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The Effect of Al-based Data Science Education
on Convergence Thinking Ability and Data Literacy
of High School Students
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ABSTRACT

With the advent of the Artificial Intelligence (AI) era, schools are emphasizing
the development of uniquely human creative and convergent competencies by
introducing and implementing Al-related subjects. However, there is a lack of
case studies and effectiveness evaluations in this area. This paper aims to provide
examples of Al education and investigate its impact on future educational
competencies. To this end, the definitions of convergent thinking skills and data
literacy were analyzed and reviewed based on previous studies. Sub—elements were
identified, and measurement tools were developed to assess these sub—factors. A
data science class, reconstructed based on an introductory Al curriculum, was

conducted, showing a significant improvement in students' convergent thinking

T QlMotatnSatul WAt

tHEAIS|Ql  REDICistm ARHOySt skills from the pre—test MM = 3.4500/5) to the post—test (M = 4.0667). Similarly,
HARE ST} (WXL data literacy scores increased from the pre—test (M = 3.6629/5) to the post—test (M

ERED 20244 102 20 = 4.2857), indicating a meaningful positive impact.
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Table 2. Experience in artificial intelligence education

With Without
Category Educational | Educational Total
Experience Experience
Number of People 13 12 25
Percentage (%) 52 48 100

Table 3. Experience in data analysis training

With Without
Category Educational | Educational Total
Experience Experience
Number of People 3 22 25
Percentage (%) 12 88 100
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Table 4. Interest in artificial intelligence
Level of Interest
Category Ver Vi Total
y . ery
High High |Moderate| Low Low
Number of | =) gy | 4 0 | o | 25
People
Percentage
(%) 44 40 16 0 0 100
Table 5. Familiarity with artificial intelligence
Level of Interest
Category Ver V. Total
Y | ery
High High | Moderate | Low Low
Number of 3 9 10 5 0 25
People
Percentage
@) 12 36 40 12 0 100
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Table 6. Contents and achievement standards for teaching and learning
by class time

Teaching .

; Achievement .

Area and Learning Session
Standards

Content

[12A101-01]
Concept and | Understand the concept
Characteristics | and characteristics of 1
of Al Al, and compare and
analyze Al with non—AL

Understanding
Al [12A101-02] Explore

how Al changes personal

Development | . . .
P lives, society, and jobs,

O.f At and understand the 2
Social Change . .
necessity and importance
of Al's role.
[12A103-01]
Attributes and | Understand the concept
Importance of | of data attributes and 3
Data explain their role in
machine learning.
Principles and [12A103-03]
Applications of e Understal'ld'the
Al characteristics of
(Structured
: structured and 4
and
Data and Unstructured) unstructured data
Machine STHCIEECM ) o nd compare their
Learning differences.

[12A103-02] Analyze
data visualized in various
forms and explain the 5
role and necessity of the
data’s attributes.

Al-Based Data
Visualization

Teaching
Area and Learning
Content

Achievement

Session
Standards

[12A102-08] Explore
the fields of machine
learning applications
such as classification,
clustering, and
prediction.
[12¢17103-06] Select
data needed for
Principles and problem—solving and
Applications of extract key features.

A.I [12A103-04]
Understand the concept
Al-Based Data| of machine learning and
Classification | compare the differences
between supervised and
unsupervised learning.

[12A102-07]
Understand the concept
‘s 7I8F | of machine learning and
glo]E 33} | compare the differences
between supervised and
unsupervised learning.

Al-Based Data
Regression
Analysis

Data and
Machine
Learning

8~9

10

11

[12A103-07] Compare
the roles of training data
and test data.
[1217103-08] Apply
training data to the
learning of classification
models and evaluate
Real-life performance using test 12
Data Analysis | data. &
Project [12A104-02] Explore 14
how the quality and
quantity of accumulated
data and human biases

Data and

Machine

Learning -
Social Impacts of

Al affect Al performance

and recognize the
importance of proper
data usage.
[12A104-01] Predict
various social issues
that Al will solve in 15
the future society and
propose the role of AL

Project
Presentation
and Self/Peer

Evaluation
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A 2)0] 7|A5ts RS H|ES AAZES UE & Qe ;
f _ : N ° == _ - 1— = ? N P Learning Data and Machine Learning | Session | 8-9/15 (2)
zeAE saUe MRS A 25ss Ugo) Acea
488 043t UL OFS Table 73} 2}
Table 7. Contents and Methods of Teaching and Learning by Time
Teaching
Session Teaching and Learning Content and Learning
Methods
1 Concept and Characteristics of Al |Lecture Method ) )
- - Try to classify the muffins and
2 Development of Al and Social Change Introduction | puppies from the given images. PPT,
3 Attributes and Importance of Data - Classify the images and present the worksheets
, Types of Data (Structured and clas&.ﬁcatlon resul'ts and.rea'sons.
Unstructured) Experiment - Confirm the learning objectives
— and Practice - Understand the concept of Al
5 Al-Based Data Visualization Method classification models and be able
6~7 Al-Based Data Regression Analysis to create classification machine
. learni ls.
8~9 Al-Based Data Classification carming mod; ¥
- Recall the previous lesson.
10~11 Al-Based Data Clustering - Creating Al regression machine
12~14 Real-Life Data Analysis Project A learning models
- - Project—Based A ;
Project Presentation and Self/Peer Learnin Activity 1: Understanding the Concept
15 Evaluation & of Al Classification Models.
- Classification divides objects into
predefined categorical data.
3.4 185 A8 — After learning the data, new data is
classified into appropriate categories. PPT,
H AL ol 3 x5 7|HE glo|g B4 w80 g5} ~ Classification techniques include KNN, | worksheets
= - = = SVM, decision t thods, etc.
8 Aneist olole] 2eleiAel oAt Qe 2 A deciion e mthods, e
_ oo . o o - Think about ideas for data classification
7l Y Ao R th3-2 AR5 7|8 o] g 24 mSoj other than the provided techniques.
gteol n4-oks Abg & JEHo|t} Table 8& W4-8H : C]on%;ier §Xamp1§slof using
t .
21goro)c}. classification models
Activity 2! Creating a Simple
Classification Model
Table 8. 8th and 9th teaching and learning course plan - Visit the Machine Learning for Kids
- website, create a project, and make Computers
Learning Data and Machine Learning | Session | 8-9/15 (2) an image classification model. e
Area . o worksheets
- Enter training data to classify images
Lesson Experiment of an interesting topic, then import
Key Concept | Machine Learning Models Tpe and Practical new data to check accuracy.
e Learning Learning materials: Computers, worksheets
High school I — Activity 3: Creating a Classification
Learning Al-based Data Target ]un¥ors and Model w1th'Ir15'Data. .
e . seniors (1st - Use the Brightics Education program
Content Classification Audience . > P
and 2nd to practice creating a classification
grade) model with simple data.
Learnin Understand the concept of Al classification models ~ Import the Iris.csv dataset and )
AUIE o1 d be able to create classification machine learning explore the features and three species
Objectives firi
models. of irises.
Achievement [12917103-04] Understand the concept of sepal. sePal. petal. pétal. variety
classification models and explore examples where length | width length| width
Standards lassificati | i 5113514 02 S
classification models are applied. : : : : ctosa Computers,
Learnin Machine learning classification models, 6.4 | 2.9 | 43 | 1.3 | Versicolor worksheets
& implementing machine learning models, extracting 6.7 | 3.3 | 57| 2.5 | Virginica
Elements . .
key features, training data, test data, model training
Learni.ng PPT, worksheets, computers - Visualize the data using a scatter plot to
Materials consider the important features of the
Steps Teaching and Learning Activities Remarks iris data.
- Create a classification model using a
. - Look at images of muffins and PPT, classification learning function and the
Introduction . . N
puppies mixed together. worksheets iris training data.
- Evaluate the classification model using

iris test data.
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Learning Data and Machine Learning | Session | 8-9/15 (2)
Area
- Summarize the lesson and understand
. the learning content for the next
Conclusion .
session.
— Al-based data clustering
4. A+ R A7 2
4.1 A7 o
2 A st g2 At tole 2ejiAg
Bo7) 95 ABA F9 clole) B4 LS A3
10 EHE A o 24 Felon [BoA A7 K
D5 B 259 tOR 9T ol SolE Yol
afsick. Aol Hoifh YL % olshyo, ol
o RIFAs wE Aol U= A 13 02 YEpittt
4.2 A5 AA 2 Wl
2 Ae Waf Sof SgAto] ghalf AR AT ¥ o
3/ EFC & Hlad %ol ojgfgol wef Table 92t
2ol Tdy T APd-AFE AL AA(One-Group Pretest-

HALE
o

Posttest Design)¥H -2 28313t

Table 9. One-Group Pretest—Posttest Design

Group Pretest Treatment Posttest
G O, X 0,

G: Experimental Group
X Al-based Data Analysis Education

Ad Aol dl3A]s 719k dloje 4 &S 2yst
7] A APAAARE A6, £ & APA ARl A AHE
St AAF = E AP HALE XSt 2 Ae] S
ol Ay Aol 283k J1FA| 5 7]¥F vlojE 24 u&
4+ 152kAj o}, &2 84 AFE Tt Hlolg g
El2jA9] oF9] QAof tish 54 2AE Ao Y H4
ojt}.

4.3 AA =3

2 AFolA= JIFAlE 718t HlojE 24 wso] gyt
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Eal Cronbach s a= 942 oy At ol st A5
T A4 Cronbach’s a= 9222 §3H4 Atag] AAF &
7t HL AP EE Hol= Zl o2 Uyt

Table 10. Composition of Convergent Thinking Test Tool

Area (Number Sub—Factors (Number of

Item Number

of Items) Items)
Problem Analysis (2) 1-2
Problem—Solving Method
Design and Resource 3-4

Problem Solving Management (2)

and Convergent| Defining and Controlling
Thinking (12) Elements (4)

Result Analysis (1) 9

5-8

Reflection and Generalization

3) 10-12

Fluency (1) 13

Creative Flexibility (1) 14
Thinking (6) Originality (2) 15-16
Elaborateness (2) 17-18

4.3.2 glo]g] 2EjYA] HAF =7

AA QY E A2 o dloEe] 4, dlofE] 4, to]
B} 282 93t o2 gog glEfiA|et Sk 7y
o7 & 4 Qith B o= glolg FEAIE 7u}
5b7] 9I%h =2 AAE, A4, Bel(2020)7F 7 E
AP B2 24 £ 288 F 18T LAl

Sy ] ol gHAl A LA shATHIS].

2 A =75 dlolE e Al Fog dloE £3
7} dloe] B4, tlojg] ggog TR Hojg £
Fge] 5h9] Fgde W9 A, A HHoR 7R
5 A tlolE B4 ol 5k9] aRlo R BA
Moz RGO, HolH B8 Jde TRt F
= 2519 T,__o}——- LAYk,

dl
[

% 90loz &

Table 112 tlolg] 2lE]#A] HAF =79 HE LS
gelgt Zlolth. Holy e A HAF =79 A== 4
% A dlojg 3 999 Ag = A4 Cronbach’s a
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.932, o] £4 9] AlZ% A4 Cronbach’s a

J8] 24 99
.926, dlo]g] &8 g9 A== A4 Cronbach’s a
9242, & A =7 w2 AFES Hol= Ae
shATE.

e e e

Table 11. Composition of Data Literacy Test Tool

Area (Number of | Sub—Factors (Number of
Item Number

Items) Items)
Scope Setting (3) 1-3
Data Collection (7) | Data Collection and 47
Judgment (4)
Analysis (3) 8-10
Data Analysis (7) - y51§
Interpretation (4) 11-14
Data Utilization Sharing (2) 15-16
4 Creation (2) 17-18
4.4 A7 Azt
2 e AFAE 7 HolE &4 wgo] dHHA 1
589 584 At dlol g gE Al BjX]= JTF
- 7&%3}_7] o]k 7/-\]_0_; t}ol 6]—}\1-] 7(11:,]-_0_ ]:H/\l—o _g_i‘l—
2 Apael 714, dole] elelelAl S 4 AEE Al
SFRlch APd-ARS ZAF Z3HE SPSS StatisticsE AHES
0:1 ]%EJ:“ Z‘]ﬂ_/\‘] 7—]?‘] ]:H o [TH - 7424 ﬁJJ-E _E,_lgll
shelct.

o

A AE dtetstr] flste] 3% 2o HAA

< AEE st AbdAAtet
74] 7:‘4 APAZALS] St H =
7} 242+ -0.767, 0. 559§ UEP O m ARS AL of o}
HEE -0.613, -0.509% UEbGTh fwol He EA4 4
7h Azl 28 92 kol Aks o] Fix FEj7F 2927
U o7} A Eeg I THTable 12).

Table 12. Descriptive Statistics Results of Pretest and Posttest

Skewness Kurtosis
Category . Standard i Standard
Statistic Statistic
Error Error
Pretest -0.767 0.464 0.559 0.902
Posttest -0.613 0.464 -0.509 0.902

Kolmogorov-Smirnove}l Shapiro-Wilke] 411/ 4
g A frolgEo] APdHARRE ARSZAL B 0.05 o]
o2 ueht RARSE BE0] 959 4AlZ]eFoA] FFEE
S w2s Aoz ST 4 Jlon, AP -ARS HAF A3t

A
ol

&l AAI5HATHTable 13).

o

i -4

Sh
tlo

Table 13. Normality Test Results of Pretest and Posttest

Kolmogorov—Smirnov* Shapiro—Wilk

Signifi— Signifi—
degree of| cance degree of| cance
freedom | Prob— freedom | Prob-
ability ability

Pretest | 0.938 25 0.097 | 0.938 25 0.137
Posttest | 0.938 25 0.057 | 0.938 25 0.134

Category

Statistic Statistic

a. Lilliefors Significance Correction

4.4.2 €A Atno) 3t AbA-AFE AR Axt

§94 Amel 59l Qole BANET §H A,

dold AR il 4 e A8

28 o] AT} o] B&Ate] ZA

o]= Table 149} Zch. EA|siZ2x} AbiLe] Ao

A3 A5 7|8t glo]g] A W& el 5A ];‘(](Mzg 4500,

SD=0.7721)t = 25 TA 2] (M=4.0667, SD=0.5221)
|

9] atol= Fo4F 0=0.012 7o 2 5AZHORE F9
2 A0 LhehktHi=-3.199, p-0.004) mels] Q12
5 7)4 ElolE) B4 mgo] shaxte] EAls|AT §8A

AP ol wgo Sl Ao ST 4 ek

Table 14. Pretest—Posttest Differences in Problem Solving and

Convergent Thinking
Standard | Sig.
Category N I\ée/[a)n Deviation | * ‘Ei)lue Probability
(SD) (p)
S(irv‘i’::i | Pretest | 25 |3.4500| 0.7721
Convergent 73199 0.004
Thinking Posttest| 25 |4.0667| 0.5221
**p<.01
el AFT dejol] chat 913 A 5 74 o} 24 m
% o]} o] &9 Zo]= Table 159 Ztt. I&Als 7]

\O
~l
~

gk ool g B4 n§ o] E4%](M=3.4067, SD=0.790
oF W& Fo] EA2](M=3.9867, SD=0.6084)2] 2}o]= &
o) 0=0.012 7|FC 2 EAFOZ ot Aoz
EFTH(t=-2.951, p=0.007). w2}l J1FA]s 7|8t to]
B 18] shrto) ol Ala gHAfol| FAZEQ gk
2 HE 1 4 QU

Table 15. Pretest—Posttest Differences in Creative Thinking

Standard Sig.
Mean .. |t=value -
Category N M) Deviation © Probability
(SD) (p)
Creati Pretest | 25 | 3.4067 | 0.7907
reative e
Thinking 2.951| 0.007

Posttest | 25 | 3.9867 | 0.6084
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4.4.3 tlol8 lEjei Aol Tigk AbR-AbE A4 At

& AgollA = dolE 2E2A Y AR 9L HlolH
3 A%, dlole 24 o7, diole &8 dFoR
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+ Table 163} Zt}. Q1EA]5 7|4t vlolE #4 w&

o] BAIA(M=3.6629 SD=0.9043)9} 1% Fo| EAX]
(M=4.2857, SD=0.6534)9] Zto]= Rol4E a=0.055
7|1zo2 EAHOR 903t 2oz Ltehtth(t=-2.807,
p=0.010). We}A] 1ZA5 718k glojg] £A wSo] 8
£219] Hlolg] 47 A5 FAto| TS F= Ao = 4]
Sk & o]]:]_

Table 16. Pretest—Posttest Differences in Data Collection Competency

Sig.
Mean Star?dz%rd t=value | Prob—
Category N Deviation -
(M) (©® ability
(SD)
(p)
Data Pretest | 25 [3.6629| 0.9043
Collection -2.807 | 0.010*
Competency | Posttest| 25 |4.2857| 0.6534

*p<.05

AZA5 718t o8 £A] W& o1} wg o]F
%2} ol g BA oJ2Fo] 2ol Table 173 7t}
ZAS 7)d glolg BA w8 el EAR(M=3.6629
SD=0.8069)2} -5 &2] EA2](M=4.2857, SD=0.5313)
o] Zpol= FY4F a=0.0158 7|Fo=2 FAHOR {9
St Zlo2 vebgth(t=-3.351, p=0.003). wtetA] Q134
5 715k dlol €] -‘ﬂm JurOI OP*XH tlolg 24 oo

ro J&"

Table 17. Pretest—Posttest Differences in Data Analysis Competency

Sig.
Category N Mean é?/ril:gg(ril vl i
M) (SD) (® ability
(p)
Data Pretest | 25 | 3.6629 | 0.8069 B
Collection —-3.351 10.003
Competency | Posttest | 25 | 4.2857 | 0.5313
**p01
AFA 718k tlole] 4 18 oM 1§ o F o}
&7} vlole] 8 ofare] xjol= Table 187} 2t} o

ZA%5 715t Holg 24 w8 e HA2](M=3.9000
SD=1.0052)2} E% % o] 542 (M=4.4600, SD=0.5759)
o] Aol FAFE a=0.055 7|EoE FAA R {9
& Zow L}E}uu}(tz-z 424, p=0.023). w2tr] Q137
5 718t HlolE 24 w50 Sh5Ate] HolH &8 T

M

Pl B = A0 AT 4 SUrk

Table 18. Pretest—Posttest Differences in Data Utilization

Competency

Sig.
Category N I\éfda)n ]gt;/rilggf)i t—\E?)lue zlr)(i)lti)t_
(SD) o
%
Data Pretest | 25 |3.9000| 1.0052 .
Utilization -2.424 | 0.023

Competency | Posttest | 25 | 4.4600| 0.5759

*p<.05
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