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My talk about

� What is Computational Thinking

� Components of Computational Thinking

� UK model: Concepts and Approaches 

� Future PISA 2021 and Computational Thinking

� What is Bebras?

� The Bebras tasks – many examples

� The Bebras game cards
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Why we need to teach CT?



INTEGRATION CT-STEAM!



Computing education – shifts in approach



Computational Thinking

� Originally used by Seymour Papert, 
MIT, in Mindstorms: Children, 
computers, and powerful ideas

2006 Hanoi



Computational Thinking

„Computational Thinking is the thought processes involved in 
formulating problems and their solutions so that the solutions are 
represented in a form that can be effectively carried out by an 
information-processing agent“

J. Cuny, L. Snyder, and J. M. Wing. Demystifying Computational Thinking for Non-Computer Scientists, 
2010

Jeanette M. Wing

Carnegie Mellon 

University

„Computational thinking involves solving problems, designing 
systems, and understanding human behaviour, by drawing on 
the concepts fundamental to computer science“ 

„an universally applicable attitude and skill set everyone, not 
just computer scientist, would be eager to learn and use”

J.M.Wing. Computational thinking. 

Communications of the ACM, 2006.

Popularized by Jeanette M. Wing in 2006



CT – Terminology
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CT for Computational World

9

http://digitalpromise.org/wp-content/uploads/2017/12/dp-comp-thinking-v1r5.pdf
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CT Key Components
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https://cspathshala.org/2017/10/25/

computational-thinking-curriculum

https://cspathshala.org/2017/10/25/computational-thinking-curriculum


Google have gathered a huge amount of resources and articles about CT:
https://edu.google.com/resources/programs/exploring-computational-thinking

� Many publications on CT

� Googlescholar: 1 930 000 publications (2020/06)

� Kalelioglu, etc. have analyzed 125 papers (2016)

12F. Kalelioglu, Y. Gulbahar, V. Kukul. A Framework for Computational Thinking Based on a 
Systematic Research Review. Baltic J. Modern Computing, Vol. 4 (2016), No. 3, 583-596

https://edu.google.com/resources/programs/exploring-computational-thinking
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https://ec.europa.eu/jrc/en/computational-thinking
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https://ec.europa.eu/jrc/en/computational-thinking


• Emphasis on a particular aspect 
of CT (e.g. “Algorithmic thinking” 
captures the spirit of computing, 
the art of computing)

• Stakeholders’ acceptance and 
preference for other well-
established terms e.g. problem 
solving, algorithmic thinking and 
critical thinking

• The context of use (academia 
versus policy documents)

• Soundness in national languages

CT and related terminology 

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC104188/jrc104188_computhinkreport.pdf



CT not only characterised by skills, but also by attitudes or dispositions

“We know from research that an important attitude for
CT, which goes with this set of skills, is that students are
able to work with uncertainty in complex situations,
as well as having to be precise. Hence, there certainly are
a number of attitudes that are also being developed while
developing CT skills; for this reason, speaking of CT as a
competence is reasonable” (Joke Voogt interview, 2016)

CT as a competence



CT Model
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https://publications.jrc.ec.europa.eu/repository/bitstream
/JRC104188/jrc104188_computhinkreport.pdf
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ACTIVITY - CRAZY CHARACTER

Algorithm
Making steps and rules

1. Draw a triangular body

2. Add 3 eyes

3. Add 3 wings

4. Add 3 legs

5. Add a tail 

Barefoot activity designed for pupils aged 5-7



PISA 2021 Mathematics Framework
https://pisa.e-wd.org/#Formulate



Some of the key 21st Century skills

❖ critical thinking
❖ creativity
❖ research and inquiry
❖ self-direction, initiative and persistence
❖ information use
❖ systems thinking   - CT is part
❖ communication
❖ reflection



PISA 2021: Computational Thinking

Mathematical Literacy in the 21stcentury includes 

mathematical reasoning and some aspects of computational 

thinking

Computational Thinking involves processes that are very close to 

problem solving and collaborative problem solving assessed in PISA 

(p. 46)

https://pisa.e-
wd.org/files/PISA%202021%20Mathematics%20Framework%20Draft.pdf

https://pisa.e-wd.org/files/PISA 2021 Mathematics Framework Draft.pdf


PISA 2021: Computational Thinking

� Computational thinking skills include pattern recognition, 

decomposition, determining which (if any) computing tools could 

be employed in analysing or solving a problem, and defining 

algorithms as part of a detailed solution. By foregrounding the 

importance of computational thinking, the framework anticipates a 

reflection by participating countries on the role of computational 

thinking in mathematics curricula and pedagogy. 



ICILS - IEA International Computer and 
Information Literacy Study



ICILS - IEA International Computer and Information Literacy Study 2018



Computational Thinking:
Operational definition for K-12 education

Computational thinking (CT) is a problem-solving process
that includes (but is not limited to) the following characteristics: 

� Formulating problems in a way that enables us to use a computer and 
other tools to help solve them

� Logically organizing and analyzing data

� Representing data through abstractions such as models and simulations

� Automating solutions through algorithmic thinking (a series of steps)

� Identifying, analyzing, and implementing possible solutions with the
goal of achieving the most efficient and effective combination of steps and 
resources

� Generalizing and transferring this problem solving process to a wide
variety of problems

ISTE and CSTA, 2011



Multiple pathways to CT should be used in compulsory education

• Over-reliance on coding might give pupils a wrong impression on 
what CT is

• Unplugged activities is regarded as an effective approach, 
involving problem solving and in the process dealing with 
fundamental concepts from CS 

• Scalable Game Design builds on the motivational aspects foster a 
transfer of skills from game design to simulation

• Programming requires learning tools that can make programming 
accessible to young children in primary school

• Integration!

• Bebras – Challenge on Informatics and CT

CT learning and teaching



What is Bebras?



Challenge in Informatics

� BEBRAS (Beaver) – International Challenge on Informatics and 
Computational Thinking

� Established in 2004

Goals

� to develop Computational Thinking

� to stimulate pupils’ interest in informatics and information
technology

� to encourage pupils to think deeper while using computers and 
information technologies

� to inseminate concepts of informatics

Shift: algorithmic thinking to computational thinking 
informatics for informatics to informatics for all
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http://www.bebras.org/


http://e-hod.elte.hu
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2018 November – 2019 April
Country Total Country Total Country Total

Algeria 796 Iceland 1 357 Romania 14 976

Australia 43 163 Indonesia 5 065 Serbia 50 168

Austria 32 675 India 137 081 Singapore 1 352

Belarus 150 237 Iran 4 161 Slovakia 77 928

Belgium 4 400 Ireland 6 851 Slovenia 33 590

Bosn & Herc 9 732 Italy 51 297 S. Africa 21 035

Bulgaria 514 Japan 5 128 S. Korea 25 455

Canada 18 874 Kazakhstan 4 671 Spain 965

China 104 573 Latvia 17 574 Sweden 5 499

Croatia 22 887 Lithuania 44 136 Switzerland 21 313

Czechia 79 988 Malaysia 6 815 Taiwan 118 332

Estonia 3 458 Netherlands 18 852 Tunisia 5 708

Finland 5 613 N. Zealand 2 745 Turkey 68 484

France 682 053 N. Macedonia 25 372 Ukraine 117 885

Germany 373 406 Pakistan 8 754 UK 201 911

Greece 13 905 Philippines 2 236 USA 46 699

Hong Kong 4 659 Poland 22 540 Vietnam 12 957

Hungary 27 702 Russia 12 909 Thailand 4 132



2018 November – 2019 April



Bebras tasks

� Attract students and drive them to learn and explore as well to 
develop skills in the particular area

� Require deep-thinking skills in the informatics field

� Clearly related to fundamental informatics concepts

Dagienė, V., Stupurienė, G. Bebras – a Sustainable Community
Building Model for the Concept Based Learning of Informatics and 
Computational Thinking. (2016)

http://www.bebras.sg/
http://www.bebras.sg/


ABSTRACTION – WALNUT ANIMAL



REPRESENTATION - TREASURE MAP

Beaver Ana has a treasure map. She knows that the treasure position is at (7|7). 

Ana knows that the well is at (7|5) and the fireplace is at (3|3). 

But she forgot how to read the map the right way round.

Where is the treasure? Drag and drop the treasure to the map.



LOGICS - CLARA LIKES FLOWERS

Clara likes colorful bouquets of flowers and visits a flower shop.
In there are the following types of flowers: gladiolus, lily, tulip, rose.

Every flower is available in the colors:

Clara wants a bouquet with six flowers satisfying the following conditions:
1. each of the colors yellow, white and blue

should occur exactly twice,
2. flowers of the same type should not have the same color,

3. every type of flower should only occur at most twice.
Which of the following bouquets satisfies all the conditions 1), 2) and 3)?

A B C D



EVALUATION - BRACELET

To solve this problem 

it is necessary to 

evaluate the four 

options and consider 

which fits the original 

bracelet.



AUTOMATION - CONSTRUCTIVE BEAVER

Beaver has developed a very simple modeling language. It 
consists only of two kinds of objects and two possible operations

The operation add(A, B) means: Put A and B side by side and glue 
B to the right side of A. The operation turn(A) means: turn  A 
clockwise around 90 degrees.

Which operation 
sequences would 
generate this thing?

A
A = add(cylinder, cylinder)
B = turn(A)
C = turn(B)
D = add(C, cube)

D
A = add(cube, cylinder)
B = add(A, cylinder)
C = turn(B)
D = add(C, cylinder)
E = add(D, cylinder)

C
A = add(cube, cube)
B = add(A, cylinder)
C = turn(B)
D = add(C, cylinder)

B
A = add(cylinder, cylinder)
B = add(A, cube)
C = turn(B)
D = add(C, A)



GENERALISATION – MOBILES

Generalisation is

associated with

identifying patterns, 

similarities and 

connections, and 

exploiting those features. 

It is a way of quickly

solving new problems

based on previous

solutions to problems, 

and building on prior

experience. 



Beaver machine 2018-HU-03
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You can think of a computer as

a device that reads input and 

writes output. How does a 

computer “know” what to do? 

The answer is that humans tell it 

what to do beforehand! 



Task cards BEBRAS





BEBRAS card
task

Solve the task in the
small group, watch the

solving process and 
discuss about it after.











Tangram



Integration – Phenomenon based learning

• The publishing house „Baltos Lankos“ (Lithuania) has been
publishing standards-based integrated curriculum textbooks
Rainbow for primary education since 2010

• The primary school curriculum (grades 1-4) is divided into 36 
general themes and 130 more specific topics with 9 books for
each school year

• The full set of the textbook includes a workbook and an online
platform, audio and video records as well as other learning
materials

• Starting from 2019, Computational Thinking is part of this
integrated textbook!





Robot and the Tower

Robot should reach the Tower by 

walking from square to square.

However, he made a mistake.

The program can be corrected by rotating one of the arrows. Fix it.

The programmer has made a program out of movement direction commands 

marked by arrows:



valentina.dagiene@mif.vu.lt

Thank you


