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The Analysis of High School Students’ Conceptions on Plate Tectonics
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Abstract: This study aimed to investigate high school students' conceptions of plate tectonics. Seventy students (N=70) in
their 2 year of high schools in the province of Chungcheong-do participated in this study, and they took a conception test
of visual representation. We conducted a semi-structured interview with 10 volunteering participants out of seventy. After
learning about the concept of plate tectonics, this study found that participants ended up having alternative conceptions
relating to terminology, meaning of colors, plates’ movement, plates' boundaries, position and cause of melting, mantle's
physical conditions, and driving forces of plate motion. The conceptions that the participants held after class were
organically related, which included the meaning of colors, mantle's physical characteristic, and driving forces of plate
movement. In addition, the visual representation used for teaching plate tectonics influenced the students' understanding
about terminologies, plates' boundaries, position of melting, and the physical characteristic of mantle. The study found that
there were the factors of visual representation that caused the learners to create alternative conceptions in learning about
plate tectonics.

Keywords: alternative conception, plate tectonics, visual representation

2 o o] AL B FRE) U YT S olu Aoith. olF 913 FH=e] AN IFHw 230 70

A9l S thgow B Fago BY A4 w49 i AAE Assion, oIF 1098 SES fen

WrEstE W AYsdnh. A7 A et At 97 FOREL B TRES I5F FoIE
%, Bel A7, 869 97 2 99, B B Au 2 B ¥ AFA} BAL )

Az glom, gl /Rl Aol olnl, WES) BH e, # £E9 A% AdES %

ohES % TR S5 AGHE A2 BYe Sol, Bel 47, $89 A4 2 WS Be)H 54

$E0) e Folon, # TR Gl SR e AL SRS A2E EAS) a450] 9

FR0{: tie g, B FEE, 24 14

*Corresponding author: jjeong@knue.ac kr

Tel: +82-43-230-3724 ¥ P22 APl Qe HES 2}A]E

o
W

(e

= T
Fax: +82-43-232-7176

o OJELE AT HHN dojue oY AE WS
This is an Open-Access article distributed under the terms of the AAH ez A 7 o] SASAA A7 tigt
Creative Commonig/Alttributi;)tr: No;l-C;)m}rlne;l‘cial License (http:/é ;(]/_q_% %EH /\] 7] kA ;(] 2] 6}7(4 3 }51-01] tHoH }\1 o zg:

creativecommons.org/licenses/by-nc/3.0) which permits unrestricte = L .

o= Hl—/\ = Z3)E gF 2= 0]

non-commercial use, distribution, and reproduction in any medium, & FEA7Ied A A E: T BH(Kim
provided the original work is properly cited. and Lee, 1991; Lee et al., 2012). 53] A, 3}k



Ze RS I FRES AAlst] i) SlaliA
= AT W s = EL
AL, #o olF, #e| AA, I 5] dFYES &
ofol s, olfg JfdEe] AEA HEH USA
AAAR o7t aHT 5
AfelM vepd # 12E NS =2Y, W, 2
£ A 58 B A9t olFojxleH, A
A7 W Ade vt 2k

Marques and Thompson (19972 16-174] XEF
ZE A 270 e R iR, s, s olF,
AFANV, B2t 7o ol tigk s S W
g AEAE Fote] AFe A3 se] we
oA HF Theet FEoE AosAU He] A
ol ol WjEE Gl NS JHT slem),
Azp7|ol g3 A¢e] s7ef osf o] o)F stk
MEde 7N Aok S8k Jeong and Jeong
(2007)= LFEAES] oA, A, # FEE, AT
W] tigk AgE Akl AR, =2, W
< AAGE A3 G5 S Fo| oA U=
oL gelsion, we| dsHoR Ao A F
A, 7 & AT 95 FFOE "oy WE
HFe e degoz ANSHARE Mg dEs
gahe 202 Yehith Park 2009y o] ZAA

g wEshe BA =Y 2N Fd S
3

1
o

Bermea (2012)= Wgt Y A< FHIES o
o=z 19 g7

ol
S
L
rﬁ,
rlo
D)
I3
I
4
oL

= 2 fo Sloka
vk sgom, we] dokie EFUTL stk

NAY FYSe B TEE A IS A5
FAE oigk JiES e 97 B%eH Jeong
and Jeong, 2007; Park, 2009; Clark et al., 2011;
Smith and Bermea, 2012), SHJ#ut olujz} &4

AE AtuAEE T X2 3 HatE pdS
sk odeS A=t A2 % (King, 2000)

2008), SHIEC] B FR2o| AMgEE AIAE B
< oGA s sk=Alel tigk Atele A7 S
ool Clark et al. (2011 v]=A]2ZA} A (United
States Geological Survey; USGS) 5 3|o]A]o|
A" A ZAE(Simkin et al, 1994), & I FZ2E
o] E2H ouAE o]fsle] AP YPiE A
WSS o= /g A B8 s,
olE B3l TNES] & FxE A NE AFE F
3t 1 A3 SHELS gof, H| o)F, A}
HHE A% ol &8 tig tgee] ek Aid
< 7KL e, I FRE S5 AMEEE o
XS4 o 24E0] YS9 it /Has A3t
A1 Ak AFAHE Aljker vh vk v
Clark et al. (20117} AR&-3F 7-23}E e (structured
interviewy> % TEE 5ol ARSE olm|A| ] U
[4E0] SAES] gijbde] oJ9A dIFE PIAE
Al tigt JAAHAE FAH R Ws|7]ell= A7t
AoH, sl ofd oljgt gt /ide] F45]
T TIES USR5 A F4E o
GA sAst=Alel gk A7t sttt

53] @ FXEAN tEe AT Uie Bl
Brhssl & 122 A R A spd
o2 A7 #H/do] F-EErH(Smith and Bermea,
2012). A1ZHA B2 8 dAdolut el gk 3
o, gz, 34 59 EE 94
SCH(Perini, 2005a). #3817 &dH =1
PME 2zt 2 5 44 B4
A 8t WA oA = ARlelut Atst
JEo] FE AREEW(Lee, 2007),
& =Y #5 i olsfdl
THNoh et al., 2009). &L} HAY
A Srahs AS viEA QA8
o, A7t ARl ded JuE
197 o] WA 2oz xHslehe
goz Qe ol tikk HdS
7H 4= dukal dthKang, 2007; Yang et al., 2007).
53] Cook (2006) Shsak= ARAle] Ms)ZAz AL
AR 2wt AlZHE EFe] oulE FEAR o
o} thE2A 8 + Sdokar s

=]

il

hYA
-

i)
ol
F{F

N
A o
w2 o
&
ok o
ok
¥

o

iy
=
s

-4
)
iy
-0,

o,
>
N
o
|

ol
o
o 12

flo fo ™ rlo

ox o [

=
14 %

2 2L ofn
23

e
sy

X0
|0

).

4
o
o
£
4
offt

=
rO
2
-2
1



486 ol YHS - sy

a8 PE g, SR AZ
tZA4 gus M=
3 o] Hol A USRS
b FAlA AIZH B4 oBA olsfiske Tl oy
& AFe F8sith %HM 73, Park (2009y ©}
RS9 & 722 el ¥ "Xl 891s A
3] - w8 dE Yo 3 ke 959 JRARIS
A2 AAEYLH, Choi and Ahn (2008)= THSH
W-9A 831 Ast AES I | 8R1s
sk ARARE AAlste] wapA el Fax7t o
Mol 74 2 FEe nzitke dE UREge
U, IFEY] Al Bl ek aiAdE Al
OF ZARE A= o] o] Foix|A] ettt

webA, olegjgh WQAS niEeR B dAdie
I FxE g AREE AAE 33 ol&at]

IFNES e R & o FxEF AHE g
55 THHCE sk, A4E #e] gk
Bdoll " FFS mA=A AR ol ik
WS BAGITRE Aol 2e)7t gls Aol

% 5o SlEshe Hish
& Aoz e el
o ojngit). W E

O>'_\1|., ‘]'r"

o
1:1

FU1° i

N
d

¢

oI

A EH’}:F

Oﬂ:rL];H}\]— E
20143 32 6é°ﬂ A At 1
o] AA AT Wsp wdoA I FRE W&
ShFeitt. SHEY] H”oﬂ gt olalE flef &
APIHE ARSI, ol A% HEY FE A=
A Ao, 2 5 wzslE Wk (semi-structured
interview)> 2] W] A FoixEo| digt Hlaw
7Fedt ARE FHE 7 dve Aol W] Wi
o (Bogdan and Biklen, 2007), ©] SAFolME Wz
st HES AAsiglen, ol Sl 70| Y
F 10 TS TEeFAEA(simple  random
samplingy& &3l 1089 SNES FZ30 A
A W] tigk o8 Ak WE Feirks TFet
A6, s 4o s st

A7 Hxl

AT A dds] A% AAH A7 dAE
agoz JYeld Fig 154 2t

I UL, B 22 A g, SolA] A

252 A7 TAo §84 2 AZH TS o

‘ Review of precedent literature ‘
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‘ Secondary analysis: Interview and data analysis ‘

Fig. 1. Research process.
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Table 1. Concept inventory for plate tectonic
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Questions

Z
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Mark all features related to plate tectonic and write down the concept

Mark with circle at the where is the melting of magma taking place

Sign with arrow about direction that plate moves

Mark with line about the boundary of plates and write down type of boundary of plate
How many plates is there in the picture? (mark each plate with number in the picture)
Explain what the meaning of underground colors is

Explain the reason why the melting of magma takes place in number 2

Estimate what percentage melting magma exist in the mantle

Explain What driving force of plate tectonic is

(a) Visual representation of conceptual test
(Clark and Libarkin, 2011, 89 p.)

Fig. 2. Visual aids of plate tectonics.
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Table 2. Compulsory questions
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(b) USGS hompage visual material
(Simkin et al., 1994)
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Num.

Compulsory questions

1 Where will characteristics of plate tectonic occur?

Can you explain the why?

5 Where is the melting of magma taking place?

Can you explain the why?

AN L B W

Can you explain about number of plate and moving route of plate?

Can you explain why you make a judgment by basis?

Can you explain about underground color? Can you explain why you make a judgment by basis?
What percent is portion of fluid? Can you explain why you make a judgment by basis?

What is driving force of plate tectonic? Can you explain why you make a judgment by basis?
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Table 3. Concept category of plate tectonic

Concept category Num. Reference
Term and meaning of underground color 1 and 4 Clark et al., 2011
Position and cause of melting 2 Clark and Libarkin, 2011; Clark et al., 2011
Movement of plate, boundary of plate, and number of plate 3 Clark et al., 2011
Physical feature of mantle 5
- . Clark et al., 2011
Driving force of plate motion 6
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Table 4. Result of making terminology (n=70)
. Percentage of correct
Response Whole sign Correct answer Part of correct answer answers (%)

Convergent margin 60 58 0 97

Island arc 56 53 0 95

Divergent margin 56 55 0 98

Ocean ridge 48 46 0 96

Trench 41 40 0 96

Conservative margin 33 33 0 100

folded mountains 24 20 4 95

Volcano (or volcanic activity) 20 20 0 100

Transform fault 15 14 1 100

rift valley 11 5 0 45

Benioff zone 10 10 0 100

Crust (continental crust, oceanic crust) 4 2 2 50

Plate 2 0 2 0

Outer core 2 0 0 0

Mantle 2 0 2 0

Hot spot 2 0 0 0

Van Allen belt 1 0 0 0
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Yellow
Fig. 3. Kinds of underground color.

Table 5. Response of students about meaning of under-
ground color

Color Response Percentage (%)
Crust 64.7
Continental crust 11.8
Light brown Stratum 59
(n=17) Lithosphere 59
Upper mantle 59
Land 59
Crust 40.0
Plate 25.7
Lithosphere 114
Gray Upper mantle 5.7
(n=35)
Mantle 5.7
Oceanic crust 5.7
Except for that 5.7
Upper mantle 32.8
Asthenosphere 19.0
Orange color Magma 155
(n=58) Lithosphere 12.1
Mantle 6.9
Except for that 13.8
Lower mantle 529
Asthenosphere 13.7
Yellow Mantle 118
(n=51)
Outer core 39
Except for that 17.6
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Fig. 4. Coding rubric of melting location and students’
response.
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Table 6. Response about cause of occurrence of magma
melting (n=70)

Response Percentage (%)
Friction 30.1
Temperature or heat 19.2
Collision of between plates 13.7
Upflow plume 6.8
Volcane 6.8
Heat of outer core 5.5
Magma 4.1
Pressure 2.7
Convection of mantle 2.7
Except for that 8.2
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Table 7. Analysis result about movement direction of plate (n=70)
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Type of boundary

Whole sign (%)

Correct answer (%) Wrong answer (%)

Convergent margin 48.5
Divergent margin 95.7
Conservative margin 8.5

48.5 0
914 42
8.5 0
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Table 8. Students’ response about plate boundaries (n=70)

Whole sign Sign with line for Sign with terminology for Except for that
Type of boundary (%) boundary (%) type of boundary (%) (%)
Convergent margin 95.7 85.7 8.5 14
Divergent margin 90 75.7 12.8 1.4
Conservative margin 60 514 85 0

Table 9. Response about number of plate (n=70)

Number of plates Percentage (%)
3 47.1
4 414
6 5.7

Except for that
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Fig. 5. Response about percentage of magma inner mantle (n=70).
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Table 10. Response about driving force of plate tectonic
(n=70)

Driving force of plate tectonic Percentage (%)

Convection of mantle

(ascent and descent of mantle) 85.1
Internal energy of earth 45
Except for that 104
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Table 11. Concept of plate tectonic related to characteristic of visual representation

Category characteristic of visual representation

Related concept

Terminology Steam, smoke

Plate boundaries Coastline

Location of Volcano to the top of ground

melting magma
Physical feature of

mantle Red asthenosphere

obscurity to the end of subduction zone -

- Volcanic activity promotes in the island arc and folded mountains

- Convergent margin is distributed along the coastline

- Magma melting occurs in the right bottom of volcano
Magma melting occurs in the edge of subduction plate
- Mantle contains a considerable quantity of magma

- Mantle is liquid state
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Fig. 6. Example response of student who has indicated
boundary of plate tectonic.
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