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ABSTRACT

Based on the Data Science curriculum newly introduced in the 2022 Revised
Informatics Curriculum, this study aimed to design and implement lessons
and to provide foundational data for verifying their feasibility in high
school settings. Three differentiated programs with varying introductory
stages were implemented for 109 high school students in Seoul, and the
results were analyzed. All groups perceived the educational value of the
Data Science subject to be high, and the group utilizing visualization tools
showed a relatively higher level of understanding. The distribution of practice
time, connection with prior learning experiences, and instructional design
approaches were identified as factors influencing learners’ perceptions. This
study is significant in that it applied the newly introduced subject to actual
classroom instruction to explore the feasib
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* Analysis of the 2022 Revised Curriculum's ‘Data
Science Content Structure
* Development of a Data Science Education Program

Lesson Design

* Survey Development
- Drafting and Refinement of Survey Items
(Reflecting Curriculum and Class Design)

Tool
Development

[ Grouping Based on High School Lesson Design ]
* Group A
- Period: Mar 25 - Jul 15, 2023 (20 hours)
- Participants: 60 students
Lesson * Group B
Implementation - Period: Nov 4 - Dec 30, 2023 (28 hours)
- Participants: 20 students
* Group C
- Period: Mar 23 - Jul 13, 2024 (20 hours)
- Participants: 40 students

+ Survey and Data Collection : Total Participants 109
Survey - Group A: 58
Administration - Group B: 14
- Group C: 37

* Data Preprocessing and Filtering

* Descriptive Statistics and Frequency Analysis

* Difference Test: Between-Group :

Analysis of - One-Way ANOVA (Groups A-C)
Results * Welch ANOVA if variance unequal
- Paired Samples t-test

* Importance vs. Necessity*
* Difficulty vs. Understanding

Figure 1. Research Procedure
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Table 1. General Characteristics of Participants

Category Item Description Frequency(%)

Male 103(94.5)
Gender
Information 6(5.5)
10th Grade
12(11)
(1st year)
Grade 1 é q
th Grade
A (2nd year) 97(89)
Basic Humanities & 6
Social Sci.
Field 34
Preferred Major P 1
Engineering 58
Medicine 13
Programming ) Yes 103 (94.5)
E . Experience
xperience No 6 (5.5
Data Science E . Yes 63 (57.8)
: xperience
Experience No 46 (42.2)

* . Multiple responses allowed
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Table 2. Educational Programs by Group

Category A B C
Program SBaSIC Visualization Ba_su;
(hours) yntax (12) Statistics
Foundation 4) )
Tools Python Ta blegu Statistical
(GoogleColab) Public Worksheets

Program Data Science
Development | (hours) Curriculum—Based Program (16)
Tools Python (GoogleColab)
Project™ @)

* . Team—based project conducted outside of class
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Table 3. Data Science Curriculum—Based Program

Stage Learning Contents Tools
‘Necessity of data literacy
Introduction -Exploration of problem-solving cases PPT,
‘Understanding types and meanings Worksheets
of data

‘Data collection
— use of public datasets

‘Data preprocessin, Python
Preparation 4 preprocessing (Google
- data type identification,
; . - Colab)
- handling of outliers and missing
values
‘Exploratory data analysis
A . — descriptive statistics, visualization
nalysis Confi lvsi
Confirmatory analysis ‘ Python
- correlation, hypothesis setting (Google
‘Model application and evaluation Colab)
Evaluation - case studies of regression

- classification, and clustering
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Table 4. Structure of the Survey Items

Subcategory
Gender Subcategory Number of Items
Grade
Gender
Data Grade 3
Preparation Intended
Major Field*
Programming
Experience™®
Data Experience 4
Analysis | and Interest
in Data
Analysis
Core Arcas Impor— | Nec- Diffi- |Compre-
of Data ) ;
Scienc tance essity culty | hension
clence
Data Data. 3 3 3 3
Evaluation | Preparation
Data Analysis 6 6 6 6
Data
Evaluation 2 2 2 2
Perception
of
. 2
Experience | Data Science
and Education™
Perception of | Experience
Class and
. 1
Perception
of Class
Total 54

* . Multiple responses allowed
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Table 5. Example Survey Items Related to Data Science Learning

Stages
Measurement
Stage Example Item Indicators
Data e . .
p .| -Ability to collect data without bias
reparation
-Ability to observe and understand Importance
Data collected data from multiple perspectives Necessity
Analysis | -Ability to interpret data numerically Difficulty
through statistical analysis Comprehension
Data -Ability to devise creative solutions based
Evaluation | on analysis results

LH
= M

mE ofo

r_?ﬂjvn_

%5% 2022 7074 w3 ‘dolE mHEF Tt
A 5912 iAo 2 CVR(Content Validity
Ratlo)— ol W& E}%EE stEsih AE =o] Al
Z == Cronbach’s a .872 &QlE|o] A5t 4 Q= 2
Qo] A=g ). &k ‘We rokxo w’o] /g JLESH
< APt o= sHE0] AF4lo] skl 4
£85h= 2Hgoll A ‘EﬂolEi el o] AAHoR T
= %l A5 wdste SHE o5y, Fo =+

golyg M= %EJ—P esto] ‘dlojg el o]
M= 7P7'<]9} FFHe 275 Btk Nde = Aolst

r>~1

rui

dm do rlo 2
o)

>~
>
mh'.

gjol] Fofat SYE dlolelt B JyssHR, o
Foll Hold Aol sl A8 1Y Hol £ A7
24 52 4Ysc SRR st Gald Y5
A5E Aol HEIA FAMolE ATRA, Fofo]
A, A2 B D 5] 712 PAsEon, AT FR
F 97 7170 B3 5 w7|sksic.

‘Glole] 8 el et B4 FR A4 MRS
L, 885k, Wolk, olsix)9] 7|&57 A= Table 634

Table 6. Descriptive Statistics of Key Perception Variables

Group Importance Necessity Difficulty | Comprehension
M(SD) M(SD) M(SD) M(SD)
A 4.44(0.39) | 4.46(0.39) | 3.52(0.66) | 3.95(0.58)
B 4.58(0.37) | 4.53(0.45) | 3.19(0.78) | 4.25(0.56)
C 4.6100.32) | 4.61(0.33) | 3.39(0.66) | 4.17(0.60)
F-value 2.25 1.63 1.53 2.52
*p <.05%* p {.01,*** p €.001
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Table 7. Importance and Necessity by Lesson Stage

Importance | Necessity
Stage Group t—value
M(SD) M(SD)

A 4.520.44) | 4.50(0.45) 0.38

Data B 4.5000.43) | 4.60(0.35) 1.18

Preparation C 4.58(0.40) | 4.57(0.39) 0.42
F-value 0.28 0.47 -

A 4.19(0.50) | 4.26(0.48) 1.43

Data B 4.33(0.44) | 4.46(0.42) 2.35%

Analysis C 4.48(0.44) | 4.51(0.42) 0.64
F-val 4.15% 3.97* -

A 4.60(0.50) | 4.61(0.48) 0.12

Data B 4.75(0.44) | 4.540.42) 2.12

Evaluation C 4.7400.44) | 4.72(0.42) 0.36
F-value 1.07 0.70 -

*p C.05,%* p (.01*** p €.001
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Table 8. Difficulty and Comprehension by Lesson Stage

Difficulty | Comprehension
Stage Group t—value
M(SD) M(SD)
A 3.26(0.79) 4.05(0.62) 5.57%%*
Data B 3.17(0.81) 4.33(0.58) 1.98
Preparation C 3.24(0.71) 4.19(0.66) 1.09
F-value 0.08 1.34 -
A 3.58(0.60) 3.83(0.61) 4.07%*
Data B 3.23(0.97) 4.17(0.57) 2.07*
Analysis C 3.35(0.65) 4.15(0.63) 2.90*
F-value 2.30 391* -
A 3.73(1.09) 3.96(0.83) 5.85%%*
Data B 3.18(0.99) 4.25(0.67) 5.54%%*
Evaluation C 3.57(0.99) 4.18(0.73) 2.83%*
F-value 1.61 1.32 -
*p .05,%*% p (.01,*** p €.001
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A 4220.77) | 4.330076) | 1.00 ztol7t BAH O R FolstA e (p < .05), 4 &
CO?ggltiﬂg B 40000.78) | 4.4300.65) | 2.48 A dAHRIA 7|2 SAE YSE C FYeko] = FEolA d
Utilization | C 438(0.64) | 4.380.68) | 0.00 olg] %3} 4 mdl 7 Fo] th3t o5 WAL Atror
F-value | 142 0.13 - A A5 4] A= Table 117 2ot

*p <.05,%*% p €.01,*** p €.001

Table 11. Group Perception of Importance and Necessity for Data
Analysis Elements
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o ola ol Al BA] Ay = Smof o] BFA o o Content Learning G Importance Necessity cval
gl ofsi = Q14 BA Azt ]Efoq% Eol|A] ShEAES Hol= ontent | Flements | ST [\ rop) MGD) value
B = = O] Al Gl
2o olsi=3 o #] A4 A A | 433069 | 438075 | 057
Y L A=k =
Hlole 373} ol AlFAY FEe Al Hd BE F oD | Analysis | 4360.50) | 450065 | 081
Aoz folgt ztol7} Letyton, ‘Hold A=A F= e | 454065 | 459060 | 0.19
olA= A oA 71 2 Zfol7} ERlE At “AFE & F-value 1.24 113 -
£ 58 FHolA= BAFLE [t ato|7F e A] & A 416(0.79) | 421074 | 0.55
A ek, A H oz o7t ol =R} A 9l g 7 Data B 4210043) | 443051 | 1.8
2 Hlth 24 A= Table 103 Zod 7id 4 @ Preprocessing| ¢ 4540.56) | 4.54(0.51) | 0.00
o] Hg] = 8 QA2 At o 2 o oA QlAlsta F-value 3.73* 3.14%* -
9leg sAe 2 9t A 3.93(0.77) | 4.03(0.86) 1.06
MDdatlé B 42100.80) | 4.36(0.50) | 1.00
odeling
Table 10. Group Perception of Difficulty and Comprehension in Data Concepts c 4.43(0.65) | 4.43(0.69) 0.00
Preparation Elements Data F-value | 5.35%* 3.34* -
Sone | Leaming | oo ity |G o Analysis A 4.16(0.83) | 4.09(0.88) | 0.75
8¢ | Elements P MeD) M(SD) v MUZT ?f B | 4.43(0.76) | 4.36(0.63) | 0.56
odeling
A ] 3.0901L11) | 4.29(0.65) |6.51%** Techniques| C | 4270.77) | 4.46(0.69) | 1.64
Data B 329(1.20) | 4.36(0.63) | 2.79* F-value | 0.73 2.64 -
Collection C 3.14(0.89) | 4.24(0.72) |5.63%** A 4.17(0.82) | 4.34(0.74) | 1.80
F-value 0.20 0.16 - Data B 4.43(0.65) | 4.64(0.63) | 1.88
A 27401.07) | 4.2200.82) | 7.25%** Visualization C 4.51(0.61) | 4.41(0.64) 1.27
Data Data B 2.71091) | 4.5700.65 |5.95%** Fovalue |~ 2.62 1.04 -
Preparation | Reliability C 2.811.10) | 4.4100.72) |6.55%** A 4.41(0.75) | 4.48(0.66) 0.78
F-value 0.64 1.42 - Statistical B 4.36(0.74) | 4.50(0.65) 1.00
A 3.95(0.96) 3.64(0.93) 1.55 Analysis C 4.57(0.60) | 4.65(0.54) 0.90
Cor%pulting B 3.50(0.85) | 4.0700.73) | 1.67 F-value 0.71 0.85 -
00
Utilization |  C 3.78(0.89) | 3.92(0.76) | 0.68 *p .05,%% p €.01,%** p <.001
F-value 141 2.11 -
*p €057 p COLF* p <.001 E4, ol B4 sk W&ol thek dol e} o=
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Table 12. Group Perception of Difficulty and Comprehension for Data
Analysis Elements

UEHt Ao R e 232 Bt
At A e Al AT REoA Fowel WQwTt &
AAE oL, Jot - At 7k vlaoMe BAXHCE
o|gt zfo| 7} ERlwlA] kot B4 A FE-2 B ol
Fowet W w It Q14 2to] 7k fol5hAl UEREIL(p
<.05) Hek 2 vl Ao M= SAK o2 Fol5kA] gttt o
Y7t DAl9] shs 24 M Jd BRoA Fa5ta

S oam QAE Zlo g A H

B A3k Table 1301 A48

Table 13. Group Perception of Importance and Necessity for Data
Evaluation Elements

5 Learning Difficulty |Comprehension
tage ) Group t—value
Elements M(SD) M(SD)
A 3.59(0.92) | 3.93(0.75) |5.18%**
Data | Analysis | 2.93(1.14) | 4.29(0.83) | 5.08%**
Observation o
Skills C 3.27(0.84) | 4.2200.71) |8.28
F-value 3.38% 2.31 -
A 3.76(0.88) | 3.60(0.92) | 0.89
Data B 3.71(1.07) | 421(0080) | 1.39
Preprocessing| ¢ 3.59(0.90) | 4.08(0.72) | 2.70*
F-value 0.37 5.20% -
A 3.59(0.97) | 3.7100.82) | 0.60
Data B 336(1.34) | 3.86(0.86) | 0.98
Modeling r
Concepts C 3.35(0.75) | 4.0000.85) | 3.33
Data F-value 0.80 1.41 -
Analysis A 3.69(0.90) | 3.69(0.84) | 0.00
Use of B 3.21(1.05) | 4.36(0.63) | 3.27**
Modeling -
Techniques| _ C 3.54(0.69) | 4.05(0.81) | 2.99
F-value 1.79 4.87%* -
A 3.21(1.07) | 4.14(0.83) |4.66***
Data B 3.14(1.23) | 4.14(0.77) | 2.39*
Visualization | ¢ 3.11(1.07) | 4.300.74) | 5.13%**
F-value 0.10 0.49 -
A 3.67(1.02) | 3.90(0.85) | 1.16
Statistical B 3.001.18) | 4.14(0.77) | 2.83*
Analysis C 3.24(1.09) | 4.27(0.69) |4.33%**
F-value 3.23 2.62 -

*p C.05%*% p C.OL*** p {001

4.2.3 tlo]E W7} sh& 2ol e Q4] B4
blole] 7k UL BAE Aatg s|oz o)
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N4 Fde A=k

A, tlole g7t DA S| AR Shs 240 tidt Fo5=
ot dok A 2y T G5 LFoA fio] 4.5 o]Fo R

Learning Importance |  Necessity
Stage Group t—value
Elements M(SD) M(SD)
A 4.72(0.56) | 4.74(0.55) 0.27
Interpretation B 4.79(0.43) | 4.64(0.63) 1.47
of Resuls C 4.81(0.46) | 4.89(0.39) 1.78
Data F-value 0.34 1.54 -
Evaluation . A | 4.480.73) | 4480.71) | 0.00
Analysis—
Based B 4.71(0.47) | 4.43(0.85) | 2.28*
Problem C | 468(0.63) | 454(0.73) | 1.09
Solving
F-value 1.27 0.14 -

*p C.05,%% p C.OL*** p {001

A4, dol=et ojsl = BA Axt ‘“Axt A2 B Jot
C Aol o=} ol Bt fo)5tA] A Lebto
™ (p < .01), Jet 7k Blaof A= [-2JskA] etk

BA A Al W BRojlA] ol xe} oo xfo]
7F BAHCRE foJokA] Fkow, Yk 7+ Hla At A
ZFo] 7} gl3itt.

X A= Table 1401 A A5HSI .

Table 14. Group Perception of Difficulty and Understanding for Data
Evaluation Elements

Difficulty |Comprehension
Stage Content | Group t—value
M(SD) M(SD)
A 3.60(1.17) | 4.03(0.86) 1.93
Inerpretation| B | 2.86(0.95) | 4.29(0.73) | 3.98**
of Results C | 346(1.10) | 4.22(0.71) | 3.28**
Data F-value | 2,51 0.90 -
Evaluation . A 3.86(1.19) | 3.88(0.94) 0.08
Analysis—
Baced B | 3.50(1.29) | 4.21(0.80) | 1.51
Problem C | 3.68(1.16) | 4.14(0.86) | 1.78
Solving
F-value 0.64 1.35 -

*p (.05,%* p C.01*** p <001

col ] 3g7F TAl= LR FEo ATk Hol e} o3 2}
o7} ERlElglon, MRkH o= Atk 7k fAFSH Q14 &F
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oA AAE AL, A Fag] oo H]s) o] &
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Table 15. Perceived Reasons for the Importance of Data Science

Item A(%) B(%) C(%)
Recognizes the Importance

of Dispersed Data

Able to Conduct Different
Analyses Based on Data
Types

Understands That Different

total(%)

8(13.8) | 1(7.1) |10(27.0) | 19(17.4)

9(15.5) | 3(21.4) | 2(5.4) | 14(12.8)

Analytical Approaches Yield| 16(27.6) | 5(35.7) | 10(27.0) | 31(28.4)
Different Results
Able to Make Data—Driven | 25(43.1) | 5(35.7) | 15(40.5) | 45(41.3)
Decisions 0 0 0 0
Others 58 14 37 109
total F-value | 0.64 1.35 -
432 4902 B9 PAE 5 A
A QEe m2IeY S Shol Yo A 5%
ot mholyl 7Rk A& o] sig 58 F Aol IF=
Z 702 suET
BATE S 4t Hglo} Holelo 54E sefsha
A e A8 =58 BA siE 52 (4%)ollA]
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27(10%)oll sk Sl =tk 54 T4 &5l 59
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Table 160 AJA|SFA T
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Table 16. Abilities Improved Through Participation in Data Science
Class (Multiple Selections)

Item A B C | total
Programming Ability 22 4 6 32
Data Interpretation Literacy 13 3 11 27

Ability to Identify Data Characteristics and

Apply Appropriate Analysis Methods 16 > 10 3

Basic Statistical Ability to Interpret
. 13
Numerical Data

Problem—Solving Ability Using Data 13 4 5 22

1 10 | 24

433 Z2AE 7] £ $4 Wey Q4

AA| 1099 = 1029(93.5%)0] ‘F sy -2g5}o]
nZAE 79k 9] WAl "o o] ufQ A UEebstich
Ao ae A Ao 91.4%, B A 100%, C A 94.6%
2 BE =22 £2oIQth sEAES T2AE FA] £
o] ‘Blolg] st 7Hyg o|sl|el AA| &80 g3l sh5 v
Alojgtal QIAISH Zi o2 s Hct A A3k= Table 173
Ztt

ﬁo

Table 17. Perceived Necessity of Data Science Project—Based Class

A(%) B(%) C(%) | Total(%)

Necessary (%) 53(91.4) | 14(100) | 35(94.6) |102(93.5)
Neutral (%) 3(5.2) 0 2(5.4) | 5(4.6)
Unnecessary (%) 2(3.4) 0 0 2(1.8)

Total (%) 58(100) | 14(100) | 37(100) | 109(100)
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