of type P1 but also the soft type
P2, we often get circular dependencies. Fortunately there are some strategies to
resolve these.

Short cycles formed by one single connection of type P1 and an opposite one of
type P2 can be solved by arranging the connected objectives very close together in a
single lesson, starting with the predecessor objective regarding P1. By this way the
second objective didactically supports the achieved one first.

Longer cycles over more than two objectives (e.g. O1, 02, O3,..) might be solved
by applying a spiral teaching approach: the same concept (contained e.g. in Ol) is
treated repeatedly at different levels. The first level is determined by a propaedeutic
approach, where the students only get a rough idea of the concept, knowing some
applications but not really understanding it. Nevertheless O1 might serve already at
this stage as precondition for O2 as demanded by P1 or P2. At the one or more fol-
lowing teaching levels the students might achieve deeper understanding of the con-
cept and finally will be enabled to apply it on their own.
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In our exemplary OOP course we might teach the concept of the assignment state-
ment at a first propaedeutic level by explaining its pure effect on the value of the
assigned attribute, followed later by teaching its full state semantics.
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Fig. 1. Prerequisite relations P1 (unbroken arrows) and P2 (dotted arrows) on the learning
objectives of OOP

All in all we came to the following sequence of concepts (restricted to the names of
the concepts), which simultaneously forms the list of contents of our textbook [7].
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Table 1. List of contents of our textbook as a result of the learning process analysis

Chapter |Covered concepts

I Objects and States

1 Objects and Classes repetition: object, class, attribute, method, class card, ob-
ject card,

2 Algorithms and algorithm

Methods

3 Structure of Algorithms

eraphical representation of algorithms

structural components of algorithms: sequence, conditional
statement, repetition, nesting components

input and output of algorithms

4 States of Objects

state, transition, state diagram, real and program objects

5 Diagrams and Associa-
tions

object diagram, association, class diagram, multiplicity of
associations

I1 Algorithms and Programs

1 Definition of Classes

[programming language, object oriented program

class definition: definition and declaration, signature of
methods, access modifier

attribute declaration, definition of methods

2 Assignment of Values

assignment statement, ring exchange, assignment in con-
structor methods

encapsulation

equality

3 Communication with
Methods

input, output, side effects, local and global vari-
ables/attributes

4 Creation and Removal
of Objects

creating objects at runtime
constructor method
reference

removal of objects

5 Implementation of Al-
gorithms

structure elements in programming languages: sequence,
conditional statement, repetition

6 Arrays

index, array

111 State Modelling

1 Finite Automatons

triggered action, finite automaton, state chart
implementation of automatons

2 Multiple Case Differen-
tiation

case differentiation in programming languages
case differentiation in state charts

3 Conditional Transitions

conditional transition, complete state modelling
states of variables, states of models
implementation of conditional transitions

4 States of Programs

translation of computer programs: compiler vs. interpreter,
execution of programs
course of events of a program
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Table 1. (continued)

IV Interaction

1 Aggregation and Refer- [compound objects: creation of objects as values of attrib-
ences utes

2 Working with Refer-  [identity and equality

ences multiple referencing
access to objects of foreign classes

3 Communication be- types of associations, multiplicity, direction

tween Objects implementation of associations: local or global attribute,
association class

4 Sequence Charts calling of methods, sequence charts

'V Generalization

1 Specialization sub- and superclass, specialization, inheritance

implementation of specialization
overriding of methods

2 Generalization generalization, class hierarchies

3 Polymorphism ipolymorphism

calling methods of foreign classes
abstract classes

5 Representation of Didactical Knowledge

As I pointed out above in section 2, there are many cases in which a learning objec-
tive analysis is helpful or even necessary. Currently we are working intensively on
elaborating this methodology mainly for the following application areas:

— evaluation of Informatics courses at secondary schools and university level (see
(91,

— description of education modules (e.g. out of courses of study that lead to Bachelor
degrees) by learning objectives,

— description of learning objects in E-Learning systems by metadata that support
reuse and flexible learning paths, chosen as far as possible by the learner himself,

— design of a Learning Content Management System (LCMS) that is able to manage
learning and teaching media, tools and material of any kind.

Unfortunately in most cases it is not easy to manage the instructional objectives once
they are found, mainly out of two reasons:

— there are huge numbers of objectives and/or,
— there are many relations between these objectives.

In fact we found that often it is almost impossible to manage the elaborated objective
structures without electronic support. For that purpose we adapted some concepts of
the Semantic Web research, particularly the concept of ontology. Our vision is to
construct a LCMS that is based on a editable ontology, which means that the classes
and property types defined by the ontology might be changed without reprogramming
the LCMS. As already published by Alexander Staller (a former member of my team,
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see [8]), we used the Web Ontology Language OWL and tried to implement a first,
very simple experimental learning system in 2006, which was elaborated within a
student’s thesis. This attempt showed that all necessary software tools and program-
ming languages already existed at that time, but they were still not in a development
stage that made them really useful in practice. Nevertheless we produced some really
helpful ideas to solve some of the major obstacles, which were partly already
published in [8]:

1. The metadata of learning objects have to contain information about prerequisite
relation to other learning objects. For this purpose every learning object should be
described by at least one instructional objective that is supported by this object.
Thus this way the possible sequences of learning objects are determined by the pre-
requisite relations between the associated learning objectives.

2. In order to connect pure subject domain knowledge with additional didactical in-
formation about the learning process, we found that the subject domain knowledge
can be represented by the first three categories (factual, conceptual and proce-
dural) of the knowledge dimension following Anderson and Krathwohl [1]. In this
way we should be able to “plug in” any ontology that describes subject domain
knowledge in our ontology for learning objectives.

3. In most cases concepts are represented by classes. This seems to be suitable at the
first glance, because concepts are abstractions of individuals (e.g. the statement
x := 5 is abstracted to the assignment concept) and because the subconcept relation
(“is_a”) might easily be defined by a subset relation: A is subconcept of B if all in-
dividuals of A are individuals of B, too. On the other hand there are many concepts
that have values of some attributes, e.g. the assignment concept might be described
by an attribute “typically used in the programming style” with the value “impera-
tive”. This dilemma could be solved by treating concepts simultaneously as classes
and as individuals. From a pure technical point of view with every new concept C
there is generated a new class C as well as a new individual ConceptC (of the class
“Concept”).

4. A concept is characterized by a definition. But what to do if there are concurring,
inconsistent definitions by different authors (e.g. Al, A2) for a certain concept?
The solution is to create a separated subject domain ontology for every of the con-
curring publications. Then the two definitions might be accessed by Al.conceptl
or A2.conceptl, respectively. The user could decide which of the two definitions
he wants to follow at every time he needs the concept simply by including one or
more of these ontologies into his system.

6 Conclusion and Further Work

As these considerations showed, the analysis of learning objectives might still be very
helpful in certain cases. We used this technique to design a sequence of concepts for a
new textbook that covers OOM and OOP, using the prerequisite relations between
instructional objectives.

Moreover we are working towards an evaluation project that is based on learning
objective analysis. It will investigate the learning processes within our newly
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designed subject of informatics at some crucial points. At the last phase of this project
we plan to evaluate the new subject in a representative scale.

Concerning the development of software systems we aim to construct an ontology
based LCMS that allows the teachers of the new subject of informatics to exchange
teaching materials of any kind in order to share their experiences.

The most crucial challenge in all these research plans is the ability to manage the
huge number and complex structure of learning objectives by electronic means. This
is in the current focus of our research efforts.
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Abstract. In computer programming it is sometimes helpful to start with the
definition of a state transition diagram (finite state automaton), which describes
on a rather abstract level but in an intuitive way how the system is supposed to
react to events in certain situations. The reaction is dependent on the internal
state of the running program. The concept of being in a state differs fundamen-
tally from the concept of data storage or data possession usually associated to
variables or object attributes. Thus there are certain cognitive difficulties to
overcome, when creating a program on the basis of a state transition diagram.

1 To Have or to Be?

Fischbein [4] and diSessa [2,3] assume the existence of intuitions or intuitive models —
pieces of subjectively certain knowledge about the world, which are based upon ex-
perience in everyday live. People use intuitive models, when they try to understand,
explain or create computer programs [13]. Two intuitions, which are relevant in the
field of informatics, are the concepts of having something and being in a state.

In many cases people think of variables as containers for data. Using this intuition a
statement like x = 1000 is interpreted as “The variable x gets the value 1000” or “1000
is stored in the variable x”. These and other phrases like “data input” or “data transport”
assume that data are quasi-material entities that can be moved and stored in containers.

By contrast, a state is an immaterial concept. It is a meaningful Gestalt associated
to some activity and a few other states, which can directly be reached. To be sick is
something different than to have a body temperature of 39°C and headache. When
you are sick, you are supposed not to work, but stay at home, consult the doctor and
take some medication. Typical connected states are “healthy” or “dead”. States are
usually identified by significant names. A process can be in states like “sleeping” or
“active”. But for the state of a running program after the execution of an assignment
like x = 1234 there exists no specific word.

In his last major work Erich Fromm [5] uses the antithetical concepts “to have” and
“to be” to discuss two fundamental human orientations — so called modes of existence.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 151 2008.
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The having mode, which predominates in modern societies, roots in the biological urge
for survival. Humans are predisposed to collect and possess things. On the other hand
human nature includes the desire to be a genuine subject — regardless of property —,
expressed in sharing, giving and cooperating with others.

2 Finite State Automata and Modelling

In theoretical computer science finite state automata are used to define a formal lan-
guage, which is considered as a set of words over an alphabet of characters. The lan-
guage L(A) of an automaton A is defined as the set of all the strings (sequences of
terminal symbols), which are accepted by A. An automaton is said to accept a string,
if and only if processing a sequence of symbols leads from the initial state to a final
state. Extended definitions include transducers, which are finite state automatons that
yield output which is dependent on the present state (Moore automaton) or the input
and the present state (Mealy automaton). In the educational programming system
Kara [1] the state transition concept is applied to define the activity of a virtual beetle
moving and interacting with its environment on the screen.

Finite state automata can be used to describe the behaviour of computer programs
or individual objects within an object oriented system. In German informatics didac-
tics Hubwieser [8] has coined the term “‘state-oriented modelling” for software devel-
opment based upon an analysis of state transitions.

Finite state automata are visualized by state transition diagrams. They consist of
circles representing states and arrows representing state transitions triggered by events
(called input) that are described by annotations. In a Mealy automaton a possible
activity triggered by the input is annotated behind the input separated by a slash. The
basic idea of state transition diagrams is to represent a change of state by a motion
from one place to another. There exist games, in which a player’s state is indicated by
a figure standing on a certain place. The concept of motion seems to be intuitive for
human beings, possibly because we are mobile creatures and a good understanding of
space and motion has been an evolutionary advantage. In arithmetic teaching the
concept of “motion along a line” is commonly deployed as a “grounding metaphor”
[9]. For instance the addition of a (positive) number is represented by moving to the
right for a certain number of steps while subtraction is moving to the left.

The use of the state concept sometimes helps to model relevant aspects of a com-
plex problem to make it tractable. It can be considered as a facet of this “universally
applicable skill”, Jeanette Wing calls “computational thinking” [14].

2.1 The Vending Machine — A Bad Example for a Finite State Automaton?

Textbooks in the field of theoretical computer science sometimes use a model of a
vending machine to illustrate the syntax of state transition diagrams. Figure 1 shows
on the left hand side a deterministic automaton, which is in some respect a minimal
model of a vending machine. It sells two different drinks (not more) and accepts two
different coins (not more). Although it is a highly reduced model, it is quite compli-
cated and not intuitive. It does not capture the “idea” of a vending machine. Note that
most of the states represent the chosen drink and the coins, which already have been
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inserted into the machine. They are encodings of tuples (drink, paid money) and there-
fore correspond to the concept of having something and not of being in a state. There
is no simple holistic state description for s, which might express a fundamental differ-
ence to state sg.

return butten freturn 50 Cent

50 Cent / deliver coffee

insert coin / return coin insert coin / -

choose
drink / -

return button /
return coins

50 Cent /
return 50 Cent

choose coffee / - 50 Cent / -

1 Eurg [
deliver coffee

return button /-

return button /-

1 Euro /
deliver cocoa

50 Cent [ -

choose cocoa / -
1 Euro /

return 1 Euro

insert coin / deliver drink
50 Cent / deliver cocoa

return butten freturn 50 Cent

Fig. 1. Deterministic and non-deterministic finite state automata modelling a vending machine

The automaton on the right sight of Fig. 1 is nondeterministic. It distinguishes only
between two states, in which the vending machine behaves fundamentally differently.
In the first state called “ready” it does not accept any coins. When the customer has
chosen a drink, the automaton switches to the second state. Then it takes coins until
the required sum is completed and the drink can be delivered or the customer decides
to abort the vending process by pressing the return-button. Obviously this automaton
is an incomplete model of a vending machine. It is an abstraction and focuses on the
basic idea of the behaviour of the machine. The chosen drink and the money — the
“having” aspects — are completely ignored. When writing a program on the basis of
this state transition diagram, these aspects have (additionally) to be considered, using
variables that contain values, thus applying the notion of data possession instead of
being in a state.

3 Intuitive Automata and Software Development

Simple finite state automata, which are intuitive models that focus on (holistic) states
which are abstract from data, can be of help during a software development. Since
they represent certain knowledge they serve as solid rocks in an ocean of uncertainty
with regard to functionality and structure, which is typical at the beginning of a soft-
ware project. In this section I discuss two classroom projects based on finite state
automata. In the first example the design of an abstract state transition diagram is
major part of the task and the implementation is quite easy. In the second — more
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complex — project two automata are given in order to clarify some functionality of the
goal system.

3.1 How to Make Your Friend Wash Up the Dishes

Some sociologically inspired models are basically (nondeterministic) finite state
automata. The Forming-Storming-Norming-Performing model of group development
[12] and the No-Lose conflict resolution method [6] are examples.

The first classroom example focuses on the effect of verbal messages. Imagine two
friends, Tom and Jenny. Jenny tries to convince Tom to wash up after lunch. According
to communication theory [6, 10] it would be a bad idea to say ““You never wash up after
lunch!” This is a “You-message”, which implies a negative statement about Tom. The
natural reaction to this is to become angry and to reject any request for help. It would be
cleverer to use just an open request (‘“Please help me ...”) or to say something nice first,
“I am really happy that you are my friend, Tom” and then add some “I-message” with
an implicit request: “I am so tired, I think I am not able to wash up today.” In general,
the response to a request depends on the mood of the receiver.

A classroom project includes two tasks:

open reguest
without blaming/
offering help

Negative you-message with
implicit request/
negative you-message
annoyed
|

open request

without blaming/
rejecting request

I-messsage with implicit request/

statement without offering help friendly

2

I-messsage with implicit request/
offering help

Fig. 2. State transition diagram modelling responses to different kinds of requests

Develop a state transition diagram with three states, which models Tom’s reactions
to different kinds of requests.

Create a Scratch program to visualize possible dialogs between Tom and Jenny
based upon the state transition diagram.

Fig. 2 shows a simple solution for the first task.
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Scratch (http://scratch.mit.edu/) is a programming environment that was developed
by the Lifelong Kindergarten group at the MIT Media Lab. It supports the very quick
creation of interactive visual animations. One major feature is sprites - visual
elements on the screen, which have a look (defined by a so called costume) and be-
haviour. The latter is defined by scripts (event handlers) that the developer can put
together using given blocks of program code. It is important to note that the scripts
are textual and therefore comparable to conventional programs written in languages
like Java or Python.

In the Scratch application corresponding to the automaton the user can determine
Jenny’s behaviour manually by keystrokes. In contrast, Tom’s answers are generated
automatically according to the state transition diagram. For instance, when the 1-key
is hit, Jenny says, “You NEVER wash up after lunch”. Tom answers “You're always
blaming me for something!” and switches to state 1 (fig. 3).

You are always
You NEVER wash up blaming me for
after lunch! something!
' @ @
=1 ==

1: Negative you-message with implicit request 1: Megative you-message with implicit nequest
2: Open request without blaming 2: Open request without blaming
3: I-message with implicit request 3: I-message with implicit request
4: Friendly statement 4: Friendly statement

Fig. 3. Screenshots from a visualization of the automaton in fig. 2

The scripts associated to the sprite visualising Tom are event handlers that are trig-
gered by messages sent by the sprite representing Jenny. In Scratch syntax the script
processing Jenny’s message would look like this:

When I receive negative you-message

set state to 1

switch to costume angry

say "You are always blaming me .." for 2 secs

What cognitive activities are required to create a program on the basis of a finite state
automaton? The first difficulty is to find a representation for a move from one state to
another. The Gestalt of a state as a condition associated with meaning and a potential of
activities gets lost in the program. Its coherent knowledge is split and diffuses into sepa-
rated parts of the formal text. The identification of the current state is represented by a
global variable called state. This is necessary because all event handlers require a
mechanism to test whether the current state is 0, 1 or 2. These tests are allocated to if-
statements spread all over the program text. In Scratch the values of variables have to be
numbers. The values just serve as IDs and nothing else. The meaning of a state — for
example Tom being angry — is reflected by several features. Tom’s present mood is
visualised by a certain look (angry face), which is implemented in Scratch by the choice
of a certain “costume”. Note that an atomic action, a move from one state to another,
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has been replaced by a more complex operation, in this case changing the value of a
variable and switching to another costume showing a different facial expression. More
problems will be discussed later in the context of a second example.

3.2 Modeling a Hybrid Electrical Vehicle

A hybrid electrical vehicle (HEV) is a car, which has a conventional combustion
engine and an electric motor [12]. A battery that is recharged by a generator powers
the electric motor. The generator is driven by the movement of the car during decel-
eration (while using the brake) or by the combustion engine, when it is working. A
simple speed control system using a brake and a gas pedal can be defined like this:
When the brake pedal is pressed, the car is decelerating until it stands still or the brake
is released. When the gas pedal is pressed, the car accelerates. This very concise ver-
bal explanation can be formalized and stated more precisely by two simple and easy
to understand automata like in fig. 4. They model two aspects, which represent the
basic idea of the whole system: The energy supply (gas, electric or none) and the
propulsion (accelerating and consuming energy from a storage system, decelerating
and charging the battery and rolling without any energy supply). They are based upon
a “being concept”. Each state is not just a value but a meaningful condition of
existence associated with activity the system can perform.

battery gets empty but
tank is not empty
using using gas rolling
battery aric:tarqing B
attery
1
2 =
release brake
battery has become fully charged, press gas
battery gets empty tank gets empty press brake
while tank is ernpty

release gas

press gas
no
energy

press brake

Fig. 4. Two state transition diagrams for the energy control system and the speed control sys-
tem of a hybrid electrical vehicle

When the propulsion system is in the state of rolling it means that the engine does
not require any energy and the speed of the car is slowly decreasing. We have a clear
concept about that from every-day life. Rolling is associated with relaxing and using
no energy. Imagine sitting on a bicycle just letting it roll. It is relaxing and good when
you are quick enough, exhausted and not in a hurry.

These finite state automata can be used as a basis for the development of a visual
simulation program showing a hybrid car on the screen that can be controlled by press-
ing on keys. Fig. 5 shows a screenshot from an implementation with Scratch. When the
green flag is clicked, the program starts. The car has got a limited amount of energy
(stored in gas and battery), the player drives the car along the road trying to get as far as
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possible. The present content of the gas tank and the battery, the speed and the distance
already covered are displayed on top of the screen. The down-arrow (placed on the left)
indicates that the car is decelerating. Since the advantage of hybrid cars is best shown in
a stop-and-go traffic, zebra crossings and a traffic light are added. They force the driver
to stop, when the light is red. During the deceleration the battery is recharged.

gas speed
battery km

v

Fig. 5. Screenshot from a Scratch program modeling an HEV

What cognitive activities take place on the way from the (given) automata to the
Scratch program? Roughly speaking the task is to transfer a system definition based
upon meaningful states to a system definition based upon data possession and data
manipulation. Since the state transition diagrams are very abstract — their purpose is to
represent an idea on a qualitative level — they do not contain all the information that is
needed to implement the simulator. In particular the visualisation of the car moving
on the screen is completely omitted in the state transition diagrams. Nevertheless
they provide some hints.

First of all it is a good idea to create a sprite for each of the two automata. Their
current states are identified by variables and visualized by costumes. For example, if
the car consumes gas because the combustion engine is running, the corresponding
sprite is switched to a costume that displays a canister in the lower left corner. But
additional sprites for the visualisation of a moving car and for environment-related
elements like a traffic light are needed.

A major difficulty is to implement the triggering of moves to other states and
activity. In the state transition diagram potential activities and moves are directly
associated to states. They are part of the meaning of a state. But only when a certain
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event takes place, the state transition is actually performed. There are several different
triggering mechanisms, which can be used in a Scratch program. One of them is the
concept of event handlers — scripts, which are run, when a certain event occurs. Let us
have a look at the script belonging to the propulsion sprite, which is started when the
space-key (representing the brake) is pressed:

when space-key pressed
set acceleration to 2
switch to costume decelerating
wait until not (key space pressed?)
if not (key up-arrow pressed?)

set acceleration to 0

switch to costume rolling
stop script

Beside the header line of the eventhandler, which specifies the triggering event for
the execution of the first part of the script, there is the command wait until ... . It
triggers the execution of the second part of the script, which is an implementation of
another state transition. A third mechanism, which is not used in this particular script,
is a permanent loop, testing a condition and performing the state transition (and some
activity), when the condition is true. A programmer developing software on the basis
of automata has to know these techniques.

Let us have a look on those parts of the program that are not represented in the
state transition diagrams. There is a sprite visualising the moving car. Its scripts
(event handlers) manage the actual moving on the screen. The main script is started,
when the green flag has been clicked. It contains an infinite loop, in which the current
position of the visual object on the screen is changed according to the current speed
and orientation. This functionality cannot be represented efficiently by an automaton,
since it is data-oriented. A slight change of the position of the car does not lead to a
fundamentally different state (unless it leaves the road and experiences an accident).
Nevertheless the implementation of data-related functionality might be inspired by an
automaton. For example the concept of acceleration (one of the states of the propul-
sion automaton) includes the notion that there is an entity that moves with a certain
speed. This speed is increased by a certain value in each time interval. Note that these
thoughts are about data processing and are therefore based upon a having-concept, but
the reason to think about these quantitative aspects is rooted in a the holistic concept
of being accelerated.

4 Psychological Reality of State-Oriented Thinking

Holland et al. [7] observed in university classes on programming that students often be-
lieve that an object may have just one attribute. This might indicate a tendency to associate
the (one and only) current attribute value to a holistic state. In autumn 2007 I had the op-
portunity to collect some more specific evidence that in certain contexts people tend to
think of states opposed to variables with content, when they interpret computer programs.
26 German high school students (18 female, 8 male) in the age of 16 and 17, who attended
a class on informatics in grade 11, were asked to explain the execution of a Scratch pro-
gram with one variable. They were familiar both with state transition diagrams and
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variables. The Scratch application contained one sprite visualising a cat reacting to key
strokes by thinking or saying something. The following listing shows an abridged version
of the scripts (the originally German parts have been translated to English):

when green flag clicked
think "I have nothing to do" for 2 sec
set activity to O
stop script
when a key pressed
if activity = 0
set activity to 1
say "Thank you for the job" for 2 sec
else
say "Sorry, I have no time"
stop script
when b key pressed
if activity =1
say "I have finished the job" for 2 sec
set activity to 0
stop script

The students were asked to answer questions like this:

What happens, when the user clicks the a-key for the first time?

What happens, when the user clicks the a-key a second time after 5 seconds?

The scripts use one variable named activity. It may contain either 1 or 0, thus indi-
cating, whether the cat is active - and therefore not available for some new job - or
not. Therefore this variable is clearly representing a state. But the question is,
whether or not the students use the concept of “being in a state” in their verbal expla-
nations. The major results of the language analysis are displayed in table 1. The ma-
jority (15 out of 26) used state-related phrases like “The sprite switches to state 17 or
“the cat is in state 0” instead of data-related phrases like “The variable activity is set
to the value 17 or “activity equals 0”. Three students used both state-related and data-
related phrases, but 12 persons described the Scratch application exclusively as an
automaton moving from state to state. Some students’ descriptions included improper
phrases like “the state is set to 17, which are disregarded in table 1.

Table 1. Language analysis of high school students’ explanations

Phrase Number of Average Frequency
Students (standard deviation)

use of state related phrases 15 4.7 (3.8)

use of data related phrases 9 5.6 (1.8)

use of state related and data 3 3.6 (3.0)

related phrases

5 Conclusions

Since small state transition diagrams are easy to understand and represent intuitive
knowledge, they are useful for developing a complex system. Informatics education
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should lead to awareness of the underlying concept of “being in a state”, in contrast to
“having data”. A finite state automaton may serve as an anticipatory intuition [4]. In this
case it represents a preliminary global view, which precedes the development of all the
details of software. The competence of creating a computer program on the basis of a
state transition diagram includes the ability to use programming language constructs

e torepresent meaningful states by variables and object attributes storing data,
e to trigger activity
e to merge several automata into one system.

The structure of a computer program might be very different from automata used
during the process of software development. And it might be difficult to see which
parts of a program represent a certain state resp. its meaning. But even then intuitive
state transition diagrams are useful for checking the logical correctness of complex —
and therefore not intuitive — programs.
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Abstract. Teaching Object Oriented Programming (OOP) is a difficult task,
both for teachers who have to find the best way to illustrate the concepts and for
students who have to understand them. Although the OOP paradigm and its
concepts reflect the "real world", it has been shown that students find hard to
understand and internalize the OOP concepts such as encapsulation, inheritance
and polymorphism. This paper describes difficulties in understanding OOP in
an Advanced Java course given at the Computer Science Department of the
Open University of Israel. We present a typical question which focuses on sev-
eral aspects of OOP. We discuss the students' answers and point out typical
hardships in grasping the topic.

Keywords: Object Oriented Programming, Inheritance, Encapsulation,
Polymorphism.

1 Background

The Open University of Israel (OUI) is a distance learning university which offers a
variety of undergraduate programs and several graduate programs [1]. Our university
is similar to other universities in its pursuit of excellence and its commitment to supe-
rior scientific and scholastic standards. It is an accredited university regulated by the
Council of Higher Learning of the state of Israel. The OUI differs in that it is open to
all those who wish to study a single course or a number of courses, or to pursue a full
program of study towards a degree. Enrolment does not require matriculation or any
other certificate from an educational institution. Though applicants are not required to
provide a proof of prior scholastic achievements, their academic achievements are the
key to their success at OUI. Students who study at the OUI can transfer credits from
the OUI to other major universities in the country.

The teaching methods practiced at the OUI combine traditional distance education
based on written materials which are sent to the students at their homes and web-
based teaching [2]. The course materials are based on books especially adapted to
self-study. Each course includes an optional face-to-face component in the form of
small group tutorials led by tutors. However, this component does not constitute the
core of the course. Students who wish to study on their own can do so with utmost
success due to the distance learning method practiced at the OUI The tutorial
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sessions are held at the OUI study centers dispersed throughout the country. Students
must submit assignments, exercises or other types of tasks during the semester. They
receive a grade and feedback on each assignment. Students must also pass the final
examinations, held at study centers near their homes.

All the courses at the OUI have course websites which provide an interactive learn-
ing environment. The websites provide for continuous contact with faculty and fellow
students. They include a discussion group and supplementary course materials such as
lecture notes and sample exams and a fully integrated assignment submission system.
Each course has a course coordinator who is responsible for the academic and admin-
istrative planning and the implementation of all course activities, including the web-
based ones. The coordinators and tutors are those who provide the contact between
the student and the OUL

One of the advanced elective courses in the Computer Science Department at our
university is "Advanced Programming with Java". The course is usually taken to-
wards the end of the undergraduate degree. The prerequisites of the course include:
"Introduction to Computer Science" (CS1), "Data Structures and Introduction to Al-
gorithms" and at least one additional intermediate programming course. Until two
years ago our CS1 course was based on procedural programming using Pascal or C++
(the procedural facet of the language), but recently the CS1 course was replaced by an
OOP course with Java. To date, most of the students in the "Advanced Programming
with Java" course took the previous version of the CS1 course which used Pascal or
C++, that was the course offered at the time they started their studies.

The aim of the "Advanced Programming with Java" course is to acquaint students
with advanced programming principles as recommended in CC2001 [3]. The course is
based on the textbook: "Java How to Program" by Deitel & Deitel [4]. The topics of
the course include: OOP; Graphical user interface; Multi-threaded programming and
Client/Server systems. Similar to other courses at the OUI, the textbook is supple-
mented by a study guide, which highlights major topics of the course and provides
additional examples to those presented in the textbook. The Integrated Development
Environment (IDE) supplied with the course material is the NetBeans IDE. The stu-
dents are free to use any other IDE they wish and many of them choose to use
Eclipse. The students are required to hand in at least 4 out of 6 exercises covering the
course material and to take a final exam at the end of the semester.

One of the major topics in the course is OOP. Being an advanced course, most of
the students have a good amount of programming experience but one must recall that
this is their first in depth exposure to OOP. Although the OOP paradigm and its
concepts reflect the "real world", it has been shown that students find it hard to under-
stand and internalize OOP concepts such as encapsulation, inheritance and polymor-
phism [5], [6], [7], [8], [9], [10]. Teaching OOP is a difficult task, both for the teacher
who has to find the best way to illustrate the concepts and for students who have to
understand them [11]. "In procedural programs, program flow is rather simple: you
start with the main program and continue from there, invoking subprograms with
parameters as necessary. In the OOP paradigm, there are many classes rather than a
single program, and program flow must consider aspects such as: objects are allocated
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and constructed; their references are assigned to variables in objects of other classes;
methods are invoked on objects including an implicit "this" parameter” [9].

Most of the research dealing with the comprehension of OOP concepts refers to
novice students. These papers discuss difficulties concerning basic programming
principles such as: program flow and parameter passing together with OOP concepts
such as: object vs. class, object construction, simple classes vs. composite classes [5],
[6], [71, [9]. Our research deals with students in an advanced programming course
who are introduced to OOP for the first time.

2 The Research

We conducted a research in order to better identify common OOP pitfalls in an ad-
vanced programming course. The students in the course have a good programming
background but this is their first exposure to OOP. The difficulties we expect the
students to encounter are not those encountered by novice programmers, but
difficulties that are more specifically related to OOP concepts.

2.1 Research Questions

The research questions were:

1. To what extent do students understand the underlying process which takes place
when creating an object, specifically the chain of constructor calls?

2. To what extent do students understand that methods defined in the superclass can
be invoked from the subclass?

3. To what extent do students understand the encapsulation concept, specifically,
that private data members defined in the superclass cannot be directly accessed
from the subclass?

4. To what extent do students understand polymorphism and the relationship be-
tween superclass and subclass objects?

2.2 Research Population

The research population was composed of 39 students who took the final exam in the
course "Advanced Programming with Java" in the spring semester of the year 2006.

2.3 Research Instruments

The research instrument was the final exam which was composed of three questions
covering the course material. One of the questions on the exam emphasizes several
aspects of OOP. The question was composed of several sections, each emphasizing a
unique OO concept. We present here the question taken from the final exam.

The Question. The question presented a program followed by 6 sections. The program
was composed of two classes: Class 'A’ with a single 'int' attribute and Class 'B' which
extended 'A' and added a String attribute and a "getter" method for that attribute.
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public class A{
private int n=0;
public A(){
this.n=0;
System.out.println("A constructorl");

}
public A(int n) {
this.n=n;
System.out.println("A constructor2");
}
public String toString () {
return ""+n;
}

}

public class B extends A({
private String text;
public B(int n, String text) {
super (n) ;
this.text=text;
System.out.println ("B constructorl");
}
public B(String text) {
this.text=text;
System.out.println ("B constructor2");
}
public String getText () {
return text;

3

a. What will be printed as a result of the execution of the following statement?
B b=new B("bbb") ;

Correct answer:
A constructorl
B constructor?2

b. Given 'b' from the previous section, is the following statement valid? If yes, what
will be printed? If not, explain what is wrong.
System.out.println("b= "+b);

Correct answer:
The statement is valid. The output will be: b= 0

c. Override the method 'toString' in class 'B' so that it returns the value of the attribute
n concatenated with the attribute text.
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Correct answer:
public String toString () {
return super.toString()+text;

}

d. Is the following code valid? If yes, what will the last line print? If it is not valid,
write which statement causes the problem and explain why.
1. A x1 = new A(5);
2. B x2 = new B(7,"bbb") ;
3. x1 = x2;
4. System.out.println(xl.getText());

Correct answer:

The code is not valid. Line 4 causes a compile time error: cannot use superclass
reference in order to invoke methods defined in subclass. That is, the method 'get-
Text' cannot be access using a reference of type 'A'.

e. Assuming that the 'toString' method from section (c) was added correctly, is the
following code valid? If yes, what will the last line print? If it is not valid, write
which statement causes the problem and explain why.

1. A x1 = new A(3);

2. B x2 = new B(4, "xxx");

3. x1 = x2;

4. System.out.println(xl.toString());

Correct answer:
The code is valid. The output will be: 4xxx

f. Assuming that the 'toString' method from section (c) was added correctly, is the
following code valid? If yes, what will the last line print? If it is not valid, write
which statement causes the problem and explain why.

1. A x1 = new A();

2. B x2 = new B("bbb");

3. x2 = x1;

4. System.out.println(x2.getText ());

Correct answer:

The code is not valid. Line 3 causes a compile time error: a reference of type B’
cannot refer to an object of type 'A'. A subclass reference type cannot refer to a
superclass object.

3 Results

In this section we present the mean score achieved by the students on each of the
sections of the question and discuss these results.

The overall mean score of all the sections was 79 (out of 100), STDEV=3.937. Table 1
presents the mean score (out of 100) for each of the six sections of the question. Each
section was worth a maximum of 3 points, and the students received either full points or
no points for each section. We checked the correlation between the answers to the differ-
ent sections and found that there is a significant, although weak, correlation between the



166 T. Benaya and E. Zur

answers to the following sections: sections d and b (r=0.4202, p=0.0077), sections f and a
(r=0.3276, p=0.0418), sections f and b (r=0.4774, p=0.0021) and sections f and e
(r=0.3276, p=0.0418).

Table 1. Mean score and STDEV for each section

Section Mean Score STDEV
a 74 % 1.327
b 87 % 1.016
c 82 % 1.166
d 82 % 1.166
e 74 % 1.327
f 74 % 1.327

From analyzing the students' answers we can detect the following areas in which
students exhibited difficulty:

Section (a). In section (a) the students are required to exhibit understanding of the
underlying process which takes place when creating an object. The constructor in-
voked by the object 'b' created in this section does not include an explicit invocation
of the superclass's constructor. The students need to understand that part of the crea-
tion process includes an invocation of the superclass's constructor even when it is not
explicitly written in the code. In this case the no-parameter constructor of the super-
class 'A' is the one that is invoked.

From table 1 we can see that 26% of the students did not thoroughly understand the
process of the chain invocation of constructors. These students provided only the
output produced by the constructor defined in class 'B' — the one which was explicitly
invoked. Their output indicates that they did not understand that part of the initializa-
tion process includes an invocation of the superclass's constructor.

Section (b). In section (b) the students are required to display the output produced by
printing the object 'b'. In this section, the students need to understand that any object
can be printed using the 'toString' method inherited from the superclass.

From table 1 we can see that only 13% of the students did not answer correctly.
Three students thought that an object cannot be printed by simply naming it in an out-
put statement. One student thought that the object cannot be printed because its class
does not define its own 'toString' method. One student did not answer this section.

Section (c¢). In section (c) the students are required to override the 'toString' method
so that it returns the value of the attribute "n" followed by the attribute "text". The
students were expected to invoke the superclass's 'toString' method and to concatenate
"text" to its' returned value.

From table 1 we can see that 18% of the students did not invoke the superclass's
'toString" method. These students tried to directly access the inherited attribute "n".
They wrote the following code:

public String toString () {
return "" + n + text;

3



Understanding Object Oriented Programming Concepts 167

These students mistakenly think that the private data member 'n' defined in the su-
perclass can be accessed directly.

Section (d). Section (d) presents code which declares and creates two objects one of
type 'A' and one of type 'B'. Then, the object of type 'B' is referred to by a reference of
type 'A’, that is, a super-class reference refers to a sub-class object. Following that,
there is an attempt to use this superclass reference in order to invoke the method '
getText', which is defined in the subclass.

From table 1 we can see that 18% did not answer correctly. All of these students
but one thought that the subclass method can be invoked using a superclass reference.
They did not understand that the only way to invoke the 'getText' method is by explic-
itly casting the superclass reference back to the subclass. One student mistakenly
thought that the assignment of a subclass object to a superclass reference is illegal.

Section (e). Section (e) presents code which is similar to the code in section (d), it
declares and creates two objects one of type 'A' and one of type 'B'. Then, the object
of type 'B' is referred to by a variable of type 'A'. Following that, the 'toString' method
of this object is invoked. The students are required to identify which 'toString' method
is invoked, the one defined in class 'A' or the one defined in class 'B'. This is the
classical case where the object reference is declared as a reference of the superclass
type, but it refers to an object of the subclass type.

From table 1 we can see that 26% of the students did not answer correctly. All of
these students but one invoked the 'toString' method defined in class 'A'. They did not
understand the concept of dynamic binding which takes place during run time. One
student, the same one from the previous section, thought that the assignment of a
subclass object to a superclass reference is illegal.

Section (f). Section (f) presents code that declares and creates two objects one of type
'A" and one of type 'B'. Then, the object of type 'A’" is referred to by a variable of type
'B'. Following that, the 'getText' method of this object is invoked.

From table 1 we can see that 26% of the students did not answer correctly. Half of
these students thought that it is legal to assign a superclass object to a subclass refer-
ence. The other half thought that casting the superclass object to the subclass will
solve the problem in the assignment statement. They did not understand that casting
an object to its subclass is not possible if the object is not actually a subclass object.

4 Discussion

The question we analyzed included six sections, each dealing with a different aspect
of OOP:

Section (a) deals with object creation and the sequence of constructor calls.
Section (b) deals with the 'toString' method inherited from its superclass.
Section (c) deals with private data members in the context of inheritance.
Section (d) deals with accessing subclass methods using a superclass reference.
Section (e) deals with dynamic binding.

Section (f) deals with assignment of a superclass object to a subclass reference.
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Section (a) refers to the first research question which deals with how students un-
derstand the underlying process which takes place when creating an object. We found
that about one fourth of the students did not thoroughly understand the process of the
chain invocation of constructors which takes place when objects are created. They did
not know that, when the constructor does not explicitly invoke a superclass construc-
tor, the no-parameter constructor of the superclass is automatically invoked.

Section (b) refers to the second research question. From table 1 we can see that a
high percentage of the students (87%) understood how an object is printed using its
'toString' method even though it was not invoked explicitly and it also was not defined
explicitly in the class. They understood that the 'toString' method inherited from the
superclass is the one that is executed.

Section (c) refers to the third research question which deals with the subclass's ac-
cess to private data members defined in the superclass. About a fifth of the students
tried to access private data members defined in the superclass instead of using a su-
perclass method which returns the required value.

Sections (d), (e) and (f) refer to the fourth research question which deals with
polymorphism and the relationship between superclass and subclass objects. The first
part of section (d) and (e) includes an assignment of a subclass object to a superclass
reference and all the students but one understood that this assignment is legal. The
second part of (d) and (e) uses this superclass reference in two different ways: section
(d) invokes a method defined solely in the subclass, while section (e) invokes a
method which was overridden in the subclass and the students are required to exhibit
understanding of the dynamic binding concept by identifying the method invoked.
From the results shown in table 1we can see that there was a difference in the success
rate of the two sections. More students (82%) understood the fact that methods de-
fined solely in the subclass are only accessible through a subclass reference, while
only (74%) of the students understood the dynamic binding concept

Section (f) deals with assignment of a superclass object to a subclass reference.
About a fourth of the students (26%) did not answer correctly. Half of them thought
that the assignment is legal and the other half thought that explicitly casting the su-
perclass object to its subclass will solve the problem. They did not understand that
casting an object to its subclass is not possible if the object is not actually referencing
a subclass object.

5 Conclusions

To conclude, it is apparent from the above results that the students have a good under-
standing of the following concepts:

e That the 'toString' method is inherited from the superclass and that it is invoked
automatically when printing objects.

e The encapsulation concept, specifically, that private data members defined in
the superclass cannot be accessed from the subclass.

e That superclass variables may refer to subclass objects and that the subclass
cannot be accessed via the superclass reference. This is one part of the concept
of polymorphism.
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On the other hand, the students had more difficulty with understanding the follow-
ing concepts:

e The process of object creation involving the invocation of superclass
constructors.

e The dynamic binding that takes place when invoking methods using superclass
references.

e That subclass variables cannot refer to superclass objects and that down casting
the object will not necessarily solve the problem.

Overall the above results are relatively good, although we expect advanced stu-
dents to exhibit a better understanding of these concepts. We pointed out specific
areas of difficulty which educators must be aware of so that they can plan the learning
process accordingly.

As a result of this study, we plan to change the way we teach OOP in the course
"Advanced programming with Java". We will put more emphasis both in the lectures
and in the exercises on the issues found to be most difficult to comprehend. We will
focus on presenting concrete examples and we will consider introducing software
tools aimed at helping students to understand what is happening during program exe-
cution. Many educators believe that there is a need to support the learning of OOP
concepts using software tools [9], [12], [13], [14], [15]. There are three different
types of OO software tools: a micro world (such as Karel J Robot), developments
environments (such as BlueJ and MiniJava) and class libraries (such as Objectdraw).
Several visual environments for teaching elementary OOP have been developed [16],
[17], [18], [19]. Numerous visualization tools are already available [19], [20] for
introductory programming courses. These tools, if used effectively, are capable of
clarifying difficult concepts. Our course is an advanced course. Therefore, we think
that a visualization tool can be added as an extra aid but it is not a candidate for the
main integrated development environment (IDE) used in the course. We believe that it
is important to expose the students to one of the standard IDEs used in industry. We
will examine several visual tools and decide which to adopt. We will examine stu-
dents’ perceptions of these concepts, in order to see if the change improves their un-
derstanding.
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Abstract. The article presents a unique approach of teaching programming to
10 — 11 year old pupils. Based on the idea that teaching pupils of writing algo-
rithms must start right after teaching the first elements of the programming lan-
guage and develop with time, one and the same problem is considered many
times but each time with adding of new knowledge. According to the described
methodology a textbook is issued on the basis of which an experimental four-
year training of pupils is organized. This article gives the curriculum of the sec-
ond year of training based on the approach described.

Keywords: education, informatics, didactics.

1 Introduction

A common approach in creating a new concept or a system of concepts is by re-
peatedly returning to it at different stages of the process of teaching. Unfortunately
it is hard to find a systematic theoretical description of the problems arising from of
applying this concept. The idea of applying the spiral approach in the lead-off
teaching of programming is exposed in several consecutive articles by this author.
In [3] the basic ideas connected with this approach were described and in [4] — its
elements. The ideas of the spiral approach during the first year of teaching pro-
gramming to 10-11 year old pupils in extracurricular or out-of-school learning are
presented in the designated materials. It must be pointed out that there is no such
discipline “Programming” in the official curriculum for this age group. The objec-
tives of such kind of education are:

— Digestion of the basic elements of a programming language as well as basic algo-
rithmic constructions at early age, so that the later training could be concentrated
on serious algorithmic problems.

— Developing of the logical and abstract thinking of the trainees.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 171 2008.
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— Preparing of the trainees for competitors of programming in the terminology of the

international competitions of informatics. [5]

It becomes evident that only pupils with proven abilities in the field of mathemat-
ics and initial computer training can participate in this training. The main problems
regarding the teaching of programming to little pupils are exposed in detail in [6];

The approach presented in this article has been experimented for 10 years in the
Private School of Mathematics and Informatics A&B in Shumen [7] with more than
500 pupils. The results achieved gave us reasons to assume that the experiments are
successful. As a result of the training using the approach described, the pupils show
one of the best results at the national and international competitions of informatics. As
examples, the achievements of Rostislav Rusev can be pointed out: two silver and one
gold medal (first place) from the Balcan Olympiad of Programming, two silver and
two gold medals from the International Olympiad of Programming; of Rumen Hris-
tov; a gold medal from the First Balcan Olympiad of Programming and some other
examples of pupils that won prize places at all national competitions in the last 6
years [1].

The basic concepts and a curriculum for the second year of training, based on the
discussed spiral approach, will be presented in this article. For this purpose we need
to specify the knowledge acquired by the pupils up to the moment.

Level 111

Computational geometry

Strings

Theory of the numbers

Fig. 1. Scheme of the spiral approach

The teaching during the first year is described in detail in [2], [3], [4] and [6] and
on the basis of these articles a textbook is created which has been used for two years
now for training of pupils in the above mentioned School A&B as well as in other
extracurricular forms in the country.

In short, all the operators of the language constructions are already known: condi-
tional operators and operators for cycle, the pupils also know the standard scalar data
types: numerical types and the type char; from the basic algorithms they know, find-
ing an optimal element from a given succession, counting of elements with certain
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properties, basic algorithms from theory of numbers, processing of textual informa-
tion; the pupils know some basic concepts in the field of computer geometry.

2 Basic Concepts of the Curriculum of the Second Year of
Training

During the second year of training the teacher should emphasize on the means of the
programming language for working with different complex data types: arrays, re-
cords, strings, as well as basic algorithms which are applied to these structures. Again,
it is necessary to pay attention to the presentation of the data in the computer memory
as at this stage the binary presentation of the numbers should be introduced. Knowl-
edge in the field of the theory of numbers is expanded again. At this stage it is good
for the pupils to get acquainted with some basic techniques of programming like using
recursion and eventually dynamic programming. Yet, regarding the latter, only an
idea is given through some elementary examples on the basis of the principles of the
spiral approach. Getting acquainted with these techniques will continue in the next
years of training. To fulfill these purposes the curriculum for the second year of train-
ing is offered during 72 school hours (see Table 1).

Here is the continuing of the spiral when the last few consecutive rounds will still
be separate language constructions that are expected for teaching (fig. 1)

The consecutive full rounds of the spiral correspond to the learning of the follow-
ing language constructions:

Level L. Subprograms. Functions with parameters, return value.

Level I1. Arrays. Representation of the arrays in the memory of the computer.
Level III. Recursion.

Level IV. Structures.

All the illustrations of the approach in hand that we are going to offer in this article
are based on the programming language C++, but they could be realized on a different
programming language with the same success:

— Each area of algorithmisation (geometry, divisibility, optimization, processing of
textual information, processing of images, etc) is presented by one thread;

— The common points of the spiral with the threads correspond to the level of knowl-
edge of the relevant area of algorithmisation based on the language constructions
learned up to the moment.

Within the described curriculum we examine different threads, crossing the described
“twists” of the spiral:

Algorithms, connected with iterrating, processing and searching of an optimal
element in a given structure;

Working with text information.

Theory of numbers.

— Computer geometry.
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Table 1. Curriculum for the second year of teaching programming for 10-11 year-old pupils for
72 school hours

Number

Ne Theme of hours

1. Functions. The concept of function. Kinds of functions depending 4
on the returned result. Functions with parameters, handed over by
value.

2. Divisibility of the numbers. Algorithm of Euclid (with subtrac- 4
tion, with division, binary algorithm), least common multiple,
solving Diofant equation of first degree, operations with noncan-
celing fractions.

3. One-dimensional arrays. Basic problems — searching of an ele- 6
ment, counting of elements with a determined property, finding
an optimal element, polynomial methods of sorting.

4.  Concept of complexity of algorithms. Evaluation of complexity of 2
the algorithms for working with arrays.

5. Strings. Presenting of strings as an array of symbols. Tools for 6

work with strings, offered by the library string.h

(cstring).

Divisibility. Simple numbers. The sieve of Eratostenes. 4
7. Strings. Presenting the strings with the standard data type 4
string. Means of the programming language for working
with quantities of the data type string and their application to

solving problems for processing of text.

8. Searching of a substring by pattern. The idea of lexical and syn- 4
tactical analysis (check if a given string responds to given re-
quirements — identifying of numbers, successions of lower and
upper case letters and so on.)

9. Rectangles with sides parallel to the coordinate axes. Belonging 4
of points to a rectangle. Common points of two and more rectan-
gles. Number of points with integer coordinates that belong to a
rectangle.

o

10. Counting systems. 4
11. Two-dimensional arrays. Processing of table information. 6
12. Recursion. Forward and backward run of the recursion. 4
13. Structures. Declarations of quantities of type structure. 4
14 Long numbers. Simple realizations — adding, subtraction and 6
multiplying by a one-digital number.
15. Concept of dynamic programming. One-dimensional problem for 6
counting of elements according to certain properties and finding
an optimal result.
16. Square nets. Labyrinths. Regions. 4

For each one of the threads we can point to knowledge that is assumed to be learned
between two full turns of the spiral. The only thread for which new knowledge is
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taught only once is the one, presenting the computer geometry. More theorizing
is not acceptable because of the age specifics and insufficient theoretical training of
the trainees.

3 Illustration of the Spiral Approach through the Theme ’Theory
of Numbers”

Later we will point out the illustration of the theme “Theory of numbers” (Fig. 2).

We will also point out the amount of knowledge in a certain area as points of the
thread in the chronological way in which they should be taught. (Fig. 2) The points in
which the thread crosses the spiral are also marked.

It must be noted that each new knowledge is given right after the language con-
structions learned up to that moment in order to allow its interpretation. We will offer
some example problems that can be solved at each one of the stages of the training on
the theme discussed.

3.1 Levell

As we can see from Fig. 2, the knowledge connected with the divisibility of numbers,
finding of common dividers, the least common multiple, etc., is improved. At this
stage it is required from the pupils to be able to apply their knowledge of the previous
year for realization of some auxiliary functions, by means of which the solution of the
problem becomes more reliable and the probability of making a mistake much less
probable. Example of problems that can be solved at this stage:

Problem 1. Row

The numbers in a row are calculated in this way: each succeeding number is calcu-
lated from the previous one by adding to it the number of its dividers. Let’s name the
first number of that row with a. For example, if a=6, the next number is 6+4=10,
because 6 has 4 dividers — 1, 2, 3 and 6. Write a program ROW.CPP, that reads from
the standard input the first number of the row and an integer N and output the Nth
number of the row.

Input:

From the first row of the standard input two integers are entered — the first
element of the row and N.

Output:

On the standard output print the Nth element of the row.

Limitations:

0 < a< 10000

0<N< 100

Example:

Input

73

Output

12
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Problem 2. Palindromes
Write a program PALINDROM.EXE, that inputs from the standard input two inte-
gers: m and n and outputs all palindromes in the interval [m, n]

Input
110 150
Output
111

121

131

141

Problem 3. LCM

Write a program LCM.EXE, that inputs from the standard input three integers m, n
and k and outputs all the pairs of numbers in the interval [m, n], having a common
multiplier that is less or equals k..

Input
11278
Output.
1122
12 24
1326
16 24
1827

We can point out some more examples here but the amount of material does not
allow it.

3.2 Level II

At this stage the pupils have already a powerful tool for data processing: arrays and
together with them the standard algorithms for statistical processing, searching, etc.
Here are some example problems that can be solved at this stage:

Problem 4. Number

a) Write a subprogram that calculates the number of the different digits of a given
integer.

6) Using the subprogram from a) write a program DIF.CPP, that fills in from the
standard input an array with integers with n elements (1<n <100) and outputs those
of them which have three different digits.

Problem 5. Competition

Write a program COMP.CPP that inputs the points n competitors (n <= 25) obtained
in a tournament consisting of at most three rounds coded into a 3-digit number. The
code is set up in such a way that each digit represents the number of points the com-
petitor obtained in a particular round. (For example the number I means that the
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competitor has had 0 points at the first two stages and 1 at the third. 165 means 1
point at the first stage, 6, at the second and 5 at the third.) We assume that the com-
petitors are identified by the order of the input of their results — the first value in the
input is the result of the first competitor, the second is of the second competitor etc.

a) output the numbers of the competitors with equal results from each stage. (For
example , 555, or 0, or 111, etc

b) transform the results of all the competitors as you replace the entered number with
the sum of the points from the three stages;

c) print the number of the competitor with the highest result.

It is obvious from the curriculum that it is expected that the theme “Counting
systems” must be taught. For acquainting of these pupils with this theme they do
not have to know arrays and functions. That theme is put off in time, because it is
pretty abstract and hard to be understood by pupils (10-12 year-old). The algo-
rithmic knowledge accumulated up to that moment and the new stage of developing
of their logical thinking allows them to learn the new material efficiently enough.
The problems that should be solved in connection with that theme should aim at the
rearranging of numbers from one counting system into another and the other way
round.

3.3 Level III

Here the tasks of dividing a number into its digits, divisibility and counting systems
are rather aiming at illustrating the most elementary application of the recursion —
forward and backward run. A double effect is achieved. On the one hand, the pupils
think over, from another point of view, algorithms already known, and on the
other hand they learn better the method “recursion” as another means of solving
problems.

It should be noted that at this stage we do not pay serious attention to the ineffi-
ciency of the recursion in most cases.

3.4 Level IV

After introducing structures as a tool of presenting objects composed of many com-
ponents, the theme of numbers and their representation in the computer memory be-
comes again an interesting object of learning. In most cases we have to use integers,
which cannot be presented by the standard numerical types of the programming lan-
guage. Then some own tools for their processing must be added — presenting them
mostly as an integer that means the number of the digits and an array of the digits;
realizing of the basic operations with them. At this age the realizing of the operation
“multiplying” of two multi-digital numbers is not recommended, neither any opera-
tions for dividing.
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IV level
Long numbers. Presenting of the
long numbers by using structures.
Realization of operations with long

numbers.
I1I level

Recursive functions for processing
numbers. Recursive realization of the
algorithm of Euclid. Finding binary
presentation of a given integer using a
recursive function.

4 Counting systems. Turning numbers
from one counting system to
another.

» Divisibility. The sieve of
FEratostenes.

Calculating the number of occurrences of
the digits of a number with unknown
number of digits. Computing derivative
numbers using crossing out of digits and

I level etc.

Divisibility of the numbers. Algorithm of
Euclid (with subtraction, with division, binary
algorithm), least common multiple, solving
Diofant equation of first degree, operations
with noncanceling fractions.

Fig. 2. The theme “Theory of the numbers”, realized with the spiral approach

The other threads of the spiral can be presented in a similar way: i.e. the different

levels of algorithmisation, described above.

4 Conclusion

The described spiral approach gives an effective methodology of teaching program-
ming to little pupils (10-11 year-old). The basic concept of it is that the teacher should
not try to present the theme in discussion in detail but just the part of it which at this
stage is most accessible to the pupils. In this way the training of the pupils at an early
age turns from a practically impossible task into a pleasant occupation both for them

and their teachers.
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Abstract. Instructional design has a significant influence on the construction of
knowledge, especially for novices. Specifically, the way the instruction of algo-
rithmic problem solving is designed has a significant effect on the development
of the student's capabilities to analyze and solve problems. We present a peda-
gogical approach regarding teaching algorithmic problem solving, which is
based on the assimilation of a new concept by demonstrating its different facets
through a variety of relevant examples. The approach aims to support multi-
facet problem comprehension, as well as to enhance the student's ability to util-
ize algorithmic ideas in different contexts. The approach was introduced to
computer science teachers through a workshop activity aimed at discussing the
topic of evaluating the complexity level of problems and their challenging char-
acteristics. We think that an activity of this kind is beneficial for raising teach-
ers’ awareness of the way they select problems in order to develop students'
problem-solving skills.

Keywords: Algorithmic problem solving, Instructional design.

1 Introduction

Teaching Fundamentals of Computer Science (CS) is considered a first step towards
acquiring computational thinking [15] and specifically, algorithmic thinking; it in-
volves acquaintance with basic algorithmic concepts, principles, and algorithmic
problem-solving methods. The way instruction of algorithmic problem solving is
designed has a significant effect on the development of the student's capabilities and
skills needed to analyze and solve problems. Therefore, establishing a collaborative
community of teachers, which discusses and shares pedagogical aspects of algo-
rithmic problem-solving instruction, is important for significantly enhancing the
teaching of computer science to novices.
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Several studies demonstrated that experts construct in their memory a dynamic
structure of cognitive schemas related to different types of problems and their solu-
tions [1, 4, 10, 14]. These structures are updated and enriched while the experts gain
problem-solving experience. Specifically, CS experts and experienced programmers'
knowledge structures include schemas for solving algorithmic problems. Experts use
their cognitive schemas to solve analogical problems and perform the necessary
adaptations to previously known solutions. In contrast, novices have difficulties in
matching a familiar solution to a new, though similar, problem that presents some
new constraints. Usually, the novice's main difficulty lies in recognizing a problem's
type, and the structural similarities between analogical problems; this may result from
relatively undeveloped abstraction and generalization abilities. In addition, even when
a problem's type is correctly recognized, novices often fail to adapt familiar (and
suitable) solutions to construct the required solution for the new problem. Teachers'
awareness of students' difficulties and frequent mistakes is of major importance in
order to minimize this phenomenon.

Instructional design has a profound and persistent influence on constructing knowl-
edge, especially for novices. Assimilation of a CS concept, idea, or principle should
be accompanied by a demonstration of its different facets through a variety of relevant
examples. A suitable sequence of problems may enhance one's ability to identify the
problem's type, to utilize a familiar solution, and to better modify a solution according
to a problem's constraints [6]. Organizing the problems presented around examples,
along with non-examples, demonstrates when and how to use a familiar solution and
when not to. In addition, it is important to present problem-solving processes besides
the "final school solutions" (which are the final products of experts' problem-solving
processes), and to discuss the considerations and decisions that an expert performs
throughout the entire problem-solving process.

This paper presents a method for teaching problem solving a centered around con-
cept or idea that is related to a basic algorithmic problem and its solution. The method
can be used by teachers to choose and arrange examples of problems in a way that
benefits and supports constructing students' knowledge schemas, enhances their prob-
lem-solving abilities, and reduces common mistakes. This method is based on pre-
senting a series of apparently similar problems that gradually change, while focusing
on different facets of the concept or idea presented. In section 2 the method is demon-
strated by teaching the concept of extreme value computation. We chose this example
since it is a common problem, recurring in a wide range of contexts. In section 3, we
discuss cognitive and pedagogical aspects of instructional design aimed at supporting
the construction of knowledge. Section 4 demonstrates an in-service workshop activ-
ity that engages CS teachers in a discussion related to the design of algorithmic prob-
lem-solving sessions. One specific goal of the workshop was to examine how the
teachers evaluate a problem's level of complexity, as well as to predict the difficulties
students may encounter when dealing with the problem. Section 5 generalizes the
method demonstrated in section 2 and presents pedagogical guidelines for pattern-
oriented instruction.
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2 (Gradual) Presentation of Problems Centered around a Concept

This section presents a pedagogical approach for teaching problem solving, centered
around an algorithmic idea that recurs in various contexts. In this approach, a series of
apparently similar problems, which consist of a gradually mutated base problem, is
presented. Solving the problems involves focusing on different facets of the concept
presented. Beyond understanding the algorithmic idea presented, one main goal of the
pedagogical method is that students will acquire the ability: (1) to analyze a problem,
(2) to identify its type (i.e., the relevant basic algorithmic problem), (3) to recognize
its unique requirements, and (4) to adapt the algorithmic idea to the problem's con-
straints. Various aspects of a problem are discussed: the initial state of the problem,
the target state, the special case it demonstrates, and the algorithmic problem-solving
principle it illuminates.

The first problem presented to the students, centered around a concept, matches its
general case; thus, its solution is associated with a general algorithmic idea. As such,
the problem actually serves as a prototype of a large set of similar problems. The
gradual change in the problems presented encourages the students to carefully exam-
ine how the general algorithmic idea is utilized in order to solve a specific problem of
that prototype. In some cases, there is a need to integrate several algorithmic ideas to
construct a solution. In other cases, a seemingly small modification in a problem's
requirements may cause a significant change in the solution, up to the point where the
classic algorithmic idea stops being relevant (when the "new" problem is actually of a
different prototype).

2.1 A Sequence of Problems Centered around the Concept of ""Extreme Value"

Without the loss of generality, this method is demonstrated through the concept of
extreme value computation and similarly, it can be employed to teach other concepts
or ideas as well. The algorithmic idea upon which the concept of extreme value is
based relates to the concept of loop invariant. An invariant is an assertion that we
presume is maintained during each stage of the algorithm's execution. For example, in
the case of computing the maximum value, we presume that a variable called Max
holds at any stage (iteration) the maximum value related to the values manipulated
until that moment. As a result, the algorithmic idea is based on comparing each (next)
element to Max and updating Max whenever necessary.

Example 1 — The initial Problem

The opening problem is an elementary problem that involves finding the maximal
value in a set. Its solution constitutes the basis for solving various similar problems.
Note that the problem's presentation does not include special assumptions regarding
the values of the set:

Develop an algorithm that obtains a set of N values and returns the maximal value of

the set.

When one presents a concept, an opening example has an important role in its assimi-
lation. The decision to begin with this example derives from three main reasons:
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(a) A conventional approach for presenting the general concept of finding the maxi-
mum consists of gradually presenting solutions from specific examples (as a depend-
ent on the length of the set). We first presented the concept of the solution for N=2 for
which there is no immediate need for an auxiliary variable, Max, a need that is al-
ready evident for the solution of N=3. From here on, the transition to finding the
maximum in a set of N>3 values while using Max initialized as the first value of the
set, 1S most natural.

(b) The problem in this example and the general idea for its solution (which is appro-
priate for any set of values) actually creates the basic schema for finding the
maximum.

(c) Another reason for beginning with this example is supported by the research of
Samurcay (1989), who claims that novices encounter difficulties in initiating vari-
ables, and that they would prefer to initialize a variable with an input value instead of
using the assignment operator [13].

The general algorithmic idea is that the value of an auxiliary variable Max is initial-
ized to the value of the first element in the set, and at each iteration of the computation
an element in the set, starting from the second, is compared to Max and Max is
updated when a larger value is encountered.

Example 2 — I am a Simple Case

Develop an algorithm that obtains a set of N positive values and returns the maximal
value of the set.

The general algorithmic idea presented in the opening problem is also appropriate for
solving this problem. However, since the input set in this problem has a lower bound
value (zero), it is possible to use this lower bound to initiate Max. This change neces-
sitates other accommodations when using the solution of the first problem to solve the
current problem, namely, comparing to Max all the set’s elements. Presentation of this
modified solution to the students demonstrates that it is not necessary to use the gen-
eral algorithmic idea as it is, but rather, that it can be adjusted to the characteristics of
the given problem.

Example 3 — Am I as Simple?

Develop an algorithm that obtains a set of N negative values and returns the maximal
value of the set.

Presenting this example immediately after the previous one shows that despite the
great similarity between the problems, the solution presented in example 2 cannot be
used for solving this problem (since a lower bound does not exist), and that the ap-
propriate solution is the one presented in example 1. However, since students tend to
adopt a general case also for cases for which it should not be used [9], they tend to
initiate Max with a very small negative number.

Example 4 — I Need Special Treatment!

Develop an algorithm that obtains a set of N natural numbers and returns the maxi-
mal value of the sum of the digits of each number of the set.
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This problem consists of (a) the main task of calculating the maximum, and (b) the
secondary task of handling each element, which requires using additional algorithmic
ideas — breaking the number into digits and calculating their sum. As a result, the
complexity level of this solution increases relatively to the previous solutions.

Example 5 - If they ask about me, does It Mean that I Exist?

Develop an algorithm that obtains a set of N integer values, and finds the maximal
even value of the set.

This case involves finding a maximal value that satisfies a certain condition. In fact,
we need to find the maximum among all the even numbers that occur in a given set.
However, it is possible that there are no even numbers in the set. A typical mistake
made by students is not considering such a possibility. Their solutions assume that
there is at least one even number in the set. Accordingly, this example calls for a
discussion of the set’s characteristics and considering different representative input
examples.

One possible solution to the problem consists of combining two algorithmic ideas
utilized in a serial manner: first locating the first even value, if it exists (a search algo-
rithm), and then using the general algorithm to find the maximum. An alternative
solution interweaves these two algorithmic ideas while using a flag indicating whether
there is at least one even value in the set.

Example 6 — I also Demand Special Treatment!

Develop an algorithm that obtains a set of N integral values and finds the maximal
prime number of the set.

This example combines characteristics found in examples 4 and 5: there is no cer-
tainty that in the given set there is a value that satisfies the condition, and also, one
must handle the primality test. The outline of the solution is similar to that of the
previous example, but since a primality test may be considered more challenging than
calculating the sum of the digits of a number, in general, the complexity of the
solution increases.

Example 7 - A Story

A bus departing from City A to City B stops on its way at N bus stops, including the
first station and the final one. Passengers can get on and off the bus at the intermedi-
ate bus stops. At the first bus stop, the passengers only get on the bus, and at the final
stop, all the passengers get off. Assumption: the bus can hold 50 passengers at most.
Develop an algorithm that obtains as an input the number of ascending passengers at
the first bus stop and the number of passengers that go on and off the bus in each
intermediate stop, and returns the maximal number of passengers that were on the
bus at any given moment during the drive.

The complexity level of this example increases relatively to the previous examples,
since its solution deals with a dynamically generated set; the values of the set are
created through an operation involving "accumulation by compensation" of the input
data. Another source of possible difficulty is the realization that it is necessary to
initialize the sum that represents an element of the dynamically generated set.
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The following examples demonstrate how a small modification of the problem
results in a significant modification of the algorithm.

Example 8 — It is not what It Looks Like!

Develop an algorithm that obtains a set of N real numbers and returns the maximal
value of the numbers bigger or equal to the set’s average.

Mathematical knowledge and tools are part of the training necessary for Computer
Science graduates [2]; it is important that students acquire those tools and use them
for analyzing and solving problems. This example demonstrates the importance of
analyzing a problem mathematically. Analysis of the problem reveals that there is
actually no need to calculate the average, since the search for the maximum among
numbers bigger or equal to the average is equivalent to searching for the maximum of
the complete set. Accordingly, the simple solution of the problem is the one presented
in example 1.

Students often propose a solution that first calculates the average and then searches
for the maximum among numbers larger than or equal to the average. This idea for
solving the problem necessitates going over the input set twice. The reason why
students propose such a complicated solution probably stems from their desire to
translate the question “as is” to a programmed solution without first analyzing it
mathematically. Needless to say, those students who adopt this idea for a solution will
find it impossible to implement before they have learned arrays. On the other hand,
students who did learn arrays are used to going over the set of values stored in the
arrays several times; thus, they may not recognize the simple idea underlying the
problem's solution. A possible explanation is that students tend to refer to seemingly
similar examples and to use tools that are appropriate for a certain task yet irrelevant
in a different context [9].

Example 9 — It is what It Looks Like!

Develop an algorithm that obtains a set of N real numbers and returns the maximal
value among numbers smaller than the set’s average.

The difference between this problem's phrasing and the previous one is minimal, yet
the solution is significantly different. In this example we cannot avoid calculating the
average before looking for the required maximal value. The complexity of this prob-
lem is especially high. Max must be initialized with the first value of the set, which is
smaller than the average, or alternatively, with a lower bound (which is the minimal
value of the set). Furthermore, the requirement to find a maximum smaller than the
average requires referring to a case where such a value does not exist (in a case where
all the values in the set are identical).

Example 10 — Where Is the Algorithm?

Develop an algorithm that obtains a set of integer numbers within the range of 21 to
30 (inclusive), which includes at least 10 different numbers and returns the maximal
value of the set.
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A mathematical analysis of the starting point of the problem reveals that any
number from 21 to 30 (inclusive) occurs in the set. Based on the data that the set
includes at least 10 numbers, it can be immediately concluded that the maximum
value is 30 (hence, there is no need to scan the set). Again, presenting such a
problem may demonstrate that the use of a familiar algorithmic idea should not be
immediate, but rather, it should be preceded by appropriate mathematical
analysis.

Example 11 — Why am I here at All?

A group of people is defined as “homogeneous” if the age range of its members does
not exceed 5 years. Develop an algorithm that gets as input the age of a group of
students and returns ‘true” if it is homogenous and ‘false” if it is not.

This example is unique among the problems we presented, since here finding the
maximum (and similarly the minimum) is not a goal in itself but a means to achieve
a different goal — to test homogeneity. The outcome of a mathematical analysis is
that the group is homogeneous if the gap between the maximum age and the mini-
mum age of the group members does not exceed 5 years. Accordingly, a solution is
based on finding the maximum and minimum of the set through one scan over the
list (by interweaving both algorithms); and even better than that, stop searching
whenever an undesirable case is detected, meaning that the difference between the
actual extreme values (computed at a certain point) turns greater than 5. In our
experience, students find it difficult to come up with the idea to search for extreme
values, since there is no explicit reference (or hint) for that in the problem's phras-
ing; as a result, students tend to solve the problem inefficiently by testing the condi-
tion on each of the possible pairs.

2.2 A Concise View of the Problems

The sequence of problems presented in section 2.1 serve as examples of designing
instruction around a concept. Note that the problems and the order of their presenta-
tion are merely suggestions. The examples demonstrate how we can utilize a problem
whose solution requires using a basic algorithmic idea, and owing to modifications of
the starting point or the goal, we have to make adjustments to the basic algorithm in
order to solve a given problem.

Sometimes the idea of the problem’s solution is identical to the previous example
of a problem, and sometimes the modification of the problem requires formulating a
different solution — either a trivial one or a more complicated one, for example, by
combining algorithmic solutions to additional tasks. Table 1 describes the characteris-
tics of the problems, their similarity and dissimilarities, and ideas for their solution.
The examples demonstrate important concepts and strategies that should be consid-
ered when analyzing a problem, such as the following: (1) Do the values of the set
have unique characteristics (a starting point); does the maximal value satisfy a certain
condition (goal), and does the relation between the starting point and the goal inevita-
bly ensure the existence of a maximal value? (2) Is there a simple solution to the
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problem? (3) Can finding the maximum simplify the solution even when finding out
that it is not a goal in itself?

Table 1. Description of problems

Prob. Description of the problem Idea for a solution

#

Starting point Goal
1 A set of real Finding the Initialize Max as the first value, scan,
numbers maximum in the compare, and update Max.
set
2 Positive num- Finding the Initialization as either the first value,
bers (a lower maximum in the or a random value lower than the
bounded set) set range.

3 Negative num- Finding the Initialization as a first value (no

bers (an upper maximum in the lower bound).
bounded set) set

4 A set of integers | Finding the Equivalent to problem 1, but the
maximum in a complexity is increased since each
new set generated | number's sum of its digits needs to be
from the given set | computed.

5,6 | Asetofintegers | Finding the Possibly no value that satisfies the
maximum of a condition exists in the set; thus, the
subset that satis- algorithm includes a search for an
fies a condition even number (Problem 5), Similarly,

in problem 6 a primality test is in-
cluded.

7 A dynamically Finding the Initializing two variables, handling

created set maximum of a each element through accumulation
dynamically by compensation.
created set

8 A set of integers | Finding the Satisfying the condition of a subset is
maximum of a not a component of this solution.
subset that satis- Converting the problem to a simpler
fies a condition one: finding the maximum of the

whole set.

9 A set of integers | Finding the The solution requires two scans over
maximum of a the set (by using an array). Satisfying
subset that satis- a condition is a vital component of
fies a condition the problem. In contrast to problem 8§,

it is possible that no value that satis-
fies the condition exists.

10 A set of integers | Finding the A trivial solution: defining the set
maximum of the allows one to immediately recognize
set the maximum.

11 A set of integers | Checking homo- Finding the maximum and minimum
geneity and calculating the difference be-

tween them. No need to compare all
pairs.
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3 Cognitive Aspects of Problem-Solving and Instructional Design

Presentation of a variety of problems that deal with different aspects of the same idea
(a concept, a principle, or an algorithm) in diverse contexts has a significant implica-
tion with regard to its comprehension and assimilation and thus it supports one's abil-
ity to apply the idea in new situations [11]. The approach of teaching problem solving
around a topic is supported by cognitive theories. According to Schema Theory, the
process of problem solving in different areas of our life is based on the existence of
general solutions to different problems stored in our memory. Schemes exist for solv-
ing everyday problems or problems that occur in our professional life. This is espe-
cially prominent in the area of solving algorithmic problems in Computer Science,
where the experienced solver stores schemas for solving different recurring algo-
rithmic problems. Proficiency is expressed by the number of schemes retained by the
solver and the level of their richness. According to the model of the schema theory, a
rich schema is one whose components are interconnected as a “knowledge chunk”,
linked to various examples of its uses, to other schemes, to typical errors, to refer-
ences of its application, and more. From a cognitive perspective, the goal is to en-
hance the formation of cognitive schemas [12] that are related to algorithmic problem
prototypes and their solutions.

A well-organized set of problems, referring to the selection of problems, their or-
dering, and their presentation in proximity in time was found to influence the way
students cope with problem solving in that area [5]. Presenting examples at gradually
increasing levels of difficulty may raise the confidence and the ability of the student
to try and solve problems. The cognitive theory thus strengthens the perception of
the significant effect of instructional design on the efficiency of learning and the
development of proficiency in problem solving.

4 A Teachers' Workshop on Instructional Design

Training teachers to work according to this approach is required; an in-service teach-
ers' training that focuses on the aspects of developing students' problem-solving skills
is of outmost importance. A 56-hour workshop was conducted for CS teachers who
teach Fundamentals of Computer Science in high school. Fifteen teachers attended the
workshop. The workshop referred to the difficulties that novices experience in solving
algorithmic problems and discussed the ways instructional design may handle these
difficulties. One specific workshop activity was designed to stimulate a discussion
related to evaluating the complexity level of problems and their challenging aspects.
We think that activities of this kind are vital for increasing teachers’ awareness of the
way they select problems in order to develop critical thinking and effective problem-
solving skills among their students [6].

The set of example problems presented in section 2 was presented to the workshop
participants. The teachers were asked to rank this collection of problems according to
the order of presentation they would recommend. Note that the task of grading was
not a goal in itself but a means of encouraging a comprehensive discussion among the
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workshop participants regarding the different aspects of teaching problem solving
around a concept; this goal was indeed achieved. Each teacher presented a grading
vector having the following format: the number of the example and its recommended
place in the sequence of examples presented. After the grading suggestions were col-
lected, a discussion was held regarding the considerations needed to be taken when
constructing a set of problems developed around a concept/idea.

Figure 1 illustrates how teachers graded the set of problems (according to the aver-
age taken for each problem). The findings show that teachers tended to grade the
problems similarly to the order that the problems were presented above. Differences
were found with regard to two cases: (a) the opening problem and (b) changing the
order of consecutive problems in some pairs.

Grading of problems

12
.g’ 10 - ]
8 8-
s 4
= 2 |_|
0 |_|\D\ T T T T T T T T

1 2 3 4 5 6 7 8 9 10 11

Problem #
Example # 1 2 3 4 5 6 7 8 9 10 11
Teachers’ 2 1 3 5 4 6 8 7 10 9 11
grading*

* According to an average grading for each example, the number represents the recommended
location of the problem in the set of problems (1- the first problem).

Fig. 1. Grading the examples by the teachers (N=15)

(a) Questions were raised with regard to the opening example: Should it follow the
general case or should it refer to a simple limited case? The majority of the teachers
preferred example 2 as an initial example, since from their own experience, students
tend to initialize variables with zeroing (contrary to the outcome of the study done by
Samurcay (1989), which shows that students prefer to initialize with an input [13]).
The teachers thought that it is better to begin with a problem having a more tangible
solution that is natural for the students, and only later to confront them with solutions
that demonstrate the limitations of initializing a special constant value (note that ex-
amples 2 and 3 were similarly ranked).
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(b) Another controversy was related to the level of complexity of pairs of con-
secutive problems ( (4, 5), (7, 8), (9, 10) ). For example, a difference shown in the
teachers’ ranking refers to the order of presenting problems 4 and 5. Since a maxi-
mum that satisfies a condition is not necessarily found in a set, our intention was to
present to the students an example that requires testing the existence of a maximum
in the context of a given problem. Such a test adds another dimension to the com-
plexity of the problem, and we recommend that example 4 be presented before
example 5. It seems that teachers' priority of factors that determine the level of
complexity of a problem was different. Most teachers preferred to present example
5 before example 4, explaining their preference in relation to the extent of the com-
plexity of handling each element. Specifically, according to the teachers' view,
example 5 is simpler since testing duality is easier than calculating the sum of digits
in a number.

5 Concluding Remarks and Recommendations

In this paper, dealing with teaching algorithmic problem solving, we elaborated on the
importance of selecting appropriate problems introduced to students. The pedagogical
approach presented here integrates several goals, mainly the assimilation of a new
concept in Computer Science and improving students' problem-solving skills. It fo-
cuses on promoting opportunities to present various aspects of algorithmic problem-
solving issues such as problem analysis, identifying constraints in a problem, and
adjusting a known solution to satisfy these constraints. The approach was introduced
to teachers through a workshop activity aimed at discussing the topic of evaluating the
complexity level of problems and their challenging characteristics. We think that an
activity of this kind is highly recommended for raising teachers’ awareness of the way
they select problems in order to develop essential problem-solving skills for students.

The idea of "teaching around a concept" is further developed through the peda-
gogical approach of Pattern Oriented Instruction [7]. According to this approach, a set
of basic algorithmic patterns, introduced in the Fundamentals of Computer Science
course, was defined [2] and patterns are taught according to similar guidelines; these
guidelines include presenting a variety of problems centered around a pattern; the
patterns' components are discussed as well as the ideas that are captured in a pattern
the instruction points to similarities between problems and patterns. Various links are
drawn between different aspects of a pattern and its use in typical applications. Spe-
cial cases of using a pattern are introduced in different contexts, as well as examples
of common misuses and frequently encountered difficulties with problems associated
with each pattern. Adjusting patterns according to various constraints is emphasized.
Different solutions to a problem are evaluated with regard to efficiency, style, and the
tradeoffs between them. In addition, compound problems are analyzed with respect to
the ways several sub-tasks are related to one another. This approach was found bene-
ficial in improving students' problem-solving skills [8].

We hope that the approach presented here will assist teachers in designing instruc-
tional activities, specifically, in constructing sets of problems aimed at refining and
assimilating different aspects of particular topics that they plan to introduce to their
students.
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Abstract. We introduce VIPER, a visual interpreter of Pascal, designed
to help both the teachers and the students of an introductory program-
ming course. The main innovation of VIPER is the ability to display
typically encountered data structures (e.g. trees, lists) in an intuitive
way. This, and other usability improvements, have been designed specif-
ically to meet the needs of future users. The interpreter is aimed mostly
at small scale programming exercises, and lets the user edit and run por-
tions of code step-by-step with all the needed values being displayed in
a suitable manner.

1 Introduction

Teaching programming can be challenging. Beginners do not always imagine the
state and flow of the program properly. The teachers have several aids at their
disposal, from the traditional blackboard where pointers may be drawn as arrows
to premade interactive presentations of selected algorithms. Unfortunately, when
students want to run a program on their own, try to understand its behaviour,
or create and debug a new program, all they are left with is the compiler and a
(usually quite obscure and unfriendly) debugger.

Experience also shows that the teacher’s job is to form a correct mental model
of the control flow, memory state, and their interaction. There are quite a few
matters which are not at all obvious for novices with no such model in their
heads. Typical areas of misunderstanding are the proper usage of arrays, the
meaning of pointers, passing of arguments to functions etc.

We believe that Pascal is the right language for an introductory programming
course: it emanates all the features of the imperative paradigm, yet its syntax
is fairly simple and straightforward. VIPER (VIsual Pascal InterpretER) is a
graphical tool designed to support students in the learning process. It is a visual
interpreter of a slightly adjusted version of a subset of Pascal. VIPER demon-
strates the execution of the program and displays the contents of the memory in
an intuitive way. The focus of VIPER is not on teaching the concepts of imper-
ative programming, but on explaining the behaviour of algorithms. VIPER is a
tool both for the teacher and for the student who wants to learn and experiment
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with the code on his/her own. Our experiences with VIPER as a tool for the
students of an introductory programming course, together with these students’
opinions, are given in section

The idea of a visual interpreter is not new. The closest relatives of VIPER
are VIP (for C++, [12]) and The Teaching Machine (for C++ and Java, [314]).
They both visualize the memory state during execution. The Teaching Machine
is a very well developed software, with such features as micro-steps in expression
evaluation and multiple views of the memory. Other environments, like Turbo
Pascal, offered a basic view of the variables’ values as well. VIPER includes some
brand new ideas, that will be discussed in section 3l

2 Motivation

What should we expect from a visual interpreter? It should be able to execute
any correct progranﬂ, displaying the memory state. Typical data pieces should
be presented in the way we are accustomed to: simple variables as memory slots,
arrays as rows of values, pointers as arrows, records (objects) as boxes containing
the fields and so on. Clearly not everything can and should be displayed: an
attempt to present the contents of a complicated data structure, linked from
records with multiple fields and nested arrays etc. would inevitably cause a
terrible mess on the screen. Luckily, in a typical learning environment one does
not need such monstersf In the design process we focused on what experience
says about the real needs of our target users — the teachers and the students.

A typical visual interpreter has all the features described above. We want
more. Suppose, for instance, that we are trying to understand the binary search
algorithm:

{ input: a[1l..N],
left := 0; right
repeat

mid := (left + right) div 2;

if x < a[mid] then

right := mid

else left := mid;
until right = left + 1
found := x = a[left]

o

}
N + 1;

A typical visual interpreter will give us a display that looks more or less like
the one in the left part of Figlll To check, which part of the array is being
searched, we need to perform a few tedious and error-prone steps. Would it not
be better if the memory state was displayed as in the right part of Fig[l? This

! There is a difference between a general-use interpreter and a presentation engine,
which can only be used to prepare visualisations of predefined (and unmodifiable)
pieces of code.

2 In either case we want the interpreter to execute such a program, even if too com-
pound data is not displayed.
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Fig. 1. One step of the binary search algorithm displayed in a traditional way (left)
and with VIPER enhancements (right)

presentation is easier to follow. Another example of this sort is depicted in Fig [k
both sides show the same data structure, but the presentation on the right is
far more convincing and intuitive. For a general-purpose interpreter a binary
tree is just a bunch of records linked with pointers with no special meaning. We
want this sort of data structures (trees, linked lists) to be displayed the way
we are all accustomed to, since otherwise they become counter-intuitive and
clumsy.

Observations of this sort motivated us to come up with a new visual inter-
preter. Some other observations have lead to new extra features, which may seem
to be of little importance, but as we anticipated, they would have impact on the
usability and user-friendliness, particularly in the learning environment. These
are described in the next section. Later we shall give two step-by-step examples
of interaction with VIPER.

Let us outline the most important missing features of the existing debuggers
or interpreters that we think would let the students better understand how pro-
grams work. Our experience makes evidence that there are some basic problems
the students face when they make first steps in programming. Even later, when
they learn about more advanced topics, they lack sufficiently friendly program-
ming environments to visualize the concepts and to make learning programming
in small scale attractive and neat.

Lo o]
6 7 1
o//o [N ole / \
\ 3 7
| o
3 4 10
.{.’ .‘. .‘. 1 4 10
.‘. .‘. .‘.

Fig. 2. A mysterious data structure that turns out to be a binary tree when laid out
in the common way
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Among others we consider the following features of greatest importance:

Array indices. It may be quite hard to follow many array indices at a time.
When we explain algorithms on a blackboard, the most usual way to rep-
resent indices is to draw arrows pointing to specific array cells. It seems a
natural idea to use the same visualization concept in the tool.

Stack operations. When explaining recursion, the visualization of the activa-
tion records is a great advantage and a big step towards understanding the
recursion implementation.

Linked lists. The list data structure is not easy to visualize. Again, when draw-
ing on a blackboard or explaining the algorithmic concepts in a book, the
best way to explain the list operations is to visualize the pointer values as
arrows pointing to specific records.

Rooted trees. Algorithms on trees are much better understood, if a tree is
represented by means of graphical visualisation of its nodes and edges. The
crucial moment is to observe how the tree structure changes after certain
operations (like rotations).

Another disadvantage of the existing visualization environments is the difficulty
to initialize data — especially when we talk about lists or trees. Our tool is
equipped with a user-friendly initialization procedure, allowing to assign the de-
sired values quickly, and — moreover — to keep the chosen values for consecu-
tive runs. Initializing data visually by pointing at the appropriate data structure
fields and inserting the requested values (or choosing them by one of the stan-
dard ways) saves a lot of time and allows the student to concentrate on the
important aspects of programming.

3 System Overview

Figure Bl contains the screenshot of VIPER’s main window. The left panel con-
tains the code of the executed program (1) and two consoles, one acting as
standard output (2) and one for the auxiliary messages (3). The display with
the memory state uses most of the window (5). The presentation of selected
variables can be turned on and off (4) and the whole window can be resized (8),
so that only the important elements are visible. The currently executed line of
code is highlighted. The interpreter works in three modes: editing, compilation
and execution. In the execution mode VIPER covers the functionality of a rea-
sonable debugger with run, stop, step and step over commands (6), breakpoints
and speed control (7). The main display presents the values of global variables
and the call stack (9). Complex nested types will never be displayed. However,
from our perspective the ability to handle nested types in a graphical way is of
little importance.

What mattered to us a lot more was to increase the efficiency of the learning
process. To this end we introduced the following features:
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Fig. 3. The layout of VIPER

Fig. 4. The visualisation of a linked list. A screenshot from VIPER.

Innovative animation.

— The array indices are pointing to the appropriate elements of arrays, as
suggested in figure[Il They start being displayed as arrows once the variable
is used as an array index.

— The call stack with local variables and parameters is available: by default
only the top frame is visible, but any frame can be unwinded and displayed
by just one mouse click, together with its entry point in the code.

— Thedisplay of any variable can be switched on and off, so that the uninteresting
variables (if there are any in a particular example) do not obscure the view.

— Simple and bidirectional linked lists, as well as binary trees are treated spe-
cially: the order of the displayed entries is always preserved, even when a
new element is entered into the structure or during other manipulations (see
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figures 2 and [). These data structures cover most of the students’ needs
when it comes to implementing algorithms.

VIPER uses the “best-effort” strategy to visualize and animate lists and trees
appropriately. Of course all assumptions concerning the layout are void if the user
manipulates the pointers in some arbitrary, unreasonable way (still a sudden de-
coupling of the view may also be a very clear indicator of errors in the program).

Initialization. During experimentation a user may often wish to test his/her pro-
gram against different data sets, or to test different versions of one program against
one data set. Providing initial data for an algorithm can be a very tedious thing to
do. For instance, if one wants to test an algorithm that searches a value in a linked
list, then the code needed to create the initial list may easily grow longer than the
code of the actual algorithm. To make the initialization easier we enable the ini-
tial data to be parameters of the program, just as if the program was a procedure.
That means we extend the Pascal syntax to allow constructions like:

program Merge(x: integer; list: "TList);

We assume the type TList to be defined later in the program. When the pro-
gram is started, the user will be prompted to provide the values of the variables
declared in the header. The types of variables initializable in this way are prim-
itives (integers, reals and booleans), arrays of primitives, lists and trees. All of
them can be given values with an intuitive initialization interface, which en-
ables “shaping” lists and trees and, besides straightforward data input, provides
some predefined initialization patterns for various data types (like increasing,
consecutive, constant, random, etc.). What we believe to be especially useful in
a learning environment is the possibility to fill a variable with the value from
the previous program run (which can be altered before it is approved for use).
This feature can be used even after modifying the program code.

Of course the extended header is not obligatory. One may use traditional,
non-parametrized header and not be prompted for any initial data at all.

Runtime features. VIPER performs some runtime checks to detect common
mistakes a student should learn to avoid:

— accessing an array index out of range, even though in some low-level lan-
guages (like C) this would not necessarily cause a runtime error.

— reading from a non-initialized variable.

— memory leaks. With an algorithm resembling the mark-and-sweep technique
VIPER finds unreachable objects. They are marked appropriately so that the
user is notified that such a problem appears (these are the shaded tree nodes
on the screenshot in Fig[d). Even in the era of automatic garbage collection
programmers should understand when their objects become unreachable.

When designing the conveniences described in this section we kept in mind the
needs of a novice programmer. The initialization schemes are especially useful
for testing and presentation of algorithms that operate on more complex inputs.
Now we turn to some examples of VIPER in action.
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4 Example: Longest Common Subsequence (LCS)

Let us see how to solve the Longest Common Subsequence problem with VIPER.
We begin with declaring what input the program should expect. This amounts
to using an appropriate header. The variables of the header will be initialized
by VIPER with the help of a user-friendly interface.

program LCS(n,m:integer;
A:array[1l..n] of Integer;
B:array[1l..m] of Integer);

When the program is run, the user will be prompted to provide initial values for
n, m, A and B, as shown in Fig[ll At this point the user may choose to use the
values from the previous program run, to enter new values manually or to use
one of the predefined schemes.

n m
[« ]
A
L[5 [s [z Jo |

| compile || step ” step over " start ” stop ” end |

| 0K || previous || random | by 1 " increasing " constant |

Fig. 5. Initializing the LCS algorithm

The given LCS problem will be solved by a dynamic algorithm (see [7]). Tt
utilizes an auxiliary array T, where T[1,j] is the length of the longest common
subsequence of the sequences A[1..i] and B[1..j]. Then the O-th row and
column are set to 0, and each subsequent entry depends on at most three of its
neighbours: to the left, up, and to the up-left:

for i:=1 to n do
for j:=1 tom do
begin
if A[i]=B[j] then
T[i,3]:=T[i-1,j-1]+1
else T[i,j]l:=T[i-1,j-11;

if (T[i-1,j]1>T[i,j]) then T[i,jl:=T[i-1,jl;

if (T[i,j-11>T[i,3j]) then T[i,jl:=T[i,j-11;
end;
Figure [6l demonstrates the display at some point during the program execu-

tion. The interpreter keeps track of all expressions that are being used as array
indices and relocates the labeled arrows whenever the expressions’ values change.
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Fig. 6. In the main loop of the LCS program. Here the LCS of A and B is [1,15,2,9].
Observe that both pointers j-1 and j as well as i-1 and i are displayed, because all
of them were used as array indices in the code.

The final answer (T [n,m]) is printed to the console upon the completion of the
program. This example shows how the use of enhanced array indices improves
the clarity of an algorithm.

5 Another Example: Binary Search Tree

Our next instructive task is to insert the elements of a given array into a (possibly
already non-empty) binary search tree. We assume the processed elements are
integers. Once again we begin with declaring all the necessary input variables:

program bstInsert(
N: integer;
a: array[1l..N] of integer;
root: “Tree);

type Tree = record

w: integer;

left, right: "Tree;
end

After the compilation the user will be asked to define, among other variables,
the initial binary tree referenced by the pointer root. There is a dedicated visual
interface which allows shaping a binary tree easily. All it takes is to simply wind
or unwind the chosen nodes to obtain the desired shape, which can be filled in
with data (in our case the x fields). Here again we may benefit from certain
initialization schemes.

It should be mentioned here that the recognition of records forming the nodes
of binary trees is syntax-based: the last two fields of the record should be
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appropriately named pointers of the tree’s type, as in the above example. If
not, then such data structure will be considered “random” and will not be laid
out in a tree-like fashion. A similar remark applies to the lists. Except for this
requirement the nodes may contain an arbitrary set of fields with any contents
(the structure of a binary search tree is just being used as an example here).

Inserting a single value is fairly simple. The function insert returns the
pointer to the currently processed tree or to the new node:

function insert(t: “Tree; x: integer): Tree;
begin
if t=nil then insert:=new_node(x)
else begin
if t7.w>x then

t~.left := insert(t~.left, x)
else if t~.w<x then
t~.right := insert(t”.right, x);
insert := t;
end
end;

Now the main loop is very short:

var i: integer;

begin
for i:=1 to N do
root := insert(root, alil);
end.

In this example we may observe how a student might deal with an error
situation. Suppose the provided definition of new_node was a bit untidy:

function new_node(x:integer): Tree;
begin

new(new_node) ;

new_node” .w:=X;
end;

This sort of unintended omission is actually pretty frequent. It may cause the
program to fail due to an attempt to read from an uninitialized variable (left
or right) when traversing the tree. Uninitialized variables are marked appropri-
ately, so this problem can be detected very soon. To fix it we need to interrupt
the execution, add the missing lines:

new_node” .left:=nil;
new_node” .right:=nil;

and restart the interpreter. Now the ability to restart the program with the
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Fig. 7. The tree has been successfully expanded

previous initial data proves extremely useful — just imagine that we wanted
to restart the program multiple times with the same data set, which is quite a
typical thing to do when testing or experimenting.

The corrected program will now continue, creating a structure shown in Fig[7l
The screenshot in this figure demonstrates also the visualization of the unwinded
call stack. The thick arrow is a pointer whose beginning was clicked with a mouse.
This helps conveniently track a pointer in a dense maze of arrows.

6 The Usage and Perspectives of VIPER

VIPER was designed to be part of the Open Studies in Computer Science plat-
form ([5]), a comprehensive collection of course material for students of computer
science in Poland. We have used VIPER for 2 years at the University of Warsaw
during the introductory programming course for the first-year students. Our stu-
dents, who come to study computer science at the Department of Informatics,
have quite a wide scale of programming skills at the entrance. There are finalists
of the IOI as well as absolute beginners among them. We made a poll about
the usability of VIPER and got a warm feedback, especially from the beginners
group. In fact this was the target group of our project.

We quote here a few opinions of the students, that concern mainly the new
VIPER features:
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— “I was especially happy to be given a tool that enables me to see step by
step, how my program works. It made me understand the whole process of
programming.”

— “The most useful option in VIPER is the visualization of lists, arrays and
so on. A nice feature is the possibility to adjust the execution speed.”

— “The possibility to input data in an easy way (for instance the array or list
elements, including the list or tree extensions) was a great advantage of this
tool.”

— “Using VIPER during the lectures was especially instructive, when the de-
tails of the recursion and the tree algorithms were illustrated. Tree visual-
ization is the main advantage of VIPER for me.”

The students complained about the limitations of VIPER. In particular they
mentioned:

— lack of nested procedures (more generally: VIPER does not cover all of the
Free Pascal syntax),

— not enough standard initialization patterns (like non-decreasing values in an
array),

— “The generated pictures were not clever enough when complex algorithms
were tested. The program should be a bit more intelligent, and see more of
the user’s needs.”

Having in mind the students’ comments, we plan to extend VIPER with some
more functionalities. In particular we plan to allow nesting procedures and in-
troduce other data structures like trees of arbitrary degree, stacks, queues and
so on. The next step might be to enable meta-programming of visual presenta-
tions. The creator of a presentation (or simply: a teacher) might then annotate
the program with markers indicating default initial values, breakpoints, extra
display options etc.

It would also be very valuable to allow younger pupils (such as in secondary
schools) benefit from VIPER at their lessons of informatics.

VIPER was written entirely in Java and thus remains compatible with all
platforms equipped with the Java Virtual Machine (another advantage of this
is easy internationalization). It is available both as a stand-alone program with
the ability to read/save programs from/to files and as a Web applet. The latter
version is especially useful to prepare course material for students. In this form
VIPER was integrated with the site [5]. The solutions to some exercises are
accompanied by visualisations prepared in VIPER. The relevant code of the
solution is pre-loaded by the applet, but then the students can experiment with
it in whatever way they like.

More information about VIPER, with a detailed user manual, syntax defini-
tion, on-line applet and numerous examples (including the ones from this paper)
can be found at the website [6].
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Abstract. Two models of the maturity exams in information technologies have
been developed in Lithuania. The first one is intended to evaluate the students’
skills for using information and communication technologies (ICT). Another is
focused on programming skills and is intended to promote the professional
studies (informatics) in higher education. The first national exam in information
technologies (programming) was launched in 2006. The exam consists of a set
of tests (questions of IT and questions of programming) and two practical pro-
gramming tasks. The goal of practical tasks is to create programs for given
tasks. Developing programs is one of the most important parts of the exam and
also one of the most difficult tasks for students. The paper deals with solutions
of practical tasks — students’ developed programs during the national exams in
information technologies (programming) in 2006 and 2007.

Keywords: programming, teaching informatics, writing programs, data struc-
tures, algorithms.

1 Introduction

In Lithuania, informatics was incorporated into the optional maturity exams’ block of
science. Informatics as a separate subject was taught many years in comprehensive
schools. To establish the maturity exam in informatics was quite natural. Discussion
on maturity of informatics exams have been presented in the second ISSEP
conference [2].

Since the content of informatics teaching has turned more to information technol-
ogy it was decided to develop two types of exams [3]. The first one is focused on the
user and is intended to evaluate students’ ICT skills. Another one is focused on pro-
gramming skills and is intended to evaluate the professional interest of students in
computing.

The main goal of the national exam in IT (programming) is to encourage students
to take interest in programming. The demand for programmers is considerable. Pro-
gramming as a creative process is being comprehended by learning to write programs

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 204 2008.
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from one’s as early as possible youth upwards. Algorithmic and structural thinking
skills greatly influence the conception of the exact sciences, and not only.

The results of the national exam are being recognized when choosing studies of in-
formatics or informatics-related specialities at Lithuanian universities. Those, who
pass the national exam in IT (programming) successfully, have wider possibilities to
become students of their desired direction of studies, i.e. informatics. At the same
time it is a check weather a student has the aptitude for studying informatics: there are
quite many first year students who quit their studies since they find programming too
hard to understand and an uninviting occupation for themselves.

2 Structure and Content of the Exams

It makes a little confusion that both maturity exams are called IT (due to the subject’s
name — informatics was renamed in 2002 to information technology including pro-
gramming as well). However both types of exams are strongly differentiated by their
level: the school exam is based on ICT skills and the national exam is based on
programming skills.

The content of the school exam in IT is based on the general curriculum of IT for
grades 11-12. When developing the content, the recommendations of world experts
were taken into consideration [1, 2]. The national IT (programming) exam is based on
the optional module of the advanced course named “Basic of programming” [4].
The curriculum of this module consists of: 1) introduction — basic elements of pro-
gramming; 2) data structures; 3) developing algorithms; 4) testing and debugging
programs.

In spring of 2005, the pilot national IT (programming) exam was completed [2].
After the analysis of the pilot exam and evaluation of the remarks provided by teach-
ers and students it was decided to establish the national exam in IT (programming)
since 2006.

The national exam in IT (programming) consists of two parts: the larger part (75%)
is allocated to programming, while the remaining part (25%) concerns the issues of
computer literacy. The programming part consists of test (25%) and two practical
tasks (50%). The aim of the programming test is to examine the level of students’
knowledge and understanding of the tools required in programming (elements of pro-
gramming language, data types and structures, control structures, basic algorithms).

The national exam in IT (programming) focus on: the knowledge and understand-
ing — 30%, the skills — 30%, and the problem solving — 40%. The problems are ori-
ented towards the selection of data structures and application of basic algorithms to
work with the created data structures.

Further, we will deal just with the practical tasks of the national exam in IT
(programming): their aims, complexity, and evaluation. Solutions developed by stu-
dents and the problems with them are discussed. The national exam curriculum and
tasks are prepared in the National examination centre of the Republic of Lithuania
(URL: http://www.nec.lIt ) [5].

The main attention is being paid to the abilities to choose the proper data types and
data structures (Fig. 1.), also to the implementation of the algorithms and developing
the programs (Table 1.).



206 J. Blonskis and V. Dagiené

| file |

-~

—>| record '—*

"l
a3

string ™

integer, real booleaty, char [

Fig. 1. Relations of data structures used in practical tasks

Table 1. Requirements for practical tasks (evaluation criteria)

Elements of program Scores (percentage)

1. Analysis and development of data structures 20
2. Algorithms of data processing 40
3. Control structures 10
4. Programming tools and environments 10
5. Programming technology 10
6. Testing and debugging 5

7. Programming style 5

3 Concepts of Solving Practical Tasks — Writing Programs

The practical part of the national exam in IT (programming) consists of two tasks — stu-
dents have to write programs for the given problems. The practical tasks constitute 50%
of all points. The main aim is to examine the students’ ability to master independently
the stages of programming activities, i.e. to move from the formulation of the task to the
final result. The number of students’ who attempted to solve each task and the statistics
of their achievements is provided in Table 2 (for the year 2006 and 2007).

The first tasks are easier. Therefore, the bigger number of students have attempted
to solve them. It should be pointed out that when performing the examination at the
second time (in 2007) the number of students who didn’t try to solve any of the two
tasks has significantly decreased: from 9 % (in 2006) to 1 % (in 2007).

Table 2. Statistical data on solving tasks in 2006 and 2007

Number Number of stu- have got
. have got
of Task dents who tried to Zero
all scores
students solve score
1164 The first task 997 (86%) 8 167
in 2006 The second task 869 (75%) 8 295
The first + the second task 1159 (99.5%) 12 109
876 The first task 766 (87%) 102 110
in 2007 The second task 600 (68%) 114 114

The first + the second task 803 (92%) 65 9
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The first tasks are intended to examine the students’ abilities to write programs of
the difficulty described in educational standards. The abilities of students to use the
array data type for work with integers, to realize the algorithms for work with data
structures as well as the abilities to manage with input and output in text files are
being examined.

The second tasks are intended to examine the students’ understanding and abilities
of implementation of the record data type. The core of the task is to develop the ap-
propriate structures of record together with arrays. The abilities to input data from text
file into arrays containing elements of record type, to perform operations by imple-
menting the analyzed algorithms, and to present the results in a text file are being
examined. The operations are to be performed just with the numerical values. The
curriculum doesn’t suppose operations with character strings, only reading and
derivation of such strings are being applied.

4 Analysis of the First Tasks

The main aim of first tasks is to show the abilities to develop array data types, input
data from a text file into an array, implement basic algorithms, and output the results
in a text file. Besides, the student’s ability to distinguish the separate operations and
to write the procedures and functions for them is being examined.

4.1 The National Exam in IT (Programming) in 2006

Calculation of the resistance in the electrical wiring. Write the program which
calculates the total resistance in the circuit, if the circuit consists of one or more co-
herently connected parts; each part of the circuit consists of two or more parallelly
connected resistors whose resistance are known.

In the task mathematical formulas for calculation of the resultant resistances in the
system of coherently and parallelly interconnected resistances were provided. Exam-
ple of input file (the chart of the electrical circuit and the data file) is shown in Fig. 2.

Fig. 2. Electrical wiring example

The main aim of the task is to select the proper data structures. There were no limita-
tions considering the structure of program, data types, and algorithm of the task (the
way of solution): students could choose the most appropriate measures for themselves.
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Students have chosen very different data structures (Table 3). Certainly, not only
the size of the program but also its complexity depended on this.

Table 3. The examples of data types used by students in their programs

number of resistors | 2 | 4 | 3 | |
| | |
resistors [15 T4 "1 [ 217 3 [ 4 ["227 11 [24] ]
number of resistors | 2 I 4 I 3 I |
resistors [15 4 ] 1 [ 2137 4 2]11]24]]
resistors of group | R1 | R2 | R3 | |
number of resistors | 2 | 4 | 3 | |
resistors and resistors | 15 [ 41 [ 1 [2[3 ] 4 [22] 11 [ 24 [RI [R2[ R3]
of group
conduction of groups I L1 I L2 I L3 I |
numbers of resistors 2 15 41
and resistors 4 1 2 3 4
3 22 11 24
TResistors = array [ 1..50 ] of real;
record date type ~ TGroup = record NResistors : integer; //
Number of resistors
Resistors : TResistors;// Resistors of one group
RR : real; // Conduction of group
end;

TAllGroups = array [ 1..100 ] of TGroup;

To store the data the following data types were used:

The set of variables;
One-dimensional arrays (one, two or even three arrays);

e Two-dimensional array (separately or combined along with one or two one-
dimensional ones);

e Arrays of record types (the records with the fields of array type were
implemented).

A quarter of the programs was randomly selected for the analysis (Table 4).

The complexity of the program was seriously influenced by its structure, number
of the procedures implemented and their rationality. It is obvious that there are three
parts that can be pointed out when performing the task: data input (from file), calcula-
tions, and output of the results (in the file). There were student programs in which the
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Table 4. Selection of data structures

Selected by evaluators

Used data structures

Number of programs Size (bytes)
1. Variables 32 473-1675
2. One-dimensional array 129 574-3123
3. Two-dimensional array 48 600-2767
4. Record 64 632-2883
5. Non-working programs 38 86-1882

mentioned parts were realized by separate procedures or blocks in the main program;
however, there were also programs where all calculations were performed during the
data input. The essential differences noticed in the programs rest upon the selection of
data structures.

It was hard to evaluate the solutions of this task since students have applied nearly
everything what was possible.

The task, however, has certain advantages: students can independently choose their
way of writing the program by applying what they know and understand best. The
disadvantage is that such freedom enabled less-skillful students to choose more com-
plicated and confused ways to solve the problem. They didn’t manage to assess the
chosen ways of solving, to understand their complexity. Some students made quite
plenty of the mistakes while performing the mathematical operations.

After analyzing and evaluating the solutions of the task it is possible to assume that
when formulating the tasks the measures for their solution should be pointed out. The
measures that are not foreseen in the module should be restricted. It is presumable that
students will better reflect on their programs and will write them in more simple
ways, thus avoiding the majority of the mistakes. It will be possible to evaluate
programs written by students who have less practical experience.

4.2 The National Exam in IT (Programming) in 2007

Mushrooms. In July, each day after returning home from a forest Peter writes down
how many ceps, chanterelles, and champignons he has picked up. Sometimes Peter
goes to the forest several times a day. Write the program which: 1) calculates the
number of mushrooms picked up each day of mushrooming according to their sort; 2)
finds the day that was the most successful for mushrooming and estimate the number
of the mushrooms picked up that day.

Requirements:

e Use just one-dimensional arrays of integers.

e Use a function to obtain the number of the day that was the most successful.

e Write the procedure to output the list of mushrooms picked up depending on
the days in the file.

These exact requirements were intended to examine the abilities of students to
write and apply procedures and functions as well as data structures (array).

It was prescribed to apply just one-dimensional arrays of integers. The solution
would appear to be more simple if the application of two-dimensional arrays or arrays
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with records were allowed. However, that was not provided in educational standards.
Besides, that would determine unequal conditions for the evaluation. Programmers
must be capable to follow predescribed requirements.

The results of the evaluation are presented in Fig. 3.

number of students

Fig. 3. Evaluation of the first task (the national exam in IT, programming, 2007)

The task has clearly distinguished students who are able to reflect and do not fol-
low merely the standard solutions, who are open for creativity. By implementing the
numbers of the days used as an index value (subscript) of the array the program of the
task turns to be simple and short, it doesn’t require complex operations for data
processing.

5 Analysis of the Second Task

The task is intended to examine the students’ practical skills to apply the record data
structure. Record is a sufficiently complex, but at the same time quite flexible data
structure. Students have to show their abilities to analyze the task by creating a rea-
soned data structure and by appreciating that not only the size of the program, but also
its complexity depends on it. The task clearly distinguishes students’ abilities to reflect.

5.1 The National Exam in IT (Programming) in 2006

The Journey. Make a timetable for the bus running between Vilnius and Klaipéda.
You know the distances between the stops, the time of departure from Vilnius (hours
and minutes) and the average speed of the bus. The bus arrives to Klaipéda on the
same day. Write the program to calculate the time of bus arrival to stops. The calcu-
lation must be performed in one minute accuracy. Consider that the bus doesn’t spend
time in the stops.

Requirements:

e Store the data and the results in arrays of record type elements.
e Create and apply the data input procedure from the file to the array
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e Create and apply the procedure for the calculation.

e Create and apply the procedure to output the results to a file.

e Apply the function which calculates the time (in minutes) spent by the bus to
travel the indicated distance:

function Time (distance, speed : real) : integer;
begin

Time := Trunc (distance / speed * 60);
end;

The requirements help to make clear the students’ abilities to apply procedures and
functions, their skills to structure programs and to develop data structures. When per-
forming the calculation real numbers must be converted to integers. It is possible to
apply function Round or Trunc. In FreePascal, Delphi, and Lazarus function
Trunc doesn’t work correctly. This was discovered just after the exam was over.

There are at least two ways of solving the given problem.

The 1" way. The distance from Vilnius to the stop is being calculated. That is a
simple algorithm for the accumulation of the sum of the distances between individual
stop. Then, with the help of the function Time, the time (in minutes) spent by bus to
travel from Vilnius to the particular stop is being calculated. By converting the time
of the departure to minutes we obtain the time of the arrival to the stop. Now we just
need to transform the obtained result in hours and minutes.

The 2™ way. The time spent to travel between adjacent stops is being calculated.
Then the obtained time is being added to the time spent on travelling to the previous
stop. However, this way of calculating causes the appearance of too many errors: each
time of departure to the stops was calculated by converting the obtained minutes to
integer number. Besides, the programs written in such a way were bigger in size and
contained much more mistakes. Especially, when hours and minutes were being cal-
culated separately and summed up separately. This way of solving the task is irra-
tional. It demonstrates that students who have chosen it didn’t spend too much time
for thinking on the other, simpler solutions.

Such type of tasks is inappropriate for exams since it is hard to unambiguously
evaluate issues related to the application of real numbers. Nevertheless, this task has
helped a lot to examine the students’ abilities to create data structures of record type.
One, two, three, and even four records of different structure were applied in the pro-
grams. It was nice to notice which structure for storage of the data and the results ob-
tained was created.

Both ways of solving the task were nearly equally popular among the students. The
results of the evaluation are provided in Fig. 4.

5.2 The National Exam in IT (Programming) in 2007

Mushrooms, again. A club of mushrooming enthusiasts was established. Each par-
ticipant after returning from a forest writes down the number of ceps, chanterelles,
and champignons he has picked up. Write the program which: 1) calculates how
many ceps, chanterelles, and champignons separately were picked up by each mush-
rooming enthusiast during the season, and 2) finds which of the participants was the
most successful one and how many mushrooms he has picked up.
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Fig. 4. Evaluation of the second task (the national exam in IT, programming, 2006)

Requirements:

e To process the data and the results use variables of record type and arrays with
record typed elements.

e Write the procedure to input the data from file. It is not necessary to stick to
the initial form of the data.

e Write the procedure for output, printing the results (who has how many mush-
rooms picked up and what sort they were).

e Write the function to find the best participant (the one who has picked up the
largest number of mushrooms).

The point in this task is to choose the appropriate data structure, i.e. what kind of
record and how many of them have to be created. The variety of possible solutions is
wide; however, the most reasonable one is to perform a part of the operation (summa-
tion) during the process of input reading from file. The results of the evaluation are
provided in Fig. 5.
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Fig. 5. Evaluation of the second task (the national exam in IT, programming, 2007)
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6 Comparison of the Tasks

When comparing the tasks of both years (Table 5) one can observe that the tasks of
the year 2006 not sufficiently verified the practical skills and abilities of students: just
knowledge of algorithms provided in educational standards was partially examined.
Both tasks were structured insufficiently. Students have applied data structures irra-
tionally; they have employed even such structures that are not provided in the curricu-
lum and that were off the purpose (e.g., two-dimensional array).

In 2007 the implementation of data structures was restricted. The tasks contained
more possibilities to realize the algorithms. For example, by applying data as index
there was no need left for sorting, the search operations became simpler, and the de-
leting appeared to be unnecessary for the formation of the new data lists (in second
task). The tasks covered the entire curriculum and students have reached better re-
sults. It was determined not only by analysis and conclusions made from the tasks of
the previous year, but also by the greater attention paid to creativity rather than to
standard repetition of operations during the pilot exam.

Table 5. Comparison of the tasks according to the requirements

Tasks 2006 2007
first second first second

The total points 17 33 20 30

Writing and using procedures and functions + + + +

Text files, data input and output + + + +

Array and variables of arrays + + + +

Record and variables of record + +

Algorithms of sum, product, quantity, average + + + +

Search for the maximum (minimum) value + + + +
Search for the values of the defined property +

To form new data list + +
Data sorting +

The difficulty of the task is expressed by the percent relation between the sum of
the points obtained by all students and the sum of theoretically possible points to ob-
tain (Table 6). According to the statistical theory of tests the tasks of approx. 50 % of
complexity are considered to be the most suitable ones (too easy > 80% and too hard
<20 %).

Table 6. Comparison of the tasks according to the statistical exponents

Task Difficulty Resolution Correlation
2006 first 48.32 91.34 0.88
second 38.09 85.52 0.93
2007 first 49.24 68.65 0.81

second 39.88 85.62 0.90
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Resolution of the task shows how the particular task discerns the best and the worst
students. If a task is easy its resolution appears to be low. Similar resolution can be
obtained through tasks that remained unsolved by the majority of the students. A
negative value of resolution demonstrates that students whose solutions were worse
(considering the whole task of the exam) have obtained more points for the task than
students whose solutions appear to be better. That is a feature of a poor task.

According to the statistical theory of tests the resolution of suitable tasks has to be
40-50 and the resolution of the especially apt tasks exceeds 60. Due to various educa-
tional and psychological goals some of the especially hard problems/questions (or
especially easy ones) are being presented in the task, although their resolution is not
the optimal one.

Correlation of the task is the coefficient of the correlation between the points for
the separate task and the points for all tasks. As we see the tasks of the national exam
in IT (programming) were quite competently developed both in 2006 and in 2007
(Table 6).

7 Conclusions

In Lithuania, two kinds of maturity exams on information technology (programming)
are introduced: the school exam and the national exam. The school exam consists of a
general curriculum of the IT course. The national exam in IT (programming) have
been prepared according to the advanced module of programming.

Obviously, the most important part of the exam in IT (programming) is developing
of the appropriate tasks that would examine the students’ abilities and clearly discern
them. The evaluation of the programs is also closely related to the issue.

The analysis of the national exams performed in the recent two years have shown
that when developing problems the following rules must be respected: 1) the practical
tasks with the real numbers should be withdrawn since operations accelerate the er-
rors of calculating; 2) the practical tasks in which the obtained results do not depend
on the chosen way of solution should be selected; 3) the conditions of practical tasks
must contain certain limitations for using data types and control structures that in-
crease programs complexity and size but have no influence upon the results.

It was noticed that the complexity of programs depends on the complexity of the
chosen data types. Students seldom think about this when choosing the data types.
This means that teachers should pay more attention to the selection of data structures
when they teach programming.
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Abstract. The main goal of this paper is to present our approach for
writing textbooks that are self-contained and available for individual
learning. These texts are written in the language of the corresponding
pupils and are not restricted by any length limitations. This allows us to
write as clearly and thoroughly as possible. Minimizing the time for mas-
tering the subject instead of minimizing the presentation length is the
main goal. The detailed lecture notes provide a safety net for the teacher
and the pupils alike. They do not restrict teachers in their interaction
with the class or in the freedom of choosing alternative ways in approach-
ing the subject. On the contrary, the freedom of designing the content of
the lesson increases because pupils have the certainty to be able to learn
from the lecture notes if something was not fully understood.

Here some general rules for writing learning aids are presented and
then applied for an introductory course about programming in LOGO.
Finally, we summarize our teaching experience in different classes with
the produced learning aids.

1 General Concepts and Basic Rules

We are missing textbooks for teaching fundamental concepts of informatics in
german that would at least partially satisfy the following requirements:

— The main focus is on presenting the programming skills and fundamental
concepts and ideas of information processing instead of reducing the com-
puter science education to computer driving license and product knowledge.

— The texts are suitable for learning autonomously for pupils in the corre-
sponding age.

— They systematically build the foundation of concepts following the historical
roots of informatics in a similar way as other natural sciences do.

We do not discuss the misleading concepts of computer science education
that were broadcasted in many countries as the consequences of the emphasis
created by the fast development of information technologies. First, we present
some guidelines we use when creating learning aids.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 216-228] 2008.
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1. Mastering the Topic to be Teached. At the beginning it is important
not to think about the didactical methods to be used, but to check your own
knowledge. Is my understanding of the subject deep enough? Do I see the topic
in the correct context of my scientific discipline? Do I know the history of the
development of the basic concepts of the subject I want to teach? Do I under-
stand why the concepts were developed in the way they did and not in another
one? There is always something that still has to be discovered. Study the ap-
propriate literature and discuss the open questions with colleagues.

2. Which Notions and Concepts are Known? A careful formation of
concepts is crucial for the success in teaching. A clear picture about the
previous experience of the class has to be established and written down.
The main point is not to think about skills and methods only, but mainly
about concept formation in the sense of building new notions (terminology).
Which notions and concepts are already known and how deeply are they
understood? Which terms are unknown or only partially understood? One
fixes the current state of the knowledge and thinks about questions and
tasks suitable for checking the previous experience. This is not a black and
white game. For instance, one can ask to which extent are the pupils able
to correctly and transparently describe their course of action in a natural
language (without programming).

3. Learning Objectives. What do I want to achieve? Again, thinking in the
black-and-white-manner and stating that the pupils learn something that
was unknown before, has to be avoided. Deepen the understanding of basic
concepts, extend the applicability of different methods and develop various
skills. All this has to be explicitly formulated.

4. Recurrent Theme. The chosen learning objectives need to be arranged in
a linear sequence. The order of introducing new notions and concepts has to
be defined. Usually several suitable orderings exist. This part of your work is
more or less based on your experience. A good idea is to discuss your concept
with colleagues and test it in classes.

5. High Willingness to Revise. The next steps go into the details. Here,
you might recognize that some of your educational strategies are not optimal
or even do not work. Be prepared and willing for frequent revising and change
the work you have done in [[]-H] if necessary.

6. How to Explain? Do not yet think about the choice of your didactical
method. Formulate all explanations in detail. Use the language which is
already understood by the class. Do not use terms or words that have not
been carefully introduced before. Check and verify your explanations.

7. Interaction between the Teacher and the Class. For each learning
step, think about the possibility to communicate with the class. Which ques-
tions and tasks are suitable for checking and deepening the understanding
of the class for the just introduced subject? What kind of misinterpretations
can occur and how to deal with them? The interaction with the class has to
be planed and written down.
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8

10.

. Exercises and Solution Proposals. Think about exercises for individ-

ual work. Solving these exercises has to guarantee to master the subject
introduced to a reasonable extent. The number of exercises has to be larger
than needed in average. For those exercises that essentially check or deepen
the understanding of introduced notions and concepts, provide a detailed
description of the ways how to solve them. Successful work with the formu-
lated exercises must give the pupil a guarantee of being successful in the
examination. A variety of tasks has to assure the ability of the class to apply
the acquired knowledge in different situations. The tasks for the exam are
formulated in harmony with the exercises and the learning objectives.

The choice of the Didactic Methods. Now decide about the didactical
methods for each part of teaching. Think about those parts of the education
process which require a strong control and which parts can be developed
by the class on their own. As soon as you have taken this decision you can
adopt the texts in an appropriate way.

Summaries. At the end of each teaching unit write a summary. The sum-
mary repeats the learning objectives and the knowledge of the unit in the
acquired language of the class.

There are many principles and small hints that should be considered during

the whole work on a textbook. Here we list some of them:

— It is worthwhile to ask the class to keep a dictionary of the notions and

concepts introduced until now. If a notion or a concept is too complex record
the expected depth of its understanding.

— Use pictures where they can be helpful. The meaning of these figures has to

be carefully explained. Ask the class to develop similar graphical represen-
tations.

— Never use words whose meaning is not completely clear to everyone in the

class.

— All written tasks need to have a clear and unambiguous interpretation. Omit

long sentences whenever possible. The tasks should be clearly structured.

— No long sequences of explanations without intermediate questions and tasks

are allowed.

— The most efficient way to teach is to connect the new knowledge with the

previous experience. Try to use analogies whenever possible.

— Essential things have to be clearly highlighted. Posing appropriate questions

and tasks can be helpful for this purpose.

— A good motivation must always be given. It is not necessary to always search

for applications. The aim to discover something essential or to learn to un-
derstand something complex can be even more exciting.

— For each small part of your work with the class, plan the interaction (com-

munication) with the pupils.
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2 The Concept of Our Textbooks

To support and encourage teaching of computer science in german speaking coun-
tries, we decided to develop several modules, each dedicated to another topic. These
modules have to be as independent and self-contained as possible. There is no re-
striction given on the number of pages and so we use as much space as we need to
explain everything carefully, to train and to verify the acquired knowledge.

The style of these modules is close to “ETH-Leitprogramme” [I], which is
an improvement of the Personalized System of Instruction (PSI), also known
as Keller Plan. The main idea, however, is not to create texts for learning au-
tonomously. The texts may be used in this way, but the main purpose is to
provide complete information about the topic, and so to assure as many high-
quality iterations of the subject as the individuals of the class need or wish. In
addition to detailed explanations, the text contains numerous questions, tasks
and exercises which are placed exactly where we recommend to apply them. At
the end of every lesson the module contains also questions and exercises to check
the understanding of the lesson. Furthermore, the textbooks contain hints for
teaching persons. These hints are based on our experience and call attention to
possible troubles and misinterpretations usually occurring when teaching some
more complex matters. Proposals to overcome these difficulties are given too.

Each module is divided into lessons. One lesson is usually for 2-4 hours of
teaching and is devoted to one or more new concepts or methods.

3 Introduction to Programming with LOGO

Here we present the concept of the module for an introductory course on pro-
gramming. The first six of the fourteen lessons can be used in primary schools
and the last four lessons are a challenge for the final classes at secondary schools.

3.1 Basic Idea

The idea of this module is not to completely replace a programming course in a
high-level language. It is left up to the teacher to decide after which lesson she
or he switches to a higher programming language.

The reasons for choosing LOGO for an introductory programming course are
the following:

1. One can start with this language already in the third class of the basic
school. Drawing pictures is exciting for pupils. They immediately see the
actions of the turtle and can easily revise their instructions if something has
gone wrong.

2. One can learn programming by starting with five instructions only and work-
ing totally with about fifteen instructions that are sufficient for programming
any complex behavior of the turtle. Our philosophy is to follow the history
of programming, and so to derive all complex instructions as programs con-
sisting of a very small set of basic instructions.
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3. The most fundamental concepts such as
— modular design (programs, subprograms)

— loops
— parameters and variable
— branching of programs, conditional loops

— recursion

descriptional and computational complexity
can be successfully taught with LOGO.

4. LOGO can be used to build bridges between teaching mathematics and com-
puter science. Teaching elementary geometry in LOGO is a well known ex-
ample [2I3], but one can support teaching of trigonometry, function analysis
and vector geometry as well.

5. Proper teaching of LOGO circumvents the gender problem in programming
courses. Programming is a systematic work. Too many ad-hoc decisions
and too much improvisation may be dangerous. If programming is correctly
taught in a systematic way, girls and young women like it and are often more
successful than their male classmates.

Note that LOGO is a programming language developed solely for educational
purposes [4] and is used for introductory courses in programming for pupils in
more than 40 languages.

3.2 Organization of the Module

To understand the concept of our module properly, we present it lesson by lesson
and explain the goals of each one.

Lesson 1 — Programs as Sequences of Instructions
Following the strategy to work with as few simple computer instructions as
possible, only four instructions fd, bk, rt and 1t for the movement of the
turtle are introduced. The enclosed exercises are devoted to pupils of basic
school and focus mainly on viewing the movement direction from the point
of view of the turtle. Another aim is to learn to see programs as sequences of
simple instructions that are unambiguously interpretable by the computer.

Lesson 2 — Repeat-Loops
The aim is to learn to work with loops with a constant number of repetitions,
and to put one loop into another. An essential point is that one does not need
the concept of variables for this purpose. The exercises focus on recognizing
how to partition the picture into repetitions of the same figure and what
needs to be done between drawing recurring figures.

Lesson 3 — Modularity
Modular design is one of the fundamental concepts of engineering. Here, one
has to learn to use it by giving names to programs and then using the given
names as new instructions. The importance of this design method for the
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transparent and systematic development of computer programs and their
verification is explained. The notions of the main program and subprograms
are introduced and the pupils learn to represent the program structure in a
graphical way.

Lesson 4 — Drawing Circles and Regular Polygons
There is no new programming concept introduced in this lesson. A bridge
is built to elementary geometry and working with repeat-loops and subpro-
grams is trained. Using colors is introduced and time for creating own fantasy
pictures is provided.

Lesson 5 — The Concept of Parameters

Parameters are introduced as variables whose values do not change during
the execution of a program. The general concept of variables is still unknown.
Our experience shows that children in the third and fourth classes can master
the work with parameters, but only few are able to understand the concept of
a variable. The values are assigned to the parameters exclusively as program
inputs. In this way the pupils design programs for a class of pictures instead
of having one specific program for each potential figure. Here we teach that
the computer assigns a register (memory unit) to each parameter and saves
its actual value in the assigned register. This enables to parametrize the size
of figures drawn, as well as the number of repetitions.

Lesson 6 — Parameters and Subprograms
In this lesson we teach how to pass the values of the parameters of the main
program to the subprograms. The pupils learn how to use a subprogram
several times with different values of its parameters in one execution of the
main program. With Lesson 6 the part of this course for the basic school
finishes.

Lesson 7 — Optimizing Program Length and
Computational Complexity

This lesson does not introduce any new programming concepts. It is about
measuring the “quality” of programs by quantitative measures as descrip-
tional complexity (the number of instructions) and as computational com-
plexity (the number of instructions executed). While the length of a program
is a constant, the computational complexity is a function of the program pa-
rameters. One learns to measure both. An interesting attraction is to organize
competitions in writing the shortest program or the most efficient program
for a given task.

Lesson 8 — The Concept of Variables
A good recommendation is not to start with the concept of variables to early.
We do it by introducing the instruction make and taking care that we explain
the execution of the instruction make on the level of computer registers. The
pupils are motivated to work with variables by writing programs for drawing
classes of figures and really complex figures.
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Lesson 9 — Local and Global Variables
The understanding of variables is deepened by dealing with information
transfer between (global) variables of the main program and the (local) vari-
ables of its subprograms. Everything is again explained and trained on the
level of computer registers.

Lesson 10 — Branching of Programs and While-Loops
This lesson is devoted to the introduction of the instructions if and while.
The pupils learn to use conditions not only for drawing pictures, but also for
programming methods for solving mathematical problems.

Lesson 11 — First Bridge between Programming and Mathematics:
Geometry and Equations

In this lesson no new programming paradigm is presented. The aim is to
apply the acquired knowledge and skills to develop graphical solutions to
several tasks of elementary geometry (constructions of triangles, intersection
of geometric objects). Furthermore methods for solving simple equations
are implemented. Using while-loops one can also find approximate roots of
polynomials.

Lesson 12 — Recursion

Recursion is the most complex programming concept of this course and so
we devote it a lot of space. Again we take care of showing all important
details about the execution of recursive calls on the level of the computer
registers. Starting with infinite recursion depth we continue with programs
using only one recursive call. By now we defined the recursion depth and
present the pushdown principle of executing a recursive program. Rewriting
recursive programs to while-loops and vice versa is also trained. After that
recursive programs with a few recursive calls are introduced and analyzed.
The working of the copies of the variables is explained into detail. Graphical
representations of the execution of recursive programs are developed and
applied.

Lesson 13 — Second Bridge between Programming and Mathematics:
Trigonometric Functions
The pupils learn to implement different methods for solving trigonometric
tasks. After the introduction of the instructions sin and cos, they also learn
to develop programs that approximately compute the functions arcsin and
arccos.

Lesson 14 — Third Bridge between Programming and Mathematics:
Vector Geometry

One develops programs for working with vectors in a graphical way with-
out using the powerful operations working with the values of coordinates.
Hence, by drawing a line between two points it is required to compute the
corresponding angle and its length first. This essentially supports the under-
standing of methods for solving different tasks in the two-dimensional (and
partially in the three-dimensional) space.
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3.3 How We Introduce New Concepts

To demonstrate our approach to introducing new programming concepts, we
show how we stepwise motivate, illustrate and teach the concept of the variable.

1. Basic Commands. First the LOGO module introduces a few basic com-
mands. Some of the most important commands of the programming language
LOGO are shortly explained here:

£d 100. The command fd moves the turtle a certain amount of steps forward,
e.g. £fd 100 moves the turtle 100 steps forward.

rt 90. There are two ways of turning the turtle: Right turn (rt) and left
turn (1t). The command rt 90 executes a 90 degree right turn.

repeat 4 [fd 100 rt 90]. The command repeat is followed by an integer
which indicates how many times in a row the commands in the brackets
are executed. The repeat command above draws a square of length 100.

2. Named Programs. After doing some exercises, where the pupils always
use the same programs, it is easy to motivate the need to give the programs
unique names to later call them. It also shows how to structure programs
into subprograms.

Instead of writing repeat 4 [£d 100 rt 90] the pupils can now give this
program the name Square100 such that later on, they can just write Square100
to draw a square of size 100 x 100. For drawing a square of size 50 x 50, they
need to write another program called Square50 for example.

3. Programs with Parameters. With named programs the pupils are able
to write more complex programs without rewriting commands over and over
again. We introduce a further concept to make programming more conve-
nient, namely parameters. The need of parameters is depicted by a concrete
example:

to Square50
repeat 4 [fd 50 rt 90]
end

to Squarel00
repeat 4 [fd 100 rt 90]
end

to Square200
repeat 4 [fd 200 rt 90]
end

With the knowledge the pupils have gained up to that point they are forced
to rewrite a new program for every size of the square to be drawn. By doing
S0, the idea of introducing parameters, which lets us call the same programs
with different values, becomes obvious. We introduce parameters for the size
of the square and write the following program by replacing the concrete size
of the square in the program above by the parameter SIZE.



224

K. Freiermuth, J. Hromkovi¢, and B. Steffen

to Square :SIZE
repeat 4 [fd :SIZE rt 90]
end

Not only the concept of the parameter and its usage is explained, but also
the relationship with the memory is illustrated. The computer memory can
be considered as composed of a set of registers. In each of these registers
exactly one number can be placed. Each unassigned register contains the
value 0. Furthermore, every register can be named.

0 0
SIZE — 0 SIZE — 100
0 0
0 0
Memory before Memory during
the execution the execution
of Square 100 of Square 100

There exists a register with the name SIZE representing the parameter
of the program above. Since no value has been placed up to that point, the
register contains the value 0. As soon as the program has been called with
Square 100, the number 100 is placed into the register with the name SIZE.
During program execution the register is accessed every time the value of
the parameter SIZE is needed.

Variables. Finally, to motivate the introduction of variables, we discuss
with the pupils the following problem: We would like to draw an arbitrary
number of squares with growing sizes as shown in the following picture. The
number of squares should be configurable by the parameter N.

20 1010 10

Without the concept of the variable this problem is not solvable.

We explain now the variable as a generalization of the parameter. This
means that in contrast to the parameter, the value of a variable may be
changed during program execution. What we want to achieve is something
like the following:
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to ManySquares :SIZE :N

Square :SIZE
Increase the value of :SIZE by 10
Square :SIZE
Increase the value of :SIZE by 10

Square :SIZE
Increase the value of :SIZE by 10

end

The pupils see that the following lines

Square :SIZE
Increase the value of :SIZE by 10

are repeated N times.

N-times

225

Using the newly introduced make command, the pupils learn to rewrite the

program to:
to ManySquares :SIZE :N

repeat :N [Square :SIZE make "SIZE :SIZE + 10]

end

As with parameters the concept of the variable is explained on the level
of registers. To train this, there are also several exercises where the pupils
need to specify the contents of variables at different stages of the program

execution.

4 Observations and Considerations

In this section we present how we teach LOGO with our module. The follow-
ing suggestions have been developed during numerous lessons at a variety of

secondary schools in Switzerland.

4.1 Using the Module in Classes

As already mentioned, our module about programming in LOGO discussed in
does contain all information, theory and exercises to learn individually.
This is very important because it allows the pupils to iterate through the material
as often as needed to understand the introduced programming concept.

None the less, teaching of programming can be even more improved by the

following guidelines:

— The more difficult topics of programming, like variables and recursion, are
best introduced with a short presentation by the teacher. By carefully moti-
vating and introducing the new concepts, the class will much better under-
stand them. Furthermore an additional iteration of the topic is achieved.
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— Even though the pupils work mostly on their own, a certain control is often
helpful. By letting the pupils present some of their solutions to the teacher,
their understanding of the new concepts can be controlled and additionally
it shows emerging problems as early as possible. Also hints and further ex-
planations can be given to the students to guide them or to even improve
their programs.

— If a pupil wrote a good program, let him or her present that solution to the
entire class. By discussing the structure of the program and the approach
taken, the students learn by good examples. Also this brings more interaction
and variation to the class.

— The previous experience in programming of the individual pupils is often
very diverged. Since all the details of each lesson are clearly written down, its
possible that every student works in his own speed. For the very experienced
pupils additional exercises or puzzles can be provided.

4.2 Experiences Made with the Teaching Material

The pupils who worked with the module were between 15 and 19 years old. In
some schools we acted as teachers, in others we did only support their ordinary
teacher. We present the experience we made during the lessons at these schools.

At the schools where we did not teach ourselves, the concerning teacher did
usually neither have any experiences with LOGO nor with this special way of
teaching. We only provided the teaching material and an introduction including
tips and advices we have collected during our own teaching with the module.
Additionally we would have had provided support in case of problems or when
further information was needed. However, this was actually never used. The fact
that in most cases the teachers could use the teaching material without any
additional support shows that the material is convenient for teachers and does
not contain any gaps or obscurities.

The following list summarizes knowledge we have gained while teaching pro-
gramming with the module:

— As long as the students are motivated to work with the module they make
progress. It has been shown that motivation is sustainable during at most 6
lessons. We therefore recommend having a break after the first six lessons.
The best solution might even be to teach lessons 1 to 6 at the beginning of
secondary school and the rest at the end of secondary school (age 16 to 19).

— We observed differences in the way female and male pupils work with the
learning material. Female students basically read the text without skipping
any sections. They usually solve all the prescribed exercises carefully. Male
students, on the other hand, often use the trial-and-error method by skipping
reading parts and exercises. As soon as they realize that something is missing
they go back in the module. However, both ways of learning are possible and
the material is suitable for both.
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— Especially in lesson 4 (Drawing Circles and Regular Polygons) and lesson 12
(Recursion) the students become very creative. They individually start draw-
ing new figures, which are not part of the module. We consider it as important
not to prevent the students from creating invented figures but to give them
the freedom to design fancy graphics. By getting the chance to include own
ideas the students are more motivated during the learning process.

— During periods when students work individually they set their own work
pace and work independent of their colleges. It is interesting that students
who have realized that they work slower than others don’t get affected by
their faster colleges, as one might expect, and continue to work in their own
pace.

— Generally we can say that the material provided a pleasant atmosphere in
the classes. More and more we observed that students help each other, they
create complex drawings together, discuss ideas and solutions and they con-
sider the learning material as fun.

5 Future Work

We have already written other modules of the same style for different topics of
informatics. Even more textbooks are planned or have already been started.
The first textbook Lehrbuch Informatik [5] contains additionally to the in-
troductory programming course in LOGO presented here, two more modules:
History and Concept Formation and Methods for Designing Finite Automata.

6 Conclusion

In this paper we formulated our strategy for creating textbooks and lecture notes
and illustrated it by showing a few details of the teaching module Programming
i LOGO. After that we presented our experience with its use. The main points
can be summarized as follows:

1. The length of the text is not necessarily correlated to the time one needs to
master the subject presented there. Therefore it is not a good idea to start
writing textbooks with given size limits by the publisher. Take as much space
as the ideas need to present them understandably.

2. Use the language of the pupils in all explanations and take care on devel-
oping it. Also check the success of this effort. Your text has to be suitable
for individual learning (similarly as “ETH-Leitprogramme”). After each step
forward check and deepen the acquired knowledge by posing questions or
exercises.

The reason of going into detail is not to reduce the interaction between
the teacher and the class by using the texts for individual study or to fix
the program of the lessons too much. The opposite is true. The detailed
lecture notes make the teacher free to use alternative ways of explanations
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and different didactical approaches. Nothing can go wrong, because if a pupil
does not understand everything developed in the lesson, she or he can get full
information by reading the lecture notes afterward. These further iteration
can be performed by individual speed which is hard to assure when working
with the whole class.

3. Test your materials in classes before publishing them. Your experience with
possible troubles when teaching complex subjects has to be communicated
to the teachers in your textbook. The textbook has to be a valuable source
for pupils as well as for teachers.

4. You do not start to think about the choice of the didactic method for partic-
ular parts of your lessons before you found a very clear way of approaching
your teaching goals from the subject point of view.
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Abstract. There are many factors — currently not well understood — which
influence how efficiently the educational system builds and cultivates digital
literacy of pupils. Among them is the quality of the educational policy docu-
ments, which set the overall strategy from the governmental point; the level of
digital literacy of the schools’ management and teachers; the level of concern of
the pupils and their parents in acquiring competency; the quality and richness of
the teaching-learning resources; how dedicated the school is to innovation in
general; how is competency implemented in schools — through Informatics or
ICT as a subject, or through ICT integrated in all subjects and the quality of
collaboration between teachers of different subjects etc.

In our department we make a great effort to positively stimulate two of these
factors: provide modern university pre-service teacher development and pro-
duce attractive and inspiring Informatics textbooks, educational software and
learning resources for children, students and teachers. In this paper we present
our current series of Informatics textbooks for lower secondary schools. We
will analyze in detail the most recent of them: Informatics Around Us. We illus-
trate the contents and style of the book and we reflect on how our textbooks
may help stimulate a kind of bottom-up transformation of our schools into
creative and motivating learning playgrounds.

1 Introduction

An increasing number of countries have become aware of inconsistencies between (a)
the kind of graduates modern society seeks and (b) the kind of graduates produced
by the formal educational systems. Governments initiate more or less radical reforms
of the general goals of education. Usually they define a short list of the key com-
petencies and specify the process of how schools should build and cultivate them.
Among these competencies we can almost always find information and communica-
tion skills or digital literacy. This key competency is then implemented in different
countries in one way or another, through /CT or Informatics or ICT in subjects.

There are many factors — currently not completely understood — which interfere
with how quickly and deeply this process leads to noticeable results in education. In

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 229 2008.
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our department, we thoroughly strive to positively influence two of these factors:
provide modern university pre-service teacher development and produce attractive
and inspiring Informatics textbooks, educational software and learning resources for
pupils, students and their teachers. In the following chapters we present our current
series of the Creative Informatics textbooks for lower secondary schools. We will
analyze in detail the most recent of them — Informatics around Us. We illustrate the
contents and style of the book and we present our strong confidence that modern text-
books of Informatics may act as agents for the transformation of the traditional educa-
tional system into an attractive constructivist learning environment where new
methods of work are applied and new relations between the actors are established.

2 Informatics Education at the Lower Secondary Level !

We started building Informatics as a separate subject at the upper secondary schools
20 to 30 years ago. Since then this subject has undergone — because of well-known
reasons — several major modifications. Since the mid 90s, our department has partici-
pated in developing its current concept. We try to implement it as a modern, valuable,
self-reliant subject’, with its overall goals for a student to:

e Become familiar with the concept of information and operations we apply to in-
formation,

e Learn to understand, apply and build algorithms and programmes; classify and
solve different kinds of problems,

e Become familiar with systems for processing information,

e Become skilled in using applications and understand that they are programmes
aimed at solving problems of particular types,

e Be aware of social, ethical and legal aspects of Informatics and the information
society.

Such goals seem to be adequate. However, it is disappointing and hard to compre-
hend how many factors affect the real result and product of such a concept. We can
influence only some of them from our position as a university for future teachers. We
have found that one way to contribute to implementing modern Informatics at the up-
per secondary level is the systematic development of quality textbooks.

Recently our conservative educational system has also started to address the need
to implement Informatics at the lower secondary level’. The process has currently
slowed down in an unclear mid position: there is an Informatics curriculum and many
schools would like to use it in their regular teaching, however they often don’t have
qualified teachers to do so and no space for it in the regular lessons. Thus the subject
is often presented as an after-school club or elective subject, with its curriculum
frequently deformed into courses of the MS Office or the like. We witness only rarely
its proper implementation as a subject, which understands and employs digital

' We have in mind 10 to 15 years old pupils.

% A similar attitude can be found in ISSEP 2006 paper by Hromkovic, see [5].

3 In parallel to the process of integrating ICT into other subjects, which we initiated through the
Infovek project (with all possible successes and failures) more than 8 years ago.
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technologies as a means for transforming the learning process, with all the potential
to develop higher order skills, collaboration, and competencies for self-expression.
This is why we eagerly welcomed the opportunity to be involved in creating new
Informatics textbooks — this time for the lower secondary level — with respect to our
experience in developing modern educational software and experience from several
successful international projects where we were acquainted with an actual construc-
tivist approach to the learning process. Therefore we decided to produce a series of
textbooks (and/or workbooks) which would accommodate the following facts:

e The series should form an open and flexible set, which could be used in schools in
different ways, in partially unprescribed order and with respect for the stage of ICT
skills and the level of awareness by the school,

e Children coming to the lower secondary level already have different expectations
and different computer and digital literacy,

e New textbooks should lead to complex development of Informatics and also contri-
bute to integrating ICT into other subjects, for example through projects etc.,

e New textbooks should employ modern approaches of the constructivist pedagogy
(such as learning by discovering, constructing and creating),

e The series should develop skills to communicate and collaborate,

e The series should also develop other competencies, which are considered key to
modern education, like critical perception and thinking, higher order thinking
skills, decision-making, handling dynamic and unexpected situations etc.,

e The series should be attractive and stimulating for pupils — and their teachers,

e Each part of the series should be a book of well-constructed sequences of activities,
supporting the development of all components of modern digital literacy.

Between 2005 and 2007 we (as a wider group of authors) already managed to start
this series — titled Creative Informatics — by publishing five textbooks*. Four of them
are devoted to “working with something”, namely First Book on Programming, First
Book about Working with Pictures, First Book about the Internet, and First Book
about Working with Text’. The fifth and so far the most recent one, Informatics
Around Us, see [8], is different from the previous books as far as it constitutes a kind
of general guide to modern Informatics. In the following chapters we will concentrate
on this latest book and reflect on our assumptions and goals for it. We will present its
contents and style and how we decided to utilize this opportunity to provide schools
with an efficient tool to implement Informatics as a modern constructivist subject.

3 Analysis of Similar Foreign Textbooks

Before we started developing the book® we deeply and carefully studied similar text-
books from other European countries. In detail we analyzed scores of them (severely
limited by most of their foreign languages), devoted to the same age group. Below we
list the problems we encountered and recognized (we consider these points as a list of

* We plan to add some 6 to 7 more.
> See [11, [91, [6] and [2].
® Which is aimed at mid classes of the lower secondary school, i.e. 12 to 14 year olds.
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possible problems and traps, which the authors should be aware of when creating new
learning resources for lower secondary pupils and try to avoid them):

e The worst possible — yet rather frequent — alternative is that the textbook is in fact a
manual of a certain software tool, most often MS Word, MS Excel or so on,

e Textbooks are often too much “text-oriented”, which violates the natural require-
ment of attractiveness and appeal for the age group,

e Textbooks are often overloaded by the contents. This gives way to improper usage
which Papert coined as Drill and kill. Most of the stages of the learning process are
thus neglected, each page is burdened by too many concepts,

e Textbooks are concentrated too much on the concepts of the day, tools and factors
(like the actual performance of the processor or actual capacity of the memory,
technical details etc.) which will most probably disappear or change soon,

e Those textbooks rarely utilize the potential, which Informatics offers and supports —
and may stimulate, for example, projects, cross-curricular activities, high motivation
based on attractiveness, space to create, self-express, develop new relations among
all actors, learn and work in teams, and support the kind of teacher who in fact is a
partner in the process,

e Textbooks often prefer boy-friendly topics to girl-friendly, and thus drive girls
away from modern Informatics and exciting learning experiences.

We mentioned several weak aspects of most of the current textbooks. However, in-
stead of criticizing them we want to draw the reader’s attention to the fact of how
hard it is for Informatics to find its proper form, how many traps there are for a devel-
oper of new teaching/learning resources... and, on the contrary, how many unprece-
dented opportunities it offers and how difficult it is to reveal its potential for modern
education. We have to state that very rare are the examples of the textbooks, which
manage to engage Informatics as a bridge to new opportunities that is, to attractive,
safe and efficient learning.

4 On Our Textbook: Informatics Around Us

Our goal is to build respect for Informatics as a science and as a subject. We want to
give it its proper place in education — it should not substitute for what many subjects
do not do. Informatics is not about drawing pictures (although through drawing it can
develop proper competencies). Informatics is not about e-mailing (although through
using communication tools it can develop proper competencies) etc.

In our textbook we want to offer a broad view of Informatics and its concepts,
problems, manifestations, consequences, concerns, applications and challenges —
which are appropriate to the age and knowledge of its readers. We want to build it
in line with the modern constructivist and constructionist approach of Piaget, Papert
and others. That is why we present three stages of working with computers to the
pupils and urge them to get satisfied neither with the first nor with the second of them.
We urge them toward the third stage, for we only really know an instrument (foreign
language, a tool or a piano) when we can use it to create new things:

luseit 2 lunderstandit = | create with it
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In the following parts we present our textbook from four different views: (1) its
contents style, (2) different forms of activities illustrated in the book, (3) indirect
means to support our educational goals, and (4) how the book tries to support the
modern learning process.

4.1 Contents of the Textbook

Its 48 pages have a regular structure of 10 chapters or topics, T1 to T10, with 2 dou-
ble-pages each (only T3, Digital World, is an exception with 4 double-pages).
These are the topics we carefully decided to include:

e (T1) Information Around Us — the goal is to help pupils realize that all activities
they do with computers can be perceived as operations with information — such as
drawing a picture, sending an e-mail or creating new a command for a Logo turtle.
To do so we apply tools, which are being developed and explored by professionals
in Informatics. We present an informal definition of Informatics (see Fig. 1), and
the reasons why we want to preserve information, who produces it (of, course, it is
us) and who needs it (and it is us again). We also put forward our concept of the
three stages of working with computers (see above).

Fig. 1. This is how we specify Informatics for our readers — note both the form and the extent
of the definition

e (T2) Computers Yesterday and Today — we devote one double-page to the his-
tory that led to the invention of modern computers. The other double-page exam-
ines different places where we can find computers today and which forms they
have. We pay attention to the fact that computers also make the world available to
people with special needs. In the historical outline we stress how many different
and difficult tasks man had to compute before the arrival of computers (like
calendar or sea navigation). However, we use a time line to show how the time
lapse between key inventions is shrinking — from centuries to years to months. It is
fascinating how recent are such common things as hard disk or notebooks. We
encourage pupils to try to guess how computers will look in 10 years and what they
will be used for.
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e (T3) Digital World — more and more devices around us are digital. It means they
work and communicate using binary language of 1s and 0s. If we want to use a
computer to work with information, we have to convert it into that language first.
We mention the light sensor of a digital camera and other sensors, the binary code
and binary numeric system, other codes and secret codes. Step by step we explore
(a) pictures, (b) sound, (c) numbers, (d) text and (e) different types of information
on the screen of a computer. We always ask three questions: How does such infor-
mation get into the computer? What do we do with it? How does it get out? Here
we draw attention to one special type of information (elaborated in detail later in
(T5) Programming) — directions to solve a problem, to build a model, to move from
one place to another. We ask pupils to list as many different types of directions as
possible and discuss them. We conclude this topic with an important thought: digi-
tal information serves as our memory and cultural heritage to future generations.

e (T4) Files — Information Inside the Computer — A file is not a new concept for
children of this age, after all they save their pictures into files with pictures, Logo
projects into files with projects, texts into files with text... We can say that every-
thing that dwells in the computer is a file and we distinguish two kinds of dwellers:
applications or programmes such as Calculator, picture editor or Imagine Logo, and
data such as a composition, a song, a table with collected values etc. Intentionally
we (nearly) oversee the files name extensions — nowadays they are often hidden
from our sight and different types of files are presented in a different manner. We
mention one super programme, which administers the whole computer and files.
We also present the most frequent operations applied to files. We warn that the size
of a file still (sometimes) matters. We mention the “family computer” and rules that
are worth keeping if several members of a family share a computer at home.

e (TS) Programming — we pay much attention to this topic as far as we consider the
attitude of pupils to programming extra important. We don’t present any particular
language in detail; instead we want to build proper understanding, curiosity and a
positive relationship. We specify programs as records of procedures (steps) to
solve, construct, compute or create something. We show several non-computer re-
cords of steps. We also show a wide spectrum of visual and attractive examples in
languages like Dragon Pathways (see Fig. 2 and [3]), Scratch, Imagine Logo, Lego
MindStorms, Baltik and more. We list three important concepts in programming:
(a) order, (b) repetitions and (c) conditions. We explain why we don’t use “adult”
languages to learn programming’. The language we choose should help us think,
create and solve interesting problems, should help us discover Informatics. We
mention creative robotics and we claim that programming is interesting, hard and
beautiful — the same as painting, playing piano or doing hard sport. We advertise
modern approaches to learning — by developing your own games or building living
compositions, behaviours, events and processes.

e (T6) Computer as a Construction Kit — we carefully and briefly mention the in-
side of a computer because (a) it often tempts our teachers to use this topic for drill

and testing the pupils, which we find inappropriate® and (b) this is the field of fast
development and integration: more and more functions are integrated directly into

7 People do not learn to swim in the Niagara Falls.
8 exactly in accordance with Papert’s warning: Drill and Kill!
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Fig. 2. In the Dragon Pathways, see [3], programming environment children run and build their
own interactive games. They populate the screen with different characters and actors and add
picture rules to specify their reactions and behaviours.

the heart of the computer and it is more difficult or impossible to localise (and
name) circuits responsible for them. We talk about which devices help information
to get into the computer and out of it. We again mention robots controlled by a
computer’, their sensors and engines, lights etc. We speculate about new tenden-
cies' and discuss the task of buying a home computer.

e (T7) Communication. Computer Network — we claim that delivering informa-
tion was crucial in many aspects of ancient and medieval times. We discuss ancient
and modern ways of communication, verbal and other, for example, the way the
deaf communicate etc. We distinguish communication among people, between us
and computers and among computers. We want the communication to be quick, re-
liable and safe in many senses. We stress that it is not people who should adapt to
communication suitable to computers but exactly the opposite. This rule is chang-
ing the way we interact with computers. We also present different forms of digital
communication and draw attention to questions of security and politeness.

e (T8) Computers and the Modern School — we consider this part as a secret
weapon of the book. That is, we present several modern forms of technology- en-
hanced teaching and learning — far beyond the scope common in our schools and
often unknown to our teachers. We want our pupils'' to see, what is possible to ex-
perience today in school. We want them to long after such an experience. We men-
tion efficient educational software, which helps us to learn by discovering,
(see e.g., Fig. 6 or [10]), is visual, interactive, open, and encouraging. We suggest
conducting projects (individual, in teams, cross-curricular...) and pupils’ research,
observations and measurements — employing robotic sets with sensors etc. And we
go further — we dream about the school of the near future, where pupils depart for
virtual visits and expeditions'?, they virtually take part in dangerous expeditions

° In Slovakia this area, i.e. creative robotics for education — is still waiting for its widespread
integration into educational settings. No more than dozens of schools and hundreds of teach-
ers are knowledgeable and enthusiastic about the area; however they are getting little
approval and support of the Ministry of Education.

10 Such as disappearing computers.

" And through them also their teachers and parents.

12 ¢.g. to the precious Jewish belowground cemetery Chatam Sofer in Bratislava.
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etc. Obviously, such activities depend on the level of all actors’ level of digital lit-
eracy. We also ask pupils to realize that their schooling will never finish"’.

(T9) Computer and (Un)Safety — there are many risks and traps when working
with computers, which are good to be aware of. We have to learn to critically
evaluate information we find”, we have to protect our health, we have to learn to
protect our work and data in the computer. We also draw attention to the fact that
information has become valuable goods. Pupils should also understand that
programs have their authors and are sold with certain conditions (licensing) etc.
(T10) Information Society — the way we live is changing. This is also true about
how and what we learn, how we entertain ourselves, how we travel, how we are
cured of illness. Computers help us in all parts of life and society. New occupations
emerge. In the book, we use fictive interviews with the university students of Infor-
matics: we ask them what they want to do after graduation. Thus we present a wide
palette of occupations where quality Informatics education is valid. We send a
message to girls — computers are interesting tools for all girls and boys. We exam-
ine the role of computers in arts and we conclude the book by an homage to profes-
sor Papert and his thoughts (which have been with us for over forty years) that
computers can help us learn better and more interestingly — if we understand them
and know how to create with them.

When building this content, we carefully observed how many new concepts are in-

troduced in every page and we strove to limit or delete those topics which are likely to
become obsolete soon or may easily become unattractive.

4.2 Different Forms of Activities

To efficiently and attractively meet our goals, we have employed several stimulating
forms of presentation and activities such as:

More than 70 exercises, often open-ended and divergent, stimulating discussions,
search and research, building presentation or presenting some findings in certain
ways. Here are some examples:

— What is more: the number of people on the Earth or bits in one gigabyte?

— Try to invent how to count in the binary numeral system’.

— If we could send and receive only sounds, what kind of information would be dif-
ficult to communicate?

— Try to invent an occupation, which doesn’t exist at present, but may become real

and important in the future. Be creative and witty, give it a name and describe it.

Proposals for bigger projects, which may easily grow beyond Informatics and initi-
ate interesting cross-curricular activities, programming, development or discover-
ing something related to the topic of the lesson itself, see e.g. Fig. 3. Projects may
lead to research and may require a presentation of the findings,

13 As far as they are becoming life long learners.

14

e.g. we draw pupils’ attention to www.jbum.com/idt where one can find a fabricated history
of computers — thousands of years long.

15 We give them only light hint: Notice that 0 +0=0,0+1=1and 1 + 1 = 10.
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Fig. 3. An interesting project is to play with colours. Load a sample picture into a pane, create
turtle t1 in it. In the adjacent pane create an identical turtle t2. t1 will jump to a random point
of the sample picture, 12 will imitate the same jump, however will... (see the book). This project
has several aspects: (a) programming as an easy yet attractive activity, (b) exploring colours
and their transformations, (c) cultivating pupils’ interests and horizons and (d) inspiring to do
additional similar experiments and transformations.

Illustrative examples from real scientific projects, which are conducted at our uni-
versity or elsewhere in Slovakia or another similar cultural environment — with top-
ics, which might be familiar to pupils from the web, from reading or TV,
Interesting information from events, which are accessible to pupils — either as
viewers or actively'® as contestants, for example in building and programming ro-
bots in RoboCup or similar contests,

False information from the web' intentionally used to foster pupils’ critical think-
ing and rational attitude towards information sources,

Proposals for discussions about interesting and ambiguous topics, such as possible
future developments of hardware, the role of ICT in the information society etc.,

A condensed summary at the end of each topic which recapitulates all new con-
cepts. For us this summary serves also as an audit of the adequacy of new material.

4.3 Indirect Means to Support Our Educational Goals

We employ several additional means to increase the indirect effect of the textbook —
to support Informatics education, such as:

Mind maps as an active, attractive and nonlinear form of presenting certain facts,
concepts and relations. As an example one can see Fig. 1 with the definition of In-
formatics. We frequently use mind maps (or concept maps) to present certain top-
ics and expose pupils and their teachers to this powerful technology for expressing
ideas, which in our schools is hardly used so far,

We often use cartoons and comic characters to present some ideas in the form of
jokes or gags, such as in Fig. 4. We borrow some of these from elsewhere'®,

'8 Immediately or in the near future.
17 Naturally, with a hint, which should warn them.
'8 With kind approval of the Swiss Information Society, see www.ictswitzerland.ch.
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Files' life is hard.

| really feel for them.
Most of them die
very young. People
simply delete them.
Or copy. Or steal! No wonder theyr sometimes vanish without trace.

Fig. 4. An anecdote is a good way to present a new concept or idea through exaggerating, mis-
representation, twisting or inversion

e On every page we use numeration of three different kinds, see Fig. 5. Next to the
regular page number we add an arithmetic expression in the binary numeral sys-
tem, which enumerates to the same number. We do not comment or explain this
method at all, expecting that there will be pupils eager to explore and perceive such
expressions by themselves — we want to give them such a challenge. Next to the
expression there is a picture with the binary code of the page number, again with-
out any comment. The sequence of these pictures from page to page may guide the
pupils to discover the correct regularity in this visual binary counter,

e We use plenty of diagrams and charts to present some findings, tables of numbers
or relations. We want to develop the pupils’ skills to understand and use such rep-
resentations'® — and let them create similar representations by themselves,

e Often we illustrate things by employing quality educational software — either com-
mercial or experimental (from different research projects, like the one in Fig. 6).
We do this with the same goal as mentioned in our ISSEP 2006 lecture, see [7], in
the education of future teachers, we want to develop good sense in pupils when
working with such software, we want them to be demanding and critical of what
they often have to use. That is, we want to resist the vulgar and naive reduction of
educational software to the simple delivering of courses (of different quality).

e Presented examples often have a secondary motivation. For example, if we are il-
lustrating different kinds of information found on the screen of a computer, we use
a screen snapshot from a video editor developed specially for educational reasons
and for children of that particular age — we expect our pupils and their teachers to
be motivated to do similar projects,

e We have decided to develop a textbook for pupils — and for their teachers. In the
past ten years we”” have managed in this way to supply lower and upper secondary
schools with a rich library of attractive resources, which (indirectly, unnoticed and
unobtrusively) serve as the means of developing teachers’ digital literacy.

34 10x(10000+1) A/NA/

Fig. 5. Three different kinds of numeration — used on each page

19 Based on PISA 2003 and 2006 findings, Slovak pupils scored very poorly in such understanding.
2 With a team of authors and co-authors from our Department and some other institutions.
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4.4 Contribution to Modern Teaching/Learning Strategies

We carefully tried to make it as difficult as possible to misuse our material for tradi-
tional teaching. Instead, we wanted to encourage curiosity, explorations, collaborative
work, learning by doing and by discovering, projects and discussions. We strove to de-
velop a textbook, which would open the door to modern goals and strategies, such as:

e Developing higher order thinking skills of the pupils,

e Motivating children through attractive activities, which may not at present have
strong tradition and support but can be implemented relatively easily — such as
building Lego models, their programming and use in small research projects for
measuring etc.,

e Giving hints instead of complete material — e.g. presenting only a list of verbs,
which characterize what we do with information. Pupils are expected to talk about
the operations in their own words, based on their own perception and experience,

e Inviting pupils to virtual walks to museums and galleries, to inaccessible places —
far in space or difficult because of other reasons,

e Presenting our views upon Informatics and programming not as the ultimate and
beyond any doubt, but to the contrary — as endorsing analytical and critical think-
ing. Often we reflect the role of Informatics in society. It is more than proper if pu-
pils have diverse opinions of such serious and complex topics. We are open and
enthusiastic to learning new attitudes and we want our textbook to spread such an
approach among students and teachers as well.

5 Observations and Final Considerations

We are obtaining interesting observations from several doctoral research projects
conducted in our department on developing ICT curriculum for lower secondary
schools. This research certifies our assumption that Informatics can be implemented
as a vehicle for change, as a modern subject, which provides pupils and teachers with
valuable opportunities to apply and elaborate new teaching/learning strategies with
high motivation, self-responsibility, supporting collaboration, creativity and per-
sonality development, see [11] or [4]. In particular, we have observed:

e An exceptionally creative atmosphere in the Informatics lessons, with a high extent
of interactions among pupils and teacher(s)*,

e Pupils effectively learning from other classmates; learning by discovering; collabo-
ratively solving problems in teams,

e Pupils willing to engage in complex projects, which call for searching, problem
solving, investigating and experimenting with open-ended, divergent problems.

We assume that quality Informatics textbooks may support such learning processes
and may help to transform traditional schools into creative and highly stimulating
learning environments.

2! This observation confirms that modern Informatics can be implemented in such a way that it
gives space to and encourages new relations among the pupils and teachers.
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Fig. 6. Experimental educational software environment developed in Elica, see [10]
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Abstract. We introduced “Computer Science Unplugged” to our classes
in junior and senior high schools. “Unplugged” is an education method
of computer science without students using a computer at all. For our
classes, we developed original teaching materials and methods for Un-
plugged. As a result, the students could learn the topics of computer
science with interest by using Unplugged. They enjoyed the games in
Unplugged and thought about the topics deeply at the same time. We
confirmed that students enhanced their motivations, thinking abilities,
and imaginations.

1 Introduction

Information education became a common area in Japan by the revision of cur-
riculum guidelines in primary and secondary education in 2002 and 2003. How-
ever, many students only learn how to use computers and application software
such as word processor, spreadsheet, or presentation in schools. Some teachers
do not teach the computer science because they regard computer science as so
difficult for students in junior and senior high school.

However, students could be familiar with computer science because they are
familiar with mobile phones or video games which include computers in their
daily life. On the other hand, it is difficult for students to understand individual
topics in computer science such as searching or sorting because they cannot find
importance of these things in their daily life.

To solve the problems mentioned above, we introduce “Computer Science Un-
plugged” [I][2][3] (called “Unplugged” hereafter) which is the education method
of computer science without students using a computer at all to classes in schools.

Unplugged provides sophisticated teaching materials and they are suitable
for children of a range of ages. Students can enjoy the activities with them

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 241[252] 2008.
© Springer-Verlag Berlin Heidelberg 2008
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and can learn typical computer science topics actively; therefore, they become
interested in computer science. The project “Unplugged” was started by Tim
Bell (University of Canterbury, New Zealand) et al. He decided to develop the
teaching methods and materials about ten years ago because he wanted to show
the fascinating aspect of computer science for his five-year-old child.

They published the first textbook [4] in 1998 and now provide the textbook
on the Internet [I]. Korean [5] and Japanese [2] versions were also published.

We developed original teaching materials for Unplugged and conducted lessons
at schools. As a result, we confirmed that students could learn the computer
science topics with interest by using Unplugged. In this paper, we report our
lessons and their outcomes.

2 Textbook: “Computer Science Unplugged”

2.1 Contents of the Textbook

The Unplugged textbook contains 12 chapters (Table[ll). Each chapter involves
an important topic in computer science. In ordinary circumstances, they are too
difficult for children. However, even elementary school students can understand
them because the textbook provides well-thought explanations and fun activities.

Table 1. Contents of the Textbook

Chapter|Title Sub title Ages
1{Count the Dots Binary Numbers 7 and up
2|Colour by Numbers Image Representation 7 and up
3|You Can Say That Again!|Text Compression 9 and up
4|Card Flip Magic Error Detection & Correction 9 and up
5| Twenty Guesses Information Theory 10 and up
6|Battleships Searching Algorithms 9 and up
7|Lightest and Heaviest Sorting Algorithms 8 and up
8|Beat the Clock Sorting Networks 7 and up
9|The Muddy City Minimal Spanning Trees 9 and up

10|The Orange Game Routing and Deadlock in Networks|9 and up
11|Treasure Hunt Finite-State Automata 9 and up
12|Marching Orders Programming Languages 7 and up

2.2 Example of the Contents

In chapter 4, they use “Card Flip Magic” to show how to detect and correct an
error (Figlll). We label a girl as Student A and a boy as Student B in the figure.
For this demonstration, they use flat magnetic cards that have a different colour
on each side.

The procedure of “Card Flip Magic” is as follows.

1. Student B lays out the cards in a 5 x 5 square with a random mixture of
sides showing.
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Fig. 1. Card Flip Magic

2. Student A says “just to make it a bit harder” and adds another row and
column casually.

3. Student B flips over one card while Student A covers her eyes.

4. Student A points out the card which is flipped.

The trick of this magic is a one-bit parity. The cards that Student A added
are the key to the trick. Student A must choose the extra cards to ensure that
there is an even number of coloured cards in each row and column. The row and
column containing the changed card will have an odd number of coloured cards
and this will identify the changed card.

Students join this activity without any explanation about the parity bits.
Therefore, they try to find the trick of the magic eagerly and want to be
magicians.

A teacher explains the trick and the parity bits after most of the students find
the trick. After that, they learn “ISBN” and “bar-code” as real-life examples of
the check digits. They also calculate ISBNs of books. In closing, the teacher
explains the needs of error detection and correction by showing other examples
in daily life, e.g., banking.

As described above, by using this method, students can learn topics in com-
puter science without computers. It is difficult for students to have an interest in
the parity bits and understand the essence of them only with textbooks and oral
explanations. Students might forget the word: “parity bits” even if they learn it
by using Unplugged. However, they will remember the essence: “errors can be
detected with data for checking” because they had hands-on activities.

In similar way, students can learn various topics in computer science with
hands-on activities by using this textbook.

2.3 Significance of Unplugged

(1) “Games” in every learning
Students can learn through “play.” Therefore, they become interested in the
topics. Some topics are difficult for students, but they can enjoy them.

(2) Trial-and-error with real things
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Fig. 2. Original teaching materials packed in small cases

There are many hands-on activities with cards, scale and weights, balls,
and so on. They stimulate thoughts of students. Students can habituate
themselves to think logically through trial-and-error.

(3) Learning in a group
There are many activities in a group. Students are expected to think deeply
because these activities affect one another. They would also be good practices
to communicate with others.

(4) Without circumstance
In most cases, students can start their activities with worksheets on the text-
book. Teachers can make original teaching materials (Figl2) at a moderate
price if they need. They do not have to use the computer classroom, and
they can learn in the regular classroom or out of the classroom.

3 Our Lessons at Schools

In this section, we introduce lessons which we conducted at one junior high
school and two senior high schools.

3.1 Lessons at Iinan Junior High School

At Tinan junior high school (Matsusaka city, Mie prefecture, Japan), in the sub-
ject of “technology and home economics,” one of the authors conducted the
classes with Unplugged for two periods: from January through March 2007 and
from April through September 2007.

The aim of these lessons was to enhance students’ motivations, thinking
abilities, and imaginations by using Unplugged. The teacher also expected his
students to increase their communication abilities through games in Unplugged.

The purpose of these lessons is not to teach technical knowledge of computer
science but to give opportunities that the students think about the essences and
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Table 2. Curriculum for Iinan junior high school (second period)

Chapter|Subject

2|Image Representation
3|Text Compression
4|Error Detection & Correction
1|Binary Numbers
6|Searching Algorithms
8

0

9

1

Sorting Networks

Routing and Deadlock in Networks
Minimal Spanning Trees
Finite-State Automata

1

1

the fundamental principles of computer science. This policy meets the purpose
of “technology and home economics”: “developing abilities of innovation and
creation in real life.” By using Unplugged, the students can enjoy learning these
things and their abilities will grow.

Overview of His Classes

At the first period: from January through March 2007, the teacher conducted
10 hours of classes for 3rd grade students (16 students x 4 classes, elective).
He taught all chapters of the Unplugged textbook. At the second period: from
April through September 2007, he conducted 9 hours of classes for 3rd grade
students (12 students x 4 classes, mandatory). Based on his experience in the
first period, he selected 8 chapters of the textbook (Table [2).

FigBla) is the scenery of the class of “Colour by numbers” which is the teach-
ing material to explain of image representation. In FigBl(b), the students are us-
ing “scale and weights” to learn sorting algorithms. These materials were made
by the teacher.

In FigBl(c), the students are playing the game “Battleships” to learn searching
algorithms. Each student is guessing where her /his partner’s ship is. This activity
demonstrates three different search methods: linear searching, binary searching,
and hashing by using different sheets.

In Fig[3(d), the students are playing “The Orange Game” to learn routing and
deadlock in networks. There are two oranges with each student’s name except
for one student. The teacher distributes the oranges randomly to the students
in the circle. Each student has two oranges except for one student who has only
one. The students pass the oranges around until each student gets the oranges
labelled with their name. Students will find that if they are “greedy” (hold onto
their own oranges when they get them); then, the group might not be able to
attain its goal. In this activity, they experience “deadlock” and realize the needs
for strategy.

Evaluation of the Students
We have conducted enquiries over the students in the second period classes to
evaluate the lessons with Unplugged. In Table[3l results of questions “Was the



246 T. Nishida et al.

(a) “Colour by numbers” to learn
image representation (b) Scale and weights to learn sorting

(c) “Battleships” to learn searching (d) “The Orange Game” to learn
routing

Fig. 3. Class scenery at Iinan junior high school

lesson fun?” for each class are shown. We could see that most of the students en-
joyed each class. Especially, over 60% of the students evaluated that “The Orange
Game” (Routing and Deadlock in Networks) and “Treasure Hunt” (Finite-State
Automata) is “Fun(4)” regardless of their difficulty. With respect to this result,
we could confirm Unplugged was effective for the students to have an interest in
computer science and understand the essence of them. Some students answered
“Not fun” for some lessons. They answered that “It is too difficult to under-
stand” in their free description. We must improve the methods for those topics
and select topics carefully for next period.

In the free description enquiry, we could find many answers to confirm that
we had achieved the desired objective of the classes: enhancing students’ moti-
vations, thinking abilities, and imaginations (Fig[). With respect to this result,
we think that Unplugged would be an innovative teaching material. We also ob-
served that students got practical knowledge by connecting Unplugged activities
and using computers in their daily life. Unplugged would break the wall between
computer science and using computers in real life.

3.2 Lessons at Shouyou High School

At Shouyou high school (Yokohama city, Kanagawa prefecture, Japan), in the sub-
ject of “Information B” that is for the scientific understanding of the functions
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Table 3. Result of multiple-choice enquiry: Was the lesson fun? (%)

Chapter|Title 4 3] 2| 1
2|Colour by Numbers 55.3(38.8| 5.8|0.0
3|You Can Say That Again!|39.1|45.7|15.2|0.0
4|Card Flip Magic 34.0148.9|17.0{0.0
1|Count the Dots 41.7]43.8|12.5|2.1
6|Battleships 56.5(41.3| 2.2|0.0
8|Beat the Clock 46.8]40.4| 8.5|4.3

10{The Orange Game 67.4(28.3| 4.3|0.0
9|The Muddy City 39.1(47.8/13.0{0.0
11| Treasure Hunt 62.9|31.4| 5.7(0.0

4:Fun,3:Relatively fun,2:Relatively not fun,1:Not fun

Answers relate to motivations
— It was fun. I’d like to do it again.
— I’'m interested in “Sending Secret Messages.” I'd like solve other problems like this.
— Studying with classmates is more fun than just hearing teacher’s explanations.
— I understood how to compress and decompress data.
I'll remember it when I use computers from now.
Answers relate to thinking abilities
— It was difficult, but fun. I’ve thought much.
— I've thought more than usual. It was difficult but I felt fulfilled after done it.
— I found a pleasure to think and could enhance my thinking ability.
— I think that it was hard to learn it alone because I had to think much.
It’s fun to cooperate with classmates.
Answers relate to imaginations
— It’s great that bar-codes have lots of meaning.
— I'm happy to find its regularity.
— I’'m impressed because I didn’t know computers send pictures using numbers.

Fig. 4. Some representative answers from the free description

and mechanism of a computer, one of the authors conducted the classes with Un-
plugged for 2nd grade students (33 students) from January through March 2007.
The teacher taught chapter 6: “Searching Algorithms” for 65 minutes, chapter 7:
“Sorting Algorithms” and chapter 9: “Sorting Networks” for 35 minutes.

To mix Unplugged activities with normal classes, she had to prepare for the
activities to finish them at short times. She also added deeper contents for senior
high school students to acquire their interests.

In the lesson to learn searching, she named the introductory activity “Marriage
Meeting Game” (Fighl). This broke the ice in the class and the activities after
that (“Battleships”, Figlfl) run smoothly.

In the enquiry after learning searching, representative answers of the students
are “I can understand the need of searching (97%)” and “I can understand that
there are various kinds of algorithms (91%).” We think that they could understand
the characteristic of each searching algorithm in spite of limited time.

In the enquiry after learning sorting with scale and weights, representative
answers of the students are “I can understand how to calculate of the maximum
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Fig. 5. “Marriage Meeting Game”

Fig. 6. “Battleships” at Shouyou High School

number of swapping data in selection sort (97%)” and “I can understand that
there are various kinds of algorithms (94%).” As well as searching, we think they
could understand the characteristic of each sorting algorithm.

The result of the question: “Which do you like classes with a computer or Un-
plugged?” was “Unplugged (60%),” “With computer (7%),” and “Both (33%).”
As a result, we could confirm that Unplugged produced the students’ motiva-
tions. In the free description enquiry, we could find many positive answers: “It’s
good for brain activation,” “It’s impressive,” “It’s fun,” “Studying with class-
mates is good,” and “You (teacher) looks fun too.”

In these lessons, we could confirm the learning with hands-on activities and
without using a computer is effective for information education. There were some
students who are not interested in or not good at using computers. However, even
such students felt fun, understood the mechanisms, and had good impressions
in the Unplugged classes.

3.3 Lessons at Osaka Gakuin Daigaku Senior High School

At Osaka Gakuin Daigaku senior high school (Suita city, Osaka prefecture, Japan),
in the subject of programming, one of the authors who usually teaches at a uni-
versity conducted the classes for 3rd grade students in senior high school (10 stu-
dents) from April through December 2007. He prepared an original programming



New Methodology of Information Education 249

environment for novices [6] to learn the basics of computer programming easily.
He also desired that his students learn the essential characteristics of computers.
Therefore, he introduced Unplugged as materials for introductions of program-
ming exercises. He used “Kid Fax” in chapter 2, “Card Flip Magic” in chapter 4,
“Battleships” in chapter 6, and “Treasure Hunt” in chapter 11.

“Card Flip Magic”

In November 2007, the teacher conducted the class to teach “Error Detection &
Correction” for 100 minutes. Table [ shows the lesson plan of the class. In the
beginning of the class, he used “Card Flip Magic.”

“Telephone Game” is not included in the textbook. However, we think it
is important for the students to realize the needs of error correction in real
communication. Therefore, the teacher made original work sheets for the game.

The procedure of “Telephone Game” is listed below:

1. The teacher hands the first sheets on which an 11x9 matrix of numbers (0
or 1) is written to the first student of each team. This matrix represents a
bitmapped image (Figg) .

2. The first student tells the matrix to the next student. The next student
writes the matrix on his sheet. The teacher gives the instruction that the
chance to tell the matrix is only once.

3. The student who had the matrix tells it to the next student. When he has
the matrix with parity bits, he can fix it if needed.

4. Last student converts numbers that he heard to a bitmapped image.

Table 4. Lesson plan to learn “Error Detection & Correction”

1. Teacher and students play “Card Flip Magic.”

2. Students play “Telephone Game.”

3. Students execute a sample program and confirm that an error can detect
by parity checking.

4. Teacher explains ISBN, and students calculate ISBN checksums.

5. Students make programs to calculate ISBN checksums.

Fig. 7. Drawing a bitmapped image in “Telephone Game”
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(a) no parity (b) with parity

Fig. 8. Data for “Telephone Game”

Ten students were divided into 3 groups (Group A: 3 students, Group B: 3
students, Group C: 4 students). In the first trial, they used the data without par-
ity bits (FigBl(a)). In the second trial, they used the data with parity (Figl8(b))
and passed the data in reverse order.

TableBlshows the results of the “Telephone Game.” Two teams succeed in the
second trial with parity bits and another team had only one fault. There was
a possibility that learning in the first trial influenced the results of the second
trial. However, we could see the effect of the parity bit in the “Telephone Game.”

In the result of the enquiries: “Did you understand ‘Parity check’?” (Table [d]),
we also could confirm that the students realized the needs of data checking with
parity bits.

Effect by Using Unplugged

After the class period ended, we have conducted enquiries that the students
freely selected the topics in which they were interested from the list of 11 topics
in the programming classes (nine of the students answered). As a result, the most
popular theme is “Telephone Game”: 7 students (78%) selected that. Moreover, 6
students selected “Battleships” and “Drawing and Redrawing Maps.” “Drawing
and Redrawing Maps” is the activity expanded upon “Treasure Hunt.” In the
activity, the students made their own state transition diagrams and translated
them to the programs; then, they exchanged their programs and redrew the

Table 5. Result of “Telephone Game”

Team|1st trial 2nd trial

A failed (19 faults)|failed (1 fault)
B failed (6 faults) [succeed

C failed (2 faults) [succeed

Table 6. Result of multiple-choice enquiry: Did you understand ‘Parity check’?

Answer # of students
Understand 6
Almost understand 3
Hardly understand 1
Did not understand 0
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other student’s map. In contrast, number of students who selected the basic
programming topics was three. With respect to this result, we could observe that
Unplugged caught students’ interest and it gave good effects for programming
learning.

On the other hand, there was no student who selected “Searching Program”
which related to “Battleships”. We guessed that the reason was that “Searching
Program” was too complex to understand for the students while “Battleships”
was easy. We have to develop the teaching materials, and methods fill the gap
between programming education and Unplugged.

4 Conclusion

We reported the outline of “Computer Science Unplugged,” the education
method of computer science without students using a computer, and results
of our lessons with Unplugged in junior and senior high schools.

We could confirm Unplugged was effective for the students because it has
the practical teaching materials with various games and hands-on activities.
Unplugged includes advanced topics, e.g., “Data Compression,” “Searching and
Sorting,” “Amount of Information,” and “Finite-State Automata” which are
usually taught at universities. However, the students could learn these topics
with interest. Another effect of Unplugged is that we can give a chance to think
for students through these activities. In our classes, there were some students
who do not like to think. However, they had motivations to learn and thought
deeply in Unplugged class.

Unplugged provides 12 or 20 sophisticated teaching materials now and the
range of the adjustment of the materials is wide. In our classes, we made original
materials included communication channel for “Error Detection & Correction.”
In this way, we will develop new teaching materials to generalize Unplugged.

There are some related research and activities. Kinesthetic Learning Activities
[7 and Non-Programming Resources for an Introduction to CS [8] show the
methods for studying computer science by using teaching tools. The shows of
Unplugged for high school teachers were held at Carnegie Mellon University [9].
The workshop of Unplugged was also held at SIGCSE 2008 symposium [10]. We
would like to cooperate with these activities.
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Abstract. This paper presents a case study of an academic course for pre-
service computer science teachers that focus on teaching the discipline. The pa-
per specifies and explains the rationale behind the development of the course
and its explicit objectives. Achievement of the objectives is explained by de-
scribing the subject and content of the lessons, the types of activities integrated
into the lessons and the tasks required of the students. All those engaged in
teaching computer science: developers of curricula, lecturers in teacher training
programs, and lecturers involved in the professional development of computer
science teachers, can intend the course model for use.

Keywords: Computer science education, prospective computer science teach-
ers, pre-service computer science teachers training, computer science teacher
preparation curriculum.

1 Introduction

The dynamic evolution of the computer science (CS) field poses both educational and
pedagogical challenges, including teacher-related issues such as recruitment, pre-
service teacher preparation, support for teachers' ongoing professional development,
and pedagogical and instructional design of teaching and learning material [20]. For
example, in order to support and promote the teaching of CS disciplines, the Com-
puter Science Teachers Association (CSTA) was founded with the rationale that the
dissemination of good practices and standards will engage both teachers and students
in the CS culture [22].

The ACM K-12 Education Task Force Report draws attention to the need for ap-
propriate CS teacher training programs and notes "teachers must acquire both a mas-
tery of the subject matter and the pedagogical skills that will allow them to present the
material to students at appropriate levels." (p.18) [21]. The report recommends that state
departments of education have to formulate standards for teacher certification. Such stan-
dards will lead to the establishment of teacher preparation programs in which teachers will
gain the skills and knowledge necessary to meet the required certification standards.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 253 2008.
© Springer-Verlag Berlin Heidelberg 2008
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Hazzan, Gal-Ezer and Blum suggest a model for high school CS education.
Teacher preparation programs are one of the four key components of the model, along
with a national high school CS curriculum, mandatory CS teachers licensing and
research in CS education [8].

Nevertheless, in many places, a CS teaching certificate is not required in order to
teach CS. In the US, for example, a survey conducted in 2007 reports that approxi-
mately 53% of respondents replied that their state does not require a CS teaching
certification [3]. Deek notes that secondary CS courses are usually taught by faculty
certified to teach mathematics [4]. Even programs that deal specifically with the train-
ing of CS teachers do not necessarily include explicit reference to the teaching of CS.
Rather, the training many times refers to teaching in general and, at the best, to prin-
ciples of teaching science. This might result from the fact that, now, a well-defined,
international standard for CS schools curricula and for CS teacher preparation does
not exist [1], [17].

In places where CS teacher preparation programs do exist, they include at least one
“methods” course, in which prospective CS teachers gain the skills needed to teach
CS in high school [1]. However, specific guidelines for the implementation of such
courses are rarely provided and most are not up to date [2], [11], [14], [15], [23].

To meet the big challenges of preparing the future CS teachers we present in this
paper a case study of the "Methods of Teaching Computer Science" course taught by
the Department of Education in Technology and Science at the Technion — Israel
Institute of Technology. This case study illustrates the implementation of a course that
intends to meet the above-described challenges. The course focuses on broadening the
prospective CS teachers' knowledge in many aspects and applies various teaching
methods during the course itself.

2 The “Methods of Teaching Computer Science” Course

This section presents the course entitled "Methods of Teaching Computer Science", as
it is taught at the Technion's Department of Education in Technology and Science.
Following a general overview of the knowledge structure required of pre-service
teachers, we describe the course structure, population, and rationale, including
detailed objectives. We then present the course syllabus, detailing the topics and con-
tents of each lesson, types of activities integrated into the lessons and a description of
the tasks required of the students.

2.1 Background

Teacher preparation programs are usually based on general pedagogical knowledge,
subject matter knowledge, pedagogical content knowledge (PCK) and practicum in
real classes. PCK refers to what a teacher is required to know in order to teach a cer-
tain subject matter: how to make it understandable, difficulties encountered students’
preconceptions and misconceptions, and strategies for coping with misconceptions
[18], [19]. With respect to CS, Gal-Ezer and Harel claim, "beyond the mastery of core
CS material, good CS educators should also be familiar with a significant body of
material that will expand their perspectives on the field, and consequently, enhance
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the quality of their teaching." [5]. Among the issues that they mention are the question
What is CS?, a bird's-eye view of the discipline and familiarity with tools and meth-
ods for teaching. Hazzan, Gal-Ezer and Blum also claims that teacher preparation
programs should include some research elements, such as reading assignments of
papers that deal with CS education research and mini-research projects to be carried
out by the prospective CS teachers themselves [8].

The course "Methods of Teaching Computer Science" aims at broadening the pro-
spective CS teachers” PCK and sets the basis for the in-school practical training that
takes place after it. In a series of papers Lapidot and Hazzan address different topics
related to CS teacher preparation, focusing on the "Methods of Teaching Computer
Science in High School" course [9], [10], [12], [13]. They refer to different topics that
should be included in such a course, like pedagogical approaches for teaching differ-
ent subjects, tools for assessing pupils' performance, and teaching of social-related
issues such as ethics. They also emphasize the need to use active learning when teach-
ing the "Methods of Teaching Computer Science" course. The course described in this
paper in detail elaborates on the course described by Lapidot and Hazzan in their
papers as well as on its development.

2.2 Course Structure and Population

The course consists of 112 hours of classes and training, divided into two semesters.
Each week there are two 2-hour long lessons. Each of the two semesters is devoted to
different high school curriculum units. The first semester focuses on the foundations
of CS (Units 1-2 of the Israeli high school curriculum) whereas the second semester
focuses on more advanced topics, such as abstract data types and computational mod-
els (Units 4-5 of the Israeli high school curriculum) [6], [7].

Course participants are students enrolled at the Department of Education in Tech-
nology and Science and they usually take the course during their third year of study
(out of four years).

The course's academic pre-requisites are relevant CS contents and a major part of
the general education and teaching studies. The maximum number of participants in
the course is 20.

2.3 Course Objectives

The main course objective is to train pre-service high school CS teachers. The spe-
cific objectives derived from this main objective, are to:

1) Enhance prospective CS teachers' professional identity as CS teachers;

2) Heighten prospective CS teachers' awareness to the uniqueness of CS
education;

3) Familiarize prospective CS teachers with the national CS curriculum;

4) Expose prospective CS teachers to difficulties encountered by learners when
learning different topics from the CS curriculum;

5) Enable prospective CS teachers to master pedagogical skills for teaching CS
considering different kinds of learners;
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6) Enable prospective CS teachers to master pedagogical tools for teaching CS,
including the creation of a supportive and cooperative inquiry-based learn-
ing environment;

7) Expose the prospective CS teachers to a variety of CS teaching methods;

8) Expose prospective CS teachers to the research conducted in CS education
and to its application in the teaching process.

2.4 Teaching Methods Used in the Course

The teaching methods implemented in the course are varied and their implementation
in itself constitutes an essential tier of learning in the course. The course does not only
"talk about" but rather it "shows how" to actively apply the teaching principles in the
teaching of the discipline. Thus, the course is essentially a workshop and it includes
lectures, workshops for developing different teaching materials, hands-on experience
with various software programs, practice teaching, and many discussions. Course
tasks and assignments are varied and develop simultaneously with the learning proc-
ess. Task types include, for instance, reading articles and preparing reports, preparing
teaching activities, preparing lesson plans, preparing a teaching plan for an entire
teaching unit, peer teaching, and writing an entire matriculation exam.

Furthermore, the teaching-learning processes in the course are cooperative in na-
ture. Students present different products before their peers and learn from one another
and from feedback they receive from their peers and course instructor. Feedback is
given both orally and in writing. In all cases, work products of all of the students are
at the disposal of all course participants for use in their course work as well as for
future use. The course is accompanied by a website that includes many resources that
are available to the students throughout the school year. These resources include links
to repositories of learning materials: The website of the Israeli National Supervision
of CS education, the website of the National Teachers Center website and links to
sites that offer enrichment on topics such as the history of CS, dictionaries of pro-
gramming languages, information on scientists, and so on. In addition, all contents
presented during the course lessons are available on the website.

2.5 Course Syllabus

In order to achieve the course objectives varied of topics are discussed. Some of them
are: the curriculum, teaching methods, active learning, developing a lesson outline
and social issues of CS. In what follows, due to lack of space, we will present the first
semester in details and we will give only a brief description of the second semester.

2.5.1 First Semester — Fundamentals of CS

In this section, we present the course syllabus of the first semester in detail. For each
lesson, we present the main topic and for some of the lessons we give a synopsis of
the activity undertaken.

Lesson 1: Introduction to the Israeli high school CS Curriculum

Content: The major online sources available to teachers were presented: the websites
of the Israeli National Supervision of CS education and of the National CS Teacher
Center.
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Task: Students were asked to choose an interesting subject that they were exposed to
in the CS teachers’ website and explain this choice.

Lesson 2: Computer Sciences - What are we Talking About?
Introduction discussion: The essence of CS as a science.

Task: Students worked in groups of 3-4. Each group was asked to plan the content and
activity of a first CS lesson in the high school. The groups presented their ideas before
the course plenum and a discussion was held.

Lesson 3: Research in Science Education

Introduction lecture: What is science education research and how can it serve teach-
ers? This was illustrated using a research article on the teaching of basic concepts in
CS — input and assignment of variables.

Students were referred to databases of studies in CS education.

Task 1: Students worked in pairs and were asked to read a selected research paper that
addresses difficulties encountered by novice CS students and write a reflective report.

All students uploaded feedback to the course website for use.

Task 2: Students were required to read an article [5] that discusses the diverse knowl-
edge that CS teachers should acquire.

Lesson 4: Reflection and Its Application as a Teaching and Learning Tool

Introduction lecture: What reflection is, how can reflection be used in the teaching
process (teacher & students), presenting set of questions that arises reflection. This
was demonstrated by an example.

Activity: The teacher as a Researcher — see Appendix.
Lesson 5: Programming Paradigms

Discussion: What is a paradigm? What are thinking paradigms in sciences? What are
programming paradigms? Common aspects in families of programming languages
according to paradigm. Demonstration of the recursion concept from the paradigm
perspective.

Task: Students were asked to illustrate the paradigm differences by writing algorithms
for sorting an Array or a List in various paradigms.

Lesson 6: The Fundamentals of Teaching Object-Oriented Programming
Introduction lecture: Emphasize basic object-oriented programming concepts.
Task: Programming exercise - implementation in Java.

Lesson 7: Demonstration of Different Java Development Environments

Activity: Expirience the use of different environments including: visualization envi-
ronments such as BlueJ (http://www.bluej.org), and animation environments such as
Jeliot (http://cs.joensuu.fi/jeliot/index.php).

Discussion: The advantages and disadvantages of the different environments and
recommendations for teaching.
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Lesson 8: Teaching the Topic of Variables

Group task: What should be taught on the subject of variables? What difficulties can
be expected in understanding the concept? Suggest guidelines for a first lesson on the
subject; compose three different kinds of questions on the subject of variables and for
each question, specify what it examines and what difficulties might be encountered by
students during its solution.

Discussion: Tasks were presented before the course plenum. Ways of illustrating
variable presentation were discussed, including misconceptions that might be formed
due to the use of inappropriate illustrations.

Lesson 9: Types of Questions

Discussion: What types of questions can be posed when teaching CS? Why is it
important to vary the types of questions used?

Some thirteen different question models were presented, including question that
involve tracking code, checking the correctness of algorithms, completing lines in
algorithms, developing a solution to an algorithmic problem, comparing different
solutions, describing what an algorithm does, requesting students to compose
questions themselves, and so on.

Lesson 10: Teaching Conditional Expressions and Statements

Group task: What should be taught on the subject of conditional expressions and
statements? What difficulties can be expected in understanding the subject? Plan a
series of 45-min lessons that will reflect the teaching of each subject (simple condi-
tions, nested conditions, complex condition, etc.).

Discussion: The work preformed by the groups was presented and discussed.

Task: Students were requested to compose a summary worksheet that checks the
understanding of conditions. The worksheet should take students up to 30 minutes to
complete.

Lesson 11: Integrating the Internet into Teaching
Discussion: A short, focused discussion followed by 2 tasks performed in pairs.

Task 1: Choose any topic from the CS curriculum and compose a worksheet that
makes use of the internet. The sheet will be used for a 20-min activity. During the
development of the worksheet, record guidelines that guided your work. When com-
pleted, upload the worksheet to the appropriate course forum.

Task 2: After finishing composing of your worksheet, choose a worksheet composed
by two of your classmates and complete it. While working on the worksheet, record
your point of view with respect to its contribution to imparting the topic it deals with.
Summarizing discussion.

Lesson 12: Teaching Loops Statements

Discussion: What kind of loop should be used to begin teaching the subject of loops
(while vs. for)? What should be taught on the subject of loops? What difficulties are
expected in the understanding of the concept?
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Group task: Plan a class activity (not just an exercise) for the first lesson on loops.
Prepare student and teacher handouts describing the activity. The teacher's handout
was supposed to include detailed didactic instructions so that teachers can read it and
apply the activity in their classrooms.

Lesson 13: Participating in the National Teachers Conference for CS Teachers

Out of class activity: Students were invited to participate in the National Teachers
Conference for CS Teachers. Students who did not attend the conference were re-
quired to visit the National Teachers Conference website and list three lec-
tures/activities that were of special interest to them, specifying the reasons for their
choices.

Lesson 14: Integrating Lab Work Into the Teaching Process

Discussion: The CS lab versus labs in other scientific subjects; types of tasks for lab
work; organizing the teaching in the lab; guidelines for guiding students in their lab
work.

Group Task: Choose any topic from the CS curriculum and compose a lab activity on
it. Upload the worksheet to the appropriate course forum.

Lesson 15: Development and Analysis of Algorithms According to ''Roles of
Variables"

Activity: Students were introduced to the concept through a process of self learning
according to the following stages: (1) learn about classification of variable roles, (2)
do the "test yourself" activities on the variable roles classification using an online
questionnaire (http://cs.joensuu.fi/~saja/var_roles), (3) reflect on the learning (do the
students agree with the variable roles classifications? What is their feedback on this
kind of class activity? Do they think the topic can be integrated into high school
teaching processes and how?)

Lesson 16: Issues of Teaching Memory Organization

Lecture and discussion: The Java memory implementation for: strings, objects, arrays
and parameters; is it necessary to teach it to high school students? Potential source for
learners' difficulties; recommended teaching methods with respect to those concepts.

Lesson 17: Teaching Methods
Content: Students' difficulties and perceptions; teaching aids; types of exercises.

Lesson 18: The Object-First Approach for Teaching Object Oriented
Programming

Lecture and discussion: An overview of approaches and researches; implications of
adopting or choosing not to adopt this approach; comparing the various approaches.

Lesson 19: Teaching Arrays
Content: Students' difficulties and perceptions; teaching aids; types of exercises.
Lesson 20: How to Write an Exam

Discussion: The targets of the matriculation exam and ways to meet them.
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Workshop: Students worked in pairs and were asked to address the structure of the
exam and the type, scope and scoring of the questions. After discussion of the differ-
ent structures, one of them was chosen and students composed the questions.

Lesson 21: How to Evaluate an Exam

Discussion: The importance of evaluation of exams; evaluation by using an evaluation
rubric; the importance of constructing it prior to holding the exam as a way of ascer-
taining the reliability of the exam questions.

Workshop: Students developed an evaluation rubric for the exam they developed.
Lessons 22-23: Guiding Projects

Content: These lessons were dedicated to discussion and guidance with respect to the
teacher's role in guiding large-scale projects written by his or her students. Pedagogic
and technical aspects were emphasized as well as class management in such situations.

Lessons 24-28: The Final Semester Paper and Peer Teaching with Respect to It

The final semester paper: The paper objective was to enable each student to inde-
pendently delve deeper into the construction of a teaching plan for an entire study
unit. In their seminar papers, students were expected to express knowledge from dif-
ferent areas studied in the course "Methods of Teaching Computer Science" as well as
from other courses. Each student chose a topic from the curriculum, analyzed it and
planed a study unit for it. Students were required to address the various resources on
the selected topic, including textbooks and at least one research paper in English.

The paper has to include the following sections: (i) Concepts and contents to be
taught; (ii) Difficulties expected to be encountered by students when learning the
topic; (iii) General division of the topic into several lessons, addressing the recom-
mended teaching sequence; (iv) Building a full lesson plan for two consecutive
proposed lessons, specifying the principles guiding the teaching.

The two detailed lesson plans were required to include the following components:
(i) Full lesson plan, addressing the lesson objectives and the lesson opening, devel-
opment and ending; (ii) Description of the activities / questions / tasks / exercises, etc.
included in the lesson; (iii) Description of the teaching methods used: frontal teach-
ing, working in small groups, cooperative learning, group or individual independent
learning, investigation and discovery, games, etc.; (iv) Description of the teaching
aids used: overhead projector, posters, models, computer, learning environment; (v)
Suggestion for evaluating students' knowledge after the two lessons, "solution" of the
evaluation task, and an evaluating rubric for evaluating the task.

Peer teaching: The final semester lessons were dedicated to individual, 30-min. pres-
entations of their work, given by each of the students. Presentations included two
parts: (1) a summary of the research paper dealing with the study unit; (2) introduc-
tion of a short excerpt from the planned lesson to the course planner, which was then
taught by the student to his or her peers and a description of the considerations in-
volved in the development of this segment of the lesson.
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2.5.2 Second Semester — Advanced Topics in CS: Abstract Data Types and
Computational Models

The second semester deals with the teaching of advanced contents that, in many
places around the world, are not included in formal high school curricula [17]. Les-
sons held during this semester were related to the following subjects: The teaching of
abstract data types (list, stack, queue, and binary tree); the teaching of computational
models (deterministic finite automata, push-down automata, Turing machine, lan-
guages); the teaching of advanced disciplinary concepts such as recursion, complexity
and abstraction; integration of social aspects as ethics and gender in the teaching
process; and teaching tools like design patterns and games.

3 Summary

In this paper, we presented a detailed description of a “Methods of Teaching CS”
course, which implements the challenges of CS teacher preparation. When examined
as a whole, course contents cover and refer to all of the objectives defined in section
2.3. Specifically, the course content is broad and diverse. The course covers the
following aspects: the essence of the discipline; disciplinary contents and learners
difficulties related to them; research in CS education and ways to use it in lessons
planning; several teaching methods; several teaching tools like integrating games, lab,
and the internet into the lessons; how to plan tests and how to evaluate them; and
more.

Vast and varied knowledge is imparted through active learning and constructivist
construction of the pre-service teachers' knowledge. Diversity in teaching methods
increases students' interest in the course but, first and foremost, it constitutes a model
for implementation in the students’ future classes.

Our intention is to further develop this work on CS teacher preparation programs
and to foster awareness to its importance. For example, during the 2006-2007 aca-
demic year, we integrated in the course a tutoring model that focuses on improving
students' skills with respect to the teaching of problem solving, by letting them cope
with one-on-one teaching situations [16]. The tutoring activity enabled the students to
immediately apply ideas learned in the course. Our aim, in general, is construct a
repository of activities for CS teacher preparation programs. Our aim, in general, is
construct a repository of activities for CS teacher preparation programs.
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Appendix

An Activity: The Teacher as a Researcher

Part A

The following problem is given:
Write an algorithm that receives array A and array size N and returns true if all
array members are identical and false if they are not.

Write a solution to the problem:

e Keep all drafts from the development process.
e When you are finished, lay your solutions aside and ask for the next task.

Part B

The same problem you solved before is given again:
Write an algorithm that receives array A and array size N and returns true if all
array members are identical and false if they are not.

Analysis of the question:
List the CS concepts that you think are manifested in this question.

Following are several different solutions to the same problem. For each solution

e Determine whether it is correct or not.
e [f it is incorrect:
o Describe the mistake.
o Try to think of the source of the mistake.
o Try to think how you would help the student understand
his or her mistake.
e ** Optional **: Try to present another incorrect solution.

Reflection in Pairs

e Discuss your conclusions from the previous section. Compare the an-
swers — elaborate on your analysis — change it... add to it... correct it...
e Exchange your personal solution to the problem with your partner. Check
your partner's solution.
o Isit correct or incorrect?
o Ifitis correct — have you anything to say about the solution
in order to develop the capabilities of "your student" in the
process of problem solving? Elaborate.
o If it is incorrect — is it similar to one of the incorrect solu-
tions in your analysis?
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Solutionl Solution2
are-equals (A, N) are-equals (A, N)
ok e true ok e true
for 1 from 1 to N do for i from 1 to N-1 do
if (A[i] # A[i+1]) then if (A[1] # A[i+1]) then
ok ¢ false ok ¢ false
return ok else
ok e« true
return ok
Solution3 Solution4
are-equals (A, N) are-equals (A, N)
ok ¢ true ok ¢ true
for i from 1 to N-1 by 2 do | for 1 from 1 to N-1 by 2 do
if (A[1] # A[i+1]) then if (A[1] # A[i+1]) then
ok ¢ false ok ¢ false
return ok for i from 2 to N-1 by 2 do
if (A[1] # A[i+1]) then
ok ¢ false
return ok
Solutionb Solutioné
are-equals (A, N) are-equals (A, N)
ok e true count ¢ O
for 1 from 1 to N-1 do for i from 2 to n do
if (A[i] # A[i+1]) then if (A[i] = A[i+1]) then
ok ¢ false count ¢ count + 1
return ok if (count = N) then

return true
else
return false
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Abstract. The concept of the algorithm is fundamental within the computer sci-
ence (informatics) domain. It is important to introduce it gradually in a spiral
manner through all stages of education. Informatics teachers should be able to
explain, to give examples and to help understanding the concept of algorithm at
an elementary level. Therefore they need some ideas, tools, and didactic con-
cepts to do it. The article presents some examples of tools and techniques,
which the future informatics teachers should be familiar with. In teacher train-
ing we should deliver meaningful examples and carefully show the stages of
building the intuition of the algorithm.

1 Introduction

In the Polish national education system the separate lessons on using computers and
ICT are called informatics. Informatics lessons are obligatory in primary schools and
in middle schools (gimnazjum). In high schools (liceum) there is an obligatory subject
called information technology (IT) and an elective subject called informatics (com-
puter science). The main goal of informatics classes in primary schools is to prepare
students to use computers and their software, mainly to be able to use them in other
subjects.

In middle schools (gimnazjum), during the informatics classes, students are pre-
pared to use computers, computer networks, and multimedia on a more advanced
level. It should give students a more solid background for using ICT in other subjects.
Moreover, students are introduced also to problem solving with algorithms. One of
possible tools of implementing algorithms is the Logo language.

In high schools (liceum) there are two subjects. One of them, called information
technology (IT), is the continuation of earlier students’ preparation in using com-
puters, networks and multimedia tools for managing information. The stress is put on
working with information in a good presentational style, including automation. There
is nothing about algorithms and programming. Informatics (computer science) is an
elective subject addressed for young people, who are interested in computer science
as an element of their future education. The informatics lessons are expecting to show
computer science as a discipline connected with designing and implementing new
systems of information processing. It should include ways of solving problems in the
following stages: analysis of a problem situation, making specification, designing
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the solution, realization and testing the solution. Students are introduced to classic
algorithms, programming languages, theory of data bases, and programming of inter-
active websites.

The organization of informatics education in the form of obligatory and elective
subjects at all levels of education demands the need for preparing teachers for these
subjects. Within the group of ICT and informatics teachers I distinguish two separate

groups:

e ICT teachers who run informatics lessons in primary and middle school or IT les-
sons in high school — the main goal for them is to prepare all pupils to use ICT,
e Informatics teachers who run informatics as an elective subject in high school.

The standards of preparing those two groups have been elaborated [9]. The stan-
dards could be the common platform for institutions offering in-service training for
teachers and teachers themselves who want to improve their qualifications. The stan-
dards should meet, on the other hand, the new standards of teachers education
published by the Ministry of National Education [10]. The main assumption of the
new standards is that the teacher who wants to work at a lower level of education (in
primary and middle school) should be prepared for teaching two subjects. This is a
great idea for two reasons: the teacher is able to integrate knowledge from different
domains in his teaching, and the process of employment the staff for the school is
easier. But it is a great challenge for universities to elaborate new study programs,
which supply the idea.

Actually the significant part of ICT teachers are teachers for whom teaching infor-
matics is the second specialization, because they are teachers of other subjects which
got qualifications to teach informatics during different courses or post-diploma study.
So the situation will not change in the future, teachers will merge teaching informatics
and teaching other subject e.g. maths, chemistry, physics.

Preparing informatics teachers is more complicated. According to the standards [9]
the informatics teachers should demonstrate knowledge at the level of graduates
of a computer science department. On the other hand, it is obvious that graduates of
computer science don’t choose the teacher profession, because of many other job
opportunities.

If we look at the algorithm as a fundamental concept, in teacher training there are
two situations:

e Teachers, who start to teach informatics as a second specialization, often don’t feel
confident with the concept of algorithm, so they are very cautious and hesitant
about teaching problem-solving and algorithms.

e Graduates of computer science, who become informatics teachers, don’t feel the
difficulty of the abstract concept for the pupils and often use too complicated ex-
amples, or go too fast through the material.

In both situations the teachers should be able to explain, to give examples and to
help to understand the concept of the algorithm at an elementary level, so they need
some ideas, tools and didactic techniques to do it. During the course of Didactics of
Informatics, I show some useful ideas and techniques.
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2 Algorithm — Fundamental Concept at Primary Level

The concept of algorithm is fundamental to the computer science (informatics) do-
main. It is important to introduce it gradually in a spiral manner, before the student
has entered secondary education, and has chosen an elective subject. Problem solving
with algorithms is included in middle school informatics curriculum. But, in primary
school, there are situations when the idea of algorithm, and algorithmic thinking,
could be introduced.

The pupils meet the term ‘algorithm’ first in primary school in math classes, when
they are dealing with addition and multiplication algorithms. The pupils are expected to
perform the given procedure. They shouldn’t write or explain the algorithm, but they
have to use it in an effective manner. This is the first important observation: memorizing
and performing the procedure is easier than planning, writing or explaining it.

The first situation, when the pupils are asked to plan the procedure and to write i, is
also in primary school, in Polish classes. The pupils are writing the instruction, how to
do something, or how to get somewhere, using the enumerated list. This activity from
Polish classes could have a natural continuation in informatics lessons. It is an occasion
to show how important the sequence is, and the precision of the instruction. In informat-
ics classes, writing the instructions may be concerned with doing tasks on computers,
for example the pupils write the instruction, how to arrange a table using word proces-
sor, and than other pupils try to perform this instruction. In this activity the pupils use
the natural language and they could experience the difficulty in precise formulation of
every step of the instruction. Such experience could be used to explain the pupils that
the computer requires also precise and exact instructions to perform all actions.

Referring to computers, the pupils know the strategy used in computer games,
which I called ‘steering on-line’. In this strategy you shouldn’t plan the procedure;
you simply give the commands and observe the results. The strategy of planning,
writing instruction and then performing it is rarely present in popular computer
games. This is the second observation: ‘steering on-line’ is easier than planning,
writing and then making the computer to perform the instruction.

ICT teachers should arrange situations, when the pupils can plan, write and then
make the computer to perform the instructions. Writing the instruction for the com-
puter requires an introduction to a new language, because the computer doesn’t inter-
pret the natural language. For educational purposes it is possible to use in this context
a tool — an environment with the hero, the language with limited number of com-
mands and the tasks to be solved using this language. Examples of such environments
are easy to point out: Logo with the turtle, Karel the Robot [7], Baltie [1] (with the
wizard as a hero, originated from Czech Republic). In the TI'99 software package
connected with our textbook for primary schools [3] there is also a program called
‘Steering’ with a turtle as a hero, who can walk trough the maze, move the treasure
from one place to another, and draw lines.

3 Problem Solving with Algorithms at Middle Level

This stage of education is very important for the secondary level, because the infor-
matics lessons, for the last time, are addressed to all pupils. It is the occasion to make
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the pupils conscious what informatics (computer science) is really about, so they can
responsibly choose the elective subject in high school. The informatics curriculum for
middle schools includes introduction to problem solving with algorithms, but many
teachers avoid teaching this part of the curriculum.

Once again, the informatics curriculum should correspond with the curriculum of
other subjects. In maths and natural sciences the pupils are expected to solve tasks in
which they have to analyze the story and to find what quantities (values) are given
and what are we looking for. The mathematical solution includes defining what is
given, what result we expect to find and what dependences and equations could be
used to find the result. Sometimes there are few equations and they must be merged or
transformed to obtain the result. All these steps formulate the algorithm of finding the
solution of the task. It is important to show the pupils that the solution of the task
taken from maths, chemistry or physics lessons could be written as a list of equations
which defines the steps of the algorithm. At this stage in informatics lessons, spread-
sheet could be used to write the solution as a data flow diagram [5]. Such an analysis
of the task is also the base for an informatics solution of the problem.

Teaching about algorithms should be full of examples of algorithmic procedures
known to the pupils from their life and school experience. Once again, the addition
(multiplication) algorithm is a good example of a deterministic algorithm. We could
show that for the same data the result is always the same, of course, if we have done
all steps correctly. The kitchen recipe is a useful example, when we are talking about
specification. Some sport contest’s regulations and law procedures are good examples
for different algorithmic constructions (conditional or iteration statement). The Logo
language and the turtle graphics is an inexhaustible source of tasks in which we can
show the power of iteration strategy [4].

At this stage, it is important to show how useful simple and natural strategies are in
solving problems with a computer. Discovering algorithmic strategies like iteration,
binary search or ‘divide an conquer’ doesn’t mean that the pupils should be able to
write programs using these strategies. This is the third observation: discovering, un-
derstanding and using the strategy is easier than writing it in a formal language. For
example, the game when one person has to guess the number from a given range, and
the second person could answer only if the requested number is smaller, bigger or
equal. The natural strategy to guess the number in the smallest number of trials is a
binary search. The pupils can discover the strategy, but they shouldn’t write the algo-
rithm in a formal notation.

The strategy could be discover, also, thanks to the visualization of the algorithm.
The classic problem, the Tower of Hanoi puzzle is a nice example. It could be hard
for the pupils to find how to move discs in a proper sequence, but the solution could
be observed in the visualization [6]. A much more interesting question is, how much
time is needed to complete the puzzle for 64 discs, as it was described in the legend
[11]. Looking from this point of view, the example is a nice occasion to show how
time-consuming solving the problem could be despite the great computing power of
present computers. Observing the visualization of the solution could help to find the
recursive dependence, how many moves are needed. The pupils could use the spread-
sheet to find the result for 64 discs and to calculate, how much time it takes for the
performance of such a big number of moves.
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4 Didactic Concepts at Secondary Level

In primary and middle school, it is possible to form only the intuition about the con-
cept of algorithm. The examples of formal notation are very simple, because younger
pupils are not prepared to advanced manipulation with symbols. It could happen that
the pupils haven’t had any intuition, and haven’t met any example of the formal nota-
tion of the algorithm before entering high school. In this situation the informatics
teacher should construct the concept very carefully and gradually. Examples from real
life, written in natural language should be considered at the beginning. Than, gradu-
ally, we start to write algorithmic procedures using more formal notation: the
enumerated list of steps, the math notation, the flowcharts and at last the program-
ming language. I mention the programming language at last because it is a formal and
artificial language with strict syntax and grammar rules. The latter don’t make writing
algorithms easier.

Of course, the algorithms written in notations other than a programming language,
could not be performed by a computer. But the pupils could perform them using
blackboard and chalk. The ability to analyze an algorithm without a computer is very
important. Later, it enables for better understanding the semantics of the programming
language.

I have mentioned that discovering strategies is easier than writing it in a formal no-
tation. The transition from the idea of the algorithm to the solution in the formal nota-
tion meets some barriers [12] but the activities connected with concrete manipulations
could help. For example the idea of searching for the minimum a set of numbers is
quite natural for the pupils, but the attempt to describe it using a flowchart causes
some difficulties. I observed a lesson, where the pupil had to find the shortest pen,
using the bag with pens. He didn’t see the whole set of pens: he had his hands inside
the bag and the only possibility of searching for the shortest pen was to compare two
pens by putting them together. After this activity, the pupils started to draw the flow-
chart of the algorithm for searching for a minimum and than they applied this
flowchart to search the shortest person in the classroom. Thanks to these activities the
lesson was much more attractive for the pupils, and required the engagement from
them. What is more important is that the computers weren’t used at this time in the
classroom.

The strategy used by the pupils in searching minimum is called a linear search. Im-
plementation of this strategy requires organizing iteration. Identifying what actions
should be repeated is the key point in coping with writing the algorithm in a formal
notation. In the observed lesson, some pupils managed to identify that iteration in this
case is organized almost in the same way as in the other example from the previous
lesson when the algorithm of computing the sum of a sequence of numbers was con-
sidered. So they successfully used the pattern of the flowchart from the previous
example. Using patterns in implementing algorithms is another important idea, which
we can consciously use in our teaching.

I start from flowcharts because it is a formal notation which has a graphic represen-
tation. This graphic representation is useful to explain algorithmic constructions like
iteration, conditional and assignment statements. Another reason is the tool which
makes it possible to animate the flowchart. The flowchart is a kind of model of the
algorithm. The animation of the flowchart enables us to run the simulation of the
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model. The tool is named ELI [2]. It is a program in which we can construct the
flowchart of the algorithm and where we can run the simulation of this algorithm for
different data. We can observe the performance step by step and we can debug the
sequence of performed commands and the changes of the variables’ values. We are
also able to investigate the number of operations performed. So it is a powerful tool
for creating, visualizing, and analyzing the algorithms. Using this tool is also a reason
to use computers in the lessons concerned with the algorithms.

Another very useful tool for informatics teachers is the implementation of the
RAM machine, the simplified model of a computer [8]. This application enables us to
write programs in simple programming language and, what is more important, to
show the process of compilation. The compiled program is presented in a low-level
programming language, and a visualization of running the program is possible.

In the earlier stages of education, the pupils got used to the idea that the computers
should be used in every informatics lesson, so it is a good recommendation to think
about lessons in which we partly or completely don’t use computers at all. The les-
sons about the algorithms serve as an example that it is possible. In high school, we
should introduce the difficult and abstract concepts using the same techniques as we
used with younger children: I mean a manipulation with concretes, a visualization, or
a graphic representation. We also should make the lessons more attractive by organiz-
ing activities which engage the pupils. In the lessons about algorithms is possible to
work in groups using brain-storming techniques to find the idea of the solution of
given problem. Working with a formal notation is also a good occasion to organize a
peer-assisted learning or puzzle groups in which the pupils try to explain to each other
the performance of the algorithm.

5 Conclusion

Constructing the concept of the algorithm should be a continuous process through all
stages of education. The concept should be present in the curriculum of other subjects,
especially in a math’s curriculum. The informatics lessons should benefit from les-
sons of other subjects also in the area of forming the fundamental concepts. In teacher
training, it means that we should deliver meaningful examples and carefully show the
stages of building the intuition of the algorithmic procedure and algorithmic thinking.
We should encourage informatics and ICT teachers to introduce different didactic
techniques into their informatics lessons, and not to concentrate only on ‘hands-on’
computer experiences for their pupils.
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1 The Dutch Educational System

In the Netherlands, high school begins with the seventh grade when students are
twelve years old. Although it is common in the lower grades (7 through 9) for a
teacher with a grade two teaching qualification to teach multiple subjects, in the
higher grades the teacher as a rule teaches only one subject, or a cluster of related
subjects, e.g., various mathematics subjects. To teach grades ten and higher in the pre-
university educational system (the Dutch acronym is VWO), which prepares students
for academic studies at a university, and in the senior secondary educational system
(HAVO), which prepares students for higher professional education, the teacher needs
to be fully qualified'. This full qualification is obtained by enrolling in a Master’s in
Education program at a university [5].

In the higher grades of the senior secondary educational system (grades 10 and 11)
and in those of the pre-university educational system (grades 10 through 12), the
curricula are streamlined into two social and two scientific profiles, which determine
for the most part which subjects a student will study. In the ninth grade, each student

! In this paper, only the secondary senior educational system and the pre-university educational
system are discussed since these are the only types of secondary education where a full quali-
fication is required.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 272 2008.
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selects a profile to follow in grades ten and higher, as well as one or two elective
subjects. Computer science is one of these subjects; it is not bound to a particular
profile and can be chosen as an elective course by all students [6].

1.1 Computer Science

All students are expected to become computer literate in the lower grades of secon-
dary school [8], so achieving computer literacy is not an objective of the computer
science course. This course is not meant as a preparatory course for studying com-
puter science at the higher education level either. Instead, it is meant to give stu-
dents an overview and understanding of IT concepts, along with a sense of their
potential and limitations, all while encouraging cooperative learning on project-
based activities [7],[13]. Therefore, besides programming, which is not supposed to
take up more than about one quarter of the teaching time [11], students are required
to learn about hardware, software, networks, information analysis and databases,
system development, project management, and human-computer interaction, in
addition to the social and ethical questions involved in the use of IT [11]. The cur-
ricula of the two types of secondary schools (senior secondary education and pre-
university education) differ only in minor details. It is suggested, however, that in
senior secondary education more emphasis should be placed on practical work,
while pre-university education should focus more on studying the theoretical as-
pects of CS. Computer science is one of the very few courses in secondary school
that is not a subject in the national exams at the end of secondary education; in-
stead, all assessment takes place at the school level. Currently?, about sixty percent
of all schools offer this elective course, with about ten percent of the students
choosing to take it [12].

1.2 Computer Science Teachers

When computer science was first introduced in the senior secondary educational and
pre-university educational systems in 1998, there were no qualified teachers. There-
fore, a consortium of twelve universities and institutions for higher professional edu-
cation, CODI®, was set up to join forces in training teachers. Fully qualified teachers
teaching other subjects were encouraged to enroll in this CODI scheme encompassing
a two-year in-school training program of about 45 ECTS in order to achieve full
qualification for computer science. These teachers were by no means required to have
any prior knowledge of computer science; the only requirement was for the teachers
to be computer-literate. The program consisted of the subjects listed in Table 1 [10]:

Some of these courses were regular Open University* courses, while others were
based on those courses taught in computer science degree programs at the college
level. And some, notably the Didactics of Computer Science course, had to be built
from scratch.

% The most recent data are from 2006.
3 CODI is the Dutch acronym for Informatics Teacher Education Consortium.
* See: www.ou.nl
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Table 1. CODI program

Course ECTS
Orientation to Computer Science 35
Computer Architecture and Operating Systems 0.7
Visual Programming with Java 5.7
Information Systems: Modeling and Specifying 5
Databases 0.7
Telematics 35
Software Engineering 5
Man-Machine Interaction 1.4
Programming Paradigms and Methods of Information System Devel- 1.4
opment

Didactics of Computer Science 5.7
CS Projects 2.8
Practical Teaching Assignment 10

In 2002, when it became clear that the CODI training program would be terminated
in 2005 [4], a workgroup was set up to assist in a joint preparation of a regular com-
puter science teacher training program for Dutch universities. In 2004 this workgroup
issued its recommendations, including advice, among other things, concerning the
didactics of CS that needed to be taught to prospective CS teachers [2]. This will be
discussed in more detail in Section 3.2.5 on Didactics.

As of fall 2006, there were five universities in the Netherlands, including the Uni-
versity of Groningen, where a teacher could become fully qualified by following a
Master’s in Education in computer science.

2 The Teacher Training Program

At the University of Groningen, all teacher training is provided by the University
Center for Academic Learning and Teaching (UOCG) [14]. The teachers are trained
in the following subjects: Dutch, English, German, French, Spanish, Frisian, classical
languages, history, philosophy, geography, social studies, general economics, busi-
ness economics, mathematics, physics, chemistry, biology and computer science. The
two-year Master’s in Education (120 ECTS) is generally structured as follows: during
the first year the faculty provides subject matter courses for 50 ECTS, and the UOCG
provides the Basic Teacher Course for 10 ECTS. During the second year, the faculty
provides subject matter courses for 10 ECTS and the UOCG the school-based pro-
gram for 50 ECTS, half of which is for internship in a high school. Many transfer
students do not enroll in this Master’s program immediately upon finishing their
Bachelor’s degree: some have already acquired another Master’s degree, some are
qualified teachers in a different subject, while others are already working as teachers
without any formal teacher training. In such cases it is possible to tailor a study
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program to fit the individual situation.” Those students wishing to become computer
science teachers should have a university Bachelor’s degree in computer science.
Where this is not the case, each student is assessed to determine which courses the
student should take so that he or she can enroll in the Master’s in Education program.
This entails acquiring an adequate body of knowledge pertaining to “software (pro-
gramming and algorithmics), data (information systems and knowledge systems),
hardware (machines and infrastructure), basic principles, (research and) development,
context, and computer science as a scientific discipline.”[2]

In Groningen, we believe in on-the-job training. A substantial part of teacher train-
ing takes place in the classroom. Learning how to teach can best take place in an au-
thentic situation, hence within a school context. The university, in this case the
UOCAG, sees to it that students are able to merge theory and practice, while familiariz-
ing themselves with the underlying principles of good education.

3 The Role of the University

The UOCG and the faculties provide a number of the modules for teacher training.
The parts of the teacher training making up the 60 ECTS provided by the UOCG will
be described in Chapter 3.2.

3.1 Bachelor’s Degree

Even during their Bachelor’s degree, students can get a taste of teacher training. By
taking the Orientation for Educational Skills course, students can discover whether the
Master’s in Education and the accompanying teacher training is to their taste. Within
the Faculty of Mathematics and Natural Sciences (this is where computer science is
taught) this course is called Communicative Skills and Orientation to Education. Dur-
ing this 5 ECTS course, students become familiar with the basics of teaching method-
ology and do a short internship in a high school where they observe a dozen or so
classes taught by other teachers, teach half a dozen or so classes themselves, and get a
first-hand look at the work of a teacher and how schools are organized.

3.2 Master’s in Education

During the first year of the Master’s in Education, students follow a 10-ECTS Basic
Teacher Training Course. The objective of this course is to familiarize students with
all aspects of the profession of teacher and to prepare them for teaching independ-
ently. This course consists of two parts: Theoretical Support (5 ECTS) and Prepara-
tory School Practice (5 ECTS), which is an extensive internship at a high school.
Students teach fifteen to twenty classes and are required to teach at least six succes-
sive classes independently. This course concludes with an evaluation that includes an
assessment that verifies whether they meet the entry requirements for a school-based
program in the second year of the Master’s in Education program.

> In the fall of 2007, a one-year Educational Master’s was introduced for students who already
have a Master’s degree — except for Spanish, philosophy and computer science.
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The school-based program (50 ECTS) in the second year represents the core of the
teacher-training program. It consists of a number of professionalization exercises:
Working at School (25 ECTS), Reflection on Professional Development (2 ECTS),
School Subjects (6 ECTS), Learning Processes (3 ECTS), Problem-directed Design-
ing (9 ECTS), Subject Coherence (3 ECTS) and Elective Courses (2 ECTS). Further-
more, there are two themes running through all these professionalization exercises:
pedagogical practice and IT in education. There are no exams since the entire assess-
ment is based on rubrics’. All the lectures in the second year are scheduled on Mon-
days, leaving the rest of the week free for internship activities.

3.2.1 Working in a School

This refers to an internship at a high school. In most cases, students are paid during
the entire academic year for about one quarter of the regular hours, meaning six to
eight classes a week. Throughout the academic year they are fully responsible for
teaching their own classes. At least half of the lessons are taught to grades ten and
higher. (When it comes to CS, this obviously holds true for all the classes, since CS
is not taught earlier than the tenth grade.) In the Collaborative Teacher Education
model, much of the teacher training takes place at school. There is a teacher educa-
tor in charge of organizing regular meetings with all the student teachers being
trained. Every student teacher has a coach — a teacher who teaches the same or a
similar subject. The UOCG supplies a tutor whose role it is to visit the school and
the student teachers about three times a year and, in cooperation with the teacher
educator and the coach, to assess their progress and their level of achievement. The
tutor is also in charge of the assessment of the professionalization exercise, Reflec-
tion on Professional Development; this will be described in the next section. In this
way the UOCG keeps tabs on the quality of the teacher training offered by the
secondary school.

3.2.2 Reflection on Professional Development

The student teachers are expected to reflect on their own growth and development as
a teacher by writing several reports throughout the academic year. In these reports the
student teachers describe and analyze the period just completed and answer several
questions.

“What kind of a teacher am I?” In answering this question the student teachers re-
flect on their level of competence as described in the government’s educational stan-
dards regulations in terms of interpersonal, pedagogic and didactic competences in the
subject they teach, as well as organizational competence; also included are compe-
tences relating to their ability to cooperate with colleagues, their environment, and
their assessment of their own development as a teacher [1]. Furthermore, the student
teachers are expected to elaborate on their own theories about teaching, and on their
personal concept of the profession and the subject matter.

® According to one definition, “a rubric is an authentic assessment tool used to measure stu-
dents' work. It is a scoring guide that seeks to evaluate a student's performance based on the
sum of a full range of criteria rather than a single numerical score.” (See:
http://edtech.kennesaw.edu/intech/rubrics.htm)
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“What kind of a teacher do I want to become?” The student teachers describe their
objectives for the coming period, and paint a complete picture of the kind of teacher
they want to become.

Personal development plan: this part of the report contains specific objectives and
how they will be attained.

During the school visits the tutor discusses these reports with the student teachers,
the teacher educator, and the coach. The tutor is in charge of assessing this profes-
sionalization exercise.

3.2.3 Learning Processes

The prospective teachers need to familiarize themselves with learning and teaching
theories and they should be able to interpret and implement them in their own teach-
ing practice while taking into account the way students learn and develop.

3.2.4 Problem-Directed Designing
This is a professionalization exercise where the Master’s students combine research
with creating an education analysis and a final product. In every secondary school
there are problems just waiting to be tackled. The student spots a problem, preferably
one that is not confined to a single class or subject, analyzes it, and comes up with a
solution meant to improve education.

For example, one student noticed a lot of resistance when high school students
were required to log their activities in a logbook while working on a practical assign-
ment. It turned out that this resistance to logbooks was commonplace throughout the
entire curriculum, so the student decided to look into it and come up with recommen-
dations to alleviate this problem.

3.2.5 School Subject (Didactics)

This professionalization exercise is about teaching and learning the school subject.
Specifically, it concerns the content and objectives of the subject, the place of the
subject within secondary education as a whole. It also deals with the question of how
a student learns the subject, how this subject is assessed, and how to create a good
learning environment. If the situation were ideal, a prospective teacher would be sup-
plied with a range of ready-made methods and techniques to enable him or her to
teach every detail of the subject in the best way possible. When it comes to CS, how-
ever, this is not so easy. The main objective of this professionalization exercise, there-
fore, is to equip the prospective teacher with those methods that will enable him or
her to make choices and decisions as to how best to teach CS.

In 2004 the workgroup making recommendations about what regular CS teacher
training would involve stated that “Computer science is a completely new subject
both in terms of its content and its didactics; it entails concepts concerning informa-
tion and communication, automation and informatization, the relationship between IT
and society, and more specifically the use of IT in industry. The learning outcomes of
this course are described [...] on a rather highly abstract level, which implies that
further breakdown needs to take place in practice (at the school level).” [2] Further-
more, the way CS is set up in high schools (with no national exam, and assessment
largely based on practical assignments often involving a group effort) gives the
teacher the chance to differentiate among the students. All this freedom, of course,
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brings with it a responsibility to be explicit about all the choices and decisions made,
and then for the teachers to be able to explain what motivated them to make the
choices they did. The workgroup goes on to state: “CS is a discipline that is in a con-
stant state of development. We therefore assume that fully qualified CS teachers will
need to play a major role in the development of this school subject as well.” In con-
clusion, the workgroup stressed that “the school subject CS has its own didactics that
are in part still in development; as a result, a fully qualified CS teacher must be able
to contribute to the development of the subject”. [2]

Development of the professionalization exercise entailed in School Subject (Didac-
tics) for CS follows the recommendations of this workgroup. Prospective teachers
learn about general didactics issues, such as various student activities and how to
tailor their teaching to the needs of individual students. At the same time, they are
encouraged to reflect on the content and the methods used in their work, etc. When it
comes to the didactics of CS in general, they are expected to become skillful at devel-
oping their own teaching materials and assessment methods, along with selecting,
adjusting and using existing teaching materials, and writing their own teaching plans.
They should be able to recognize which CS concepts and skills are (relatively) con-
stant, and which ones are new and need to be added to the curriculum. They are en-
couraged to set up interdisciplinary projects in cooperation with teachers of other
subjects. They are expected to develop their own vision of CS as a secondary school
subject and to recognize their role and responsibility in contributing to its develop-
ment. Furthermore, they are encouraged to cooperate with colleagues from other
schools (since there is usually only one CS teacher per school) and with online CS
teacher communities such as www.informaticavo.nl.

More specifically, prospective teachers learn how and when to use IT in their les-
sons, how to deal with the software and hardware limitations of the school network
and they receive advice on practical matters such as the relationship with the school
management and system administrators. They learn how to design their lessons, and
how to support the learning process of their students in terms of learning specific CS
issues [14]. Since this school subject is so new, in many cases there is still no agree-
ment on the best approach to teaching it, so prospective teachers need to learn how to
make their own well thought-out decisions. The issue of how to teach programming is
a good example of this. Should the students, for instance, be encouraged to use the
top-down approach to tackle a problem, or bottom-up, or yet another method entirely?
The 2007 Dutch Secondary Education CS Curriculum’ left all options open in the way
it included “programming” in the curriculum term about software: “Software: The
student should be familiar with simple data types, program structures and program-
ming techniques.” [11] The textbooks currently on the market add to the confusion by
offering teaching materials for Java, Visual Basic, Delphi and Gamemaker, among
others. At the same time, in the semi-formal circuit (such as the online community on
www.informaticavo.nl) additional teaching materials can be found for Logo, NQC for
Lego Mindstorms and Pascal. Individual schools have been reported using yet other
languages, such as Python, Robolab or Scratch, to name just a few. Under these cir-
cumstances, instead of prescribing how to teach programming, a prospective teacher

This is the CS curriculum for senior secondary education and pre-university education.
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is presented with an overview of teaching approaches and is encouraged to look for
the method that best fits the given situation and then to justify the choices made.

CS teachers face a similar range of possibilities when it comes to teaching most
other topics comprising CS, so the principle goal of the professionalization exercise is
how to prepare prospective teachers to make appropriate decisions.

To accomplish the objectives entailed in the professionalization task, students
study the literature, and work on a number of smaller and larger assignments. The
major assignments deal with what is expected from the everyday practice of teaching,
such as examining and evaluating textbooks or designing and teaching a series of
lessons. Since the numbers of students are small, there is ample room to adjust the
contents of the professionalization exercise to suit the individual needs of the
students.

3.2.6 Subject Coherence

Interdisciplinary assignments and projects, as well as cooperative and project-based
learning, have been receiving increased attention in high schools, and prospective
teachers need to be prepared for them. For this professionalization exercise, students
of biology, computer science, physics, chemistry and mathematics work together. The
assignment is to design teaching activities and materials for a profile afternoon where
secondary school students in the scientific profiles in the higher grades (ten and
higher) work on an interdisciplinary project. These teaching materials are made avail-
able to the high school students through an Electronic Learning Environment,® and
there are also written instructions for the teachers.

Each student group is coached individually; there are only two lectures for this pro-
fessionalization exercise. The first lecture is dedicated to an explanation of the task
and the formation of the groups. In the final lecture, all the groups come together and
discuss their projects.

One example is illustrative of the projects designed by the students. This particular
group was made up of two biology students, two mathematics students and a com-
puter science student. Their goal was to illustrate the scientific method, a topic that is
by no means limited to one single scientific discipline. The biologists observe a
phenomenon, such as the spread of a disease or gossip. The computer scientist then
programs a model’ that provides a dynamic visual representation with variable pa-
rameters. The mathematicians construct the formulae that correspond to this dynamic
discrete model. These are then, in turn, assessed by the biologists, thus going full
circle.

3.2.7 Elective Courses

The students can choose from a range of possibilities. These include courses offered
by their own faculties, such as Capita Selecta, and also school-related themes such as
student counseling, quality management at school, design and development of school
programs and plans, IT management in schools, multicultural education, etc.

8 The UOCG uses BrainBox, as do some secondary schools. Many other schools have chosen to
work with the learning environments Moodle, TeleTop, “it’s learning”, etc.
°Tn Greenfoot, a Java IDE.
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4 The Role of the School

In the Collaborative Teacher Education model there is a teacher educator present at
school. He or she organizes regular meetings with the student teachers, preferably
weekly, and provides support for all the practical aspects of class management: teach-
ing, taking part in school events, etc. The coach is closely involved with the teaching
of a particular subject. Students are expected to observe other teachers’ lessons, and to
have their own lessons regularly observed and analyzed, with a number of them re-
corded (on tape). Even though the UOCG has no direct influence on the content of
this training, the results are evaluated by the tutor during the assessment of the profes-
sionalization exercises Working at School and Reflection on Professional Develop-
ment, as discussed in sections 3.2.1 and 3.2.2.

The majority of schools where the UOCG students do their internships have a
teacher educator and, when there isn’t one, this role is assumed by a mentor. This is a
UOCG lecturer who organizes weekly meetings with the students and does all the
work that would otherwise be done by the teacher educator.

5 The Numbers

A more appropriate title for this chapter would be The Number. So far there has been
exactly one student who has graduated as a fully qualified computer science teacher at
the University of Groningen. There are no more than a dozen students enrolled at the
present time in all of the five Dutch universities offering this training combined'’;
regrettably none of these are enrolled in Groningen. This raises several questions.

Why are there so few students? Don’t the Computer Science Bachelor’s students
find the Master’s in Education, and thus a career in education, attractive? At the mo-
ment there is a wide-ranging shortage of teachers in the Netherlands and the situation
is expected to get worse in the years to come. [9] The factors behind this situation are
thought to be the low social standing of the teaching profession in general, the boom-
ing economy, and, in the case of computer science specifically, the fact that there are
very few schools that can offer a CS teacher a full-time position. Currently, an esti-
mated three out of ten computer science teachers lack the relevant qualifications [4],
[12]. Why then are so few of them studying to become properly qualified? There has
been no research into this question, but several factors appear plausible. A teacher
wishing to become fully qualified is likely to keep on teaching more than the required
six to eight weekly lessons while studying for his Master’s degree, a situation that
would require enormous time and effort. This situation becomes even more onerous if
the teacher in question does not already have a Bachelor’s degree in CS and has to
obtain that first. Finally, the reward for all this labor is a questionable one; the teacher
is more than likely to remain in exactly the same job situation after obtaining the full
qualification. In other words, the incentive to go back to school is lacking.

So, what consequences will this have for the future of computer science in Dutch
high schools? The situation described is perceived as a serious threat. Suggestions
have been made to alleviate the problem by introducing various shorter routes to

19 That is, in December 2007.
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achieving a full CS qualification, possibly by reintroducing the CODI scheme, but no
clear solution has yet been found [12].

It would be interesting to know whether experiences have been similar in other

countries, and if so, how they are dealing with them. The answer to this question
would be of great interest, but regrettably this lies beyond the scope of this paper.
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Abstract. Nowadays teachers are required to meet social, pedagogical and ob-
jective requirements related to the information and communication technology
(ICT). This is the main reason to pay more attention to teachers’ training by
means of ICT and render opportunities for them to get access to topical infor-
mation, to learn while working. Distance education is one of the learner-
friendly ways to give them the necessary knowledge and to develop ICT skills.
The paper deals with a distance learning course designed for teachers who are
working at secondary schools in Lithuania. The course is developed to improve
teachers’ computer literacy and educational skills of ICT application. The main
requirements to regulating teachers’ ICT literacy competence, the results of re-
searches on ICT in education, the basic requirements and principles for creating
distance education courses are also discussed. Finally, the structure of the
distance education course is presented.

Keywords: Teacher training, ICT competence, ICT integration, distance
learning course.

1 Introduction

Requirements to teachers’ competences on information and communication technol-
ogy (ICT) have been formulated and approved by the Ministry of Education and Sci-
ence of the Republic of Lithuania [10]. A necessity to realize the goals and objectives
has appeared. The main problem is integration of ICT in education — how to prepare
user-friendly courses and how to train teachers. [2] The paper deals with the problems
of ICT integration in the education course development and implementation, a de-
signed project and its results are represented. Besides the Strategy for the introduction
of ICT into Lithuanian education for 2005-2007 [11], there is a General Computer
Literacy Standard [4] as well as requirements on creating programs for teacher train-
ing. The requirements are oriented to developing and improving teachers’ ICT com-
petence. The aim of this paper is to acquaint readers with the new requirements and
with distant education courses developed on the basis of these requirements.

" This contribution has been implemented within the framework of eStart project (Digital Liter-
acy Network for Primary and Lower Secondary (K-9) Education) under contract 2006 -
4530/001-001 ELE ELEBI1 1.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 282 2008.
© Springer-Verlag Berlin Heidelberg 2008
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The General Computer Literacy Standard has been developed in Lithuania in order
to reduce the general education gap in the field of information technologies which has
occurred due to a rapid development and spread of ICT and because of the need for
lifelong learning. The purpose of the Standard is to set uniform requirements and
recommendations for the qualification of computer literacy of the population, and to
legitimize the principles of certifying computer literacy [4].

A computer literacy qualification may be essential and minimal: 1) the basic quali-
fication of computer literacy shall include ICT knowledge and skills sufficient to use
a computer in professional activities at the user level. 2) the minimal qualification of
computer literacy shall include ICT knowledge and skills. Basic needs may be met by
using the services available in the electronic space — preparation, search, and delivery
of information and communication. The special requirements to teachers’ ICT literacy
were prepared as well. These requirements provide competences to be achieved by
teachers while learning [10]:

1. Teachers should creatively individualize the teaching and learning process.

2. Teachers should purposefully use ICT.

3. Teachers should purposefully apply methods in teaching and learning.

4. Teachers should organize ICT resource management for teaching and learning.
5. Teachers should plan ICT resource use for teaching and learning.

6. Teachers should evaluate and reflect on topics regarding the use of ICT.

To train these competences an educational course of ICT has been prepared.

Since the requirements to teachers’ ICT competence have changed, in the lapse of
several years some new software and programs for learning in Lithuanian appeared.
That is why it was necessary to change distant education courses that were prepared
for teachers in 2004 [2]. It was necessary to reorganize the course contents, to add
new features and new recommendations in line with the new competences and new
requirements to distant education courses.

2 Specific Features of ICT in Education

It is always necessary to know how to use ICT in education with a view to improve
school life. It is clear that, if we wish to integrate ICT into education, it is necessary to
pay more attention to teacher training in this area. Every teacher should be able to
work with ICT in his or her class, to sense its advantage, to notice changes in teaching
his or her subject. ICT is indispensable in everyday life. The main attention is paid to
using ICT in education: we hope that when using ICT, the quality of the learning
process will be better, the motivation of pupils will be higher, and the connection
between practice and theory will be stronger. Some problems have not been solved as
yet: not all pupils have got skills to work on their own, whereas to those that have got
good skills, less attention is paid than they still need. Some schools are able to par-
tially solve the problems with lessons when teachers are ill. Distance education and
virtual learning environments are one of the methods to solve those problems. [14]
Teachers should be able to use ICT while teaching and learning. It is necessary for
them to know pedagogical, social, ethical, and cognitive ICT issues and its influence
on education. It is rather difficult because the main attention should be paid to the
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whole process. The students ‘learn to learn’ — this is the main paradigm of the present
education.

There are several studies and recommendations on the main topics that should be
analyzed with a view to apply ICT in education in the most successful way [1, 14]:

— The ways and methods of ICT application in education,

— Psychological aspects of ICT in education,

— Improvement of the learning process of students with special needs by ICT,
— Development of an information society and its coherence with education,

— Social and ethical problems of ICT in education,

— Organization of the learning process by using ICT,

— Preparation, dissemination, and presentation of curricula using ICT.

These topics had a great influence while building a project of teachers’ ICT literacy
education. The goals of this part were as follows:

— Motivate the use of ICT in education and show its importance,
— Analyze the ways, possibilities and methods of using ICT for learning and
teaching and learn to apply them.

One leading principle of the courses is the subject orientation, to enable teachers to
work jointly on ICT (of all school types) applications to their specific school subject
[5]. Therefore there are lots of recommendations for teachers of all the subjects on the
course material.

One of the key objectives is to give each teacher the opportunity to take his point
of departure in his educational and social context. Another one of the founding prin-
ciples of the pedagogical thinking of the European Pedagogical ICT license is that
knowledge and competences do not arise through the transfer of information from one
person to another, but that learning is a result of collaborative learning through con-
tributing, creating and acting.

When developing the content for a Pedagogical ICT License, the following main
objectives must always be paid due attention to:

— Development, process and teamwork are key issues,

— No use of ICT-tools without a pedagogical rationale.

The Pedagogical ICT license has to:

— Substantially contribute to meet the needs for ICT-pedagogical competences of
the teachers,

— Contribute to improve the pedagogical practice of participants in relation to the
integration of ICT,

— Contribute to an increased use of e-learning that meets the needs and qualifica-
tions of an individual teacher [12].

The didactical concept aims at supporting active, self-organized learning of the
participants with several real face-to-face meetings during the entire course. [5]. A
teacher’s professional development normally includes continued education, individual
development, curriculum writing, in-service education, peer collaboration, coaching,
mentoring, and study groups. [13]. If teachers’ own education is limited, they lack the
confidence, knowledge and skills to teach much more than they were taught
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themselves, or to teach in a different way. Quality matters as much as quantity. To do
their job well, teachers need to possess a mastery of their subject matter they are to
teach and to be skilled in the process of teaching [9].

If we compare the course contents and recommendations of international experts
and educational policy makers, we can notice that most of these topics are included in
our course contents [6, 7]. Every topic is applied to the Lithuanian situation and there
are some practical recommendations how to use ICT in education in the best way.

3 Requirements to the Distance Learning Course

The course is based on communication and collaboration: it has some components
which need to collaborate in groups, discuss, search for information, evaluate the
progress, to fulfil tasks in groups and so on. The main attention is paid to training of
computer literacy in education: to get skills in managing information, analyzing it,
acquiring knowledge. Two types of requirements (pedagogical and organizational) to
the distant course on teacher training have been developed.

According to the pedagogical requirements the distance course should be:

1. Discursive: teachers and students should have some agreements according to the
course goals and achievements;

2. Applicable: the course contents should be structurized so that everyone was able
to manage its material,

3. Interactive: the learners try to achieve the goals, teachers should seek feedback;

4. Reflexive: teachers should analyze the teaching and learning process and the
learners receive feedback on his (her) learning process.

According to the organizational requirements, the distance education course should be:

1. Negotiation lives up to resources: teachers and students should agree on indi-
vidualized access to resources;

2. Coordination: the learners should have a possibility to collaborate with other
learners, connect with groups, control with whom to share the resources;

3. Observation: the teacher should have a possibility to observe the teaching and
learning process and to connect with discussion groups, observe the completed tasks
when necessary and so on;

4. Individualization: the learners should have a possibility to use his (her) own re-
sources, plan his (her) learning process, to act individually;

5. Self-organizing: the learners should have an opportunity to use a virtual learning
environment, and to form groups separately from the teachers;

6. Adjustment: the teachers should have a possibility to give individual material to
each student, according to his (her) progress. [3]

4 The Structure of the Distance Learning Course for Teachers

The distance learning course consists of modules with following properties (Fig. 1):

— each module has some syllabus which is presented in two ways:
— text for reading,
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— video file.
— The material for reading is given in PDF format;
— All video files are given in SCORM format;
— There are self-control tasks and tasks for reflection in each module (tests, ques-
tions);
— There are textual documents that briefly acquaint teachers with the contents of
the module;
— There are activities for the communication among the course participants.

4 I
Mokymosi objektai ir juy rysys suvirtualiaja Title of the

mokymosi aplinka module

Siame modulyje pateikiama mokymosi objekto samprata,
nagrinéjamas mokymosi objekty nédys su virtualigja mokymosi i
aplinka. Aptariami wirtualiyjy mokymosi aplinky ir elektroninio -+ Introduction
mokymosi turinio standatizavimo aspektai, aprasomi populiariausi
elektroninio mokymosi standartai. Pateikiami molkymosi objekty
paiedkas ir atrankos mokymosi abjekty saugwklose principai bei
saugykly pawyzdZiai.

+— Readings
Sheaityl
.:’l:. Diskusijos 4— Discussions
'Ehﬂediiaga shaitymui Fesources for
Mediiaga klauzymui -— download (text,
% Klausimai ir uZduotys audio, wideo,
Testas tasks, etc)

Fig. 1. The view of a module

The teachers who want to learn are divided into groups; every group has its own
lecturer (course tutor). He or she coordinates the learning process during all the learn-
ing time: responds to any letters received, coordinates discussion in forums, gives
necessary information, explains any questions, and evaluates the homework. The
learning process contains three parts:

1. The introductory seminar — the first meeting of teachers and tutors will be face
to face. Its aim is to acquaint teachers with the principles of working on the course
material and the results they are expected to achieve. The tasks are discussed.

2. Learning by distance.

3. The final seminar — presentation of the results and discussions.

The structure of the developed distance course and the way of using it is shown in
Fig. 2.
The distance education course contains 8§ modules:

1. ICT for general education: experience and perspectives for development.
2. ICT for general education: creating presentations.
3. Learning objects and their relationship with a virtual learning environment.
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Fig. 2. Interaction between the activities while learning by distance

4. Using the learning objects at the lessons.

5. Using the learning objects — websites — at lessons.
6. Presenting personal experience of using ICT.

7. Innovative methods for learning and teaching.

8. Using the virtual learning environment (Moodle).

We will try to give a short description of each module referring to its contents and
how it helps a teacher to achieve the necessary competence.

Each module is intended to develop the teachers’ ICT competence which includes
technological and educational parts.

1% Module. ICT for general education: experience and perspectives for development.
The module generalizes the experience and perspectives for the development of ICT
in basic, secondary, and special needs education. Teachers are acquainted with ICT
strategic points of reference in education, general ICT planning, principles of integra-
tion in other subjects. The importance of purposeful ICT application and planning in
education is emphasized. The examples of these activities are given as well. The pos-
sibilities for teachers, parents and pupils to communicate using ICT are discussed.
The danger related with ICT and the prevention are discussed. The problems of dis-
abled people are discussed and the ways of solving them using ICT are presented. The
addresses of courses and the courses for special education are given.

2™ Module. ICT for general education: creating presentations. The module corre-
sponds to a competence provided by teachers’ ICT literacy to creatively individualize
the teaching and learning process. This competence is evaluated at three levels, there-
fore the material of this course is divided into three parts. The first part contains the
methodology of how teachers could enrich the learning process using presentations.
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The main methodic recommendations are discussed according to the presentations
created. The second part corresponds to the second level of competence and gives
examples how teachers could use ICT for presentations and mini projects. The last
part contains particular elements which could help teachers apply ICT (3" level, Ta-
ble 1). The examples of particular presentations are given for mathematics, physics
and other subjects.

3" Module. Learning objects and their relationship with a virtual learning environ-
ment. A definition of the learning object is given as well as the relationship with the
virtual learning environment (VLE). The aspects of VLE and standards of the elec-
tronic learning content as well as the most popular standards are discussed. The prin-
ciples of search for learning objects in storages and addresses of the storages are
given. The examples of publishing the electronic learning contents (using SCORM)
into a VLE are presented. By means of this module we tried to train teachers’ compe-
tence to purposefully use ICT and plan ICT activities. Teachers get familiar with a
new type of the learning object (SCORM) that can be used only in VLE.

4™ Module. Using the learning objects at the lessons. The main competence that is
trained in this module is to plan and organize ICT in education, to organize ICT re-
sources in education. The ICT competence here is related to the learning objects and
their creative application in practice. The methods how to look for the learning ob-
jects, download and install them are presented. Several examples of learning objects
are given. General principles of working with an interactive whiteboard are described.
Teachers are acquainted with the general programs suitable to work with interactive
whiteboards.

5™ Module. Using the learning objects — websites — at the lessons. The main compe-
tence that is trained in this module is to individualize the learning process of particu-
lar subjects. This competence is evaluated at three levels and particular indices are
given: a) to enrich the learning material with possibilities to apply ICT in education
(1" level, Table 1), b) to integrate the themes, related to students’ ICT literacy, into
the subject (2™ level, Table 1), ¢) to prepare the syllabus related to ICT application in
education (3" level, Table 1).

The use of internet resources, websites is attractive and available without diffi-
culty. Teachers should talk about websites that contain the learning material or just
information for learning and about the websites which have software, programs, and
technological resources for learning.

6™ Module. Presenting personal experience of using ICT. This module contains an
explanation of digital culture, analysis of electronic blogs and digital folders and their
use for presentation of personal experience. A definition of an electronic blog and its
purpose are given. The possibilities of using electronic blogs while planning the
learning process and evaluation of pupils’ achievements and progress in the use of
digital folders are indicated. The examples of electronic blogs and digital folders are
presented.

The module complies with competences given in the requirements on the programs
of teachers’ ICT literacy: to plan ICT in the learning process, evaluate and reflect on



Distance Learning Course for Training Teachers’ ICT Competence 289

using ICT in education. The competences are evaluated at two levels and particular
indices are given: a) a teacher plans ICT application, uses the experience and material of
research, evaluates their purposefulness, prepares presentations on the personal experi-
ence of ICT in education, and applies several tools, i.e., electronic folders (e-portfolio),
internet blogs, to present his(her) experience; the material that he or she has applied in
planning later activities (2" level, Table 1), b) helps colleagues to plan ICT proceed-
ings, related to improving students’ learning, communicates with colleagues discussing
on the learning achievements; evaluates the school state on ICT in education, gives
recommendations for planning school activities. (3" level, Table 1).

7™ Module. Innovative methods for learning and teaching. A definition of innovative
methods of teaching is given in this module as well as a short review, and the material
of famous scientists reported at the forums of Innovative teachers forums. The main
topics are about innovations in education, the characteristics an the innovative
teacher, the peculiarities of group work, and the methods of forming groups. This
module complies with the competences given in the requirements on the programs of
teachers’ ICT literacy: a) to individualize the learning process in a creative way, b) to
apply the learning and teaching methods in a creative and reasonable way.

The first competence is evaluated at three levels, and the necessary indexes are
given: a) a teacher enriches the learning and teaching process with possibilities to use
ICT (1* level) b) he integrates the necessary themes related to the requirements of the
students” ICT literacy standard (2" level), ¢) a teacher prepares the syllabus related to
possibilities of applying ICT (3" level).

The second competence is evaluated at three levels as well and the following in-
dexes are provided: a) a teacher uses ICT to improve or extend traditional methods of
education, to organize projects (1% level), b) by means of ICT a teacher realizes dis-
tance education, selects methods that satisfy a constructive paradigm (integration
methods, projects, learning in collaboration) (2™ level), c) helps colleagues to choose
the methods properly (3" level).

8™ Module. Using the virtual learning environment (Moodle). The module conforms
to competences given in the requirements on the programs of teachers’ ICT literacy:
to organize ICT resources in education. All the competences are related to a virtual
learning environment, its application in education and creative use of its abilities.
Some information is given on work with the virtual learning environment Moodle,
and some examples are presented how to organize lessons using Moodle.

Each module is developed so as to train at least one competence. There are some
modules designed to train two competences.

The organizers of the distance education course conceive the sessions on the basis
of what is actually known and practicing today, having built a dynamic framework for
teaching and learning activities. In this way it is possible to describe and demonstrate
vividly the essential elements, processes, and mechanisms of ICT-based teacher edu-
cation. The innovative methods are useful to apply in running the distance course as
well [8].

Each competence should be evaluated on three levels. The relations between
modules, ICT competence, and levels are shown in Table 1.
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Table 1. Relations among distance course modules, ICT competence and levels
Module Competence 1" level D" level 3" level
Teacher...
(1) ICT for general Purposeful usage applies uses helps
education: experience | of ICT in colleagues
and perspectives for education
development.
(3) Learning objects
and their relationship
with a virtual
learning
environment.
(2) ICT for general Individualization enriches integrates applies
education: creating of education in a methodically
presentations. creative way
(5) Using the
learning objects —
websites — at lessons.
(7) Innovative Purposeful uses applies helps
methods for learning | application of picks up colleagues
and teaching. learning and
teaching methods
(4) Using the Plans ICT usage plans; helps in
learning objects at the uses the planning
lessons. experience,
evaluates

(8) Using the virtual Organizes ICT is able to prepares
learning environment | resources organize virtual
(Moodle). groups
(6) Presenting Evaluates and prepares gives
personal experience reflects on ICT presenta- recommen-
of using ICT. usage in education tions dations

5 Conclusions

At present, the methodology of teaching and learning is different and teachers should
be able to teach children to learn, applying ICT in education in the most powerful and
purposeful way. This is the main reason why scientists should pay attention to teach-
ers and let them always learn. This is possible by using virtual learning environments,
ICT, and creating powerful courses that show teachers’ abilities of ICT, available
Internet resources, creative ways of applying ICT in education in the classroom and at
home.

The distance education course for teachers has been prepared following the re-
quirements to teachers’ competences on ICT and the principles of projecting and
creating distant courses. While learning teachers improve their ICT competence and
can use it in everyday life at school. The course is available for all the teachers. This
means that every teacher has a chance to learn at any time with a view to improve the
ICT competence and make lessons more powerful and innovative.
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The course content is located on a server which belongs to the Centre of Informa-
tion Technology of Education using the VLE Moodle technology (http:/
vma.emokykla.lt/moodle). The modules are prepared using sounds, animation, as well
as text and multimedia resources. All the resources are downloadable.

The course was started in March 2008 and a framework of research on the training
and syllabus is scheduled. Once the research has been completed, the analysis of the
learning material as well as improvements will be made.
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Abstract. In Lithuania, teaching and learning informatics in general education
has more than twenty years of history. Starting from a theoretical informatics
subject now we have a combination of using information and communication
technologies (ICT) while learning many subjects with some basic elements of
informatics (computer science). The general curricula of information technolo-
gies (IT) for lower secondary schools in Lithuania were essentially revised and
renewed. The paper deals with the goals and approach of introducing ICT into
general education. It discusses the competencies and values to be developed
while teaching and learning IT and with IT. The links with other school subjects
and the relationship between the compulsory IT course and the integrated parts
as well as optional modules are described. Educational standards on IT for
lower secondary schools are presented.

Keywords: ICT in education, IT curricula, teaching informatics, didactics,
educational standards for IT.

1 Introduction

The implementation Strategy of ICT into Lithuanian education for the years 2005-
2007 [11] states that modern technologies are penetrating more and more into educa-
tion, influence teaching and learning different disciplines, methodologies and the
whole process of education — a new stage of school computerisation is forming which
is qualitatively stronger. The Strategy has set out the analysis of introduction of ICT
into the Lithuanian education system, the mission of the strategy, the goals, the tasks
and the indicators for assessment of the progress. The objective of the Strategy is
integration of ICT into all levels of teaching and learning processes in order to im-
prove general education and vocational training in the Lithuanian education system.
Students as well as teachers must perceive an advantage of using modern technolo-
gies in the process of education: a breakthrough of ICT in the teaching process of
some subjects has been planned. While implementing these provisions one of the
main works is intensive development of ICT capabilities in the lower grades of sec-
ondary education, namely grades 5-10 (in the Lithuanian education system it is
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entitled as basic school). This is envisaged in the Strategy as one of the factors of the
breakthrough of ICT in the educational process.

Rapid penetration of computers and computer technologies in schools as well as in
other educational institutions, libraries and households forces a revision of the curric-
ula and educational standards prepared earlier [5, 6]. According to international and
national research data a lot of school-age children spend a major part of their time at
the computer. It becomes necessary to take the appropriate measures that would
enable to include ICT into all possible stages of education in order to form a qualita-
tively new phase of teaching and learning. The comparative study on ICT develop-
ment in schools suggested by UNESCO [1] identifies that Lithuanian schools are in
the transmission between applying and infusing approaches. The first one is linked
with schools in which a new understanding of the contribution of ICT to learning has
developed. The infusing approach is linked with schools that use a range of computer-
based technologies, teachers explore new ways in which ICT changes their personal
productivity, the curriculum begins to merge subject areas to reflect real-world appli-
cations. We would like to move towards the stage of understanding how and when to
use ICT tools to achieve a particular purpose. This stage is linked with the infusing
and transforming approaches in ICT development. It is expected that after the revision
of the IT curricula it will turn to be more helpful in forming the learning pattern of life
in school and will encourage moving towards holistic general education.

The teaching of informatics has a profound tradition in Lithuanian schools; a rich
experience in the field has been accumulated. The model of compulsory course of
teaching informatics in upper secondary schools (grades 11 and 12) has been devel-
oped [4]. After some time the compulsory teaching of the subject “began to shelve
down” — into grades 9 and 10 [2, 3]. One of the main tasks posed in the Strategy on
implementation of ICT into Lithuanian education is to teach younger school-age chil-
dren to use ICT. This task becomes natural and important in order to improve and
modernise the whole education. The objective goes even further: ICT must penetrate
more and more deeply into the educational process and become an inseparable part of
the educational content.

Internet and usage of mobile communications became everyday tools. It is impor-
tant to create conditions for the students to satisfy their modern learning and self-
education needs. It is necessary to seek that children could develop their information
skills and find material suitable for versatile learning, that teachers would advise what
to use and how, would relate the academic knowledge with the interests of students
and the social needs [9].

As it is pointed out in the UNESCO recommendations, the content of the ICT
course in schools has an extremely important role [1]. If the main competencies of the
last century were regarded as a combination of “three R” — Reading, wRiting, aRith-
metics — our time invites us to search for something fundamental and necessary. An
IT course emphasizes three main parts: information search, text processing, and work
with numerical data. These three are relevant everywhere and for everybody. Conse-
quently, these are the things that should draw the main part of an IT school course
compulsory for all pupils [3].
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With regard to the changed role of the ICT as well as with respect to the needs of
pupils and school communities the curricula — general programmes — of all subjects in
lower secondary schools (grades 5-10) were substantially revised and renewed. There-
fore, the new IT curriculum for lower secondary schools was developed and approved
by the Ministry of Education and Science of the Republic of Lithuania [7].

2 IT Curricula: Competencies and Values to be Developed

The main purpose of an IT course for basic education is to direct the technological
knowledge and abilities of students towards better understanding of the computer
possibilities and application, development capability and the desire for co-operation
not only within the school community and the family but also with students all over
the world. ICT suggest especially extensive opportunities for the development of the
everyday intellectual activities of students promoting continuous personality devel-
opment and co-operation in order to develop independence, for continuous search of
knowledge and processing of information, for planning of everyday activities, form-
ing logic and systematic thinking.

The fundamental objective of teaching IT is to create conditions for the students to
acquire skills, knowledge and experience in usage of modern technologies and to
relate this to improvement of the learning process of students and their integration
into life in the knowledge society. When implementing this objective, the goal must
be that students acquire the basic ideas and concepts of IT, acquire skills that would
help them in their everyday activities and develop values. Computer literacy and in-
formation culture must be developed by each student, particularly stressing abilities,
skills, knowledge and experience related to the informational activities [7].

Students are being prepared for their future life as citizens of the information and
knowledge society who are capable of using the modern technologies and adapting in
the changing society and who are ready to improve their life-long professional skills.

In grades 5-10 of lower secondary school (basic education) the IT course is obliga-
tory. When implementing the IT curriculum the following goals must be achieved.
Students should:

— Apply ICT in all fields of their activities and purposefully learn;

— Expand diverse communication by using ICT;

— Be capable of using the opportunities provided by ICT while looking for informa-
tion, processing and presenting the information;

— Be capable of planning their activities, of creatively and purposively improvising,
and of trusting their strengths;

— Develop their curiosity related to innovations, be disposed to learn newer and
more efficient methods of activities and be interested in new technologies;

— While purposefully using ICT, be able to receive, sort, handle, transfer and accept
digital, textual and visual information.

Information education and encouragement to efficiently and properly use ICT
forms not only the computer literacy and skills of the modern work of students but
also, if the content and methods of education and self-education are properly
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prepared, develops their values. A teacher should help and encourage students to
flexibly and creatively use the advantages of modern technologies for improvement of
their everyday activities. The following fundamental values must be nurtured:

— Curiosity about innovations, disposition to learn newer and more efficient meth-
ods of activities, interest in modern technologies;

— Respect for the legal rules regulating information technologies;

— Respect for the norms of ethics and moral,

— Self-esteem and respect for others;

— Need to continuously improve the character and style of the personal informa-
tional activities;

— Trust in personal strengths, creativity, and responsibility for one’s actions;

— Abilities to work in a team;

— Abilities to communicate in the digital world.

If students became systematically familiarised with ICT starting with the lower
grades and the ICT were consistently integrated with different subjects and issues,
education of students on modern competences would qualitatively improve. Students
would more rapidly acquire competences necessary for better learning. ICT are very
effective when developing communicative, cognitive, working and practical abilities
and competences, thus the main abilities and competences were pointed out when
developing the IT curricula for lower secondary schools [7].

Communicative abilities and competences:

— to be able to maintain civilized communication using different ICT tools and tech-
nical equipment;

— to correctly use the main terms of computer and information technologies, to be
able to explain them, and to understand their meaning.

Cognitive abilities and competences:

— To be aware of the significance and importance of ICT to the continuous change
of the modern society and cultural development;

— To see ICT relations in the analyzed processes;

— To apply the acquired knowledge in ICT when learning different school subjects;

— To associate the acquired knowledge in ICT with the existing life experience and
to apply it in solving real-world problems;

— To be capable of recognizing and applying the acquired knowledge when using
new computer tools.

Working and practical abilities and competences:

— To be aware of the purpose and the principles of computer technologies;

— To be capable of using the basic software for processing information;

— To use the computer aids in order to improve learning;

— To develop systematic, structural and critical thinking and to take decisions;

— To be capable of searching information according to the set goals;

— To analyze, critically evaluate, and summarize information and to convey it to
others.
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3 Didactic Provisions

One of the essential features of the IT course in lower secondary school is orientation
towards the reasonable and purposeful application. It is important to show schools
how ICT change teaching and learning and assist in different subjects. This creates
one of the basic attitudes of organisation of information education — association of
ICT with the entire school life and all subjects. It is important to actively and mean-
ingfully apply modern ICT in lessons of different subjects. ICT methods may also be
applied for modelling of natural and social phenomena and performing technical and
humanitarian research. Integration of ICT and their inclusion into the courses of dif-
ferent subjects is in essence the development of the style of information activities.
Thus the goal of association of ICT with practical activities is implemented: when
teaching IT, priority is attached to practical information activities and work with
different technologies.

It is important to apply various forms of communication in the class (discussions,
considerations, short presentations), to prepare papers, summaries, annotations, to use
different sources of information (books, video and audio records, CDs, databases etc),
to use the computer when calculating, writing or illustrating essays, or visually
presenting data.

It is very important to use ICT for development of creativity, curiosity, skills of
purposeful activities not only during the lessons on information technologies. In this
respect the project preparation method is especially worthwhile. Opportunities for
application of ICT allow students to carry out projects on any topic interesting for
them. Thus the learning motivation is strengthened and practical and differentiated
teaching of IT is implemented. It is important to try to complete projects and not to
stop after making initial mistakes — to correct them, to improve the work until the goal
is achieved. This is important both for development of abilities to achieve the goal
and for cultivation of the sense not to be afraid of mistakes and to have self-
confidence. Common projects of the students’ team should be encouraged and skills
of collective work, its planning, and distribution of works should be developed. The
project preparation method enables natural integration of different topics. In addition,
it implements the most relevant didactic aspect, meaningful learning. Bigger or
smaller projects of all disciplines should be very carefully co-ordinated in order not to
overload pupils with the project works.

It is very important to teach to create open projects, to prepare them structurally, to
plan, to start from simple problems and then step by step to learn solving more com-
plicated ones, and to encourage common projects of several subjects in order to relate
different knowledge about the psychical and the physical world surrounding us into
one whole.

New technologies are always related to the abundance of new words. The computer
field has especially many terms. One of the main aspects of education in general
school is nurturance of the Lithuanian language. It is necessary to follow the devel-
opment of computer and information technologies’ terminology, to use correct terms,
to avoid slang.

While using modern technologies, certain legal regulation of human relations re-
lated to information is forming. It is necessary to implant into students respect for the
legal norms regulating information technologies, for example, copyrights, to provide
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information about the rights of a person to receive data about him or her and so on.
Whereas the internet is more and more significant in social life, it is essential to give
permanent attention to the social and ethical aspect of information usage.

4 Description of the Curriculum Implementation Model

One of the fundamental tasks of the Strategy for the Introduction of ICT into the
Lithuanian Education is to seek implementation of information technology skills in
lower grades of basic education. Several levels of teaching of this course are differen-
tiated: (1) Initial cognitive usage of information technologies; (2) Partial integration
of information technologies; (3) A separate course on information technologies.

The cognitive course prevails in grades 1-4 of primary education. The general cur-
riculum of primary schools seeks naturally, without special accentuation, to show the
child a variety of forms of information, to create an opportunity to experience and
manipulate them. On the stage of primary education, integrated education on IT
should dominate. Schools may at their own discretion propose to children optional
after-school activities related to IT or similar forms of education.

During the lessons of the mother tongue, mathematics, music and art, students
acquire an elementary perception of language, alphabet, sounds and letters denomi-
nating them, quantity and numbers denominating it, sentences and mathematical sym-
bols, other tools for expression of images and sounds, their internal order and rules
of use. Rational usage of books and other sources of information along with the
familiarisation with the computer starts.

The curriculum on IT for lower secondary schools is aimed at co-ordination of a
separate course on IT with application of these technologies for different purposes
and partial integration is performed. Usage of IT is especially recommended during
the lessons of Lithuanian and foreign languages, art, mathematics and natural history.

The education programme of lower secondary schools, starting with the fifth grade,
includes a separate course on IT, a part of which will be integrated with other subjects
in the future.

It is proposed to appoint a total of 68 hours in grades 5-6 for the course on IT and
34 hours integrating IT with other subjects. Integration with art (topic “Drawing with
the computer”) and mother tongue as well as foreign languages (topic “Internet and
electronic messages”) is suggested. The analysed topics are directly related with the
aforementioned things. Nevertheless, other things are also recommended, particularly
the project activities combining several subjects.

34 compulsory hours and 68 integrated hours for IT are suggested in the course
designated for grades 7-8. Integration with other subjects is recommended, for exam-
ple: mother tongue (topic “Creation, editing and publishing a text document”), art
(topic “Preparation and demonstration of presentations”, subtopic “Elements of de-
sign in the Web pages”) and mathematics (topic “Elements of table preparation”).
Teaching of other subjects using ICT during the lessons or after-school activities is
also encouraged.

The course on IT in grades 9-10 is aimed at summarising and systematising
students’ knowledge, to purposefully use their skills, drawing attention to the right
application of the technologies and their legitimacy. For those who wish to grasp the
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principles of computer work and its management, an optional module on algorithms
shall be proposed (at the moment it is included in a compulsory IT course). For the
course on IT in grades 9-10, 34 obligatory hours, 17 optional hours and 17 integrated
hours are recommended. The IT course designated for grades 9-10 is more specific,
intensive and requires systematic summarisation of knowledge.

Once again it should be stressed that the proposed integration of lessons is relative.
If a school has other teachers who effectively apply ICT during their lessons or other
educational activities, part of the integrated lessons should be allocated to these sub-
jects. For example, part of the lessons on the topic “Internet and electronic messages”
may be integrated with geography, biology or history subjects, the subtopic “Simple
formulas” may be integrated with physics or chemistry.

Integrated lessons may be conducted commonly by teachers of both IT and main
subjects, at least in the beginning. It is essential to carefully consider the course of a
lesson or a cycle of lessons, to co-ordinate actions, to envisage the specific tasks.
Thus, only the knowledge of the lesson may be efficiently conveyed, the respective
skills of pupils properly developed and knowledge delivered. A teacher of IT, when
communicating with teachers of other subjects, will be able to envisage what skills
are necessary for students in the lessons of other subjects. Recording all tasks per-
formed by students into CDs or other storage is recommended so that a student can
supplement his or her computer folder (portfolio).

IT lessons, both separate and integrated, shall be conducted in the computer labs.
During the practical trainings the work should be performed using different software:
keyboard simulators, systems developed for preparation of texts and graphical mate-
rial, students become familiar with the internet, e-mail, searching on the Web, funda-
mental concepts of the computer, etc. Application of educational aids developed for
teaching different subjects is especially recommended.

Distribution of the curriculum implementation model according to the years and
the planned number of hours per week is presented in Table 1.

Table 1. Gradual change of IT subject in lower secondary schools

School 5% grade 6" grade 7™ grade g™ grade 9ot grade 10™

year grade

20052006 1 OB 1 OB 1 0B

20062007  10B 1 0B 1 OB + 10B
0.5IN

2007-2008 1 OB + 1 0B + 1 OB 10B + 1 OB
0.5IN 0.5IN 0.5IN

2008-2009 1 0B + 10B + 10B + 1IN 10B + 1 OB
0.5 1IN 0.5IN 0.5IN 0.5 1IN

2009-2010 1 OB + 10B + 10B + 1IN 1 OB + 10B
0.5 1IN 0.5IN 0.5IN 0.5 1IN

20102011 1 0B + 10B + 10B + 1IN 1 OB + 1 0P
0.5 IN 0.5IN 0.5IN 0.5 IN

OB - obligatory IT course; OP — optional IT course; IN — integrated IT course.
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Starting with the school year 2005-2006 one hour per week of an IT course ap-
peared in the fifth grade, in school year 2006-2007 the obligatory course on IT was
conducted both in grades 5 and 6 as well as in grades 9-10. Starting with the school
year 2007-2008 the obligatory course on IT is conducted in all grades of lower secon-
dary schools (5-10). Integrated courses appear gradually in grades 5, 6 and 9. In grade
10 a test for students on computer literacy is arranged [10].

The new model will completely enter into force starting with the school year 2010-
2011. Then the tenth grades will not have the obligatory IT course — only optional one
consisting of several elective modules. The modules should introduce various basic
aspects of informatics to students, by “bridging the gap” between fundamentals and
the dynamic world of computing [8]. Programming is an important and purposeful
activity, therefore it is planned that at least one optional module for programming
should be presented to grades 9-10 (Table 2).

Table 2. Optional IT course: programming module

Grades 9-10 Basic topics
Elements of algorithms Conception of algorithm, ways of writing
and programming Programming languages, compilers

Preparation of algorithms, coding and running the program
Dialog between program and user

Entering and output of data, printing formats

Main actions of algorithms: assignment, loop

Simple data types

Stages of program development

Control data and correctness of program

Programming style and culture

Simplest algorithms and their programming

The IT course for upper secondary grades 10-12 is being essentially revised. Sev-
eral optional modules, mostly oriented to the requirements for study courses in higher
educational institutions, are being developed.

Since the number of computers in schools is increasing, schools have faced prob-
lems on practical application of education on ICT; this can be particularly said about
their integrated usage in different fields of activities of teacher and student.

S Educational Standards for Information Technology

Educational standards for IT describe the results of learning — basic knowledge and
skills — which have to be acquired by the majority of students who have completed the
respective grade. The standards are developed for students, teachers, and managers of
educational institutions. The standards are oriented towards the values of information
technologies, abilities, knowledge and skills which are essential for a citizen of mod-
ern society and which are intended to be conveyed by the obligatory course on IT and
by supplementary training, in the event a school (a school council) thinks that it is
worth creating conditions for a major part of students to seek better results.
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For the meantime the educational standards just to grades 5-8 are prepared
(Table 3). After wide discussions between experts, schoolteachers and schools agreed
on seven topics for learning and using IT: one of them concerns just grades 5-6, two

concern just grades 7-8.

Table 3. Educational standards: student abilities

IT topics Basic abilities for grades 5-8

Working with the To be capable of using a computer.

computer To understand and apply hierarchical structure of information stor-
age in the computer.
To know and regard the copyrights of software and products de-
veloped using computers.

Drawing with the To be able to use the main drawing tools and to independently cre-

computer ate a picture.

(only for grades 5-6)

To perform the main actions with a picture (copy, cut, rotate, flip).

Creation, editing and
publishing a text
document

To be able to prepare a text document.
To be able to prepare a text document for printing.

Internet and
electronic messages

To know at least one search engine and to use it when searching for
information, according to a word or group of words.

To know the main ethical principles of information usage and com-
munication in the computer networks.

To read, write, and send electronic messages with attachments.

To be aware of the risks of viruses and to know tools protecting the
computer information from viruses.

To be able to connect to chat sites and to communicate in them.

Design and modelling

To be able to consider and prepare a project: drawing or animation.
To understand the main actions (repeating, description of new
commands, usage of variables) and to be able to apply them.

To be able to create algorithms for drawing geometrical shapes.

Elementals of table
preparation
(only for grades 7-8)

To make simple tables using a spreadsheet. To process simple sta-
tistical data using a spreadsheet. To be able to make charts from a
data table.

Preparation and
demonstration of
presentations

(only for grades 7-8)

To know and be able to use the advantages of programs for making
presentations.

To know the main requirements for the structure of presentation.
To be able to demonstrate and comment on the presentation.

The educational standards were based on the fundamental level for grades 6 and 8,
which is the main level of information literacy describing good results on the subject
sufficient for further successful learning (Table 4). This level should be achievable by
the majority of students. After achieving it, students must perceive the basic concepts
and terms of information technology, be able to use ICT when performing practical
tasks according to the provided instructions, and be able to formulate conclusions and
summarise the knowledge they have.

The educational standards are formulated in a way that the achievements can be
easily measured. Blind and straightforward teaching, when teachers merely follow the



302

V. Dagiené

requirements described in the standard, should be avoided. Therefore, continuous
work with teachers is needed. They should understand the didactic provisions and
teaching methods. The educational standards are just a landmark for the development

of students’ skills.

Table 4. Educational standards: student achievements that should be reached in grades 6 and 8

IT topics

Achievements in grade 6

Achievements in grade 8

Working with
the computer

Uses keyboard, mouse and printer.

Can use simple software and educational
programs.

Finds and runs familiar programs.
Chooses necessary storage device, disk,
directory or file.

Creates a directory, rename or remove it.
Can control program windows: open,
close, minimize, maximize, and use the
scroll bar.

Knows the main tools for health safety of
those who work with computers.

Knows ways of opening the main pro-
grams and files.

Can apply hierarchical structure of in-
formation in the computer for storage of
products.

While working in one program can copy
objects (fragments of text, pictures) and
edit the copies.

Can transfer fragments of documents
prepared from one file to another using
different programs.

Performs actions with objects: creates,
removes and applies formats.

Describes the copyrights.

Drawing with
the computer
(only for grade 6)

Can find and run a simple program for preparation of

graphics (drawings).
Opens existing drawing file.

Saves the created drawing into the storage device.
Uses different drawing tools: pencil, paintbrush,

eraser, tool for drawing geometrical shapes.
Can change the properties of drawing tools.

Uses tools for drawing curves.

Can copy or cut the necessary part of the picture to

insert it into other place.
Can change the size of the inserted copy.

Performs symmetric transformations (rotates, flips).

Creation,
editing and
publishing a
text document

Uses the keyboard levels, chooses a key-
board of the required language.

Opens and closes the text editor.

Opens a text file, creates a new document
and saves it.

Types a simple text using the keyboard
following the rules for text writing.
Chooses a proper font, its style (bold,
italic) and size.

Recognizes the main elements of the text
— symbol, paragraph and heading — and
can change their formats.

Can keep evenly aligned (formatted)
paragraphs.

Copies and cuts a fragment of text, inserts
it into other place.

Can insert images into text.

Prepares a small document for printing.

Can describe how to prepare a more
complicated document.

Can set the margins of a page.

Can select the necessary fragment of a
document and copy (insert), remove,
move and format it: change the font and
its style, size, color.

Can change the spacing of text and use
subscript, superscript, underlining ef-
fects.

Can set the language of text and use the
spelling tools.

Can find the necessary word and phrase
in a text and change it into another using
the text formatting tools.

Knows the main rules for computer
document layout and applies them in
practical work.

Knows the text formatting and layout
concepts.
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Table 4. (continued)

Internet and
electronic
messages

Finds and runs the browser.

Uses the main menu items of the browser.
Uses the Internet to search for
information.

Can download the necessary document
or image from the Internet.

Describes the main ethical principles of
information usage in the networks and
risks of the Internet.

Reads, writes and sends electronic mes-
sages. Encloses an attachment to the
message (file).

Is aware of the risks of computer viruses
and names several tools which help to
avoid viruses.

Communicates in the chat sites following
the principles of ethics.

Understands the hierarchical principle
of making the Internet address.
Performs a search for information, if
necessary using not only the main but
supplementary keywords.

Applies other options in the search en-
gine.

Finds, saves, and uses different informa-
tion (textual, graphical, video, audio).

Design and
modelling

Can draw by using several technologies:
stamping, photographing.

Can use drawings created using other
graphical programs.

Explores behavior of object using the
simplest programs.

Can create objects (for example, program
buttons).

Can distinguish serial and parallel actions.
Understands principles of animation, can
use moving objects in his or her projects.

Understands the purpose of programs,
procedures and can present examples.
Can perform the main actions, such as
repeating, case selection.

Understands the concept of variable and
can use it.

Can use procedures and their parameters.
Reads and understands the simplest
recursive algorithms.

Creates simple geometrical algorithms,
uses procedures with parameters.

Can plan and complete a geometrical
drawing.

Elementals of
table preparation
(only for grade 8)

Knows the main concepts of the spreadsheet: cells, their co-
ordinates, address of the cell.

Can create simple tables using the spreadsheet and do the
necessary formatting.

Can enter, change and delete data in the tables.

Can select and delete columns and rows.

Applies the simplest

formulas of addition, deduction, multipli-

cation and calculation of mean and can correct and copy them.
Processes simple statistical data using the spreadsheet.
Can make bar, pie and column charts from a data table.

Preparation
and
demonstration of

presentations
(only for grade 8)

Can use the program to make presentations and independently
creates a presentation.

Can set the desired type of slide and change it if necessary.
Can choose the background color and fill in for a slide.

Can choose a design

template, apply and correct it when

preparing a presentation.

Can insert a copied text, picture, and table into the slide.
Knows the main requirements of the logical structure of the
presentation and follows them when working independently.
Can demonstrate and comment on the presentation.

6 Discussion and Conclusions

Teaching and learning with ICT is one of the main concepts in Lithuanian general
education. Starting from the small separated course of informatics in schools we
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gradually improved provision of computers for schools, installed computer networks,
taught teachers, created educational aids, made revision of the IT curriculum, elabo-
rating and changing it several times.

To obtain holistic education and learning, based on ICT (UNESCO names it as
transformation approach), we gradually have to plan our steps and foresee the sustain-
ability of various measures and actions. No matter how strong our desire is, we cannot
impetuously pass from the academic teaching of separate subjects to integration. It is
even more complicated to form the learning pattern of life and culture in school. In a
limited number of schools these aims could be implemented in quite a short time, but
we are seeking for the changes in the whole country, in all or almost all schools.

Therefore the gradual model of IT teaching and use in grades 5-10 was prepared.
The separate IT course is being combined with the integration of ICT into other sub-
jects. Furtheron the optional modules are being formed.

The model covers the competences and values of students to be developed as well
as it introduces the didactic provisions. It took much time to agree on the main fields
of IT teaching and the basic abilities. The described educational standards were pre-
pared after long discussions with teachers and policy makers. It is not supposed that
they are already perfect, certainly not. However, they provide general directions for
ICT teaching and learning in schools.
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Abstract. The aim of our research project called DidaTab — Didactics of
Spreadsheets — is to get a more comprehensive picture of ICT uses in French
schools and to obtain a better knowledge of students’ spreadsheet competencies.
The exploratory study of curricula and practices shows very sparse use during
secondary education. To achieve a more precise estimation of what students can
do with spreadsheets, we identified detailed competencies and designed com-
puter performance tasks to serve as a basis for tests. The analysis of the results
of a few groups indicates that in most cases students’ knowledge and skills are
rather low. A deeper investigation of students’ work shows close links between
lack of confidence with spreadsheets and lack of knowledge in mathematics and
informatics.

Keywords: ICT competencies, informatics curriculum, spreadsheet software,
computer tests.

1 Introduction: From ICT to Spreadsheet Focus

In many European countries, ICT is included in the prescribed curricula (see for ex-
amples, Eurydice [5] p. 24), but very few data about effective practices in classrooms
and ICT competencies of students are available. National or international surveys
have been carried out in order to evaluate ICT competencies: PISA Feasibility Study
[8] ECAR [7], Eurostat [4]. Various indicators have been identified, including the
ability to use professional software: word processing, spreadsheet, communication,
web searching.

Concerning spreadsheets, several surveys indicate significant variations in their use
by university students. In a survey carried out in 2004 for EDUCAUSE by Kvavik &
Caruso [7], students declared that they spent 2 hours per week on average “Creating
spreadsheets or charts (Excel, etc.)”, but, they ranked themselves at a lower level of
skill with applications like Excel than Word. In Australia, in a survey of students en-
rolled in first-year units at his university, Lim [9] found that a significant proportion
of them — 9% to 18% — report “having no knowledge of spreadsheet skills”.

R.T. Mittermeir and M.M. Systo (Eds.): ISSEP 2008, LNCS 5090, pp. 305 2008.
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Spreadsheet programs have often been mentioned as a key component of ICT liter-
acy [12]. Spreadsheet competencies are often demanded in job requirements and
appear in many vocational schools programs. Pemberton and Robson [11] pointed out
the importance for companies of their employees' spreadsheet skills. Moreover, some
famous and big companies seriously wonder about costly errors made in spreadsheet
files that are manipulated and designed by their employees [10], [3]. These questions
have been under debate since the earlier 90's in a community of firms and researchers,
called the European Spreadsheet Risks Interest Group (see http://www.eusprig.org/).

So spreadsheets seem to be a focus of interest in several countries and we decided,
three years ago, to launch a research project called DidaTab - Didactics of Spread-
sheets [1][2]. Considering that it is not meaningful to take into account ICT as a
whole, we focused on spreadsheets.

Studying the use of spreadsheet software is particularly interesting. It covers a
large range of uses and functions: spreadsheet design, calculation, data graphing, data
record-keeping. Moreover, the programming side of spreadsheets is often hidden but
undeniable. Tabulating data and implementing dynamic calculus need to master data
types, variables, operators, functions, references... that are all basic programming
concepts. As a consequence, looking at spreadsheet competencies may give interest-
ing indications of general competencies in informatics.

Our aim in this part of the DidaTab project was to identify these general spread-
sheet competencies and estimate how far they are developed by high school students.

In this paper, we first present the spreadsheet competencies we identified and the
performance tasks we built as materials for computer tests. In order to investigate stu-
dents’ skills and knowledge more deeply, we then focus on case studies, extracted
from the DidaTab Project. We explore the results of 4 tests designed for specific
student groups. We show the main results. We finally discuss what a deeper analysis
of students’ interaction with spreadsheet software reveals about their knowledge of
spreadsheet and the links with mathematics and informatics.

2 Spreadsheet Uses and Students’ Competencies

In the current state of French education, ICT appears explicitly in the prescribed cur-
riculum for junior high school (grades 6 to 9)', in the so-called “technology” classes.
It is a subject among others, in a course that takes only one hour period per week.

For most of high school students (grade 10 to 12), the basics of informatics, like
programming, systems, etc. are not taught at all. Some specific parts of informatics
are only introduced in the technological stream, like databases in management or pro-
gramming in engineering. Most of the time, informatics is encountered by way of
computer applications that are considered as tools to be used in the context of a par-
ticular subject matter. As a consequence, spreadsheet software appears only in some
classes: mathematics, physics, chemistry, biology, geology, economics, engineering,
management...

! Remember that education is compulsory until the age of 16, corresponding to grade 9.
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2.1 Spreadsheet in the French Curricula

In order to get a better view of the place given to spreadsheets in the curriculum, we
choose a set of classes in which we assumed that spreadsheets could be involved in
teaching or learning. For each of these 10 classes, we analyzed the official instruc-
tions (the planned curriculum) and the most important educational resources
(textbooks and websites). These analyses were completed by interviews of 29 teach-
ers and 70 students about their uses of spreadsheets at school and at home, (see [13]
for details).

In junior high schools, spreadsheet skills are taught at grade 7 as an introduction to
ICT, in the “technology” classes, for a total amount of about 15 hours. Teaching is
done through practical activities with computers and most teachers use activity sheets
that focus on basic functionalities and elementary skills.

In senior high school, spreadsheets are considered as a tool among other software
applications which can be used to organize, sort and present data, to make simple cal-
culations and display graphs or charts, depending on subject matters, but in most of
the official texts, the use of spreadsheet is only recommended and the recommenda-
tions put the emphasis on the competencies rather than knowledge.

As a result, very sparse uses of spreadsheet during secondary education can be
observed, except in some specific streams like management.

Interviews with students have shown very sparse spreadsheet uses outside of
school. This demonstrates the importance of what school can offer in this domain. But
interviews of teachers reveal their difficulty in using spreadsheets during school time.

This raises important questions about students’ practices and competencies: How
do they manage with activities involving spreadsheets? What do they learn from these
activities? And, at the end of high school, what are their final competencies?

2.2 Spreadsheet Competencies

Most surveys on ICT competencies are based on self-assessment techniques whose
major drawback is that users largely over-estimated their own skills. To investigate
spreadsheet competencies of high school students, we preferred working on a method
based on the analysis of students’ productions in situations where they are asked to
perform specific tasks involving spreadsheets.

This type of analysis implies that: (i) spreadsheet competencies are explicitly
stated, (ii) tests related to these competencies are produced, with the objective of in-
vestigating how deep students’ knowledge about spreadsheet concepts is and whether
they are able to perform tasks involving these concepts.

Use of spreadsheets in high schools mainly consists of making simple calculations,
graphing relations between variables, displaying business forms and charts, selecting
and sorting data, and, for some students, doing statistics or performing financial cal-
culations. To reach this level of mastery, students have to acquire general software
competencies but also more basic and domain-independent spreadsheet knowledge
and skills.

Available documents that could be used to identify general spreadsheet competen-
cies are very scarce. The most comprehensive one is the module 4 of the European
Computer Driving License Foundation (ECDL) Syllabus which is declined in two
versions, basic and advanced. But the phrasing of the syllabus is too close to the
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performance tasks associated with spreadsheet and could not easily be transformed to
produce indications for designing general skills and competencies.

Starting from a previous work of Vandeput and Colinet [14], we identified a set of
basic spreadsheet skills taken from what is taught in general training for beginners,
and what we have seen about spreadsheet uses in high schools.

Every skill is described as a specific ability to use basic features to perform general
but simple tasks. Based on these elements, the whole set of 87 basic skills is organ-
ized in 5 main categories and 23 sub-categories as follows:

1. Cells and Sheets Editing and Formatting. This category covers: select and edit
cells, format data types, copy and paste values, and autofill. With 22 skills listed,
this category is a basis for most of the others because it contains all basic manipu-
lation of the objects displayed in a spreadsheet.

Example: “Copy the value of a cell or a range of cells”

2. Formulas. This category covers: write a formula with operands, operators and
commonly used functions, relative and absolute referencing, use of auto-fill effects
on referencing, identify errors. This category that contains 24 skills is the core of
spreadsheet development.

Example: “Write a formula with mathematical functions”
“Use the effect of autofill on cells referencing”
“Translate a calculation described in natural language into a formula”

3. Graphs and Charts. This category covers: create a graph of data from one or two
series, use the main available types of graphs, edit graph display features. It con-
tains 13 skills.

Example: “Graph data with a suitable chart type”

4. Data Tables. This category covers: sort a table by one or more levels, filter a table,
search a table, extract from a selection. It contains 15 skills.
Example: “Choose a criterion to sort using one key”

5. Modeling. This category covers: identify cell status, organize values and calcula-
tion, structure for printing. It contains 13 skills. It is the most difficult to develop
because it deals with high level abilities which are often dependant of the domain
of application of the spreadsheet, like accounting, business or communication.
Example: “Differentiate values obtained by formulas from others”

In the definition process, functionalities which were too specific, like financial
functions or solver were deliberately put aside because they have been designed to
meet specific professional requirements (accounting) or scientific needs (statistics).

Describing what students may know about spreadsheet in terms of skills implies
also a minimum knowledge of concepts. For instance, “write a formula with mathe-
matical functions” requires knowing the syntax of formulas, the references to cell
value and also the existence of basic mathematical functions.

3 French High School Students’ Competencies

To assess competencies, the idea was to develop a series of various tests made of typi-
cal performance tasks. Each test is built for a particular group of students enrolled in a
particular stream, general, technological or vocational. To be able to allow compari-
sons, the design of tests follows a general framework. We will first focus on
computer-based performance tasks and then on tests.
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3.1 Performance Tasks

In a typical performance task, students are given a spreadsheet that contains data
taken from a very simple real life example. They have to either change or transform
the appearance of the given spreadsheet (enlarge a column, bold some cells, sort col-
umns), or make calculations from data, or create new objects like charts or tables.

Each task is related to a limited number of skills, typically from one to three, all in
the same category.

A collection of about 100 performance tasks has been built to serve as a basis for
building tests. The general objective was to have several performance tasks of various
difficulties available for assessing one skill.

Fig. 1. Task fmb-40 - To change the display format of a decimal number. Assessed skill is
“Display formats for each category of data: numeric, date/hour, text”.

Fig. 2. Task ft-28 - To write the sum calculation of a vector. Assessed skills are “Write a for-
mula with mathematical functions”, “Use cell reference relatively to the current cell”.

Fig. 3. Task fmb-14 — To calculate a tax using absolute reference. Assessed skills are: “Use cell
reference relatively to the current cell”, “Use absolute cell reference”, “Use the effect of auto-
fill on cells referencing”.
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A B C ] E
The table below gives the number of points

1 obtained by candidates during a competition.
Display the table such that the best candidates

2 appear at the top.

El

4 Name Points
5 Alexia 317
6 Arno 285
7 Chloe 109
8 Ely 484
a Emilie 508
10 Gregory 459

Fig. 4. Task ft -17 - Simple sort. The skill is: “Choose a criterion to sort using one key”.

The analysis of students’ productions in tasks related to a particular skill should
provide enough elements to assess this skill. The small number of skills involved in a
particular task should facilitate the analysis of students’ responses, reducing the range
of possible interpretations. Some examples are given below (Fig. 1 to 4).

Students may think of various solutions and apply several techniques to perform a
task. The variety of solutions provides interesting indicators of the level of knowledge
of the student and of her or his understanding (or misunderstanding) of spreadsheet
concepts and functionalities. For instance, in the task on Fig. 2, foreseeable solutions
for a formula giving the expected result may include: constant values or cells refer-
ences, SUM function or “+” sign, or any combination of these options.

3.2 Tests and Skills

During the 2006 and 2007 school years, 12 different computer tests have been de-
signed. Each test was administrated to a separate group of students belonging to the
same class, giving a total of 241 tested students. We report here on the results of 87
students, belonging to 4 groups listed below:

e 22 students at the end of junior high school, in a general stream of study,
aged 15, code JG

e 30 students at the beginning of senior high school, in a general stream of study,
aged 16, code SG

e 22 students in the middle of senior high school, in a “Humanities” stream of study,
aged 17, code SH

e 13 students at the end of vocational school, in a “Business” stream of study,
aged 18, code SV

Students may have very few uses of spreadsheets, and some of them may be spe-
cific to their curricula. Thus, it is more appropriate to build one specific test per
group, than to use the same test for all groups. In that way, each test was designed in
order to be consistent with the estimated level of skills of students and to allow dis-
criminating among respondents’ skills.

Each test lasted one hour and included 8 to 10 performance tasks that cover all the
categories of skills with various levels of difficulties (See exact distribution in
Table 1). See [13] for a detailed description of the methodological framework and
tools used for test design.
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Table 1. Tests Composition — Number of Tasks per Skill Categories

Category \ Test JG SG SH SV
1. Editing Cells and Sheets 2 1 2 3
2. Writing Formulas 4 4 5 4
3. Creating Graphs 1 1 1 1
4. Managing Tables 1 1 1 2
5. Modeling 0 1 0 0
Total 8 8 9 10

Students had to work directly within a given spreadsheet file and to record their
work at the end of the test. Collected data include: students’ recorded files, direct ob-
servations of working students, and, for some cases, automatic video screen captures.

3.3 Low Competencies, Teacher and Stream Effects

First, we will report on the achievement of skills and, in the following section, on
some particular concepts. Table 2 reports, for each test, how many students achieved
the most important skills. Results are grouped by sub-categories of skills.

Students succeed rather well in tasks linked to the “formatting cells” category
(Table 2, row 1). More precisely, 100% of them succeed in formatting tasks like italic
and bold, but less than 100% are able to change a column width. These tasks concern
superficial manipulations of spreadsheet objects that do not need specific knowledge.

The success rate decrease slightly when the tasks require more understanding of
spreadsheet objects and functionalities, as is the case for tasks concerning graphs and
tables (Table 2, 3 lower rows).

Most of the students are able to create a bar graph, the default graph type in spread-
sheet software, but very few of them are able to choose another type of graph, like pie
chart or scatter plot, when it is more suitable.

The success rate is lower for tasks on data sorting (less than half of students). Note
that the sorting task was not obvious (see Fig. 4): a decreasing sort on a criterion
based on the values of the second column of the given table.

Table 2. Tests Success — Number of students achieving skills>

Sub-Category of skills JG SG SH SV
Number of students| 22 30 22 13
1.1 Formatting cells 22 - 22 10
1.2 Displaying numbers (format) 4 18 17 1
2.1 Writing simple formulas 9 30 22 2
2.2 Using cells reference 9 28 22 2
2.3 Using basic functions 3 3 6 3
2.4 Using absolute reference - 9 10 0
3.1 Creating a bar graph 14 25 22 4
3.2 Choosing a suitable graph 0 3 8 -
4.1 Sorting out data 10 19 13 6

% The “~ sign means that we collected no information on this skill.



312 F. Tort, F.-M. Blondel, and E. Bruillard

These tasks are more discriminating among the different groups’ results. Junior
high schools students (JG) and vocational students (SV) have lower success rates,
than senior high school students in both “general” (SG) and “humanities”(SH) groups.
These students have certainly already done such tasks at school.

But the more discriminating tasks are those which test formula writing skills. Tasks
related to the skills of the sub-categories “Writing simple formulas” and “Using rela-
tive cell references” (for instance writing “=A2*C1”), are well performed by a
minority of the junior high school (JG) and vocational students (SV), respectively 9
out of 22 and 2 out of 13 (Table 2, rows 3 & 4), when all senior high school students
succeed in it. This gap between groups is similar to the one observed on tasks con-
cerning display format of numbers (Table 2, row 2), where students were asked to
display a decimal number with a fraction format.

The explanation may partly rely on lack of competencies in mathematics, as al-
ready shown in [6] for the vocational stream students. However, other competencies
may be implied. Students in the “Humanities” group (SH) are able to write syntacti-
cally correct formulas, even if they have mathematic difficulties. For instance, when
they are asked to write the calculus of an increase of a given rate (a formula like
“=C10%*1,043”), 19 out of 22 students write formulas which are syntactically correct,
even if 7 of these are mathematically wrong

Some differences can also be explained by the teacher’s attitude and practices. For
instance, students in the “Humanities” group perform rather well, perhaps unexpect-
edly, in formula writing, because their maths teacher often use spreadsheets in class.

Finally, all students have low performance on skills that require a deeper knowl-
edge of the core of formula writing: functions and absolute cells references (Table 2,
rows 5 & 6).

More precisely, very few of them use the SUM function, even if the situation sug-
gests it. Table 3 reports on the students’ use of functions and operators. The figures
indicate how many students used the SUM function (row 1) or the + operator (row 2)
for the task ft-28 (See Fig. 2). In this task, because of the number of values to sum, it
is more appropriate to use the SUM function, but most of the students use the + opera-
tor, probably because they don’t know that such a function is available. The same
applies to problems involving other functions. For instance, when students are asked
to calculate the average of 4 marks, very few of them use the AVERAGE function
(row 3). Most of them write a formula where the sum is divided by a constant, like
“=(A14+B1+...)/4” or “=SUM(...)/4”. (row 4)

Table 3. Use of functions or operators for one task

Functions JG SG SH SV
Number of students 22 30 22 13
SUM function 2 0 6

+ operator 9 26 15 1
AVERAGE Function 5 0 7 -
+ and / operators 8 26 13 -
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The results show that these students don’t know what a library of functions is. Per-
haps they have already used the SUM function. But they probably don’t link it with a
set of pre-defined functions available for formula writing.

3.4 Diversity of Solutions, Underlying Knowledge

A deeper analysis of students’ productions gives interesting indications on their mis-
understanding, or lack of understanding of spreadsheet concepts and functionalities.

Confusion between display value and internal value: It is interesting to look at the
various solutions found by the junior high schools students (JG) on the task where
they had to change the display format of decimal numbers (see Fig. 1). 15 out of 22
propose a solution but only 4 produced the expected one: keep the actual value 59.042
in the cell and choose the “one digit after the point” option as display format. The 11
other students change the value of the cell. Some of them erase the digits after the
point, others change the position of the point. Some of them finally change the display
format. One adds tabulations before the value in order to get it truncated by the right
border of the cell.

Students in the “Humanities” group (SH), who have good results on this task (17
successes out of 22), hesitate in another task when they have to display a percentage.
17 give a correct formula to calculate the percentage (like “=B4/B9”). But they use
three different display solutions: “standard” display format option, add “*100” in the
formula, add a % sign at the end of the value in the cell.

These points show that these students cannot make a clear distinction between the
internal value and the displayed value of a cell, in relation to the format.

This confusion may be strengthened by the software’s behavior. In general, enter-
ing a value in a cell has two effects: to set the internal value and to set the display
format. For instance, entering “12%” in a cell sets the internal value to 0.12 and the
display format to percentage. This feature which has been designed to facilitate the
user’s work, cannot help the beginners to understand the underlying concepts and
functionalities.

Misunderstanding of what functions are: In section 3.3, we pointed out the fact that
students don’t know the library of functions. Some of their productions also show that
they do not understand what a function is. Indeed, several students, from 1 to 5 in
each tested group, have surprising non-standard uses of functions in formulas. They
mix function and arithmetic operators in such a way that the function is totally useless
(see Table 4).

Table 4. Formulas written by some students — useless functions and arithmetic operators

Formulas Comments
=SUM(A1+B1+C1) The used functions match with the calculus to be
=PRODUCT(B6*C6) done, but they are useless in the written formula
=SUM(D6-E6) Although the calculus is not a sum, the student
=SUM(C12*10) uses the SUM function
=PRODUCT(B6)*0.38 [Here the function is used in place of the first oper-
and of the * operator.
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It seems that these students do not clearly understand the meaning of a function
and do not know how to use it. They work as if any formula must begin with a func-
tion call. Because they don’t really know the syntax of the function, they fill it out
with expressions using operators, instead of cell references. For cases were the SUM
function is used, the error may have been encouraged by the “sigma” button, available
from the tool bars. A click on the button causes “=SUM()”’to appear in the selected
cell, with the cursor into the brackets ; the user has just to fill it out. As a conse-
quence, the students use the function as a skeleton to be filled out with the
mathematical operations.

This wrong use may be strengthened by the fact that no error occurs when they en-
ter their formulas. Indeed, all these formulas are syntactically correct and give a
correct result.

Inadequate selection of cells before an action: In some tasks, we have observed that
students obtain wrong results because they apply an operation to a wrong selection of
cells.

For instance, in a task were they are asked to graph a series of percentages given in
a column, the last figure being the total of 100%, 11 students in the SG group create a
graph including this last value (100%).

In another task, looking like ft-28 (Fig.2), students are asked to enter the calculus
of the sum after the last cell of the series. They are also asked to enter the calculus of
the average in the next cell. Some students calculate the average of the series of data
including the sum.

In both cases, the error is due to the “extension of selection” which is automatically
performed by the software. The students select one cell and click on the action button
(the graph button or the sigma button). Then the software extends the selection to the
whole range of cells and applies the operation to this selection. As they are not aware
of this, students do not check the result nor the behavior of the software interface.

Misunderstanding of what data tables are: Another interesting mistake is observed
in tasks where students are asked to sort a data table. For instance in the task ft-17
(Fig. 4), some students (4 or 5 per groups) sort only the second column of the table or
the two columns independently instead of sorting the whole data table.

It seems that these students do not understand that the given spreadsheet is not just
a list of independent values but a data table, i.e. a collection of tuples (in rows) that
have the same attributes (in columns). They may have already sorted values in a
spreadsheet, but they probably not learned to manage data tables.

4 Conclusion

In France, very little informatics is taught in secondary schools but, in the official
texts, a significant place is given to software use in subject matters. The general dis-
course is that students will receive some minimal training at one stage and then will
encounter ICT usage in every subject during their scholarship. The underlying idea is
that a regular use of software is sufficient to acquire the related knowledge and skills.

Focusing specifically on spreadsheets, the DidaTab project explored school prac-
tices and showed scarce uses of spreadsheet software by students both at school and at
home.
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Findings from computer tests on spreadsheet show various levels of achievement
from one tested group to another. Some case studies show that students who have a
good level in mathematics have fewer difficulties with writing formulas, or using cell
references. Also, case studies show that these students’ level of confidence with the
software may be linked to the teachers’ attitudes or practices during classes.

But findings from computer tests show for all groups of students very few skills
and knowledge. If the best students have rather good results on very basic skills, all of
them have difficulties on tasks that need deeper knowledge on spreadsheet concepts
and features: the role of a library of functions, the cells referencing system, managing
data tables, etc.

A deeper analysis of students’ productions reveals that their difficulties with
spreadsheets are tightly linked to their lack of informatics competencies. Students
don’t master basics concepts of variables, data types, functions, data tables, which are
central in spreadsheets.

Moreover, students don’t master basics principles of software interface, like selec-
tion-action procedure, definition of default parameters, automatic behavior of
software, shortcuts for a series of actions, all principles that they should master to be
able to anticipate results of their action on the interface.

According to us, these findings show that occasional use of software is not suffi-
cient for students to acquire the basic knowledge and skills. It raises the issue of what
curriculum on spreadsheet software, based on informatics fundamentals, should be
followed in French secondary school. This requires an exploration of the intertwined
relationships between mathematics, informatics and spreadsheets, and to establish a
progression over concepts and competencies.
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Abstract. Starting from the influential Common European Framework of Ref-
erence for Languages, this paper presents a synopsis of current frameworks and
curricula in terms of (informatical) education at the secondary school level.
Some initiatives from well known organizations and institutions show the
global and national efforts to structure the fragmented field of computing at the
school level. The definitive answer as to whether a perceptible process of har-
monization seems to be realistic in the near future cannot yet be given, but there
are some positive indicators.

1 Introduction

Recently, a growing concern for unifying European education can be observed. This
process is endorsed by the Bologna agreement [4] which mainly applies to organiza-
tional and administrative aspects in higher education. These measures of harmoniza-
tion should lead to better comparability and possibilities for mutual participation,
exchange and cooperation.

Concerning the content of education in secondary schools, a unifying tendency has
already found exemplary representations in the form of international comparative
research activities on educational achievements. Among them, PISA is undoubtedly
the most prominent. Obviously, but not incidentally, this study still does not cover the
area of ICT and Informatics.

Apparently, the main reason can be identified as the lack of a European Framework
for ICT and Informatics education as a basis for an elaboration of curriculum guide-
lines, syllabi, examinations, etc.

What are the reasons why such a widely accepted IT-framework was not established
until now? Perhaps a quote from Isaac Asimov, well known for his works of science
fiction, can give an answer: “The only constant is change, continuing change, inevita-
ble change, which is the dominant factor in society today. No sensible decision can be
made any longer without taking into account not only the world as it is, but the world
as it will be.” Probably, this applies to the dynamics of informatics, and to all related
fields, more than to all other traditional educational areas. Seemingly, the digital gap
between pupils and students worldwide is exceeded only by the gaps among the policy
makers in their (non)efforts to establish reasonable strategies to consolidate and har-
monize informatics education in elementary and secondary schools.
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It is true that the recent decades of an accelerated development to a digital and com-
puterized society went hand in hand with changing technologies and didactical
approaches to informatics education on all levels, and moreover, less than ten years ago,
just thinking of a common standardizing framework for informatics education at the
secondary level would have been like hitting a moving target. But after more than thirty
years of practical computing experience in schools and theoretical reflections about its
characteristic periods of development [20], the pillars of informatics in an educational
context do consolidate and become gradually visible. An initiative for the development
of a common, widely accepted framework as a guideline for comparable curricula and
educational standards on a worldwide, at least on a European level, is overdue.

2 Looking across the Borders of Our Discipline

There is much evidence that in the case of computing in schools, encompassing the
interwoven triad of IT, Informatics, and E-Learning, uncertainty and diversification
among European countries and even within countries is unusually high. As a small
comfort, traditional disciplines such as language learning, maths and even physical
education undergo a discussion about pedagogical challenges as well, and moreover,
lack empirical data resulting from insufficient educational research.

2.1 The Common European Framework for Languages

As already mentioned in the introductory remarks, probably the most successfully
elaborated framework in an educational context is the Common European Framework
for Languages of School Education (CEFR) [5]. It was launched and developed over a
period of nine years — “No great thing is created suddenly (Epictetus)” — under the
patronage of the Language Policy Division of the Council of Europe (CeO, Eu-
roparat). Evidently, this framework exerts an unparalleled impact on the European
educational system in terms of language learning.

Language learning can be categorized into the activities of understanding (listen-
ing, reading), speaking (spoken interaction, spoken production) and writing, each
described by clearly defined proficiency levels:

A Basic User (Al-Breakthrough, A2-Waystage)
B Independent User (B 1-Threshold, B2-Vantage)
C  Proficient User (C1-Effective Operational Proficiency, C2—Mastery)

Further details of this framework consider qualitative aspects of spoken language
such as range, accuracy, fluency, interaction and coherence.

Finally published in 2001, the CEFR is the fruit of ample linguistic research, and
constitutes a completely new approach aimed at redefining language teaching
objectives, contents and methods. More importantly, it can serve as a common, trans-
national base for the design of programmes, curricula, syllabi, certificates, and educa-
tional standards. Moreover, it can be used as a solid basis for assessment criteria, even
at lower levels, which can be stated in terms of positive achievements rather than
negative deficiencies. Last but not least it supports the planning of self-directed learn-
ing, including raising the learner’s awareness of his or her present state of knowledge
and skills, the self-setting of feasible and worthwhile objectives, the selection of
materials and self-assessment.
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The CEFR is generally considered as being comprehensive, transparent and coher-
ent. Coherent in this context means that the framework specifies the full range of
language knowledge, skills and use.

2.2 The NCTM Standard for Mathematics

Another well known, widely accepted and influential example of a framework stems
from the National Council of Teachers of Mathematics, in short NCTM, located in
Reston, Virginia, USA. In its mission statement, the NCTM, claims to be “the public
voice of mathematics education, providing vision, leadership and professional devel-
opment to support teachers in ensuring equitable mathematics learning of the highest
quality for all students.” The NCTM is the biggest and most influential nongovern-
mental organization in terms of mathematics education in North American schools. Its
best known publication and framework, “Principles and Standards for School Mathe-
matics”, published in 2000 and the result of many years of conceptual work of many
scientists and practitioners, outlines the essential components of a high-quality pro-
gram of school mathematics [23].

Fig. 1. Content standards and grade bands of the NCTM-Standard

2.3 Harmonization of Physical Education in Europe

“Against a background of perceived threats to physical education, an investigative
world-wide survey of the state and status of physical education in schools funded by
the International Olympic Committee was carried out in the years 1998 and 1999. The
survey findings, based on data collated from a globally administered semi-structured
questionnaire and an extensive literature survey, reveal that physical school education
is in a perilous position in all continental regions of the world.” This statement, part of
the abstract from [12], is remarkable in two different respects.

First, it is interesting to observe that physical education with its long and seemingly
untouched tradition and position in the canon of obligatory disciplines such as lan-
guage learning and mathematics, is in a threatened situation. It cannot be excluded
that sometimes informatics education has been implemented at the expense of physi-
cal education in some schools, whether autonomously or centrally regulated by the
Ministries of Education. In any case, the introduction of a new discipline normally
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implies a predatory competition, unless the general number of lessons in schools is
increased.

The proponents and policy makers of physical education in schools cannot be
really amused if they have to sacrifice valuable hours of physical education for hours
of informatics instruction in thr form of too much sedentary occupation in front of
computers. It seems easier to find other subjects which are replaced by ICT and in-
formatics lessons.

Second, as pointed out in [12], the need for harmonization is obvious, not least due
to the international data collated, which provide a “distorted continental regional and
individual national picture of physical education in schools”. In this context it is re-
markable that a world-wide survey has been sponsored by the International Olympic
Committee. “I have to urge caution in interpretation of data because [...] there is too
much of a gap between the promise and the reality. Survey data generated from gov-
ernmental-level agencies tend more often than not to reflect policy principles rather
than the realities of actual implementation and practice.” [13]

The author can confirm this statement referring to a recent online-survey which
had been conducted in 2007 [20]. Apart from the fact that Austria’s Ministry of Edu-
cation evidently lacks detailed data regarding Informatics education, even hard facts
such as the ratio computer:students in academic secondary schools are reported in a
very flattering way. The real situation, at least in academic secondary schools is evi-
dently worse than indicated in European reports such as “Education at a Glance”.

3 Major Initiatives in Terms of Overviewing and Structuring
Informatics Education

This section reviews exemplary and influential efforts of well-known organizations
and institutions to structure and consolidate informatics education are reviewed.

3.1 UNESCO/IFIP and ACM/CSTA

The UNESCO/IFIP curriculum, published in 2002 [16], can be seen as an ambitious
approach to structure ICT education at the secondary level.

“Information and Communication Technology (ICT) has become, within a very
short time, one of the basic building blocks of modern society. Understanding ICT
and mastering the basic skills and concepts of ICT are now regarded by many coun-
tries as part of the core of education alongside reading and writing. This area of study
sometimes goes under the all-embracing name of informatics. [...] It provides a prac-
tical and realistic approach to curriculum and teacher development that can be imple-
mented quickly and cost effectively, according to available resources. [...] The
curriculum is designed to be capable of implementation throughout the world to all
secondary age students.”

The introduction in the foreword of this international framework stresses the all-
embracing term ICT, including informatics as “the science dealing with the design,
realization, evaluation, use, and maintenance of information processing systems, in-
cluding hardware, software, organizational and human aspects, and the industrial,
commercial, governmental and political implications of these.”
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It is disputable if this generalization is fruitful for a common international under-
standing of the terminology. The challenge is how to resolve the semantic problem
that arises with the term computer science as the anglo-saxon counterpart of informat-
ics, and IT as the more generic term than ICT. The working group of UNESCO has
solved this seemingly academic question very pragmatically.

Looking closer at the four areas of ICT—competence [ICT Literacy], [Application
of ICT in Subject Areas], [Infusing ICT across the Curriculum], [ICT Specialization],
it is obvious that ICT Literacy is, except for the last two modules, equivalent to the
ECDL Core, which contains Basic Concepts of ICT, Using the Computer and Manag-
ing Files, Word Processing, Working with a Spreadsheet, Working with a Database,
Composing Documents and Presentations, Information and Communication, Social
and Ethical Issues, Jobs and/with ICT.

Furthermore it seems to be an unfortunate allocation that the advanced modules
Spreadsheet Design and Database Design are placed within the Application of ICT in
Subject Areas. These important subject matters of informatics education should be
categorized into the area ICT Specialization, together with programming and software
design. In the author’s opinion this framework needs some revision.

In the UNESCO/IFIP publication “Information and Communication Technologies
in Schools” with the subtitle “How ICT can Create New, Open Learning Environ-
ments” [26], published in 2005, we find the recommendation: “At every level of
schooling, ICT are not a closed or self-contained subject to be taught and learned
independently from other subjects. Rather, ICT are a subject that, by its very nature,
should be treated as interdisciplinary, integrative, and cross-curricular [...]. Of course,
some elements of ICT can be taught in a dedicated time.”

This proposal is a slap in the face for all who endeavor to establish informatics as a
mandatory subject among the canon of the traditional disciplines. Many relevant pub-
lications point out that the integrative approach of ICT is not successful and stress the
need for informatics lessons of its own.

Regarding higher education, an insightful overview is given in the overview report
of the Association for Computing Machinery (ACM) [1], where clarification in the
computing disciplines, computer engineering, computer science, information systems,
information technology and software engineering, are specified.

While higher education permanently deals with itself in refactoring its degree pro-
grams and in aiming at consolidation and clarification of its confusing terminology,
the current situation in elementary and secondary education (not only in the USA) is
not better, but even worse.

Unlike the IFIP Curriculum, the (American) Computer Science Teachers Associa-
tion (CSTA) [6] distinguishes clearly between Computer Science, Information Tech-
nology, and Fluency. The comprehensive model curriculum proposes four categories
[Foundations of Computer Science], [Computer Science in the Modern World],
[Computer Science as Analysis and Design], [Topics in Computer Science, including
AP Computer Science, Courses Leading to Industry Certification].

AP means “Advanced Placement” Computer Science and encompasses advanced,
object-oriented programming methodology with an emphasis on problem solving and
algorithm development, binary trees, recursive data structures and dynamically allo-
cated structures. AP Courses are offered by the College Board to high school students
as an opportunity to earn college credit for a college-level computer science course.
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Fig. 2. ACM’s classification and allocation of computing disciplines

A recent National Academy Study (National Research Council, 1999) defines an
idea called IT fluency as something more comprehensive than IT literacy. Moreover,
IT fluency also includes the active use of algorithmic thinking (including program-
ming) to solve problems, whereas IT literacy is more limited in scope. It is based on
the three orthogonal categories: concepts, capabilities, and skills. [6, p. 6].

3.2 OECD and PISA

PISA, the world’s largest comparative study in the educational area, launched by the
Organisation for Economic Co-Operation and Development (OECD) [2], assesses
how far students near the end of compulsory education have acquired some of the
knowledge and skills in the area of language, math and science that are essential for
full participation in society. ICT competencies have not been tested so far, but there is
a feasibility study [19] which indicates that it is likely that, at the latest in 2012, ICT-
competencies will be tested. Magenheim classifies the first proposals for the test items
as completely insufficient. Puhlmann and Humbert [15][25] and Friedrich [11] go a
step further and, on their part, develop models and construct assignments.

The integration of testing ICT-Skills and informatics competence in a future PISA-
study has to be considered as the most effective step in harmonizing informatics edu-
cation at the lower secondary (compulsory) level. The reason is evident. No politician
would be amused to see his/her country at the low end of the world’s most famous
educational ranking list.

Developing such a test in a field where apparently “the only similarity is its diver-
sity and the only constant is change”, is perhaps the most responsible task ever in the
context of standardizing ICT and informatics.
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3.3 CEPIS and ECDL

At this point we leave the input-oriented meta level of frameworks and curricula and
enter the world of output-measuring certificates on a commercial level. One of its
most prominent representatives is the organisation CEPIS (The Council of European
Professional Informatics Societies), located in Amsterdam and responsible for two
leading European IT Skills certifications, the ECDL® (European Computer Driving
License) EUCIP (Certification of Informatics Professionals) [9].

Whereas the EUCIP does not play any role in secondary education, the ECDL, al-
though originally designed for adults, is offered also for pupils and students at the
secondary level. At present, there are no comprehensive studies about the penetration
of the ECDL in secondary education.

The ECDL Foundation is the organisation behind the world's leading end-user
computer skills certification programme. Internationally recognised in about 150
countries, it has attracted by now over 7 million candidates to its range of 10 certifica-
tion programmes, among them the ECDL Core as the most accepted [9]. The seven
modules of the ECDL Core and the first seven modules of the IFIP Curriculum in
terms of ICT Literacy are the same.

When talking about assessments and standards regarding basic IT skills, the ECDL
cannot be ignored. The decision to introduce the (external) certificate ECDL in sec-
ondary education is a challenge for all school decision makers, particularly as it is
connected with costs and the worry of reducing teaching just to mere product training.

Educational decisions should always be based on a set of reliable arguments. But
what are the substantial arguments to justify offering external, costly certificates at
schools? Some important theses can be found in [17], where the CEO of the associa-
tion, which organizes ECDL-tests at schools in Austria, among other arguments, ap-
praises the ECDL as a normalizing instrument for pupils at the transition from lower
to upper secondary education.

Whereas the ECDL plays a considerable role in standardizing informatics educa-
tion in Austria, the current spread of the ECDL in German schools is still inferior.
Presently, five of all sixteen Ministries of Education of the German federal states,
among them Bavaria, recommend the ECDL for secondary education. It will be inter-
esting to observe in the near future if the business model of the ECDL will yield an
increasing demand among students and teachers.

4 National Initiatives in Germany and Austria

Two interesting empirical studies were recently conducted at the Technical University
of Dresden by the department of Didactics of Informatics.

The first study [21] draws an impressive picture of the enormous diversity in terms
of informatics education within the 16 federal states of Germany. Even intensive
efforts in form of recommendations and resolutions of such influential institutions as
the German Society for Informatics (GI e.V.) have still little effect, although the im-
portance of a coherent informatics education and its implementation in schools is
pointed out.
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The second study [3] is a synopsis and comparison of informatics education in 13
countries, including three non-European countries: Japan, New Zealand and the Phil-
ippines. The study shows clearly the different national strategies to implement ICT in
secondary education. It is remarkable, that in the course of a major school reform in
1999, Poland considerably reinforced informatics education at the secondary level. Is
it coincidence or a logical consequence that Poland has seen a significant rise in read-
ing performance since PISA 20007

Both studies must be seen as an indispensable basis for an evidence-based policy.
Moreover they should suggest further empirical research on the basis of well-
elaborated methodologies.

A recently conducted nationwide study [27], surveying and investigating all Aus-
trian academic secondary schools, yielded an extremely fragmented picture of infor-
matics education even in this type of schools. One can hardly find two schools with
an identical offering of formal informatics classes in lower secondary education. The
result is an undue digital gap among the pupils at the end of the lower secondary
level, where exactly one third did not even attend one hour of formal ICT and infor-
matics instructions. At this point, initiatives for improvement in the form of imple-
menting educational standards at the end of lower secondary general education are not
supported by the Ministry of Education. Interestingly, an Austrian competence model
for applied informatics in upper secondary vocational education, based on the ECDL,
but going further and deeper, has been developed recently [7].

This strategy of building a house top-down resembles remarkably the German
equivalent of implementing uniform final exams for the subject of informatics at the
end of secondary education “Einheitliche Priifungsanforderung in der Abiturpriifung
(EPA)” [8].

In conclusion, a proposal for a very complex framework in terms of educational
standards for informatics at the lower secondary level should be mentioned. Since
2003 in Konigstein, the German conference INFOS 2003 in Munich [14][15][25],

Table 1. Comparison/Analogy NCTM-Standard - German Informatics Standard

Mathematics (NCTM) | Informatics (German Group)
Content Standards
Number and Operations Information and Data
Algebra Algorithms
Geometry Languages and Finite Automata
Measurement Informatics Systems
Data Analysis and Probability Informatics, Humans and Society
Process Standards
Problem Solving Modelling and Implementing
Reasoning and Proof Reasoning and Evaluating
Communication Structuring and Networking
Connections Communicating and Cooperating
Representation Representing and Interpreting
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about 80 contributors from Germany, Switzerland and Austria worked in many in-
formal meetings on this model. “Principles and Standards for Informatics in Schools”
(Grundsitze und Standards fiir die Informatik in der Schule), has been published as a
draft paper and comprehensive supplement of the German journal “Login” [18] and
draws its title not incidentally from “Principles and Standards from School Mathemat-
ics”, the showcase project from the NCTM. Finally there was an agreement on five
content standards and as many process standards. Table 1 shows the result of this
German approach in comparison to the NCTM standard.

This major contribution for consolidating and structuring school informatics at the
lower secondary level is more than an ambitious framework which is available for a
broad discussion among teachers, school practitioners, scientists and policy makers. A
translation into English and a global distribution among teachers of informatics for
international discussion would be appreciated.

5 Conclusion

Without doubt, harmonization has a positive connotation, and is a worthwhile goal in
many respects. This applies to the fragmented and seemingly chaotic organization of
informatics education worldwide and often even within countries and schools, more
than to traditional subjects. Closing the digital gap should not only address the stu-
dents’ different ICT-related competencies, but as pointed out in this paper, it should
address the different gaps in terminology and in the perception of informatics, that
often lead to an undesirable organizational patchwork at the level of continents, coun-
tries, regions and even schools.

A comparative study such as PISA, with consideration of ICT-related assessments,
could be helpful to accelerate the process of harmonization and standardization.
Although a Common European Framework for Informatics would not guarantee
automatically quick organizational and educational improvements, it is absolutely
necessary in an international context, even if its major impact would only serve as a
guideline for sophisticated PISA assignments.
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Abstract. This article introduces design criteria for e-learning systems
based on implications from the disciplines of educational science, software
engineering, and information security. Theoretical realization concepts
to implement stated requirements are discussed. A conceptual imple-
mentation of a proxy server realized within this research project is also
presented. This proxy server demonstrates the feasibility of stated con-
cepts and enables outsourcing of security-related tasks to an automated
process.

Keywords: e-learning, information security, educational science, design
criteria, proxy server.

1 Introduction

This paper reports findings from research, currently in progress, concerning the
design of appropriate security architectures for e-learning. The motivation for
this research assignment with partners in South Africa (von Solms, University
of Johannesburg) comes from higher education of informatics, especially the
course of media informatics in education. In this course we teach in the context
of e-learning:

— educational requirements,

— various models of learning, e.g., distant learning, computer supported col-
laborative learning (CSCL), blended learning,

— development of secure informatics systems.

Most of these terms are not appropriately defined. Here e-learning is used to
refer to learning enhanced with informatics systems. It deals with both, the
methodologies in learning and with associated technologies using:

— distributed computing (computers that are communicating over a network),

— interactive multimedia (compound of audio, animation, video and interac-
tivity),

— the World Wide Web (an information system which accesses interlinked,
hypertext documents via the Internet).
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The research methodology [4] is similar to software engineering with the phases
analysis, design, and implementation. Therefore, we analyzed the related work
of educational science and of informatics. Here in particular criteria of software
quality and information security are analyzed, which are necessary to realize
selected implications from educational science (Section [l). Based on interdis-
ciplinary requirements of education and informatics we propose a theoretical
realization of design criteria of appropriate security architectures for e-learning
(Section [B]). On account of the complexity of the whole architecture we evaluate
our theoretical approach in a stepwise manner. A prototype for the practical
realization of a proxy server for automated security processes in the learning
management system “Moodle” is the first case study (section 4). In further work
an advanced version of the prototype will become a component of the security
architecture for e-learning.

2 Design Criteria for E-Learning Systems

This section deals with requirements from three affiliated disciplines. The anal-
ysis is started with an investigation of the application field e-learning, i.e., edu-
cational science aspects (A). Afterwards, aspects of software quality (B) as well
as of information security (C) will be presented.

A. Implications from educational science
In the following, six criteria are presented to show the necessity of certain pro-
gram parts and requirements to improve learning success for all participants.

A1. Equal opportunities
Goals of e-learning usually mentioned are:

— to guide through information or to communicate information to the student;
— to help students perform specific tasks or learn a procedural skill in which
they are expected to increase proficiency.

Therefore, e-learning is an essential part of education in the knowledge society.
As human rights include equal opportunities in education we have to guarantee
equal opportunities in e-learning, too. This leads to the criteria of usability (B3),
portability (B6), and availability (C1) of e-learning systems.

A2. Social support by co-operation and communication

Situated learning considers the social situation and the communication context
of learners to be of major importance [II]. This approach demands especially
communication capabilities to be implemented and sufficient to share knowledge
and to get in contact with other learners in order to succeed. It is both, psycho-
logical needs to have social contacts as well as advantages in learning. Sharing
thoughts and explaining learning matter to other learners is motivating and im-
portant. To fulfil such needs, e-learning systems must not cut off communication,
but encourage it and assist in co-operative learning. As this is crucial for sus-
tained learning, students need a competence framework with the competences
to co-operate and to communicate by means of informatics systems (ICT). It
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is very important to be able to discuss with others to verify and refine their
own theories and to receive confirmations or correction hints concerning their
learning steps [9]. Communication technologies are used in e-learning, such as
email, chat sessions, and discussion boards, to engage students in the exchange
of ideas or information. Today the term e-learning 2.0 refers to the increasing use
of co-operative software, such as blogs and wikis which are gaining popularity
as writing and publishing facilities for multiple users. This leads to the criteria
efficiency (B4: with the sub-criteria time behaviour and resource behaviour) and
confidentiality (C3) of e-learning systems.

A3. Activities of students as tmportant steps of the learning process
The notion of learning as cognitive process has changed significantly. In construc-
tivism, learning is no longer considered as externally transfusing knowledge, but
as a constructive process in each learner. This implies learning is considered as
an active process. Regarding learning theories it gets obvious that they cannot
be implemented with comparable effort, since a theory of learner’s complexity in
gathering knowledge implies an appropriate complexity of methods to interact
with learners in e-learning systems. Consequently, e-learning systems for complex
learning theories like constructivism must give all possibilities to become active
and enable learners to take part in directing their own learning process. This
leads to the criteria functionality (B1: with the sub-criteria suitability, accuracy,
interoperability, compliance, and security) and access control (C4) in e-learning
systems.

AY4. Priority to meet learning objectives

E-learning primarily aims at supporting the described learning objectives but
not the use of informatics systems per se [8]. Hence, it is absolutely essential to
guarantee the objectives of an equivalent traditional learning process. This leads
to the criterion of usability (B3) of e-learning systems.

A5. Flexible learning

Current models of learning propagate a shift of responsibility from teacher to
learner, i.e., learner-centred scenarios are to be developed. “The design aims to-
wards a user-centred, trainee-centred, interactive, collective, collaborative
structure for the web-based learning environment that allows the individual to
collect, organize and re-contextualize knowledge.” [I0l p. 1]. This is one cause for
the requirement of changeability of the informatics systems in such a learning
environment. Another cause is the gap between previous knowledge and new ex-
pectations of a course. The teacher or tutor knows the previous knowledge and
skills of the students and the intended learning outcomes which can be expressed
in terms of competences. Hence, each e-learning system has to be adapted to the
special target group of learners. This leads to the criteria maintainability (B5)
and integrity (C2) of e-learning systems.

A6. Integration of e-learning in the learning environment

Learning is a process which needs a carefully designed learning environment. The
mainstream of e-learning develops toward blended learning. This means, tradi-
tional education and e-learning are merging. But ICT supported learning should
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not automatically be named blended learning. Stacey and Gerbic analyzed nu-
merous definition attempts in literature and created a valuable definition: “In
our application of the term blended learning, ICT may be used to either enhance
the dominant mode of face-to-face on-campus interaction and or may provide a
blend of synchronous and asynchronous media (that can also include face-to-face
classes) to complement a dominant mode of distance education.” [I5] p. 3]. This
leads to the criteria reliability (B2: with the sub-criteria maturity, recoverability,
fault tolerance), availability (C1), and access control (C4) of e-learning systems.

B. Implications from software engineering

Software quality is classified in a structured set of criteria and sub-criteria as
follows: functionality (B1), reliability (B2), usability (B3), efficiency (B4), main-
tainability (B5), and portability (B6). We only discuss Bl and B5 in detail
because their role in the context of e-learning could be misunderstood.

B1, functionality, is a set of attributes that bear on the existence of a set
of functions and their specified properties. Sub-criteria are suitability, accuracy,
interoperability, compliance, and security. Security aspects increased importance
correlated with the wide spread usage of informatics systems and increasing in-
terconnections [I3]. Unfortunately, most of the literature found for information
security are books that address either the field of security in a holistic way by
using examples like military or financial environments [3], or specialized publi-
cations that only address single aspects of security, e.g., cryptography [14]. All
of these publications concentrate only on technical security issues. Even articles
directly concerning the area of privacy and security in e-learning are mostly fo-
cused on technical issues like traffic analysis, cryptography, or distributed logging
mechanisms.

B5, maintainability, is a set of attributes that bear on the effort needed
to make modifications. Sub-criteria are stability, analyzability, changeability,
and testability. B5 is the key to reusability and standardization of learning
objects in e-learning systems. The two main concepts are “Learning Object
Metadata” (http://ltsc.ieee.org) and “Sharable Content Object Reference
Model” (http://www.adlnet.org).

C. Implications from information security

In the early 1980s, Voydock and Kent [I7] wrote about security in “High-
Level Network Protocols”. Their disjunctive subdivision of the security problems
“unauthorized release of information”, “unauthorized modification of informa-
tion”, and “unauthorized denial of resource use” lead to today’s widely used
security services “confidentiality”, “integrity”, and “availability”.

“Security of e-learning is not to be restricted to the technical system. It is
necessary to cover the entire environment, including the organizational process
of teaching, administration and examining.” [I8, p. 22]. Hence, for sensible se-
curity considerations all affiliated users have to be integrated. It is “always a
combination of objectives, people, procedures, and tools.” [I2, p. 32] Using this
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cognisance, Ahlfeldt et al. [1] introduced an extended security model aiming at
organizational problems. The resulting TFI model (three main parts for secu-
rity: TFT = Technical-Formal-Informal Security) considers the technical security
as only one third of the whole security investigation. In addition to this, for-
mal security like external regimentation, e.g., law, or superior policies as well
as internal regimentation with local adaptations and more fine-grained policies
fitting the exact situation need to be investigated, stated, and verified to keep
an environment secure. The informal security as third part of the model aims at
the users of the system. Security policies are only valuable, if all participants are
conscious of their meanings and do not try to circumvent them. Hence, this infor-
mal security considers clarifying about security concerns to prevent users from
undermining necessary mechanisms. We use the following definition of security
of e-learning:

An e-learning system is described as secure if it guarantees availability (C1),
integrity (C2), and confidentiality (C3) for all users in combination with access
control (C4).

C1. Availability: An e-learning server is called available if it is reachable over
a network almost every time it is needed with sufficient resources. Service inter-
vals must be kept short and announced adequately in advance. Failures, if any,
should only lead to short interruptions.

C2. Integrity: Modifications of transmitted or stored data must be detectable.
If reasoned by technical defects, fault tolerance and error correction can be ap-
plied. If reasoned by fraudulent usage, originator and context should be disclosed.

C3. Confidentiality: For individual information security (privacy), e.g., learn-
ing progress, data must be kept secret. It is in the decision of the learners them-
selves to discard or submit their solutions and problems while learning to other
parties like teachers.

C4. Access control: Users cannot transfer or increase the received privileges
even if they collaborate without the perpetrator being identified.

Coming to the interdisciplinary research for security in e-learning, there are
only few publications that address this special domain. Within this, Weippl [1§],
for example, gives an overview of this field in a superficial way. He regards risk
analysis processes as well as informal subjective requirements as seen from the
viewpoint of different roles in the system, i.e., authors, managers, teachers, and
students. In addition to this, general introductions to access control mechanisms
as well as to cryptography mentioned and sketched coarsely without closer dis-
cussion about the complexity of application and their respective implementation
in e-learning environments.

Graf [7] discusses web-based assessment and the necessity of deliberations. He
developed for this a software environment to be used in controlled learning en-
vironments that exchanges RMI-messages (RMI = Remote Method Invocation)
between Java applets on the client-side and a Java application on the assess-
ment server. With this approach he can assure critical elements of assessment
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like time-fairness and continuation after abort if still in time. Due to the focus on
assessment, usually necessary investigations about privacy protection and com-
munication and co-operation capabilities in e-learning are explicitly neglected
by Graf [7| p. 2|.

Deliberations concerning privacy protection demands in educational environ-
ments can be found in [2]. Alicia Anderson investigated privacy protection in
present universities using informatics systems to administer several tasks and
to hold personal information. As major problem she states the fact that “the
academic culture often puts a lower priority on information security in relation
to openness” [2, p. 16]. This “culture of openness” often considers security and
privacy as hindering technologies, although numerous incidents showed up the
organizational value and need for protection of privacy.

3 Theoretical Realizations of the Design Criteria

This article primarily aims at information security investigations in e-learning.
Hence, other related implications and approaches from software engineering and
human-computer-interaction will be neglected in this place although relevant,
too, for implementing qualitative good and well usable systems.

A1: Equal opportunities

Treating all learners equally from a security point of view primarily demands that
availability and especially the quality and performance of available systems must
be ensured. Within this, a main problem besides technical failures will be denial-
of-service (DoS) attacks by creating a lot of traffic or provoking system failures.
For this, filtering malformed packets, load balancing on incoming requests, and
quality of service settings (QoS) for network connections should be taken into
account. In addition, productive environments must be built redundantly with
fall-back systems, such that erroneous parts can be easily replaced by others, i.e.,
ensure “business continuity” [I8]. For the case of security incidents appropriate
response deliberations must be at hand like a team of experts to analyze the
attack for disclosing the problem and circumvent it in other systems [19]. In
addition, computer forensic work enables criminal prosecution of attackers.

A2: Social support by co-operation and communication

For enabling learners to communicate and co-operate adequately with an e-
learning system we must ensure efficient data exchange. Hence, to communicate
just in time, delays must be minimized which again is related to QoS and DoS as
mentioned above. In addition, reliability concerns must be managed, such that
established communications will not be disconnected regularly and collaborative
results can be stored reliably with only negligible risk of data loss.

Closely coupled to the results of collaborative work is data integrity. The
system must guarantee that no one can fraudulently modify results interchanged
between participating learners at least without getting disclosed. Integrity also
is important concerning the correctness of learning material as well as personal
data. Especially relevant information for issuing a certificate must be unaltered.
Digital signatures can help disclosing manipulations by third parties as well as
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hashing mechanisms or error correcting codes can be sufficient for accidental
changes or alterations because of technical reasons like malfunctions.

For keeping results private until submission the data confidentiality is essen-
tial. Confidentiality of transmitted data can be solved with methods provided by
cryptographic researches. Sometimes anonymity is considered as part of confi-
dentiality, too. Especially the secrecy of connection data that could be disclosed
by traffic analysis can be relevant for commercial participants with background
of economical impact.

A3: Activities of students as tmportant steps of the learning process
Enabling a high degree of interaction and activity increases the complexity of
a system significantly and thus security issues must be considered accordingly.
Most relevant are access privileges for possible tasks and activities in the e-
learning system. With respect to hierarchical structures in traditional teaching
role based access control seems best applicable. Roles in general can be centrally
managed by the system administrator. He can adjust their privilege settings and
assign users to special roles. Hence, with sufficiently detailed and appropriate
privilege settings, learners can be active without disturbing others and without
being distracted by unauthorized interventions.

AY4: Priority to meet learning objectives

To keep the learners focused on their learning process, the e-learning system
should remain hidden behind easily reachable functionality. Especially infor-
mation security mechanisms must be comprehensive to be accepted and used
sensibly. For this, besides well explaining dialogues, education concerning the
informatics systems and possible threats is reasonable.

With respect to authentication processes it makes sense to use already exist-
ing and well approved systems. The service of authentication is vital to all other
security services, since only with appropriate authentication, privileges and iden-
tities can be assigned to the user correctly. It is sensible to use well known and
easily applicable authentication systems with sufficient security mostly based
on cryptography. No password or otherwise sensitive data for an authentica-
tion process must be discernible by eavesdropping the network. Sophisticated
authentication methods like biometrics or challenge-response methods, e.g., us-
ing digital signatures, are reasonable but not applicable in all environments.
However, necessities to authenticate can interrupt the learners in their current
thought, so using central authentication services, e.g., using Shibboleth, Ker-
beros, or directory services, allow single sign-on solutions where learners have
only to authenticate once and can access all functionality according to their
privileges.

A5: Flexible learning

Highly flexible learning environments enable close adjustments to a specific tar-
get group. Concerning access control as introduced above a two-sided approach
with global and local roles is sensible. Global roles can be used for general course-
independent privilege settings, whereas inside of courses teachers should be able
to create and manage local roles to allow a more fine-grained privilege setting,
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since for every affiliated person or group a special setting can be used. Desirable
for this is a system that audits the whole role and privilege structure to disclose
contradictions and inconsistencies.

A6: Integration of e-learning into the learning environment

For a seamless integration of e-learning into existing learning environments such
a system must be as fast and reliable as possible, and available with such high
quality that it clearly shows to be advantageous for learning. Information security
with all facets mentioned must therefore be considered and applied in order to
guarantee almost equal quality and reliability as other (traditional) learning
sources would do.

4 Practical Work on a Proxy Server for Automated
Security Processes

At the author’s institute a proxy server for digitally signing e-learning content is
being developed [B]. Such a proxy server primarily aims at being sort of a personal
secretary in such a way that it can perform certain security related tasks for the
learners to keep them concentrated on their learning process. Proxy servers run
logically on the application layer, i.e., ISO/OSI layer 7, and therefore, they can
examine and alter packets passing them just like the users themselves could do.

First of all, the implementation aims at a small and fast program that is avail-
able for most platforms, i.e., platform independent implementation, and that can
be integrated in almost every network without noticeable constrains. In this con-
text a main realization goal is the conformity to the Hypertext Transfer Protocol
in version 1.1 (HTTP/1.1) as specified in [6]. This ensures easy embedding even
in complex network architectures as long as the other components are compliant
to this standard as well. In conjunction with the functionality of the network,
the proxy server has to cope with several simultaneous connections. Otherwise,
the first connection would block the proxy server and no other connection could
take place before the first one has been reset. Due to the demand of high de-
gree of freedom and little constraints this must be prevented. For the sake of
performance of established connections, and therefore, the quality of use, we
propose a restricted storage of packets by forwarding data as fast as possible to
the e-learning system. Hence, payload data needs to be forwarded immediately
while the signature can be computed on a stored copy of the whole message and
afterwards be appended to the stream. A high configurability of the proxy server
is necessary for using it in the wide variety of networks used in practice and to
allow individual users’ adjustments.

This proxy approach offers many possibilities for establishing security tasks
or cryptographic processes concerning exchanged data. In the first step, we were
implementing digital signing routines to ensure integrity of learning content and
communication messages. For this case we propose a university wide public key
infrastructure (PKI) that supports the users in generating and administering
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their pair of keys. Regarding the functionality of the proxy, it must, of course,
have access to the private key of the user. The private key can be stored on
a smart card with own signing functionality, a USB stick, or, if created on the
currently used computer, locally on the hard disk drive. Since private keys should
be protected by a pass phrase or other authentication methods, the proxy will
have to demand the identification of the user. After this step, the proxy signs all
messages sent to a learning management system and verifies signatures embedded
in requested contents. For evaluating embedded signatures it needs access to
corresponding public keys that can be provided by a key server managing all
known public keys of the university wide PKI.

Since the proxy server has to communicate in some scenarios like warning the
user if an incoming message was altered fraudulently, this should preferably take
place in the language of the learner for being as comfortable as possible. For the
way of communication there exists the possibility of building a graphical user
interface or the approach of modifying the HT'TP stream, i.e., the proxy server
can add some message text or colour bar for example on top of the requested
web page to signalize the security status of this site. To manage transparency for
all users and to not distract other learners, it is sensible to store the signature in
a way that learners or teachers not using the described proxy server cannot see
the cryptographic signature code at first sight. For achieving this, it has to be
stored in tags that are not displayed. Since most learning management systems
contain a content management system filtering user entries, there is no general
solution how to hide those signatures.

The concept of using a proxy server as secretary is very flexible. Therefore, in
a further step, the authentication process could be automated as well. As far as
the pass phrase for the private key of the user is strong and kept secret, the digital
signature can be used as authentication method in challenge-response scenarios
where the server sends a randomly generated string and gets an encrypted version
of this string as answer. This enables a cryptographically secure authentication
method that cannot be repeated by an eavesdropper.

5 Conclusions

We introduced six main criteria for designing e-learning offerings with respect
to findings from educational science. Since every criterion applied in implement-
ing such a system increases the system’s complexity, this undoubtedly leads to
further demands for information security investigation to meet newly emerging
security issues. This article discussed theoretical realization aspects addressing
those security concerns. As proof of concept, a prototypical implementation of a
proxy server was introduced. This proxy server is implemented at the authors’
institute for the task of digitally signing messages sent to a learning manage-
ment system. Although the current prototype shows the feasibility of applying
and implementing stated design criteria, further research is necessary to con-
cretize relevant criteria for necessary parts of a learning environment integrating
e-learning.
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Abstract. Learning Objects (LOs) are digital resources that can be used (and
reused) to support the learning process. Generative Learning Objects (GLOs)
are generic and reusable LOs from which the specific LO content can be
generated on demand. We discuss the technological aspects required for imple-
menting the GLOs: (1) variability modeling using feature diagrams, (2) multi-
dimensional separation of the LO design concerns, (3) multiple languages for
implementing a LO specification, (4) an external metalanguage for implement-
ing parameterization, generalization and modification of a LO, and (5) hetero-
geneous metaprogramming techniques for generating LO instances from the
generic LO specifications on demand. An example of a GLO for teaching array
sorting algorithms in a programming curriculum is presented.

Introduction

Currently, an instructional technology, called “learning objects” (LOs) [1], is leading
as technology of choice for e-Learning support due to its potential generativity,
adaptability, and scalability [2]. The concept of LO is the most important concept in
the learning domain due to many reasons:

A learner needs to know why and what to learn.

A teacher needs to know and understand why, what to teach and how to deliver the
content to the learner.

A course designer needs to know and understand what to design and how to repre-
sent the content for storing and sharing.

Curricula developers need to know and understand why, what and how to plan and
additionally - where and when - the courses are integrated into teaching plans.

LOs are generally understood to be digital entities deliverable over the Internet

where they can be accessed and used simultaneously by many learners. Furthermore,
LOs are intended to be reused multiple times in different contexts, used independently
or grouped into larger collections of content, including traditional course structures.

Though reusability was in the focus of the researchers for long time, so far it was

understood narrowly, mostly in terms of component-based reuse. However, in recent
years there is a noticeable trend to enhance LO reusability by introducing novel
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approaches, such as glass-box LOs [3], aspect-oriented LOs [4], adaptive LOs [5] or
LOs based on object programming concepts [6].

The main idea of LO is to break educational content down into small chunks that
can be reused in various learning environments [7]. When reused, such small chunks
of educational content are combined in various ways leading to a great variability of
the learning content. Such variability cannot be modeled using UML [8], which has
no adequate means for expressing different variants of configurations of a system.
The development of LOs still remains a vague issue, because there is no clearly de-
fined and widely adopted LO specification and development methodology as, e.g, in
software engineering, where classes and objects are modeled using UML, a standard-
ized graphical specification and modeling language.

Currently, technology advances enable teachers and course designers to create the
content in a variety of versions. Modifications, changes and adaptations of the content
are common reuse activities. The need for adaptation increases with technological
advances and expansion of the e-Learning domain. If adaptations are done ad hoc,
this may lead to the uncontrolled growth of similar versions causing additional diffi-
culties in storing, sharing and reusing LOs. If adaptations can be done automatically,
we have a more powerful kind of reuse, called generative reuse. Recently T. Boyle et
al. [9, 10] have proposed the concept of Generative Learning Objects (GLOs), which
is based on separating the LO design from the instantiation of the LO content and
using templates as a generative technology. The approach provides more capabilities
LO design, focuses on LO quality issues, and introduces a solid basis for a marked
improvement in LO design productivity.

To extend the reusability of LOs, we need a more attentive look to the LO domain
itself from the reuse perspective; or more precisely, we need to analyze commonality
and variability of LOs systematically. Though learning theories [11, 12] actually rec-
ognize and consider many features that might be conceived as commonality and vari-
ability, they emphasize the pedagogical or psychological viewpoint only, without
explicit representation of variability and without any intent of using generative tech-
nologies explicitly. As LOs represent the content that may vary across different
courses and the delivery of content relates also to pedagogical aspects (e.g., motiva-
tion, scenarios, teaching theories, etc.), social aspects (e.g., teachers’ preferences,
students’ abilities, collaborative e-Learning, self-learning, etc.), and technological
aspects (e.g., representation in e-Learning, or in m-Learning, etc.), the boundaries of
variability may be extremely large.

Our approach is based on the concept of GLOs already introduced in the domain
[9, 10], instructional design [7, 11], Scope-Commonality-Variability (SCV) analysis
[13] of related LOs, explicit representation of interface and functionality in the LO
model [14], and the heterogeneous metaprogramming techniques [15, 16].

This paper is a continuation of a work on the development of GLOs [17]. Here we
further extend on GLO technological implementation aspects using feature diagrams
for feature modeling of LOs, and heterogeneous metaprogramming techniques for
generating LO instances on demand from the generic LO specification (in Section 2).
An illustrative example on the development of sorting algorithm GLO is presented in
Section 3. Section 4 summarizes and evaluates the capabilities of the approach and
presents indications on some limitations and tasks for future work.
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2 Technological Aspects of GLO Development

2.1 Variability Modeling Using Feature Diagrams

Given the likelihood of the broad deployment of LO-based technology and the dan-
gers of employing it in an instructionally unprincipled manner, there is a clear need
for a solid methodological and technological background. In such context, we propose
using feature diagrams for modeling learning content. Originally, feature diagrams
were introduced in the FODA (Feature Oriented Domain Analysis) methodology in
1990 [18]. Since then, they have undergone several extensions [19, 20] intended to
improve their expressiveness and extend their semantics. Feature diagrams first were
applied in the context of industrial manufacturing product lines, e.g., for modeling car
assembly lines. Later, the idea was extended to software product lines. A software
product line is a set of software systems that share a common, managed set of features
satisfying the specific needs that are developed from a common set of core assets in a
prescribed way [21]. The concept, if applied systematically, allows for dramatic in-
crease of software design quality and productivity, provides a capability for mass
customization and leads to the “industrial” software design [22].

Based on the success of feature modeling and product lines in the industrial manu-
facturing and software engineering domains, we propose using feature diagrams in
the e-Learning domain for specification, representation and structuring of learning
content. We hope that feature modeling of learning content would ease maintenance
of learning content, reduce its redundancy and duplication, allow for easy customiza-
tion when applying for different teaching aims, student groups, and e-learning envi-
ronments, and provide a global framework for coordinating the re-engineering and
reuse of LOs.

Furthermore, feature diagrams are also important for constructing domain ontolo-
gies by providing views on ontologies [23, 24] in order to acquire a common under-
standing of the learning domain. Ontology is a conceptual specification that describes
knowledge about a domain [25]. The construction of such ontologies allows providing
shared and common understanding of a specific domain and facilitates knowledge
sharing and reuse.

There are several definitions of what a feature is. Informally, features are key dis-
tinctive characteristics of a system. FODA defines a feature as a prominent and dis-
tinctive user visible characteristic of a system [18]. ODM (Organization Domain
Modelling) defines feature as a distinguishable characteristic of a “concept” (e.g.,
artifact, area of knowledge, etc.) that is relevant to some stakeholders (e.g., analysts,
designers, and developers) [26]. When comparing to other conceptual abstractions
(such as function, object, and aspect), features are externally visible characteristics,
whereas functions, objects, and aspects have been mainly used to specify the internal
details of a system. Therefore, feature modeling focuses on identifying externally
visible characteristics of products in terms of commonality and variability, rather than
describing all details of a system.

The result of feature modeling is a feature model. Features are identified and
classified in terms of capabilities, domain technologies, implementation techniques,
and operating environments. Capabilities are user visible characteristics that can be
identified as distinct services, operations, and non-functional characteristics. Domain
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technologies represent the way of implementing services or operations. Implementa-
tion techniques are generic functions or techniques that are used to implement
services, operations, and domain functions. Operating environments represent envi-
ronments in which applications are used.

Features are primarily used in order to discriminate between LO instances. Com-
mon features among different products are modeled as mandatory features, while
different features among them may be optional or alternative. Optional features
represent selectable features for products of a given domain and alternative features
indicate that no more than one feature can be selected for a product.

A feature diagram is a graphical AND/OR hierarchy of features that captures struc-
tural or conceptual relationships among features. A feature diagram consists of a set
of nodes, a set of directed edges and a set of edge decorations. The nodes and edges
form a tree. The edge decorations are drawn as arcs connecting subsets or all of the
edges originating from the same node. The root of a feature diagram represents a
concept. Features (see Table 1) can be mandatory (and-features), optional, alternative
(or-features, case-features). And-features are denoted with a filled circle. Or-features
are denoted with an empty circle. Extension points are features that have at least one
optional subfeature, an edge ending in an empty circle, or at least one set of direct or-
(sub)features. Extension points with optional features are simply denoted as edges
ending in an empty circle. Extension points with or-features use a filled decorated
edge arc, the edges ending in a filled circle to denote the mandatory features.

Three types of relationships are represented in a feature diagram. The composed-of
relationship is used if there is a whole-part relationship between a feature and its
sub-features. In cases where features are a generalization of sub-features, they are

Table 1. Feature attributes for feature model representation

Feature Definition and formal Graphical notation
type description
Mandatory Feature B (C, D) is included if
its parent A is included
if A then B; if A then B and C

Optional Feature B (C, D) may be in-
cluded if its parent A is included
if A then B or no feature
if A then B or C or no feature

Alternative  Exactly one feature (B or C or
(case- D) has to be selected if its par-
selection) ent A is selected

if A then case of (B, C, D)
Alternative At least one feature (B, C or D; or
(or- B and C; or B and D; or C and D;
selection) or B and C and D) has to be

selected if its parent A is selected

if A then any of (B, C, D)
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organized using the generalization/specialization relationship. The implemented-by
relationship is used when a feature (i.e., a feature of an implementation technique) is
necessary to implement the other feature. Moreover, features have dependencies: the
selection of one feature may rule out (mutual exclusion) or assume (requires, in-
cludes) the inclusion of another feature.

Aggregation of features represents all variability within the scope of the domain
and it is used to construct the domain feature model, or feature model. The derivation
of a product consists of traversing the feature tree in an orderly manner and selecting
the optional features. The result is a product description containing all the features in
the product (a feature configuration). In product line terminology, a product is fully
specified when all of its variation points are bound; that is the product specification is
complete when all features have been selected.

Feature diagrams provide a concise and explicit representation of variability. They
guide the choices to be made for determining the features of specific products and
facilitate the reuse of software components implementing these features. We apply
feature diagrams as a tool for representing learning content and connecting between
learning aims, teaching materials and LOs.

2.2 Multi-language Design

The educational, pedagogical, managerial, and knowledge theory aspects of the GLO
model have already been discussed in [17]. Here we extend on the technological im-
plementation aspects of the GLO model.

From the technological point of view, the proposed LO model is based on the
paradigm of multi-dimensional separation of concerns [27], which claims that multi-
ple dimensions of concerns in a design should be implemented independently. The
separation of concerns is a usual way to deal with complex problems in a system
design. We claim that different concerns of a design are best implemented when using
separate languages for different purposes as follows:

1) Domain language(s) implement various aspects of domain functionality.

2) External language(s) (e.g., preprocessing, scripting, meta-language) implement
generalization of the repetitive design features, introduce variations, and inte-
grate components into a design.

Using multiple languages that are more suitable and efficient for the specification
of subsystems of a large system is called the multi-language design [28] paradigm.
The multi-language design introduces a clear separation of concerns in a design by
using different languages in the multi-language specification(s) [29] from which a LO
is composed of.

With the arrival of the internet-based technologies, the multi-language design
gained the popularity. The examples of multi-language specifications are JavaScript,
Java applets and servlets embedded in HTML documents, CGI (Common Gateway
Interface) programming, dynamic web page generation using PHP, JSP (Java Server
Pages) or ASP (Active Server Pages), mobile code systems, etc. For example, in CGI
programming, the concerns are clearly separated between “interface” (HTML forms)
and “information processing” (PERL commands for text file processing). In Java
servlets, different languages represent different levels of abstraction. Java is used
for processing user requests and generating HTML code. HTML is used for GUI
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interfacing and reading user requests. Therefore, we have a clear separation of
concerns “interface” and “request processing”.

Such separation of concerns is also important in the LO-based learning, where the
representation aspects of learning content should be separated from the content itself
and from any embedded functionality. Such separation allows achieving higher reus-
ability and portability of LOs between various e-Learning platforms and environments.

2.3 Metaprogramming

The genericity and generativity aspects of GLOs are supported by a metalanguage,
which supports parameterization, creation of generic components in a domain, do-
main code generation and other metaprogramming techniques.

In general, metaprogramming is defined as a manipulation with programs as data
[15]. A common usage of metaprogramming is to provide mechanisms for writing
generic code, i.e. explicitly implementing generalization in the domain. Domain lan-
guage implements commonalties in a domain, while a metalanguage allows develop-
ers to specify variations to be implemented in the domain system, and to synthesize
customized implementations by composing domain code fragments. Generalization is
achieved by the parameterization of differences in different domain program represen-
tations, which allows representing domain components with many commonalties in a
compact way.

Genericity is usually achieved by the parameterization of differences in different
program representations, which allows representing components with many common-
alties in a compact way. This simple feature of metaprogramming allows improving
reusability substantially by providing parameterized components, which can be in-
stantiated into target programs for different choices of parameters.

The basis of metaprogramming is a separation of the domain artifacts from the
knowledge how to customize and glue them together. The higher-level program
(metaprogram or metaspecification) uses pieces of lower level constructs as data and
allows representing variability of domain artifacts at a higher level of abstraction
concisely. This allows achieving generalization and automatic creation of the custom-
ized programs.

Metaprogramming can be implemented in several ways. At the abstraction level,
we need to analyze the capabilities of the language and separate the concerns, which
relate to implementing the basic functionality from those, which allow expressing
generic solutions and customized specifications. This separation may be accom-
plished, for example, implicitly using only the internal capabilities of a given domain
language, or explicitly either introducing some extensions to the domain language
(homogeneous metaprogramming) or using an external metalanguage.

In this paper, we use the heterogeneous metaprogramming techniques, which com-
bine two different languages in the same specification: a metalanguage is used at the
higher layer of abstraction for representing manipulations on domain language source
code, and a domain language is used for representing domain program instances. As
LO instances are typically represented in XML (or HTML, XHTML, etc.) format they
are actually domain programs.
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2.4 Development of a Generative (Generic) Specification

The development of the generative specification (metaprogram or GLO) using the
metaprogramming approach consists of the following stages:

1) Introduction of a model for representing a GLO;

2) Application of a LO model for representing LO instances;

3) Identification of commonality-variability in the explicit form for the given fam-
ily of related LO instances;

4) Selection of a metalanguage;

5) Introduction of a metalanguage constructs into the LO specification leading to
the development of the GLO specification;

6) Testing and validation of the GLO specification; and

7) Incorporation of the GLO into an e-Learning environment.

We have selected our own metalanguage Open PROMOL [12] because: 1) it con-
tains a wide spectrum of commands for the manipulation with text; 2) it is based on
the use of the functional approach and its functions are close to the syntax of most
known programming languages; 3) we have a long experience in using it in teaching
and learning; and 4) it has a clear (human readable and computer readable) meta-
interface. The latter is the most essential requirement for the LO domain because the
LO user is usually not a programmer.

We distinguish between the metadata which is the metainterface of the GLO speci-
fication, and the LO instances generated from the GLO. Variability parameters are
represented as metaparameters at a higher level of abstraction in the GLO meta-
interface, while the commonality-variability relationships are coded at a lower-level
within the body of the GLO metaspecification. The role of the metainterface is to
allow an educator to select the parameters of the GLO which reflect different features
and variability of the GLO. Selection of the different values of these parameters can
be used for LO personalization and tuning for different teaching tasks and student
proficiency levels.

The body of the GLO is hidden from the end-user (because the technological de-
tails of meta-programming are important only for a GLO developer/programmer). The
GLO is usually accessible only for an educator and is stored on the LO server reposi-
tory. By selecting the metaparameters of GLO and using the metalanguage processor,
the GLO is instantiated, i.e., the specific LO instances are generated. The role of LO
instances is to present a specific personalized learning content to the students. These
LO instances can be aggregated with other LO instances to make up a course topic
(lecture). Therefore, students can access LO instances using an internet browser and
can use it for learning course topics as well as for performing individual course tasks
during course lab hours.

3 Case Study: Development of a GLO for Teaching Array Sorting
Algorithms

In our case study, we consider the array sorting algorithms implemented in various
programming languages as LOs. Such LOs could be used in different programming
teaching courses to demonstrate the principles and effectiveness of the array sorting
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algorithms within the internet-based e-Learning environment independently from a
particular programming language. As there are many similarities in the description
and implementation of such LOs, they could be described as a single GLO, from
which the specific LO instances could be generated at any time.

Sorting GLO has many variable features, which can be represented using a feature
diagram (see Fig. 1): learning objective (principles or effectiveness), and algorithm,
and demonstration. Demonstration features include sorting order (ascending or de-
scending), and implementation language (Pascal, C++, Java, or any combination of
these languages can be used for demonstration of sorting algorithm implementation),
and platform (Desktop or Mobile). These features form a feature space of the GLO.

Sorting LO

Demonstration

Language

C++

Algorithm

Learning
Objective

Buble sort

‘ Principles ‘Eﬂ'ectiveness . ‘Qnickson Sorting order

O

‘ Descending

Ascending ‘ Pascal ‘ Java Desktop Mobile

Fig. 1. Feature diagram of array sorting algorithm LO

Based on the feature diagram of sorting GLO, a GLO specification is developed.
The values of the parameters to implement the generalization are described in the
meta-interface of the GLO specification (see Fig. 2). The user (lecturer, teacher) can
select different learning objectives (e.g., demonstrate the principles of sorting for a
particular algorithm, or its effectiveness in terms of operations), select a particular
sorting algorithm, select a sorting order (either descending or ascending), and a
programming language for an example of implementation (Pascal, C++, Java). Differ-
ent combinations of selected values can lead to 216 (216=2-9-2-3-2) different LO
instances generated from this single GLO metaspecification.

$
"Identify the learning objective:

1- principles, 2- effectiveness" {1,2} goal:=2;
"Select a sorting algorithm:

1- Bubble Sort, 2- Selection sort,

3- Insertion sort, 4- Shell sort,

5- Merge sort, 6- Heapsort,

7- Quicksort, 8- Bucket sort,

9- Radix sort" {1..9} algorithm:=1;
"Select a sorting order:

1- descending, 2- ascending" {1,2} order:=2;
"Select an implementation language:

1- Pascal, 2- C++, 3- Java" {1,2,3} language:=1;
"Select target platform:

1- Desktop (HTML), 2- Mobile(xHTML)" {1,2} platform:=2;

$

Fig. 2. Example of GLO metaspecification in Open PROMOL (interface only)
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Using the specified interface options, the metalanguage processor generates a LO
implemented in HTML+Javascript, which can be distributed over the Internet. The
HTML part of the LO is used for presentation of the natural language description of a
sorting algorithm and for presentation of its implementation in a specific program-
ming language, while Javascript is used for demonstration of the principles or effec-
tiveness of a specific sorting algorithm.

The examples of the generated specific sorting algorithm LOs as seen via the PC’s
standard internet browser or mobile phone are given in Fig. 3. The LO introduces the
student with the description and implementation of the Bubble sort algorithm, and
demonstrates it in action. The array for sorting is generated after pressing the button

“Generate”. And then the sorting process is demonstrated after pressing the button
“Bubble sort”.

Fie Edt Wew Favortes Took Help

/B Lecture: Sorting algorithms - Micrasoft Internet Explorer FEX
'l'r

Bubble sort
Description:

The bubble sort gets its name because as elements are sorted they gradually

"bubble" (or rize) to their proper positions, like bubbles rising in a glass of soda. The
bubble sort repeatedly compares adjacent elements of an array, starting with the first and
second elements, and swapping them if they are out of order. After the first and second
elements are compared, the second and third elements are compared, and swapped if
they are out of order. This process continues until the end of the list is reached.

Example in Pascal:

FORi =size - 1 DOWNIO 1 DO
FORj=1T0iD0

= areff + 1
arefj+ 1= tmp;
END;

Demonstration:

TUnsorted: Sorted:

GEEG22222

R

CEEEEEELE]

(a) & pone 8] My Computer (b)

Fig. 3. Examples of LOs: (a) Bubble sort; Pascal; Desktop; and (b) Bubble sort; C++; Mobile (a
fragment)

4 Conclusions and Future Work

Reusability is a fundamental feature of LOs. Though reusability aspects, such as the
component view to LOs or the role of granularity for reusable components and mod-
els, were at the focus of researchers for long time, the efforts to enhance these aspects
towards generative reuse are expanding only now. Examples of this shift are the in-
troduction novel models that support adaptation of LOs (e.g., glass-box reuse model,
aspect-oriented LOs, adaptive LOs, LOs based on object programming concepts) and
the concept of Generative Learning Object (GLO).
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In this paper, we have discussed the technological aspects required for implement-
ing GLOs. These include: 1) LO variability modeling using Feature Diagrams (FDs),
2) multi-dimensional separation of LO design concerns, 3) multiple languages for
implementing a LO specification, 4) an external metalanguage for implementing
parameterization, generalization and modification of a LO, and 5) heterogeneous
metaprogramming techniques for generating LO instances on demand from the GLO
metaspecifications.

FD can be seen as a means for: 1) graphical representation of knowledge of the en-
tire family of related LOs by providing domain ontologies using feature concepts,
their types, values and relationships; 2) specification of variability-communality rela-
tionships of LOs at a higher level of abstraction in order to develop and implement
GLOs systematically; 3) analysis and better understanding of the learning domain
itself because FDs enable to express granularity, compositionality and context explic-
itly to support reusability of learning content.

The advantages of using GLOs are as follows: 1) higher LO quality due to GLOs
that could be developed and tested by experts; 2) increase in productivity due to
automatic on-demand generation of the LO instances from the GLO meta-
specification; 3) managing of related LO instances within a CMS (Content Manage-
ment System) is simpler, because they are generated from a single meta-specification
and then distributed to the learners in a variety of instances automatically; 4) flexibil-
ity for LO modification enabled by the selected generative technology; 5) even the
same material within the educational systems can be easily tailored to both students'
and teachers' individual needs and represented as a GLO; 6) the GLOs may be a part
of the metadesign environments of the e-Learning systems (in the sense of the G.
Fisher’s et al. [30] metadesign concept).

The disadvantages of the approach are: 1) higher development costs due to the
need of additional efforts for analysis; 2) the need of the additional tool support for
the generative technology; 3) more complicated testing of GLOs; 4) the need for ex-
tensive experimentation in order to achieve a higher maturity; 5) the generative ap-
proach requires more precise explicit LO models.

As the related learning content may have a large variability dimension, a GLO can
be viewed as a concise specification of the whole family of related LO instances. But
it is not quite clear what the size and granularity of GLOs should be and what scope
of GLO variability is optimal. The mechanism of explicit integration of learning units
within a GLO is to be further extended, as well as the external composition of smaller
LOs into larger GLOs. To enhance reusability, GLOs and their supporting environ-
ment are to be integrated into e-Learning systems. These problems require further
research.
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Abstract. This is a review of the procedure, technologies and process of further
educational courses within the framework of the ESF project “Informational
Technologies for Further Education of Latvian Province Teachers of Informat-
ics”. The objective of these courses is to clarify the method of teaching of algo-
rithmization and basic programming in secondary schools. The technological
realization of the courses was based on online e-teaching using costless VoIP
Skype network based software. Summarizing results of e-teaching courses im-
perfection considerations regarding unsolved problems of virtual communica-
tion as a new way of cooperation were made.

1 Introduction

Within the framework of the ESF project “Informational Technologies for further
education of Latvian province teachers of informatics” in May and June 2007 courses
of raising the level of proficiency for secondary school teachers of Informatics were
organized. For the courses’ provision, online e-teaching methods were actively used.
The teaching process realized had its educational, economic and trial reasons.

A direct aim of the education mentioned was to clarify the method of teaching
algorithmization and bases of programming in secondary schools. It is based on high
school lecturers’ observations of first year students’ understanding of the usage of
programming technologies, which fundamentally differs from Riga Technical Univer-
sity s (RTU) accepted programming and algorithmization paradigms.

Obviously, students’ understanding is based on knowledge and skills which have
been learnt during Informatics lessons at secondary school.

Since 1991 Latvia suffers demographic a crisis. Consequently the amount of sec-
ondary school graduates has decreased during the last years. High schools fight for
attracting new students. Students of Riga and Riga districts’ secondary schools are
well informed about study opportunities at RTU through Open Door Days, exhibi-
tions etc. However, students from distant regions and country areas mostly are poorly
informed about both, study opportunities at RTU, and the science course “Computer-
based systems”. For attracting entrants to study at Riga Technical University the deci-
sion to form and strengthen contacts with Informatics teachers of regional secondary
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schools’ was reached. This method provides an opportunity to communicate with
students not directly, but with school staff mediation. To enable mutual interest an e-
teaching course “Programming and algorithmization bases” was accomplished.

Online e-teaching for the teaching process is not enough studied and it is rarely
used. Implementation of such a technical solution in real teaching process is a non-
trivial activity both technically and psychologically. Usage of WEB conference soft-
ware and service in regular lessons is also an economically disadvantageous activity.
In search of alternatives a research [1] of free software and service which are based on
VoIP Skype for providing virtual communication was made. Separate solutions were
implemented in providing an e-teaching course.

2 Process of Courses Preparation

To realize further education courses first of all it was necessary to prepare teaching
materials, to study and invite audience — province school teachers of Informatics, as
well as to provide technical part of activity.

2.1 Course Participants

Participants of the courses are teachers of Informatics from different regions of Lat-
via. Exploration of schools, distribution of invitations to courses, registration of par-
ticipants would be quite a labor-consuming process which does no guarantee success.
To provide invitation and management of the courses’ participants, five coordinators
(teachers of informatics) were involved in this project. The organizational part of the
courses provision was performed by following the scheme, outlined in Fig. 1.

iy Regional
Courses conrdinator Courses participants
Management

Fig. 1. Enrolment of participants of courses

With the mediation of a coordinator the following information was distributed to
the audience:

- guidelines about usage of electronic aids,
- guidelines about necessary steps to allow participation in online lessons,
- the time of the first online lecture and other information.

The auditory of teachers is territorially dissipated within the limits of city, prov-
ince, and state. The specificity of work is also concerned with the address of place of
employment. It is not always possible to realize further education courses regionally
covering 40 km territorial radius.

According to Latvian legislation teachers are obliged to raise their level of
proficiency regularly. The realization of teachers’ training courses is possible in the
following ways:
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- Studying at night classes or extra-mural courses;
- Studying during holidays and vacations at intensive training courses;
- E-teaching.

Further education courses’ auditory is more than 35 secondary school teachers of
Informatics from different Latvian regions, geographically covering possible auditory
in a radius 200 km from Riga Technical University. The average amount of listeners
at the online e-teaching lesson is 20 persons. Teachers’ interest to participate in those
courses is based on the following reasons:

- Regular raising level of proficiency is duty of each teacher;

- The teaching process is lead by experienced high school lecturers and pro-
gramming practitioners;

- Courses do not have a participation fee;

- Electronic teaching courses distinctly decrease both time and finance ex-
penses in comparison with fulltime courses.

2.2 Development of Multimedia Aids for the Course

The content of electronic teaching aids for the course is based on adoption of aids
used at high school for the level of secondary school. To provide teaching process
multimedia, e-learning aids which were based on a previously accepted concept were
developed. The aids developed include MS PowerPoint slides about all given themes
and specially edited records of life presentations. For recording the program Screen-
Flash [2] was used. The usage of this software provides:

- Recording of screen picture and mouse cursor manipulations;

— Voice record;

- Editing of records;

- Inserting table of contents and other managerial elements;

- Exportation of records from SWF format to AVI and EXE formats.

As aresult, a batch of teaching aids was developed and placed in the Internet.

2.3 Technical Solution of Online Lessons

To realize an online teaching process, it was necessary to define what requirements
must be satisfied before choosing appropriate software. For providing online lessons
the following requirements were set:

- Participants must have an opportunity to see all actions taking place in the
course lecturer’s computer screen during the lecture;

- Participants must have opportunity to hear lecturer during the lecture;

- Participants must have an opportunity to ask the lecturer or other course par-
ticipants questions using voice broadcasting devices;

- Online text messages must exchange between all course participants.

To fit the requirements within the limits of the project, criteria of functional con-
formity, applicability and minimal expenses were set. Together with course partici-
pants several experiments to find reasonable solution of realizing online lessons were
made. For the technical solution the following software and services were used:
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VoIP Skype client software for providing text messages and voice broadcast-
ing;
HighSpeedConferencing [3] service for providing conference call manage-

ment;

“PrettyMay Call Center for Skype” [4] for rerouting calls in case of low
quality of signal;

“ScreenStream” [5] for transmission of screen picture and mouse manipulations.

The Solution scheme applied is shown in Fig. 2.

Skype + WEB browiser

F"rettyMay
Call Center for Skype
+ Skype

Participant

HigSpeedConferencing
senvice

Skype+ScreenStraam

' feype+
HigSpeedCanferencing
client

Fig. 2. Online lectures’ solution scheme

During the online lectures from broadcasting party two participants are involved -
lecturer and moderator, where the last responsible for technical part of event. For
broadcasting a special workstation with broadband optical Internet connection are

used.

3 Teaching Process Activities

The teaching process included definite synchronous and asynchronous teaching com-
ponents:

Independent acquisition of electronic aids;

Online lectures;

Independent development of electronic aids;

Presentation of developed teaching aids during the online lessons.
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3.1 Online Teaching Process

Online lessons were started at a time previously agreed upon with the teachers. With
the mediation of Skype’s text message transfer service all course participants and
course administration greeted each other and started exchanging messages on a free
theme. When there were enough audience present and the lecture’s technical side was
provided, the moderator of the lecture gave information about picture broadcasting
URL and voice conference call number in a Skype text message window. The lecture
started. Provision of the lectures process is shown in Fig.3.

Fig. 3. E-learning online lecture

Online lectures were used for presentations, for demonstrations of work with inte-
gration development environment, as well as audience test work presentations. Lec-
tures mainly were based on previously prepared MS PowerPoint presentations and
demonstrations in Borland Pascal for the Windows development environment. At the
same time messages between course participants and moderator group were ex-
changed. Thereby participant were discussing the theme or asking the lecturer ques-
tions. They also asked the moderator to give them the microphone so they will have
an opportunity to ask questions over the cyberspace. The lecturer received informa-
tion about questions and uncertainty, gave answers and explanations. At the end of the
lecture extra discussion was initiated and each participant was asked to take the mi-
crophone and speak.

To pass a test in the course teachers had to fulfill the exercise which consists of
two parts:
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To prepare electronic teaching aids about any informatics’ theme;
To present prepared aids during the online lecture.

To fulfill the exercise course participants used the following software:

MS Office batch for teaching aids and presentations;

Movie Maker [6] for video clips;
Screen Flash for teaching clips.

Prepared files were allocated in a place available for each person. Each course par-
ticipant can use them in his/her teaching process. When a file was prepared, it had to
be presented during the online lecture. The participant, which wanted to present the
work, sent it to the moderator, then received rights to use a microphone and started
the presentation. After presentation was finished, other participants used text mes-
sages for broadcasting reactions or took the microphone to ask questions and give
comments.

The teaching scheme is shown in Fig. 4.

y

’IEIectronic
materials

Lector

Online
|presentation

Fig. 4. E-learning lectures cycle

3.2 Participants Questionnaire

Attendants

At the last section of online lectures a questionnaire for teachers were made. The aim
of this questionnaire was to get the participants’ evaluation of the technical side of the
teaching process and Internet connection parameters. Results of this questionnaire are
shown in Table 1.

Table 1. Results of participants’ questionnaire

Parameter Value
Participants 24
Upload speed (avg.) 1046 Kb/s
Download speed (avg.) 2048 Kb/s
Real IP address 52%
Voice call quality 3.38 of 5
Video traffic quality 4.58 of 5

The results of the questionnaire might be interpreted in a following way:

Up/Download speeds of participants’ Internet connection are different. Con-
sequently connection quality is also different;
Approximately half the audience for connection use a real IP address;
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- Evaluation of voice signals was middling. The reason of such quality was
usage of HighSpeedConferencing freeware version.

4 Evaluation of Technical Solution

The solution used has both advantages and disadvantages which are based on the
solutions expenses, VoIP Skype architectural and specific character, and e-learning
course working results.

Solution advantages:

- Usage of free software and service versions decreased total expenses;

- Because of VoIP Skype as architectural and technological solution, high
voice broadcasting and text messages exchanging service accessibility was
provided.

Solution disadvantages:

- Usage of HighSpeedConferencing free service in several cases provided dis-
satisfactory quality of voice broadcasting;

- To participate in courses, the audience had to install Skype client software on
their computers and to know how to connect to HighSpeedConferencing.

5 Problems of Virtual Communication

Usage of electronic communication resources for supporting a teaching process has
several psychological and managerial problems.

The majority of e-learning course participants are unacquainted with each other. It
is difficult or even impossible to establish and strengthen close cooperation between
members of the group. Online lessons are the only opportunity for participants to
team up. In such a situation it is difficult for participants to exchange ideas, express
and maintain their opinions, because they do not feel feed-back. Other participants’
opinions and attitude in most cases are not known.

Participants are not well motivated to communicate actively during the lesson, be-
cause each is sitting at home near the computer screen. In groups where the amount of
participants is more than 10 people, the majority of participants can take part as pas-
sive listeners.

Elder people find it very difficult to start using new electronic communications and
teaching resources.

Management of virtual lessons is a psychologically complicated process and it is
difficult to control it. The lecturer of such a course must speak to an audience which
he/she does not see and does not hear, hoping that any of the course participants would
express their opinions by text messages or would ask for a microphone to speak.

6 Conclusion

Education based on online e-learning has both advantages and disadvantages.
For secondary school teachers from different Latvian provinces it was a very good
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opportunity to get the necessary certificate of their level of proficiency with minimal
financial and temporal expenses. They also get acquainted to teaching methods in
high schools, had opportunity to get to know their colleagues and exchange informa-
tion with them. They also participated in an experiment of using new teaching tech-
nologies and had experience in online public presentations over Internet.

Organizers of this course had the opportunity to influence the teaching process of
informatics in Latvian schools. They also expanded contact circle and continued in-
vestigation and implementation of online e-learning.

Usage of new technologies had the following problems:

- Course participants were not acquainted to online communications; virtual
communication cannot replace real communication;

- Technical solutions based on the Internet environment are not reliable;

- Feed-back between lecturer and audience was not felt;

— Verification of knowledge and skills was difficult;

- Difficulty to have effective work with elder people.

Usage of a technological solution based on VoIP Skype and free software is not the
most appropriate choice. The reasons of it are architectural solutions of a P2P net for
providing double-sided voice traffic and quick changes at free software market. A
more appropriate solution for online lessons might be special educational client-server
software. The management method of online e-learning is one of the approaches weak
sides. For more detailed development an extra investigation is necessary.

References

1. Krauklis, K., Sitikovs, V.: Software solutions for provision of collaboration between users
within VoIP Skype environment (in Russian). In: Education and Virtuality 2007, Yalta,
Ukraine, September 17-21, 2007, pp. 245-252 (2007)

2. ScreenFlash, Unflash.com (2007), http://unflash.com/

3. High Speed Conferencing by Vapps, Vapps LLC (2006),
http://www.highspeedconferencing.com/

4. PrettyMay Call Center for Skype - Overview, PrettyMay Team (2007),
http://www.prettymay.net/callcenter/index.htm

5. Download Desktop Screen Sharing Software, NCH Software (2007),
http://www.nchsoftware.com/screen/index.html

6. Windows Movie Maker - Wikipedia, the free encyclopedia, Wikimedia Foundation, Inc.
(2007), http://en.wikipedia.org/wiki/Windows_Movie_Maker



Adamaszek, Michat 192
Aoki, Hiroyuki 63, 75
Averbuch, Haim 180

Benaya, Tamar 161
Blondel, Francois-Marie
Blonskis, Jonas 204
Bruillard, Eric 305

305

Chrzastowski-Wachtel, Piotr

Dagiené, Valentina

Damasevicius, Robertas 337
Diks, Krzysztof 31

Eibl, Christian J. 327
Freiermuth, Karin 216
Futschek, Gerald 19
Ginat, David 87
Grgurina, Natasa 272
Gruber, Peter 134
Haberman, Bruria 180
Hazzan, Orit 253

Hofuku, Yayoi 241
Hromkovic, Juraj 216
Huang, Shih-Lung 53
Hubwieser, Peter 142
Idosaka, Yukio 241

Kalas, Ivan 229

Kamada, Toshiyuki 63, 75
Kanemune, Susumu 75, 241
Kolczyk, Ewa 265
Kovatcheva, Eugenia 99
Krauklis, Kaspars 349
Kuno, Yasushi 75, 241

19, 204, 282, 293

Author Index

Kurebayashi, Shuji
Kwiatkowska, Anna Beata

Lavendels, Jurijs

Madey, Jan
Martin, Fred

31
41

Micheuz, Peter

Muller, Orna

192

Niewiarowska, Anna
Nikolova, Nikolina

3

Nishida, Tomohiro

Ragonis, Noa

Rhine, Don

41

Romeike, Ralf

63,

349

17

180

99

241

253

122

Schubert, Sigrid E.
Schulte, Carsten
Sendova, Evgenia

Sitikovs, Vjaceslavs

Stefanova, Eliza
Steffen, Bjorn
Stuikys, Vytautas
Systo, Maciej M.

Tort, Francoise
Tseng, I-Chih

21

5

192

327

110
99

99
6
337
1

305

53

Weigend, Michael
Winczer, Michal
Wu, Cheng-Chih

151
229
53

Yamamoto, Yoshikazu
Yovcheva, Biserka Boncheva

Zajanckauskiené, Lina

Zilinskiené,
Zur, Ela

Inga
161

282

349

63

282

171



	Front matter
	Chapter 1
	The Challenging Face of Informatics Education in Poland
	Introduction
	Computer Science, Education, Computational Thinking
	Is Computer Science in Crisis?
	Computer Science Education
	Computational Thinking

	Informatics Education in Poland – In the Past and Today
	Informatics in the Education System in Poland
	The Era of Informatics (Computer Science) in the Past
	The Era of Information Technology

	Implementing Computational Thinking
	General Approach to Informatics Education
	Computational Thinking in Informatics Education

	Conclusions
	References


	Chapter 2
	Bebras International Contest on Informatics and Computer Literacy: Criteria for Good Tasks
	Introduction
	Experiences of the International Bebras Contest
	Categories of Tasks
	Criteria for Good Bebras Tasks
	Example Task: Tomorrows Weather
	Example Task: Islands in a Lake
	Example Task: Shape Manipulation

	Challenges for the International Bebras Task Development
	Example of a Task Development
	Idea for a Data Structure Task and First Formulation
	Final Formulation with the Technique of Telling a Suitable Story

	Summary
	References


	Chapter 3
	From Top Coders to Top IT Professionals
	Introduction
	Competitions in Informatics
	Olympiads in Informatics
	The ACM International Collegiate Programming Contest (ICPC)
	TopCoder
	Imagine Cup
	Computer Society International Design Competition (CSIDC)

	Anatomy of Success
	What Further
	References


	Chapter 4
	Integrating Mathematical Analysis of Sensors and Motion in a Mobile Robotics Course
	Introduction
	Our Context
	The Interactive Robotics Course
	Base Number Systems and the iRobot Create Open Interface
	Exploration of Robot Motion and Geometry
	Normalizing Sensor Values for Motor Control
	Linearizing Raw Sensor Data

	Conclusions


	Chapter 5
	Visualization of Program Behaviors: Physical Robots Versus Robot Simulators
	Introduction
	Methodology
	LEGO Mindstorms Robots
	LEGO Mindstorms Simulator
	Learning Activities

	Results and Discussion
	Achievement Test
	Perceptions of Learning Activities
	Attitudes Toward Learning

	Conclusions
	References


	Chapter 6
	Development of an Educational System to Control Robots for All Students
	Introduction
	Fundamental Design Policy as a Teaching Material
	The Firmware of MYUROBO
	Bytecode Interpreter of MYUROBO
	Instructions Defined in the Bytecode

	Dolittle Programming Language
	Sample Program on the Screen
	Robot Control Using Dolittle

	Programming Environment for MYUROBO Controller Board
	Programming Environment with Dolittle
	Structured Control and MYU BASIC
	Design of Structured Robot-Control Language on Dolittle Syntax

	Workshops for Lower Secondary School Teachers
	Discussion
	Related Works
	Conclusion


	Chapter 7
	Proposal for Teaching Manufacturing and Control Programming Using Autonomous Mobile Robots with an Arm
	Introduction
	Overview of Our Hybrid Lessons
	Design of Teaching Materials
	Control Board
	Programming Language ``Dolittle''

	Experimental Classes for Teachers
	Experimental Classes for Lower Secondary School Students
	Contents of the Classes
	The Result of the Lessons
	Questionnaire to the Students
	Study on Level of Understanding Embedded Systems

	Discussion
	Related Works
	Conclusion


	Chapter 8
	Design Disciplines and Non-specific Transfer
	Introduction
	Design Disciplines
	Discussion and Conclusion
	References


	Chapter 9
	Like a (School of) Fish in Water $(or ICT-Enhanced Skills in Action)$
	Introduction
	$How to Make a Good Presentation$ – Easier Said than Done
	Preparing – Some Necessary Conditions
	Refining the Idea of How to Start
	Analyzing the Audience
	Balancing the Realization – Some Sufficient Conditions

	Reflections
	Conclusion
	References


	Chapter 10
	Duality Reconstruction – Teaching Digital Artifacts from a Socio-technical Perspective
	Introduction
	Educational Relevance of Computer Usage in Everyday Life
	Concepts for Teaching Word Processors
	Object-Oriented Analysis of Word Processors
	Teaching with a Conceptual Model of Word Processors
	Strategic Knowledge vs. Command Knowledge
	Discussion of Concepts

	Dual Nature of Digital Artifacts
	Example: Duality Reconstruction of the Word Processor
	Discussion
	References


	Chapter 11
	What’s My Challenge? Th e Forgotten Part of Problem Solving in Computer Science Education
	Introduction
	Ways of Learning Computer Science
	How Learning Computer Science Has Changed
	How Computer Science Concepts Are Learned Outside of the Lesson – A Problem Solving Approach
	How Computer Science Concepts within the Class Room Are Learned – Another Problem Solving Approach

	Problems of the Problem Solving Approach in Practice
	Problems Often Are Not Problems (but Tasks)
	Problems Often Are Not Computer Science Problems but Math Problems
	Problems Often Are Not Problems to the Student

	Approaches for Overcoming the Problems of Problem Solving
	Problem Solving and Problem Finding in Computer Science Education
	An Overlooked Aspect

	The Challenge Cycle of Computer Science Education
	Implications
	Discussion
	References


	Chapter 12
	Bringing Abstract Concepts Alive. How to Base Learning Success on the Principles of Playing, Curiosity and In-Classroom Differentiation
	Introduction
	Theoretical Foundations
	Basic Ideas of In-Classroom Differentiation
	On the Importance of Playing for Learning Activities
	The Curiosity Hypotheses
	Fundamental Ideas – Knowledge vs. Information

	A Concrete Example for a Learning Sequence
	Steps of the Learning Sequence
	Links Between Theory and Practice

	Conclusion
	References


	Chapter 13
	Analysis of Learning Objectives in Object Oriented Programming
	Introduction
	Learning Objectives
	Connecting Instructional Objectives
	Resolving Circular Dependencies
	Representation of Didactical Knowledge
	Conclusion and Further Work
	References


	Chapter 14
	To Have or to Be? Possessing Data Versus Being in a  State – Two Different Intuitive Concepts Used in Informatics
	To Have or to Be?
	Finite State Automata and Modelling
	The Vending Machine – A Bad Example for a Finite State Automaton?

	Intuitive Automata and Software Development
	How to Make Your Friend Wash Up the Dishes
	Modeling a Hybrid Electrical Vehicle

	Psychological Reality of State-Oriented Thinking
	Conclusions
	References


	Chapter 15
	Understanding Object Oriented Programming Concepts in an Advanced Programming Course
	Background
	The Research
	Research Questions
	Research Population
	Research Instruments

	Results
	Discussion
	Conclusions
	References


	Chapter 16
	Spiral Teaching of Programming to 10–11 Year-Old Pupils After Passed First Training (Based on the Language C++)
	Introduction
	Basic Concepts of the Curriculum of the Second Year of Training
	Illustration of the Spiral Approach through the Theme ”Theory of Numbers”
	Level I
	Level II
	Level III
	Level IV

	Conclusion
	References


	Chapter 17
	Multi-facet Problem Comprehension: Utilizing an Algorithmic Idea in Different Contexts
	Introduction
	(Gradual) Presentation of Problems Centered around a Concept
	A Sequence of Problems Centered around the Concept of "Extreme Value"
	A Concise View of the Problems

	Cognitive Aspects of Problem-Solving and Instructional Design
	A Teachers' Workshop on Instructional Design
	Concluding Remarks and Recommendations
	References


	Chapter 18
	VIPER, a Student-Friendly Visual Interpreter of Pascal
	Introduction
	Motivation
	System Overview
	Example: Longest Common Subsequence (LCS)
	Another Example: Binary Search Tree
	The Usage and Perspectives of VIPER


	Chapter 19
	Analysis of Students’ Developed Programs at the Maturity Exams in Information Technologies
	Introduction
	Structure and Content of the Exams
	Concepts of Solving Practical Tasks – Writing Programs
	Analysis of the First Tasks
	The National Exam in IT (Programming) in 2006
	The National Exam in IT (Programming) in 2007

	Analysis of the Second Task
	The National Exam in IT (Programming) in 2006
	The National Exam in IT (Programming) in 2007

	Comparison of the Tasks
	Conclusions
	References


	Chapter 20
	Creating and Testing Textbooks for Secondary Schools An Example: Programming in LOGO
	General Concepts and Basic Rules
	The Concept of Our Textbooks
	Introduction to Programming with LOGO
	Basic Idea
	Organization of the Module
	How We Introduce New Concepts

	Observations and Considerations
	Using the Module in Classes
	Experiences Made with the Teaching Material

	Future Work
	Conclusion
	References


	Chapter 21
	Informatics as a Contribution to the Modern Constructivist Education
	Introduction
	Informatics Education at the Lower Secondary Level
	Analysis of Similar Foreign Textbooks
	On Our Textbook: $Informatics Around Us$
	Contents of the Textbook
	Different Forms of Activities
	Indirect Means to Support Our Educational Goals
	Contribution to Modern Teaching/Learning Strategies

	Observations and Final Considerations
	References


	Chapter 22
	New Methodology of Information Education with “Computer Science Unplugged”
	Introduction
	Textbook: ``Computer Science Unplugged''
	Contents of the Textbook
	Example of the Contents
	Significance of Unplugged

	Our Lessons at Schools
	Lessons at Iinan Junior High School
	Lessons at Shouyou High School
	Lessons at Osaka Gakuin Daigaku Senior High School

	Conclusion


	Chapter 23
	Disciplinary-Pedagogical Teacher Preparation for Pre-service Computer Science Teachers: Rational and Implementation
	Introduction
	The “Methods of Teaching Computer Science” Course
	Background
	Course Structure and Population
	Course Objectives
	Teaching Methods Used in the Course
	Course Syllabus

	Summary
	References


	Chapter 24
	Algorithm – Fundamental Concept in Preparing Informatics Teachers
	Introduction
	Algorithm – Fundamental Concept at Primary Level
	Problem Solving with Algorithms at Middle Level
	Didactic Concepts at Secondary Level
	Conclusion
	References


	Chapter 25
	Computer Science Teacher Training at the University of Groningen
	The Dutch Educational System
	Computer Science
	Computer Science Teachers

	The Teacher Training Program
	The Role of the University
	Bachelor’s Degree
	Master’s in Education

	The Role of the School
	The Numbers
	References


	Chapter 26
	Distance Learning Course for Training Teachers’ ICT Competence
	Introduction
	Specific Features of ICT in Education
	Requirements to the Distance Learning Course
	The Structure of the Distance Learning Course for Teachers
	Conclusions
	References


	Chapter 27
	Teaching Information Technology and Elements of Informatics in Lower Secondary Schools: Curricula, Didactic Provision and Implementation
	Introduction
	IT Curricula: Competencies and Values to be Developed
	Didactic Provisions
	Description of the Curriculum Implementation Model
	Educational Standards for Information Technology
	Discussion and Conclusions
	References


	Chapter 28
	Spreadsheet Knowledge and Skills of French Secondary School Students
	Introduction: From ICT to Spreadsheet Focus
	Spreadsheet Uses and Students’ Competencies
	Spreadsheet in the French Curricula
	Spreadsheet Competencies

	French High School Students’ Competencies
	Performance Tasks
	Tests and Skills
	Low Competencies, Teacher and Stream Effects
	Diversity of Solutions, Underlying Knowledge

	Conclusion
	References


	Chapter 29
	Harmonization of Informatics Education – Science Fiction or Prospective Reality?
	Introduction
	Looking across the Borders of Our Discipline
	The Common European Framework for Languages
	The NCTM Standard for Mathematics
	Harmonization of Physical Education in Europe

	Major Initiatives in Terms of Overviewing and Structuring Informatics Education
	UNESCO/IFIP and ACM/CSTA
	OECD and PISA
	CEPIS and ECDL

	National Initiatives in Germany and Austria
	Conclusion
	References


	Chapter 30
	Development of E-Learning Design Criteria with Secure Realization Concepts
	Introduction
	Design Criteria for E-Learning Systems
	Theoretical Realizations of the Design Criteria
	Practical Work on a Proxy Server for Automated Security Processes
	Conclusions


	Chapter 31
	On the Technological Aspects of Generative Learning Object Development
	Introduction
	Technological Aspects of GLO Development
	Variability Modeling Using Feature Diagrams
	Multi-language Design
	Metaprogramming
	Development of a Generative (Generic) Specification

	Case Study: Development of a GLO for Teaching Array Sorting Algorithms
	Conclusions and Future Work
	References


	Chapter 32
	Informational Technologies for Further Education of Latvian Province Teachers of Informatics
	Introduction
	Process of Courses Preparation
	Course Participants
	Development of Multimedia Aids for the Course
	Technical Solution of Online Lessons

	Teaching Process Activities
	Online Teaching Process
	Participants Questionnaire

	Evaluation of Technical Solution
	Problems of Virtual Communication
	Conclusion
	References


	Back matter

