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ABSTRACT. The purpose of this study is to explore the Nature of Argumentation in Science education (NAS). For this
purpose, we collected previous studies conducted on the argumentation in science education, and then collected previous
studies were analyzed to extract the overall characteristics of argumentation in science education. Based on the results, an
expert review was conducted, then the nature of argumentation in science education was finally derived to a total of seven
components: ‘evidence based’, ‘linguistic interaction’, ‘context dependency’, ‘public decision-making’, ‘tentative agree-
ment’, ‘methodological diversity’, and ‘enculturation of scientific culture’. Understanding the nature of argumentation in
science education can promote the practice of argumentation in science learning. Therefore, further studies will be neces-
sary to conduct research to expand and refine the nature of argumentation in science education in order to effectively prac-
tice it in science learning.
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Table 1. Classification criteria on previous research
Category Criteria Number
Environment Analysis of factors affecting argumentation process 15
Structure Analysis of argumentation structure and elements 13
Aspect ort;raorf;r;lentation Level Analysis of argumentation level 7
Characteristic Analysis of student interaction patterns or argumentation characteristics 14
Total 49
Linguistic Analysis of argumentation structure, level on writing, etc 12
Inquiry Analysis of inquiry skills, inquiry attitude, etc. 5
Aspect of argumentation Cognitive Analy§is of scieqtiﬁc concepts, spientiﬁc thinkin_g s!(ills, critical think- 29
effect ing skills, reflective thinking, epistemological thinking, etc.
Affective Analysis of character, learning attitude, learning motivation, etc. 11
Total 57
S A, e F o)A =] 9) 2442 ‘Tpetul S0 A 2 =0, ‘=W, ‘=2, ‘argument’, ‘argumentation’ 5=
O BT RO RRE T 4 ik o] AFGIAGCE EF £HSkA sHe B@o] o] Ao 2
et oo Hetug el Wol molg Helste Ao A YAl 4TUAE W] A AT A, AT %
2 ¥ AJAFsto] B4 of whet thefRt WA o' s dd 4 A, A R 52 A EY o] A oA HES AlF
otk e Ao BAS Abgolt Bl Bal e 4 gl A9, A Bxo] sy Zeawoly
B Qi AR BAL ulgih o9t A mARH B BIHE PRl A9, AT thaol Saatagolut @A AL,
B, 3 B 5 ool ool A B HA YL 1 AU A9, Aot A Eolg A A7} ohd
e off, Bt soA =20 24 =&dhe AL I A%, Y] =S A =R R FE AN B 5
3 8¢o] o Foj At Weo] 7] 23k Rlo] ehgef Bl wiAIBkGTk. ol @A AT uhe} o] A B B
o} ojof o] Aol = AA7IA] Aeta S Foko A = Wt wero 2 B =09 EAS =&staA} 7] i
9 FAZ $RY AVAFES DA} Bef@LF]  olth BY WMAS 913 F B AFAI EYH o= 2
A =0l g 2T, 1 ANE By Hetws  BA) BE Al s AYsgon], oldel Ut 4
oA =29 242 FAstaL AljFetara} s o] 2%t T+ FoE AH AAskh I A3, 20204 39 V)= F
S v o= Aot HetusofA =28 4L = 106 2] Fo] HA dit 2dor AAEglon, o]F
ool 7]¥ka & 23} Shsgofl it ol st A Het sty 9] =2 80, BFE A =2 269 o sl sl
oA =0 o] AL FAAFIY] SIske] ATAZEE of AT 1068 0) FAL 1] 9l5te] AT ] U o
et mAtel s R4 mgol B Ao s|fEr) T ATE FHOR BN R R 9k el BAS
FEoIoH, o5 BF YAt & 35E S4S e R
o171 ejtH Ao wrsietor. 1 A3, £4% 2L 27 =0
B AT EAY o] GoFS Fi 2L hRE AT
At =X} (=9 BR)et st EA v A= =99 A= athE
o] AL MW FAA =F FAR FAE AP Amui AT WFIY 4 Aglon, 47 4749 s9a
T At o] WSt B A =010 A 45 makehs W2 ARStErHTuble 1). Theo.R 7t
2 FE39ch ol F HEF RS A Betmge]  WFoIA Rl HYATNA BRI Fa AYES
A ool 4o o3t WEvte] AN dohrgten], Ao AR, o2 73 S Fnste] 2EIUG. 78T
I A3E Fste] BetusolA =208 245 Aletst M= 5 53 oo 23 W= Uell= 7E9=2 84
Ak A A Y& chevt Lot Mdom Qs 49 223 519 2202 AERaig
O w(Table 2), 1% HH MES SHEE A7 8 AHE
M#oln 4% 3 Dy Y FgHoR DA Gt o AT Ko 7)E 5
Fetgold 1olg FAR SUE HAIT SH L YA A AFE] DY RHL B2 Hetago] A
1E2 A FY 2de AR AT =3 5 olo] A aEsths Aol Jleng, Ad oAt duto
Qo Y seolg AU AE olgstgon, Aol ANE FANOE AFsHE B A
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Table 2. Key concepts on previous research

S04 tole] B Ay 53

Category Key concept
Upper Sub
Argumentation Science education and argumentation, argumentation process/level
Aspect of argumentation Learning theory Constructivism
process Learning context Social interaction, cooperation
Epistemology Epistemic cognition

Argumentation

Science education and argumentation, argumentation process

) Learning theory Constructivism
Aspect ofeegfilcl?qentatlon Language Science education and language/reading/writing, constructivism and writing
Model Model and modeling
Thinking Metacognition, reflective thinking
st ol A o] Rofdl thao] ATk Eoi® wek B AEES AAstth AR AR S ga N zoRE
Dgold oo 5SS AL BgEsl wHY AT, driel, neAd, R4 52 velsk
Z oA A7} Gk B8 S 2A FoAE Jm S ool AR S0l obd Mk Aolo] geold] =
& wieol ] =91 st 2ol thof /1 Ssb7] 913 G5 BANE nelste] HEHOE 10919
o= AAAQ nEde Al=g A7 ok 131?& A7t skt A E 10219 A&7t 5 721(A~G)
QAT neeld SRl OIS TR BOH H & A0S A WARHIE 45k Selo,
9] A& o]} JRST(Journal of Research in Science Teaching), Shsg 2oFe] Sk A AR AF o] 37 oo m glE ]
1JSE(International Journal of Science Education)?} 72 3} o} E3t &t A IEtwe T 7FolE 3Pt Qo]
g Bope] o FASEA ] ANE Lo WA B Bl the ALA A 40 Frku Bshech h
ERe bR 2 20 S BRI BEA WA 3AH-DL thetel o] 2ol AV flo A4
o Fmeky AL koot U S WS AR ARA BepwA AFHSAS PR HYHE 5 5
2 RIS Ao A ths BE 52 BEHR wgel £ i @elA 9] Hetas A jwpo] pdieha wE
X ®4l(snowball sampling) &2 o] R o] Kt} =35t =+ o] AEIIZE éj&];}ﬁt}(Table 3).
o Aol B Y Fa AT AnE T £HY AR ATAES Ao AR/t AES A5
A7 AAE A4 2 FANS UYL A B Aol DENE arsheict AEA2) e AReT
gom, o]g uigto g TetugolH mojo] S48 = o nF AT erE w&H WS4 oo S0
Zshat. He 207) FE o2 LI o0, AREo] ofof ot
ApAle] AL saAe] HAHEGH: W Fasteh 43
M2 AE BY Fasith, 3% Bgolch, 24: FaskA etk 18: S
HgaTel 1AL POoR 2HE PRWEAA = Fe5 FTHE PO R U 4 YRS sk ®
ojo] E4o it et gtuel oA jAlS ffste] A e B7e] S flsto] 24 olstz: SHT =l
Table 3. Information of experts’ group
No Expert  Academic background  Teaching experience (year) Research areas
1 A 24 Argumentation
2 B 10 Science teaching and learning
3 C 31 Science teaching and learning, teacher education
4 D Doctor 17 Argumentation, epistemic cognition
5 E 9 Science teaching and learning, teacher education
6 F 13 Argumentation, evaluation
7 G 17 Argumentation, modeling
8 H 34 Gifted education
9 1 20 Character education, evaluation
Master . . .
10 J 13 Science teaching and learning
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Table 4. The characteristics of argumentation in science education

No. Category Content
1 ) The use of argumentation elements is essential in argumentation.
2 Argél]renne]r;tne}[tlon The use of argumentation elements affects the process and outcome of the argumentation.
3 The knowledge generated by the argumentation is the result of consensus and can be changed.
4 Interaction is essential in argumentation.
5 Context Understanding the context is essential in argumentation.
6 The context affects the process and outcome of the argumentation.
7 The knowledge generated by the argumentation can be context dependent.
8 The consideration of epistemology is essential in argumentation.
9 Epistemology Epistemology affects the process and outcome of the argumentation.
10 The practice of argumentation can bring about a change in epistemology.
11 The use of language is essential in argumentation.
12 Language The use of language affects the process and outcome of the argumentation.
13 The argumentation should involve different types of language use.
14 The use of strategies is essential in argumentation.
15 Strategy The use of strategies affects the process and outcome of the argumentation.
16 The strategies used in the argumentation can be context dependent.
17 The practice of argumentation plays a key role in the development of science.
18 Purpose of science ~ The practice of argumentation can be carried out in a variety of ways.
19 education The practice of argumentation is based on the culture of the scientific community.
20 The practice of argumentation helps to understand the nature and development of knowledge.

= QU th(Table 4). =25 207} P52 HF A7 HEE [4% &=]
et AR EFgor dgEflon, AP+ =3 TEILF: A7 s shax|of| FastriLt SHME0| =
9 vy, 1 AE g ofgt AR x| el oA A7t o S HAlSHZ| {8t atet 2MT|7L YFEER2 O
SolA A= A Bz FYEe 43 AE0| E4Hol2tn WZEX| ¢S
st KoM =2|2| SZo|| chst ME7te QI H2ILE =20|L H7 22 S H|HEAN M= =

Htugo A =9 EAof vt A&7 A& A, o7t 7ttt
7} g5 o) epgieo] g B4 Bt 4.10-4.80 Aol o] 4
BEst Qoo Bael oat Al BIe 4522 ek ol T4 ABa-go] WiAolrh ehs 41
W tH(Table 5). ERF H= o] disto] 24 (1 F A edth) FE2 kg olEo2 AT A4 A4 Aol A

ojste] A EhbA] ehato, 44, 89, 139 5l 149 A A AT Ago] e A At g
ol s At 33 (L Folth e Fge HolFitth o] Ttk o] &l sl AETHES 22719 Fol =95
23t A vig o2 AerteS Ay Ao g 23 Fste dide] A FHH =27 F), §& 4
25E E=EE Betugo A =9 54 of disf 55t Eof gho] A4 # Qi Aol ofyt et =27} 7s
A AeS Y AT FA27F D= A8ttt o83t A3 dE7heol

gk, 4, 8, 139 9l 149 gFof dfsto] 3H(EE FEAES AFA R U Aol A ol EAE o 7t
ojthe = FAT M7= thad 22 odS Al SR AL E S Qe omlgtty L™ El 2007717
SFA Aot WS R F2EA Qe A8t 2274
Table 5. Results of the expert validity survey

No. 1 2 3 4 5 6 7 8 9 10
Average 4.50 4.60 4.50 4.40 4.70 4.70 4.50 4.20 4.30 4.60 total
No. 11 12 13 14 15 16 17 18 19 20
Average 4.60 4.80 420 4.10 4.60 4.40 4.50 4.80 4.60 4.70 452
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Table 6. The Nature of Argumentation in Science education (NAS)
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No. Component Description
1 Evidence based Claim is based on evidence.
2 Linguistic interaction Argumentation is based on the interaction using language.
3 Context dependency Argumentation is affected by the context.
4 Public decision-making Public decision-making process is important in the argumentation.
5 Tentative agreement The product of argumentation is a tentative agreement on the claim.
6 Methodological diversity Argumentation is presented in various ways according to purpose.
7 Enculturation of scientific culture Argumentation contributes to the enculturation of scientific culture.
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