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ABSTRACT

The education sector is undergoing significant changes due to the Fourth Industrial Revolution and the
advancement of artificial intelligence. Particularly, the importance of education based on artificial intelligence is
being emphasized. Accordingly, the purpose of this study is to develop a statistics education program using deep
learning prediction in high school mathematics and to examine the impact of such statistically problem-solving-
centered statistics education programs on high school students' statistical literacy and computational thinking.
To achieve this goal, a statistics education program using deep learning prediction applicable to high school
mathematics was developed. The analysis revealed that students' understanding of context improved through
experiencing how data was generated and collected. Additionally, they enhanced their comprehension of data
variability while exploring and analyzing various datasets. Moreover, they demonstrated the ability to critically
analyze data during the process of validating its reliability. In order to analyze the impact of the statistics education
program on high school students’ computational thinking, a paired sample t-test was conducted, confirming a
statistically significant difference in computational thinking between before and after classes (t=-11.657, p<0.001).

Keywords High school mathematics education, Al convergence education, Statistics education, Deep learning
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WET} S BHES BHOLD 0|2 oiHsls Y8 =72 Ar%%' + .
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2022). 21U}, 2022 7% 43174 DRAFAN AT 87 YES S LU A1 S > USS ofsin, 33
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S7% AL Hust MMM RSO 7RIS 34 S20/0 stT SHZ]S| SH0| &
Szl W4 242 XF AFECL T2iLt T 0|9t T4 2400 el B 5
x| AQ0J21 Clof3t 20N DD 2 4 U= SAK & 2 CO[ElSt B2 54 E& 518 HUS SH4HD HiEE0

2 SAH L& F/tote sHat 0l2fet SAIH FEO| thet HSS =25t ML St

sE =2 5382 20|gH(Gal, 2002).
Watsont Callingham (2003)2 SHM 40| ASH FEE L= AMMS SHOIALH SHX 22 ASH AZ2E
T 67t +E22 AEEM. 15+EEHES £F), 22ZHYAHY +F), 3-EHIZEHR F), 4-ZE(L2HOILL 2
HILAOI =F), b (HILAQ! F), 65+-F(HITHMO0| 2 £8MHQI =F)0 2 2F HAH| 7t SHEXt2| 0[5t 525 LIEHLT,
W Y 212t steAt U0 RE% 7IES MSTIT 010 = A= Chet W) OFXA 2 & Us SAH =
3 SIYE SiAot HIHHOZ FUIot0 MO XS siZdots SHE SAN 2Y2= =0, Eot, U A7 24 ZuE
EN=Z AISKsE EE¢ SA4u] Z2-0| SHIS2| SAX 200 0|X|= s dHE X} ottt

SAM ZHchZE 82 HAXO|D MRl SAM WOl Moz Y&, ARLAE2 424 (Franklin et al.,
2007; Graham, 2006) = 5&A(Mackay & Oldford, 1994; Wild & Pfannkuch, 1999)2 O|F0{Zl EA& ZAl IpH
2 MAISICL O|F SAIA XA 12| 2 HAlE 8 X5 71N 43 %”'%*% 0|ZICHKo & Park, 2017). GAISE 211
M(Franklin et al., 2007)= SHX ZXcHZ IPHS Table 11 20| 2X| M3, Xtg £&, Xtg2 24, At shAM9| | 71X
T4 QAZ O|20{Tl ZAL 2PHO 2 HO|GIUCE.
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Table 1. Statistical problem solving is an investigative process (Franklin et al., 2007, p.11)
Process Characteristics

Formulate questions —Clarify the problem at hand
-Formulate one (or more) questions that can be answered with data

Collect data —-Design a plan to collect appropriate data
—-Employ the plan to collect the data

Analyze data -Select appropriate graphical and numerical methods
-Use these methods to analyze the data

Interpret results —Interpret the analysis
-Relate the interpretation to the original question

2 USXS0 tiet w1 AUSKs 2 _'O’% L= /Ao 2 Folottt. ASXS0| thet ¥s2 HESZM AI'S
LX5IH QB K|S 88 UE2 TTHEMY AIE ZXd= Ee= Mo ALHKim & Choi, 2022; Park et al., 2022;
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QS X|su K0 &5t M8l A7 (Hong & Choi, 2020; Lee et al., 2023a; Ryu & Han, 2022)= F2 23X|s2 0lshat

0, XSSHT} ZEHES [HAI-OE 5= WISOZ J|=XQ| AX0| 0IZX|s 7|28 12 2}20}'—

Ryu®t Han (2022)2 21zt Ks0| H=5t AN ZHE sizde + A= TXE 71U §
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SHX| ot U= HOZ LIEHHTHLee et al., 2023a; Lee et al., 2023c). 0|28t 7t0|E2f0lS Ht%*gi Cﬂ%llourol
O] OITICHH BILIO|HE 7|Etet M22 S WK9| 7|27t MSE A2 2 7|HECt M2tA BIHI0|HE MEdts 87 1
oM St =519 QI 20| et Ctyet 24 A7 Q6T
QSKS2 ALt stg S 0| 7t XX SHE ARHZ Folots 71500 HRETL AAZ Sh5o10 ME22 YEE
HOLHALL G| =0tz 712! 7141 **(machlne learning)2 E&5t A2 71H0|CHLee et al., 2023b). 7|HEH&9| 5t B8
2l Hedolgt 217te] wels EYst QI8 MAYS 0|80t] 7|AEE&S Feicks 7I=0Itt. 7|Astae] YEo=RE X|st
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t= &|F(regression)2t Of 4t Z25H= 22 (classification)2 Lis £ QUCHPark, 2020). HIX|Z&t&2 e
MFX| 41 stas , TR0 2EE. DIX|Boz Losieg2 HYS Soll JS Z(istor
|A3l5HE Wo2 o B %,*E.*Oll:f. 21Z AZL(ANN, art|f|C|aI neural network)O0|Zt 217t0] &
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UM 7HSXIE ZYECEM D2 HY Falet Z1E EEEEE LTSI HYE 8 ofLtel Fels =
SOT AL ZAOIT, MEY RAR 20| 20 MFAE 0|F = AXMEH HHMEES HZoI0 Fdoltt. UEY 22
THEED TEA Y2S(nput layer)dt 25 (output layer) 52IOHE 24&(hidden layer)s F7t2 At 245
SHECEM LAY ZE2 o2 F0| &7|A =12 02 7He| 2HYZ2=Z 0|R0{T 2IF AMAY0| vtz HE LEU(deep
neural network)O|2t StCH(Park, 2020). HHEEZ2 E2702 MAT=(linear function)E 7HXIX|ZH ME A
H&=(non-linear function)E MEYCZM HIMIN ZHE FUHOE OIE + UCf. HHE2 oE LEY
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Aol ZHE Ao R [I2D 0|8 2A5t
7|CHECE. 00 = AFUM=E TEIISO0| A
ot ASXSUFUAM ASKISO| fEH &EE

Ollf 2006 REl 2AXOZ AFE7| AZISH 7HEO0|CH(Park,

— 11—
YR VISR &V, A7), HEXE Y|

2T

25302 MHGIFCHWing, 2006). 0]=2] CSTA (Computer Science Teachers Association)2} ISTE (International
Society for Technology in Education)= K-12 XS& 2/t 2R Al1H| Z&M Ho| QAE HQISIRL 0|1 2|5t
™ Table 22t Z'Ct. 2022 7HY YL} WKIYL2 AUSKSCE H /= ALS|0|A GIO|EQt HEZ QIS CX|E M2 Hst

£ QMo HEO| A2l JtX|IE BTtotH, HEE X2|ot= Chfeh ®l2[et 7|=0f 7|diet Al 1H o2 ARE AtnES H
o5IACH(Ministry of Education, 2022¢). 010 2 AT0M= AFE 2eto] 7|2 7HES Olalioty, 2X| s XMEdt=
SH8S ARE AMIEOZ Holotl 2SX|sS &8 SAlus T2 10| SS9 ARE A0 0|X|= s 40
PN -l =
Table 2. CT vocabulary and progression chart (CSTA & ISTE, 2011, pp. 8-9)
Definition

Data collection The process of gathering appropriate information

Data analysis Making sense of data, finding patterns, and drawing conclusions

Data representation Depicting and organizing data in appropriate graphs, charts, words, or images

Problem decomposition Breaking down tasks into smaller, manageable parts

Abstraction Reducing complexity to define main idea

Algorithms Series of ordered steps taken to solve a problem or achieve some end

Automation Having computers or machines do repetitive or tedious tasks

Simulation Representation or model of a process. Simulation also involves running experiments

Parallelization Organize resources to simultaneously carry out tasks to reach a common goal

ot
1. Ay & =Xt
= A7= OOFIAI0| Y= LA ISstuof ZHst S 28HA ats0t2] sHl 128S ez AFE TllstUrt. ==

atE0tg|= 8t WTE S0 WU 3 H@TS 2ot et 2 E Lo 230 HOoHH ofd AEs 7|2= A
= SHE STt 2aE0f2| SPES2 HEE a0 S0[7t 220 Mgl AZAX|0 3t MMX 70| 2alo] Lt A
T =0 oo SS9 5t ol dF= SHAHN Solf ke 7|2HQ HF M} ot || E shgot 0sHok= O
2SS L7IX| LUCEH 2Lt B7E LHE AFotL siAsks Ol o322 B, X I3 #2|E MetXe=
SEOIACE. A 22 Zut0| =3 itk SHS2 =X oiZS flo Hgtet AizE +8olll HEHSE E4oi0 ZUE &
=g = A0t SERX|2, T=72Y AHOE 0|80t XIS oflZet Zel0| 9lCH Z2#MS Foiot= O 0gE2 L7
Lt SEoIAM A7 Y2 S0t2| AlZts &0t LYEUCH, HUXT A= 2 5027 T 8RS SAUS B2
3 30| O|FORCE 2 S Y HEXIE Yol Figure 12 2Lt
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2 AFZHAM = M#HAL(Franklin et al., 2007; Gal, 2002; Ju et al., 2018; Ko & Park, 2017; Ryu & Han, 2022;
Watson & Callingham, 2003)E #1150 SAM 2McHZ 20 M2 AN AL 2MES HLSIUCH SHE ZH(oH
2 E2 2H AH(1), M2 £H(Q), KAEm 24(3), 2 siM(4)2= B 2|11 Gal (2002)9 SHE AY 2400 X|
A QAR AY, A - A XA, sty XA HIEN EHE)et e @A LE 0 B, HIEE XiA) 2 GAISE E11A
(Franklin et al., 2007)0A] ZX5t HO[MS EAIX A% QAR HOISIALL EAH AU £+&=2 Watsonz} Callingham
(2003)] 67tX| &2 3t +Z(1, 2F), & +ZQ, 458), & =EG, 653)2 M 7HK| +E2Z M50 Table 31t
20| EAN ZHeHZ HYo| M2 EAN AY 2EMES WU 22X EH(1)2 Kot Park (2017)0] HMA|St 2MES
FISIRCOH Xtz £8(2), A2 24(3), 22t chA(4)e] =8 Hd &0I12 Ju 2 (2018)7t MA|St SAX AL EMES &
VSIRAOH At siMd(4)2 Zit 39 ¥ =, M stE 201, HX|s YUH0|E= Watsont Callingham (2003)0] |
Ast 8AN AL AS LEE HUGHUCHJin, 2024).

(2) ARE My B &7

Kim2Zt Kim (2018)0] 7{etst 2HsHZ 7|gto] HEE At EXHEA(PSB-CTQ; Problem Solving based
Computational Thinking Questionnaire)E 0|25t0 SA WS T2 7H0j| E0{St £5t50t2| S 12HO| EHSHZ &&
O CHot ARE AtIHE SHoIRALE & 317 2= EXQIA 112, SHALUQEM 723, Z2T74Y 1320 = 14
S|, LikertA ATHA ME(IHR DZX| QLCH=18-012 JZEC=4N)E ST +4IALCE 2 HE A 5=(Cronbach’s )=
EH[CIA 0.948, sHZAHtorErAM 0939, T2 ]2 0.9570]|10, MA| 2 31700l CHet AME[= Cronbach o= 0.972 LIEHG
Ch A7 =419 74 Y ME 28 OlAl= ChS Table 42 ZLHJin, 2024).

S+ 0| Hoict 2= styol S2AE H0 A7 s ZE AN Y =aiet 2EE 59 =55 THGIACH Lot
o+ =8 0|20= 7x8tE HEYS ot1l 0| =55t TAGIAL. PSB-CTQ €=2XIE &85t A7+¢ Mt 20 22
ofal A2X| A=E +HoIACH, AAE tdS9 &3 Zilles =M =2 +8ol| ?lof 25 H HE staki=zs ME
ot0] 0|2 ZfJot== QHLHSIRACE SAK 29| Az 242 = AU e SAH 4% E4ES 0I1E510] E21<E 0
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Table 3. Statistical literacy framework for statistical problem—solving process

Al convergence  p i i ey Level of stlatlstlcal literacy :
educational Low level Medium level High level
Formulate Problem Context Unable to describe Although aware of Clearly articulate
questions (1) identification Variability the content of the the content being the content of the
Critical investigation investigated, unable investigation
questioning to articulate it clearly
Problem Context Failure to define the Understanding the Present the meanings of
exploration Variability meanings of terms in meanings of terms terms in the problem
Statistical * the problem in the problem but in a manipulative
mathematical failing to present them manner
knowledge manipulatively
Goal setting Context Setting the goal of Setting the goal of Set the goal of problem
Variability problem solving but problem solving and solving and identify
failing to identify recognizing influencing  factors that influence
factors that affect the factors the results, and control
results such factors
Collect data (2) Solution Context Collecting data without Utilizing statistically Utilize statistically
exploration Variability considering its representative data representative data
Collaboration Statistical * _ reliability and validity Collecti_on method_s collection methods
methods and mathematical but failing to consider and collect data
resources knowledge their relevance to the considering their
] research question relevance to the
Data processing research question
A
Analyze data (3) Solution Context Omitting crucial Sing tables or graphs to  Comprehensively
determination Variability aspects of the represent statistical visualize and represent
Data processing (B) Statistical * _ data or expressing features of the d_ata but the statistical features
mathematical quantitative features not comprehensively of data that are
knowledge that do not match the  expressing the core relevant to solving the
investigation problem  content of the research  research topic and
topic problem
Execution of Context Using methods that Analyzing data in Analyze the data in
collaborative Variability are statistically relation to statistical relation to statistical
activities irrelevant or applying principles and concepts  principles and concepts,
statistical principles but inconsistently considering the
and concepts that considering the key features of the
do not match the key features of the research problem
investigation problem  research problem
Interpret Goal achievement Context Presenting results Deriving valid results Explain the relevance
results (4) confirmation Variability unrelated to the related to the research  of the variables used
Critical research topic and topic and problem in the analysis to the
perspective problem but including some research topic and
unjustified findings problem
Results sharing Context Holding intuitive Thinking contextually but Understand the
and feedback Variability and non-statistical not critically, and using  uncertainty of
Critical beliefs relevant to the statistical concepts predictions and raise

Mutual learning

confirmation perspective context and focusing qualitatively without critical questions in
on single factors in appropriate justification  various contexts
Collaborative complex concepts and
intelligence situations

update

£2 0|88 SAX EXciZ 18 Sdol SAus Z2IH0| SKYS9| SAH A0 0|X= g ZAoIAT. £t H
2ld GI=ES 0|8 SAX ZH6Z 18 342 SAUs Z2I0| IS8ty stlS9| HARE AMLH| O|Xj= a-80|
CHal LOLE7| fIoi PSB-CTQE 0I8510] AF-ALZ AL S H2 t-FYS AMASIACHin, 2024)
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Table 4. Composition of research tools and examples of survey questions

Domain Question number Question
Problem identification 1 | can determine what data is needed to solve the problem
11 | can understand and articulate the problem
Solution exploration 1 | can identify the conditions necessary to solve the problem
7 | can establish the sequence of steps for problem-solving
Programming 5 | can use programming languages
13 | have experience in improving upon projects completed by others
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Table 5. Detailed contents for each session of the statistics education program

Content

Detailed content

1 Understanding |

2 Understanding I

Practice |

3 Practice Il

Demonstration

4 Formulate questions

5,6 Collect data

7 Analyze data

8 Interpret results

Machine learning

Deep learning

Deep learning

Python

Python
Keras

Problem identification

Problem exploration
Goal setting

Exploration of solutions

Collaboration methods
and resources

Data processing (A)

Decision making on
solutions

Data processing (B)

Execution of collaborative

activities

—-Concept of machine learning: relationship between artificial intelligence,
machine learning, and deep learning

-Methods of machine learning: supervised learning, unsupervised
learning, reinforcement learning

-Types of supervised learning: regression, classification

—-Understanding perceptrons and the learning principle of artificial neural
networks
-Constructing a perceptron (predicting continuous output)

-Linear regression
-Loss function (mean squared error)
—-Understanding deep neural networks

—-Access google colab
-Data types, numerical operations, variables and inputs, lists and
indexes

-Creating functions and quadratic function algorithms

-Deep learning prediction algorithm result verification
1. Regression: predicting sales based on advertising expenses by
medium
2. Classification: predicting diabetes based on patient diagnostic
measurements

-Analyzing the given problem scenario, identifying and recognizing the
issues

—-Researching to specify and define the problem

-Setting goals for problem-solving and confirming the ultimate objective
to achieve

—-Creating questions for which answers can be obtained from the data
1. Selecting independent and dependent variables
2. Crafting a problem

—-Understanding and analyzing the current situation of the problem
—Exploring various solutions

-ldentifying required data and collaborators
—-Understanding deep learning prediction algorithms:
1. Regression model: predicting sales based on advertising expenses
by medium
2. Classification model: predicting diabetes based on patient diagnostic
measurements

—Data collection
-Recording the data collection methods and sources of collected data

-Selecting data analysis tools (regression model, classification model)

—-Processing and analyzing collected data using pandas and presenting it

—Collaborating in the workspace to engage in problem-solving activities

—-Analyzing data using appropriate graphs and numerical methods,
utilizing deep learning to address real-world problems and evaluate
performance

—Interpret the analysis results, evaluate them in relation to the original
problem, and interpret the analysis results

—Share and evaluate the results and outputs

-Confirm the participants’ learning through collaborative activities

—Continuously modify, enhance, and expand the results
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Table 6. The mathematical content covered in a statistics education program utilizing deep learning predictions

Al functions Related mathematical content
Data representation  Matrix In the activity ‘Constructing Perceptron’ in the first session of understanding |, matrices
are introduced as a method of representing data collected
Data analysis Correlation Correlation coefficient is used to measure and understand the degree of association
coefficient between two variables. In this study, the importance of correlation analysis is

emphasized in the second session of understanding Il, ‘Linear Regression’

Neural network Linear function In the ‘Understanding Perceptron’ process of understanding |, linear functions with two
or more input values as independent variables are discussed

Summation of  In the second session of understanding Il, ‘Loss Functions,” summation of sequences is

sequences used to mathematically represent the loss function
Supervised and Regression The method of modeling the linear relationship between independent and dependent
unsupervised analysis variables in ‘Linear Regression’ of the second session of understanding Il is discussed
learning
Prediction Graph In the ‘Loss Functions’ of the second session of understanding Il, graphs are used to
represent data as scatter plots and to draw trend lines to find predicted values
Optimization Loss function ~ The concept of mean squared error is used to explain the principle of artificial

intelligence learning in the ‘Loss Functions’ of the second session of understanding Il
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HOF StCHRyu & Han, 2022). 28 28 HAMME XM&E 7KL HE ¢S 5 Us Sttt 0142 THIE 2t=0{0F Sttt. O]
FIOIM SAH ZRIE 79 W, S A2 2EEXNL S HSot= EHIQt HIO[E0f M2t H0| HEE A= 6l st
ZH|2| Xt0E Olatich= Z0|C(Franklin et al., 2007). & HAF0ME E2id &S 018510 HIO|H 2A4S +ASiC,
IHd2 St 2Hgte] XI0|E z|asfol=s Y= Y Haot 3 Hay MO|Q HAE M= AS SHE ot
T B A0|9] HAIS 0|E510] HZE 4= U= Hote X d&S THZ SHE 2%t 2XHE Xt
C},

= el

X |1l" rr
r
ale

rol

iMlE %ﬁl =HeiZ 28 & Atm £ HAZ NSt A=2E a6t
+ol= NS of5 S HE AZoIALE 22X 4ES ofofotn 2A6tH, CHfet siaMs = BHES Sl Al:
Qo HO|HE AZSICt Eot H|0|E7t HE 7tsds 1otll HIo|He FetdE =
b EESE O|O|E{Q] H10|MS 0|55t HHo|M S | Q8ICHFranklin et al., 2007).
A=z =8 2ANM= EQot A8 +Xoldl sHZHM0| e S WY [BHStCHRyu & Han, 2022). &
ToiM= HaEld o ¢12E Sol22, S8 Afds 11 H RN 2R RES AEY = AU0{0}
d 0= t

g 15
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@ 21t OH”(SK FAD)

BAtAlE SAIX ZHcHZ 1HE0i|Af 2t oA BHAlZ 24 Z20E siMolil si&S BHefl 2| 2K 24 Z20E BTt
Stk =2 A OI0H TN et SEE FEoIA=A &elotal, Zut I HESS UE 0|S SR F7Ieth £, &
ER= e %3* = = fietCt. Of EP‘*OHM HIO[E] LH “:'Oléi 51&5t0]

St Al &S EOI5tL ZUE 71|-’—'.‘-3HA1 =7, 22 S
t7| 2ol HlojE HMe B L
(Frankl| et al., 2007).

_—_ —

5HC)

(3) I:IE-II_I 0;”7: or7] El% 7H
Held 0I5 Y1252 et 20| & 13TA YiI2|FCE 23 + UCH, 2F ZRY I 7t 1=/ HIO|HE =
x| H|O|E = tH2tolOF otk 4-2EA|7t ST+,

1T, A 25t data.csv I IZE

1 from google.colab import files
2 uploaded=files.upload()

i

207, MCHA S 0|&310 CSVIIYS H|O|H DY UOZ XZ&

import pandas as pd

import numpy as np

df=pd.read csv('Advertising csv) #(name.csv)2H0fl= MU
print(1. HIOIE{ 22| shape’)

print(df.shape)

1
-
i
15
il
o
n

abrwN =
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print(\n2. HIO[E{ 2| F&)
print(df.info()) #CIIO|E{Q| ME

print(\n3. HIO|EZ2{| 7|=SAHH')

9  print(df.describe()

10 print(\n3. CIOE{ 2| 42| 57 I E&')
11 print(df.head() #df2| AQ| 57 MY =2

0 N O

3T, HIOIE{2| AlZtat

1 import matplotlib.pyplot as plt

2 x=df[TV] # x5 H-ZIS LSSt

3 y=df['sales] # y= HS USHT}

4 fig=plt.figure(figsize=(6,4))

5 plt.scatter(x, y,color="violet',marker='0")
6 plt.title(Graph')

7  plt.xlabel(X)

8 plt.ylabel(Y')

9 pltlegend('(x,y)1)

10 plt.show()

A-1EAH|, A 27|

- Seaborn(SNS)E A3t 10| BIOJEf A|245}

- NEZISE -1RE 1 A|S] ZIOR 10| JkE4E SO ABEA0|T -1 IMIS4E SO ARHEAat Bt
c HEFE Yo YEEA0|LL HF2+F SO SEEAO|L.

1 import seaborn as sns
2 sns.heatmap(df.corr(),annot=True)

4-2CHA(RR 2), 7HH12[F HIO|HE XYoo= HYH
1 from sklearn.preprocessing import LabelEncoder
2 le=LabelEncoder()

3 target=le.fit_transform(df['Outcome)

4

5

6

df['Outcome’]=target
print(target)
print(le.classes_)

5|, HIO|E MX{2|(data preprocessing) (1)
« AEX| HA

* IOR YAIZ 0|&¢5t O] &%| XA

1 print(1. ZF Qoj| ZEHE ASAUS

2 print(df.isnull).sum() # 2f S0f| ZSX[7t Z 7 ZSE| Y=X| &2l
3  df.dropna(inplace=True) # 2} G0l 2=2F A

4 col=[TV''radio] # [S&IHs1. 'SEHS2]S LTt

5 forkin col:
6

7

8

9

—_—

Ay

q1=df[k].quantile(0.25)
g3=df[k].quantile(0.75)
IQR=g3-q1
rev_range=1.5 # YHIMO=Z 1 55 AIZ
10  df=df[(df[k]{=g3+(rev_range*IQR))&(df[k])=g1-(rev_range*IQR))]
11 df=df.reset_index(drop=True)
12 print(\n2. HIO|E{ 2| shape’)
13  print(df.shape)
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BT, AFOIZIZECE & MERL HAE ME L7

* train_test_split)2 GI0|E{E &2 G|0|E{Qt HAE HO|EZ L= &~0|Ct.

« HAE MEZ Ltz HIE2 test_size IH7HHA0f| X[HE 4 A2 7|27+2 0.25 (25%)0|LC.
1 from sklearn.model_selection import train_test_split

2 df_train, df_test =train_test_split(df,test_size=0.2)

72|, HIO|E MX2|(data preprocessing) (2)
« StandardScaler 22{AE AlZdH £2 MEQ} HAE MEO| B3 MA{2|SHCt,

- A Y(SHQ 20| =2 HRI)0| LHE SH9 US LF 7IEC = SHEL
« BEES(Z H): 2 EQU0 FF0IM BEHRIS| & Hi2HE HOM U=XIS LER

1 from sklearn.preprocessing import StandardScaler
2 scaler=StandardScaler()

3 train_input=df_train[[TV',radio]] #df_train[[S&EH4_1'SEHS 278 &
4  test_input=df_test[[TV', radio]] #df_test[[SEHL_1''SEHS 2']S LS.
5 scaler fit(train_input)

6 train_input=scaler.transform(train_input)
7

8

9

1

or |
ro

test_input=scaler.transform(test_input)

train_target=df_train['sales] #df_train[S&HATE &

test_target=df_test['sales] #df_test[S&H4TS UH
0 print(Z3 H|0|H shape:', train_input.shape)

oIt
b},

or I

r

8THA|, HSAAY 2H TET|
* Sequential2 AZtAGA AMEUS TtE=
* Input layer= U= OZ H|0|E{Q] T 7|2 QUASICY.
* Denset AU AN LE 53 OtE= Z2HA0|CE Dense(w2 2 7i%, activation="&45}5t4)
« Z835(Output)| w22 T4 & &43t a2
3| FEHO Mp=1, st e Gls
cB2&: 5Ol Ji=(class 7H), activaiton="softmax’
1 from tensorflow.keras.layers import Input, Dense
2 from tensorflow.keras.models import Sequential, Model
3 from tensorflow.keras.utils import plot_model
4 model=Sequential([Input(shape=(2,), name="input),
5 Dense(16, activation="relu’, name='Dense1’),
6
7
8
9
1

Dense(8, activation="relu’, name='Dense?2),
Dense(1, name='output)]) # 3|7 EH0|22 M3} &t ¢l

ojo

model.summary()
print(\n{&lS 41Z3% Z&))
0 plot_model(model)

QTHA|, MAY D MH5Y|
« modelZ4X|2| compile()2 02510 M5t L12|S(adam) L 2484t SHMO|A A At 4
S}
O = .

rlo
0
Jr
H1
Ral
FH
1]
Rl

* model.compile(optimizer='adam’, loss="&A&t%" metrics='Z%2})
* 3|7 loss='mse’, metrics=['mse']

- 25 loss='sparse_categorical_crossentropy’, metrics=['accuracy’]

1 from tensorflow.keras.optimizers import Adam
2 model.compile(optimizer=Adam(learning_rate=0.001), loss='mse’, metrics=['mse’])
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102HA|, &3 fit()

* epoch=n : EAH|0|Ef 2FE n

* batch_size=n : E21H|0|E{E batch
history=model fit(train_input, train_target,

1
2
3

H HH= S 2B}

—- =7

—

size 7|2 ZINO| SHSSILCY

epochs=20,

batch_size=4)

112, £418t40| A12t3

1
2
3
4
5
6
7
8
9
1

history_dict=history.history
loss=history_dict['loss']

epoch=range(1,len(loss)+1)
fig=plt.figure(figsize=(5,2))
plt.plot(epoch, loss, color="red’, label="train_loss’)
plt.title(Train Loss')

plt.xlabel('Epoch’) #x =: epoch(

plt.ylabel(loss’) #y &: loss(&A!
plt.grid()

0 plt.legend()

52 214

1257, 29| 45X Hevaluate)

* HAE H|O|E|E 0|&510{ 2A9

1

ds= GIIei

model.evaluate(test_input,test_target,verbose=2)

13T, 0= (predict)

« predict() HAMEZ MZL H|0|E{2|

HES dsett

* predict() A E2| Ha= S8 HI0|EQL 22 2XHHO = ARSI,
predict=model.predict(scaler.transform([[23,15]])) # 2AI2IC = I
2 print(0IEg} predict)

1

2. 92d 0SS 0|83 SHDS D2 Mg ZL} 24

(1) SAX 2% 24
= AT0M=E SAH 2H6iZ g0 mE SAX &

TAI59 28 DROIN 273 2N 2 24 =2 X2

=

THC T

Table 74} ZL}.

Table 7. Group inquiry topics

o HMSS 0125101 SISO SHK AY AZS HBIC, O
< oo =o , Elél-, %%g =35} XI2E EMBIQICH REY EIL =XE ﬁalsl'ﬁ

Output Student Research topic
A T1"-T3 & o1720] EO{5H &M What is the correlation between sleep quality?
1282 T1-T1292 LIEHHLCE,
B T4-T6 Correlation between OTT viewing rate and cable viewing rate
C T7-T9 What is the relationship between the trend of COVID-19 pandemic and the OTT
usage rate?
D T10-T12 What is the hourly wage for women by country?
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Table 3= 0|20t SAX ZH[oHZ 1FIIA LIEFH SISO 8AH A2 &S o, &, of2 2ot 248t Zit=
Table 81t ZLCt. Of2 0l M= SAX ZXlchZ 2| THAEE sHiS0| HOl B85 FH|MQ 2 MIH{E X} otCt
Table 8. Analysis results of statistical literacy levels
_ _ . Statistical literacy levels
Al-integrated educational activities : -
Low Intermediate High
Formulate questions Problem identification 0 5 7
Problem exploration 0 6 6
Goal setting 0 8 4
Collect data Exploration of solutions 12 0 0
Collaboration methods and resources
Data processing (A)
Analyze data Decision making on solutions 11 0 1
Data processing (B)
Execution of collaborative activities 6 5 1
Interpret results Verification of goal achievement 0 8 4
Sharing results and feedback 3 9 0
Confirmation of mutual learning
Update on collaborative intelligence
@ 22X 8™
(7 h SAX A% =& &M
=M 22 oiZaloF & 2XME Eefo| otl! AzE 7HK|1L HE S & U= =XME UE= YoIT. ZH 87 HA=
A A, 22X B, SHE =0 HAZ MEstol SAM A4S B7MoIACt A, 24 Q1A HAlE WM 22X dES
QIAGHT ZHES &0t ZAIGIIAL of= LHES O 7|&schk= 1H0ICH 24 A, o £=&0] 71 BO| LIEHGCL 2|
Q1A AN S22 RASHIA} oh= X &S HES| Olsiotl 0|F 7IE;XIT, 2HEE = Aol= M2=2S LE
LHQACE. skl T9= 7HYE &t& Xt=0IM "TELH97t SH4k6t0] AtelE A2l F7|2 Qls Fofl U= AlZH0| S0iLt 2HX AH|
Z87H UM OTT AIO|E #5222 HHYO| 711 QUCtEk= f;léd’é | CHoll HEkSHA| 7|&0IRREE o +ZF02 2R
olALt. =M, =M B+ HA= EHE -_rlﬂlsforﬂ Zolot7| flofl AHEet =HMO| Zetel E0{=2| 2|0 HetotA MAlok=
AP Qlojeict. 24 Al of +&2| ZUE2 LIEILIX| UL % FEOE LIEH 2= A= "é.*QI 'S FHHe FIt
2 18H 109 HIZ F7tot0 LIEHLHRALE. ‘”°I 'S XX, 0l= B7t 7|&0| HEGHK| g2 FHXQ BIE 8
9| 9|0|E =Ht=A| MAISHA| ZoUCE A, SH 20l HAl= 2XchZe SHE AFote o2 dHet =X st
Of Z0f Feks 0fXl= Q28 LEHHJU=XIE 2A0IRL. &4 21, & =&0| 713 T0| LIEHLE Z21E AdM= o
A=E 0|Zst0] A0 Fek= 0X|= QIS Oldlist HlES 27| =20 & =222 EFoIALt.
(Lh 22N
A, Lerdo 2 Ao FekS O|X|= 015 T QQITO = QIA5HLT 0|2 CHet Q010 tigt 24 & SX|I7t UL
(At 1)
Sl T1: ATE HE FH L2 ES THZ FotH ofm?
obdll T2: 1 M-I} 20F?
Sl T1: g HAZ LIEHHE S8HaE= XD S Y
St T2: 8.
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(Al 1)2] SS9l THatO| M LIEHLF= HEQE 20|, SHIS2 FOT EX SN SEHS2 SEH-S R0 0|12 Haiol
£ Ol Of5iES 242 QUL stlS2 0[0] 0T o 7HX| H-E ALE510] THE H4-E Holots LY SHS 11 AU

=M, SPYS2 KIS0 2T dist HAS HIZOE ZHE MotV |E0h= 0/0] +HE K25 HIEYO R ZXHE Hot=
Z48H0| QILC},

At 2)

Sl T11: FHle 20 &

Sl T10: 8AMU KL 1t O{Ii? S TS B2 AL OfL AIREL] St S EMGHA

SPl T11: Rig7t USK ZEZ0. LA 2| St ZMaH =

Sl T12: 42 |7t QF LI2Ct HIO[E{7t & LISotst M2 MESHAL,

Sl T11: J2{H X271 0| L= A2 SIAL 20N FHIE SOt XA},

ol

SHM T10, T11, T12= 23012 1S LOtE T 501 WK0| SMAS FHZ MASIYLCE T2L 850l
Mu S HHAE N2 E A &S £ i, frof Xt E = O|of| 4SStCt i CIOIHE H2lsot= 20| o{2E AR
TCASIACE HI0JE 2410] 7tSSIEE At2E H2[5t0] MESot= 28 MO|EE Soll FHE MYY e 22X 8-S 2ok
HO| 10Igt WRIt gl XI2E & 24T £ U= 0[F0| UCL T2U ARE $TSH=E AHUN PE £+ U= CHYst F
2 =X 2 & UChs SRT 1245HO0F St

@ Xtz 3

(h BAX A% £Z EA

Ttz 2 HEgst A2E £E6H7| st A& dASHD Y AZlS A5 Xt=2E &ot= 27H0|Ct 0] 2ol A
X=o A=t EfdME &olsty SE5t 2HE HMAlsh= A0 % oo, 0l0] ZHE F0 2MES TSI 24 Zat
DE NNES o Q2 HIIRICL 2E MHl= 24 A2 M XE MOIE H AR SS 0|%6r0=| HENo=Z 2ESH K2
£ &SIt Xig e EXe aHAeL BEHY HE 5 WY S0 thsiM= 6+X| OIULE Ol= &S0l &2
ZiCtn HE20f CHst EAX 0fah7 BE§H ZHOZ SHMELY, 0[2{8 2HIS sHZ5H| TIoHM SA YoM BRI B2
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(t=-11.657, p<0.001)2 SAXML=Z Rlst X0|S LEFICE. T2tM Hald HES 0188 SAX ZHeHZ 1Y S
SAus Z=OM2 stYS9| HRE AIEE w0l S8 = FUSS & &+ AN PSB-CTQ SHE At - At
S 2N NS HIEH, 2H|QIA(t=-6.832, p<0.001), SHZHIEM(t=-4.024, p<0.001) , Z2124YU(t=-8.985, p
<0.001) OilM SAXMCZ R2l5t X0|5 2L, ARE AL2O| SHHH HAMOAM AR B HE20 ArS Fa Haot

S0|5HA| B7t6IALt. £5], T2y FYo| Wt M 2.400 3.12% 7t &2 Ho 452 HIULL 0l QIB4Xls
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QIct.
HEY AT P

ol QA8 ¢ Mt
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Table 9. Pre— and post-inspection results for PSB-CTQ overall and by domain

. Pre—inspection Post-inspection
Domain t p
M SD M SD
Computational thinking 2.67 .700 3.18 .590 —-11.657*** <0.001
Problem identification 2.85 .640 3.25 .533 -6.832%** <0.001
Solution exploration 2.88 .533 3.16 486 —4.024%** <0.001
Programming 2.40 .809 3.12 .678 -8.9856%** <0.001

***p<0.001.

(t=-3.469, p=0.001), Xt2EA(t=-2.996, p=0.005), AI2HE3(t=-5.277, p<0.001) 2N EAXMCZ QoI5+ Zu}
S LIEHHCt SHZZIOIEMM HAN M= FASHt=-3.389, p=0.002) &0 MTt QOIS Xt0|7} LIEHGICH T2 7202 FHo|
Me Xs3Kt=-4.061, p<0.001), A|E2/|0|M(t=-4.053, p<0.001), HE3Ht =-4.905, p<0.001) L&A EAXCZ

wolgt a7t LIEHRT

Table 10. Pre— and post—inspection results by subcomponents of computational thinking domain

. Pre-inspection Post-inspection
Domain Subcomponents t p
M SD M SD
Problem identification Data collection 2.97 .385 3.29 459 -3.469% 0.001
Data analysis 2.97 .559 3.33 .585 -2.996* 0.005
Data representation 2.64 .601 3.16 .5568 =5.277*** <0.001
Solution exploration Problem decomposition 2.86 .542 3.08 .554 -1.848 0.073
Abstraction 2.86 .542 3.22 421 -3.389*% 0.002
Programming Algorithms 2.58 767 3.25 .601 —4.848%** <0.001
Automation 2.25 .840 3.02 774 -4.061*** <0.001
Simulation 2.33 761 3.16 .637 —4.053%** <0.001
Parallelization 2.37 .841 3.06 .696 —4,905%** <0.001

*p<0.05 , ***p<0.001.
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1 def sum_of_arithmetic_sequence(a, d, n):

2 sum=0

3 for i in range(n):

4 sum+= a+i * d

5 return sum

6 sum_example = sum_of_arithmetic_sequence(1, 2, 5)

7 print(AMO0| 1, ZRI7t 2, SKEO| HAMYFE MEATX|Q| &', sum_example)
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