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A Study on the Development of an Elementary

Data Literacy Knowledge System Based on the
CS2023 Knowledge Model and the Exploration of Its
Alignment with the 2022 Revised Curriculum
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ABSTRACT

This study aims to identify the components of data literacy appropriate for
elementary education, develop an elementary data literacy knowledge system,
and analyse its alignment with the 2022 revised elementary curriculum in
Korean Language, Mathematics, Social Studies, Science, and Practical Arts,
thereby proposing subject-specific integration strategies.

This study is significant in that it establishes a foundational elementary data
literacy knowledge system that can transform scattered data-related learning
experiences in the elementary curriculum into a systematic and coherent
approach to data literacy education.

In addition, by analyzing the achievement standards of the 2022 revised
T curriculum, this study investigates how data literacy is reflected in the
curriculum and identifies areas for further development.

Furthermore, the proposed subject-specific integration strategies are expected
to enhance practical applicability by providing instructional approaches for
integrating data literacy into classroom practices.
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Table 1. Definition of Data Literacy
Scholar Definition of Data Literacy
Ridsdale, C., | The ability to collect, manage, evaluate, and apply
etal.(2015) | data.

Athanases, S.,

The ability to generate information from data,
formulate relevant questions about data, and use

etal. (2013) data to solve real-world problems.
Ridgway, | The ability of citizens in the data revolution era to
(§016};’ " | interpret and critically analyze data and use it for
social decision—making.

Lee. S. & The ability to understand methods for collecting,

Kim. T analyzing, and representing data using various tools,

(20i9). and to solve problems using accurate and effective
real-world data.

Bac. H A comprehensive ability encompassing data

(20‘19)' generation and organization, data analysis and use,
data—driven communication, and data ethics.

Kim, S., A knowledge—based ability to collect, analyze,

& Kim, T. process data into information, and communicate it

(2021) for problem=solving.
Wlttzlv" | An integrated competency to explore using data and
(202'5) make evidence—based decisions.
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Table 2. Components of Data Literacy

Scholar Components of Data Literacy

Common competencies(data understanding) and
digital technical competencies(data access and
collection, data cleaning and processing, data
analysis and interpretation, data visualization and
representation, interoperability)

Han, S.
(2018)

Data generation and organization(data formats and
databases, data collection, data management and
manipulation, data visualization); data use and
analysis (data—driven questioning and answering,
data utilization, information extraction from

data, data analysis, data—driven reasoning and
explanation, data evaluation and critical analysis);
data—driven communication and data ethics
(communication using data, ethics related to data
citation and use)

Bae, H.
(2019)

Lee, S., &
Kim, T.
(2019)

Data understanding, data collection, data analysis,
data representation, data utilization, and data ethics

Knowledge components (concepts and roles of
data, data types and structures, data sources, data
analysis and visualization, data preprocessing);
skill components (data collection, interpretation,
inference, summarization, representation,
management, processing, communication); value
and attitude components (relationships, integration,
sustainability, human—centeredness, fairness)

Kim, S.,
& Kim, T.
(2021)

Conceptual framework: Introduction to data; data
discovery and collection, evaluating and ensuring the
quality of data and sources; data management (data
organization, manipulation, conversion, metadata
creation and use, data curation, security, reuse,
preservation); data evaluation (data tools, basic data
analysis, interpretation, identifying problems using
data, data visualization, presenting data verbally
data—driven decision—making); data application
(critical thinking, data culture, data ethics, data
citation, data sharing, evaluating decisions based on

data)

Ridsdale, C.,
et al. (2015)
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Table 3. Research Procedures and Methods
Research Procedure Research Method

Selection of the
Structure of the
Data Literacy
Knowledge System

—A suitable structure was selected through a comparative analysis of the K—12 CS Framework, the UK Computing
Curriculum, and the CS2023 Knowledge Model based on criteria including systematic organization, hierarchical
structuring, the inclusion of knowledge, skills, and attitudes, and alignment with the research objectives.

—Studies related to data literacy were reviewed using Google Scholar, DBpia, and KISS. Through this literature review,
the components of data literacy were identified, and the components proposed by different scholars were systematically
compared and analyzed.

—Redundant and similar components were analyzed and integrated, and five inappropriate components were excluded
based on criteria such as cognitive demand, prerequisite knowledge, tool dependency, and feasibility, considering the
developmental level of elementary learners.

Inappropriate Component Reason for Exclusion
Data Formats and Database | Prerequisite knowledge: Requires foundational understanding of database structures
Introduction and query concepts.
Metadata Creation and Use Cognitive demand: Involves abstract reasoning about data and its attributes.

Development of a
Draft Elementary Data Curation
Data Literacy
Knowledge System

Tool dependency: Requires specialized tools and technical processes for data
management and cleaning.

Prerequisite knowledge: Structural concepts such as arrays, and trees require an

Data Structures . . . .
understanding of mathematical relationships.

Feasibility: Difficult to implement in elementary school settings due to technical and

Data Interoperabilit . .
P Y infrastructural constraints.

—Based on the refined components, key topics were derived, and knowledge units were established by reflecting the data
use process (collection — processing — utilization) and ethical considerations, grounded in the structural principles of the
(CS2023 Knowledge Model

—Key topics were classified according to the criteria for each knowledge unit and further categorized into common and
advanced topics.

—Learning outcomes appropriate to the cognitive development level and learning context of elementary students were
formulated with reference to the learning outcome levels of the CS2023 Knowledge Model.

| Expert Validation and Revision

—Collected and catalogued a total of 398 achievement standards from the Korean Language, Mathematics, Social Studies,
Science, and Practical Arts curricula based on the NCIC curriculum documents.

—Applied a deductive content analysis approach by dividing achievement standards into meaning units based on learning
behaviors and concepts, and coding them using the elementary data literacy knowledge framework (22 core topics) as the
analytical framework.

Analysis of the 2022 | —Coding was conducted independently by the researcher and an elementary school teacher holding a master's degree
Revised Curriculum | in Computer Education. The specific phrases within each meaning unit that supported the coding decisions were
documented, and the coding results were compared to examine the level of agreement between the two coders.
—Discrepant coding results were reexamined based on the context of the achievement standards and the definitions
provided in the analytical framework, and the final coding decisions were established through discussion and consensus.
Subsequently, the entire coding dataset was re—reviewed after a period of time to verify coding consistency and coherence,
thereby enhancing the reliability and validity of the qualitative content analysis.

| Expert Validation and Revision
Proposal of —Based on the coding results, frequency analyses were conducted by grade, subject, and key topic to identify the
Subject—Specific | characteristics and distribution patterns of data literacy alignment across subjects.
Integration —Based on the results of the analysis, subject—specific integration strategies were proposed, taking into account the
Strategies characteristics of each subject.
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Table 4. Comparison of the K—12 CS Framework, UK Computing Curriculum, and CS2023 Knowledge Model

Criteria K~ 12 CS Framework UK Computing Curriculum (CS2023 Knowledge Model
Organizes around core
Systematic concepts, crosscutting Organizes purpose of Organizes knowledge into knowledge areas, units, and topics,

concepts, and core Practice,
presenting connections across
computer science domains

Organization

study, aims, subject content
by grade stage

and provides learning outcomes for each core topic.

Hierarchical
Structure

Presents learning progression

across grade bands levels

Presents curriculum
progression across grade

Provides a hierarchical structure by distinguishing core,
Advanced, and non—core topics according to levels of
knowledge

Reflects knowledge and skills
through core concepts and
practices

Representation of
Knowledge, Skills,
and Attitudes

Reflects knowledge
elements through
curriculum content

Integrates knowledge, skills, and attitudes through core topics,
learning outcomes, and professional competencies

The structure of the knowledge
framework is intuitive, so that
its applicability to the field is
limited.

Alignment with
Research Objectives

The curriculum content is
not sufficiently structured,
making it less suitable.

Suitable for implementing a knowledge model that reflects
learning progression through the classification of core topics
by level and the presentation of learning outcomes aligned
with developmental stages.
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Table 5. Elementary Data Literacy Knowledge System

Volume 29, Issue 7, 2026

Common Core

Advanced Core

Unit Topi Level Learning Outcomes h Level Learning Outcomes
opics Topics
. Students can define data i .Data Generation: Stude'nts can generate data
1.Meaning and Role | Level 1 A . Level 2 | by using camera,sensors
. and explain its role in Cameras, Sensors, )
of Data (Explain) everyday life Generative Al (Apply) | and create new data using
’ generative AL
. Students can distinguish
2';2; g CZSOfTE)?:a' Level 3 | among different types of
(A) Nim,bers ’ (Evaluate) | data and select appropriate
Data types
Collection 3.Data Collection
. Students can collect data
Methods: . ; hod
Observation and Using various metnods
Measurement Level 2 such as observation,
’ (Apply) | measurement, surveys,
Surveys, Internet . hes. and
Search, Public Data INEEINEL SEarches, an
Sources public data sources.
Students can classify Pre Lé?:;;n .
1.Data Organization: | Level 1 | collected data based on P & Level 2 | Students can handle duplicate,
- . . R . Duplicate Data, .
Classification, Tables | (Explain) | given criteria and organize Erroncous Data (Apply) | erroneous, and missing data.
them into tables. oneou ’
Missing Values
®) 2.Data Visualization: fi.Dara
Data - . Students can represent data Manipulation: Students can use spreadsheets
. Pictographs, Line Level 3 . Level 2 .
Processing Graphs, Bar Graphs, | Evaluate) | U518 graphs and select Spreadsheet—based (poly) | T© automatically calculate
phs, phs, appropriate visualizations. | Calculation, Sorting, PPY) 1 data and sort or classify them
Pie Charts Classification
Viszll;'l]izt?on' Level 2 | Students can visualize data
o (Apply) | using infographics.
Infographics
1.Data Interpretation: Students can identify the
Multiple meaning of data from Student . dsh
Perspectives, Problem | Level 3 | multiple perspectives i .Data Sharing: Level 2 daiaesr;fsef ans?norfczlzn dszgi d
Identification, (Evaluate) | and make inferences and Cloud-Based Tools | (Apply) to0ls y using clou
Inference and predictions based on ’
Prediction analysis results.
2.Data Exploration: Students can identify and " .AI—Based D.ata Students Cal} tram ‘AI<
e Level 1 . . Application: Level 3 | models for classification and
Identifying Patterns i describe recurring patterns dicti del | dicii d eval d
and Trends (Explain) or trends in data Pre };tlop Models, | (Evaluate) pre iction and eva uate an
’ Classification Models improve their performance.
© 3.Data Analysis: Students can compute and Students can use variables
Data Comparison, Sum, Level 3 compare sums, means, iii.Coding With Level 2 | to store data and use lists to
Application Mean, Minimum, | (Evaluate) | minimums, and maximums | Data: Variables, Lists | (Apply) | manage and process multiple
Maximum of data. data items.
4.Data Evaluation: Students can evaluate Students can identify data bias
Critical Thinking, Level 3 the credibility of data iv.Data Evaluation: Level 3 anlii distortion and gvaluate
Source Credibility, E sources and the validity of Data Bias and . Ao
L valuate) | . ; : ’ (Evaluate) | the fairness and reliability of
Validity of interpretations based on Distortion data
Interpretation critical thinking. :
5 Data-Driven Students can 'ask and
o answer questions based
Communication: Level 4 on data. present findings
Q&A, Presentation, | (Create) d i(p llaborati E8:
Decision—Making and make collaborative
decisions using data.
1.Data Sources: Stud}ents can }mderstand i .Al Ethics: Data- Students can understand how
the importance of data . .
Importance of data X . Driven Learning, Al generates outputs based on
. Level 2 sources, attribute sources . > Level 3 e
source, Attribute . . Generative Al Ethics, data, evaluate the reliability
I (Apply) | when using others’ data, . (Evaluate) e .
sources, Citation and applv appropriate Social Impact, and limitations of generative
practices nd apply approp Responsible Use Al, and use it responsibly.
citation practices.
D) 2.Personal Data Students can understand the
Data Ethics | Protection: Concepts, Levelp | concept and sensitivity of
Sensitivity, Safe (Apply) personal data and protect
Handling, Response PPy personal information safely
to Data Breaches in everyday contexts.
3.Value of Data: Students can explain the
. Level 1 : .
Importance, Social (Explain) importance of data and its

Impact, Utility

impact on society.
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Table 6. Frequency of Alignment by Grade Band

Volume 29, Issue 7, 2026

Grade Band Data Collection Data Processing | Data Application Data Ethics Total Percentage (%)
Grades 1-2 0 4 0 0 4 3.63
Grades 34 15 9 17 2 43 39.09
Grades 5-6 20 4 37 2 63 57.27
Total 110 100

Table 7. Frequency of Alignment by Subject

Sulifect N 'l_"otal Number of I — Percentage of Total Afhievement Percentage of Tgtal Frequency
chievement Standards Standards (%) (n = total) (%) (n =110)
Korean Language 87 10 11.49 9.09
Mathematics 121 27 22.31 24.55
Social Studies 49 12 24.48 10.91
Science 102 51 50 46.36
Practical Arts 39 10 25.64 9.09
Total 398 110 100
AIE o] Qlo] w2 A HIES Bl Aoz A H. o olzigt Auts % dlolE gEE A AsS AL o
Rl of Zotof ek Hj8-2 AR, ygto] ofdo=  wapd R4 HFo] _/de AlAbstH, 3] 43}
46.36%= 7H ¥11, 8H24.55%), AHE] (10.91%), =0l At F49] A} tFo] Fof-Alglo|Ale] A o
(9.09%), A1H09.09%)w=C &2 bttt 48t wiks wit T8 BojEH
W gz 7)20] Z3tof tish H]-8(22.31%)2 AlTtet AFS] 1
TG AR, o] Fetol tigh Bl o= 24.55% 4.2.2 34 FAE A M= B4

2 % AR Kotk o) 4:8F wulrt AupAbe] waeh o
2 1~28hd25e BAE THEolgts S4ol 7|g A
2 2 4 9tk 128 dRol AL HekH o2 dlojg e
Alote] A4l sho}, of2ish Aure ZAR 48} W}
o] HolEl e A] AA Fo] AaF-AME] wato] Hls b
ol @gstl= ok 48 Wik wolH B, A&9)
Ae)-s) A, dlolg] Azt F2HA B S glolE glglglA
o] 71z o= Z 8 thFAL 171l HolH 2lE Aot A
ﬂﬂiﬂ%q

W, oo} Alg| Wit F X E B0 AtjaoR

4N r°

;P% Hl%% Hoith ol= F watrt glolH 2lE2]Alef 9
A NEE Aoz ther| ik dlolE olsf, A, <
At 59 71eH 8ack Ao R Ay St WEL
2 sl 7] 2oz siAdEnt. 1 dx Ve
ol Hlol 7|Hke] Zgo] BAH R EPEA] 2
24 A 7RIt Dol Eshal & it B A
T T840l A= 9l ol Briekel iAol 3l
55 AR HolE ARgAF S0 2 BT 4 9l HAE ]
ATkl = 4 Qlrk

THA R by oA WEs 24 d3t, HolE 2iF
2{Ale}t ntete] A g2 wate] E/gol| whet FeiskAl
=82 UG £ Adch. ASh dloly VNt g1 EE s
THOE 295 RN 2 AL HES Eon,
k2 HlolHE Estal Al4etste ol A7 2
ol e watol i Ak loE 2lE{Al9] s A
off w2 Al elgol e KL WAz et =
o1} AF2l= Bl A A2l AA e AR HolH
7t 5o FHY 4 9= Aol 2wtz 2AES

2ufd gl 4o gt
H &2 Aefet 22 4] FAE A Hlesof 515 2jo]
7 Gerg g HolZey.
Table 8. Frequency of Alignment by Key Topic
Code Key Topic Frequency | Percentage (%)
(A)-1 Meaning and Role of Data 1 0.91
(A)-2 Types of Data 1 0.91
(A)-3 Data Collection Methods 33 30
(B)-1 Data Organization 11 10
(B)-2 Data Visualization 6 5.45
©)-1 Data Interpretation 19 17.27
(C)-2 Data Exploration 5 4.55
(©)-3 Data Analysis 4 3.64
©)-4 Data Evaluation 4 3.64
(C)=5 | Data-Driven Communication 15 13.64
D)-1 Data Sources 2 1.82
(D)-2 Personal Data Protection 0 0
D)-3 Value of Data 1 0.91
(A)-i Data Generation 0 0
B)-i Data Preprocessing 0 0
(B)-ii Data Manipulation 0 0
(B)—iii Data Visualization 0 0
©)-i Data Sharing 1 0.91
(C)-ii Al-Based Data Application 3 2.73
(C)—iii | Data Application through Coding 3 2.73
(C)-iv Data Evaluation 0 0
D)-i Al Ethics 1 0.91
Total Total 110 100
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Table 9. Frequency of Alignment in Korean Language

Code Key Topic Frequency Percentage
(A)-3 | Data Collection Methods 3 30
(B)-1 Data Organization 1 10
©)-4 Data Evaluation 3 30
©5 | Communicaton 1 10
D)-1 Data Sources 2 20
Total 10 100
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Table 10. Frequency of Alignment in Mathematics
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Code Key Topic Frequency | Percentage Table 11. Frequency of Alignment in Social Studies

(A)-3 Data Collection Methods 6 22.22 Code Key Topic Frequency | Percentage
B)-1 Data Organization 3 11.11 (A)-3 Data Collection Methods 1 8.33
(B)-2 Data Visualization 6 22.22 (0)-1 Data Interpretation 6 50

(O)-1 Data Interpretation 7 25.93 (©)-3 Data Analysis 2 16.67
©)-2 Data Exploration 3 11.11 (©)-4 Data Evaluation 1 8.33
©-3 Data Analysis 1 3.7 (C)-5 | Data—Driven Communication 1 8.33
(©)-ii | Al-Based Data Application 1 3.7 (D)-3 Value of Data 1 8.33
Total 27 100 Total 12 100
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Table 12. Frequency of Alignment in Science
Code Key Topic Frequency | Percentage
(A)-3 Data Collection Methods 23 45.1
B)-1 Data Organization 7 13.73
©-1 Data Interpretation 6 11.76
O)-2 Data Exploration 2 3.92
(©)-3 Data Analysis 1 1.96
o5 | Lmbia T | as
Total 51 100
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