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ABSTRACT. The purpose of this study was to analyze the characteristics and changes in epistemic thinking when an argu-
ment-based inquiry science class was applied in no face-to-face and face-to-face situations. Participants of this study were 113
8th grade students of four classes from a coed educational middle school in a metropolitan city. Data collection was made over
one semester during which ten argument-based inquiry science lessons on five subjects were conducted in both no face-to-face
and face-to-face context. As a result of comparing and analyzing students' epistemic thinking in the argumentation of each
group’s generating question stage, the no face-to-face classes showed higher understanding of contents and more evidence suggestion
validity than face-to-face classes did. Claim validity and categories of process in argumentation were higher in face-to-face classes
than No face-to-face classes. Students were able to improve their understanding of knowledge through writing by discussing rather
than direct communication in no face-to-face situations, and in face-to-face situations, students showed that their thoughts
were influenced by interpersonal relationships with the group members.

Key words: Argument-Based Inquiry (ABI), Epistemic thinking, Face-to-face context, No face-to-face context

S < Fglom, ojet JEFS A9 2l wsof o

g 714S A7FeE Pl ‘o FE 2 (EduTechy 2 23

Yo RO A= AFAFo] Wil Hlo|E 9 i SkaL gl oof thu]ste] s EIF W Y 5 K
7F AA = 42 A EE Al E o dE e 43 A Holl A grdstA DepAof & Aolrh Yoz Wi
2 A, AP ofU gl il ol 2 JFE A, E3] A ARt ws S 43 Aol AR wSEUE
=B, H Hlo]E, VR/AR, Q1% A5 5 42 A = &5k, v E e 5 Qe 2 wSEH=
ZleEol us FH wpshgiole B ffehA S 91 AAA QL &8]7F Basteh o] & 9l vl

-390-



I

Hlel 2 o Aape] o) |uk SHABI) T} ¢l Al kb FEAES] QAR A ula 24 301

©

ol A1zbol] AAEA BH&AL AR A

J Abgrate] o) oa) wie 4= ol

oF & Zlo|th.! OECDe] A= ¢Fo.2 ]

U Q= A O REE AnR
S

[N
goll 283 4 AA st A

o
(o
ol

41 &
ox B
T
)
S

o

i)
2

1

fo 2
ol

>
i |
R )%

2
N
N

Mo
oX I

ol
-

2 e RO K

L orf Ho o o Ho
1o
K ox &

Rl
o

81

201

o ¥@ > o mx o L

(9]
N
==
=
o
)

=]
Ho
=)
ox,
rlo
ot
1o
do
o
2 &
0

=]
-
O.
2 oox
Z o
18 1

o [

| |
Lo
kl
Ho
2
>
H1
E
>
By
H.Ilﬂ
Mo

4>
30,
1
mil
_OIL
pa
o
o
==}
u
)
>
SL

32
o
2 e 2

0
1o flo o 2 ot pt mlo fu

P

=l OIN

>,
o
o

o oot

o ki lo mv &
)
©

g % 0
k

[-40

0

=)

o
X
Eom ox
o

K

Ho

fo N 2
o o

¢
¢

2 ox

> flo oft mot
Lo
ol
ol
rr
=)
o
o

o 2

rlr

o

el

Y

4>

pass

k=l

L2 2 n>
or o X

-

o H
ok ok
(Ao

(e

)

g > Bo[o oft i ol
55

L 10 o> o g W

B g B

o of ok

()

_OIL
Rl
£
oy —
e
4
30
rlr
NS
N
o)
it
o

4>

e T
o
2o

(Scientific Argumentation)”| ©] 5 ¢ %]
S =9 &5 F3l A4
ek RS AR HA 2k eh5ehA "o
L35H7] Yl SAHE AABEe] =742 gt
AL, ol2g o)A HEY
7) 918 44 5AE AHg ok

AAEA Fdo] vl Aoltk! F43) 5

o 2
)

4
ox
H
[
o
2

i
iy
T
N
EN|
>
>
1o

r (

[ o | N

iy
=
i
=2
=
o
S~
Rl
-

MelozA AHa) ofee waa 4ol 758 de
4 okt o] oA AR The Az B e 7 o
So] o] B0 FolsiuA oo BAXE AWl

Y M e 2 7h S E
CREEDEEE EERESX
3 2t

o &
rlI,
ri

2 A3t
A& w5 ]

oX

o
E o

_IIE

e

3h4) g o] ofy e} g
shshz 202 ofsfaof Tk 2, what 1)4)
bodol A= Ao] obu et Bk Ake] 7
ofujof A Zto|n], W] Brhs Y
A}#) 6 0. 74 ofof ek Aolth. oA
& ol ARE WAL WolSol = ol of

Az ofolt] o2 A5t o] Hshs Ao

)

S NN O )
ol
ol

2 oox
A O
N
KU
to fo o

Lo

o o2 ¢
o
O

EZEFE

i

T oo & &
H
L
9"{_5
AP

[
[>
o

==

T
o
e
(o]
e
ot
o
=)

ot
< 0

oX e k
o
ot

N

Kuhn& 3= |7} ka4 7|
=291 Polet e
142 L) 7hEAl

2]
BEAHE= ol

>

lo &
Lo
rlo

o o

= (o
2

+
2
ro
0,

e
Lo
il
oft
:?L
>
1>
10 w4z

¢

fe 12 e o

oo g
RN
[T
1o
7
=2
R
1;{
o

~ 2 ox,

2022, Vol. 66, No. 5

glct. olah ol 4] TetA|Ao] of WA YA AT &
obr7] SISAE SIS AR A Aol g A7)
G asteh. B3HA 4L 5T o SHYEo] TRL o F A

oA o1@A e A2
st sh0] Q142 A
ohi= Ao] Tt Ao
Sof ot el A

e
; "
:?l_“‘
i
=

b
L
1o
(2
)
e}

4> 1
=

oo

e
ol

2

EO
N H
o
o &

&4
—_

£
o
H
4y
rit

ol
2

oo M
N
N

O
—_

30 R
=
2

Sl
>
o
r =
i
©
i)
>
>
A=)
=
9

i
Hoon
2 ol
ro o
2,

24 Aj319] B 8ol
A o] TE8 nebA] 10| 2
o] 2Pl A LhehLhs Ay
52 ofoli i o7 3}

10 o 2 ooz
>
i
flo
o)

O oX > 2 |
N

2 rd oot

R
PO (R [ T [ v

flr

oA

o

o

;0

10 oft
[
>
O
>
il £

u oo § O

D)
o
=
Ho
2
= f

o

B4
rE
o

e Am
e
=

b o R

my R
[x 4o

o4 o] ol X k= Y iE 0] 5
7)ol 7)uksi st S o] 277
o]0l A g}, ofof we} ojo} Freistol
= R 2ty imojep F247] =ojof] it o
o ShAEE Aol wek A AR g =ojv)
Sl 2l e Bak uldiul o] FHo] o2

X
I fu
£ R

|o

]

e
By

o

ol :l‘ [‘_O.L'
H o,
)
i)
rfo
)
ro
o
offl
<t
I
lo
fo
of
rlo
sl
BY
il
N
=

-

of o] o] Roj Lk o]} g2 et

o X ol

B
i)Y
(‘i?i rir
o
=2
>
1o ol
offt rlr
o
i)
of
i)
>
i)
o
-0,
u)
g
o
oldk
2
>

M O 0 o @ X A1 ool O
!
2
N
fr
rr
o
ml

>
jin*]
2
>
rr

[e]
ic]
off
flo
<
k)
ot
A
oN,
o
pac
K
o
e

v

oA 7HA] BehaFOI A =017 u B B o o
T A7} o TR O o] BT ol 14 Aol A
ol5toldl i Eoleh. WA A AAH R Frtshu gl
Aol o) QAo Q) sh 3ot wRI e Lol B
Hom L2918 s s utjE Sl e
St )o@ WA A i 54 A A o Fof
HE o] Bol Hlul 2ekel 24 Aol L o8
LA ot Wash ek vlee] mge ot
0% Bl M AAE FFsol Az vk A 249
a4

9

%

o

of 4y 41 &
N

o

E r?

5 9l
Astizd) o] A9 ofeist glrka 2 4= glek



392 olAs - zelld - A3

whakA] o] Q1o A Hldh W o Agko] A o] Zol
A= =] 7|4k B 3t 5¢)0] d=ojah gl 4 e
Zoto] QLA EH AbIo] B BAS, o] ¥ A
o ol o)A et SIS Q1424 Al
WS orobraA sholct

o1

o1 CH &4

o At FeAlo] 91X Fota 25hd 47} BF
A 1392 Ao R sleh AFAAY thE Aol
A =07 B B 9 AW Weat v
Ao A 2] 107N B Bt 29 e ARt Heo
2 PRk Zo] ol Holy Mejy Ao e A
9l S a7} o] Fol A §¥st7] ol ulef i 92 7
Yot Weid usd S st YHom o] ¥
hsstel 47) ok B AP PO A 4
AEe 20209 SURE BlehE L i o] Ae] =)
PR B S 212 S FAN F 104 5SS A
B3Heth. 1) FAIE 2304 2 A E AT, 2 2A 45
2 5gom PAHUO, £UY BE YL =5 2
=gatglet

7} shge] wEe 443 Fash) WasoR 145
om, 3 mEo] 4o A 530 = o] Fola il Tl

=078k ETABD 248t £ T2 WL W G

1=9]7]1k B (Argument-Based Inquiry, ABI) 7}3} -9 &
Keys7} 72kt 421 12k ol ©1-4) 7fa} 2247 (Science Wiiting
Heuristic, SWH) 7H4-& S-elufete] ms Ao A #)
AT TRaYo R, Heky B SeTt el e
Aolshe FAAI717] 913t st ko2 o) §HE],

Table 1. Structure of Argument-Based Inquiry (ABI) activity
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Stages Activities Classes

Presentation of problem situation
My questions

Generating questions Question decision of the group (Discussion by groups)
The change of thinking about my questions 1st
Question decision of the class (Discussion by class)

2. Designing and performing experiment Design and perform experiment

3. Observation Record and Interpretation of the observations
My claims and evidence

4 Claims and evidence Claims apd EVlden_ce of the group (Discussion by groups) ond
Presentation of claims and evidence of the group
Discussion by class

5. Readin; Comparing my thoughts with reading material

: g : .p e y ugh. V.VI. g " Assignment
6. Reflection Writing reflections by individual
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Table 2. Topics of Argument-Based Inquiry activity in no face-to-face and face-to-face situation

. C ontents Topic The topics of Content of activities Unit Type.s'of
Classification activities activities
Tobic 1 Electrostatic Augmenting with claim and evidence for how non-friction II. Electricity and ABL-A
P induction objects can be attracted when brought close to them Magnetism

Organizing the relationship between current and voltage
through graphs and tables, and make predictions with
claim and evidence

Topic2 Ohm’s law

I1. Electricity and

Magnetism ABI-A

Organizational stage

Comparing and organizing the compositional stages of

V. Animals and

NF-ABI Topic 3 of organisms living things l?y dra}wmg claim and evidence for why the Energy ABI-B
body of an animal is complex
(No face-to-face) — - -
L Summarizing the process of mechanical and chemical
The digestive Lo e, . . . .
. digestion in pictures, and presenting claim and evidence V. Animals and
Topic4  process of . S . ABI-B
. by connecting the digestion process that can be seen inour ~ Energy
nutrients i
daily life
The principle of Presenting claims and evidence to predict the volume of V. Animals and
Topic 5  respiratory the chest cavity according to the roles of the diaphragm ’ E ABI-A
L nergy
movement and ribs in our body
Topic1 Transpiration Augmf:ntmg by presenting arguments and evidence for the IV. Plants ABLA
conditions for transpiration to occur and Energy
. Photosynthesis and ~ Presenting claims and evidence for substances that occur  IV. Plants
Topic 2 . . . e ABI-A
respiration in photosynthesis and respiration in plants and Energy
The production, stor- . .
F-ABI Topic3  age, and use of pho- Rep.resentmg materlals prodgced as a result of photosyn-  IV. Plants ABLB
thesis and their storage locations and shapes as models ~ and Energy
(Face-to-face) tosynthate
Tobic 4 The path of blood ~ Representing of the path of blood circulation through V. Animals ABLB
p circulation blood vessels distributed throughout our body and Energy
Presenting claim and evidence to measure the volume and VI. Propertics
Topic5  Density mass and put it in water and predict how the degree of - Frop ABI-A
L . of matter
floating in water changes with the volume and mass
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Table 3. Epistemic thinking analysis framework in the argumentation

o 4] LPeHE SEPAIE0] QARA AL B 54 395

Category Analysis Criteria Explanation of Analysis Criteria Level
A good understanding of scientific terms related to understanding of the topic being presented Level 3
Understanding ~ Understanding Understanding the topic being presented or understanding the relevant scientific terms. Level 2
of knowledge of contents . , . — :
The content is described, but understanding of the use of scientific terms related to the subject Level 1
is not made.
The validity of Arguments are clear and the contents of arguments can be specifically presented. Level 3
presenting  Arguments are relatively distinct but not specifically presented. Level 2
arguments Arguments are made, but the content of the claims is unclear. Level 1
The data supporting the arguments are investigated and presented, and ones’ own interpreta- Level 3
The validi tion is presented in relation to the claim.
e validity The data supporting the arguments are investigated and presented, but one fails to present
of presenting . - Ll . he clai Level 2
o evidence one's own interpretation in relation to the claim.
Justification of The data supporting the arguments are not investigated and presented, and one’s interpretation Level 1

knowledge

of the arguments is not presented.

The discussion process conforms to scientific facts and is logically developed, resulting in
more than three events: evidence presentation, rebuttal or reasoning, acceptance of opinions  Level 3

The development OF integration.

of the discussion The discussion process conforms to scientific facts, but is not logically developed, resulting in
two events: evidence presentation, rebuttal or reasoning, opinion acceptance or integration.

process

Level 2

The discussion process conforms to scientific facts, resulting in one event: evidence presenta-
tion, rebuttal or reasoning, opinion acceptance or integration.

Level 1
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Table 4. Level of understanding of contents in no face-to-face argument-based inquiry science classes (NF-ABI)

class NF-ABI
Topic Early (Topic 2) Middle (Topic 3) Late (Topic 5)
o Classification Level Frequency Percentage Frequency Percentage Frequency  Percentage
Analysis Criteria (times) (%) (times) (%) (times) (%)
. ; ) ; 1 24 21.2 20 17.7 15 133
Understanding o Understanding o 59 529 56 496 49 43.4
knowledge contents
3 30 26.6 37 32.7 49 433
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Table S. Level of validity of presenting claim in no face-to-face argument-based inquiry science classes (NF-ABI)

class NF-ABI
Topic Early (Topic 2) Middle (Topic 3) Late (Topic 5)
Classification Frequency Percentage Frequency Percentage Frequency  Percentage
Analysis Criteria Level (times) (%) (times) (%) (times) (%)
— - 1 18 159 19 16.8 2 195
Juigﬁca“"“ of  The validity of 2 65 57.5 55 487 e 380
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Table 6. Level of validity of presenting evidence in no face-to-face argument-based inquiry science classes (NF-ABI)

class NF-ABI
Topic Early (Topic 2) Middle (Topic 3) Late (Topic 5)
o Classification Level ~ [requency Percentage Frequency —Percentage —Frequency  Percentage
Analysis Criteria (times) (%) (times) (%) (times) (%)
. o 1 30 26.6 28 24.8 25 22.1
Justification of The validity of 59 520 55 487 50 442
knowledge presenting evidence
3 24 212 30 26.5 38 33.7
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Table 7. Level of progress of argumentation process in no face-to-face argument-based inquiry science classes (NF-ABI)

class NF-ABI
) Topic Early (Topic 2) Middle (Topic 3) Late (Topic 5)
Classification
Analysis Criteria Level Frequency Percentage Frequency Percentage Frequency  Percentage
g (times) (%) (times) (%) (times) (%)
Justification of The progress of the 1 46 40.7 20 17.7 10 8.8
knowledge argumentation 2 49 43.4 63 55.8 69 61.1
process 3 18 15.9 30 26.5 34 30.1
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Table 8. Level of understanding of contents in face-to-face argument-based inquiry science classes (F-ABI)

class F-ABI
Topic Early (Topic 1) Middle (Topic 3) Late (Topic 5)
o Classification Level Frequency Percentage Frequency Percentage Frequency  Percentage

Analysis Criteria (times) (%) (times) (%) (times) (%)
) ) 1 46 40.7 30 26.5 12 10.6
Understanding of ~ Understanding of 51 45.1 60 53.1 65 575

knowledge contents ’ ’ ’
3 16 14.2 23 204 36 31.9
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Table 9. Level of validity of presenting claim in face-to-face argument-based inquiry science classes (F-ABI)

F-ABI
Early(Topic 1) Middle(Topic 3) Late(Topic 5)
Level Frequency  Percentage  Frequency  Percentage Frequency  Percentage
(times) (%) (times) (%) (times) (%)
o » 34 30.1 32 28.3 16 14.2
Justification of The Vglldlty Qf 60 531 53 513 47 416
knowledge presenting claim
19 16.8 23 20.4 50 442

2022, Vol. 66, No. 5



400 oA}t - =
<Ab 6> 2 dw ARe] o) e B 59 5]
3 Ao A, A, S BEY oy
oA S1e FeHo] Bag 2o ks F4L 51
slort HA| ol Etobd Lof 1520 e
o S2= A2 o] Gl ol vhal wehm glout
o) Yge TARC AASEA Lol o] 245
of algreiey. S3 B o) Y-S welwA olef wal
gl dis FAH R & AASHAL Qe B 3eE

of a5t

FAAA BB, SAAA BT =
ZA| 1A 1223 481 (42.5%), 22>2 46™(40.7%), 322
197(16.8%) & bt 571 252 A4 304 = 15
317 (27.4%), 255 517 (45.2%), 355 3178 (27.4%), 57|
of stz Al Sl A= 1% 167 (14.1%), 2597 6178
(54.0%), 3222 36 (31.9%)0]ch. T AFgF 2=¢lo] 23y
Ha2 (452 A L& 7HASE AFS Holal, 2

z27] &<l

S+ A v gL FUkehe Aol YEHHTE 3eEL

H|& & Z7181= A3 Holal QJth(Table 10).
thEol A A Aol Al o] Fo] 2 =978t g 4

O] o vhE7] @A =i ol A Uk SAAIA

B4 o) A S ol whet Al A SFATHAR 7).
At 7) thE g FH5 SHMAl EfEd
S1: 27|Lt 2ol ot JiHo| =X7t 7Lt

gets Fot. (1I=F)

S2: 37|2t 2Eo| HIXE 1 EXl= 2= ME0 S0l =
Lt JtaterA| 2=t %F
S3: Exlo DIE7|‘ :rl:_|_|. =x|o _'f'__L_L|I_|-

7t2tet=

el

23]

=0l XOI7H S8 W2 A2 S0l =1 52 A2 7t

27| mZolct, (3&)

<A}#] 7o) A B uhe} o], o
T FA 5 WEY] mEY = °
1} Aol o Aol Ykt sh gloit e
olu} ofof welEl Y& AL AA #
sﬂm‘m s2i= Wi o] Aol el wali 9o
& AR AN ot glo] 2550
35 W o] Ul 8-S wahE A “‘E«l LEER S
e A S| HEa Qe m® 342 g
h—lﬂr?é—l A7 g wu o] 7]tk g 7]
ol A Boliz kojahg o] A 428 27] BE
TXﬂ 19 A 1422 33'8(29.2%), 2522 548 (47.8%), 3%
26%(23.0%) .2 LRI itk E7]0] sjgahs 4] 3
A= 1423 24T8(21.2%), 252F 5678(49.6%), 35=% 33
W(292%)0] L, 7] FEo sl Al solA = 15
Z 181(15.9%), 2223 60H(53.1%), 3223 357(31.0%)2.
= ebgteh. =olabg o] Aol A djw Aol o]/ ut
B 59o] AHLSE 15209 HEL dopx L glo
o, 242 9 35:29] ¥ 8-S Z718la QlTh(Tuble 11).
oo o Aol ol /]l B Sglol A Lhehbe
wolahg o] Aol 35:20] sgal AlzolchAl 8).

£l

Jlm wo

JQHJ

Atddl 8) i g FH2 =2lurgel T
S1: L7t 2t 222 Al20| S5 WY S o uiet

o™ Xto[7t %

E
§2: Of~ Of.. L7} ?E’S?_f Q22 AlE0| H{EHL 2S0|

of i 20| U1 taters 20| ULt efLkste Sl = ROIME SES ¥ 4 U277 ok 2 T30 & X}
Table 10. Level of validity of presenting evidence in face-to-face argument-based inquiry science classes (F-ABI)
class F-ABI
Topic Early(Topic 1) Middle(Topic 3) Late(Topic 5)
o Classification Level Frequency Percentage Frequency Percentage Frequency  Percentage
Analysis Criteria (times) (%) (times) (%) (times) (%)
o o 1 48 42.5 31 274 16 14.1
Justification of The Yahdlty of 2 46 407 51 452 61 54.0
knowledge presenting evidence
3 19 16.8 31 274 36 319
Table 11. Level of progress of argumentation process in face-to-face argument-based inquiry science classes (F-ABI)
class F-ABI
Topic Early(Topic 1) Middle(Topic 3) Late(Topic 5)
o Classification Level Frequency Percentage Frequency Percentage Frequency  Percentage
Analysis Criteria (times) (%) (times) (%) (times) (%)
6t ¢ b fih 1 33 292 24 21.2 18 15.9
Justification of  The progress o the 54 478 56 496 60 531
knowledge  argumentation process
3 26 23.0 33 29.2 35 31.0
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Figure 1. Level of understanding of contents in no face-to-face and face-to-face argument-based inquiry science classes.

2022, Vol. 66, No. 5



402 SEEREL R

23]

The validity of presenting claim

70%
60%
50%

0%
NF-ABI F-ABI

Early

40%
30%
20%
b il I IR »

NF-ABI
Middle Late

F-ABI NF-ABI F-ABI

mlevel 1 mlLevel 2 mlLevel 3

Figure 2. Level of validity of presenting claim in no face-to-face and face-to-face argument-based inquiry science classes.
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Figure 3. Level of validity of presenting evidence in no face-to-face and face-to-face argument-based inquiry science classes.
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