Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

Exercising the Students Computational Thinking fosining mode! of eaching mecrated wit

aye . computer simulation in astronomy course
Ab|||ty US|ng Bebras Cha"enge in improving student computational
thinking skills
Z R Ridlo, Indrawati, L Afafa et al.

To cite this article: E M Zamzami et al 2020 J. Phys.: Conf. Ser. 1566 012113 - Computational Thinking Lesson in

Improving Digital Literacy for Rural Area
Children via CS Unplugged

Irma Yuliana, Hardika Dwi Hermawan,
Harun Joko Prayitno et al.

View the article online for updates and enhancements. - Exploring the computational thinking of our

pre-service mathematics teachers in
prepare of lesson plan

Swasti Maharani, Toto Nusantara, Abdur
Rahman As’ari et al.

c '. = " - DISCOVER

how sustainability

The 3 ot o, intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.146.255.127 on 08/05/2024 at 10:21


https://doi.org/10.1088/1742-6596/1566/1/012113
https://iopscience.iop.org/article/10.1088/1742-6596/1839/1/012027
https://iopscience.iop.org/article/10.1088/1742-6596/1839/1/012027
https://iopscience.iop.org/article/10.1088/1742-6596/1839/1/012027
https://iopscience.iop.org/article/10.1088/1742-6596/1839/1/012027
https://iopscience.iop.org/article/10.1088/1742-6596/1839/1/012027
https://iopscience.iop.org/article/10.1088/1742-6596/1720/1/012009
https://iopscience.iop.org/article/10.1088/1742-6596/1720/1/012009
https://iopscience.iop.org/article/10.1088/1742-6596/1720/1/012009
https://iopscience.iop.org/article/10.1088/1742-6596/1783/1/012101
https://iopscience.iop.org/article/10.1088/1742-6596/1783/1/012101
https://iopscience.iop.org/article/10.1088/1742-6596/1783/1/012101
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsst5QLmP6KIBfC4fMxUAty_ndg0SMu-6kCp4-FKqarTLCR42sys0V1HVZps0YjPmAe_gZrP0CmJDwPVWVFuu22d-Iko8jOtqlb6gPholRvkYb7V6E7-_SXZzU30hJGFNee2eq884m-h6Ewy0JteS01pWDu0z1t85tcdZ6kXz1kmmi3QIS_Zg_v3VRWLF8E5UcTJ5CGZxRnzggGHzEj5IC6FVJy0xI3dQnoCdxHFE0zogaCzMOvXXb2AIZBNo-OMaFxdaNBMJtNui7LkQjRHGhvLMOz2dtzqVHyxMaoY3XwbY5cghhDccnJwl7a3BN4HL3g3WDvRlBikXfwd5oDlpraIFkK_jw&sig=Cg0ArKJSzG2JDlhCsVU5&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICCAI2019 IOP Publishing
Journal of Physics: Conference Series 1566 (2020) 012113 doi:10.1088/1742-6596/1566/1/012113

Exercising the Students Computational Thinking Ability using
Bebras Challenge

E M Zamzami', J T Tarigan'", N Zendrato', A Muis', A P Yoga' and M Faisal'

! Faculty of Computer Science and Information Technology, Universitas Sumatera
Utara

*Email : jostarigan@usu.ac.id

Abstract. In this paper, we present our observation regarding the student’s computational
thinking skill in the region of Sumatera Utara, Indonesia. The observation is based on the result
of Bebras Indonesia 2019, a computer-based countrywide test on computational thinking aimed
at students in primary school, middle school, and high school. We collected the data in a specific
targeted region (the province of Sumatera Utara), collects additional data from the participant’s
school, and analyse the data. Our objective is to find a pattern between the schools’ approach, if
any, regarding topics related to computation thinking to the ability of students to actually solve
the problem based on their score in the test.

1. Introduction

Computational thinking (CT) is the ability to solve a problem by using abstraction and automation. Such
skill is considered necessary to prepare students to embrace the digital age. The ability to think and
express a task in a manner to be executable by digital agent is important for modern students. However,
depending on the country, the implementation of CT education in primary and secondary education level
is still undeveloped. There are various factors that contributed to this condition such as curriculum
availability, school’s capability to provide necessary tools, and teachers knowledge on CT and their
ability to perform education on the subject. Moreover, limited internet access in most high school in
Indonesia, although may introduce a new problem [1], may support the introduction of CT to the
students.

In Indonesia, education in CT has not yet been widely implemented. Current nation-wide curriculum
published by the minister of education and culture does not contain any course on computer education.
However, schools are allowed to perform their own computer-related education either as part of the
curriculum or as an after-class activity. Acknowledging this condition as a problem for computer
education, some practitioner in computer study in University decided to hold Bebras Challenge in
Indonesia. The idea of this project is not only to measure the ability of students to think computationally,
but also to promote the concept of computational thinking in Indonesia. The project has been running
since 2016 and has been established as an annual event.

As part of the organizer, we took this opportunity to use this event to observe the development of
computational skill in our region. We use the test result from Bebras Challenge 2019, observe the
participating schools, and try to find the relation between school’s approach in computer education and
the ability of their students to perform computational thinking. Our objective is to have a thorough
knowledge regarding the state of computational thinking in our region and to have a rough
recommendation to collaborating schools/institution to develop their own CT education.
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2. CT in Primary and Secondary Education Level
The idea of implementing CT in early phase of education has been an issue. Integrating computational
thinking into primary and secondary education curriculum has met a few challenges. One major issue
in introducing CT in primary education is to how to implement CT skills such as algorithmic thinking
into existing pedagogies [2]. However, there are a few studies that successfully attempted to introduce
a curriculum that include study on CT or infuse the concept into existing courses in primary and
secondary education [3]-[5]. Nevertheless, these studies were experimental and have yet to be
implemented universally. Aside from the curriculum, the inability of most teachers to define the concept
of computational thinking correctly also contributes to the lack of CT education in primary school. Some
studies performed a survey regarding this mater and found out that some teachers were incapable to
define CT skills accurately [6], [7]. Additionally, these surveys also show that due to the lack of
knowledge of CT, teachers and schools do not have a proper resource to perform education on CT.
There are several studies focused on finding a solution to overcome these issues. Some studies
introduced and evaluated new and innovative methods to perform education in computational thinking.
Alegre et al. developed a method to introduce computational thinking through programming course [5].
Students were introduced to basic programming with a simplified variant of Haskell using CodeWorld
[8]. The study uses a highly modified programming curriculum that focuses on teaching computational
thinking and not the programming itself. Based on result from 325 students, the study concluded that
this method can be performed in CT education. There are also other approaches that tried to introduce
CT in the form of games. Apostolellis et al. developed a board game named RaBiT EscAPE intended to
challenge children from age 6-10 to perform a problem-solving ability by playing the game [9].
Repenning et al. developed AgentCubes Online, a 3D based application that allows users to modeling
and programming in 3D [10]. The motivation of this study is based on the popularity game Minecraft
which increase the familiarity of student to navigate through a virtual 3D world. Malizia et al. developed
TAPASPIay, a virtual reality turn-based games where the players combine swords and shield to fight
each other [11]. Combining an effective formula, however, requires player to perform design-debug-run
stages by analyzing the outcome of the battle. Morisson et al. developed Computational Thinking Bins,
a box that contains a set of activity related to compational thinking for middle and high school
(secondary) students [12]. Additionally, various toys and technology companies have also developed
products to support the study of computational thinking such as Lego Mindstorm [13], App Inventor[14],
and SCRATCH [15]. Most of these tools are already available in the market and has been used by several
educational institution.

3. CT in Sumatera Utara

In this paper, we present the result of our observation on the state of CT education in our region,
Sumatera Utara, Indonesia. The study is based on the result of Bebras Challenge 2019 in this region.
We have collected the result of 98 participating students from 10 schools throughout the region.
Additionally, we also performed an interview with the teachers from participating schools regarding the
availability of CT education in their institution. Due to confidentiality issues, we will not use the real
identity of the students nor the schools.

3.1. Bebras Challenge 2019

Bebras Challenge 2019 is a worldwide event that invites student from primary and secondary levels. In
Indonesia, the event is held by Bebras Indonesia [16] and the test is organized by local Bebras committee
cooperating with participating Universities. The latest challenge was held on 11" - 15" of November
2019. There were 6673 students participated in this event: 1384 from elementary school, 2826 from
junior high school, and 2463 from high school. The Bebras Challenge will be performed using a
computer-based test. For junior high school and high school, the test consist of 15 question and the test
duration is 45 minutes. The type of the question is varied based on the problems it represents.
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In Sumatera Utara, there are two regional organizers involved in the event: Bebras Biro USU and
Bebras Biro ITDel. In this paper, we only collected the data from Bebras Biro USU which consist of 53
students from 4 junior high schools and 44 students from 5 high schools. Table 1 below shows the
overall information based on the result from Bebras Biro USU. Additionally, we compare the result with
the data from all regional in Indonesia.

Table 1. Overall Data of Bebras Challenge 2019.

Junior High School High School
All Region Sumatera Utara All Region Sumatera Utara
Mean 30.89 35.13 26.91 28.51
Standard Deviation 22.18 27.02 19.67 20.13
Highest Score 100 100 100 85
Lowest Score 0 0 0 1.67

3.2. Junior High School
The table below shows the data from high school level.

e . plieLest LB e Min. Max. Average Standard Average
el Qi Rl Rl Score  Score (Total) Deviation (Top 3)
ID (Reg/All)  (Reg/All)
JS1 5 1 6 68,89 100 88,11 11,75 95
JS2 19 5 46 8,06 78,89 43,96 20,19 68,51
JS3 8 7 42 9,72 65 34,13 22,14 59,16
JS4 21 20 53 0 40,56 14,92 11,72 33,33

Based on the result, JS1 has the highest scores amongst other school. In fact, 4 of the students from
JS1 managed to get the top 4 of the regional rank. Based on our interview with the teacher, students
from JS1 are in fact have basic knowledge on programming. There is no course on computer in their
curriculum, however, there are an extracurricular on computer which include computer programming
introduction. Moreover, the score is added into student’s performance report. The rest of the schools do
not have similar approach. There is an after-school student activity focus on the use of computer
software but there is no course on computer programming.

3.3. High School
The table below shows the data from high school level.

Table 2. Data Based on Origin.
Highest Lowest

Sehogtip  Quinity  Rank - Rank GRS (TS R oy
(Reg/All)  (Reg/All) P
HSI 5 1 16 33,33 85 52,66 19,70 65
HS2 7 2 28 18,33 70 37,62 18,53 57,22
HS3 16 3 43 833 6833 32,70 19,31 21,66
HS4 8 17 47 1,67 60,71 1145 9,37 21,66
HS5 8 18 38 11,67 31,67 2041 7,15 28,89
HS6 3 32 45 1,67 1667 11,67 7,07 11,67

Based on the data above, it is obvious that HS1, HS2, and HS3 are the top 3 of the 6 schools
participated in the challenge. Based on our observation, students from HS1 and HS2 have programming
knowledge compared to the others. Computer programming is one of the subjects taught in the
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classroom. HS3 also have computer related course as part of their curriculum. This course focuses on
the use basic computer knowledge and utilization (hardware, software, internet, and office) instead of
computer programming.

The other 3 high schools do not have a course in computer technology. However, there is a computer
club extracurricular that focus on the use of computer. This club is managed and organized by students
and does not have a regulated curriculum by the school (although teacher’s supervision is present).

4. Conclusion

In this paper, we investigated the relation between school’s activity and the result of their students in
Bebras Challenge 2019. Based on our study, we can conclude there is an evidence that students with
computer programming experience have an advantage in performing computational thinking. In fact,
the two schools that perform computer programming as part of their curriculum were able to have their
students on the top of the test ranking list. There are also evidence that basic knowledge of using
computer may contribute to the score. Students from schools that have a consistent after-class activity
on information technology were able to perform better at the challenge.

While we believe that the evidence is strong enough to support our theory, there are a lot of other
factor that we have yet to observe in our research such as academic performance and personal
backgrounds (hobby, experience). Moreover, some students may suffer from lack of computer-based
test experience, which is, based previous study [17], may affect significantly with their performance in
the test. Yet, this work can be used as evidence that applying computer course as one of the subjects in
school may affect student’s computational skill. As the organizer of Bebras Challenge in Sumatera
Utara, we are consistently educating the teacher regarding the concept of computational thinking.
Currently, the team are currently collaborating with the teacher and local ministry of education to
develop a curriculum on computer and information technology in classroom.

References

[1] E. Simanjuntak, N. A. F. Nawangsari, and R. Ardi, “Do Students Really Use Internet Access for
Learning in the Classroom?: Exploring Students’ Cyberslacking in an Indonesian University,”
Behav. Sci., vol. 9, no. 12, p. 123, Nov. 2019, doi: 10.3390/bs9120123.

[2] K. Mills, C. Angevine, and J. Weisgrau, “Resources for Computational Thinking: Co-designing
with Teachers,” in Proceedings of the 51st ACM Technical Symposium on Computer Science
Education, Portland, OR, USA, Feb. 2020, p. 1343, doi: 10.1145/3328778.3372629.

[3] A. Settle et al., “Infusing computational thinking into the middle- and high-school curriculum,”
in Proceedings of the 17th ACM annual conference on Innovation and technology in computer
science education, Haifa, Israel, Jul. 2012, pp. 22-27, doi: 10.1145/2325296.2325306.

[4] H.-C. Chuang, C.-F. Hu, C.-C. Wu, and Y.-T. Lin, “Computational Thinking Curriculum for K-
12 Education — A Delphi Survey,” in 2015 International Conference on Learning and
Teaching in Computing and Engineering, Apr. 2015, pp. 213-214, doi:
10.1109/LaTiCE.2015.44.

[5] F. Alegre, J. Underwoood, J. Moreno, and M. Alegre, “Introduction to Computational Thinking:
A New High School Curriculum using CodeWorld,” in Proceedings of the 51st ACM
Technical Symposium on Computer Science Education, Portland, OR, USA, Feb. 2020, pp.
992-998, doi: 10.1145/3328778.3366960.

[6] I Corradini, M. Lodi, and E. Nardelli, “Conceptions and Misconceptions about Computational
Thinking among Italian Primary School Teachers,” in Proceedings of the 2017 ACM
Conference on International Computing Education Research, Tacoma, Washington, USA,
Aug. 2017, pp. 136144, doi: 10.1145/3105726.3106194.

[71 M. Garvin, H. Killen, J. Plane, and D. Weintrop, ‘“Primary School Teachers’ Conceptions of
Computational Thinking,” in Proceedings of the 50th ACM Technical Symposium on
Computer Science Education, Minneapolis, MN, USA, Feb. 2019, pp. 899-905, doi:
10.1145/3287324.3287376.



ICCAI2019 IOP Publishing
Journal of Physics: Conference Series 1566 (2020) 012113 doi:10.1088/1742-6596/1566/1/012113

[8] “CodeWorld.” https://code.world/ (accessed Mar. 12, 2020).
[9] P. Apostolellis, M. Stewart, C. Frisina, and D. Kafura, “RaBit EscAPE: a board game for
computational thinking,” in Proceedings of the 2014 conference on Interaction design and
children - IDC ’14, Aarhus, Denmark, 2014, pp. 349352, doi: 10.1145/2593968.2610489.
[10] A. Repenning et al., “Beyond Minecraft: Facilitating Computational Thinking through Modeling
and Programming in 3D,” IEEE Comput. Graph. Appl., vol. 34, no. 3, pp. 6871, May 2014,
doi: 10.1109/MCG.2014.46.
[11] A. Malizia, D. Fogli, F. Danesi, T. Turchi, and D. Bell, “TAPASPlay: A game-based learning
approach to foster computation thinking skills,” in 2017 IEEE Symposium on Visual
Languages and Human-Centric Computing (VL/HCC), Oct. 2017, pp. 345-346, doi:
10.1109/VLHCC.2017.8103502.
[12] B. B. Morrison, B. Dorn, and M. Friend, “Computational Thinking Bins: Outreach and More,” in
Proceedings of the 50th ACM Technical Symposium on Computer Science Education,
Minneapolis, MN, USA, Feb. 2019, pp. 1018-1024, doi: 10.1145/3287324.3287497.
[13] “MINDSTORMS® | Themes | Official LEGO® Shop GB.” https://www.lego.com/en-
gb/themes/mindstorms (accessed Mar. 12, 2020).
[14] “MIT App Inventor | Explore MIT App Inventor.” https://appinventor.mit.edu/ (accessed Mar.
12, 2020).

5] “Scratch - Imagine, Program, Share.” https://scratch.mit.edu/ (accessed Mar. 12, 2020).

6] “Situs Resmi Bebras Indonesia — Computational Thinking.” http://bebras.or.id/v3/ (accessed Mar.
15, 2020).

[17] E. Mastuti and S. Handoyo, “Computer Competency, Test Anxiety, & Perceived Ease of Use
Profile Exploration of High School Students during Computer-Based Testing,” North Am. J.
Psychol., vol. 21, no. 1, p. 169, Mar. 2019.



