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ABSTRACT

Artificial intelligence was used in various fields, it is widely focused on education recently.
Appropriate teaching and learning strategies are necessary for the application of artificial
intelligence to science education, however, there is in poor one to able to use by the teacher.
Therefore, the purpose of this study was focused on the generation of appropriate teaching
and learning model for biology class using artificial intelligence. Also, the researcher
investigated the effect of the learning model for affective domain on high school students
according to the application of the learning program. As a result of this study, the researcher
could develop the teaching and learning model of biology education using artificial
intelligence by theoretical review, and composed a learning program for application in class.
According to the result of analysis for the effect of the affective domain, the level of learning

'.) motivation, task commitment, and attitude for artificial intelligence on post-test significantly
Cheakiton increased more than the result of the pre-test. Consequently, it could be checked that the
updates

teaching and learning model of biology learning using artificial intelligence can cause a
positive effect on the student’s learning.
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Introduction

4;2} Aol o:]DO:] g_l 9_]%'_1]__0] XLQLE] /\]/\EJL] =2 % —?3;:}-0 =
of ot whE 455, 2 mefRlofA A-F-EA —Mi She 58, &

2§44 oA sl dsh= ARl FAlol A 22 thefst o] 2 EHTHOECD, 2018). B|ZHA}
3] ¥3}ol| 438 4= Q= QIANE S| 915k g2 mizithe] M2 H7H ZEol sfdel e R, WS
9] 2022 7N w-51pg F7 AR ol| M = A E2] n|ed T 7S 2l I3Al s At 2] A" ek

S A5kl JITHMOE, 2021). 43 HAY 7]&9] Wao] we} /1345 7]&o] n|2ijAke] Ha}
ol Ao o]Fstal Qe B mgolA 2 o= A3 AT = SACE S YAE AF At 2
TE= MfiPOl ThMagana & Marzano, 2014; Ouyang & Jiao, 2021; Shin & Ahn, 2020). ©]& ¥4 of| 4] 2-2uzte]

25t LS| HSto]| t-3-517] Q3= st
5!

o, ehos 7|ul YREE S, BAA

k) = O O T

N

H7bpE WSS I3 Al s ol A Wk A|Alskal Qlom, X et & SRAIE oA = Q1A
< 7|5k E":rL—rCH 38 ek A|Alskal ITHMOE, 2020)

|2 ol FH A w5 oo Mg HHoM = wS Jol| the HAE 7]e9] 482 LT E o]
B 1R ol A8 80 8 Bl s A 54 s e ol
(Holmes et al., 2019). 154l thek ¥t S0k 2| g2 BRI} 22| A5 7|&= Fretalgo]
HEE 288 = glon, w4dhs SHof|A tofet FAIA S sia T 4 1S w ws37go] Ad2 48
o] 7 F—OI-E}(Menon & Janardhan, 2021; Woolf et al., 2013). @&of| g%+ i F29] 01325 w8 A5+ T
A" W82 5240 & 3 QIFgA| 5 Egof| 2HS I+ 7:‘-'%'51 WEFAH O RIFA s A W50 2 FAE]
o] 17| uflzol| st & 7ol 1o 2 A-8-oh= 22 o2 4eHloll gl 478 ©|th(Long & Magerko, 2020;

MOE & KOFAC, 2021).

WA 2N HEE A 7159 B8 FTHAel 248 BES o| ol B Hel ol
234 lou UL A8 UBAS BATEHEE LA A LS AL ojehe Aot
(Lee et al., 2021; Magana & Marzano, 2014). =5 =] Q1325 ¥ A5 22 AFE 75k 3R] 5
wgof YFEo] Jlow, g 208 B A7 E2 25MYE F8 Ol e & 51l §lof Falsea

—_

SIS thdo 2 St A= 0]5et A% o]th(Chang et al., 2021; Jeon et al,. 2020; Lee, 2019; Ryu, & Han, 2019;

Shamir & Levin, 2022). =5t w537l 71 @o] 8511 9= MAl2]'d(machine leaming: 7]718}45)2] &
5 A e A JEH7 AN EH, AR g5 o Hatol Aetel] ol dEE e

o= 78 oAl 2 Z-83HH(Kim, 2020). HAI2E AT AGSolA = S AR Aiohs B2 Q5 A

5 ots SUUE R 2 ASHAL QLo g ael ehga e T2 9 T 9 w4l HEke]

= E‘é@ /d%o]th(Chang et al., 2021; Kim et al., 2020; Shin, 2020; Shin & Shin, 2021; Yang et al., 2021).
Sk o2t AR Lol FAAte] wkstwAbS o] AA-s] tSsr] Y= tRg 714e] A-
AIAG 7I&2 EE 4 AT Aol wa - shEHH o] AA|E|ofof 2ttt o] 23t FAIE
i

=
BEY50ZHE Yo d 4 9lon] Y sl BEo) YL
%
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FEEol 24 S U U3As B8 wa-ohs BE S 7Sk, Sk o] w7 S male Y 28
BT ot 2] o] sPSolA vl A& 9% FRlstalal sl

Theoretical Background

Q1 Z- A 5(AL: Attificial intelligence)©|2H= THo1= John McCarthyol] 2]} #|QF=] o™, Z7]of|= Q1|2 2}
Alof] chigt QI7ke] ThaFet 488 52 A'd AFEI = Helotl o, A5 4 0 2 FAIE s dok= 254

3 A

e i ol O o ok

& Al2"lof] 248 gh= o] A THHwang, 2003; Ross, 1987; Talan, 2021). S 2= 549 A&
517] 9lsf BlHjo|El & E-&ote AL 2lnlsl7| & obH, dale|Ee] Fo] [AAIE Astr| gt 224
o2 QlF A 52 A5}7]| = SFH(Guan et al., 2020). A A Q13252 FAFFSE GStol| SHFH= 2]
QIZte) At} 55 Hold = YAMEAE sk At D] 6, 28, 15 5 ARE] A| A8 Aol Ay
o] YAt 3= o)Ll QI thEmbarak, 2021; Russell & Norvig, 2018). 0] & #iEtoj| A} Q13 2] 52 A t3}e
12|E2 5ol Itk Al e Al & mHfsto] JRE X2 o = Fo|R oM FE G 9
A2 Aol 4> QI Th(Wartman & Combs, 2018; Yang et al., 2021).
AFA 59 WS4 g3} o] & QIS Hsh= Mg wig} sh&o] Bxd/dof| tfgh o] 24 X Kot 7l gt
Ol AlF, WA 2 ] 9 Y7F A AERLS B 2342 Q)TH(Chen et al., 2020; Guan et al., 2020). ©]
Stof| w2} et Aol A QIFA 2] E-8-2 7|4 SHoA A E4] Frij7} o] Fo x|l }loL,
of|xo] &g ¥t np-2 n]Eet Aot} 3t Qg Al 52 TS AY A &8st 9
2ol theh Y] 2 ol =g 2617 wlel AU o] =2 F ol sf
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Levin, 2022; Yang et al., 2021).

Al g2 2 Ae4E Foll tlo|El & shgotal WA = TR okA] 982 2AIE s dshe date
SO 2R 2wk, HA| EahE, Fotel5 0 2 - th(Kim, 2020; Menon & Janardhan, 2021). A =852
A HH} &3 AJEi7t F£012] 7] 2ol & TAE RS 5ol Shaotal e M= g 2ks
of sidot= 2 5ol AREst7] wiZol =2 sl M3} 3] of| Aot HA| E5hg2 =] B
ot e oA A=A G AdZolA Shgohe o R e FHO| fAMITHE AlgstEE
T3kt AHY Sl Aot Aaketa2 2|4 9] 3 miEl S Shaohe A 0= QlF Al sollAl AAIE &
& AE) 7155 g5 9l 5of| wh2 His) HAFO 2 LA E Th Alpaydin, 2010; Kim, 2020; Kim et al., 2020; Shamir
& Levin, 2022; Shin, 2020; Yang et al., 2021). tW2bA] w83 oA 28t w45hs ZHo 2 &8 7155 9l
A 782 A3t 28 Ae7F 25 Fol A= A 2350 2 5, o] oA = mAlz|de] 2| &3]

Aoz 2 Re flsiie AT Aol ofsl7h H astH, &5 29 Al o) 24do] 8ol 4
S0l Y AU L EQo] Z8-5 QoM = DA 2 ShET s2o] WA Rl Adsinby ok wh,
T-2olA L5 2 0] 88 4= Q= F Z7H3H E]XE 141 2.0 (Teachable machine 2.0y 4 7|8 HAl2]d =72
ZIFE dojoll thgt ol & T e & shA] 9ol HAl2 S il whEA| vhE 4> QU= F H/d o] ITh(Chang

etal,2021; Cho etal, 2021). 5] A2 S ¢Iet T=5 B 2 2MJoiA| ol ZFE S ShaAlZ = 912

o
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7Nt a5 Reof e 4~ =5l Bk Tl ek el whet 2| Eobs J/dskl o, ekl &
w7 F 2910l A| el P A Eote] Aot d S A E Ql=[silon, A E Aol wet A AR =ok 1}
Shu8 5 WAF2R19) ZRE2 A& eholof] =ge w] 7kA] 478 BTt Q15 Al s B8 o R o}
& Aol AdA o7 A8 4 QleAlof tigt 7Hs/d = ERlg He vk low, 7 wAket sHE
o] 2191&He glo] &85t 4 9l w2 T2 o |2 A W7} YTHLong & Magerko, 2020). 12| E& 2=
A T2 T A s &8 U A2 A 85to] HASHAIS ARgshe Tet oz Aetsh oiel 7
FE 78 TH=E A on, Aae o] At A E7E ohs U8 2 AT S o2 5
A2 ST =R QIS A5 2 Y EHlo] ¥-8A S sty Yo A= tido] ofd s &
T deUldo® she oS 62 = skl

Application & Analysis of Learning Program

QEAS B WA SE7o] A8 AT} S T2 SPYSolA F01E St R
S0l et 57 423 e = Watoll Y% Z 4 9lom, old Gojo) sk A4 sigo] ofd Bl
35 APIE A &5k} ks B Reiahs eiwo] 9lchByeon, 2020), HebA] Q1BA S-S HET A
7o} 4:9Jol] Tk 1540} Q1B A) 5o ek o) <14 Bl A} 8l mlA) = G FHlst] 9
S A E PRI A AT a7 9, A3 A Sl et Held geloz TEs
1, 3pgo] ol ol A ABAS B4 ol A Tl FH| HE ol he GO T4 AT

=]

3 Aoy Hrke 3R sl tigh 57] AAL /1eAls g
TR AL 3 A5 Eaol tigt Bl HARR F/dskal R&DIFY S 7 Zsioit 134

ofl thgt 5712 A= Keller (2009)9] 8H52% 571 A 28-S &-8oto] /ot om, T2 A
Byeon (2020)9] #F5H4] A 2 AR S A sto] /dotiet. Q18 Al 5ol tigh Bl = AR = AT
off tigh e e AARAS] /g Eoll w2t Y ASollA 38408 AAoh= Y82 A7gsto] o
+ ‘Y5 TH(happy) T 22 37A ol & Hix|skaL ¥HE: Zoll= “E3¥SHunhappy) 2 HiXISHE =
A e 2 40719] o] B2 A1 751 thRussell & Hollander, 1975; Shin & Shin, 2021). A§7g 38t
7} 220017 2@l gt Br s oj=|ote] 25282 AAstlon], S ol tisl F<lsto] Lhe
AN 25 AtEsto] AR o Fod o2 e 3 47)E Ao em 2127 o' FLAe HARR
25 TH(Cronbach a = 0.88). 2|54 2.2 A|2He AR = F219] 2 470 E&foll thall 37 Tofo] 914
7 @olo] Jx|et wAFro = YEAQ SHY o] PR 0 2 Mehs @ /5 B SOl 7k sk
5] Aol of PYS2 134 U AR A 6214 29 S8 T 2 AR of tigt S AlEs)
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Result & Discussion

Construction of Learning Step
et & o Yol AN AL YHEA 0 & /g 5=0) 4 A of) wha} A o] wet} 7] 5] W)
O = 28 4= glom, shA ghato] 24 & Yae SHoM A4 Ao AT S A o= F/dE]
01015 SHCH(Anderson et al., 1996; Klaur et al., 2002). 15 20kl A Q152 5-2] E-8-2 A 1525
BhE B R E8ohs TR EAY AT, )13 A5 A7 S 8ol Bl HA O ZAQ) AT F 7] B
O 7 F7E 4> Uth(Hong et al,, 2019). w4 S50l A W82 9Igt 7] S48 L2 FA 5= &8sk
o] ‘=2 A9 AT ¥ o], Q1F-A]5-ofl thfsf ofsfistal 5ok Ale weUl§ o7 =20l ‘B4 o s

X9] AT Bol| i3tk (Jang etal, 2021). Q1 T4 58 W80l F-85HE Z7|ofl= B2 0 2A Q] AP} FAS
oj29l o1} 2|2 thoket Wit ol A Q1 EAS-S F83lo] WaThs IS FwshA| olsistn A1
Sh= HIQHS EMAISHE =2 o) AT Y AFLEo] X3

= 9/1%66 & Lee, 2020; Luckin et al., 2016). &
SejuEt w&IPgollA AAIsh= QIF AT w52 7|2 R A A8 F4lo] WS FE5Y e
Hejo] ol R A, ZA LA, ol ZAISHE, Arel4] deAl-golug, /1 3Al s &8 sa2 ol &
A A2t AFS A A5 225 d1EsloF SHth(Jeon et al., 2020; MOE, 2020).

Y F WAL} SAlof| o el et Hate-s-2 2elRke] FAS A S Sha Al o= 2 dlE
ol2} & 4= ITHNRC, 2000). 124 27 0 24 9] FAsh A2 Al 3 H HE, cdu81, AN Ee
A5 2eote Ee 02 A AleE HE e Aol 23 REAYE, R EE A7 A E AJE

F3ol =go7] /e 7hs o BE 852 ©Ju]SHtKOmrod, 1999: Wang & Chiew, 2010). T+ 5-2] 4]
o] S| A ZAISH A& ZAIE g olotal A H S Eelsto] WHshs W], 53 =22 9Igt %H

AlohE OA|, =EEato] Bobeohs s dd S A dstal rkehe 9|, A7 s A s RS AT
AE5t0 Z 4 7]55H= A =2 LS4 QlTh(Byeon et al., 2012; Wang & Chiew, 2010). ©]42] i94
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Construction of Learning Strategy

sl wet shEAP ) Saa Rl =26t Qe Sk ek kA FAsH A o o)A
AN AR Tetol| A A B A|AJE F3xel FolXl ZAIE s dshr] 913k drle] 2ol ek 2A] 4
B2 ZA A A EAlsi A olehs Ao B ekl = 7] 9] Al Ay o 2 Haake 4 itk
(Cropley, 2006; Sternberg & Lubart, 1996; Stemberg & O'Hara, 2000). 2] 2] Abal= EPAFA] Al 8tat o2, 4
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d4 AFnS Zgkshe Q1| A 3pgoln], BAs] ofafe Ak Abn oo 3 HaAEg-g st
e 702 de{A ATHChenetal, 2021). SPEEONA Q75 G0l BAISH A £ A Abaeh HhArA
AbaL9] fAgH Tx] W HBko] 755 21 g ofuiteh whekA] 437 ARl WA Akl g Rshe EA 5
A AN =M SIS Gl 2 Akt EAlsi A5 e /LS Wert glon R ssug-o vt

sh2] BN, o)A Abar, A5 akgo] Abglol| M mdsigc).

)
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2
oA AN A7 = TAR AbaLe} 54 AL e Aok QIR 1P 0 2 K= ol A At
A FAH A2 thefst ofoltjol & HHEojul= E5 02 HHEY sidd o] AgtE|R] o= HH, 454
FARNE T2 Al HEE H7Fo 24 AghE E3ol =257 s sh2dS 586) 7= g5
T E thRazoumnikova, 2000; Wang & Chiew, 2010; Yildiz & Yildiz, 2021). A2 A= EAv AHH S =
Aol Ay & 71A] ARl ZAIs 23S H 5] Alast7] Yol st A AleE = 2419 ¥
Q& H&o] ot A -2 sl dohe T2 gt 24 shEe] 888 BT 4= A th(Barak & Mesika,
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Zat afje BE & Bl 212 Wl E s ot st SAle] A A E EA ol st A A )l
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uh 20 2 8 Tl A b BN AR Q1B A R el —Erxﬂsﬂaw o Z85H= 2
2 SEBEE slo] ATA| 5o WAE BA AAS Fol Ml o

ol AN, 2eH9-E W FAURDE TR5H T 5Bl 2T =S
& 51 Q1459 iR PES W sk Sk TS 9T 9B A Ea%; gt el
Aol AT 8 ofolclol s A EsH 44 Al AT S ANSHEE PASIGT ol4fe] ol
B0 2 Q1A Bg PS4 B4 RS TS Table 13} 2o] LR 4= 9l

Table 1. The teaching & learning model of biology learning using artificial intelligence

Step Leaming Objective  Learning Content Teaching & Leaming Strategy Problem Solving
Discovery Discovery - Discovery & Recognition of Scientific Problem - Scientific Observation & Pattem Discovery Divergent
of - Generation of Scientific idea - Discovery of Problem & Presentation of Scope problem solving
Scientific Problem - Generation of Scientific Explanation
- Generation of Tentative Explanation (Hypothesis,
Prediction, & etc)
Exploration Exploration - Understanding & Experience of Artificial - Introduction & Experience of Artificial Intelligence Divergent Problem
of Intelligence - Using & Practicing of Authoring Tool Solving &
Artificial Intelligence - Idea Generation of Artificial Intelligence - Goal Setting of Autificial Intelligence Application Convergent
application - Design of Solution for Scientific Problem using Problem Solving
Attificial Intelligence
Generation Generation - Design of Artificial Intelligence Model - Design of Artificial Intelligence Model Divergent Problem
of - Generation & Verification of Artificial - Planning of Learning Model Solving &
Attificial Intelligence Intelligence Model - Collection of Leaming Data Convergent
- Generation & Verification of Atificial Intelligence Problem Solving
Model
- Generation of Machine Leaming Model
- Discovery & Modifying of Bias in Algorithm
Application  Scientific Application - Sharing of Artificial Intelligence Model - Sharing of Artificial Intelligence model Convergent
of - Application of Artificial Intelligence for - Posting or Sharing of Artificial Intelligence Model Problem
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Explanation using Artificial Intelligence Model
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Table 2. The result of basic information for artificial intelligence (Al) learmning value: %

Experience Period of Relevance of Importance of Acquisition Type of Contact Frequency of
Al Learning Al with my life Al Leamning Al Information Al Information

Elementary School 2.86 Very Much 37.14 Very Important 20.00 Media 5143 Very Often 2.86

Middle School
High School
None

28.57 Much 45.71 Important 54.29 Internet 42.86 Often 51.43
25.71 Normal 1143 Normal 17.14 Science Teacher 571 Usually 3429
42.86 Little 571 Not 571 Teacher 0.00 Little 571
Not at all 0.00 Not at all 2.86 Book 0.00 Not at all 571
etc. 0.00
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Table 3. The result of basic information for biology leaming value: %

Relevance of Importance of Acquisition Type of Contact Frequency of

Biology with my life Biology Leaming Biology Information Biology Information
Very Much 37.14 Very Important 3429 Media 2857 Very Often 857
Much 57.14 Important 5429 Internet 22.86 Often 57.14
Normal 571 Normal 1143 Science Teacher 4857 Usually 3429
Little 0.00 Little 0.00 Teacher 0.00 Little 0.00
Notatall 0.00 Notatall 0.00 Book 0.00 Notatall 0.00

etc. 0.00
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Results of Group Effect
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Table 4. The result of mean for affective effect of artificial intelligence (Al) between two groups

Group N Al Motivation Al Task Commitment Al Attitude
Experiment Group (Pre) 19 125.00(16.33) 88.16(11.48) 80.63(12.06)
Control Group (Pre) 16 125.44(10.97) 90.50(9.78) 80.06(7.21)
Experiment Group (Post) 16 143.79(17.57) 103.42(11.68) 89.63(11.02)
Control Group (Post) 19 135.75(14.29) 91.19(10.03) 86.88(7.72)
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Table 5. The result of one way ANOVA for affective effect of artificial intelligence (Al) between two groups

Affective Effect Sum of Square df Mean of Square il Sig.

AI Motivation Between group 4455676 3 1,485.225 6437 001™
Within group 15,228.095 66 230.729

Al Task Commitment ~ Between group 2,641.847 3 880.616 7481 000”
Within group 7,769.595 66 117721

Al Attitude Between group 1,191.902 3 397.301 4.049 011"
Within group 6,476.898 66 98.135

p<0.05, p<0.01
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Table 6. The result of one way ANOVA for affective effect of artificial intelligence (Al) between two groups

Paired Relation Mean Difference SD t df Sig.
Biology Learning Motivation pre-post -6.210 3.794 -7.134 18 000
Biology Task Commitment pre-post -8.263 6.226 5785 18 000
Biology Attitude pre-post 9.947 7.035 -6.163 18 000"
“p<0.01
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Conclusions and Educational Implications
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