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Analysis of Scientific Explanations and the Affordances
Constructed in Gifted Elementary Students’ Science Drawings
and Science Writings about Air Pressure:
Pedagogical Use of Multimodal Representations

Chang, Jina * Park, JoonhyeongT * Park, Jisun
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ABSTRACT

Scientific explanation is composed of various representations such as texts, diagrams, and graphs, and each
representation contributes to expanding scientific meaning by connecting similar but slightly different meanings
as a ‘mode’. Based on this perspective of social semiotics, we aimed to identify the characteristics of meaning
formation demonstrated in students’ science writing (verbal mode) and science drawing (visual mode) and to
discuss the pedagogical use of multimodal representations. To that end, 18 science drawings and 18 scientific
writings constructed by science-gifted elementary students on air pressure were collected. The characteristics of
the drawn and written explanations were then analyzed from the affordance perspective in social semiotics. In
science drawing, students showed a tendency to use the affordance of the visual mode to infer concrete changes
from the particle view, such as the movement of air particles, the number of air particles, and the collision of
particles. In science writing, students used the affordance of the verbal mode mainly to infer the causal
relationship between the concept of air pressure and other related factors at an abstract level. Based on those
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results, we discuss the educational implications and provide concrete examples of how to use the unique
affordances of each form to complement one another.

Key words: multimodal, representation, scientific explanation, science drawing, science writing, affordance
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Fig. 1. A physics concept being represented by various semiotic
modes that have different affordances (Airey & Linder,
2017, pp. 95-122)
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Fig. 4. An exemplary case of Type B (S2; a dotted line box: before pumping

air out, a solid line box: after pumping air out)

Fig. 5. A case of Type B (S14; it did not represent
the movements of the air particles)
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Fig. 7. An exemplary case of Type D (S1; a dotted line box: before

pumping air out, a solid line box: after pumping air out)
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Table 3. The cases of students’ science drawings and science writings (S15, S18)
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Table 4. The cases of students’ science drawings and science writings (S5, S1)

Akl S5 A Akl S1 A Akl
EE Y _%i%] _ﬁ\f Yo ¢ 9 Rl Azl o] AFEr] ¢k I FEE 9Eo]
HY F= Yo g2 SFRIHA, FA ¢l Sl F217F B2 "] wiEolt].
= N P—
7l o ) i
) ) ,J.,,—\‘, 2GR £ =3
Rl SR ¥ 0! 299z

14 w2 4571 8718 7] 2
47104 3718 4 %)




<oiPiee> 7] 20l e 2SUM S4S0 HEIT27| X HBBLI|0IN TAIE HSH MHT . ZFOL UEY - UNM 173

o 5 e AR oldlE EXE, #etn
AoA tEREA 4SS &ste
ZRA A8 (multimodal practices)S 3t Aot
(Tang et al., 2014). AT A2 Q1 gt w4y
Wete]] ghaeo] 7 wrof E49 48 §3S
shoithd, &8 WAE Yol &89 5842

2 4 9 Aelck olel Table 594 2t
A A4S P wed da

OOE,J
2o 2 g > oo rr

2o

o
)
ot
N,
Hﬂ
FHU

"E*‘er O%OWOE Ao A
7HIAE ol & Adolgte FHE TX
T A% F, 0,0, O, ® &7 §T
257 RES] o TUAE BF &

T WHAE SAENA Heta A
PREZPl] 27 "o 4
CH(Table 59 @ 3 @). WAk ¢
e 2 9wz gakd Fdd
ZbA 2F9(resource)= AFA ] A
@9 @s ol&sf A= g3t
ATHTytler et al., 2013).

Al liAE R Ao }((D)* Tote
gk o Fetaer] & E(@)g HEEE of= A
o 2T B0y ﬂ’\} =9 wi Z%xﬂi%
S0l TR ARE T & e 2%
& ¢lojA REof 013&‘%1!:7]— UERdTH(Kress ef al.,
2014). o] ¥l Fetae]7] &5& I, HYELS
doj oz P n| & Hido s A7 el

T
N
Zi
HU

i

rir

™

=

>

O

_xZi
o
&

mln G

o, g obo

i O opy 1

o, rr r

o N L yo
o £

(o

]

Eore

b
=)
S >

ofd

ol
1o g
o=,
i

o

]_

rir
pak
tjo
b
o

=
=
]

—

o
T
o

oxHxE Fol HH e ovlE o ¥4
Al FA g 4= A tH(van Meter & Garner, 2005). &
S BER A dofd 23E 08T
g oh 2t Table 59 @l a2 < e L=
A2=AE o] &oto] et 7ol thgh A<
AJ371= thKang & Tversky, 2016; Kim et al.,
2018). B719Ake] AT T A7) Wsks
tﬂjjr &0 Loz THHA 7+ 89 Alo]g

A2 PER AReE o] 1 dolth

o WAE AAw Betae)r] 2EoltiPark e
al.,, 2021; Tytler et al.. 2020). ©] 5& 53] ©, @,
@l sfgste oAxAAS A TFE F A
Hetae71E dHHer A5 AdiM SE
< A NS o9A 2-8A TR 1A A
= gtk 3" o] FFE AT AHS AAA
o wdsty, TR A a”e Frksta
ohan S el Urtth o] IAelA A
T2 AZAE ol gsto] ™oy EAE 717
7|k ska, EFFer Ade FHsE
(Sjﬂberg et al., 2022). &, & #etaey] €%

& dojA 243 /‘17“ RS AR R A
AN A F oJTd e 48 ¢ 30

Aol v & & Sith

—Urgﬁgﬁgh

Oh rl

rlr

TREA 4] WM o tFd TR u
S5 9L AAE 4 3Tk ol B Bol, WA 5
o AFE A2 el ARE sl Qlojd B
£z Eda e PUE L Rold. £l
BN sntEslsle) AetEerls Fea)]
$ES 47 BE Pl FAde 24 RE ofxd
25 BgHo g 488 & 9 tHCromley ef al.,
2020). 53] 223 Aol M= HAQ1 AlZA 14

Folong EREd 342 dore 1;— ﬂr
Foll &&2 Aoz Tt

Table 5. A classification of verbal and visual modes of representations in science classrooms

34 A FFEE, REES)E =
T oA Ay 74

(cll: Folet #, ~ntEZV)E
53 9otz Ay 1A

dojx £ 0 )
Nzt £ ® @




174 ESIEDS 422 H1S, pp. 161~177 (2023)
VL. 48 3! AMAKE

B d7e dered 54 wg
& Edg wlda) fatd,
wERA AYE on] 49
g 2oz 35t ol 93
ol HAHOR ALgHE
to EAS FHow xEyet

Al
43 e

ik
oo
o

N
N,
=3
o o.?:
o
N
fo
10
ook g b ook N Y Ho

ofn
o

2

oft

-

-
o,
£
Kl
i rr

2
b

re
2
fo
>

N

N
Y

w4
o

i
o2
2

ok
o o

N

S

:J_

I, 1Ok
o mu
[*

S

N

&
2y

»—r_{m
R
B 5
B 38
5.@
Oru:
,o%sz
& 2
o
_L\T"‘_jlr
_ﬁ

<,

T

.=h

<

2\_:

g

%

N,

NN

o 2
o
9-%1,'

HN
tlo

k. U
=~
()
=8
ox,
oo O 1o [

oA A ST} Rolx] ¢
Fe Aol Yepde. pAde R
TRl 2719 dEd) ne

=
il
N

i Lo
o oX

zo Mo i
(o]
4 1o

Ho
K
)
b
N
N
olf
et
el
o
1o
rE
ol
T
o OH
N
_):L
1o,

o
o
>
)
ot
)
£
il
ol
o
il
o
o
oSt
il
[tes
2
O,
o,

L
ok,
<
N
ik
ol
BN
ol
o
_O‘L .

o

é\l

K3
e

N
To bt
'L m2 po ok

2o 1

e
o

K)
L%
it ofd mil R A

(R
boah Ob 2 [} b 10 o ffr

O
>

(o]
o
iy
o,
ok
N
zo |
D)

Nl
%E,
ofj
it

ol _1),
1o
)
ol
o
o
N
)
o

pe)

lo

lo

2

-
far yo
O,

ol

N,

K
X
rJﬁi
N
==

B

e gf
4y o

AR
o
o
N
=
rl
[Re)
e
ko
rO
o ox

oy, W
oSt
L o
o
R
S
o
rr
e —1}11

o
9
e
I
[
1o,
o2
)
|o
il
o
9
Qo X
o 1o
Y XL

(M SE e 1o N > ofw N, > ff Y N,
1o,
rJ
X
i
=3
r U
ol

m_?\_t
4
3o 1=

R 1o
o
)
o
ftl
§8
rlo
i
1ot
=
Ho
e
-
iy
rlo
i
1ot
[

n
N,

N
-
%
-9,
i)

rir il
)

S o
B 1o
Uiy}
il

2

o

]

L2

N

A e
o,
rr oft
S
J

X0 2

ot o rlr
PN
>
=g
El
>
A%k
ofy
i
offl
K-
& o
N

o &

§8 o

O o
=
o

%
j‘g‘mﬂ

&2
, 2004). SHA|RF olef gt A+

54 AA | FEp7] Bk
o] &3t A i
Z70817] g TR AAA
T AL olHH wydhy Dol &

ol
)
=
S
2
Ho
2
o

ol-) oko d
ol
i
R

R
ole
e

]

=
How

£ o
Iy
Chu
_\711
o,
i
B N

_“.LJ‘
Fﬂ-ﬂg
A
oﬁi
Om1o\|
o
—

},

Mo T
)
o
frtl

d

L o & rr un S et 1o ©

e
o, o
¥R

_|>L
ofo
s
°
rfo
K9
)
]
N
S

=
0%
uy
[*
N
1o

)
)y
£
o
%
oE
2
X
2
e
Y
fu o

ol folgirhs Ao, dold mEsh A7 B

Qibglailde B} US4 9

2 Ave ek A9 THEEA

o4 mEsh AZ4d mEY 4ol ofg BE
s

= T -1 = 1= A
o]zt =058 BEUE T 7|58hd noy) 2t
77ke] o] TUAE FoHAH o R o] & & 9]
L= usdy 55 AARgH, tgsreg o
s 7H 1o dEelgte #ar sligel gt
ol g & =& F & Zolth

o Ee BN, deREd Rdow HotA
A& ke AL Hetee 49, 5 Heh

~
ki
ol
S5
2
=Y
=
=3
g
&
8
=

22 (scientific practice)©
Council, 2012). ZEtAEL AF4le] HAS AT
o Sloix 23 =2, a#Y 5 THHCR °f
43t} Waston and Crick(1953)2] DNAS] o] 1Al
TEE 2% Yoz AN H34 AL g
RoA X ~E S8 o= B 5 97 st
ojAY TERtA T wiA 4&2 FHoHA
Mol 7HE 284 A
2}, =] #atA Af
A Aol g Fo] ¥

Fred A B4 wHdud
1S WA ol 7te] A7)
Aoz o208 el g, o
A7l A} w=ol5o]
o4 gEe] B olalg 3
@5Es 259 A7 o ols) 3

12 g,

Iy
é—éé

oft N
td
il
ol b Rl pol S

e
2,

=

R
2 ol Y

ol
l-u\l

B W R oo L
m*‘"\ll"’ |
2 7 o

<

>

o ox
o 1o

jng“
o

o

¢

3)#], 27(1), 28-36.



<oiPiee> 7] 2ol e 2SUM S0 BET27| X HeFHT|0N TAE

&4, o1 4n], =B 8(2006). T B S5l 443
a1 719}& A Al4A HE| Yejo] wWE wa
w7 d=aew§3t)x), 26(3), 367-375.

71874, 7 4 21(2009). frAlel A el 2Fgof o
S M. BT, 59(4), 329-335.

=

e, Z2E2], Atkd(2007). 2878 20E 283t
o 2% ;%oﬂﬂ%ﬂv& B2 AAH g A

o 9. a7 5EE%], 27(1), 28-36.

#874(2018). et ug 5E AT A4 Y oY
o w&EE ERAA N 9 gdst d=aetus
g13] %], 38(2), 161-170.

S 7(2019). 28A @l U@ 25T AZHH
E 8. =g w583 4], 39(2), 295-305.

A7 o]—(2020) A7) BE Ay 2
Aee B4 AL v ¥
%, 39(2), 204-218.

HEA, $7182004). AEA 12FHTPS) £
g o3hd S5 3o A8 B A4 =
Z25 33t w 5388 A], 23(3), 238-250.

Ainsworth, S. (2006). DeFT: A conceptual framework for
considering learning with multiple representations.
Learning and Instruction, 16(3), 183-198.

Airey, J., & Linder, C. (2009). A disciplinary discourse
perspective on university science learning: Achieving
fluency in a critical constellation of modes. Journal of
Research in Science Teaching: The Official Journal of
the National Association for Research in Science
Teaching, 46(1), 27-49.

Airey, J., & Linder, C. (2017). Social semiotics in
university physics education. In D. F. Treagust, R.
Duit, & H. E. Fischer (Eds.), Multiple Representations
in Physics Education (pp. 95-122). Cham: Springer.

Chandler, D. (2002). Semiotics: the basics. (Chapter 1).
New York: Routledge.

Chang, J., Park, J., Tang, K. S., Treagust, D. F., & Won,
M. (2020). The features of norms formed in constructing
student-generated drawings to explain physics phenomena.
International Journal of Science Education, 42(8),
1362-1387.

Cromley, J. G., Du, Y., & Dane, A. P. (2020). Drawing-
to-learn: Does meta-analysis show differences between
technology-based drawing and paper-and-pencil drawing?.
Journal of Science Education and Technology, 29(2),
216-229.

Halliday, M. A. K. (1978). Language as social semiotic:
The social interpretation of language and meaning.
London: Edward Arnold.

Han, J., & Roth, W. (2006). Chemical inscriptions in

Korean textbooks: Semiotics of macro- and microworld.
Science Education, 90(2), 173-201.

Hodge, R. & Kress, G. (1988). Social Semiotics.
Cambridge: Polity

Kang, S., & Tversky, B. (2016). From hands to minds:
Gestures promote understanding. Cognitive Research:
Principles and Implications, 1(1), 1-15.

Kim, J. H., Cho, H. R, Cho, Y. H., & Jeong, D. H.
(2018). The Difference of gestures between sScientists
and middle school students in scientific discourse:
Focus on molecular movement and the change in state
of material. Journal of The Korean Association For
Science Education, 38(2), 273-291.

Kim, M., & Jin, Q. (2022). Studies on visualisation in
science classrooms: a systematic literature review.
International Journal of Science Education, 44(17),
2613-2631.

Kress, G. & van Leeuwen, T. (2001). Multimodal
Discourse: The Modes and Media of Contemporary
Communication. London: Arnold.

Kress, G. (2003). Literacy in the new media age. London:
Routledge.

Kress, G., & van Leeuwen, T. (2006). Reading images:
The grammar of visual design (2nd ed.). London:
Routledge.

Kress, G., Charalampos, T., Jewitt, C., & Ogborn, J.
(2014). Multimodal teaching and learning. London:
Continuum.

Lemke, J. L. (1998a). Multiplying meaning. In J. R.
Martin, J. R. Martin, & R. Veel (Eds.), Reading
science: Critical and functional perspectives on discourses
of science (pp. 87-113). London: Routledge.

Lemke, J. L. (1998b). Teaching all the languages of
science: Words, symbols, images, and actions. In
Conference on science education in Barcelona. Retrieved
from http://academic.brooklyn.cuny.edu/education/jlemke/
papers/barcelon.htm

Lemke, J. L. (1999). Typological and topological meaning
in diagnostic discourse, Discourse Processes, 27(2),
173-185.

Lemke, J. L. (2002). Travels in hypermodality. Visual
communication, 1(3), 299-325.

Lemke, J. L. (2003). Mathematics in the middle: Measure,
picture, gesture, sign, and word. Educational perspectives

From thinking to
interpreting to knowing, 1, 215-234.

Miiller, A., Hettmannsperger, R., Scheid, J., & Schnotz,
W. (2017). Representational Competence, Understanding

on mathematics as semiosis:

of Experiments, Phenomena and Basic Concepts in



176 ZSIEDS K422 H1S, pp. 161~177 (2023)

Geometrical Optics: A Representational Approach. In
D. F. Treagust, R. Duit, & H. E. Fischer (Eds.),
Multiple Representations in Physics Education (pp.
209-229). Cham: Springer.

National Research Council. (2012). A framework for K-12
science education: Practices, crosscutting concepts, and
core ideas. Washington, DC: The National Academies
Press.

Opfermann, M., Schmeck, A., & Fischer, H. E. (2017).
Multiple representations in physics and science
education: Why should we use them?. In D. F.
Treagust, R. Duit, & H. E. Fischer (Eds.), Multiple
representations in physics education (pp. 1-22). Cham:
Springer.

Park, J., & Chang, J. (2020). A simple method for
comparing the properties of gases and liquids using a
decompressible container. Physics Education, 55(2),
023006.

Park, J., Chang, J., Tang, K. S., Treagust, D. F., & Won,
M. (2020). Sequential patterns of students’ drawing in
constructing scientific explanations: focusing on the
interplay among three levels of pictorial representation.
International Journal of Science Education, 42(5), 677-
702.

Park, J., Tang, K. S., & Chang, J. (2021). Plan-Draw-
Evaluate (PDE) pattern in students’ collaborative
drawing: Interaction between visual and verbal modes
of representation. Science Education, 105(5), 1013-1045.

Prain, V., & Waldrip, B. (2006). An exploratory study of
teachers’ and students’ use of multimodal representations
of concepts in primary science. International Journal of
Science Education, 28(15), 1843-1866.

Sjeberg, M., Furberg, A., & Knain, E. (2022).
Undergraduate biology students’ model-based reasoning
in the laboratory: Exploring the role of drawings, talk,
and gestures. Science Education, 107(1), 124-148.

Tang, K. S. (2020). Discourse strategies for science
teaching and learning: Research and practice. London:
Routledge.

Tang, K. S., Delgado, C., & Moje, E. B. (2014). An
integrative framework for the analysis of multiple and
multimodal representations for meaningmaking in
science education. Science Education, 98(2), 305-326.

Tang, K. S., Jeppsson, F., Danielsson, K., & Bergh
Nestlog, E. (2022). Affordances of physical objects as

a material mode of representation: A social semiotics
perspective of hands-on meaning-making. International
Journal of Science Education, 44(2), 179-200.

Tang, K. S., Won, M., & Treagust, D. (2019). Analytical
framework for student-generated drawings. International
Journal of Science Education, 41(16), 2296-2322.

Treagust, D. F., Duit, R., & Fischer, H. E. (Eds.). (2017).
Multiple representations in physics education (Vol. 10).
Cham: Springer.

Tsui, C. Y., & Treagust, D. F. (2013). Introduction to
multiple representations: Their importance in biology
and biological education. In D. F. Treagust, & C. Y.,
Tsui (Eds.), Multiple representations in biological
education (pp. 3-18). Dordrecht: Springer.

Tytler, R. (1992). Children's explanations of air pressure
generated by small group activities. Research in Science
Education, 22(1), 393-402.

Tytler, R. (1998). Children's conceptions of air pressure:
Exploring the nature of conceptual change. International
journal of science education, 20(8), 929-958.

Tytler, R., Prain, V., Aranda, G., Ferguson, J., & Gorur,
R. (2020). Drawing to reason and learn in science. Journal
of Research in Science Teaching, 57(2), 209-231.

Tytler, R., Prain, V., Hubber, P., & Waldrip, B. (2013).
Constructing representations to learn in science. Boston:
Sense Publishers.

van Meter, P., & Garner, J. (2005). The promise and
practice of learner-generated drawing: Literature review
and synthesis. Educational Psychology Review, 17(4),
285-325.

Watson, J. D., & Crick, F. H. (1953). Molecular structure
of nucleic acids: A structure for deoxyribose nucleic
acid. Nature, 171(4356), 737-738.

Wong, E. D. (1993). Self-generated analogies as a tool for
constructing and evaluating explanations of scientific
phenomena. Journal of Research in Science Teaching,
30(4), 367-380.

Yeo, J., & Gilbert, J. K. (2014). Constructing a scientific
explanation-A narrative account. International Journal of
Science Education, 36(11), 1902-1935.

Yoon, H. G., Kim, M., & Lee, E. A. (2021). Visual
representation construction for collective reasoning in
elementary science classrooms. Education Sciences,
11(5), 246.

4 i W5 A79(Jina Chang; Researcher, National Institute of Education, Nanyang Technological University).
A7VEE ke st Y289 W4 (Joonhyeong Park; Professor, National Institute of Education, Nanyang Technological University).
ol

R0}, A7FEE dFZa st 79
Tubr, o
x4, o|stoi At sl W4(Jisun Park; Professor, Ewha Womans University).



<oiP=S> 37| ofio] Ot 2SA SHYS) TsnaD| U HekEAIIN TAE BefE ML . HHO - ¢

Appendix
Each student’s explanation types of science drawing and science writing

S getaels]l | merEss] | 94 setaesl | BeEss] | g8 seaad) 227
S1 D C S7 D C S13 D C
S2 D D S8 C C S14 B B
S3 B B S9 B D S15 D D
S4 D D S10 B D S16 D D
S5 D C S11 B D S17 D C
S6 B C S12 B A S18 B A






