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Abstract The purpose of this study is to develop a machine learning-based Al convergence class
model and class design principles that can foster data literacy in high school students, and to
develop detailed guidelines accordingly. We developed a machine learning-based teaching model,
design principles, and detailed guidelines through research on prior literature, and applied them
to 15 students at a specialized high school in Seoul. As a result of the study, students' data literacy
improved statistically significantly (p<.001), so we confirmed that the model of this study has a
positive effect on improving learners' data literacy, and it is expected that it will lead to related
research in the future.
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Fig. 1. Inclusion relationships between Al-related concepts
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Fig. 2. The Five Big Idea of Al (Al4K12, 2021)
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Table 1. Definition of data literacy

Definition of data literacy

Ability to analyze data and use it for purpose.
The ability to discover, manipulate, interpret, visualize, and
communicate data, including numbers as well as text and
images [19].

Ethically considering the use of data, the ability to raise
questions and provide answers to real-life problems through
the collection of both large and small datasets [18].

The competence involving digital technical skills such as
understanding, collecting, preprocessing, analyzing and
interpreting data, visualizing information, and preserving data,
combined with the humanities—based thinking and logic
required for their appropriate utilization [20].

The series of processes involving extracting information from
data, generating questions about data, utilizing data for
real-world problem-solving, organizing data using appropriate
tools, and drawing conclusions, all based on data [21].

The competency demanded in the contemporary era, where
the utilization of data is increasing, involves the ability to
interpret data for its purposeful application. This includes skills
in data collection, management, processing and analysis,
visualization, as well as planning abilities [22].
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Fig. 3. Research procedures
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Table 2. Profiles of experts

expert Job career degree major
A | Teacher 6 M.S computer
education
B Teacher 17 Ph.D. chemical
education
Ph.D. computer
¢ Teacher / candidate education
D | Teacher 20 M.S computer
education
Ph.D. chemistry
E Teacher 2 cardichte -
MS chemical
i} education
F Teacher 5 M.S physics education
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Table 3. Data literacy assessment tool

area question

| understand that there are various types
of datal10]

| can understand the significance of each

Data collection :
: row and column in the collected data[9]

and preparation

When necessary data is unavailable, | can
employ alternative methods to obtain the
required information[10]

| can use visualization techniques to
analyze datal[9]

| can prepare for data analysis and use
appropriate tools to conduct the
analysis[10]

Data analysis and
utilization

| can extract the necessary features for
data analysis from the various
characteristics of the data

| can explain the results of data analysis

Datadriven in a meaningful way[10]

communication

| accurately cite and attribute the source
when using data[10]
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Table 4. Step and principle of Al convergence model

ste Lesson exploring data MEEAAE
P Guides P 9 learning
1. intrinsic 1. active ]
L v 1. understanding
finciole motivation exploration fincioles
P P 2. tool exploration 2. intentional P ple
. 2. coaching
3. scaffolding arrangement
Analyzing . representation
ste ) collecting data
P & evaluating 9 & feedback
1. communication and | participation in .
- - } expression
principle collaboration data collection .
I and sharing
. problem specification

Table 5. Detailed instructions for Al convergence
model

principle detailed instructions

Presents real-world problems through interesting
and compelling visual representations[39]

|nt|.'|ns.|c Rather than having learners solve problems as an

motivation - . ) .

application of the learning content, it guides them
to learn key content in order to solve

problems[39]

Suggests tools that produce data in familiar and
simple formats[40]

tool

. Provides guidance on the basic usage of tools and
exploration

encourages students to independently learn, when
necessary, through internet searches, user
manuals, and other resources[40]

Facilitates learning the tool's usage through
demonstrations using sample data

scaffolding
Provides students with separate instructional

materials on tool usage41]

Explains the data collection process and ensures
understanding of the preprocessing steps
active
exploration | Allows students to explore a subset of data first,
understand its relevance to the problem, and then
examine the overall data structure[38]
. . Provides organized data after machine learning
intentional . : ) )
execution, allowing students to raise questions about
arrangement
the outcomes
Emphasizes competency development rather than
just practical skills[38]
mdgspndng Observes differences in results based on machine
principles learning models, enabling an understanding of the
importance of selecting models that align with
data characteristics.
coachin Provides hints or assistance when learners
9 encounter difficulties in their tasks
communication Designs conversational and collaborative devices to
and facilitate interaction, actively encouraging group
collaboration activities[42]
Encourages learners to articulate specific
curiosities arising during the data interpretation
problem process[40]
specification
Encourages questioning of analysis results and
engages in discussions about potential solutions
Encourages learners to develop critical thinking
skills about data by directly engaging in data
participation collection[38]
cl)rl]ledci:ca)n Facilitates learners to experience selecting and refining
data relevant to the problem they want to solve
Ensures the collection of reliable data
Supports learners in creating structured reflective
journals and open portfolios for reviewing their
overall learning activities[43]
. Utilize tools that provide a predefined framework for
expression ) ) T
and sharing expressive means, offering simplicity in usage and
the capability to include various file formats[40]
Provides feedback on the process and results of
activities, including self-assessment, peer
assessment, and teacher assessment
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Table 8. Validity of model (2nd)
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usefulness 3144|444 41383 1 1
Table 6. Validity of model (1st) understanding | 3 | 4 | 4 | 4| 4 | 4 |383| 1
universality 314|444 41383 1
ability AlB|C|D|E|F|ag|Ov|IRA
validity 34| 4a|3|3]|4]|350] 1
persuasive power| 3 | 4 | 3|3 | 3|3 |317] 1 Table 9. Validity of the Principles of lesson design
usefulness | 3 | 4 | 3| 4|3 |4 |350| 1|06 and teaching strategy (2nd)
understanding 31443 |2]| 31317083 ability A|B|C|D|E|F|ag|CV|IRA
universality 43| 4|3|2|4/|333]083 validity 3144|444 |38]|1
Table 7 Validity of the Principles of lesson design and persvasive power] 3 | 4 |8 | 4144 |387) 1
teaching sirategy (1St) usefulness 4 1414|444 4 1 1
understanding 414 |4 41|44 4 1
ability A/BJCID/E|Flag|ON]IRA universality | 3 | 4 | 4 | 4| 4| 4|38 1
validity 3|43 |3|3]|4]333 1
persuasive powerl 3 | 4 | 3 | 3 | 3 | 4 |333] 1
usefulness | 3 | 4 433|350 1|06 22+ ARt Bt A3 =444 dE] @ weAEk

understanding | 4 | 3 312 | 4(333/083

I I IS

universality 313 312 | 41(317|083

VATl 8 1Y 29, Sg A ag

B5AE )8 BYEE AFHdo, AR $
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HE7 SRR e TEug wgstel S
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30 welg 48 HEAAE B S 3 2
Foll WA F AL Sstgom, dole £ ¥
29 HAE & © AR $US A% 24
% THL 5 U=S Atk £ Hole el

Efgr o] AggS AQet BE EgdoA Y Bk
o A7t SEY A HEsIoITh 24 27 B
Fro yEwls uigos F FARyY, £ AA
92 9 WA Hold 2EA AdF 5 T E
Adstelet. 2E Al AP Fig. 4% 2ok 1
2] olo] thgt SAHE F A A d= € A
AL Table 103} 2t}

Steps to explore the refined data provided by teacher

machine
learning

Lesson Guides
Describe theproblem | —>

Exploring data

Steps to students add data
collected by themselves to explore

Fig. 4. Fixed model for Al convergence learning
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Table 10. Fixed detailed instructions for Al convergence model

principle detailed instructions
Presents real-world problems through interesting
and compelling visual representations[39]
intrinsic Rather than having learners solve problems as an

motivation | application of the learning content, it guides them
to learn key content in order to solve
problems[39]

Suggests tools that produce data in familiar and
simple formats.[40]

tool Provides guidance on the basic usage of tools and
exploration | encourages students to independently learn, when
necessary, through internet searches, user

manuals, and other resources[40]

Facilitates learning the tool's usage through
demonstrations using sample data

scaffolding - - - -
Provides students with separate instructional

materials on tool usage[41]

Emphasizes competency development rather than
just practical skills[38]

understandng | Observes differences in results based on machine

principles | learning models, enabling an understanding of the
importance of selecting models that align with
data characteristics.
Explains the data collection process and ensures
" understanding of the preprocessing steps
active -
exploration Allows stud.ents to explore a subset of data first,
understand its relevance to the problem, and then
examine the overall data structure[38]
. . Provides organized data after machine learning
intentional . : . )
execution, allowing students to raise questions about
arrangement
the outcomes
principle detailed instructions
coachin Provides hints or assistance when learners
9 encounter difficulties in their tasks
communicatian Designs conversational and collaborative devices to
and facilitate interaction, actively encouraging group
callaboration activities[42]
Encourages learners to articulate specific
" curiosities arising during the data interpretation
preblem process[40]
specification — -
Encourages questioning of analysis results and
engages in discussions about potential solutions
Encourages learners to develop critical thinking
skills about data by directly engaging in data
participation collection[38]
in da?a Facilitates learners to experience selecting and refining
collection

data relevant to the problem they want to solve

43 /5 Efs At
431 9 Ergs e
£ 7oA dole SlEeAE AL 4 ol
sl 79 8% 49 BEL AUk Aol o2
Bl gt M A uegslel 3 wg
Woks A%S S Aol o]F 98 20234
11955 29 A A4 S4sLssa 13 o
159 thoE 334 Bgel 9 NS
Apde] P dold ejeleiAlg Besh] 91 do]
€ efell S8 FAplsion, el dH o
g 42 T3 W AT T ShY 15 R
AE(Entry)l A ALg Aol Ugiot, ol
WS RS P 170] Butstol 4 WA SAE
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L dold EHA FAE thA] skl dole g
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Table 11. Curriculum of Al convergence Education
based on machine learning

Ensures the collection of reliable data on Steps - Contepts -

— Understanding Machine Learning
understandng | Adjust parameters and observe changes in the model's 1. Learning about Entry and guiding
principles | accuracy how to use Entry to utilize artificial
knowedge |Enable the interpretation of machine leaming results in Lesson intelligen.ce models. ) ) )
integration | conjunction with disciplinary knowledge[40] L Guides 2. Crelatlr:jgta decision tree with basic

- - - example data
Sypports learners in creatlpg structun.'ed.reﬂectl.ve 3. Enhance understanding of the
journals and open por.tfollos .fc.>r. reviewing their principles of decision trees by leaming
overall learning activities[43] with_diverse datasets
Utilize tools that provide a predefined framework for . - Explor.lng chemical data . i
. : . T Exploring Exploration of compound data, including
expression | expressive means, offering simplicity in usage and . :
. - . . ) data exploration of the meanings of rows
and sharing the capability to include various file formats[40] .
2 and columns in the dataset
) Machine Creating a decision tree using Entry
Provlde.:s. feedpack on the process and results of oo Enhancing the accuracy of the decision
activities, including self-assessment, peer 9 tree by modifying learning conditions

assessment, and teacher assessment
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(Continued)
Table 11. Curriculum of Al convergence Education
based on machine learning

Session Steps Contents
9 Anzlr\]/élng Analyzing and evaluating a decision
) tree’s accuracy
evaluating
collecting | Collecting additional data using
data generative Al
Machine . - .
B Creating a  decision tree  using
learning Entry(2nd)
(2nd) y
3 Analyzing
and Analyzing and evaluating a decision
evaluating | tree’s accuracy
(2nd)
representation | presentation  and  feedback  about
& feadbacic | decision treg

124 92 49 Al (Lesson Guides) ©AZA 2
BEZE oldfol: ol HHE 7L itk WA &
71849 intrinsic motivation)?] Y&lof w=t HAlZ Y9
AR AR AHE E9031, =7 B4(tool exploration)?)
o] w2t AHE Q] 712 ARHEE dEFaL, A
GEAE B9 AR A 5 =S A5G AHE
J(scaffolding)9] ol whe} 7hst ZHEE B
tloJel7} AkEEE RS HolEel, ol &5 ZHES
9] F84EZ olgistd F olsf(understanding
principles)dg]7} o|FOAEE SIGit}. £Oo7 QIEF]
oA Aok ZE Al HiolBE olo] SH¥E0] 2%
EgE ZMol=s A=oiyith 1344] 9] & sHiE0]
ARE3E E%=2)9] Al Fig. 59 Zom, 712249 4%
Eglo] tfsf olsfgt A & 4 Uk

#3. AS2AS ¥BOI0 2B COEISE FRY + Ut FYSAS 2ai=AL.

Fig. 5. Decision trees produced by students(1st session)

22X =42 dlolE &M (Exploring data), M4l
#'d(Machine learning), ¥4 ¥ H7KAnalyzing
and evaluating) @A E, ¥ A9 F dlo]EfQl s}5t
£ dHlojgof tisf B4, ZHE=E Ast= AZ &
22 35kt 4 AEZ A AFst= EtolgY
A& dlolH, B FE dHlolH, M= AA| A4 o]
HE ZYEYE Aot A ED Ads AGsto]
AR E] gl ol E &t o] TI=IA A
Ao AA ) RHEEY #=4, =4 tolHE Al
3193, 552 A(active exploration)2] Y&
w2} SR HlolEE AlZteletH dolBE ©Astel
ot 2o 2 I97F 7fiH(intentional arrangement)¥}
% (coaching)?] 2ol wet 50| Hole 2iF
YA E AFStHA HARYS AT 5 AEE =)
< AFsielth 2o A& a3tE ZHEHE &F
7t EZ(communication and collaboration) &
of et SHYE7|E daAEstHA AR AgE, &
g 5ol sl YAt otes EHstal, A FAIS
(problem specification)?] ¥zl wat F&= A
ojuf &5 7% 5ol tish /A et EFste s ot
Tk 274 =AY 7t sHYEo] ArESt EE Al
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Fig. 6. Decision trees produced by students(2nd session)
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Fig. 7. Decision trees produced by students(3rd session)
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Table 12. Cronbach's alpha test results of data literacy
Assessment tool (n=15)
No. Prz;;est Pres—t(tjest cronbach alpha
1 2.87 119
2 240 118
3 213 092
4 227 0.96
0.946
5 233 0.98
6 220 0.94
7 220 0.86
8 253 119
237 1.03
AFAALS] AA L 2372 T WA Ut

o, A7 cpgste] 4% S4sknEsta 15hd SIS
24, gl ¥
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ol 9ld A
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ojgt ol AAH.
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Table 13. Paired t-test results of pre—post Data literacy

(n=15)
o [ oo [ o [
1 287 | 119 | 427 | 059 | -4.17 o001
2 240 | 118 | 420 | 056 | -5.08 oo™
3 | 213 | 092 | 407 | 070 | -585 o001
4 | 227 | 096 | 427 | 088 | -568 o001
5 233 | 098 | 413 | 074 | -528 oo™
6 | 220 | 094 | 420 | 077 | -6.48 o001
7 220 | 086 | 427 | 080 | -6.88 oo™
8 | 253 | 119 | 427 | 096 | -467 o001
Sum | 237 | 103 | 421 | 074
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