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ABSTRACT

This study aims to design mathematics-integrated classes that cultivate artificial intelligence (Al) thinking and to
analyze students’ Al thinking within these classes. To do this, four classes were designed through the integration
of the AI4K12 Initiative’s Al Big Ideas with the 2015 revised elementary mathematics curriculum. Implementation
of three classes took place with 5th and 6th grade elementary school students. Leveraging the computational
thinking taxonomy and the Al thinking components, a comprehensive framework for analyzing of Al thinking was
established. Using this framework, analysis of students’ Al thinking during these classes was conducted based
on classroom discourse and supplementary worksheets. The results of the analysis were peer-reviewed by two
researchers. The research findings affirm the potential of mathematics-integrated classes in nurturing students’
Al thinking and underscore the viability of Al education for elementary school students. The classes, based on Al
Big Ideas, facilitated elementary students’ understanding of Al concepts and principles, enhanced their grasp of
mathematical content elements, and reinforced mathematical process aspects. Furthermore, through activities that
maintain structural consistency with previous problem-solving methods while applying them to new problems, the
potential for the transfer of Al thinking was evidenced.

Keywords Al thinking, Computational thinking, Al Big Ideas, Mathematics-integrated classes, Class design,
Thinking analysis
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&= SHS ¢1eE J ZAS Olahstil JHUst= O e Xl 71=S MESStCt. S5t ClOJE 2tst, HAl2lg, Bed S
2SS 20fol= ot ZEY, AN FE, Ui, 28, 0IME 50| £2 WE2=E AMEE7|X oftf. MietM et
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SHE 7I1E & UEE Kotz 2UHQ W] YHOZA FFUL UL

Ol=eh Hsjof| LHFH ZSHUFUME +efush ASXSS HAHGH7| #igt st A=S0| 22 O|RX|L ALY

=
(Chang & Nam, 2021; Choi, 2022; Jeong & Park, 2023; Jung et al., 2023; Kim & Jeon, 2023; Park et al., 2022).
2Lt 02t HFER FE £
Choi, 2022; Sung, 2023)7{Lt 8t EH|E SHZ5t7| ok ASK|S 7[8te] ADEQONE A&3t= HA(Kim & Jeon,
2023) S QUBXISO| 48 52 25t BEX =42 MEEH ZR2t= HoM S8t QIZX|s F 20I2RE FFH FHE
8eots CISHEX E8H(Drake & Burns, 2004)2] S48 HLHD 27|= 0L 3t QIZX|S HEnt 48 £48 S5l5}
JXF Q=S At B CHChr= 48 2FAMQ AMEM 22, AHH 52 T8t AJung et al., 2023; Park et al., 2022)
0| =t BN S 7te =X 7t 0| O|F0{Z! Atdl= =20} CHEt QIZX|S 7HE X8 2fo 2=t Az
Cho = F71E AE L0 2 A2 HASI0 Mot 7HEHEX 88 17121 Choit Chang (2024)2] A7t |2
, Jeong®} Park (2023)2 QIZX|s 7|x BEE(Ministry of Education, 2020)2 HIEtOZ X550 4
s &2 JHE S HAS W T2 M3 Jeong (2023)2 £t £8H1to| A4 M O|XHIH A
ot ARE AtIE 7[8 QIZ3X|s 88 =S WLSIULCE. 0|52 438H0(2t= £ o & LHE0|
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1. BFE A1 QIBX|S AL
ZZEl At (computational thinking)= 2
XS AREI} Q7| AtLl HAlS HHEISHIX}

Tot 2H| SHZS flolf QUZH0| AREQ 22 YAS MEE ALl HHH

SHCHE HOIM &S Watol] AH-d(duality)S XL i #E #AMS X|HC

(Heintz, 2022; Zerega & Milrad, 2023). QAt2| A0 CHol 2 AKX FHoH 1, QISX|S Al1e| ot LAE It

oI5t7| o ARE ML= RE SU5t= A2 EfEHE o2 MY A0A 2QIg = JACHChoe, 2021; Rad et al., 2018
Zeng, 2013).

ARE AMIE Papert (19805 1996)0 2lsh XMa MAIE 0{0|H Wing (2006)2 ZFE AIUE ARE 1}&te] 7]
2 JHgg 88510 ZHE SHZsty AARS MAISHH QIZtel &S Oldiste ZE = Ho|st H ULt
Stephenson (2011), Yadav 2| (2014), Weintrop 2| (2016) § ZAEE At12| 4 QA0 25t ARt Ch = HE U
Ct. Barr@t Stephenson (2011)2 K-12 0| ZHEE AIDE T5H= 242 Z2M0)| CHaH =I5t ZEE A
QAE K& 8, AR 24, Atz Al2e), 22X 2o, T, Yi2|Fa =Rt AtSst, HEs AlE20|M 97EK|= He|ot
ALt Yadav 2| (2014)= OfH] =5 ¥ £ WA WFOIMQ AFE At0] CHaH =25t =0, 0| A= BRE At1e|
71E SAO] Ble 7 QAR A Q1A U 2off, FASL =2|F AL, U2|E, CIHAS MHSHUCE Weintrop 2| (2016)
= AR AUt 8k 3 0te WK O{EA MEEMH 0| O{EA Holg & JU=XI0| ths ARSIA2n, ‘HI0lE X2, &
A AIZ0|M, ARHE AFBSH ZHMISHZE, AIAR A2 AR A9 471X| A JHE HQtSHUCHFigure 1).

0|% QUSX|SO| HE £ = UMSIHN QSIS WK et F=2 MR} 7HSSHE[UCE 01243 AtE| #3510 M2} Zeng
(2013)2 QBX|s AI(Al thinking)2ts 802 XS ZSIMULE Zeng (2013)0f| QI5tH ZAHRE At1O| U2 HEQ| O
3Xs M0 HEE D, ASXS A= AR ALIE J[HOR $iCt 2Lt QB XS Atls =2 ¥12|E 7|8t
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. Thinking in Levels
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Constructing Computational Solutions aeﬁniqg Svcstemf aptd
anaging Complexi
Computational Models Creating Computational il
Abstractions

Troubleshooting and
Debugging

Figure 1. Computational thinking in mathematics and science taxonomy (Weintrop et al., 2016, p.135).

O AIES AFTIO| C45I0] ‘X|AIT} AFHIS 7|HIOR 5t 2H|FHZ, AHAl 22 o|0|21} M2, HIAE(unstructured) G|0[E{, ©
gt QIX| AFEl 7|2 0t0|C|0" & ARE AUt X[LX| 42 EXHE FIIE LR7| R0, ZFE AMLE HoMes
(Touretzky et al., 2019b; Zeng, 2013) ZSHAE SIS} Rad 2| (2018)= 2US XIS AILE 2Ist F2RE 7|8t ot&
S0 25 AN QUSK S ALE 7|2H2 ARE ADE H0| 225 BAMC=E QIAIGHA| L0t HRU0IM IHEHS

ISH0|0 HHIS et52 7tsot of= HI0IH &M, oIX| ZARE, M38 E85t= By a=E Holst
FARDE] 220 T2 7|AHX AtiZ(machine thinking), Z5E AtL, QB X|s AtLL 2t ZHAH|IE Figure 2
f. F igure 2= QIX|kStat X[A HH0| LS 02X F2 WO YWY IHE AZKECR HOF=0|, 0|2
Ot MX|, P2 HlO[E 7|8t 8H&50[2k= M| 7HX| =2 TH2{CIU0| Q1B K|S Ale] YHS SMst Hs

= A0 MSHR ARE At iy JHE ASKIS AlaLo| iy THES F7tot0] Table 11+ 20
MIAIEICE. Table 101 T2H HAFE AU M JHEH0= L12|FH AL, St E7t, 2o, Litstr
|
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Figure 2. Al thinking paradigms (Rad et al., 2018, p. 5).
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Table 1. Core concepts of computational thinking and the learning theories behind each element (Rad et al., 2018, p. 6)

Core concepts

Definitions

Required skill

Computational thinking

1-Algorithmic thinking Algorithmic thinking is a way of getting to a solution

2-Abstraction

3-Evaluation

4-Decomposition

5-Generalization

through a clear definition of the steps.

The skill in algorithmic thinking is to set up
instructions or rules that if followed precisely
leads to answers to that and similar problems.

Plato theory proposed the question: How does an individual learn something new when the topic is
brand new to that person? This question may seem trivial; however, think of a human like a computer.
The question would then become: How does a computer take in any factual information without

previous programming?

Abstraction is the process of making an artefact
more understandable through reducing the
unnecessary detail.

The skill in abstraction is to choose the right
details to filter out, so that the problem becomes
easier, without losing anything that is important.

According to Cognitive Load theory, cognitive overload occurs when the required cognitive resources to
solve the problems exceeds cognitive resource availability. Cognitive overload is considered as a major

cause of learning failure.

Evaluation is the process of ensuring an algorithmic
solution is a good one—that it fits the purpose.

The skill in evaluation is to analyze, predict and
verify outcomes using test, trace, and logical
thinking.

Instructional design is the practice of creating instructional experiences that make the acquisition of
knowledge and skill more efficient, effective, and appealing.

Decomposition is a way of thinking about problems,
algorithms, artefacts, processes and systems in
terms of their components.

The skill in decomposition is to find appropriate
components to make complex problems easier
to solve, novel situations better understood and
large systems easier to design.

A genetic decomposition describes the mental structures and mechanisms that a student might need
to construct in order to learn a specific mathematical concept.

Generalization is a way of quickly solving new
problems based on previous solutions to problems,
and building on prior experience.

The skill in generalization is associated with
identifying patterns, similarities and connections,
and exploiting those features to solve a whole
class of similar problems.

Gestalt theory, says that instead of obtaining knowledge from what’s in front of us, we often learn by
making sense of the relationship between what’s new and old. This theory proposes looking at the
patterns rather than isolated events. Gestalt views of learning have been incorporated into what have

come to be labeled cognitive theories.

+

Al-thinking

6-Deep and wide
learning

7-Cognitive and
adaptation

Deep and wide learning is learning that takes root in
our apparatus of understanding, in the embedded
meanings that solve the problem using previous and
current experiences and knowledge around it.

The skill in deep learning is the ability to model
high level abstractions, decomposition and
evaluation in data by using a deep graph with
many processing layers.

Deep and Surface learning is an approach and an attitude to learning, where the learner uses
higherorder cognitive skills such as the ability to analyze, synthesize, solve problems, and thinks
metacognitively in order to construct long—and-short term understanding.

Cognitive and adaptation computing is the simulation The skill in cognitive and adaptation computing

of human thought processes in a computerized
model with learning from observations.

is to working with unstructured data using
semantic and context processing.

Cognitive Learning Theory is a broad theory that explains thinking and differing processes and how
they are influenced by internal and external factors such as observing, categorizing, and forming
generalizations about our environment in order to produce learning in individuals.

258

Journal of the Korean Society of Mathematical Education Series A



Az3], FollE - USKs At LS 2T ZS+sErY A AT
ol0] CIOIHE E2 +=Z22 Fd3t, Fofl, B7/Iol= s8= ol 2X| & M3 HRE2 HIEY H0|HE LR, HEHS
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At IPH0|H, QIS XS Atl= 02 GIO|E S HEC = =21 3—.% Solf 2ME shZstk= At 247502t & 4 UL 215
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oto] 217t ZH[siZ Ee eAl7l= A0l2tks FoilM(Heintz, 2022), YAz ARE AL 3 ALIQL 2SO HHH e
O AZsots WX 20|17\ STt ANZ F AllE M2 S2E[E Q471 B1 45 FHYH UX[THZeng, 2013) QEX|
S M= HFE A0 HisH Q1ZFQ] At IPEIL O RARRH AL QATK| FItok= A2 SHE|H, M2t B2 1Sk At
1 aES Q70 Al ASX|s Alls ARE Aol syl JHAN QISX s 1Rt HHES F7tot0 FolE & UL
Choe (2021)= Rad 2| (2018)7t MA|St AEE! At11Q} QB K|S AtE FM5H= A JHES0| 7|=0t0] LALQ| LEHEHA|
£ Figure 32t 20| H340I3ICH.
[Al Thinking]
H \‘I
{ [Computational Thinking] 7. Reasoning :
1.Algorithmic Thinking 8. Deep Learning :
1
2.Abstraction 5.Decomposition 9.Cognitive Computing :
3.Automation 6.Generalzation :
4.Analysis /ll
Figure 3. Al thinking based on computational thinking (Choe, 2021, p. 62)
0|9l =928 E QEXs A= ARE A9 i*’é!ol_' MEtM QISX|s Al Ws2 HAFE Al WsO=5E A%
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S M= ASHOZ AFE A0 il JHE 3 EHE=0f| QIESICIL Hi= 20| QM T it.':’é!ﬂllf
55| eu|0M AREY At 2ZX|s2 IR TETH HE0| U= A2 SHQIELL HE , Gadanidis (2017)
= K-8sid WM HRE AL, ASX|s, £stus0| WXFES = O 28S FAL 717|01I A1| 7HX| ARM FH|
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M EH o5 A0 oot ot DRSS Sot ok I oA JHE2| FHets HoM 252 gl SYS B &Y
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X|AI0]| CHoH CHELCE. CHAIMY OFO|C|0{Q1 AbE|X] HdK(societal impact)2 Q1BX|S0| ALE|0| OX|= 2HXQI Hsknt HMX
Q1 B, Q1B K|S AIARI0| ZF0{0F & F2|X J|Z0 gt FHIE F1 UL

QISX|s Hl Ot0|C|0= AAAI CSTA, 7HH[7|HEMStW & CHYSt HHZQ W ME7t THO| 7HL0| &0{5te QIZX|
S USHYE stHd U SFEE HAIFCH=E MON QIZX|IS WES fIot HAXQ EENM 525 &S Sttt 2SXs
8l OIO|C|{E 7HSH Al4K12 Initiatives= K-12& K-2, 3-5, 6-8, 9-128tH9| | 7 etAZ O 2 {126}11, 2} sial 0f0|
C|OfQt 2SI SHES0| L0t0oF & 6t JHEE W& LHES 4l 010|C|0] ZI=HO| AHEOZ HIAIGHRALY. 0| XEHE= 5t

MEOA C1EX s HES 7IE2X|7| st HAE We WS st5SH(Learning Objective, LO), X[&X 0|sH(Enduring
Understanding, EU)Z BA|5t1] o0y, 0| SHAEZ L256t0] MAIStLL UCH M2tA QS XIS B 0t0|C|07t BHS 0T
0j=1t wSIPE0[LE Wi S2f xH0|7t USU T S+otl Rttt W GF7|1E0 s 2 M50 st o
oM &ot7| 80|5ICH ESH QIZX|s Hl Ot0|C|0l= QS X|s XIA|0 CHet #E s&50| Ot IS X|s2] 7HE &is
2|0l SES T ULL Ol= USKS W0 HFXMOI T2 40| HHEA| HQSH A2 OtLH, AESIE 52
2T SE0| ASKIS0ll thet g =HE FdY = Ults S HOFALCE 0128 Bit= =St QSKls w0 o
ot MZ22 AZS HAISHH, QIZX|s WS flot Tt B2 7IsdS AIALSHT.

1. g51=H 1
HTZH| 101 CHSHH Touretzky 2| (2019b)7t HMAlgh QISKIS2| 671X & OfO|L|01E A2 +8t 88 +2S 74
tACE. Touretzky 2| (2019b)2| 57}X| ] Ot0|L|0{= CSTA (2017)7} MIAISH Bl U= AFE 1kste| 57tX| B 00| 0f0|

OII

HI3H QIZ XS ALLIO| =HE StF0 A K-12 SHl MAM|0f| thal && SHE HHH _’T‘-E%*%*OMIE HEst7| E0lotCt

S HOIN 49 M| 7IZOR MBISILET BEIACE 49 A\ 7122 MHSH TS AX| 2242 MA517| Uah 2015
¥ DRI 25310 3-43132T ri 511 5-631AR 4317 MAIZ L IMN AKE 245101 & Ofo|Cof FZE

(AI4K12 Initiative, 2020a, 2020b, 2021)0l RIAIE SHS2HE(LO), XI&5 O|SH(EU)Q HIHGHALY. 1l OFO|C|0| RIZHO|
HAlE oA shs=H & f2(L2 |

t
SESH S t %s—.ﬂ 3-68H0i| 717k2 A2 3-50|Ct. J2iLY, &) OF0|C| 0] TE=H= O|=0H|A JHE
E|7| W20 2|t Wiy H ofE Tt 25| RIS = =L et = AF0ME 2SS & Ot0|E 02 st

[
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S3 st S 5 2015 1% £S5 DRIUY HF7IEL ABH0| 2 35 SES HHGI0 83 +US MAGHIA of
%UCH 012 HIEOZ 418 MAIS U 43! LIS XIAIZ S50t 1S SHE ot $81% LIS 447t 43t 11 oY 3
S SH2 ol 231H Y 4 £ 528 BF THOIES THGIALL 013 diY ABKIs Y 00|Ciole] SHESES X4
X O[S D23 AUXIE U HSKIS HZBI0] ATHOIXINA STt

2. A7EH 2
A2 25 Qloh YN AT IS US| HEotD 4

Motilxt SHRACE.

FHOIM LIEHE SHlO| QISKIS Atlol SF0)| Chall 2

=

(1) AEOIRE

S0 HOSt SHIS2 MSEEA ZSSLUSAEY 259 K ZSetu0) xist S M| etg oHd 67F0|Ct. 2Aet £
2O WKIFY JF7|1E X Witk LHES 12{ot0] 65 of stE(20F), bstd T at5(22 239, 24%)S Mo ¢S
HABIAN. K =2SSfuE= Mot & SX| XS] HIE0| 2 US| A™u =z, A7HAEAS| Alel | XX +Z0]
S22 HO|C}. Lot SHESS Y2 ¢ MEO| 0|F0{T 20238t T 7|E St EHO|X| 7tUE 10.7%, 2023t 1
1Y 2Tt SME 26.5% S HRES2| K2 HOS2 A9l Sful K0 et AYTIt =X Bh= AHS EOE
Ch. SMYS9| e50l et S0zt 815 37| GA| I HO|11 SHYS 7t =& X017 43| A0t ShES BT AP0 X
QUEAT|E, EJMEMHY SO HFEHZ E2 Holl 2 ZE0| SICH, 63 StYS2 2 ZA ofer ¢ald xR I =

Table 2. Analytic framework of Al thinking in mathematics class

Elements of Al thinking Code Sub—elements

Data D1 Collecting and creating data
D2 Manipulating data
D3 Visualizing data
D4 Analyzing data

Modeling & simulation MS1 Using computational models to understand a concept
MS2 Using computational models to find and test solutions
MS3 Assessing computational models
MS4 Designing computational models
MS5 Constructing computational models

Computational problem solving PS1 Preparing problems for computational solutions
PS2 Programming
PS3 Choosing effective computational tools
PS4 Assessing different approaches/solutions to a problem
PS5 Developing modular computational solutions
PS6 Creating computational abstractions
PS7 Troubleshooting and debugging

Systems thinking S1 Investigating a complex system as a whole
S2 Understanding the relationships within a system
S3 Thinking in levels
S4 Communicating Information about a system
Sb Defining systems and managing complexity

Al thinking Al Deal with unstructured data
A2 Problem solving based on knowledge and cases
A3 Capture and reason about commonsense
Ad Semantics and context processing
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0
0
njo
40
o

ot 82 +Y HHOM LIEIL= sHlo| QIFX|s Adle EFE E40lV| flet 2MES

M5t7| Qloff M3l H(Barr & Stephenson, 2011; Choe, 2021; Weintrop et al., 2016; Yadav et al., 2014; Zeng,
2013, etc.)0lIM HMAIE AREY ALt ABX|S AL 718 QAE IEGI, 0[5 S0M Weintrop 2| (2016)01 HMA|E
ARE Ae E& MAE 7I22= HULE 0| 2F MAl= ot watet ZFE A1E Aoty a0 5F2 T2 sy
HXgE 7|HCz ARY A9 78 QAE TEUCH= oM 2 H719| Haknt UX[SH | ME0 M-St TR
J2Lt ASX|S AtlE ARE At 01219 FIHE siA JHEH0] ZXHSIEZ Weintrop 2| (2016)2] 25 MAE 7|HIC =2 of
|, Zeng (2013)0f] MA|E QISX|S ALl &EA 718 LAE FIISI £ Y HAStO =M ¢-10] &8 EMES &5t

olfIAE FEE ol 2452 Table 22+ ZL.

(3) X2 47 2 24
M7 4740 £ 5 HS 20231 128-202441 120| LA HTHOIKIES HHAOE MBS +US A3t ALK}
1910] i 4918 HHGIAO K12 TS I £ 5 82 A PSS =337, 0IS ;

=
AN =
7|2, SIS0 £ 5 B0 BEXIS HIEHOE £ ATAT} 2AS WK

A7h BEEE BE0 ofig Z=E BEASIRL. Weintrop 2| (2016)0 TH=H

Table 3. Big Idea LO & EU related to achievement standards

Big Idea Concept LO & EU of Big Ideas Contents or processes
Perception Processing (abstraction  LO: Describe how edge detectors can be Content standard:
pipeline: vision) composed to form more complex feature [6math02-08] understand
detectors, e.qg., for letters or shapes. cylinders, their components,
EU: The progression from signal to meaning properties, and nets.
takes place in stages, with increasingly [6math02-09]understand
complex features extracted at each stage. cones and spheres, and their
components and properties.
Representation & Search (combinatorial LO: Given a state of a game such as tic-tac-  Math competency:
Reasoning search) toe or nim, draw a search tree showing all  —Problem solving: combinatorial
possible next moves and their resulting search, mathematical
states, and pick the best next move. modeling, and problem posing
EU: Computer game playing programs may —Reasoning: procedural thinking
construct search trees to decide on their
next move.
Reasoning (reasoning LO: Model the use of a classification or search Math competency:
algorithms) algorithm to solve a problem. —Problem solving
EU: Reasoning algorithms are ways to solve —-Reasoning: algorithms and
reasoning problems. procedural thinking

—Information processing:
classifying data

Learning Nature of Learning LO: Identify patterns in labeled data and Content standard:
(finding patterns in determine the features that predict labels. [6math02-06] know prisms and
data, training a model) EU: Classes can be defined in terms of feature ~ pyramids, and understand their
values. The relevant features can be components and properties

inferred by examining labeled examples.

LO: Train a classification model using machine
learning, and then examine the accuracy of
the model on new inputs.

EU: Computers can learn to classify instances
or predict values by being shown labeled
examples. If the results on new inputs are
unsatisfactory, additional training may be
required to improve the accuracy.
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8oh= Z22Y &35(PS2)0| OtLI2E, ARE7H Al85t= WS ZHSH0 FOZ Z2HIE sHiZEs= A0|22 MS22 27
of At

T A7Ae ZEE Sttt 24 Zits d3dEotH XS &t UF, Sl 2SS WALz A SO £Stus A}
She| AX[RL 1011} QISXS8 WS HAEY 12004 HES 2=, ML, D= A0 7|=56t0, HHEH 2R
o 220 toll M= & AAL 27t =Clot= Y40 % BtZE A MBS M UISIHRAL.
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1

QIS AT B 9I3t 3t 88 £ 47
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X Iy 912 212} 2744 TABHACE BIX 2015 WY £S 2stnt DKo
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£X O|sH(EV)2t LX|ot= UHE SF7IE E= undEs T UE, oid 245 Mg + A= &SS FLoIACE 2 ot
O[C|0f TI=HO| stg =H 2015 /HE =25 8t WsaPdo| MHE WE JF71F = LltFZS SASt HE2 Table 3
ap 2.

SAS LHES HIZCZ 2SS ALl LS #I8 5t 8 +8= 2AGIACL ~s @A M FH2 S = A= &S
OlLt ot €S0 AS BR oS dSSS F7t ES2Z MAISI0 WAL SPYSO| #Fat S0(0f| A MEfe = JA=E F
SO}, 2t =S SAIS Zit= Table 42+ 2Tt

Table 4. Mathematics—integrated class for Al thinking

Al Big idea Math Activity Activity description
Perception- Content: 6-2-6. Cylinders, Activity 1 - Explore ‘Algeomath kids’
Processing cones, and spheres, lesson

9-10 Activity 2 - Creating my own building using ‘Algeomath kids’
Activity 3+ Observing other students’ buildings and infering the true outline
Activity 4 -+ Introducing my building

Learning-Nature Content: 6=1-2. Prisms and  Activity 1 - Training an Al model using ‘Teachable Machine’

of Learning pyramids, lesson 2) Activity 2 - Testing the trained model

Activity 3+ Reviewing classification results and summarizing characteristics
of each cylinder and cone

Optional - Testing the model with new data

Representation Process: problem solving Activity 1+ Understanding the ‘Wolf, Goat, Cabbage’ problem
geF;?shsoning— Activity 2 - Solving the ‘Wolf, Goat, Cabbage’ problem
Activity 3+ Sharing the problem-solving method
Optional  + Modifying the problem
Representation Process: reasoning Activity 1 - Learning about flowchart
g‘gigi?:éng_ Activity 2 - Determining criteria for classifying types of waste

Activity 3 + Drawing a flowchart for garbage disposal

4749 £ & 48X LHE 0| sHHSHE A Perception—Processing?t Learning—Nature of Learning® & 7}
X[0|0, £8H& WA L0 siESH= A2 Representation & Reasoning—Search®t Representation & Reasoning-
Reasoning®| & 71X[O[Ct. =¢f &A| A] &l ME2 #EE USIPY dF7|E & WitM LHES ZHE SIALH e LY
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0] 7|=&9l QIZX|s B HHS XAoI=E HAISIRAL). 0 2SS 6o WMo F2oiE Mt 3
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Table 5. Example of mathematics—integrated class for Al thinking (Perception—Processing)
Step Activity Material

Introduction * Motivating
- Look at the two box diagrams, one in front of and partially occluding the other,
and guess what they are
- Present learning problems and learning activities

Development « Activity 1. Explore ‘Algeomath kids’ Desktop or laptop
Worksheet
« Activity 2. Creating my own building using ‘Algeomath kids’ Desktop or laptop
Worksheet
- Activity 3. Observing other students’ buildings and inferring the true outline Desktop or laptop
Worksheet
Color pencil
+ Activity 4. Introducing my building Desktop or laptop
Worksheet
Wrap up + Organizing

- Share your thoughts on today’s lesson

2. QB XS ML S flet st 88 =YUUAM LIEHt 49l ?_-3- Is Mo £ &4

HAISt Y 7120 Learning—Nature of LearningS X1I9| Ml 7He| =8 ATPEXIOAH HE6IRULCt. Perception—
Processing?} Representation & Reasoning-Search= 68fd of stg2 A2, Representation & Reasoning-
Reasoning2 bald F stgs HACZ HAIGIAILL =2 & Hot & AT} 24t 2SK|E +Hot0 el QISX|
S AIE 245 Zilk= Table 62 20| Fa|g &= QUCH 010 ZF +=0IM Q] LA X2 At S DB Z0|Ct.

0II
el
-~
&=
[e)

(1) Perception—Processing =10 A LIEFHt SH49Q] QIZX|S AtLL
Perception—Processing &8 0A SIS HA S8t QI LX|QIFAT|XO| ALZH BMZ AXOZ TS 42 A
=S N2 E0M 28 2 C3[D1] EXIQIjATZ|ZE 0|83 HESS FLJoIRALL Ol st B, C, D= Of2f &

iy

FE

=

=
=
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Table 6. Analysis results of students’ Al thinking in the mathematics—integrated class

Classes Data  Modeling & simulation p?ggllgrﬁtigolv?gglg ?KISI:ET; Al thinking
Perception—Processing D1 MS3, MS4 Al
Representation & Reasoning—Search D3 MS2, MS4 PS1, PS4, PS5, PS7 S2 A1, A2, A3, A4
Representation & Reasoning-Reasoning D2, D3 MS2, MS4 PS1, PS4, PS7 A1, A2, A3

Ol HOX| B SUNS 223t BS B LY HIHY HOERRE 2MS HOLE YHS L3I

59| H1 010|C|0] 19| Perception—Processing (abstraction pipeline)df| sHEst= AL1SE E0{FH, 0l= Q1EX|s A9
HIZE CI0IE X2|0i| siEdts A= SHAS o~ UCHAT].

AL Cf 20| shl AQ| IHRIZE ZAICE. O|FA S&et H=S0M 20[X| gi= 224MS OEA & 5= ASNHQ?
d B: A7IS01F HEOIY 7 2YS 159,
Al o |75, ’lE, £ 2YS ]_E|I|O?
B IS, HE, AU MEaHM HE=S USALINL.
= O J(H\ﬂ | 28al & + U= M%*?

Of J2{U7t O] =200 U= =-O0| O &7|S01F EE01F FHte. J2{U7t 20j= B20[F ¢ 20|= &
R ORI Cf 27|SO[Lt FEO0|L 71 M 52| SHLIN 2. (HMFS0M HEE0| 7HT HES 7t217|0) O[A XIS
24 20[X|2t 0|A= HY SOXIUZT HEY AHEOIR. TN 07| RFEZ2 el 0|ZAH MEoHH HE2t XI5 7t
MM eF HOl= HoL.

Wb O B S T =0EH OfEA 12H 277

Skl D: 20ITt7} OZFARACZ MESH) 142

_>,:

O Hr 19 119 R 19 R
0>-

||i" mjo o;

LEoH SHES0| ZEX|0f Fofe HEES LXIRQ|AT|ZE 0|5 FRENIM F3isHs 2H0M St E (Figure 5)= &
FHE 285 ZAS HMA0M FLE TR AL HlwsiH Fotehs 2PES MXMS3] BAREIS 0|83l 2EE &2
A

Figure 5. Example of MS3, MS4.

(2) Representation & Reasoning—Search 10| A] LIEFt MOl O1ZX|5 AtTD

Representation & Reasoning-Search $=gi0j|A 0|&5t 2Xl= A% ‘S, EA, YHiF'2t E2/= EX|(Figure 6)0]LC}.
A= SRt GA, HALL AHYFIL A 7tM = QF Sl R710| HA|MO 2 E2iLt UX| LUC Lt SHEEE Figure 61t
20| SCH7t GAE, AT LHHFE H=Ch= MAS MESI0[A3] ZH|0f Z3HE ey 7t HAE 0|35t [S2] ZHIE dh
A M I2{oHof & 2HS MFSIAL
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Figure 6. Problem for ‘Representation & Reasoning-Search’ and example of A3.
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Figure 7. Examples of search tree for the Representation & Reasoning—Search.
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