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Abstract. We presented a regional project Informatyka + which consisted of out-
reach activities of tertiary education institutions and academic teachers, ad-
dressed to prospective informatics (computer science students). We expect and
have gathered some evidence that these activities increase motivation and prep-
aration of school students for their future decisions to study computer science or
related fields and become computer specialists. The approach which we used
can be viewed as implementation of computational thinking to teaching and
learning informatics (computer science) topics and applications of computing in
various areas of students’ interests.
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Description of the Project and its achievements

Background

There is a general opinion that school students are not prepared to make a decision about
their future career and professional life related to computer science. Moreover they misun-
derstand what computer science really is. In the last 10 years one can observe a substantial
decrease in the number of computer science enroliments (for instance it was estimated that it
dropped in half in the USA). There are a number of arguments which are important in this
context and support the idea of outreach lactivities:

1.

Many people, among them education policy makers, teachers, academics and parents
confuse computer science and information technology and limit informatics in educa-
tion to provide students and teachers with computers and Internet access.

Informatics education in school does not clear up the myths about computer science,
for instance it is still confused with computer programming.

. Today almost all students have computers and access to Internet at home. They have

tasted enough information technology while growing up and want something different at
the university level. To change this, informatics classes should prepare students for fur-
ther study instead of being satisfied with the knowledge and skills they have already
learned.

. Youth’s infatuation with technology does not extend to their desire to learn the discip-

line of computer science — one of our goals in outreach activities is to motivate students
to go ‘beyond the screen’ and investigate how computers and software work so they
can create their own computer solutions.

One of the challenges to a curriculum in computer science is to catch up to the new
technology and to adjust it to rapidly changing markets and users’ expectations.

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. A computing degree can help to find a job in science, engineering, health
care, finance, and so on. The availability of jobs, as well as the impact of computing in
society should motivate students to study computer science.

The White Paper by the CSTA 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 infor-
matics as a computer science discipline:

students should acquire a broad overview of the field of computer science;

informatics instruction should focus on problem solving and algorithmic (computational)
thinking;

informatics should be taught independently of specific application software, program-
ming languages, and environments;

informatics should be taught using real-world problem situations;

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

One of our goals is to show how we partly met these challenges in our approach to informat-
ics education for all students in schools in Poland, and enhance and support schools by
some outreach activities, such as Project Informatyka +.

1 outreach is an effort by an organization or a group (here curriculum teams, universities) to connect its ideas
and practice to the efforts of other organization (here schools), groups, specific audiences, or the general public
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Informatics Education in Poland — In the Past and Today

In the education system in Poland, informatics education consists of two types of classes
and/or activities:
e separate informatics classes;
e across-curriculum integration of computers, information and communication technol-
ogy, and Internet with learning and teaching of all subjects.

The first informatics classes in Poland were organized in the mid sixties. The main topics of
instruction were algorithms for numerical calculations and programming in Algol 60 — algo-
rithmics was restricted to numerical methods. The first national curriculum for informatics as
an independent subject was proposed in 1985. In the mid 90’s, the term ‘information technol-
ogy — IT’ (later ‘information and communication technology — ICT) was accepted by the edu-
cation policy makers in Poland and a new subject information technology was introduced to
the curriculum by the Education Reform of 1997 and as a result information technology be-
came the high school independent subject in 2002. Informatics as separate subject for all
students has returned to high schools as a result of the reform of 2008.

It is interesting to note that informatics as an independent and separate subject has been in
the national curriculum and in the schools in Poland since its introduction in 19852. Are there
any other such country?

The actual curriculum of separate informatics subjects was approved at the end of 2008 and
introduced to primary schools (1-3) and to middle schools in 2008 and to primary schools (4-
6) and to high schools in 2012. The changes made to the existing curriculum were important
to any outreach activities taken by a tertiary education institution. From one side, it may be
assumed that school students are familiar with the topics listed in the curriculum, and from
the other side — outreach activities should enhance and extend the curriculum topics. It is
very important to connect outreach activities to what is actually taught in schools —
one can easily lose attention and interest of school students when the topics are far from
what they know and from what they can follow. As a teacher in the project Informatyka +,
prior to my lectures and workshops, | usually asked school teachers who accompany stu-
dents from schools how advanced their students are in algorithmics and programming. Simi-
larly did other members of our staff in this project.

In the new curriculum for high schools information technology disappeared as an inde-
pendent subject and informatics has been introduced in its place, at least 1 hour per week for
one year. In consequence, beginning of 2012, there is also informatics for all students in
high schools, as it is in middle schools.

Informatics (understood as computer science) remains in high schools as an elective sub-
ject and is taught only in some schools. Students may also take an external final examination
(matura in Polish) in informatics.

In informatics for all students the main emphasis is put on problem solving with computers
using the methodology based on computational thinking. Problems may come from various
fields, in particular from school subjects, and students may use a variety of informatics tools
for solving them. Students are expected, as outcomes, to be able to:
e discuss and analyze various problem situations;
¢ develop and formulate specifications of various problem situations;
e design a solution of a problem by choosing a solution method and computer tools, such
as a programming language, application or education software;
e run a solution on a computer and test and evaluate its properties such as complexity
(efficiency) and correctness with regard to the specification;
e present a solution and discuss its applications to other problem situations.

2 The author of this submission has been involved in all this activities, in the past and presently.
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Additionally to problem solving skills, all students in high schools are expected to publish in
the web their own educational content and use e-learning to enhance and enrich their learn-
ing environment by including open content and courses.

A new textbook for informatics for all students in high schools appeared in 2012. A project
based learning (PBL) is proposed as a working method and computational thinking as an
approach to problem solving. Moreover, flipped classroom strategy was proposed to en-
hance school time with off-school students’ activities.

Description of the Project Informatyka +

Informatics education in the new national curriculum as described above aims at better prep-
aration of school students for general education as well as for their future choice of a next
step in education and professional life related to computer science and its professional appli-
cations. The outreach activities in the Project Informatyka + refer to the new curriculum by
enhancing and deepening students’ curriculum achievements, also extending them in the
case of talented and gifted students.

Informatyka + was and still is one of the largest outreach projects in Poland. It was ran by
the Warsaw School of Computer Science (WWSI), a private university established in 2000,
one of the few private schools which offer a master degree in computer science. The author
of this submission coordinated scientific and education activities in this Project. The Project
was financed by the EU Funds. It was addressed to high school students in five regions
(states — wojewddztwo) in Central and Eastern Poland and more than 1000 high schools,
17.000 students, and 300 teachers participated in this project in 2008-2012.

Project goals
The main goals of the Project Informatyka + were as follows:

e elaborate and implement innovative methods of teaching and learning key competen-
cies in informatics and its applications;

e improve and extend off school students’ activities in developing key competencies in in-
formatics and its applications;

e extend students’ interests about job market expectations and better preparation for
their future choices of professional development;

e extend opportunity talented and gifted students have to improve their informatics inter-
ests and competences, in particular those students who are interested in taking part in
numerous informatics competitions;

e improve students’ school achievements (measured by school grades) in informatics
and in other related subjects;

e provide schools with open education content in informatics and its applications;

¢ introduce school students to an academic type of instruction which differs significantly
from school lessons;

o develop teachers’ competences in working with students talented in informatics.

Project organization
In this project students participated in:
e lectures (2 hours);
e lectures (2 hours) followed by computer workshops (3 hours);
o extensive workshops (24 hours);
e competitions, such as: the Informatics Olympiad, Beaver, “Our school in Internet’, on
3D graphics, and web contest;
e summer computing camps in an attractive spa — a combination of vacation activities
with plenary lectures and discussions, workshops, and on-line competitions.

Moreover, in-service courses were also offered for teachers to improve and develop their
competencies in working with students talented, gifted, and particularly interested in ad-



IEBPEA 2013: Informatyka +; WWSI, Poland — Maciej M. Sysfo 5

vanced informatics topics. Lectures and computer workshops were delivered in WWSI, in
one of the five Regional Centers of the Project located in schools, and in schools.

Extensive workshops have been organized for contestants of the Olympiad in Informatics.
More than 1000 students participated each year n the Beaver, which becomes a very popular
(as Kangaroo in mathematics) international competition in informatics and ICT.

295 students took part in Summer with Informatics, summer computing camps in an attrac-
tive spa — a combination of vacation activities with plenary lectures and discussions, work-
shops, and on-line competitions.

The courses were offered on two levels:

e basic — addressed to all students, supposed to extend the curriculum knowledge in various
informatics topics;

e extended — these are mainly extensive workshops (24 hours), addressed to students inter-
ested mainly in deepening their informatics skills.

The Educational platform Fronter was used in the project as a communication medium, as an
element of cloud computing http://informatykaplus.edu.pl/infp.php/ (the platform is hosted in
Oslo). It still contains all course materials (lecture notes, presentations, education software,
programming codes, etc) prepared by teachers and students used the platform to save their
works done during workshops. Then students could use all these materials anytime and an-
ywhere when they return home or to school and want to continue their work in class. The
platform was also used to build and run tests and to collect students’ opinions about the
course they attended.

Informatyka + contributed also to the Polish Open Computer Science Platform (Polska
Wszechnica Informatyczna) which is a collection of more than 60 recorded lectures delivered
by well known specialists in various areas of informatics and its applications (WWSI got a
prize for this project) http://www.pwi.edu.pl/.

Project topics
The Project Informatyka + consisted of five thematic modules (we list also titles of some
courses within modules):

1. Algorithmics and Programming: Searching and sorting — the power of order, Simple
computer calculations — can all be computed, Algorithmic techniques, Shortest paths
and trees, Data structures and their use (advanced), Advanced algorithms, Matura (final
examination) in informatics.

2. Data Base: Data base — fundamentals, SQL language (basic and advanced level), XML
documents in data base, Technology ADO.Net, Data mining, T-SQL language.

3. Graphics, Multimedia, Internet techniques: Graphics editor — GIMP, Working with
multimedia, Searching for multimedia in the Internet, Creating dynamic Internet services,
Making movies.

4. Computer Networks: Computer networks — basic principles of construction and operat-
ing, Networks as communication media, Network security, Wireless networks, LAN and
WAN.

5. New Tendencies in Informatics and its Applications: Algorithms of the Internet, Can
computers make business, Concurrency in informatics and in our life, Data exploration,
JavaScript, Is P = NP or how to win million dollars in Sudoku, Enigma and contemporary
cryptography, Past and the future of informatics — elements of history of informatics,
Logic and computers, Introduction to neural networks, Medical informatics.

The courses were prepared and ran by teachers from WWSI and from other universities in
Warsaw and in Poland. There were more than 70 courses offered. For each course its au-
thors prepared handouts (electronic and paper versions; from 15 pages for a lecture to 50
pages for a 24 hour workshop), Power Point presentation (used during a lecture part of the
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course), tests and some other materials for students, see:
http://informatykaplus.edu.pl/infp.php/moduly tematyczne.html for details.
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Selected materials were also published in books:
1. Two volumes of selected course materials, edited and augmented.

2. Book: How to Work with Students Talented in Informatics — A Guide for Teach-
ers — a collection of articles on how to work with students talented in computer sci-
ence, written by national experts on informatics olympiads, teachers working with tal-
ented students, and also by school psychologists.

3. Book: Homo Informaticus — Introduction to Contemporary Informatics — written
by internationally recognized experts in various branches of computer science and its
applications, such as: logic (A. Szatas), algorithmics (K. Diks, J. Grytczuk), program-
ming languages (G. Jakacki), data base (K. Stencel), informatics in medicine (R. Ta-
deusiewicz), informatics in global economy (W. Cellary), computers in education
(M.M. Systo), IT professions (A. Zytawski), history of computing: people, ideas, ma-
chines (M.M. Systo).

All the books were sent to all 1000 schools which participated in the Project, also they were
distributed among libraries and other interested persons.

The approach which was used in running courses and is seen in the materials can be viewed
as implementation of computational thinking to teaching and learning informatics (com-
puter science) topics and applications of computing in various areas of students’ interests.

Project achievements are described below in the section Evidence of impact.

Availability of the curriculum materials

The Project materials are now available to all interested students, not only in high schools,
but also at the university level, and to all teachers in high schools:
http://informatykaplus.edu.pl/infp.php/moduly tematyczne.html.

Available are (for more than 70 courses), in electronic form (interested persons may get
some of these materials in printed version):

e Written handouts (from 15 pages for a lecture to 50 pages for a 24 hour workshop).
e Power Point presentations (used during a lecture part of the course).

e Tests used in the classroom.

e Recorded lectures.

A limited number of copies of the books are also available:

e Two volumes of selected course materials, edited and augmented.
e Book: How to Work with Students Talented in Informatics — A Guide for Teaches
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e Book: Homo Informaticus — Introduction to Contemporary Informatics

We plan to publish a revised version of Homo Informaticus in the Science Publishing House
(WN PWN), also its version in English.

All courses and their materials have been designed based on the current informatics curricu-
lum for high schools and therefore can be used by high school students and by teachers in
schools as well as in off classroom learning activities.

Since the materials are available in electronic form and were produced using the public
funds, they are available everywhere and anytime to all students and teachers in Poland, not
only for those who took part in the Project activities in 2008-2012.

It was interesting to notice during the Project activities that the courses attended were con-
tinued in school classroom with the students’ works saved in the platform Fronter. It was a
practical experience in using a cloud environment, first such an experience for most of the
school students and also teachers.

Evidence of impact of the Project

The organizers of the Project are very satisfied with the students” opinions about the Project,
especially with the impact of the Project on students’ learning and on their positive attitude
toward the proposals of courses and other activities. The organizers of the Project have
gathered some evidence that the Project activities have increased motivation and prepara-
tion of school students for their future decisions to study computer science or related fields
and become computer specialists.

The Project appeared to be our great success — 17 386 school students (among them were
5425 girls) participated in the Project in 2008-2012, some of them attending more than one
course and project activities; 74% from high schools, and 26% from vocational high schools.
Many students still are in contact with project teachers and take part in special interest
groups at WWSI.

3096 courses were organized in WWSI and in 5 Regional Centers of the Project. 296 extra
lectures wee delivered in other schools. 212 students groups visited WWSI for workshops
(5 hours).

More than 1000 schools in 5 regions of Poland were supported in the Project by having a
chance to participate in the Project and receiving project materials; some of the activities
(lectures, workshops were organized in schools, not only in the project centers). Today, stu-
dents and teachers from all schools in Poland have access to the project materials (lecture
handouts, presentations, tests, books, recorded lectures). The project materials constitute
now a large collection of Open Educational Resources.

Tables 1-5 contain some results of the questionnaires filled in by participants of the courses
(after a course) and of other project activities.

Table 1. Why have you decided to take part in the Project?

Reason %

| like informatics and want to learn more 63%
My knov_vledge of_ informatics is on a low level and | 13%
want to improve it

In our school informatics is taught on a low level 8%
There are no extra informatics activities in our school 7%

Others 9%
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Generally, as shown in Table 1, students in schools want to improve their knowledge of in-
formatics and the Project was a good opportunity to do so.

Table 2. How much have you learnt during the lecture you cannot learn in school

Topics Yes No NO
opinion
Algorithmics and programming 45% 20% 35%
Data base 64% 10% 26%
Graphics and multimedia 53% 16% 31%
Computer networks 54% 17% 29%
New trends in informatics 57% 12% 31%

Table 3. How much have you learnt during the workshop you cannot learn in school

Topics Yes No NO
opinion
Algorithmics and programming 37% 28% 35%
Data base 56% 13% 31%
Graphics and multimedia 54% 19% 27%
Computer networks 49% 18% 32%
New trends in informatics 61% 16% 23%

Tables 2-3 illustrate that the contents of the courses, although closely related to the curricu-
lum, extend significantly what students can learn in schools. These figures confirm our
choice of topics and their range.

It is also interesting, regarding the academic style of teaching/learning (lecture + workshop),
that for 73% of school students lectures were important preparations for workshops, and for
77% — workshops were very important to better understand lectures.

Table 4 illustrates the best impact of the Project — for 60-70% of students it was positive re-
garding their interests and knowledge in informatics.

Table 4. Students’ opinion toward usefulness of the courses

Yes No No
Question defi- | Yes | No | defi- | an-
nitely nitely | swer

Are you interested in studying informat-

ics in the future? 33% 33% | 24% | 10% 0%

Do you think that participation in the
Project will influence your future deci- 22% | 42% | 26% | 9% 1%
sion about your career?

Has the course improved your know-

) ) 0 0, 0
ledge and skills in informatics? 4l% 1 47% | 9% 3% 0%

Has the course encouraged you to de-
velop your knowledge and skills in in- 26% | 49% | 22% | 3% 0%
formatics by yourself?

Have the materials been useful in the

5 55% | 36% | 7% 2% 0%
course”
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The figures in Table 5 show the impact of the Project on how students are doing in schools
after taking some project courses or taking part in some other project activities. Moreover, as
one of the most important result of the Project we consider the figures in the last row,
collected from students who each year graduated from vocational high schools.

Table 5. Students’ opinion toward influence of the courses

Question Yes No

After taking part in the Project, have you improved your
grades in informatics?

After taking part in the Project, have you improved your
grades in information technology?

67% | 33%

65% | 35%

Has your choice of informatics related study been influ-

0 0
ence by the Project? 62% | 38%

It is worth mentioning that more than 90% of talented students, who took part in very exten-
sive workshops (24 h) were very satisfied, especially those who were preparing for the final
examination in informatics (matura) — | ran three such courses and all my students passed
the matura with at least 50% points.

Extensive workshops have been also organized for contestants of the Olympiad in Informat-
ics. In 2010, twenty students successfully reached the third final stage and two of them
represented Poland in the International Olympiad in Informatics.

More than 1000 students participated each year in the Beaver, international contest in infor-
matics and ICT. In 2010, 5 students won the Il Prize and 8 students won the Il Prize.

The Materials produced in the Project are very useful for at least 87% students, also in
schools.

More than 93% of teachers taking part in the in-service training ran in the Project and coming
with students to courses were satisfied with how the Project is ran, what students have
learnt, and the Project can improve their school lessons and other activities in informatics.

Concluding comments, reflections

As the coordinator of the Project | must admit that | am very satisfied with running the Pro-
ject, the enthusiasm of school students and teachers about our offer of courses and activities
and the Project’s impact on schools — they are really interested in improving instruction in
schools and giving students new opportunity to learn and develop their skills in the area of
informatics curriculum topics and applications.

Personally, let me share one of my experiences. | run some of the algorithmic courses.
Once, a group of young students, mostly girls attended a course on introductory algorithmics.
When before the workshop | learnt from their teacher that they have no experience in pro-
gramming, | thought | would be in trouble but finally those students were able to understand
three simple algorithmic situations (e.g. for given three numbers interpreted as the lengths of
triangle sides, find the area of the triangle if it exists) and write in Pascal and run successfully
three programs. As one of my colleagues (W. Cellary) put it: everybody can learn program-
ming — now | strongly believe him. In fact, computer programming (in any sense) is a tool of
computational thinking and as such should be a competence of everyone. It is not a surprise,
that Marc Prensky, who first divided people into two categories digital natives (young genera-
tion) and digital immigrants, now declares The True 21° Century Literacy Is Programming.
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Continuation of the Project

We are making affords to continue the Project and to extend availability of its materials and
achievements in several directions. To this end:

(7

" SZKOtA o

we have applied to the Ministry of National Education to extend the Project to all re-
gions of Poland;

we want to make the Project activities permanent and continues in schools;

we intend to extend the scope of the project by constantly adding new topics, courses,
activities, prepared by teachers from other tertiary schools in Poland and also from
abroad;

we intend to invite to the Project results Polish students who study abroad,;

we plan also to translate some of the materials into English and make them available
for students from abroad.

Today, some of these ideas and plans are included, at least
partly, in another project IT School (http:/it-szkola.edu.pl/),
which is a continuation of Informatyka +, and is addressed to
all regions in Poland and is constantly extending its scope by
adding new topics, courses, activities. Presently more than
20 000 students from high schools in Poland have registered
and are taking part in this new project activities. This project is
supported only by WSWSI.

it ©

Recognitions, references, supports

The Project Informatyka + has been awarded by the Ministry of National Education as
one of the Good Practice Projects in developing skills in the young generation, necessary to
work and live in the information society and in the global economy.
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Informatyka na plus

Jak zacheci¢ ucznidw do zglebiania wiedzy informatycznej? lak pokazad, ?e kazdy moZe poznawad nowoczesne
technologie i wykorzystywac je w Zyciu codziennym? Jak zainspirowac do wyboru tego kierunku jako przyszlej
scieZki akademickiej? Na pytania te odpowiada projekt Informatyka+, dofinansowany w ramach Europejskiego
Funduszu Spolecznego. Dotychczas z unikalnej oferty edukacyjnej skorzystalo 17 tys. uczniow.

Informatyka+ to kompleksowe przedsigwzigcie prezentujace rozwigzania w zakresie edukacji informatycznej, ktdre powstata
dzigki dotacji przyznanej z Programu Kapitat Ludzki na ponadregionalne projekty edukacyjne. W skali catego kraju na tego typu
dziatania przeznaczono jui prawie 1,5 mld zlotych. Projekt realizowany od wrzesnia 2008 roku przez Warszawsks Wyiszg
Srkate Trfarmatvli bl skirrawany da oeznidw hliska 1000 szkdt w o wnirwddztwie: maznwieckim. lohelskim. nndlaskim.

The organizers of the Project have got many responses from schools which want the Project
to be continued in the future and supported by the Ministry of National Education, also by
Universities. There were many schools which cannot enter the Project because of limited
capacity of WWSI and the regional Centres. Universities are also interested in such outreach
activities which prepare students for their future choices and for study in computers science
and related fields.

The Project has got very positive feedback from all its actors: students, school teach-
ers, project teachers and project personnel. We all are very satisfied with its outcome.
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