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The General Education Structure in Lithuania

age , grade HIGHER EDUCATION

% UNIVERSITIES
ADVANCED VACATIONAL

19 112

VACATIONAL
SCHOOL

17




Short glance to Informatics/IT at School

¥
2012 Deepening understanding of Infnrﬂj

0
: . ~
2000 Technology enriched learning
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1990 L\I Focus on applications p
1980

1970



,Prehistory” of teaching programming

% ~40 years ago (in 1975) — the idea of nation wide
teaching of programming in schools in Lithuania has
emerged.

“ Implementation: Teaching material was prepared.

% In 1979—1981 the Experimental School of
Programming by Correspondence was organized.
% 34 years ago (January 1981) —

Young Programmer’s School by Correspondence
was established officially
Jaunuyju programuotoju mokykla
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Firmnii pamoka

ALGORITMAI

Gywanime labai daznai sidin-
kame ii anksfo numasyius puore-
[ dymus,  kuricos  reikia  owykdy-

ti norint allikli konkrehy darba.
Pavyzdiii, prie felefons  auto-
mato galima rasti instrukeifa, ku-
ricje “frumpai ir aitkiai pasakyia,
kq raikia daryti, noriet paskam-

binﬁ:_
od |maskite  dviejy  kapeikyg

monaty | automato skyle

2. Mukelkife
sianalo., 3

3 ligirde ilga, neperfraukiama
gaudesj, surinkite reikiamg  nu-
Ir'l'IErj ir laukite atsakomojo signa-
=5

4. Hgirde ilaus  gsudesius,
laukite, kol abonentas atsakys.

5. Hgirde bumpus, dainai pa-
sikadoianéius gaudesivs, pakabin.
kife ragelj ir igimkife mionefy:
jums reikalingas abonentas  wi-
imtas™,

Panalios

ragelj ir laukite

ingirukcijos sudaro-
mos e uidaviniams spresti. Pa-
vyzdiivi, dviejy gkaigiy a ir b
aritmetinio vidurkio radima gali-
ma nusakyf nuredymais:

1. Sudekite duotus du skaizius,

2, Gautg suma padalykite g
dwiajy.

Skambinimas
matinia  vidurkio

teleflonu ir  arit—

islkajimas —

fai du labai skirfingi  procesa,
Taciau jie turi ir bendry bruozy,
Aby processi apralyfi  frumpais
ir aifkiais nurcdymais. Ty nurody-
miy Zeka  ir sudarc elgoritmy,
Tiksliai aflike aprasytus nurody-
mus,  gauname reikiama  rerulta-
th: paskambiname felefonu, ran-
dame. arifmetini vidurkj,
Algorifmu  vadinami aitkis  ir
visy wienarcikimifkal suprantami
nurodymai, nusakantys  weiksmy
process, kaip if turimy duomeny
gauti reikiama rezultata.  Turimi
duomenys wadinami | pradiniais.
lie Finomi pries atliekant algorit-
mg. Rezullatai dar vadinami ga-
lutiniais dusmenimis. Jy reikimes
TUZIOMIGS atlikus algoritma,
Dviejy skaidiy widurkio algoriimo
pradiniai duomenys yra du dooti
skaiciai, o galufinis — widorkis.
Algoritmai ufrafomi  jusiriai
Jy wiraiymo pavidalas, nurscy-
miy skaifius ir defalumas prikiau.
so-nuo fa, kem o jlel skirki, LDy
kas atliks algorifme  nurodymus
(spre.  uZdavin}). lelgu  norima,
kad widavinj =presty madina, ii
reikia viraiyli madinai supranta-
mu  pavidalu,  Tokia algoritmal
wvadinami programomis. Mes  ir
nagrinésime programas. Pradécio
me nuo paprashy uidaviniy, ku-
rilos nesunku bty Espresti
be ESM.  Palaipzniui  uZdaviniy
w3var”  didinsirme., Sudarysime ir
tokiy uidaviniy programas, ke
rivos be ESM iisprest bty per
sunku ar i3 viso nejmanoma.

The first lesson of JPM
(Young Programmer's School)

published 1981-01-27
in daily newspaper
"Komjaunimo tiesa"



TRYLIKTOJI PAMOKA

Skyrel{ tvarko LTSR MA Ma.
tematikos Ir kibernctikos ins.
tituto  Jaunesnlofi  moksiiné
bendradarbé Valentina
DAGIENE

amuotojal,  raSantys
nealikias, griozdifkas progra.
mas, mégsta telsintis, kad pro-
grama skirlama kompluteriul,
0 ne Imogul. Be abejo, kom.
pluteriul programos aldkumas
pesvarbus = Jis mechaniikal
atlieka velksmus Ir nestdomi
Emgnmoa valzdumu, Tadlay
ad Ir kalp atrodyty kelsta,
didlausias programy skalty.
tojas vis délto yra 5 0
ne kompluteris, Skal
programas, Imogus susipad
1a su kity programuotojy idé.
Jomls ir patirtiml, mokosl pats
sudarinét! mas. al
tenka tobulintl ir pally su.

PROGRAMAVIMO
KULTORA

mentarals galima paalfkinti
ne tk Kintamyjy vardus,
bet ir atskiras programas da
as.. ;Lmdyu‘.m vlfrn&s ar ki

n panasial,
Komcnwy:s alims {lerpti vl
sur tarp atskirg simboliy, 2o
dily, skaldly, vardg. Jie sus.
kllapd2iam| skllaustals (*lre).

Komentaral padeda greltal
ir lengval skaltyt! programas.
Tollau Jals nerelkia piktnau.
d2fautl = komentaral turl bi.
U Jakonidki, grieXtl, trumpal
nusakantys pagrindinius daly.
kus, neulgriozdinantys progra-
mos teksto.

Paminésime dar vieng pro.
gramavimo kultQros elementy
— programy redagavimy, Re.
dagavimu vadlnamas progra.
mos (eksto ISdéstymas pople.
risus lape, Nekyla abejonly,
kad tmogul kur kas lengviau
skaltyt!  valzdllal  1idéstyty
programy. Be to, tokloje .
ramoje bina maliay kfm

(pavyzdilul, sunklay pamiriti
Al and I8l lte vallivumiaes nAa

rojo méneslo pobalgo’jc prie-
augli duds tik plrmojl pora,
todeél turésime tris poras, o dar
po méneslo prieaugl| duos ir

m m. " .
pried du méncalusp.o?ofgl i3
viso bus § poros,

Simboliy F(lr:a) pazymékime
triudly pory skaldly, Kkur| tu.
résime po n ménesly. Matome,
kad nojo ménesio pabalgo
lurésime tek pory, kiek
buvo pried ménes|, Ly. F(n-llg
ir dar tiek naujy pory, kiek
Iq buvo pries du ménesius, t.y.
(n-2)-0j0 ménesio pabalgole,
Kitalp sakant, gsusime tokla
priklausomybe:

Fin)=F(n—1) 4 Fln=2

Patelksime programy triufly
pory skalflul po n ménesly
spausdintl,
program [ibonaced;

var fn, (* F(n) *)

fnl, 'P(n—l)’;
fn2, (* F(n—2)*
n, (* ménesly

us®)
k: integer:

for s:=1 ton do
begin
write (s);
{or d:=1 to n do
if 8§ mod dw0 then
write ("4°);
writeln
end
en;l.u fektyvus, talla
néra efe v u
kadang! 1§ uidavinlo sglygos
nercalu, kad n boty labal di-
dells, tal skalMavimy bus ne.
dwf ir néra relkalo $uo as.
pekiy tobulintl programos.

KONTROLINIAI
UZDAVINIAI

13, Duota programa:

program atspék;
va{ l’ ll> lgse
. ) Integer;
begin
read (n);
a=1; bi=l;
for ;=0 to n do

bc'gln
or =1 tobdo
write (%),
writeln;
Cimig by
dwh; biwg
end
end

K'q iSspausdins kompluteris,
atlikes 314 programgq, Jel pra.
dinis dmt;‘muo y-nm'?? Kokio
uidavinio sprendimas ulrady.

fog 8lea nenorama? 17 kalat)



The curriculum and content

o

» Names, variables, values, assignment statement
and sequence of statements

Branches of actions
Repetition (Loop)
Program and its running by computer
Logical values

Functions and procedures
Recursion

Discrete data types

Real numbers and records
Arrays

Programming style
Program design
Efficiency
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Program reading was considered as
important as writing

% Programmer must be able to read and investigate
the programs designed by other programmers.

% Program analysis — reading makes a considerable
part of home tasks.

 Pupils were asked to modify a program in order to
adapt it to another similar problem, to restore the

omitted parts of its text, etc.



Development periods of the Young
Programmer’s School by Correspondence

1. General programming teaching (1981—-1986)

2. Learning effectively: differentiation by students’
abilities (1986—-1993)

3. Intensive teaching of gifted students (1993—1999)

4. Training students for the Informatics Olympiads
(1999—-2005)

5. Using new media (virtual learning environment) while
learning algorithms (since 2005)



What i1s valuable: Lessons learned

Tasks: Interesting, attractive tasks (small pieces) and
problems (connected to real world) for students

Flexible learning: Learning should occur anytime
anywhere

Learning resources: Divide learning material in pieces,
combine practical problems with theoretical approaches

Teaching resources: Well-prepared material for teachers

Face-to-face meetings: summer camps, teacher training
Sesslons...

The successful introduction Informatics is determined by a
change of mental habit and promoting co-operation
among researchers, policy makers, and teachers



Logo

¢ Learning Logo
s Logo contests

* Logo workshops for
teachers

¢ Books for schools
(project-based method)

b

% ,,Comenius Logo* | |
. . Valentina Dagiene and Seymour Papert
1eaI'IllIlg eIlVII‘OIlIIleIlt Hanoi, Vietnam, 2006



Informatics in schools of Lithuania: 1986

% The official beginning of informatics s
as a subject in schools of Lithuania | .
is dated back to 1986

% Main idea: introduce each pupil to ST
a computer CICICICLC

% Programming is the second literacy L ﬁr.-
- prof. Andrei Ershov, a founder of | hemmm—
the Siberian School of CS }  Informatikos

<+ We translated the textbook and | ir s/kai¢iavimo

©  technikor

added a chapter on Pascal . pagrindai 1l i/

programming language



Informatics in schools of Lithuanian: 1991

% In 1991 the first curriculum for
teaching informatics in
secondary schools was
developed

/7

¢ An original Lithuanian textbook
of Informatics was written just
after Lithuania has regained
independence

4

)

» The course was lectured for two
years in school-leaving grades
10th — 12th of upper secondary
schools composing it in
different ways

)



Informatics in schools of Lithuanian: 1997

Since 1997 the teaching of informatics essentially changed:

% the compulsory course for the 9th and 10th grades was
introduced

% Informatics remained compulsory for the 11th and 12th
grades as well

% the possibility to take advanced optional modules was
provided



Informatics in schools of Lithuanian: 2005

% Since 2005 the basics of informatics and IT as a separate
subject has been introduced to grades 5 and 6

% Changing name: Informatics to Information Technologies
or I'T

< IT — a compulsory subject at 5 —10 grades

\/

% 1 hour per week (35 hours per year) for grades
% 5and 6

% 7o0r8

% 9and 10

% Optional modules for grades 11 and 12 — programming,
data base, desktop publishing — for upper secondary school



Lower Secondary School, grades 5-10

computer

5-6 Grades =>| ~7-8 Grades =>' 9-10 Grades
Handling Handling Handling
"™ information by [~ informationby [~ information by
computer computer computer
Drawing with Text process.ing _, Text processing
computer and formatting and formatting
Text processing |, Data handling and|_ Internet and services
and formatting spreadsheets
q Data handling and
Internet an . dsheet
L P spreadsheets
e services —p Presentation
. Moddeling with

|, Introduction to
programming

—> Desktop publishing

—> Webpage design



Upper Secondary School, grades 11-12

General course | Extended cours!

—> Formatting texts —> | General course |

—> Spreadsheet ,{I:,

—> Programming

—> Presentation

—> Desktop publishing

_, Internet security, ethics

Data Base developing

—
and management
I 9-10 Grades 1

I=’ Introduction to programming

-=> Desktop publishing

—> Webpage design



IT in 5-6 grades

Themes, subthemes IT Subjects, integration is
hours | addressed to

Introduction to computer 10

application

Principles of computer use 6

Drawing with computer 4 |Art; 10

Text and keyboard 14 | Mother tongue; 10

Internet and electronic mail 10 | Mother tongue; 4
Foreign language; 10

Modeling (Logo or Scratch) | 24




S

7 Textbook for 5-6 grades

g 4 % Introduction to

AN computer

»» Drawing
»» Text processing

% Internet and
emails

Valentina

Dasiené

S-G kL.

Tnformaciniy
technologj\y

K@MP‘&&)}"]\%{J’%@ vadov‘e\igSJ

% Modeling (Logo)




Contents of Informatics and IT subjects

9-10 grades 11-12 grades 11-12 grades
(Compulsory course) (Optional course) (Advanced
modules)

Computer (principles |Advanced elements | Data base
of the work) of text editing
Text processing Presentation Multimedia
Information (basics of | Web and email Programming
information handling)
Algorithms (main Social and ethical
concepts and issues of using IT
commands)

Spreadsheet




Matriculation in Lithuania

¢ All high school students are required to take
matriculation exams in main subjects studied in high
school: at least two and not more than 6.

¢ Informatics (IT + Programming) is one of them

¥ The exams are external nation wide exams - National
Examination Centre is responsible.

% Evaluation of an exam is by points from 16 to 100.



Informatics exam structure

Computer 1-2 multiply choice questions 10
literacy tasks  5-3 short answer questions

2-3 open-ended questions

1 task with text processing 20
1 task with spreadsheet 20
Programming 2 or 3 practical tasks to be 50

tasks programmed



Components of curriculum of programming exam

Algorithms

Data structures

Control structures

Calculation of the sums
(of product, quantity, and
arithmetical average).

Search of the maximal
(minimal) value.

Data input/output.
Data sorting.

Modification of
algorithms according to
the particular data
structures.

Integer and real,
char, boolean, and
string .

Text file.

One-dimension
array.

Record.

Development of
data structures.

Program structure.

Comments.

Variables.

Assignment and sentence.
Logical operations, if statement.
Loops.

Compound statement.
Procedure and function.
Parameters and arguments.
Standard files.

Programming environment. Technology of procedural programming. Testing.
Program documentations. Arrangement of dialog. Program writing (style)




Programming tasks

% A first task is intended to examine the students’ abilities
’1’ to use the procedures or functions,

* to use the data types,
» to realize the algorithms for work with data
structures

% to manage with input and output in text files.

“ A second task is 1ntended to examlne the students’
understanding and abilities to 1m1€ lement ata
structures The core of the task isto develop the

appropriate structures of records together W1th arrays.

Students usually are asked:

“to input data from the text file to arrays containing
the elements of record type,

“*to perform operations by implementing algorithms,
“*to present the results in a text file.



Evaluation system

% Both tasks intentionally
requires to write batch style
programs, as they are more
suitable for blackbox testing.

» Semi-automatic evaluation
system with blackbox testing
is developed for evaluation of
programs.

L)

1)

4

% Exam evaluation system has
different requirements than

TECHNOLOGICAL SCIENCES,

Systems used in INFOrRMATICS ENGINEERING (07 T)
programming courses or inies 201
programming contests




Evaluation schema of a programming task

First task: evaluation criteria Points Comments
Tests 20 If the program provides
correct outputs to all tests.
Correct reading from file 4
The result is outputted correctly 2
The function, which calculates the number of chess sets Evaluated only if the
that can be collected from the pieces brought by the 5 program scores no points
students is created for the tests.
Other functions, procedures (if there are ones) and the 9
main program are correct
The data type of array is declared correctly 1
The function is crated 1
Meaningful names of the variables. Program parts are 1 Always evaluated.
commented, spelling is correct.
Programming style is consistent, no statements for 5
working with the screen.
Total 25




IT education

elated to com S
in scho \
W\
AL
/Ig"o
S

Qe d d—
o advance
O dules

IT and Informatics for all
with elements of algorithmics

1

integrated

© Pre-school year

From 2015: Modern Informatics
/IT for all children with elements
of programming




Modern curriculum: Informatics and IT

1.

Understanding and analysis of problems based on logical
and abstract thinking, algorithmic thinking, algorithms
and representations of information.

. Programing and problem solving by using computers and

other digital devices — designing and programming
algorithms; organizing, searching and sharing information;
utilizing computer applications.

. Using computers, digital devices, and computer networks

— principles of functioning of computers, digital devices,
and computer networks; performing calculations and
executing programs.

. Developing social competences — communication and

cooperation, in particular in virtual environments; project
based learning; group projects; equity.

. Observing law and security principles and regulations —

respecting dprivacy of personal information, intellectual
property, data security, netiquette; positive and negative
impact of technology on culture, social live and security.



Supporting activities

’0

» Teacher preparation:
a teacher is the most important ,,technology”!

e

%%

Standards, evaluation and support in a classroom

e

%%

In-service training at universities — based on standards
Web service — materials, MOOCs

Comments to the curricula of other subjects — how to use
computational thinking in solving problems

e

*

e

*

e

*

PBL and flipped learning — extra hours of school learning

<

/
*

Gamification

L)

<

/
*

Contests: Bebras, Olympiads...

L)

e

*

Informatics oriented tasks in national school tests



Challenges

“ How to motivate and engage students through K -12,
for 12 years, e.g. learning programming requires
constant practice

% The role of coding — programming

*** When and how to switch from visual to textual
programming?

\/

% Visual — for beginners, non-professional

\/

% Textual — for those who seriously think about CS — we don’t want
to loose them



The curriculum — general comments

Informatics # programming

Concepts before tools, before programming

N\

Programs / Coding

J

Algorithms

Concepts

Problem / situation

J

There are plenty of ways to
introduce/teach informatics
concepts ... without
computers:

% CS unplugged
*» Bebras tasks

When appropriate, we can
extend unplugged CS by
adding ... a computer

< Grades 7-9 — focus on real world problems and applications

which are meaningful for pupils

% Grades 10-12 and vocational schools — CS/ICT specializations



The curriculum — the role of programming

** Remember: Informatics # programming

s How to use extra curricular coding activities (e.g. the Hour
of Code) in the classroom?

Programming
“* Programming is a tool, not a goal

** Which programming language? — there are 3000
— any, which can be used to introduce and illustrate concepts
— Introduce new constructs when needed
— a program is a message for a computer and also to other people
— different languages different programming methods
— visual versus textual languages and programming



Methods of introducing Informatics concepts

% Use all three forms of activities:
% visual learning: pictures, objects, abstract and physical models, ...

\/

% auditory learning: exchange ideas, discussions, group work, ...
% kinesthetic learning — physical activities

+ Learn/teach in environments of three stages:

“*cooperative games and puzzles that use concrete meaningful objects —
discovering concepts: Bebras tasks, The Hour of Code

“s*computational thinking about the objects and concepts —
algorithms, solutions

“*programming — Scratch, The Hour of Code, Logo

% Bebras tasks — the source of problem situations
% The Hour of Code — introduction to (visual) programming with puzzles



The Hanoi Towers

% The Hanoi Towers story

% In the beginning: ask kids to
play and try to find ,,an
algorithm” and calculate the
number of moves for different
numbers of rings

N/

% Expected: algorithms and tables
with the number of moves

% Then: kids play with (against) a Concepts:

computer program < game
% algorithm

% Finally: they verify initial 2 efficiency (complexity)
findings % recursion

s Extra (MS, HS): recursive

solution, minimum number of

IMOves



Shortest path — introduction

Kids are working with real situation — motivates them:
%+ Computer: Find your house and your school on the Google

map. Find your way to/from school
% Find shortest paths (distance and time) to/from school by

different transportation means: on foot, by bicycle, by car,

public transportation

< Paper and pencil: %, 5
Ry
Table to compare 0 <
. . = J
which is the shortest ., “%, % <
. . NY... O %, %,
path (time/distance) s - e
to school? & S 1 Neris
Cedim’”opr, 2 §0 Lietuvos Nacionalinis
z & Operos Ir Baleto Teatras 2
Jasingy; Q§ Ged"mho 5 ;—E



Shortest path — PISA task

From Einstein to Diamond it
takes 31 min — which way?

Diamond O

Concepts:

% graph models

% algorithm

% greedy approach

% shortest paths

% Dijkstra’s algorithm
* symmetry

Sakharov U

Total Time: III minutes Hobel RESET

Typical approach, a greedy type: the nearest neighbor method.
It doesn’t work!

However it works when you go from Diamond to Einstein !!!

Think: Dijkstra’s algorithm is a greedy method and optimal


http://www.oecd.org/pisa/test/testquestions/question2/

Shortest path — Beaver task

From START to FINISH

Find the guickest path from START to FINISH. The hours in the figure indicate how much time must be spend to
travel between the adjacent stations.

9h

START - A-B - C - FINISH START — A — C - FINISH

START - B — C - FINISH START - B - D — C - FINISH

bebras.org



Conclusions

With the modern Informatics/IT curriculum:

4
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Students acquire a broad overview of informatics/IT and applications.
Teaching informatics focuses on problem solving and CT.

IT/Informatics is taught independently of application software,
languages, environments — students are free to make their own choice.

I'T/Informatics is taught using problem situations coming from school
subjects and real-world applications.

IT/Informatics education provides a background for the professional
use of computers in other disciplines.

Students experience a solid foundation in CT through problem solving
with computers

Students experience that programming is a creative process.
Students learn how to collaborate on projects.

IT/Informatics enables innovation also in other fields.

PBL and flipped methods contribute to personalization of learning.
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