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            Abstract
          
        

        
          This study is on the effect of the learning method for the learners to efficiently develop their computing power through the goal of middle school’s information subject, which has been implemented based on the 2015 revised curriculum since March 2018. To do this, we looked at the Bebras challenge to see if it would help learners develop their computational thinking(CT) skills and solve problems. First, we analyze the previous questions of Bebras challenge, examine whether these problems are suitable for the current curriculum, and how Bebras challenge as a learning tool influenced the increase of students' CT ability, curiosity and satisfaction. Using Bebras challenge's open questions and hands-on experiences, we analyze the relevance and suitability with information subject and whether it is suitable to raise the CT. When used as a learning tool, it was found to have a significant effect on students' CT, curiosity and satisfaction.

        

        
          
            초록
          
        

        
          본 연구는 2018년 3월부터 2015 개정 교육과정에 기초하여 시행되고 있는 중학교 정보 교육의 목표를 통해 학습자들이 효율적으로 컴퓨팅 사고력을 갖추기 위한 학습법에 대해 연구하였다. 이를 위해, 비버챌린지를 통해 학습자들이 컴퓨팅 사고력을 갖추고 문제를 해결할 수 있는 능력을 키우는 것에 효과가 있는지 살펴보았다. 먼저 비버챌린지의 기출문제들을 분석하고, 이 문제들이 현재의 교육과정에 적합한지를 살펴보고, 비버챌린지를 학습 도구로 사용했을 때, 학생들의 컴퓨팅 사고력의 증대와 호기심, 만족도에 어떤 영향을 가져왔는지 연구하였다. 비버챌린지의 공개된 기출문제들과 체험하기 문항들을 통해 정보 교과와의 연관성, 적합성, 컴퓨팅 사고력을 키우기에 적합한 과제인지 분석해 보고, 이것을 학습 도구로 사용했을 때, 학생들의 컴퓨팅 사고력과 호기심, 만족도에 유의미한 결과를 가져온다는 것을 확인하였다.
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      Ⅰ. Introduction 
      The world we live in is an information society with high speed, and the industrial structure is changing rapidly. As a result, new job groups are being created as complementary and alternative jobs due to computerization, and are transforming into an era in which software capabilities are needed. So, talent growth with software capabilities is becoming a concern today and the need for education on the underlying software is also required worldwide. According to [1]. Korea's software industry competitiveness ranks only 14th among 19 major OECD countries, and its efficiency is only one third of software industry of advanced countries. The factor is the lack of software expertise. Many countries, as well as Korea, are aware of the need for information education and are preparing courses to foster future talents. In July 2015, the ministry of education and the ministry of science, ICT and future planning(MSIFP) announced “Training talent development plan for software-centric societies” to foster the talents by strengthening software education and required software education in school education through September 2015 revised curriculum.

      From March 2018, the ministry of education and educational institutions have begun preparations for full-scale implementation of software education in middle school[2]. To support this, MSIFP selected 'Leading school for software education' from 2015 and has been operating it up to date to apply software education in schools, collected various requirements and reflected them in the policy. This study focuses on computer education, and gets how to improve computational thinking(CT) through the goal of computer education from the current state of middle school information education that has been implemented based on 2015 revised curriculum since March 2018.

      In particular, by using Bebras challenge among the current educational models, and by the basic direction for learners to develop the ability to solve problems and to prepare the CT ability that are essential to living in a future society, this study will consider whether it is suitable for analyzing and solving various problems. Particularly, it will look at the followings. First, Bebras challenge, which consists of tasks that understand the basic concepts of informatics and develop CT. Second, the suitability and relevance of the information subject and analyzing whether it is a suitable task for developing CT through the open questions of Bebras challenge. Third, a closer look at how it affects students' CT, curiosity, and satisfaction when it is used as a learning tool. Fourth, ways to increase students' CT and their interest in the information subject by examining the effectiveness of the Bebras challenge teaching method.

    

    

  
    
      Ⅱ. Theoretical Backgrounds
      
        2-1 CT
        With the popularity and usefulness of computers, people have been using computers to do things they have been doing before. This is called computing. The term also refers to mathematical calculations in terms of computer science, and broadly defines computing[3]-[4] as any activity that develops and uses computer technology resources. The term “CT”[5] derived from this is a means of moving away from fragmentary learning to complex thinking and of being the main ability to solve problems creatively. It applies the problem solving ability of computer to human thinking system and uses it to solve problem in various fields - data collection, analysis, expression, problem decomposition and abstraction, automation, etc.

        Wikipedia defines CT as follows[6]. It is the whole process of thinking that involves defining a problem and describing the answer so that the computer can perform effectively. Problems that can be different than just one require a comprehensive and meaningful solution based on various variables and there needs decomposition, data representation, generalization, modeling and algorithm through CT. Dr. Jeannette Wing in his article at ACM, states that "CT skills are not just limited to computer scientists, but have become fundamental skills for everyone to read, write and count"[7]. He also mentioned the importance of integrating CT with other disciplines. Amit Deutsch (Instructional designer in Google) writes: “'How can we determine the sequence of human beings?', 'Is the British playwright Shakespeare written all the works in his name?', 'Can you write a computer program that writes and composes music?', these questions that arise in our lives are those that require CT, and CT is the method that more and more people are using to solve problems”[8]. In other words, CT is one of the approaches to solving problems, decomposes the problems using calculation and figures out how to solve them. CT consists of four main processes(table 1).

        
          Table 1. 
				
          

          
            Processes of CT
          
          

        

        
          
            
              	Processes
              	Specific content
            

          
          
            	Decomposition
            	Checking each piece by dividing the problem or the process of thinking about how to divide it
          

          
            	Pattern survey
            	Finding similarities and differences between each piece for any prediction
          

          
            	Abstraction
            	The process of finding the principle that created the patterns found
          

          
            	Algorithm design
            	Procedural process for solving similar problems
          

        

        

        In CSTA[9], CT process is defined as nine steps, “data collection → data analysis → data presentation → problem decomposition → abstraction → algorithms and procedures → automation → simulation → parallelization”. People want to learn how to apply CT in many areas of problem. When a computer encounters a complex problem, it is thinking about computing when trying to find new principles by analyzing vast amounts of data. So CT is one of the ways we conquer problems. In other words, it is a process for problem solving and an abstract way of thinking. Raquel Romano (Software engineer in Google) said, “To solve a problem through CT, we can break it down into pieces of different sizes, find a way to solve each problem, and then gather each solution to solve the problem. This allows anyone to solve any problems”[8]. Therefore, CT is practical enough to be applied to problems in real life beyond the thinking used only for computer programming and beyond management, finance, engineering, and art[6]. Now, many countries around the world are adopting software education as a formal curriculum, and are working on CT beyond just coding. In a rapidly changing and complex future society, CT is one of the abilities everyone needs. Developing your CT skills will help you to develop creativity, problem solving skills, thinking skills etc., so that you can effectively solve various problems in your daily life.

      

      
        2-2 Software education
        Software education isn't just about coding programs. Software training also includes program coding and covers all aspects of information, including information security and information ethics. The purpose of software education is to understand the basic concepts and principles of computers based on healthy information ethics and learn CT and logic based on them. It also adds creative problem solving skills to solve various problems. In short, the purpose of software education is to cultivate creative and converged human resources with CT skills. To do this, they needed tools to increase their CT. Bebras challenge is one of the most efficient and evaluation tools for developing CT.

        Bebras challenge[10] consists of tasks that can be challenged without special prior knowledge. Through these tasks, it is a problem solving-based evaluation model and educational innovation developed for the purpose of inducing learning motivation for information education and fostering CT. Regardless of area, school, teacher, student level, gender, etc., anyone can challenge. All of the tasks of Bebras challenge include the concepts of information science and elements of CT. Thus, Bebras challenge can be used to foster ICT literacy and CT based on competition and cooperation[11]-[12]. Bebras challenge was launched in Lithuania in 2004 with 779 persons and has spread throughout Europe. In particular, Bebras challenge has been recognized and utilized for its educational applicability, including being won the best achievement award in education by the 2015 European information science society. In addition, Bebras challenge became a global festival of information education involving more than 2 million people in 63 countries as of 2017. Korea became an official member country since 2017, after the pilot participated in 2016 under the leadership of the Korean information science society.

        The actual problem solving process does not ask for information science knowledge itself, but evaluates the ability to abstract or automatable problems based on CT. In particular, tasks that model the things that can be experienced in the real world are presented, and based on ICT knowledge to solve the tasks on an online basis. Through this series of courses, students participating in the Bebras challenge can develop their CT skills and thereby develop their ability to solve problems creatively. However, when students were exposed to coding education in the absence of prior knowledge of informatics, the rate of understanding and accepting hardly the concept of informatics was high, and the students who thought so had less interest in information subject.

        Before injecting informative concepts and learning a series of courses, students can learn to make informative concepts much easier by letting them think about CT through Bebras challenge. In addition, based on CT ability, it can enhance interest and curiosity about information science by presenting problem solving ability through expansion of thinking. Table 2 shows an example of the challenge.

        
          Table 2. 
				
          

          
            An example of experience in Bebras challenge 
          
          

        

        
        

      

    

    

  
    
      Ⅲ. Research Methods and Procedure
      
        3-1 Research issues and limitations
        This study examines the effectiveness of using Bebras challenge among the various methods used as software education to develop CT ability. For this study, consider the followings : The limitations of this study are as follows.

        First, what is the tendency of the problem of Bebras challenge and the problem of past?

        Second, what is the perspective of these tools for teachers who have actually used Bebras challenge to guide their students?

        Third, is it effective to measure students' CT ability through the teaching method using Bebras challenge?

        Different tools exist for software training to develop CT. Therefore, this study puts the following limitations.

        First, this study only considers the benefits of software education for CT based on Bebras challenge.

        Second, the challenge is held around November every year, and is studied through interviews with teachers who have directed Bebras challenges and their teaching tips. Participation in this challenge is helped by the existing teachers, as they can formally participate after the guidance of the school's information teacher and the school account or card payment.

        Third, anyone can experience the open issue of Bebras challenge, and the past questions that can be accessed through the publishers are the ones in 2017, so the experience questions and the past questions cannot be reflected in the analysis data.

      

      
        3-2 Areas for Bebras challenge’s evaluation
        This study analyzes Bebras challenge’s experience questions that were opened for easy access and experience, and the 2017 previous challenge questions published in books. The interview is also conducted with the teachers of the current high school information subject who are in charge of the software lead school. Also, this study is conducted using the questions of Bebras challenge in the subject of A middle school to develop CT ability, and the students' satisfaction and achievement rate of the contents related to the ability are examined.

        The Korean Bebras challenge, in which students participate in voluntary participation, allows only participation in school units and is conducted under the guidance of an information teacher at each school. In particular, 6,006 students from 146 schools nationwide attended the Korea Bebras challenge 2017. The students had to resolve the 15∼25 questions presented within 3 minutes per task, which were selected from question banks co-developed by official member states. Bebras challenge site has an always-on experience corner that opens up opportunities for students to preview Bebras challenge issues and stimulate CT. Table 3 shows the evaluation areas according to the curriculum standard framework published by CSTA for the questions of Bebras challenge.

        
          Table 3. 
				
          

          
            Areas for Bebras challenge’s evaluation
          
          

        

        
          
            
              	Abbreviations
              	Meaning
            

          
          
            	ALP
            	Algorithm and programming
          

          
            	DSR
            	Data, data structure and presentation
          

          
            	CHP
            	Computer processing and hardware
          

          
            	COM
            	Communication and networking
          

          
            	ISS
            	Interaction system and society
          

        

        

      

      
        3-3 Instruction model of Bebras challenge
        Software teaching method using Bebras challenge is a problem-centered learning method based on constructivism philosophy and table 4 is a teaching and learning plan for the digital representation of materials in middle school information subject using Bebras challenge. Before explaining the concept of binary numbers in ‘introduction’, the problem of the parking space in table 5 is presented. The problem in table 5 is one of the low class of difficulty level that can be easily solved even by elementary school students[13]-[14], and it is DSR when analyzed in the evaluation area. Students receiving a given task tried to determine the number of empty parking spaces in common. Although they did not explain computer terms or concepts, they found that they had 4 unused spaces in two days as operations in their brains to extract common elements and obtain results. This question relates to the binary representation of computers. We explained that the parking status can be changed the expression to '1' where it is parked and to '0' where it is not.

        
          Table 4. 
				
          

          
            An example of teaching and learning plan
          
          

        

        
          
            
              	Chapters
              	II-1-3 Digital representation of data
            

          
          
            	Learning objectives
            	▪ Explaining how text, figures, and numerical information are converted into digital form.
▪ Digital representation of various forms of data and information in real life
          

          
            	Guide steps
            	Guide methods
          

          
            	Introduction
            	▪ Suggesting the parking space problem(table 5) and the binary gate problem(table 6)
▪ Since computers only recognize binary data in 1s and 0s, information such as numbers, letters, pictures, and videos is converted into binary
▪ Process of data presentation of computer 
          

          
            	Development
            	▪ How is textual information represented?
 - character code : ASCII code, Unicode
▪ How is picture information represented?
 - pixel, resolution, bitmap and vector method
▪ How is numerical information represented?
 - decimal and binary 
          

          
            	Summary
            	▪ Changing between binary and decimal numbers by playing number cards
▪ Sending and receiving messages with friends using pre-promised text codes
▪ Learning about the resolution of picture information and how to express colors 
▪ Guiding the following lesson 'collecting and managing data and information'
          

        

        

        
          Table 5. 
				
          

          
            Experience of Bebras challenge – empty parking space problem
          
          

        

        
        

        
          Table 6. 
				
          

          
            Experience of Bebras challenge – binary gate problem
          
          

        

        
        

        
   101001            100100
   001010            001111
 <Monday>      <Tuesday>

        The binary gate problem in table 6 is also one of the low class of difficulty level that can be easily solved even by elementary school students. With the given problem, the students could see how they counted the numbers by increasing the number of bars used by the three bars. In this case, we explained how the bar can be expressed as '0' and '1', which the computer understands and made with my students to see what combinations they could make. As there are three bars,

        
 000 001 010 100 011 110 101 111 

        All eight can be represented as 23. Just as the appointment is based on the number of bars, the computer could explain that all information is stored as a combination of ‘0’ and ‘1’ numbers.

      

    

    

  
    
      Ⅳ. Experiment and Evaluation
      
        4-1 Class satisfaction using Bebras challenge
        Information textbook used in A middle school explains the concept of data and digital and the concept of binary number through the way of expressing it using the jeongjuseok(stone) and jeongnang(bar) of Jeju island. Similar problems related to the unit are Bebras challenge items in table 5 and 6, so we used directly in the class and the students' understanding and satisfaction of the class were examined. A middle school consists of eight classes in the first grade. Four of the classes were conducted by the information subject teachers based on the textbook explanations, while the other four classes were conducted by the researcher. These students have been taught by the same information subject teacher for more than 2 months, and the classes were divided into four classes for teacher and students' mutual feedback(table 7).

        
          Table 7. 
				
          

          
            Experimental group and control group
          
          

        

        
          
            
              	Group
              	Experimental group
              	Control group
            

          
          
            	Process method of class
            	Classes conducted with Bebras challenge
            	Classes conducted using only textbook content
          

          
            	Object of research
            	class a
            	class b
            	class c
            	class d
            	class e
            	class f
            	class g
            	class h
          

          
            	29
            	28
            	28
            	27
            	29
            	29
            	28
            	29
          

          
            	112 students
            	114 students
          

        

        

        The focus of the study was to examine the interest, concentration, and understanding of the contents of the class through the binary description of the introduction. The survey was conducted on students' satisfaction, attitudes, and interests in information subject. The results are shown in table 8. The control group briefly referred to the system's understanding of the binary number as '0' and '1' and made a combination. Among the students who showed concentration at the beginning of the class, it tended to increase the number of students who were distracted by suggesting that 'it is like a math class'. And among those who responded so, there was a lack of concentration in class. When the understanding about the subject fell down, it was observed that the class concentration and the subject interest decreased slightly(table 8, fig. 1).

        
          Table 8. 
				
          

          
            Satisfaction of class and reaction of students
          
          

        

        
          
            
              	Group
              	Experimental group
              	Control group
            

          
          
            	Understanding of class
            	80.0%
            	72.8%
          

          
            	Interest of class
            	83.9%
            	75.4%
          

          
            	Satisfaction of class
            	83.9%
            	76.3%
          

          
            	Attitude of class
            	85.7%
            	82.4%
          

          
            	Interest of subject
            	81.2%
            	71.9%
          

          
            	Reaction of students
            	- I can infer from the picture.
- It's like a math class.
- I can make numbers.
            	- The binary method is strange.
- It's like a math class.
- It's hard.
          

        

        

        
          
          

          Fig. 1. 
				
          

          
            Interview for class of students
          
          

          

        

        In the case of the experimental group, the understanding and interest could not be lost by inferring through the picture and changing its expression rather than presenting the concept of information first. The pictures used in Bebras challenge stimulated the students' perspectives and gave them time to think about their tasks and solved the problems themselves and together. Later, when '0' and '1' used in the computer were expressed, it was less talked about 'it's like a math class' than the students in the control group.

        
Monday : 1 0 1 0 0 1 0 0 1 0 1 0
Tuesday : 1 0 0 1 0 0 0 0 1 1 1 1
Result : 1 0 1 1 0 1 0 0 1 1 1 1

        The students inferred that if 1 was even one of two, it would be 1, else it would be 0, so it would be easy to see where it was used even once. Using the same number again, let's show different results.

        
Monday : 1 0 1 0 0 1 0 0 1 0 1 0
Tuesday : 1 0 0 1 0 0 0 0 1 1 1 1
Result : 1 0 0 0 0 0 0 0 0 0 1 0

        Let's guess what the question was asked to get the above result. It was inferred that Monday and Tuesday two days could be replaced with a question to find a parked space. In the following cases,

        
Monday : 1 0 1 0 0 1 0 0 1 0 1 0
Tuesday : 1 0 0 1 0 0 0 0 1 1 1 1
Result : 0 0 1 1 0 1 0 0 1 1 0 1

        On Monday and Tuesday, they could turn to the question of finding a parking space that was used for only one day. The process of inferring with students is a bit out of the textbook section, but they discover and infer these principles themselves, without having to learn the logic operations of computers. It's a simple matter, but it has proved that they can use CT skills through Bebras challenge problems. Experimental with simple content is insufficient to generalize student achievement and satisfaction. However, although it was a small number of times, we concluded that students could develop CT through other types of tools, increase their interest in subjects, and Bebras challenge as a tool for teaching or evaluation is no inferiority.

      

      
        4-2 Educational effects of Bebras challenge
        The interview with the teacher who led Bebras challenge was an opinion that it was suitable and efficient to integrate with the curriculum. In terms of content, Bebras challenge consists of the basic concepts of information subject and elements of CT. So it is very similar to the content system of the information subject and there were some teachers' opinions that some of the content exceeded the 2015 curriculum. Since some problems were selected from the question banks where Bebras challenge established, it was possible to extract only the elements included in the Korean school curriculum, so the teachers said that there is no abnormality as a tool to use in class. Education related to the information subject tended to be biased mostly in algorithms and programming, but the teachers suggested that Bebras challenge could be a good evaluation tool because it ranges from information social ethics of computer subject to programming, algorithm, and physical computing. Finally, they said that the students who learned through Bebras challenge were able to infer another problem by using what they learned, which helped them to think. In summary, the educational effects of Bebras challenge are as follows.

        First, it is suitable for the nature, goals, contents and organization of the 2015 revision information curriculum.

        Second, anyone can challenge, regardless of region, school, level of prior knowledge, or gender.

        Third, it induces learning motivation for information science and helps to understand how to form and apply basic concepts.

        Fourth, it helps to measure and promote CT.

        Fifth, it can be used as an automatic scoring program capable of self-directed learning and evaluation.

        Sixth, various teaching-learning models such as problem based learning, backward design, design-based learning, backward learning, and class contact-typed evaluation based on constructivism philosophy can be designed.

      

    

    

  
    
      Ⅴ. Conclusion
      This study confirmed that students can increase the interest and concentration of class through the class using Bebras challenge. Also, for this study, there were many parts that were suitable for the current curriculum by analyzing the actual Bebras challenge items and solving them through the problem solving process. If someone takes advantage of this or conduct in-depth research, information subject can be an interesting subject for students, and students' thinking can be more than just a subject to help them develop CT skills that allow them to converge and think deeply. In solving Bebras challenge task, not only the students but also the instructors were able to obtain the informatics concept in solving the problem through the presented tasks without explaining the informative concept. And, before explaining the concept, it gave the teachers a broader view.

      This study concluded that by using Bebras challenge efficiently, students can not only learn the concept of information, but also analyze, decompose, and infer and abstract the problem based on the patterns of the individual. And it was concluded that a tool that would help students with such CT will help foster creative and convergent talent based on the purpose of software education. In addition, the fact that this tool is not pointless suggests that Bebras challenge is worth using as a tool for teaching and evaluation given the 2019 information olympiad question type.
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Background of problem

There are 12 parking spaces, each numbered with a
number. The situation of parking spaces used on Monday
and Tuesday is as follows.

Monday Tuesday

Problem/Challenge

How many parking spaces are all unused on Monday and
Tuesday?

1.three 2. four 3.five  4.six
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Background of problem

Beaver's mom tries to buy a cage for her daughter's
birthday. "I want a cage with two windows and a heart
pattem”, she says. Mom went to a pet store to buy a cage
for her daughter.

A A

cage 1

Problem/Challenge
Which cage can Beaver's mom buy for her daughter?
1.cage 1 2.cage2 3. cage3 4.caged
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Background of problem

Beavers like to welcome their guests and visit each other.
But beavers often leave their homes. So, the beavers want
to be able to display some information about the status of
the gate, leaving a reminder sentence for the guests who
come to their homes.

“; 4 f 8 4 i =

notathome  returnonlunch return ondinner return at night

But beaver thought he could change the shape of the bar
across the gate to create four or more different notification
sentences. The bars across the gate must satisfy the
following conditions.

- Bars must span both sides of the same height, not on
one side.

- The shape of the bar over the gate and the direction of
the connection do not mean much.

Problem/Challenge

What is the maximum number of different notification
sentences that can be represented using three bars, as
given in the question?

1.six 2. eight 3.twelve 4. sixteen






