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ABSTRACT

Recently, generative Al could create new information and contents similar to the real, and
the Al interacts like humans. The investigation of teaching and learning is essential to use
generative Al in education. Therefore researchers performed a literature review of the
characteristics and types of generative Al for the guide and direction of the educational
application. ChatGPT is a representative example of generative Al, and it is an unsupervised

'.) learning model based on GPT(a deep learning-based language model). It can generate
Gheck for output like humans from pre-learned big data and experience similar to the teacher and
iscates student interaction. In particular, life science targets living organisms and must consider
multidimensional perspectives. Therefore generative Al can use as an assistance tool for
a OPEN ACCESS concept learning and inquiry activities in biology education. According to the theoretical
Brain, Digital, & Learning considerations and use cases presented above, it was possible to learn with the help of
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Received: February 21, 2023 using generative Al based on a literature review and examples for biological concept learning
Revised: March 10, 2023 and inquiry activities using ChatGPT. It is necessary to shift the evaluation method from
Accepted: March 15,2023 quantitative to qualitative to utilize generative Al. Also, it is essential to present a strategy for
© 2023. Institute of Brain based Education, teaching and learning using Al in consideration of ethical aspects and to develop learners'
Korea National University of Education decision-making capabilities.

Thisis an Open Access artide
av_Ne distributed under the terms of

the Creative Commons Attribution Non-Commerdial .

License (nttp: reativecommons.rg/icenses/by- learning strategy

Nc/A0/) which permits unrestricted non-commerdial

use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Key words: Artificial intelligence, generative Al, chatGPT, biology education, teaching and

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 1


https://doi.org/10.31216/BDL.20230001
https://nt.ars-grin.gov/fungaldatabases/

Byeon, & Kwon

Introduction

el o 2 QIgh e} - 7]&u A HFAlo) thak Q14 9] 374 vgh= AlR] A|ARIS] YA S 545
dRoH, HAd 7|ee] AA - A F7h= AT ol A-8Ed QTR 5ol AR, BA, g T 2
+ G0l FEEl= A2 di2the) o = o] Hehs 6K Vincent-Lancrin, 2021). 19561 Q13-A]5(AL
Artificial Intelligence)°| 2= 7' 9] 574 o] 2| 2 d Fet 8l djo|g], S2te-& AFE, Mileld 5 &=
71e2] H4lS Fofl Q3R 50l H|QFA 0 = g0 24 Q13 A] 52| S84 & g2 o M at vl w4
= FEE Z7FSFATKSu & Yang, 2022). 53] 1F A5 A|AR] E-8of D42 7]&2] ool e 2] 471} %]
2] =7} RpR| 1 AlZ] o] molA| A, Akl X2, ka3l 9 2838} ZAFE AIZRIA], dojsks
-2 Bopoj|A] 7]&4 X EE o] £ITHOECD, 2019). dH7]&0l o]t ALS] A A" ¥stof| ulet H|A| Zh=:
2 W52 Fofl FAote vl QAe] gt njeh AtdARE] oA 2 tske 1AVl EY X7 YA o
£ Q3As 718 w50] w2 rhe] e HFA o2 5k QT Molenaar, 2021; UNESCO, 2022). &
3], 0|2} a5 ool A Q1FA| 5 A Y AY 2y 2/} A /S ek R S 7] 2ol e
™, SYuete JRFERE QAFAs 48, Q13 A5 7|2 22 58t WSy 7 9 tA| e -S4
A 2o] Mk 2ol Al ol FE|ZE 83t wSHA S FHHE TR A S A Aokl QITHMOE, 2022).

W50 QIF A 52 E8T A A H o 2= s 45| ol 7lQl S 2Id, ok, mjed 22
HAAA ZAEE 2T 4= ks 143 S B 2ol tigh 12 A7iEho] o] F0) 2| Y Th(Holmes,
Bialik, & Fadel, 2019; Hwang et al., 2020). ~L =1
€ flgh el A 502 F2 27|k HE A Q1 ]
gk, el ool E] BE0 2 QIS A8 BE 50 & Qo £ g5 J 2 Aot F=aiXl A& A7t
517] o] A7 o] AT Shamir & Levin, 2022). ¥FH, 2| 91325 & 72 thfal, Woigh to] B & A
21 4 = steglofe] 7, Mz Ao QA5 RYY 54 5 et 2152 3Rl 5= 283t
W] Heke] A2 7]28] & Al5-otal QA THGuan et al., 2020).

20141 o] AFA TSk e TRk 2l AEL27|&
o] M= ZRI=O| YA S 7FssHA Steh 22 A AAIA = T4l i Qle T &4
Q1 ChatGPT, Dall * E2 52 23/d2] Atl| A7 (GANSs: Generative adversarial networks)= 7]8H2 2 5}l
GANsE= U8 HHe} FAMI S A YA T 5 AotA] 92 18 =5 FRI=E ThEo|ul= A 2 d v} A
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MRS 57F17] ol BAEo 24 Ha deiol st mhd o] ofsh AA| A ret g e 4
Ze=Z2 A5 4> Tk Bommarito & Katz, 2022; Goodfellow et al., 2020). 2§41 2] 012%]5-2] H|o] €] A
AYZ-Z AA dlolElet fAIS 22 HBE AAdste] AAIEo2A J=d W&ol HaATtE
AAshe 718 Axat g Izt fARSE dojd E3 -2 A dsto] Alastr] wiZoll AFAAR] - /4
= 7FsotA gtk ofel, shsst ool &, ol -8 nizisi4o] F-7, 7HdAte] WA, /1525 718
22} 7145 (deepfake) 5 TR 891 wiizol| 915250l oJsl /g H HEE T oA 283 ¢
of|A] B x| = F7 4 Q1 F ol thdt -2 = RAAHA] A 7|5 1L ATHChatterjee & Dethlefs, 2023).
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Al for Education

Al in Education
4 AAAYE YA X - S5 150 ofjeiohy] HehE s e

E917), ABA5S A0 7 B, 7jQl wEd W, 7|2 9 S A ,Eﬁﬁéﬁ
& 53 W82} 8, vlz) Aol HEe AAPIS AT ABASL) WG H TS FFska Ak
(Bonfield et al., 2020; Haderer & Ciolacu, 2022). £5] %2]% o&f}t 7|& = 7S Q| sk Fel= 7
sk 25 s} s, B4 Sk AL AR 93 ABA5] B3 B2 ARkekR ik
(WEF, 2020). 1R A9, Q1525 54 o] w5 Zof &-go] HghE A7t 4~ e A2 22 10d0]H, °]
Holie 72 Q13A59) $8-2 9I5) HEH fFe| T 1ol 40k 2olofit 7ks3 O R 2l4s
= 730] ik Teiut a2l g3t wejole] 7)&e) we Abgle) tiA|Rs 5 Lt g Aol et
o] 2835 4~ 9w 2 A o] 7|ME 0 2 WS HA T WAL} EHAY o] Q13 A5 EH8o] FHsl Al
AThMolenaar, 2021).

AFAS Bg 27|l AFE Mol 2HL L& ATAS Nkat 24 I3 T5ol] 2 T2
O}, o= shEAF HRgof| tisl] Aghet m| =S Al gstAY A 23S ShaAtel B 24c= 5
221 H7F A AR 2 ESE FEio) E8-o = A 28917 Wol Al UTHHenlein & Kaplan, 2019;

28
Ouyang & Jiao, 2020). 3+ Q1F 2| 5-2 M54 wSHH 0 2= 7det 4= QI a4 A 9 AAte] A=
& ek Al gohe et =2 IAE O 2, Al s Hlit ESES wathgol B8ohs uas
QI3 Q1F Al E-& ol i CHHolmes et al., 2019; Hwang et al., 2020). Q! S oA 4
of wpet gh5-2 o SulEAl & 4 Aem, 7iE sy gV
o2 Z7F5ka Q) thMolenaar, 2021). 5HA, 1345 Aol 485}
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Types of Al Techniques

UNESCO (2022)0l|A+= gralof] A& 71539 Q13-A| 5 714(Al technique)s X524 Q13-A]-5(classical
Al), HA12]d (Machine learning), Z] &=8F<5(supervised learning), H| A =85 (Unsupervised learning), 73-2}5}
2% (Reinforcement learning), 4173 & (Neural networks), ©21'd(Deep learning), 23434 2l A7 F(Generative

adversarial networks) -2 25141 QUTk.

ASA JAFA 2

Y1125 oJu|etm Thek2bH(ifthen) 2] =] X0l &]5 H
5 YRttt A7 |e 22 e, W olghe ol UEletd o] 71A] R FAIE Aok A 2
AL 7)ol F2 AFHE-HTHOuyang & Jiao, 2020; Yang et al., 2021). &1l 2] ¥H7Jo|u} o7 4~ Z27} glo ]
M 22 ZEol thgh x| 7} o 1275t QA 52t D, mAlede 243t S s Bl shsd
O 24 AR JRE X2 4= Qlck mAled2 tiEre] tlo|elE 7 W A gt =] At Al
o7 ng Y o] 2 ZAE S5 4 e eSS vletH, 2|43} g4 A Rl wet I
HE4 0 2 2| w845, H|A| ks, 43t ek5 0 2 G4 4= 1T (Menon & Janardhan, 2021). A] =8k5-2 HAlZ
o] 3t 55 0 2 QlZ2of| that Ao} AEl/} AN E 2ElS B35 AR 2 2]2]shH, ATHE AYAHS 23] H]
ole] ehHlg) & fofetn 2 st W oA EE] 2 BR g Fo| 2 8T AT wSH EE
7} Z7)skal Q)= Teachable machine -2 Q1 ZA| S ZeHZS 85k w4shs w2 Ja 0l o 15 g
B2 2| = eh5 7} i E| o] ITHChang et al., 2021).

H] 2| =852 Yt 2o igh JE7} n)2] Fojz|x] eon® ez x| oial epHlF E] x| ok
tlo]El 5 AfolollA HHEl= 7 FAMl whet M2 tlo|El & A dshe AFeEa B A4 SE Soll A
o} A3Fehs-2 A E AdEiol tigh 24 352 Addioh= gt Bl oju|otn & J5o] F1 LR
AT B B A3E Attt Ae S35 43& Ql %Zl% | A Baj|o] 27} Ag-aljof B+
Aol thgh 24 A - kot AR F3eE2 et Y52 ash= Zlo] AR Aldol
E22A|0] Foll = A& Th(Shamir & Levin, 2022; Yang etal. 2021)

AJAE G2 AFolu 5220 & BRst A e &0 2 AFAE7 AZE 2 Y dPZF, o] 24

I rlr rlo ruﬁ

_|>4 ool

5, 2502 HE 3ol EAT 53], 2HSllA HlolE= 7Htﬁ%AJr7l~z§Xl°ﬂ, 7|t e
= 7 A2l Eoh Z2EZE tloEl= sh o)) 2H5E SHtAM SE SR o] E5hH, 7

ol tigh A= A1} GaFE ol8sto] 2HFL THEAIE 2T =M LFE Aok JHTE
53l g50] o] FojXItt. thro] A 4172 A Hlo|ElE A9 o & A3t Aol =S Fof 4
HotA|of tiigt A o] o] Foj X B2 BEE, Apelo] A2, /<14 Goll = Z-&-F Th(Sairete et al., 2021; Ouyang
& Jiao, 2020). He]'d-2 Tkl 2YZ-2 A QI5Al WS o] n|ohH, o] g 2hl Hloj= o] Sof] e oz
A APl 7zt elsl L2381 Hlo]Ejo) o] Esk= mAledat ge v x5l o]u| x| BjAE Hlo]E|
£ ]2gd 4 Qlon 2 o]u|z]et-2/d Q14] 5ol A thGuan etal, 2020; Su & Yang, 2022).

A Ad] AT M2 ZH=E AHES AAE M P9 g fF = ARt = T 714

0

o —
AE AT BLE Ak shbe Y AR S vheko 2 2 Zel= S st U] shbe Age
el xo] [ Hrstek QIztol 2Jal] A vlolEl S sHaaHs A w et} 9] daelFo] AAR G
= :;:P% u]x] Qg ] oH\:l-s].:q AHHJ_} ,\147]-3]- /\Hﬂ}% = 7].11 EE‘“ o H; 7420 oP_E/q ] x];@l_; 7&
W3R ArE-E A9 Sk Goodfellow et al., 2020; Yang et al., 2021; W et al,, 2022). B} Uo7}, 2]22] /4%
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New Paradigm of Al & Education

What is the Generative Al?

WAoo 22 FEET JE IFAl s Aitaa Atk eE 2H6h] flof 7] dlolE A% ¥ &
50| ookl 2Py H B & 16‘4%]% daeEE AMEShe 7ﬂ°l 2 HWOID% 0**414011*1 ? E’ﬁi
o] & HAsto] 1oz AHAI5HA
HFA, /84 Q18] 5 (Generative Al A} of| <5t tl|o]Ef et WAHJ% XMXIUJ }‘HE-TL‘ ojm|z], EIAE,

ARRE 59 A BhE 4 e I3 A5 2l nlgit) o] 2|3 A A QI3 A 52 U ZEILEo| Y&

g tlole & dHE=RE WA FAo] 7hsohH, garglEo] AAsd ArEat ARSAE A Ui
B3ko] A H| w7} 7Hs 8 Q18- A 50| tHGoodfellow et al., 2020).

] Uo7}, A4 Q132152 el 284 gk opel, B2 74 QItto] RtE= 21T o Al&st
A|AA o] 1L ekt ArE2 Al gk = St A4 QA 52 i*é‘ leMS’J ElAE 2, Al 7 3
AP, 29, e YRRl AlE YRR, oA, HE, )& 5 Q17| e3schE T e] YoM &
&7 o] 11 2 A3t s A2 A3-0] 755FTHGoodfellow et al., 2020; Lim et al., 2023; Okaibedi, 2023). A3 2] Q15-4]
52 oF4] 27|19 Aol ExfetA| el 22 6711 Bt L ofH FopHE ths ¥l T 7F 35Skl QthFig. 1). BlA
E 74ko 2 Ao & A gfsto] Q17ke| tigtel fAleH 2 Ak-8-0] 7H53et OpenAl2] ChatGPTRF EIAE =2 9
Sk o|n| x| 2] £4E52 AAIsHH 7N\ 2] BAIE nfefsto] o] A| & A/dsla= DallE2, §4 &= Y=st
H ske HlH 2 S-S TS0 Meta®] ‘Make A Video', AH]2 ol Q1 513:2] Imagen Video= /4% Q)
B3R5 t3EA 1 ARl = 0| Th(Singer et al., 2022).
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Fig. 1. Changes of interest in ‘Generative A’ over the past year in Google Trends (Google, 2023)
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R9A Q1 Z A 55 Fst7] Yot B2 A A AT A7 F(GANSs: Generative Adversarial Networks), $13
2 EQIFT|(VAEs: Variational Autoencoders), T4 £=2H:17 ¢ (PixelRNN: Pixel Recurrent Neural Networks) =2
SO A= AL o, X thet Zofol| tigt B4 7Hs/d 1 s Hole tiEA Q] el GANso|t
(Goodfellow et al., 2014; Goodfellow et al., 2020; Kingma & Welling, 2013; Oord et al., 2016). GANs+= Z43+-E] H]| &,
Apdof 2], S/ 2, AIAIE A 5 THdet P ol 'Fef o] &5 Jlou, | Helld okl 7 B

o o2 RS Hu e o, HAS A skl Yok R E anpd oz AL 4 Q=
O = Qlsf| AA| o|n|x|e} FL&st7] o2 AL o|u|A] A, o] A] ¥Rk 8l e, 2 52 73
1 CHGoodfellow et al., 2020). BFH, A8} o2 wo| = B ol 7to] o3t 242 BAI= A UH
L, E5] A8 HIA, o]n| 2] A/, H Bl Aol A o] -8/ o] AFE AL Utk GANsol| THE
7 4851 HES S Fofl Hlt23HE Hlo|el & S5t o =M AFA on]z] A4, &
of /g, FIAE A 59 ARt FARRE A 2@ FEl= /0] 7155k (W, Stouffs, &
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Generative Al based on GPT

84 13 A 5 tiEA Q] Rl 2|2 2 o]4p7} &AL Q= ChatGPTO|t. ChatGPT+ 175021712] mii7j
HpZ AR AthsE A ATES A H2]d 7]9F o] Q1 GPT-3 (Generative Pre-trained Transformer-3)S-
719k0 2 St} GPT3 R E-2 Qlo] 19, A2k i, 1 A3/ 3 22 Hofol|A] ARg-o] Z7}a}al 9l o, H] ]
TG0l sligstr| ol QIEjUlolA] Shaet Jithst ke Bldlo|E| & 7Rte 2 FEl =5 4§43} GPT-3
£ Al FoR 1E 4 Q= ZE U 433 it of g, 17k} fALSH
o3kt 4+ ATH(Chatterjee & Dethlefs, 2023). 53] ChatGPT= 7438t Q45 F71sto] Relo] sh52 o]
PHFE FoE2H WS AARE 2T 4 YT AREALS] o] tEl S Fof) Shgotal A4 =
k= i3k Q13|15 X dlo|th(Chatterjee & Dethlefs, 2023). 20221 119 Utof] Z7NE & FE T2 AREA}
7t S7Fokal glom, Thgst Rofol| tigh 28 Al Eo] AAE o EMN Q13259 MES mi2{chelS ol&
1 Q)t} AR AF-E0lA= ChatGPT7} Pl 2 HE21IS Al B3, vl 2| SHe] AlE 53t &4 7l
of thgh 7ol = 4, = Eatel thgt 7lE A4, 2 A 5 THst AR E A|ATsEAL QU ThBommarito &
Katz, 2022; Kung et al., 2023).

ChatGPT+= OpenAl7} S513t T Qlo] Hell= AREZLO] g E X Eo] Holal YHE Al gste &
SIS A E A Hst7] ol Aol E ofslistal AT 4= UL E AAIE mMAal2] g A| AR o] ThOkaibedi,
2023). QITH}F FARRH A 0 2 ARGt} Ao Akgst il m| EEl S Fof| Shgol e s AA|E QL oM, AREAL}
dHots T EO| gt TS AlgstAu T E HEE A5 4 Jlrt. ol A|lgshs ol R =
2021 7kA] k53t flol] EA5H= B| 23k tl|o]El & Z83F A 0 &2 FUTEA] o A|RE§AM S AU 1L
A= 278 Aib=olthKung etal, 2023). FA 2-§H GPT3 SR A2 2.2 A E Al 5517 5o,
AXZE <) Hlo]E] ZAo] ofe] 2 A 52 Alghd S AU ATt ¢ ool ] AR M-S Fol TARE Yol A
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3 REN] S-S AT 4 2L A3 A5 0] HIEE 7H54o] TkAdams & Chuzh, 2022),
ChaGPTS 242 Q18 A% S QIZHt AAR A0 2 ALgA}e] 912 Blo]el o]t SHHes
Z2 e © QgAS08 Ajolo] 42 S8l AL thakE Ui 4 =S AAEIgIc AE oz
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AFEARS] §f ] mE I Eof s, ARSAPF AASE A E sl dst7] I3 AHIA A F Foll 2 2
=|m, dAolut 212 elohs 7HQ1 9 AHlA, AlY Soll ohdetA 2851 St WS4 %‘?‘iOﬂH
Axe] gg-2 o i‘—&ﬁl 1 %EF—MHI LFERLEL Qlom, dkehul & Rofol| A= e ALt Abe]|7 olH]
o] )= E5f 17k} A ixl—s. ohth= A4S &-85)) Ifsizid sk, &
2 A% O—ﬂ.ﬁa‘ 55 e 4> QoL tEEo] AE-2 A|eHH 20T RESSh= 12)7]
g dls 289 7|24 7|55 S8t w4ekg AL 7Y LOﬂ Z 70| 504 Qe A7goltt.
Q12 thstAl AL 4= AR, 21 7]7E QIFA]
A= Qlsf A4 Aol ARt 2bsshe A, S S fleiM= E =g wiel Hloly 2Pl S EHL
A 4= U} ¥hH, A4 Q13259 ChatGPT+= H A =85 B2 Fofl W/
FEobL QI ARt WAl 0 2 thigtehH, QIzto] REEoldll A} fAREEIAE
-&5}0] A9] 2 AE 22 fAFAE Algol 7hs st 7|29 AR n|E]
st Tolo] 232 53 g, S1432] dlofE| M Ak A| Aok |gt s, Hjo]gof) o
ShEA QoF Jﬂrhé AREAR] o]l e B & A B o] Al gt AibEol thot E-8- = ot AlE| w7
Holm, QI7to] A7 il BeleA| & Folf ZMsh= Aol H|w e uff AR 28 Arkao] v 7t =4 ek
T}, 22ju ChatGPTO 2J5H A4 = 75% A ot QAR TE T Eo 23k ofn] wieh
oje} 7l g o] WA E ujets}7| wZol gt Hol 7Hs5tH, A4 Ao md & Az AaE2 Q1o ¥
T2 2N 9ok Milich= MY S AR A fAREE 0 = Al g

84 18 A 52 T T2 T E4 ARIQ] Dall- E2+= o0 A] 4378 )15 A 528, HIAE e & o|n|z] A
Q%J5HH GPT:3 Y E|S= Bl AFS APt S 2742 olsliotal &St o]m| 2| & A3/d 2t Dall E2
A7F At A Eof Ui ofn| mfef, AREALZ} k= o] n| x| AAdolet= TAIA A2 e A
A AR A E e = et o]m]R] A4 - A2 A ZAK(zeo-shot) /ol B 23t o]n|A|
= H2id 229l ci24 Q1oj-o]u]z] AP &2 (CLIP: Contrastive Language-Image Pre-training) =2
o] T4 éé 712+ HRamesh et al., 2022). CLIP= AF¢ 0] 22| ZE 24 o]n]xlsz} EIAE QIF o

ol AR A2 S ElAE glojE] o] Tho] A Eet UX| E7} =2 o]u|R| & of| S5t A
K BFohe 752 St th o & Sitn |l MRS o] 8ofo] F2k9 *42“% LAl 2 g3k el o]
0] 2| & CLIP]| A get o]n]A] 2 &Sk Radford et al., 2021).

Dall E2i= AFEAFe] @715 mfelsto] Z4Ao] £4do]] 2etol= o]m| A& A Y 4 4= 910
A &/t FH BAE A0 Ao 4= Qo] Tt AL WX ZEM M2, gk HIA|E 42
HE|F T 22 975 Hefsto] on[A| & BT -k St} S5k 244 9] 3D Hle Fx ‘ofQt fll= BT 2
284 a2 A8 4 glom, ‘Aagolet 22 Tt WE Y5 485 01 A W - o] 23t
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Fig. 2. Process of using ChatGPT for biology learning
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Case | : Interaction with ChatGPT on Biological Concept

g kst 2| A} 7Hd ol thet ChatGPT2] A/d4] AkE2 2FR15l7] £13] Walter Cannon®] A3=5124] #}7]
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Table 1. Responses of ChatGPT to question type prompt 1 about the Cannon’s biological self-
regulation
What is the Walter Cannon's biological self-regulation?

User A User B

Walter Cannon's biological self-regulation refers to the physiological Walter Cannon's "Biological Self-Regulation” refers to the concept that living

processes that maintain homeostasis within an organism. This includes the organisms are able to maintain a stable internal environment through a system of
s TRy o e £ S e Criee, SrEh s internal controls and feedback mechanisms. This process, known as homeostasis,
S . : helps the organism to keep its internal conditions within a narrow range of values,
maintaining a consistent body temperature, blood sugar levels, and blood R N " e

even when faced with changes in the external environment. Cannon's idea

pressure. Cannon's research focused on how the body uses feedback

revolutionized the understanding of physiological processes and has been widely
mechanisms to detect changes in the internal environment and respond studied and applied in various fields of biology and medicine.
with appropriate physiological responses to restore balance. He also

studied the role of the nervous and endocrine systems in maintaining

homeostasis.
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Table 2. Response of ChatGPT to question type prompt 2 about the Cannon’s biological self-
regulation

What is the process of the Walter Cannon's biological self-regulation?

The process of Walter Cannon's biological self-regulation involves the maintenance of
homeostasis, or the stability of an organism's internal environment, through a system
of internal controls and feedback mechanisms. This process is initiated by changes in
the internal environment, which are detected by specialized receptors. The

1St answer information is then transmitted to the control center, where the appropriate response
is determined and executed. The response helps to counteract the initial change and
bring the internal environment back to its baseline state. This process is ongoing and
occurs continuously, allowing the organism to maintain its internal stability even in the
face of changing external conditions.

Modified Question What is the process step of the Walter Cannon's biological self-regulation?

The process of Walter Cannon's biological self-regulation can be broken down into
the following steps:

1. Detection of change: Specialized receptors detect changes in the internal
environment, such as an increase in body temperature or a decrease in blood
2" An:
swer sugar levels.

6. Continuation of self-regulation: The process of self-regulation continues, with the
internal environment being constantly monitored and adjusted as needed to
maintain homeostasis.

23 A del] chet JE2-GolM 3 B Uobk, st A St Zmol A shgol AU gl AT
NS ChaGPTol A A28 39 T 02 S ARIAo] chat 3 Zuhe A1 B 4 ik ‘HBe 22
230 Alck ehe £g0) A0 2 g0 el et AR Y TELES AT AP YA HEL 4B
oA E317] ofel o], welS B8] B2 E4slel YT ol ALEFEE Aol BoFlo] 3t 2}

2 2Hsks A BT 4 glb = S S AR, 22y SL7 W8-S Fof7tobd ghrol = AA]
ShH eha o 2 Z2 FAolkal HHght.

FAole e 5= e Alzoltt2hs W&ol thsliiA = gojoll vlsl gt=tol = 21/
= =l A g ZEILES Jol= AT 4 orH o= $A ¢
o= T A A 2] oIy 2 d A2 ARIE At A e S AHABHAIRL gh=ol =2
o7 HebA o 2 FA) gtk g Adrshe AR TeRu 2ukE2 o] F5HA] e, Al E
ol 50| E7FSIAT Al Fo] oht} 9 22 BA1EEH o] AA|% 7| = gk, 2B g ShgAte] A7l
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Case Il: Interaction with ChatGPT about the Biological Inquiry
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Table 3. Response of ChatGPT to request about the experiment design

1% Request Please design an experiment with the theme of 'Finding conditions necessary for seeds
q to germinate or grow'.
Here is a step-by-step guide for designing an experiment to determine the conditions
necessary for seed germination or growth:
st 1. Identify the research question: What environmental conditions are necessary for
1" Answer

seeds to germinate or grow?
2. Choose the seeds: Select a type of seed that you would like to study. Consider

factors such as ease of availability and commonality in the environment.

- st The environmental condition was determined as 'light’, and the type of seed was 'kidney
Modified 1* Request bean' and rewritten.

Here is a revised step-by-step guide for designing an experiment to determine the
effect of light on kidney bean seed germination:

nd
2" Answer 1. Identify the research question: How does light affect kidney bean seed germination?
2. Choose the seeds: Select kidney beans as the type of seed you would like to study.
Modified 2" Request Please write a detailed protocol for this scientific inquiry.
Here is a detailed protocol for the scientific inquiry into the effect of light on kidney
bean seed germination:
Materials:
* Kidney beans
* Soil
* Pots (5)
* Labels (5)
* Water
* Ruler
3 Answer - Stopwatch
* Light source (incandescent lamp, fluorescent lamp, LED lamp, or natural light)
* Light meter (optional)
* Data table
Procedure:
1. Preparation:
a. Label the 5 pots with numbers 1 to 5.
b. Fill the pots with soil up to 3 cm from the top.
= = =1]= =] ¢ bl ¢ )
3 9 e AukElo| 1 AEFEel 4-201917] wlRol AFS 45h7] Slshrls MorzH ZEpHor ] A
— = —_ ¢ ) |y > =]
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Application Guide of Generative Al in Biology Education
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’7 Interaction & Ethical Judgement of Al —‘

Process — Teaching & Learning Strategy Application Strategy of Al

Exploration & - Exploration of Interest Topic - Exploration of Al Type

Decision - Exploration of Initial Prompt <::| - Decision of Al Type

- Generation of Initial Prompt - Generation of Initial Idea

Elaboration & - Modification of Initial Prompt - Generation of Modified Idea
Generation - Elaboration of Idea & Double - Repetition of interaction

Check Idea with Al

- Verification of Idea - Assistance of Verification Process

Verification & - Elaboration of Verification - Transformation Data

iy

Interpretation - Data Collection & Data Input - Interpretation of Data

- Value Judgement of Solution

- Preparation of Communication - Assistance of Communication
. - Elaboration of Communication Idea
Communication - i )
20 L Idea - Review & Correction of Content
rganization <I,:|
9 - Presentation & Sharing of - Summarizing & Organization of
Content Presentation Content

Fig. 3. Teaching & learning model based on application example by using generative Al
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