") Check for updates

AFE 53] =84 20243 A274 A4z
https://doi.org/10.32431/kace.2024.27.4.019

Hlole ZE A 7RE SWegal=o]
Ao AHAFE Al mAl= a2
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ABSTRACT

Modern society is undergoing a broad transformation centered on data-driven digital new technologies such as artificial in-
telligence and big data. This digital transformation demands a new way of life, and it is essential for members of society to
have the ability to create new information and solve problems beyond understanding digital information. Against this back-
drop, the importance of computational thinking and data literacy has been increasingly emphasized, and there is a growing
need for research that explores the relationship between these two competencies. In this study, we identified data literacy
elements in elementary school curriculum based on Kim Jin-Soo’s (2011) PDIE model, and developed and applied a 14th SW
convergence education program that linked it with problem-solving-oriented software education. The results of the study
showed that students who received SW convergence education based on data literacy significantly improved their computa-
tional thinking skills compared to students who received traditional SW education. These results suggest that the integrated
development of computational thinking and data literacy is essential for learners to solve complex problems in the modern
world and generate sustainable innovation. We look forward to further research to understand the interplay between these
two competencies and how to effectively integrate them into curriculum and learning strategies.

Keywords: SW Education, SW Convergence Education, Data Education, Data Literacy, Computational Thinking
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Table 1. Additional targeted research includes
il Understand | Data Discovery | Data Data Data Data Data Data Driven Decisions | Data
Data and Collection | Evaluate | Organization | Analysis | Interpret | Visualize Making Ethics
Otto et al
@012) ® ® )
Burress et al
(2021) ([ ([ o ([ ([ o ([
Han, S, W
01%) o o o o o o o
Bae, H, S
(2019) o o o o o o o o
Song, Y, G et
al (202D ([ ([ o o ([ ([ o o
Kim, S, K &
Kim, T, Y o o o o ([ ([ o o o
(2021)
Chung, Y, S
& You, J, W ] ] o o o o o o
(2022)
et | e ° ° ° ° o | o ° °
Table 2. Data literacy components and definitions
Components Definition Frequency
Understand data Knowledge and understanding of data 15
Data %ﬁgéﬁ%iy and Discover and collect data, identify useful data 26
Data Evaluate Evaluate the reliability of data sources 18
Data Organization | Knowledge of basic data cleaning methods and tools 26
. Create an analysis plan, apply analysis methods and tools, perform exploratory analysis, evaluate
Data Analysis . . 18
analysis results, and compare analysis results to others.
Read and understand charts, tables, and graphs, identify key points and integrate them with other
Data Interpret important information 20
Organize and visually represent data by creating meaningful tables, create meaningful graphical
Data Visualize representations of data, and critically evaluate the accuracy of graphical representations and 16
misrepresentation of data.
Data Driven Decisions | Prioritize information from data, turn data into actionable information, evaluate the merits and 19
Making impact of possible solutions, and implement solutions.
Data ethics Recognize legal and ethical issues related to data and apply data in an ethical manner 1
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Table 3. Computational Thinking Components

Computational Thinking Components
Area csTA & ISTECOLD) | 2O %ﬁf&ﬁﬁﬁmﬂ
Data Collection Data Collection
Data Data Analysis Data Analysis
Data Representation Structuring
Problem Decomposition Decomposition
Abstraction Abstraction Modeling
All%rogctggfreind Algorithm
Automation Coding
Automation Simulation Simulation
Parallelization Generalization
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Table 4. Development process and contents

Step Contents

- Analyze Curriculum

- Deciding how to apply data literacy

- Set program objectives

- Organize program learning topics and content

Preparation

Development

Implement - Apply the program

Evaluation - Evaluate program
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Table 5. Characteristics of participants

Group ‘ Exp. ‘ Con. ‘ Total ‘ 2 ‘ P
Gender

Male 22(57.9) | 21(53.8) | 43(55.8)

Female | 16(42.1) | 18(46.2) | 34(44.2) 128 721

Total | 38(100.0) | 39(100.0) | 77(100.0)
Experience of SW Education
Yes 24(63.2) | 18(46.2) | 42(54.5)
No 14(36.8) | 21(53.8) | 35(45.5) | 2.245 134
Total | 38(100.0) | 39(100.0) | 77(100.0)
Interest toward SW
Yes 16(42.1) | 20(51.3) | 36(46.8)
No 22(57.9) | 19(48.7) | 41(53.2) .651 420
Total | 38(100.0) | 39(100.0) | 77(100.0)
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Table 6. Research Design
01 X1 03
02 X2 o4

01 : Experimental Group Computational Thinking Pre-test
02 : Control group Computational Thinking skills Pre-test
X1 : Data Literacy-based SW Convergence Education

X2 : Traditional SW Education

O3 : Experimental group Computational Thinking post-test
O4 : Control group Computational Thinking post-test
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Table 8. Analyzing the 2015 Revised Curriculum Achievement Standards
. . Data Literacy
Subject Achievement standards UTcTETOl A I v T oM DE
. [6K01-04] Organize your material to structure what you're goingtosay.| @ | ® | ® | ® | @ | @ [ ]
orean
[6K01-05] Utilize media materials to present content effectively. o ©® o o o o
Math [6M05-04] Collect, sort,Aand organize data to represent it in purposeful o o 0o/ o 0o/ o @
graphs, and interpret graphs.
Social [6S08-05] Investigate major global environmental issues, explore
Studies solutions, and develop a sense of global citizenship to [ I ] [ I ) [ ]
collaborate in solving environmental problems.
Practical | [6P04-10] Design a simple program that inputs data, performs the ol o e o/l ol e
Arts necessary processing, and outputs the results.

U: Understand data, C: Data Discovery and Collection, E: Data Evaluate, O: Data Organization, A: Data Analysis,

I: Data Interpret,

V: Data Visualize, DM: Data Driven Decisions Making, DE: Data Ethics
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Table 9. Analyzing the 2022 Revised Curriculum Achievement Standards

Subject Achievement standards

Data Literacy
u © g O A I V | DM | DE

the medium to present it.

[6K01-05] Select material, organize it around key information, and use

Korean
your purpose.

[6K06-01] Utilize information retrieval tools to find media resources for

sources.

[6K06-02] Evaluate the credibility of news and other information media

graph, and interpreted.

[6M04-02] Data can be collected, represented in a band graph or pie

Math [6M04-03] Pose an inquiry question, collect and organize data to support
it, and graph and interpret it appropriately.

[6M04-06] Use the data to anticipate possibilities and make appropriate

problems in a variety of ways.

judgments based on the possibilities. o e & 6 0 0o
Social |[6512-02] Identify the various issues that threaten our world and o o ol o °
Studies explore solutions for a sustainable future.
[6P04-03] Share their presentations in cyberspace and practice healthy ° ° °
information technology use.
Practical [6P05-01] Explore real-world examples of problem solving with
Arts computers and express algorithms for solving everyday| @ | @ e o o o

[6P05-04] Understand the characteristics of digital and analog data, and
explore the types and forms of data that can be used for Al
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Table 10. Reorganize lesson plans by subject
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Table 11. Program learning goals and contents

Unit | Content Elements Teaching and learning goals

Knowing the Food | -Checking Food Waste Problems
Waste Problem -Learn Why You Leave Meal
-Research your favorite school
meal menu and calories
-Making a meal plan for a day
without leftover food

Know the need for a | -Analyzing an Existing Dietary
4~5 | calorific calculation | Table

Making a meal plan
2~3 |for a day without
leftover food

program -Know the need for a program
o | Meeting SW for the | . .
6~8 first time Leamn the basic functions of Entry

. -Discussing the features and
Planning a program scenes of the program

9-10 gl)etcalculate YOUr'l pyiscuss the elements that will be
included in the program

Represented by the
11 | program procedure
envisioned

-Represented by the program
procedure envisioned

12~13 | Programming -Programming

-Share your ideas

14 | Share your ideas ~Complete your meal plan
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Table 12. Comparison between Experimental Group and
Control Group Programs

Unit | Experimental groups Control group
-Checking Food Waste
Problems -Explore multiple
1 -Learn Why You Leave Korean Eépdia sourceg
Meal
-Research your favorite
school meal menu and
calories -Create a poster usi
23 -Making a meal plan Math statjsti&cpost e
for a day without
leftover food
-Learn about efforts
-Analyzing an Existing to address global
45 Dietary Table Social | environmental
-Know the need for a| Studies | challenges
program -Doing what you can
as a global citizen
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Table 14. Pre-Test and Post-Test Resullts of the Control Group
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Table 15. Pre-Test and Post-Test Results of the
Experimental Group
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Table 16. Comparison of Post-Test Results between
Experimental Group and Control Group

Element N M SD t D
Total Pre 39 | 27.846 | 14.567 2666 | 011* Element N M SD t D
Post 39 | 33692 | 17.322 Con. 39 | 33692 | 17.322
Total : - : 2084 | .041*
DSR Pre 39 15538 | 7.873 1167 251 Exp. 38 41.763 | 16.643
Post 39 17.154 | 7.936 ) ) Con. 39 17.154 | 7.946
DSR : - : 1342 | 184
ALP Pre 39 12.308 | 9.073 3019 | 005+ Exp. 38 19.895 | 9.899
Post 39 | 16538 | 11.818 | )
_ L ALP Con. 39 16.538 | 11.818 2023 047
P <.05 “p< 0l Exp. | 38 | 21868 | 11.288 | ~ i
*n .05
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