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Abstract. A well-known challenge on Informatics and Computational Thinking Bebras is based
on task solving activity. The Bebras model is known as one of the methods that involves students
to the learning and promotes students’ reasoning. The Bebras motivates students to be interested
more deeply in informatics. This goal can only be reached if the tasks are interesting and provoke
some excitement. The interactivity is very typical for computers, so it is clear that a computer
oriented challenge / contest should apply interactive elements to solve or explain tasks. This paper
presents a tool that is used to code and design dynamic Bebras tasks. The paper has two main
goals: 1) to analyse tasks used to engage student’s in learning informatics fundamentals, and 2) to
provide a description of the tool, so-called the Bebras Lodge, and illustrate application of this tool
by discussing several examples.

Keywords: Bebras challenge, computational thinking, computer science education, informatics
education, interactive task, dynamic task, Bebras Lodge tool, problem solving

1 Introduction

A detailed analysis based on activities used to engage students can be found in the paper
of Carter et al. (2011). Authors considered competitions as a way to motivate, inspire
students, test their abilities, understanding, and stimulate their enthusiasm. The practice
in competitions/contests could be implemented in the futures studies.

The Bebras challenge started in Lithuanian in 2004 and currently spread to more than
50 countries. Over 2 million students participated in the challenge during 2016. In
Lithuania 33 006 students from 3™ to 12" grades solved tasks in the first round of the
challenge. The 385 best participants of the first round (from 9" to 12" grade) were
invited to the second round. In Lithuania students are mainly asked to participate in the
challenge during information technology (IT) lessons. Teachers engage students to
participate in the challenge in order to attract their attention to the basics of informatics
(computer science or computing) by solving short, game-based tasks (Dagiene and
Stupuriene, 2016).

The main features of the Bebras tasks are concept-based, well design, interactive,
visualized, and solvable. Multiple-choice questions and dynamic tasks are designed to be
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solvable by participants during the challenge. Multiple-choice tasks are questions with
opportunity to select one correct answer from four. Dynamic tasks are the following:
students have to manipulate objects visually, or students have to write and run small
programs. Pozdniakov et al. (2016) discussed types of tasks and paid attention to
dynamic tasks. According to Pozdniakov et al. dynamic tasks should include interactive
components, e.g. drag-and-drop operations, point-and-click mouse interactive
functionality, text or integer input boxes.

Germany, Lithuania, Romania, Singapore, Spain, Switzerland, The Netherlands,
Ukraine, and USA have dynamic tasks in their annual Bebras challenge. In these
countries, Bebras Lodge tool is used as a tool to code tasks interactivity
(http://bebras.licejus.It/login). Finland, Hungary, and Russia indicated that they have
plans to use the Bebras Lodge tool in the nearest future. Dynamic tasks are popular in
France as well, but these tasks are developed by using their own designed Bebras contest
management system. Italy implement tasks interactivity by using HTMLS5. In Estonia,
Finland, Japan, and Russia dynamic tasks are supported by JavaScript. Belarus, Canada,
Serbia, Turkey, Croatia, Indonesia are planning to add some kind of dynamic tasks or
develop more interactive task features.

Bebras Lodge is an authoring tool developed for coding and implementing dynamic
tasks. Users can simply create their own informatics tasks and share them with other
users. Bebras Lodge’s job is to make dynamic tasks content creation as easy as possible.
The tool gives users the power to build dynamic tasks for learners without having to
develop a full technical understanding of the process. The created content could be
reused and modified flexibly. Content may be exported using for example SCORM.
Bebras Lodge allows to package up and export a created task as a SCORM file, which
comes in the form of a .ZIP file. Almost every learning environment is equippd to handle
content in this format. Tutorials and documentation are available for users.

In this paper we analyse Bebras Lodge tool that supports interactivity of tasks used in
Lithuanian Bebras challenge on Informatics and Computational Thinking. The paper is
organized as follows. Section 2 provides the most important features of tasks used to
involve students to learning and promote their reasoning. In section 3 we are going to
overview Bebras Lodge tool and provide some examples. At the end is Conclusion.

2  Tasks that engage students reasoning

This section presents related works on educational tasks features according tasks
development and using goals. These tasks bring together students and teachers in order
to rethink learning or teaching content and implement knowledge in an interesting and
successful way.

Many computers based activities, games, programming, challenge / contest support
the teaching of computational thinking skills. Game-based learning and constructivism
are emphasized by Kalelioglu et al. (2016). They provide a detailed literature review
based on computational thinking that is “a very important and useful mode of thinking in
almost all disciplines and school subjects” (p. 590).

The students’ success depends on the relation between tasks of challenge and
reasoning used by students to solve tasks. Researchers (Boesen et al., 2010) emphasized
the importance between tasks characteristics, types of tasks and reasoning due to the
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influence to student grade, learning interest, teacher work, and textbook author.
Furthermore, they paid attention to mathematical reasoning that is influenced by student
and social environment.

Barak et al. (2011) discussed animations that motivate students. Their goal in the
research was to find out how animated movies were used to promote students’ ability to
explain and understand scientific concepts. They claimed that animation encourage
students to explore concepts, provide possible answers to daily life questions, motivate
to learn science. Other aspects of effective learning are an interactive visualization.
Patwardhan et al. (2015) claimed that interactive visualization provide opportunity to
practice, develop analytical skills. They mentioned interactivity as manipulation of
content of dynamically and “manipulation of parameters that influence the
phenomena/concept being depicted” (p. 294).

Interactive elements of the task (graphic, animation, etc.) support student's
understanding of a content and how they construct meaning from the presented content.
The following goals of the dynamic tasks benefit could be mentioned: increased student
engagement and motivation, measurement of higher order thinking skills, promoted
students’ reflection by solving tasks, better evaluating the cognitive and problem-solving
skills (Strain-Seymour et al., 2009).

Crisp (2010) focused on the interactive assessment in order to improve student
capabilities on the case of a higher education. He claimed that interactive assessment is
innovative and should be developed using questions such as drag-and-drop, hotspot,
extended matching questions. Also he provides a question design strategy for interactive
tool in common learning management systems.

Focus on mouse interaction styles such as drag-and drop, point-and-click are
important for students. The detailed analysis is provided in the paper of Inkpen (2001). It
is emphasized that the point-and-click interaction style is more attractive, faster solvable
and motivating than drag-and-drop, the impact of interaction depends on the steps
needed to solve problem. In addition, the author emphasized the importance of children’s
interaction with computer and the applicability of educational software.

2.1. Bebras tasks for engaged learning

Teachers are searching for the tasks that not only provide understanding of
Informatics concepts and how these concepts are implemented in real life situation, but
also for the tools used to develop abilities of students to analyse, think, and find the best
solution of the problem. Task selection influences these goals and students interest in the
future studies, work. Dagiene et al. (2017) emphasized the importance of the Bebras
challenge tasks as possibility to develop computational thinking. Bebras tasks are
examples of problems that help teachers explain informatics basic and improve students’
abilities. Tasks inspire teachers and students to work together (teacher and students,
students and students) and collaborate in decision-making in order to find the best
solution. Each new informatics concept is connected to realistic situations of a particular
task.

Vanicek (2014) analysed the criteria of the tasks for Bebras challenge. He
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emphasized that task interactivity is attractive due to graphic components and
manipulation with the mouse. Based on students’ opinion, interactive questions are more
attractive than multiple-choice questions used in the challenge as well. It is influenced by
opportunity to think and experiment. Students pay attention and spend more time to
solve interactive questions than other type questions.
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Fig. 1. Activity diagram for the Bebras tasks

Tomcsanyiova et al. (2011) described interactive questions as tasks which are
solvable by manipulating objects within the task assignment and leaved the objects in a
state that corresponds to the tasks assignment. Furthermore, multiple-choice questions
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are mentioned as interactive questions according the using interactive helpers that

provide direct manipulation of the task’s objects in order to experiment with them

(Tomesanyiova et al., 2011, p. 204).

The development of Bebras tasks in Lithuania is a process, which involves various
activities and needs different resources. Fig. 1 depicts activity diagram and following
steps that describes the tasks preparation and usage in the challenge:

1. National challenge organizers (authors) prepare a set of task proposals. They provide
the most promising 8-10 tasks to the task Repository (SVN)' at least one month
before the Bebras International Task Workshop (yearly in May). During the
workshop experts from the Bebras community countries review, improve the tasks.
National challenge organizers select tasks from the task pool. Selected tasks are
translated into the national language and edited by a linguist. The final version of
tasks is prepared by national challenge organizers.

2. Static tasks (multiple-choice) are developed by using Bebras contest management
system (It.bebras.It) and dynamic tasks (interactive questions, animated questions,
open-ended etc.) are developed by using Bebras Lodge tool and uploaded to the
Bebras contest management system. When all tasks are prepared in the Bebras
contest management system, system administrator creates a set of tasks according to
the participants age groups (manage approved tasks).

3. During the challenge teachers give the permission for students to solve the task set;
participating students solve tasks and submit their answers. After the challenge
solved tasks are open for comments and discussions.

4. Later, all tasks are archived in the Bebras contest management system. All of them
can be reused.

In the assumption, the development of interactive questions, problems involve
students to the analysis of the content, motivate them to solve problem by reasoning not
guessing the correct answer.

Furthermore, interactivity, animation and problems with the visual, interesting story
engage collaboration between students and teachers. Scientists, teachers, students are
brought together for the reason that they will discover the attractiveness in the
informatics by solving Bebras tasks. Due to that not only tasks’ content is important, but
also tools selection for tasks development and challenge management as well.

3  Bebras Lodge tool

In this section, we describe a tool used in the Bebras challenge in order to create
dynamic tasks. Bebras content management system is mainly used for management of
the challenge as well. The system supports multiple-choice questions with opportunity to
select one correct answer from four variants. Therefore, the system allows developing
multiple-choice tests directly. By default, choices are displayed in random order during
the challenge. For multiple-choice tasks, administrator fills these fields: task ID, title,
task description and possible answers, answer comment if it is needed, choose task

! https://tortoisesvn.net/
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difficulty, age group, language. Bebras contest management system didn’t support the
development of dynamic tasks. There is one of the reason why Bebras Lodge tool was
realized. As was mentioned before, Bebras Lodge is used by 9 countries. The number of
created dynamic tasks is growing (from 40 tasks templates in 2013 increased to more
than 113 in 2016). Part of tasks has the same type of interactivity, but they are developed
in different languages or changes in the text.

To promote students’ motivation in the challenge each year organizers provide several
dynamic tasks. Lithuania provided 26 dynamics and 20 multiple-choice questions in
2016. Dynamic tasks are developed using Bebras Lodge tool and imported to the Bebras
contest management system.

The Bebras Lodge consists of two main parts:

e A Componential part — a JavaScript library for creating and manipulating
components inside a task;

e A Lodge used interface — the interface built on top of Componential part in
order to make task development seamless.

The Componential library depends on two other libraries: jQuery - for easier cross-
browser functionality and RaphaélJS — for SVG graphics. In the Bebras Lodge, users can
easily generate dynamic tasks if they have a little bit of programming knowledge. A
typical task consists of JavaScript code, images, cascading style sheets, correct answers,
Meta information. When user login to Bebras Lodge, he/she can start creating a new
task, work on existing task or use the task template. Some basic metadata such as task
ID, name, authors, language is added, others components should be added. Components
are added by dragging and dropping components onto the tasks canvas in the visual
interface or defining them with JavaScript. The following APl components are available:
Task, Component, HTML, RaphaelComponent, TextField, Picture, Switch,
SwitchGroup, Graph, InfixText, LinearLayout, and GridLayout

All components have various parameters. For example, a rectangle component will
have a colour, size and coordinates. Some parameters are common to all components,
among these are name, coordinates and a Boolean flag denoting whether the component
is part of the answer. In terms of rendering components are of two types: HTML
components and Raphaél components. If parameters of components are not enough for
users, they can develop new components by writing JavaScript code. To make it easier
for users, a list of task templates is developed and added to the system. Users can add
data parameters (not to be confused with component parameters) and upload images.
These parameters and images (in form of string URLSs) are accessible in the task
JavaScript code and in the visual interface. Each component can be marked as part of the
answer to the task. For example, user might be required to drag some boxes into the
correct positions and enter the sum of the weights of those boxes into a text field. When
in the “Live” mode, the user can solve the task and add the current configuration as the
correct solution. The answers can also be added manually.

Users can use these templates to create a simple new dynamic task. Dynamic tasks are
exported in JSON format. Exported JSON file contain all information needed to render
the task, additional resources that might need to be downloaded are images listed in the
exported file, JavaScript framework for rendering the tasks, and Raphaél library.
Templates of the following general types of tasks are available at the Bebras Lodge:
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Drag & drop. Pick up an object and place it on one of the fixed locations.

Click objects. Click on an object and make something happen with it (picture

changes).

Simulation. Show an animation as explanation of the task or the input of the user.

Open text. Enter any text.

Open integer. Enter text, but with specified symbols (a restricted answer).

Matching. Match one object to one other object.

Selection. Select one or multiple objects from a task.

Graph. Connect one object to multiple other objects.

Grid. Select an object and effect other objects while doing so.

The documentation and manual for the tools are prepared for the beginners. User can
use provided examples or use given templates of codes.

The dynamic tasks’ tool is used not only for task preparation for the challenge, but
also for programming practice or dynamic task development in different online learning
environments which don’t support interactivity as simulation, animation, etc. Teachers
could develop dynamic tasks using a tool available at http://sprendimas.ugdome.lt/
(however, it is only in Lithuanian). The export to a SCORM is supported, so teachers can
easily create dynamic tasks and import them to a particular system that supports
SCROM standard.

N

©ooN O~ W

3.1 Dynamic task examples

Further, we are going to discuss some dynamic Bebras tasks examples coded and
designed by using the Bebras Lodge tool. In 2016, the most used dynamic task in the
Bebras Challenge were the following:

1. Concurrent directions (used by 12 countries);
2. Paint it black (used by 11 countries);
3. Spherical robot (used by 11 countries).

In Lithuania, these tasks were taken for different difficulty levels (easy, medium,
hard) according to the age groups. The percent of students who solved these tasks
correctly and tasks difficulty provided by challenge organizers is presented in Table 1.

Table 1. Dynamic tasks solvability by age group in Lithuania.

Grades 3-4 5-6 7-8 9-10 11-12

44,79 70.45
(medium) (easy)

Title

Concurrent directions

33.17 66.98

Paint it black (hard) (medium)

67.35
(hard)

Spherical robot

Table 1 shows that older students solved these tasks better than younger. Furthermore,
more than 60% students solved “Spherical robot”. Reasons why students were not so
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successful in the task could be tasks difficulty provided by organizers, interactivity,
understanding of informatics concepts, etc. However, we do not analyse these reasons,
we look to the interaction that is given for students due to the different actions in order to
get correct solution. Furthermore, we give a short overview for each tasks, why it is
informatics and which basic informatics concepts are presented in the context of the task.
Different concepts are depicted in these tasks.

Figures below (Fig. 2, 3, 4) shows the “Live” mode of the Bebras Lodge visual
interface (area where user can test the task). In the left side is provided the created task
with possibility to check the correct answer. Source code is visible in the right side. It is
visible if user program the additional component that is not provided in the list.

4 Visua | Lwer | Paameters ~  Defais PO |

lodgeU1(); ~
function lodgeUI
Trys robotai dirba sandelyje sinchroniskai kaip vienas - visus veiksmus atlieka drauge. Kai if (document .getElenentByTd('code-editor’) instanceof
g & $("#code-editor”). css(uidth”, aa) (55( "height", 5€
robotams duodama koypties komands (S, P, R V), visi obotsi paeing two paciu metu vienu langelu 3o rror 5o nedghte %
nurodyta kryptimi. Jvykde paskuting krypties komanda i§ sekos, robotai ima langelyje padéta §("#task") .css("min-width®, 660). css( ‘height”, 345);
objekta. Pavyzd¥iui: jvykdes krypiy komandy seka (S, S, P, P, R), A robotas paims kiigj, B robotas
_ Fieda, C robotas - kigi. }
- var F_x = task.get("F").params.x;
Kurig krypéiy komandy seka vy T ket e e
ivykde robotai paims rutul, kgl ir | (@ ¢ var buttonlabell = 'Vykdyti sekq 55,0, 0 R
Sieda? var buttonlabel2 = 'I% naujo.
Q Wykdytiseka S, 8, P, P.R var robotNames = ["robotA”, "robotB”, "robotC"];
® L le var startpos - [(2.2],2.4].10.5]
@ § var r 11
V N For(r-0; rerobotianes. Lengthsrit) {
‘ SRR PR H SRRPV ‘ (% L var b - new task.picturs((
= url: task.params[robothanes[r]],
Q Q v R s uidth: 23,
rb’rmove = function(dx,dy) {
&\ L L. P this.params.xr=dx;
this_params ys=dy;

this_render();

Fobots _push(rb) ;
}

var size-38;

Fig. 2. Task Concurrent directions designed with Bebras Lodge

From the point of Informatics education, the first task (Concurrent directions) is
related with algorithm, parallel programming and concurrent programming. In Lithuania,
this task was given for grades 5-8.

When robots or computers are working together at the same time, we say that they are
working in parallel. If we have a small number of robots or computers working in
parallel, we could give each of them a different list of instructions. However, if we have
thousands or millions of computers working together then it is not practical to write
separate instructions for each. We have to give large groups of them the exact same
instructions. In this task, we have the potential for an additional complication. The robots
are working in the same space, and their instructions must be prepared more carefully to
ensure that they do not crash into each other or otherwise block one another. Preparing
parallel instructions in such a situation is an extremely challenging aspect of computer
science called concurrent programming.

The second task (Paint it black) was given for grades 9-12 in Lithuania. Task
represents a Boolean circuit that is one of mathematical computation models. An
equivalence is one of basic Boolean operations. If the yellow cell is interpreted as 0 or
FALSE and the black cell as 1 or TRUE.
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Fig. 3. Task Paint it black designed by using the Bebras Lodge

Third task (Spherical robot) was given to grades 3-8 in Lithuania. A computer
program is a sequence of instructions from a set of possibilities. This task requires one to
write a computer program in a very simple programming language that consists of only
four possible commands N, S, E, W. This introduces one important element of many
computer-programming languages, sequential composition, which means following
commands one after another in order.

lodgeUI(}; A

function lodgeVI() {
Rutulys yra Zaislas, valdomas nuoteliniu bdu komandomis, 1f (document. getElementayId('code-editor’) instanceof
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}
V7L.R }
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$(".CodeMirror").css("height", 560);
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u# rémeliy riby. T

}
new task.HTHL({content:makeIng(task.parans.kryptysIng)})

Nurodykite trumpiausia judejimo seka, pagal kuria rutulys
pasiekty tiksla (apatiniame aukéte esantj raudona plota)

stop-false;
Function p(

1
function hole(x,y,z) {
if (x==188y--1882

) return true;
return true;
--1) return true: v

1f (x=-088y"
1f (x=-188V

Fig. 4. Task Spherical robot designed by using the Bebras Lodge

During the challenge students have to submit the answers if the tasks are interactive.
Furthermore, they are able to edit their answers during the solving time. A detailed
interactivity is described in the Table 2 according the action, which is done by students
to solve task. Tasks were designed using different components and parameters.
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Table 2. Students and computer interaction in particular task.

315

Task name | Task type Interactivity
Students are able to click on the buttons that will be animated in
o the picture. Picture gives for student visual effects of
Concurrent | Clicking P . -
S - movements. Animation is provided as helper to check his/her
directions objects - - . .
solution. This task emphasizes a points and the control
information flow.
Students respond a task by clicking on the answers that he/she
L L think are correct. According to students’ actions (clicking) on
Paint it Clicking . . - .
- the particular part of the picture, picture is changed and students
black objects . . . . -
are able to see changes in the picture immediately. Differences
are seen by clicking the mouse button on the picture.
Students are able to type the answer and see animated answer.
Spherical Simulation The constructed (typed in the text field) sequence is displayed
robot as animated. These tasks emphasize the control information
flow as well.

Tasks are very important for both students and task developers (teachers): students
have been “pushed” to think on computer science, educators should think about
harmonization of curricula on computer science in school. Creative, interesting, and
dynamic tasks are the main drive for the Bebras challenge on Informatics and
Computational Thinking.

4 Conclusions

This research is based on the investigation of tools, which support the development of
dynamic tasks. In Lithuania, two main systems are used for management of Bebras
challenge. Multiple-choice questions are developed by using the Bebras contest
management system whereas dynamic tasks are designed using the Bebras Lodge tool.
The main focus of the article is Bebras Lodge usage. This tool was developed by
Lithuanian researchers in order to encourage students to solve dynamic tasks in more
interesting, attractive way than marking correct answer as in the case of multiple-choice
questions.

According to learning by the practice and interest in tasks solution, more interactive
tasks have been developed every year. Different types of interactivity are implemented
in the Bebras Lodge. Our research dealt with a description of Bebras Lodge and tasks
examples, however no analysis on students’ abilities to solve tasks correctly according to
context of the tasks and their interactivity levels are provided. A detailed analysis of
factors that influence students’ motivation, success by solving informatics tasks is
needed to be done in the future.
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