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Introduction 

The Standard Bank Talent Search is available to all learners in South Africa from Grade 4 to Grade 12 and 
beyond. Students from other countries that do not have an organised Challenge identical to this in their 
own country are also welcome to join. 

The Challenge aims to introduce learners and teachers to computational thinking and computer science. 
The Challenge aims at a large and broad audience with fun and engaging tasks. Talent Search allows a 
student to discover aptitude for computational thinking without requiring prior knowledge. It teaches 
participants that computational thinking is an integral part of solving problems in daily life. 

The Talent Search philosophy: emphasize participation and celebrate achievement. 

This Challenge was initiated in 2004 in Lithuania as the Bebras Challenge. “Bebras” is the Lithuanian word 
for “Beaver,” the hardworking star of many Bebras tasks. In the past years, over 2 million students from 
over 50 different countries have participated. 

2011 was the first year in which the Bebras-type tasks were introduced to the larger community in South 
Africa. We were very excited about the positive feedback we have received from both learners and 
teachers. 

The following pages show the tasks used in the Official Talent Search. The title of each page shows the 
name of the task, in which age group it was used and what the difficulty was (easy [A], medium [B] or 
difficult [C]). 

For each question we not only show the answer, we also explain at least one way to reach the answer. On 
top of that there is a section that explains how the task is related to Computational Thinking. 

We have also mapped the tasks to the Computational Thinking Concepts that feature in the Progression 
Pathways Assessment Framework created by Mark Dorling. This year we have also added a Computer 
Science domain to each task and some key word tags to help when searching for suitable tasks during the 
academic year. This is outlined below and is thanks to the work of Valentina Dagienė, Sue Sentance and 
Gabrielė Stupurienė: 

Each task is assigned up to 3 Computational Thinking Skills from 

Abstraction (AB) 
Algorithmic Thinking (AL) 
Decomposition (DE) 
Evaluation (EV) 
Generalization (GE) 

Each task is assigned one Computer Science Domain from: 

Algorithms and programming 
Data, data structures and representations 
Computer processes and hardware 
Communication and networking 
Interactions, systems and society 

Up to three Keyword Tags may also be added. 

 



We know many teachers have been waiting for this book. We hope the information in this book enhanced 
the usefulness of the challenge in your classroom! 

The 2019 Talent Search has been conducted in five age groups: 

Group name Recommended grade 

Elementary  4 and 5  

Junior  6 and 7 

Intermediate 8 and 9 

Senior  10 and 11  

Elite 12 and above  

 

Thank you 
  
The challenge wouldn’t be the same without the help of these people: 
 
Eljakim Schrijvers 
Chris Roffey 
Daphne Blokhuis 
Dave Oostendorp 
Arne Heijenga 
Andrea Schrijvers 
Kyra Willekes 
Marissa Engels 

and everybody that participated in the Bebras Workshop in 2018. Thank you! 



Participating countries 

Each problem in this booklet has a flag indicating the country of origin. However, many people were 
involved in the further editing, translating and providing additional material.  

The US team is indebted to the generosity of spirit and community of computer scientists around the world! 
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Overview of questions per division

 
Elementary  
Grades 4 and 5 

  ELEMENTARY Gr 4&5   

Level Task # 

A1 Rainbow Parrots 23 

A2 Spinning Square 30 

A3 Pizza 22 

A4 Help Smiley Home 15 

B1 Flower bed 11 

B2 Flowers 12 

B3 Dam Construction 8 

B4 Getting Dressed 13 

C1 Trash Robots 33 

C2 Ring Toss 24 

C3 Fill the Honey Pot 9 

C4 Coloring Sheet 5 

Junior  
Grades 6 and 7 

  JUNIOR Gr 6&7   

Level Task # 

A1 Rainbow Parrots 23 

A2 Help Smiley Home 15 

A3 Switch On 31 

A4 Lemonade Party 17 

A5 Flowers 12 

B1 Three Friends 32 

B2 Getting Dressed 13 

B3 Trash Robots 33 

B4 Room Sharing 25 

B5 Infinite Ice Cream Cone 16 

C1 Walk in the Park 35 

C2 Gifts 14 

C3 Crack the Code 7 

C4 Beaver Town 3 

C5 Coloring Sheet 5 

Intermediate  
Grades 8 and 9 

  INTERMEDIATE Gr 8&9   

Level Task # 

A1 Help Smiley Home 15 

A2 Lemonade Party 17 

A3 Mutation of an Alien 20 

A4 Switch On 31 

A5 Walk in the Park 35 

B1 Infinite Ice Cream Cone 16 

B2 Gifts 14 

B3 Treasure Maps 34 

 

B4 Crack the Code 7 

B5 Medical Lab 19 

C1 Beaver Town 3 

C2 Coloring Sheet 5 

C3 One Hour, One Task 21 

C4 Shortish Program 28 

C5 Arrows 1 

Senior  
Grades 10 and 11 

  SENIOR Gr 10&11   

Level Task # 

A1 Mutation of an Alien 20 

A2 Switch On 31 

A3 Gifts 14 

A4 Crack the Code 7 

A5 Treasure Maps 34 

B1 Walk in the Park 35 

B2 Ballroom Floor 2 

B3 Box Jump 4 

B4 Connections 6 

B5 Rows and Columns 26 

C1 Arrows 1 

C2 Shortish Program 28 

C3 Sign-up debugging 29 

C4 Coloring Sheet 5 

C5 Flipping Cards 10 

Elite  
Grades 12 and above 

  
ELITE Gr 12 and 
beyond   

Level Task # 

A1 Scheduling Rehearsals 27 

A2 Switch On 31 

A3 Gifts 14 

A4 Walk in the Park 35 

A5 Treasure Maps 34 

B1 Box Jump 4 

B2 Ballroom Floor 2 

B3 Rows and Columns 26 

B4 Connections 6 

B5 Longest Word Chain 18 

C1 Winning the Lottery 36 

C2 Arrows 1 

C3 Sign-up debugging 29 

C4 Coloring Sheet 5 

C5 Flipping Cards 10 
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 1 Arrows 

 

 

 

 
 

 

In the figure above, the black arrow at A points at one black arrow at B and one white arrow at C. 
The white arrow at C points at exactly two white arrows at E and at G. 

In the figure below, you can change arrows from black to white or white to black by clicking on them. 

Task: 
Change the color of the arrow so that:  

 all white arrows point at exactly one other white arrow and  
 all black arrows point at exactly two other black arrows. 

 

 

 

 

 

 

Answer and Explanation 

To find the solution you could start the search, go step by step, and, if you find you are in a dead end, step 
back and try another possible step. 

A possible solution is shown below: 
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It’s computational Thinking 

CT Skills Algorithmic Thinking (AL), Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Backtracking 

 

To find the solution you could start the search, go step by step, and, if you find you are in a dead end, step 

back and try another possible step. 

In computer science this is called a backtrack. Backtracking can be used to solve puzzles or 

problems such as the eight-queens-puzzle, sudoku. In Computer Science it can also be used to solve 

combinatorial optimization problems such as parsing and the knapsack problem. Some logic programming 

languages such as Icon, Planner and Prolog use backtracking internally to generate answers. 

https://en.wikipedia.org/wiki/Backtracking  

https://en.wikipedia.org/wiki/Logic_programming 

 

  

https://en.wikipedia.org/wiki/Backtracking
https://en.wikipedia.org/wiki/Logic_programming
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 2 Ballroom Floor 

Beaver has to tile a big ballroom floor that is made up of 16 rows of tiles and 31 columns. 

She decides to create a pattern based on a set of rules. Here is an example "rule set": 

 

When placing a new tile, Beaver looks at the three tiles in the row above the new tile (diagonally left, 
directly above, and diagonally right) to determine which rule in the rule set to apply. This shows her 
whether the new tile should be black or white. 

To allow her rules to work at the edges, Beaver decides to imagine that all the tiles that are outside of the 
floor are also white and remain white. 

Beaver decides to start with one black tile in the middle on the top row. Using the example rule set, the 
following pattern is formed: 

 

The ballroom owner doesn’t like this pattern very much! 
She wants the last row of the floor to start and end with a black tile. 
It must also alternate between black and white tiles like this: 

 

Task: 
Create a new set of rules that will produce the required result.  
Do this by clicking on the lower squares in the rule set to turn them either black or white.  
Remember, you have to start with one black tile in the middle of the top row. 
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00010010 

00011010 

00110010 

00111010 

01010010 

01011010 

01110010 

01111010 

10010010 

10011010 

10110010 

10110011 

10111010 

11010010 

11011010 

11110010 

11111010 

Answer 

The following image shows a solution. This is a solution based on the ‘XOR’ function. In this case, the 

value of a tile is not dependent on its own state; it is only dependent on the state of both the neighbors. If 

exactly one neighbor is black the cell will be black. 

 

 

 

 

 

 

 

Fortunately, there are multiple correct solutions. 

Explanation 

 

An interesting feature of this task is that there are at most 256 different rule sets. You can see that you 

have to indicate what happens to the color of a cell based on the three cells above it (directly above and 

the two diagonal ones). There are eight different ways the three cells are colored black or white (www, 

wwb, wbw, wbb, bww, bwb, bbw, bbb). For each of these eight situations you have to decide on the color 

of the cell below. This means you only have to make 8 choices of black and white. For 8 

binary choices you have 2**8 possibilities, so 256. 

 

In the solution diagram we have added '1' and '0' below the choices.  

The table on the right shows all valid solutions. 

Some of these are easy to find (put a black square somewhere only if the square above it 

is white and either one or two of the diagonals are black), and some are very interesting to 

find. 

 

Having so many valid solutions means you can just play with this task to see the patterns 

emerge without having to spend too much time searching for the solution. 

It’s Computational Thinking 

CT Skills Abstraction (AB), Decomposition (DE), Evaluation (EV) 

CS Domain Data, data structures and representations 

Tags  

 

This game is actually related to Conway's Game of life. 

Conway’s Game of Life was invented by John Conway. It was based on the work of Johan 

von Neumann, who was trying to find a hypothetical machine that could create copies of 

itself. Conway’s Game of Life is a cellular automaton, which is basically a system where 

some very simple rules are applied to cells on a grid. With these simple rules, many very 

complex machines can be built. In fact, it has been proven that any calculation can be 

done using Conway’s Game of Life. 
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This 1 dimensional version is just another version of the Game of Life. In this version, the student has to 

come up with his own rules that he can simulate as well. 

Links: 

You can find a lot of information about the game of life at http://web.stanford.edu/~cdebs/GameOfLife/ 

This specific example has multiple solutions, one famous solution is called 'rule 90'. You can find more 

information about rule 90 at: https://en.wikipedia.org/wiki/Rule_90 

 

https://en.wikipedia.org/wiki/Cellular_automaton 

https://en.wikipedia.org/wiki/Conway's_Game_of_Life 

  

http://web.stanford.edu/~cdebs/GameOfLife/
https://en.wikipedia.org/wiki/Rule_90
https://en.wikipedia.org/wiki/Cellular_automaton
https://en.wikipedia.org/wiki/Conway's_Game_of_Life
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 3 Beaver Town 

 

To build a town, beavers run a rope around the trees surrounding the area that will become their town. 
They then cut down the trees that are not needed to support the rope. For example: 

 

 

First they make a map the trees on a grid of squares like the one 
shown below. Then they select the smallest number of 
trees needed to support the rope. 

Notes: 

 Trees are shown as green circles. 
 To make this easier, the beavers assume that all trees 

have the same diameter (thickness) and are in the center 
of the squares in the grid. 

Task: 

Select all the trees that will support the rope and must NOT be cut 
down by the beavers in the plan below. 
(Don't forget to press save when you're happy with your answer.) 

Answer and Explanation 

The main problem is to decide whether a tree is inside the 
boundary, on the boundary or on the boundary but not required to 
support the rope. 

The trees that can be cut are shown below as light brown circles. 
We can cut most of the trees without much thought. A few trees 
(with blue numbers) still require some analysis. Because of the grid 
system, whether the tree is needed to support the rope can be 
worked out by counting boxes and looking at triangles: 

• Trees 1,4,and 3 are therefore just inside the boundary. 

• Tree 2 can be seen to be on the boundary but is not 
required to support the rope. 

 

It’s Computational Thinking 
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CT Skills Abstraction (AB),Algorithmic 
Thinking (AL), Decomposition 
(DE), Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Convex hull 

 

The smallest convex polygon containing a finite set in a plane is called a "convex hull" of that set. This is 

an important idea and is usually solved with a mathematical algorithm. The grid provided in this task 

makes this a lot simpler for humans (or beavers) to solve. 

The problem of finding convex hulls has practical applications in pattern recognition, image processing, 

statistics, geographic information system, game theory, construction of phase diagrams, and static code 

analysis by abstract interpretation. It also serves as a tool, a building block for a number of other 

computational-geometric algorithms such as the rotating calipers method for computing the width and 

diameter of a point set. 

http://axon.cs.byu.edu/~dan/312/projects/ConvexHull.php 

https://en.wikipedia.org/wiki/Convex_hull 

  

http://axon.cs.byu.edu/~dan/312/projects/ConvexHull.php
https://en.wikipedia.org/wiki/Convex_hull
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 4 Box Jump 

There are 8 boxes on a shelf. The positions of the boxes are labelled from 1 to 8. 

Each box contains an instruction for how a game piece should move.  
An example of each instruction type is given below: 

1. Movement to the Left 
e.g. 2L means move two boxes to the left. 
 

 

2. Movement to the Right 
e.g. 3R means move three boxes to the right. 
 

 

3. Do not move 
If the rule says "0", do not move from this box at all. 

Question: 
Consider these instructions: 

 

On which box should you start your game piece so that, by following the rules, it touches every box? 

Answer 

3 

Explanation 

Working backwards, we can see that column 4 is reached by column 7, which is reached by column 6, 
which is reached by column 8, which is reached by column 5, which is reached by column 2, which is 
reached by column 1, which is reached by column 3: 
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We can also draw this as a graph, with the label of the nodes being the column, and the label of the edges 
being "how to move between columns". This graph can be drawn starting at any node, and is complete 
when all columns have been written down. 

 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 

CS Domain Algorithms and Programming 

Tags Sequence, Graph, Pointers 

This problem is about following pointers: We can think of a move like "3R" from column 2 to column 5 as 
following a pointer. Given this collection of pointers, which is really a directed graph, we are looking for the 
"head" or "parent" node of this collection. 

Following a sequence of pointers is important in memory management by the operating system (or Java 
garbage collection) so that memory which is no longer being used can be recycled and "reclaimed" for 
other programs to use. Many software errors can be found by tracing back problematic 
calculations/instructions back to their parent origin. 

The goto statement (or jump statement in assembly language) can be modelled by this game. A goto 
statement indicates that instead of executing the "next" instruction, move to some other part of the 
program and continue execution. In this task, the "program" is a sequence of goto instructions, where the 
only "terminating" instruction is the one at position 4. 
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 5 Coloring Sheet 

The pattern below needs to be colored! 

There are two rules: 

1. Use as few colors as possible. 
2. You may not color 2 areas the same color if the areas touch each other with an edge. 

You can color in the pattern yourself. First choose your color by clicking on a paint can. Then click on the 
area you want to color. 

Task: 
Color in the pattern following the two rules above. 
(Press "Save Answer" when you are happy with your answer.) 

 

 

Answer 

The task can be completed with only 3 colors. 

Explanation 

There are many possible answers depending on which color is used as a starting color 
and which segment is chosen to color in. Here is a solution created by choosing the first 
color and filling in as many regions as possible starting in the top left corner: 

 

The second color is then used to fill in as many regions as possible starting now from the 
bottom left corner: 

 

By selecting the third color, it can be seen that all the remaining regions can be filled in while still obeying 
the required no-shared-edge rule: 
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This showed that three colors suffice. We can now see that we cannot solve the problem with fewer than 
three colors; consider the region marked with an "x", colored in yellow: it shares an edge with two regions, 
so we have three regions that must all have different colors. Therefore, we cannot color 
the pattern with fewer than three colors.  

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Four color map theory 

 

This is a task that refers to the Four Color Theorem, which states that given a two dimensional shape, 

such as a map, that is divided into any number of regions of any shape, no more than four colors is 

required to fill in the regions so that no two adjacent regions have the same color. 

Graph coloring has important applications in computing. For example, in scheduling of flight plans, in the 

assignment of flying corridors to aircrafts so as to avoid collisions during landing or taking off of aircraft, 

and in the assignment of frequencies for mobile networks. 

https://en.wikipedia.org/wiki/Four_color_theorem 

 

  

https://en.wikipedia.org/wiki/Four_color_theorem
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 6 Connections 

The circles in the design below are connected to some of their neighbors. 

Your job is to color in some of the circles. 

The symbol and number inside each circle indicate the number of neighbors that need to be colored in. 

Examples: 

The circle marked with "=3" must have exactly 3 of its 4 neighbors colored in.  
Similarly, the circles marked with "<4" must have fewer than 4 of their neighbors colored in. 

Task: 
Color in the required circles by clicking on them. 

Click on "Save" when you are happy with your answer. 

 

 

 

 

 

Answer 

Explanation 

Looking at the bottom-right most circle, which contains "=2", we know that both of its neighbors must be 

filled in to obtain: 
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Noticing the circle labelled "=4", all four of its neighbors must be filled in, yielding: 

At this point, all circles are satisfied. Examining each of the remaining circles, we see that they cannot be 

filled in. Specifically 

if the "=1" circle was filled in, then the "=3" circle would be incorrect 

if the "=2" circle was filled in, the "<4" circle above it would be incorrect 

if the "=3" circle was filled in, the "<2" circle above it would be incorrect 

if the "=4" circle was filled in, the "=1" circle to its right would be incorrect 

Note that we can also start at the "=4" circle and arrive at the same solution after similar reasoning. 

 

It’s Computational Thinking 

CT Skills Abstraction (AB), Algorithmic Thinking (AL), Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Brute-force search 

 

This problem requires logic and demonstrates that brute-force solutions are not effective. By brute-force, 

notice that for each of the 9 circles, they are either filled in or not: therefore, there are 2 choices for each 

circle. The total number of choices for filling in these circles is 29=512. So, one solution is to try all 512 

different ways of filling in these circles. However, using reasoning, and in particular, a sequence of 

reasoned deductions as shown in the solution, it is possible to substantially reduce the number of 

possibilities that need considering to something much more manageable. 
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7 Crack the Code 

Beaver Daniel received a chest of gold that is locked with an electronic lock. The lock can be opened by 
entering a 9-digit combination code. 

Daniel has received the following hints about the code: 
• The only digits in the code are 2, 6, 7 and 9. 
• The digit with the highest value is used the lowest number of times in the code. 
• The digit with the lowest value is used the highest number of times in the code. 
• The code is the same backwards and forwards. 
• All consecutive digits are different. 
• The last digit is odd. 

With the information given above, can you determine the lock's combination code? 

Task: 
Drag the digits to the combination area and click on ‘Save answer’ when you think you have the correct 
code. 

 

 
 
Answer 

7 2 6 2 9 2 6 2 7 

Explanation 

Hints 1, 2, 3 tell us that number 9 appears once, number 6 and 7 appears twice and number 2 appears 4 
times. 
Hint 4 tells us that number 9 must be in the middle. 
Hint 6 (combined with hint 4) tells us that 7 must be at the beginning and the end. 
Hint 5 tells us that the number 2 must be at places 2, 4, 6, 8. Now you know where to place the 6’s. 

It’s Computational Thinking 

CT Skills Decomposition (DE), Evaluation (EV) 

CS Domain Interactions, systems and society 

Tags  

 

While this task originally appears to not give you enough information to work out the code, it turns out that 

if you take small steps, looking at the hints, you actually have enough information and you don’t have to try 

out all of the combinations. 

Computational Thinking is about analyzing problems and trying to think of a clever way to find a solution. 

You could just have a computer try out all possible combinations and then check if the combination follows 

the clue. But if you do some logical thinking you will see that you can reason your way to a single solution. 

You can see the reasoning you do here as knowledge based reasoning. You have some knowledge and 

with that knowledge, and your reasoning skills, you are then able to infer new facts and solve other 

problems. 

Some links: 

https://en.wikipedia.org/wiki/Reasoning_system  

https://en.wikipedia.org/wiki/Reasoning_system
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https://www.cio.com/article/3236784/artificial-intelligence/defining-ai-reasoning-interaction-and-

learning.html  

  

https://www.cio.com/article/3236784/artificial-intelligence/defining-ai-reasoning-interaction-and-learning.html
https://www.cio.com/article/3236784/artificial-intelligence/defining-ai-reasoning-interaction-and-learning.html
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 8  Dam Construction 

A beaver engineer wants to build a dam to protect her house from the spring flood. 

She found some piles of logs she can use, as shown in Figure 1. 
She wants to construct the dam shown in Figure 2 using these log piles. 

It takes her 1 hour to move a log pile up or down one square. 

It takes her 2 hours to move a log pile left or right one square. 

It is not possible to move the log piles diagonally. 

 

Question: 

What is the minimum number of hours it will take the engineer to build the dam? 

11, 12, 14 or 16 

Answer 

12 

Explanation 

 

The figure shows the solution which requires 12 hours to build the dam. 

Clearly, this is optimal, if we only use vertical moves, however, could horizontal moves allow a better 
solution? Remember that a horizontal move takes 2 hours. To improve our solution, one horizontal move 
would have to save more than 2 vertical moves. 
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Notice that there is one pile on each “column”. So if we move a pile horizontally, we would have to move 
another pile horizontally as well, in the opposite direction, to have one pile in each column again (or we 
would have to move the same pile back to its original column). You can also notice that every pile is 
located the same number of squares both vertically and horizontally from the river. So it seems that we will 
hardly save any time by doing horizontal moves. 

To show conclusively that the proposed solution is optimal, we can use the last observation and examine 
each pile individually: For example, the fastest way to move the rightmost pile to any place on the river is 
to make two moves downwards. This is true for all piles: our solution moves each of them to a target 
position in the fastest possible way. There is no better way for any of the piles. 
This is why we can say that the proposed solution is optimal and there is no faster way to build the dam. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and Programming 

Tags Dynamic programming, 
Optimization 

This task concerns optimisation with constraints. Optimisation is a frequent problem to be solved in 
Computer Science (and in real life). Luckily, in the particular case presented in the task, the solution can 
be found and verified easily due to the small problem size, the piles positioning and the difference in time 
required to move the piles. 

If there were two piles in one column, one of them would certainly have to be moved horizontally, and 
finding the optimal solution would quickly become much more difficult. In general, searching for the optimal 
solution can take quite some time and require advanced techniques such as dynamic programming. 
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 9 Fill the Honey Pot 

Bertie the Bee has to fill the honey pot as quickly as he can! 

Bertie can open and close the faucets ( ) in the 
pipes below by clicking on them. To start with, they 
are all closed. 
The honey flows down whenever it can. By opening or 
closing faucets, Bertie can control which way the 
honey flows. 

Task: 

Click on the faucets to make the honey reach the pot 
by the shortest possible path. 

Answer 

The image on the right shows the three faucets that 
need opening to allow the honey to flow along the 
shortest path. All of the other taps should be closed. 

Explanation 

This task requires the students to analyze a model 

and solve two problems: 

• find the shortest path in a network of pipes 

• work out how to arrange a series of valves to 

ensure this path is followed. 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Logic gates 

 

Computers are composed of various chips which are made of even smaller parts: electronic circuits. 

Electronic circuits are in turn composed of logic gates. Logic gates act like valves, except that instead of 

water they conduct electricity and instead of pipes they have wires. This means that our modern electronic 

devices (including complex ones like computers and smartphones) are built up from simple logical 

operations. 

Algorithms and Programming: 

An algorithm is a sequence of instructions or set of rules to achieve a task. 

Data, Data Structures, and Representations: 

Data can take many forms, for example, pictures, text or numbers. When we look at data in this question, 

we are looking for a sequence of images that will assist in solving the problem. By identifying these images 

we can make predictions, create rules and solve more general problems.  
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 10 Flipping Cards 

A row of cards is laid out in front of you. 
 

The cards may lie face up:  or face down:  

How to play: 
For each step in the game you: 

 examine the cards from right to left 
 if the current card is face down, you turn it face up and stop 
 if the current card is face up, you turn it face down and move to the next card 
 when you run out of cards, you stop. 

The image below shows the effect of such a step: 

Before 

 

After 

 

Here are 7 cards lying face down: 
(You can flip them over by clicking on them.) 

  Reset 

Question: 
How many steps will it take, using the system above, to make all 7 cards face up? 

 It will take 10 steps or less 
 It will take more than 1000 steps 
 It will take more than 1000 steps but at most 1000 
 It will take more than 10 steps but at most 100 
 You can never reach the situation with all 7 cards facing up 
 
Answer 

It will take more than 100 steps but at most 1000. 

 

 

Explanation 
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There are various way to see (or guess) that this is the correct answer. If you perform the first few steps 
you will see the following patterns: 

Notice that the rightmost card is turned over at the 1st step, the second card from the right is first turned 

over at the 2nd step, the third card from the right is first turned over 

at the 4th step and the fourth card from the right is first turned over 

at the 8th step. 

Is there anything remarkable about the sequence 1, 2, 4, 8, ... ? 

Indeed, every number in the sequence is double the number that 
precedes it. So you can guess that it will take 16 steps before the 
5th card from the right is turned over, 32 steps for the 6th card and 
64 steps for the 7th card. (And the 7th card from the right is the first 
from the left.) So we need at least 64 steps. 

It is a little bit more difficult to see that you in fact need 127 steps to 
turn all cards facing up. For that you need to realize that after step 7, 
just one step before the 4th card is turned over, the pattern contains 
3 consecutive cards facing up. Similarly, after step 15, one step 
before the 5th card is first turned over, the pattern contains 4 
consecutive cards facing up. So, 7 cards facing up happens one 
step before the 8th card would be turned over (if there were 8 
cards), which is after step 2x64-1 = 127. 

In the It's Computational Thinking section you can read about a 
different explanation that involves binary numbers… 

It’s Computational Thinking 

CT Skills Abstraction (AB), Algorithmic Thinking (AL), Evaluation 
(EV) 

CS Domain Data, data structures and representations 

Tags Binary numbers 

 

Inside a computer, numbers are represented in so-called binary notation where instead of the digits 0-9, a 

number is 'written' using only zeroes and ones (called bits). 

The representations of the first few numbers are as follows: 

1 is represented as 0000001 

2 as 0000010 

3 as 0000011 

4 as 0000100 

5 as 0000101 

6 as 0000110 

etc. 

(We use 7 bits for a number here, but on modern computers the total number of bits used is usually 32 or 

64.) 

Do you recognize these patterns? Indeed, if you use 0 for a card that is placed face down, and 1 for a card 

that is lying face up, than you obtain the same patterns as for the first 6 steps of our game. And if you 

know that 1111111 represents the number 127, then you see that indeed 127 steps are needed to end up 

with the requested pattern. 

The 'step' which we use in our game is what is used by the actual electronics inside a computer to 

increase a binary number by 1. 
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 11 Flower bed 

A gardener planted some flowers in 3 rows, with 4 

flowers in each row. 

The park keeper's instructions were that in each row, the 

white flower should be closer to the fence than the blue 

flower. 

(You can select more than one answer by clicking 
on the buttons. Click on it again if you change your 
mind.) 

 

Question 

Which rows are planted according to the park keeper's instructions? 

You can select more than one answer by clicking on the buttons. Click on it again if you change your mind.) 

Answer 

When we examine each row then we can see that in rows 1 and 

3, the white flower is actually located closer to the fence than 

the blue one. But, in row 2, the blue flower is closer to the fence 

than the white one. 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Constraints 

This task focusses on understanding rules and logical reasoning.  When specifications of problems are 
given to computer scientists, an important part of the software design process is to gather the 
requirements for the program. For example, a client may ask that the output of the program be in a 
particular order, or that only certain pieces of data should be analysed.  These requirements are all part of 
the specification of the problem, and computer scientists +need to gather these requirements in order to be 
sure to write programs that do what the client wants.  

Once these requirements are gathered, they can be thought of as 'rules' to follow, and logical reasoning 
can be used to carefully search through the 'input' (e.g. rows od flowers) to determine which rows satisfy 
the rules required.  
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 12 Flowers 

A flower shop sells the following types of flowers: 

 

All the flowers are available in white, yellow, and blue. 

Clara wants six flowers. She tells the florist: 

 There must be 2 yellow, 2 white, and 2 blue flowers. 
 Flowers of the same type must not have the same color. 
 She doesn't want more than 2 of any type of flower. 

 Question: 

Which of the following bouquets will Clara be happy with? 

 

Answer 
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Explanation 

Wrong answers  

In this bunch there are three white flowers: 

 

 

In this bunch there are three roses. 

 

In this bunch there are two flowers of the same 

type that have the same color. 

 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Constraints 

 

Computer science often involves solving problems that are specified by a set of constraints. The task is to 
find a solution that satisfies all these constraints or as many as possible. 

One can consider more complex tasks where the constraints are combined by logical operators 
like conjunction (A and B means both constraints A and B have to be satisfied, like the three rules in our 
task) or disjunction (A or B means satisfying just one of them is enough). 
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 13 Getting Dressed 

Bruno's dad carefully arranges his son's clothes into 4 piles. 

Bruno puts on his clothes in the order that they are in the pile, starting 
at the top of the pile. 
Bruno wants to wear the suspenders over his shirt. 

Question: 

Choose one of the piles of clothes that Bruno will be happy with. 

 

Answers 

There are two possible correct answers:  

 

 

 

 

Explanation 

To find the solution we should look at the piles carefully starting from the top item and check that the order 

is correct according to the rule: shirt before suspenders. 

It may be uncomfortable to put a sweater on under a shirt, and perhaps unconventional to put your socks on 
first, but Bruno didn’t have any demands about that.  He only cared about those suspenders being over his 
shirt! 

The other two piles are wrong because the suspenders would be put on before the shirt. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Constraints 
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 14 Gifts 

The children are planning a party. 

The diagram shows who is friends with whom: 
Two children are friends if they are connected by a line. 

Gift Giving Rules: 
- For each pair of friends, one of them must buy a gift for the other. 
- The number in the diagram shows how many gifts each child must buy. 

Question: 
Click on the lines between the friends to ensure that the presents given follow the rules above. 

 
Click on save when you're happy with your answer. 

Answer 

There are two possible answers that obey all the given rules: 
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Explanation 

In order to choose the directions of the arrows correctly, we start with the Dark Blue. This is because he 

has no money. Dark Blue boy will receive gifts from his friends Pink and Green. Thus, Pink has already 

spent all her money, so she will receive gifts from her friends Light Blue and Yellow. For these friends, 

there is no choice. 

Now we seem to have many options. But there is a critical choice: Friends Purple and Red can only buy 1 

gift. For this pair, we need to decide who will buy the gift for the other. 

• If we choose Red to buy a gift for Purple, then Red needs to receive a gift from his friend Yellow. 

Then Yellow has spent her money and will receive gifts from Purple, Light Blue, and Green. Green 

also needs to buy a gift for Red. This solution is shown on the left. 

• If we choose Purple to buy a gift for Red, Purple needs to receive a gift from Yellow. Again, Yellow 

cannot buy any more gifts and will receive gifts from Red, Light Blue, and Green. Again, Green also 

needs to buy a gift for Red. This solution is shown on the right. 

So each choice for Purple and Red leaves no further choices for the remaining friends. As there are only 

two choices for Purple and Red, there are only two correct answers. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Computer networks, Graph 

 

The friends and the friendships between some of them together form a network of friendships with nodes 

(people) and links (friendships). This reminds us of the well-known social networks many people are using. 

But there is an important distinction among these networks: In some of them, there are mutual 

"friendships" (i.e., links without direction), like in this Bebras task. In other networks, there are "followers", 

such that links have a direction: You may follow some celebrity, but the celebrity may not follow you in 

return. 

In this Bebras task, the bidirectional friendship links have to be made directed "giving" links. This is again 

different from following, as there are limits for giving but not for following. We want to see as many gifts 

going from one friend to another (hopefully one gift in each friendship), but without exceeding any friend's 

limit. This is similar to a well-known problem in Computer Science: In a network, the capacities of links are 

limited, but within these limits we want to have as much flow through the links as possible. The difference 

is that in this task, nodes have capacities, while in "network flow problems" links have capacities. However, 

it is not difficult to change this task's problem into a real network flow problem. Then, it is possible to solve 

this task, even if there are many friends and friendships; efficient algorithms for network flow problems are 

well-known in Computer Science. 

Actually, this is a common approach for solving problems in Computer Science: A problem is "reduced" 

(modified) into another one for which a well-known solution exists. 
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 15 Help Smiley Home 

 

Help Smiley get through the arrow maze back to his house. 

When standing in a square with an arrow, Smiley must move to the next 
square by following the direction of the arrow. 

Smiley can choose to start from either yellow square with a start flag. 

At the moment, it is impossible for Smiley to reach his house. 

Task: 
Change the direction of only one arrow so that Smiley can follow the arrows to 
his house. 
(Click repeatedly on one of the arrows to change which way it points.) 

Answer 

The arrow to change is marked below with a red circle:  

Explanation 

The path for Smiley is highlighted (start A1 – B1 – B2 – C2 – C3 – D3 

Smiley's house). 

Here is a proof that this solution is the only possible solution: 

Starting from the target cell D3 and going backwards, Smiley can get to 

cell D3 from 2 directions: D2 and C3. 

The arrow in D2 is not pointing at the target cell, so to produce a correct 

solution it needs to be changed. Because no neighboring arrow is pointing 

at D2 a second arrow should be changed, which is not allowed. Therefore, 

the target is accessible only from the cell C3. 

There is no arrow pointing at C3, so we need to change an arrow in cell B3 

or C2. Because no arrow is pointing at B3, there is no way to go to cell C3 through B3 without changing 

the direction of another arrow. 

Cell C2 is accessible from the starting cell (A1 – B1 – B2 – C2) without changing another arrow. We need 

only change an arrow in cell C2 to solve the maze. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Backtracking 

 

To solve this task, You must understand how to behave in a maze and what the arrows mean. 

Even if finding a correct way through the maze is easy, proving that there is no other solution is difficult. 
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Backtracking is a good idea to go through all possible combinations effectively. Backtracking is an 
approach which takes candidates of solutions and abandons the candidates which can not possibly be a 
valid solution. 
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 16 Infinite Ice Cream Cone 

 

There are 2 ice cream trucks. They use the same 4 flavors: 

 

The first truck uses the following instructions when making an ice cream cone: 

1. Start with an empty cone. 
2. Pick a flavor at random. Add two scoops of that flavor. 
3. Add one scoop of any different flavor. 
4. If the customer's requested number of scoops has been reached, stop.  If not, go back to Step 2. 

The second ice cream truck does not follow any specific instructions when making cones. 

Question: 
You can only see the first few scoops of the ice cream cones below. Which cone was certainly made by 
the second ice cream truck? 

 

Answer 

The only cone that clearly does not follow the instructions is  

 

Explanation 

It starts off correctly by placing two of the same flavor    followed by one of 

a different flavor  but then it adds two scoops of different flavors  

  when it should have added two scoops of the same flavor. 

The other cones follow the instructions of first ice-cream seller, at least as far as we can 



36 

see. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL) 

CS Domain Algorithms and programming 

Tags Pattern recognition 

 

Patterns in ice-cream cones, or words, or images, can be created by short lists of instructions. 
Recognizing patterns, and recognizing where patterns break, are everyday jobs for computer scientists. 

Sometimes these patterns are repeating, for example: 

which is a simple pattern that just repeats    

These are easier to spot. This task is slightly more difficult, because the pattern is not repeating. 

There is also a trap a computer (or a computer scientist) may fall into: Instructions may sometimes seem 
like they are being followed just by accident. Indeed, the second machine does occasionally choose the 
flavors randomly in a way which seems to follow the instructions. You may recognize that the instructions 
are being broken. But, just by observation, you can never be sure that they are followed. Luckily, in this 
task we knew for sure that only one of the ice-creams is from the second machine. 
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 17 Lemonade Party 

Janet made 37 liters of lemonade at home and now she needs to put it in bottles to take it to school for a 
party. 

She has several empty bottles of various sizes, but she wants to 
use the smallest number of bottles AND all of the bottles have to 
be full. 

Task: 

Click on the bottles that she should use. 

Answer 

One-32 liter bottle, one- 4 liter bottle and a 1 liter bottle 

Explanation 

This is a binary counting problem. Note that it never makes sense 

to select multiple bottles of a single size; if you select 2 bottles of 8 

liters, it makes more sense to select a single bottle of 16 liters. 

There are therefore a minimum of three bottles required. 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and Programming 

Tags Binary numbers 

 

The binary number system is central to computation and to computers. The volume of the bottles keeps 

doubling in this task, just like the values of individual bits in a binary number. In informatics it is important 

to be able to convert numbers in one base (i.e. base ten) to another base (i.e. binary). When converting to 

binary, a simple trick is to select the largest bit that still fits in the number you are trying to convert. 

To solve the question above, you would reason through the following steps: 

 You have 37 liters to put into bottles. 

 The largest bottle that fits for 37 liters is size 32. 

 Now you have 5 liters left. 

 The largest bottle that fits for 5 liters is size 4. 5. Now you have 1 liter left. 

 The largest bottle that fits for 1 is size 1. 

 32+4+1=37, so you are finished. 
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 18 Longest Word Chain 

Beavers often play a two-player word chain game. 

Game Rules 
Place 9 word cards face up in front of both players. 
Player one starts by saying one of the words. 
Player two says another word that begins with the last letter of the previous word. 
Player one says another word that begins with the last letter of the previous word and which has not been 
used yet. 
Play continues in this way until there is no new word available. 

Below is a set of 9 cards. Arrows have been added to help with this question: 

 

Question: 
What is the largest possible number of words that can be said in one game? 

Answer 

The beavers can use at most 8 words 
in one game. 

Explanation 

One example is: 

lockjaw-wool-lumber-racquetball-log-
gnaw-willow-wood 

Can you find another word chain of the 
same length? 

It is good to have an example. It means 
we can be sure that one game can use at least 8 words. But we do not know yet whether it is possible to 
use all 9! However, that would mean using all the words. Now consider the words wood and wind. There is 
no word beginning with d, so if any of these words will be used, it must become the last word of the game. 
But there can not be two last words. Hence we can not use all 9 words in one game. 

It’s Computational Thinking 
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CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, Data structures and 
representations 

Tags Graph, Travelling salesman 
problem 

This task requires you to understand a set of rules (how to play word chain, 
https://en.wikipedia.org/wiki/Word_chain), a clear and practical representation of the data (the graph), and 
then to find an optimal solution in the given system. All of these are typical tasks computer scientists enjoy. 

With some extra knowledge of computer science, you may recognize the given problem as searching for 
the longest path in a directed graph. This is closely related to the well known Traveling salesman problem 
(https://www.youtube.com/watch?v=SC5CX8drAtU), but also a well known problem on its own 
(https://en.wikipedia.org/wiki/Generalized_geography). Computer science tells us that finding the longest 
game for bigger vocabularies (mind that you know thousands of words!) is not feasible, it takes too long 
with even the best algorithms we have to date. Maybe you can come up with a better one? 
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 19 Medical Lab 

A device in a medical lab must repeatedly shake specimens taken from patients. 

The device works according to a computer program, which is written on numbered lines. The device reads 
the program line by line. It always reads one line and then executes it immediately. If the line contains the 

command go to step X, the device jumps to step X and continues reading and executing. 

"A" represents the number of times the device shakes the specimens. The program is able to store a 
number A, to add 1 to the number stored in A, and compare its value with another number. 

The Program:  

1. Set A to 0. 
2. Add 1 to A. 
3. Go to step 6. 
4. If A equals 6, go to step 8. 
5. Set A to 0. 
6. Add 1 to A. 
7. Go to step 2. 
8. Shake the specimens A times. 
9. End 

Question: 
How many times will the device shake the specimens when this program is run? 

The specimens will never be shaken. 

The specimens will be shaken once. 

The specimens will be shaken 60 times. 

The program will not stop the specimens being shaken. 

Answer 

The specimens will never be shaken. 

Explanation 

The program always jumps from line 3 to 6 and from line 7 to 2. Except at the beginning, the program visits 

only lines No. 2, 3, 6, 7. The instruction to shake the specimen is on line No. 8, which is never visited. This 

means the device will never shake anything according to the program. Moreover, the instruction on line 

No. 9 is never executed, so the program continues forever. 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL) 

CS Domain Algorithms and programming 

Tags Programming language, Sequence 

 

The first programming languages, developed in the 1940's and 1950's, looked like the one in our task, and 

are called assembly languages. Program lines were numbered and special commands, known as go 

to instructions, were used for jumping to a different line than the next one. It was really difficult to read 

these programs and find mistakes but easy to make them. The error-proneness of such programming 

languages was the reason why modern programming languages were developed starting in the 1950's. 

These modern languages are not line-oriented and contain structures like loops, procedures and 

selections, instead of go to instructions. 
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Reference: 

https://homepages.cwi.nl/~storm/teaching/reader/Dijkstra68.pdf 

 

 

  

https://homepages.cwi.nl/~storm/teaching/reader/Dijkstra68.pdf
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 20 Mutation of an Alien 

An alien has a head, a body, two arms, and two legs.  

The alien can be mutated by using the following commands: 
(It is possible that the shape of a part is mutated more than once.) 

Example: 

Transformation example for H(S), B(S), A(-), L(-):   

 

 

Question: 

What will the alien look like after receiving the following commands? 

H(T), L(+), B(T), A(+), H(C), A(-), B(C) 

 

 

 

 

Answer 
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Explanation 

 

For each part of the alien, the last mutation command will overwrite the result of the previous one.  

Therefore, the final result is a head with circle shape, a body with a circle shape, short arms, and long 

legs. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Sequence, Program execution 

 

When performing a program, the instructions are executed in a sequence. 

The head, body, arms, and legs are like the variables or functions used in a program. 

The setting of the shapes: C for circle, S for square, and T for triangle is like the value assigned to 

variables or is like the parameter passed to a function. 
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 21 One Hour, One Task 

The beavers have a robot that can perform many tasks. 

In any one hour, the robot can work on only one task. At the end of each hour it checks if it has received a 
new task. 

 If yes, the robot must begin work on that new task immediately. 
 If not, the robot continues working on whichever task has been waiting the longest. 

Example: 
The following timetable shows an example of the robot's work in one day. 

Task 1: a 7-hour task, received at 8:00 
Task 2: a 3-hour task, received at 10:00 
Task 3: a 5-hour task, received at 12:00 

 

The robot finished Task 1 at 22:00, Task 2 at 17:00, and Task 3 at 23:00. 

Question 
The robot was given 4 new tasks: 

Task 1: 5-hours long, received at 8:00 
Task 2: 3-hours long, received at 11:00 
Task 3: 5-hours long, received at 14:00 
Task 4: 2-hours long, received at 17:00 

Show the schedule the robot will follow by clicking on the appropriate cells below. 
 
 

  

 



45 

Answer 

 

 

 

 

 

 

 

 

 

It’s Computational Thinking 

 

 

CT Skills Algorithmic Thinking (AL) 

CS Domain Computer processes and hardware 

Tags Gantt chart, Round robin scheduling, Scheduling 

 

When solving this we are simulating the use of a time line chart according to the given rules or procedure. 

The problem tries to expose the actual process management system based on Round Robin Scheduling 

and the use of Gantt’s Chart (the activities versus time line). 

Reference: 

Avi Silberschatz, Peter Baer Galvin, Greg Gagne. Operating System Concepts, Ninth Edition. John Wiley 

& Sons, Inc.  ISBN 978-1-118-06333-0 
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 22 Pizza 

A crazy beaver cuts Lucy's pizza in a crazy way.  To keep her hands clean, Lucy decides on some new 
rules for she will eat her pizza: 

 She will eat pieces with some crust with her hands. 
 She will eat pieces without any crust with a fork. 

Task: 
Select all of the pieces of pizza that Lucy will eat using her fork. 

 

Answer 

The pizza pieces to be selected are the three pieces without crust, as 
shown on the right.  

It’s Computational Thinking 

CT Skills Evaluation (EV) 

CS Domain Algorithms and programming 

Tags If conditions, Selection 

 

For each of the pizza pieces, Lucy needs to perform a simple test of whether it has a crust or not. 

When designing computer programs, there are often points that require the program to make choices. In 

programming, a choice like this is known as a selection, and is programmed using IF statements. 
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 23 Rainbow Parrots 

A Rainbow Parrot gave birth to four chicks. 

 

Each young parrot has a different color for each of its 4 body 
parts.  The colors are: red, blue, green, and yellow. 
None of the parrots have the same color body parts as any of their 
brothers.   

Question: 

Based on the first 3 chicks, how will the 4th chick look? 
Drag and drop the colors onto the body below. 

Answer  

Explanation 

Other combinations of color patterns can not 

be right as they do not follow the progressive color pattern: red, blue, green and 

yellow. 

Each color fills in only one body part of the parrot: head, chest, wing, tail. 

The only right answer can be the one above as it follows the color and body part 

pattern established. 

 

It’s Computational Thinking 

CT Skills Generalization (GE) 

CS Domain Data, data structures and 
representations 

Tags n/a 

 

Data, Data Structures and Representations: 

Data can take many forms, for example, pictures, text or numbers. When we look at data in this question, 

we are looking for a sequence of images that will assist in solving the problem. By identifying these images 

we can make predictions, create rules and solve more general problems. 

Pattern Recognition: 

Patterns recognition involves finding pattern or repetition within complex problems or among smaller 

related problems.  
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 24 Ring Toss 

Sarah is playing the game Ring Toss. 

For each round she has 5 rings to try to throw around a peg. 

Every ring that successfully lands around the peg scores points, but not 
every throw is worth the same number of points: 

Throw Points 

1st throw 5 

2nd throw 4 

3rd throw 3 

4th throw 2 

5th throw 1 

Any ring that misses the peg scores 0 points. 

Question 

Sarah threw her five rings as shown.  

How many points did she get?  

Answer 

Sarah got 6 points. 

Explanation 

Toss ring Hit / Miss points 

first toss yellow Miss 0 

second toss blue Hit 4 

third toss red Miss 0 

fourth toss green Hit 2 

fifth toss black Miss 0 

TOTAL 6 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, data structures, and 
representations 

Tags Stack 

The rings represent data packets managed in a data structure called a stack. This problem is a 
sequencing problem.  A computer analyzes data in sequence. Data needs to be organised so that it can 
be processed to help determine solutions.  
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 25 Room Sharing 

The members of the Girls' Computer Club are planning a weekend trip. 
They will stay in a hotel with large, 6-person rooms. 
But who will share rooms with each other? 

Each girl wrote down her roommate requests 
stating: 

 who she absolutely wants to share 
a room with (+) 

 who she definitely does not want to 
share a room with (–) 

The club president wants to keep all 
members happy by making room 
assignments according to everyone's 
requests. 

Task: 

Help the club president assign the girls 
to their rooms. Drag the roommate request 
cards into the rectangles to assign that girl to 
that room. 
(The rectangles represent different rooms.) 

Answer 

One possible answer is: (see image to the 
right) 

Explanation 

To fulfil all wishes, you could focus on the 

positive wishes: 

1. If there is an empty room, 

    a. then drag a girl's card to this room 

    b. else drag a girl's card to a room where 

this girl is not on a – list of the cards already 

in this  

    room (and 

    FAIL if there is no such room) 

2. Drag all cards of girls who are on the + list of the first card to the same room. If there is no  

    more card, then you are DONE. 

3. Go back to step 1. 

Applying the above procedure results in this room assignment. There is no other assignment that would 

fulfil all wishes: Alina must be together with Lilli. But Alina (and hence also Lilli) can be together with 

neither Emma nor Zoe; hence she also cannot be together with Mia, who must be together with Emma and 

Zoe. Lara must go into her own room, as she can be with neither Lilli (and hence Alina) nor Emma (and 

hence Mia and Zoe). 

It’s Computational Thinking 
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CT Skills Algorithmic Thinking (AL) 

CS Domain Data, data structures and 
representations 

Tags n/a 

 

In order to solve the problem of keeping all girls happy, the club president is looking for an assignment of 
girls to rooms that is in accordance with all preferences. Such an assignment is a solution to the 
president's problem. 

But how to find a solution? A simple way is to look at all imaginable assignments, one after the other, and 
see whether the preferences are satisfied. But as there are many possible assignments, this might take 
quite some time. It is more efficient to consider the preferences at first hand and to construct an 
assignment that satisfies the given constraints and, therefore, is a solution. 

Constraint satisfaction problems like the "girl-to-room-assignment" problem are quite well known in 
computer science. They may appear, like in this task, when resources need to be used without conflicts – 
for instance, when many airplanes need to be scheduled to use the take-off or landing strips of an airport. 
Computer systems, using efficient algorithms, are able to solve such problems efficiently. 
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 26 Rows and Columns 

Below on the left you see a picture of a game board with 4 pieces placed on it. 

The diagram to the right of the board represents the positions of the pieces. 
It is drawn in the following way: 

 For each piece on the board, draw a circle. 
 If two pieces are in the same row on the board or in the same column on the board, then draw a 

line between their circles in the diagram. 
(Do not draw any other lines in the diagram.) 

 

Letters have been placed on the pieces and the circles so you can easily check that the diagram is correct. 

A new board with six pieces is shown below. 
A new position diagram for this board is drawn in the same way. 

 

Question: 
Which of the four diagrams below correctly represents the game board? 
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Answer 

 

Explanation 

You can easily verify this with the picture below where we have put letters on the 

pieces and on the circles in the diagram. 

 

 

 

 

 

 

 

 

The easiest way to see that the other three diagrams are not correct, is to the note the following: On the 

board each piece has two other pieces in the same row and one other piece in the same column. Hence, 

in the diagram each circle must be connected to 2+1=3 other circles. (Also note that answer C has 7 

circles, which is one too many.) 

Maybe you thought that diagram B was correct? After all, it looks very much like the pieces on the board. 

However, the leftmost and rightmost circles in the diagram are connected to only two other circles, so the 

diagram cannot be correct. To make it correct, you could add two lines, as shown in the following figure: 

 

 

It’s Computational Thinking 

CT Skills Abstraction (AB), Algorithmic Thinking (AL), Decomposition 
(DE), Evaluation (EV), Generalization (GE) 

CS Domain Data, data structures and representations 

Tags Graph 

 

 

 

 

 

 

In computer science diagrams like this are often used to represent the essential information of a problem. 

Such a diagram is called a graph. The circles in the diagram are called vertices or nodes of the graph. 

In a graph it is only important whether two vertices are connected or not. Where the vertices are drawn is 

immaterial. The same graph can often be drawn in different ways, as is illustrated in the explanation 

section: Both answer A and the last picture in the explanation are correct diagrams for the board and 

represent the same graph. 

Whether a graph can be a useful representation of a computer science problem depends on what 

information you need to solve the problem. If, for instance, you need to know whether a white piece on the 

board is in the same row or column as a black piece, then our graphs are not a good representations: The 
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color of the pieces is not represented in the nodes. If you need to know whether there are sufficient pieces 

left on the board so that a game can still be won, then a graph is 'overkill': You only need to keep track of 

how many pieces are left on the board at each moment, and there is no need to record which piece is in 

the same row or column as another piece. On the other hand, the graph is a good representation for 

answering questions such as: 'What is the minimal number of pieces you have to remove so that no piece 

is in the same column or row as any other piece?' 

Finding the correct representation for a problem is one of the challenges a programmer or computer 

scientist encounters regularly in their job. 
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 27 Scheduling Rehearsals 

A ballet school is planning a performance in which the ballerinas will perform duets. 

There are 6 ballerinas: Andi, Benita, Chloe, Doris, Evelyn, Fatima. 

They will dance the following duets: 

 Andi - Benita 
 Evelyn - Doris 
 Andi - Evelyn 
 Benita - Chloe 
 Doris - Andi 
 Fatima - Benita 
 Chloe - Evelyn 
 Benita - Doris 
 Doris - Fatima 
 Fatima - Evelyn 

The ballet teacher wants to schedule the rehearsals for this afternoon with a time slot for each duet in such 
a way that, when changing from one rehearsal to the next, one of the dancers can remain for the next 
rehearsal. However, no dancer can dance more than twice in a row as this is just too tiring. 

E.g., when Andi and Evelyn have the first rehearsal slot, then the next rehearsal could be Chloe and 
Evelyn. 

Question: 
Which ballerina can not be in the first duet no matter what schedule the ballet teacher comes up with? 

Answer 

Chloe cannot be in the first duet. 

Explanation 

Have a look at the diagram on the right. 

In this diagram ballerinas are represented by circles. Two circles are connected when the two ballerinas 
have to dance a duet. A rehearsal schedule that follows the required rules, corresponds to a 'path' through 
this diagram: Start with a circle and follow the lines from circle to circle until you have 
traced every connecting line exactly once. 

While tracing this path you must leave every circle that you enter. This means that the 
every circle must have an even number of lines connected to it, except the first and the 
last in the path. So, the first circle in the path must be A or F. 

In other words, whatever schedule is chosen, the first duet must contain either Andi or 
Fatima. And Chloe is the only ballerina that does not have a duet with either of them. 
So she can never be in the first duet. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, Data structures and 
representations 

Tags Graph, Travelling salesman 
problem 
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The diagram in the explanation is a graph. The path is an Eulerian path. 

A graph is a way to make a model of a situation. It consists of points or nodes. In this question the nodes 
are the dancers and the lines are the duets. Every line connects two nodes. In this problem you will use all 
duets, in such a way that every line has to be used exactly once. Euler provided a proof that this is only 
possible if you will start and stop at a node with an odd number of connections. 

Representing information using a graph can really help to see the structure behind your problem. Other 
applications are, for instance, route planning and scheduling. 

Reference: 

https://en.wikipedia.org/wiki/Eulerian_path 

  

https://en.wikipedia.org/wiki/Eulerian_path
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 28 Shortish Program 

The mini computer program shown on the right drives a triangular robot. 
 
Following these instructions, the robot drives in a small square twice and ends up back where it started. 
(You can try it out below if you wish.) 
 
The whole program uses only 5 code blocks (3 x purple, 1 x green, 1 x gray). 

 

 

 

 

 

 

 

 

 

 

 

 

Task: 

Write a program that gets the robot to the green square using 12 blocks or less. 

Answer and Explanation 

This was arrived at by writing producing a simple but long answer and then 
pattern spotting to see which combination of loops were possible and then 
which combination of possible loops required the least number of code 
blocks. 

Maybe you found it difficult to spot patterns in this task. If you can recognise 
the patterns, you can check and analyse the series of the code blocks one 
by one from the back. There are many available combinations of instructions 
(code blocks) because of a lot of paths at the front, but there is only one path 
from the middle point to the end. This makes spotting patterns easier. (See 
the pictures below). 
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If all the blocks consist of a minimal pattern repetition in your program, the program has used the least 
number of instructions. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), Decomposition (DE) 

CS Domain Algorithms and programming 

Tags Loop, Pattern recognition, Blockly 

This task is about spotting patterns and using loops to solve a problem. This not only saves the programmer 
too much typing, but it can also make fixing errors quicker. Without loops available, this task would need 29 
code blocks to be used! 

Pattern recognition (spotting patterns) in computer science and programming is key to determining 
appropriate solutions to problems and knowing how to solve certain types of problems. Recognizing a pattern, 
or similar characteristics, helps break down the problem and also build a construct as a path for the solution. 
Ever find yourself saying, 'Where have I seen this before?' This could be a significant step in computational 
thinking. The patterns which you recognize can be iterative structures in algorithms and programs. You can 
find more information athttps://sites.google.com/isabc.ca/computationalthinking/pattern-recognition 

 

  

https://sites.google.com/isabc.ca/computationalthinking/pattern-recognition
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 29 Sign-up debugging 

Sara is developing a website for her friends to share their art projects. 

She designed a sign-up process so a user can first create an account with a unique STUDENT ID as a 
username and then enter a valid email address for further communication. 

The following buttons show the steps of her sign-up process: 

During testing, she found a critical design bug:  
If a user mistypes his email address, he does not receive the email with a confirmation link and therefore 

he cannot sign-in. 

He also cannot start the process all over again as his STUDENT ID has already been submitted and it is 
no longer available. 

Task: 
Help Sara by re-arranging the sign-up design steps to remove the bug. 
(You can rearrange the program by dragging and dropping the instructions in the sequence above.) 

Answer and Explanation 

The correct approach is to create the account only after 

the confirmation is received (detecting a click on the 

confirmation link sent to the given email). So the 3rd 

step should move to the 6th position (just before finish) 

as shown below: 
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It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Debugging 

 

The motivation of this task introduces system design which is the process of defining and developing 

information systems to satisfy specific requirements of the users. One of the means of system design is 

control logic. It responds to commands from the user and it also acts on its own to perform automated 

tasks that have been structured into the program, thus controlling the operations of the program. 

Control flow analysis helps to debug the designed system, i.e. find and resolve defects or problems in a 

computer program that prevent its correct operation. 

In more detail, the process analyzed in the task is essentially about two phase locking. The lock phase 

happens, as initially designed, when the STUDENT ID is chosen, which also locks the particular 

STUDENT ID. The second phase, the lock release, happens when the confirmation is received by the 

system. Unfortunately, according to the initial design, this can never happen. The updated design avoids 

this problem, as the lock phase does not happen before the e-mail is confirmed (simultaneously with a 

click detection). 

Note however, that in a parallel environment this solution will still not work as two students might request 

the same ID simultaneously causing a race condition to happen. In that case, to alleviate the problem the 

whole process is split into two subprocess: (i) Establishment of a communication channel (e-mail, phone, 

SMS, ...); and (ii) setting up the username (i.e. STUDENT ID). 

(Note that the diagram in this task is not a flowchart. For example, it does not take into account various 

alternative outcomes of various decisions. The purpose of the diagram is to aid the design process, not to 

fully describe the sign-up procedure.) 
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 30 Spinning Square  

In this game, each time you press the gray button in the middle of the square, the squares rotate one 

place (like the hands on a clock). 

 

Task: 

If we push the button one more time, where would the blue, green and yellow squares end up? 
Drag and drop the colors into the correct places and then press Save answer. 

  

 

Answer 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL) 

CS Domain Algorithms and programming 

Tags Tracing 

 

This problem involves following a series of steps and keeping track of: 

• the current state 

• whether that state is what the current orientation looks like 

• or what is in the top-left corner 

(which can be used to determine the position of the other three colors).  
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 31 Switch On 

Below you see a network of 7 light bulbs and 7 
light switches. 

When you click on any of the switches, the 3 
bulbs connected to this switch will change their 
state: from off to on, or from on to off. 

Task: 

Get all the lights on at the same time! 
Be sure to save your answer once you get all 7 
light bulbs on. 

Answer 

The switches next to light 1, 2, 3, and 7 may be 
used, in any order, to switch all the lights on 

Explanation 

 

 

It can be useful to reason backwards from the desired final state of the network. In order to make the last 
switch switch on its three lights, all these lights must be off before. Hence, at first we need to switch off a 
few lights. By using the switches close to light 1 and then light 2, light 7 and then lights 1, 2, and 3 are 
switched off. Afterwards, only light 5 is on. Now, the switches close to light 3 and light 7 can be used to 
switch all other lights on. 

 

To search for a solution several properties of the network might help: 

 Using twice (or an even number of times...) a switch doesn't help: Any second switch action 
"undoes" the first 

 The effect of using any switches X and Y (in this order), is the same of using Y before X. 

Thus, the number of sequences of switches to try is in fact limited: At worst all the subsets of the seven 
switches. There are 128 subsets of a set of 7 elements; it is also worth noting that each of these 
sequences has a different total effect on the network. Therefore, since there are only 2

7
 (= 128) different 

configurations of the network, each of them can be obtained from any initial configuration. 
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It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Decomposition (DE), Evaluation 
(EV) 

CS Domain Algorithms and programming 

Tags Artificial intelligence, 
bidirectional search, means-ends 
analysis 

 

For many tasks, we know the goal precisely, and we know the initial state we are starting with. In this 
Bebras task, the goal state of the light network is the one with all lights on, and the initial state is the one 
with lights 3, 5, and 7 on (and all others off). 

In the early days of "Artificial Intelligence", problem solving by computing systems often was understood as 
a search for a sequence of actions from an initial state to a goal. Such a perspective makes sense in 
particular if there is a finite set of possible actions, and a finite set of objects that can be manipulated by 
these actions. For realizing this search process, many techniques and strategies were developed. "Means-
ends analysis", for instance, chooses an action that reduces the difference between a current state and a 
goal state. In this Bebras task, however, we could see that it may be helpful to also look for actions that 
transform some other state into the goal state. Searching from both the initial state and the goal state is 
called "bidirectional search". 

https://en.wikipedia.org/wiki/Bidirectional_search 

 

  

https://en.wikipedia.org/wiki/Bidirectional_search
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 32 Three Friends 

Bob, Alice and Jenny live in the locations represented by the bike, scooter, and skateboard. 

They want to set up a meeting place where they 
can play together. 

There are four possible play locations 
represented by the square, triangle, circle, and 
diamond. 

They measure the distances from their houses 
to the meeting places by counting the total 
number of squares horizontally and vertically 
between the two locations. 

For example: 
The distance from Alice (on her skateboard) to 
the blue triangle is 6. 

Task: 
Which meeting point should they choose so that 
the total distance the three friends have to travel 
is the shortest possible?  
Select the correct shape on the map and then 
press Save answer. 

Answer 

They meet at the green circle 

Explanation 

The total distance from their homes to the red square is: 4 + 3 + 8 = 15. 

The total distance from their homes to the blue triangle is: 4 + 3 + 6 = 13. 

The total distance from their homes to the green circle is: 3 + 4 + 5 = 12. 

The total distance from their homes to the yellow diamond is: 4 + 5 + 4 = 13. 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Algorithms and programming 

Tags Local search 

 

In Computer Science, local search can be used on problems that can be formulated as finding a solution 
maximizing a criterion among a number of candidate solutions. 

Local search algorithms move from solution to solution in the space of candidate solutions (the search 
space) by applying local changes, until a solution deemed optimal is found or a time bound is elapsed. 
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To find the best meeting point in this task, add all the distances covered by the three characters to each 
meeting point. The smallest of them shows the correct answer. Using this method you are using a local 
search algorithm.  
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 33 Trash Robots 

The rectangle below shows the map of a park divided into sections. The number in each square tells you 
how many pieces of trash visitors left in that section of the park. 

The park rangers have two robots, Anton and Boris, that collect all the trash they find in every section they 
enter. 

The robots were given the following instructions: 

First, robot Anton was sent:  

Once Anton was done, robot Boris was sent:  

 

Question: 

How many pieces of trash will Boris collect? 

3, 9, 11, or 12 

 

Answer 

9 

Explanation 

Anton will go first and he will collect 1 + 2 + 0 pieces of trash = 3 pieces for Anton using the instructions 

given. 

Next, Boris will collect 3 + 6 + 0 pieces of trash = 9 for Boris using the instructions given. 

Note that in the last square on Boris’s path there used to be 2 pieces of trash before both robots started, 

but Anton cleans this square first. 
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It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL) 

CS Domain Algorithms and programming 

Tags Robotics 

 

In computer science and robotics, it is often important to know in which order instructions in a program are 

processed (or how machines do their jobs). 

We need to think about how the actions of our program or robot affects the environment. In this task, it is 

how many pieces of trash will be left in each square of the park after Anton and Boris have followed the 

instructions they have been given. 

Another goal might be to create an efficient program, for example, not to send a robot to collect trash from 

somewhere where there is no litter to be collected.   
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 34 Treasure Maps 

Pirate Beaver has a very large treasure map which is cut into smaller pieces. Each map piece shows a 
region of 8 units wide and 8 units long (Fig. 1). However, Pirate Beaver has a very small boat and cannot 
take all the map pieces with her. Smart as she is, Pirate beaver finds a way to document each region (map 
piece) into a small chart in her note book. Here is how: 

1. If all units in the region are the same color, she writes a “square” in her notebook with the same 
color as the region. 

2. If all units in the region are NOT the same color, she marks a “circle” (shown as Chart 1) and then 
divides the region into 4 equal subregions (shown as Fig. 2) according to the central point. 

3. Repeat step 1 and 2 until all units are recorded (shown as Chart 4) 

  

 

 

 

 

 

 

 

 

Question: 
Here is another chart in Pirate Beaver's notebook: 

 

 

 

 

 

Based on Beaver Pirate's system, which of the following map pieces do these symbols represent? 
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Answer 

The correct answer is:  

 

 

 

 

 

 

 

Explanation 

In the chart, we can mark the points that represent 4X4 regions with number 1 to 4, and mark sub-points of 

point 1 with number 1-1 to 1-4, and so on and so forth. The corresponding positions of regions in the map 

and points in the chart are shown as below. 1-3, 1-4, 2-3 and 2-4 are marked in black in the chart, which 

means that the color of these four 2X2 regions in the map is black. Only (B) satisfies this criteria. 

 

 

On the next page is shown the process of representing the map pieces in a chart according to the steps 

presented in the task. This allows you to know exactly why the map (B) is the correct answer. In this way, 

the space required to store the map information can be reduced. 
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It’s Computational Thinking 

CT Skills Abstraction (AB), Decomposition (DE), Evaluation (EV) 

CS Domain Data, data structures and representations 

Tags Image compression, Image representation Quadtree 

 

The 4-region chart is called “Quadtree” in Computer Science. A quadtree is a tree data structure in which 

each internal node has exactly four children. All forms of quadtrees share some common features: 

• They decompose space into adaptable cells. 

• Each cell (or bucket) has a maximum capacity. When maximum capacity is reached, the bucket 

splits. 

• The tree directory follows the spatial decomposition of the quadtree. 

There are some common uses of quadtrees, such as image representation (this example), image 

processing, mesh generation, ...etc. 

 

You can find more information at: https://en.wikipedia.org/wiki/Quadtree. 

  

https://en.wikipedia.org/wiki/Quadtree
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 35 Walk in the Park 

This is the map of a park: 

 

 

 

 

 

 

The green circles with letters represent the trees and the brown lines are paths. Note that some letters are 
used to label more than one tree. Walking from tree F to tree B can be described as F D E C A B. 

Last Sunday, two families took a walk in the park. 

The Lang family’s walk was B A A A C E D E E D A. 

The Moen family’s walk was F D C D A E A D E D A. 

Both families started their walks at the same time. 
It takes the same amount of time to walk between any two trees. 

Question: 
How many times did the two families meet at a tree?  

Once     Twice     Three times     They never met at any of the trees 

Answer 

They never met at any trees. 

Explanation 

It is not enough to find the same letter at the same position (i.e. same time) during the walk, because the 
same letter can denote a different tree of the same kind. For example, both families ended their walk at a 
tree labeled A, but if we follow both walks step by step then we can find out that actually they ended at 
different trees.  
 
Note that we can follow each step of each family quite easily because the neighbors of each tree (the trees 
that are connected to it by a path) are always labeled with different letters. However, to follow the two 
walks in parallel is not that easy (but doable). 
 
So let’s mark out first the walk of the Moen family (starting at F, in red) and number the visited trees by the 
time in which they visited it (red numbers 1 to 11). Then let’s mark out, in a similar way, the Lang family 
walk with a blue color and blue numbers. 
The two families would meet at some trees only if that tree were numbered by the same red and blue 
number. But we cannot see any such trees in our picture. 

Note that there are only two trees visited by both families, so we can focus only on those two. The tree D 
(the leftmost one in the park) was visited by the Lang family only at time 7 and by the Moen family at times 
2, 4, 8 and 10. The tree E (the one neighboring the leftmost D) was visited by Lang family at time 6 and 8, 
but by the Moen family only at time 9. 



71 

 
 

 

 

 

 

 

 

 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Data, data structures and 
representations 

Tags Graph 

 

Computer scientists and programmers often use graphs (and then they speak 

about vertices and edges instead of trees and paths connecting them). The Graph theory is an important 

and interesting part of both mathematics and computer science. Both these sciences use it in their own 

way for slightly different purposes. 

Another interesting point about this task is the representation of the walks in the park. Despite the fact that 

some of the trees (vertices) are marked by the same letter, the walks that start from B or F can 

be unambiguously described by the sequence of letters along the walk. It means that one sequence of 

letters describes only one walk. It is because the neighbors of each tree (neighbors of tree X are the trees 

that are directly connected to X by a path) are always labeled with different letters. So if we know where 

we are at some moment of the walk and we see the next letter in the walk’s representation then there is no 

doubt which tree we should visit next. 

This labelling system may seem odd at first but when we look at road maps we find that, in many 

countries, there are towns with the same name! 

 

 

  



72 

 36 Winning the Lottery 

Xavier (X), Ylenia (Y), and Zoe (Z) often play the lottery. 

They would all like to know if one of them wins, but they also want to keep this piece of information secret 
if they themselves are the winner! 

To keep their privacy, they decide to act this way: 

1. They will meet privately in pairs and toss a coin, observed by both. 
2. Beavers that have not won the lottery truthfully announce whether the two tosses they 

observed were the same or different. 
3. If a beaver has won the lottery, they announce the opposite of what they observed (e.g. a 

beaver will announce different if the two tosses observed were in fact the same, or same if the 
two tosses were different.) 

Example: 
If the tosses are: 

 

and Zoe won the lottery: everyone will announce "Different". 

Question: 
Xavier announces Same, Ylenia announces Same, and Zoe announces Different. 
What do we know, assuming that a maximum of one beaver could have won the lottery? 

 We can be certain that nobody won the lottery 

 We can be certain that somebody won the lottery but we don't know who won 

 We can be certain that somebody won the lottery and we know who 

 We do not know whether or not anybody won the lottery 

Answer 

We can be certain that somebody won the lottery but we don't know who won. 

Explanation 

We can check all (eight) possibilities: 
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It should be evident from the table that the number of "Different" claims should be always even: if it is odd, 
someone flipped his/her answer. Thus, since the scenario in the question had three "Different" claims, 
someone has flipped the answer, that is he or she won the lottery. However, we are not able to know 
exactly who won: in fact the table has several rows with two "Different" and one "Equal". 

It’s Computational Thinking 

CT Skills Algorithmic Thinking (AL), 
Evaluation (EV) 

CS Domain Interactions, systems and society 

Tags Cryptography, Dining 
cryptographers problem, Privacy 

The protocol used by Xavier, Ylenia, and Zoe is known as Dining Cryptographers protocol. It is an 
interesting example of a communication system in which both the sender and the recipient cannot be 
traced. In fact, the anonymous communication networks based on this problem are often referred to as 
DC-nets (where DC stands for "dining cryptographers"). Anonymity is an important, although somewhat 
controversial, issue in today's internet where personal data is often collected without consent. 

https://en.wikipedia.org/wiki/Dining_cryptographers_problem 

 

  

https://en.wikipedia.org/wiki/Dining_cryptographers_problem
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Copyright South African Computer Olympiad Trust. 

 

 


