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The Effects of Flash Panorama-based Virtual Field Trips on Students’
Spatial Visualization Ability and Their Understanding of Volcanic
Concept in High School Earth Science Class

Jun-Hyuk Heo and Ki-Young Lee*
Division of Science Education, Kangwon National University, Gangwon 200-701, Korea

Abstract: While virtual field trips (VFT) are considered as an attractive alternative to traditional field experience, it is
unclear how VFT are best used in Earth Science curriculum. In this study, we investigated the effects of flash panorama-
based VFT on students’ spatial visualization ability and their understanding of volcanic concept in high school Earth
Science class. To investigate the effects of instructional treatment, we conducted pre and post-test on participants’ spatial
visualization ability and their understanding of volcanic concept, and analyzed using analysis of covariance (ANCOVA)
and linear regression. Findings are as follows: First, the change in students’ spatial visualization ability in experimental
group was significantly higher than that of control group, especially in spatial manipulation category. Second, the change
in students’ understanding of volcanic concept in experimental group was higher than that of control group in most of the
categories, but it is statistically not significant. Last, the change in correlation between spatial visualization ability and
understanding of volcanic concept in experimental group was remarkably high compared to control group.

Keywords: flash panorama, virtual field trip, spatial visualization ability, understanding of volcanic concept
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B2 aAES A AARRE SEe ok Y
4 F e 7ISE FAEA AFsE et
ATHArrowsmith et al, 2005; Qiu and Hubble,
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2 st Wel oRlEAk(field trip)olth. OFSlHARE
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A #EetL Adske 7138 Alwek
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S T =3HElkins and Elkins, 2007; Kelly and
Riggs, 2006).
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2| 2 =2 l(flash panorama)
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3, AAje] FshL el e A Ad
& FE AT WF 72, IFEE, A%
3 AAREx 9 x]zi:l AT ZHA]
k) 1:/_]-1;-];_1]:_ 24 9 gl =3 7to] EW
S8 (spatial ability)S 253 S W g3HoF
AL e AEE A= Aok 37 sYol #
S tho] A3 ATES(Lee et al, 2004; Kali and
Orion, 1996; Bodner and Guay, 1997; Black, 2005;
Baldwin and Hall-Wallace, 2005; Titus and
Horsman, 2009y A &3t £of 53], k] A &g
U T2 AR WS S ol )
B JEEEs s e dees 2 A4
27} S¥o] #Ho] Yrty FAF
fonl ol U Ses] P4E Bl 44T 5 9
Aekattt. E3], Black(2005)2 274 Ao}
Z%@% w&oR A sduA EItiar
okl EES ¥
A ]— 3ok T3 Wong(2011)
a7 AZkst ?ﬁ«l Al 7R sEEs E8dke
Ast wAEI el 37 AAsk] Al T 2
i%(—’g—ﬁ 24, 27+ zz]— AR E/\] .I:a}g A
7] #AE dople ATE FYsl
al.(2004)= Kali and Or10n(1996 1997)
3 97 AUE mHe Sese £0 F45 9
A 5 g ZRage el oF ssel
EYSIT GeoSAT 2419} Sgsbgel T cle
=2 il ksl 27 58 sk T2 o)
5 20 544 fooh BANBEE na
™ Z

f
% o ot

94

ol
ofl =
o d

-+,

i
o rlo
-

IS V)

o
>
49

2L rlo ofr o o

mln

il

f
QL
“if
I
N
N

g 88 T2 g A
B asttha Attt

ol e - 418 97 ke B @, o
5 Fo] sheeol 7w VFTE SIS
P g s B

522
% E7E AR, VFTE 889 97 e



o] T2} 1t 71 Ofel BN
spisel g olslels 44 9L WA Ao
2 A7, ol & QroldE ArHe B ¢
Qolr] BeA| sheglul e VFTS] Bgol 158
W59 37 A28 58 2 B A olale] W
L gge dolnud 4. ol=id A7
Y] Sdsl et 2e AT BAZ s
3, BN sheelel 71U VETS] B8-S 058

_!

SPME0| T7+ RIS 53 U At i ofalol DlRl= BE 347
(o) X (02}
Os Oy

0, O;: Pre-test

X: Science inquiry class using flash panorama-based VFT
0,, Oy4: Post-test

Fig. 1. Research design.

BES) B2 A4S S ofdl GPL WALk 2 Bk A o SIS B2 T A
A, S et 71 VFTO] 8- 3159} A, AR AR 918 Al 2 s 919 F 10
AE2] st A olsfoll oW FFs wHIETh? AZFe] AIFE S ST
AR, EefA] sheebet 719 VFTS 28 A5 3
Nk T3t sk g ofal 7kl g dAls 2 2N
oA WslE =7} YA seet 7Rk VETS] 88 39S doti
7] Slsll s7 Alzst 9 5 sk g ofel] ®ist
oi7 up ol FMx| o el 4% Wekst BA A9l Ad A4 g
Qo R g FHF A4 (ANCOVAYS dAJst] + A
AT CHe R A o Zpolo] FAA FolndS AT, Abd-AL
B Aol A% A4 dw) wESE 23§ T 499l Ws JEg mash] sdskel Wi
2 F 6499) Shge] Felsigink. 2 S ¥ B WY Af(main inde)E ABIAGLE. L, T
Y HlEE viszsiglon, Hee 35 WS oS Azst w8 s i olel 7kl FRBAE £
A o vl e 9= AF FJEE32d ) A As7] fsted AE 3] A (linear regression)S
[h(32%)02 ok sttt
B d3E Fig 13 e —i—@@’éﬁ](quasi-
experimental design)®] ©]& FA o APA-ARE T ®X
/\}(non-equivalent control group pre-post test)S 75.%— Table 1S B AolM aiE Ad ok} 54
st ¢4, A A9 g Jes dew & e ks g, gk ddl % S AR e
s *17@ 8 AARAS sk e AR AR e Zloltt, A9 et oA e BF 2 Y
AAE Ao, olF VFT €8 &+ Y& & A AA AAlsieH, B Fhe A - $o
& 32l 74?4 AAsiltt. vARte g, AR AL AR, AR AARE ZE IR AXERiTE Aol
oMol U F ] AAAR AR AARE AA] Fofske MEY] S FEE Hassl] s
atod 37k AlAEE 59 wistel st g ols) ®ist 2011 129 25V7] A7) AAE BF PR § dF
Table 1. Comparison of instructional treatments between experimental and control group
: Experimental Control
Unit  Sequence Tu.m Learning contents P
(min) Type Materials Type Materials
What is volcanic activity? textbook, ppt textbook,
1 50  Types & Characteristics of volcanic products didactic VFT pp didactic  ppt photos &
Structure of volcanoes videoclips
Volcano Type of volcanoes K
d Volcanic activity by property of magma S textbook, ppt S textbook,
and. 2 50 . didactic didactic  ppt photos &
volcanic Volcanic structure by type of magma VFT . .
. . videoclips
zone Volcanic terrain of our country
3 50 Reasoning the formation process of volcanic igcsiurélt(i)\(fi:l VFT abductive reference
terrain of Jeju Island work sheet inquiry work sheet

inquiry
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Bl a2= 0FHE = GETES OFE SSEI00, 2R GaIEE & 8o BENd
Ol LIS, S2E RI(MFYRNCD B2 G2 J0l H2 FOPM BEND HoG.

1. FHES HYUHANS BE HED BUE G@ESFWSED 2 ¢ VoM, 0INE &2 U
w2 E20 MW= U E2S 4= UBUGD FEH, 002 FHE A6 232, A
=AW AANASLR. B 0 T =AF AARD, TAD 0 FZIWE FI= = o
ES DTS N
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RURLN
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2. BIT 4FH B ANAY JADIT HHAN BB SSTHAED AR D0 AIALH.

3 B3I2D B2 HR YW 20 520 ZHE BENT MN222 SM(mpedF == @
24 2O, 0 POFZ= RAG 26 22, I =I= 2GR AT 0B FI=
S % - 29 AZ= RA=D.

B =5 & m=a A=

4. M2 LSS HESSE B3I 2D FAVIT 04 ZaH AR 42T JT= OAN 20
AR EIZ =I= IS0 ERANL MEET FE= A SARBI= SdE =X

Fig. 2. An example of worksheet for performing abductive inquiry (Manjang lava tube).
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Fig. 3. The 2Ps instructional model used in science inquiry
class.
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Table 2. Explanation of the three sub-categories of spatial visualization ability

Category Definition

Relevant geology

Spatial relation

the ability to mentally rotate an object about its axis

crustal block rotation or moving fault hinges

Spatial manipulation
P P another arrangement

the ability to mentally manipulate or transform an image into

envision how a rock deforms or folds

Spatial penetration solid object

the ability to mentally penetrate or visualize what is inside a

examine cross sections, thin sections, or road cuts
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‘ Literature study related to volcanic concepts inventory (VCI) ‘
\)

‘ Developing 148 preliminary items for VCI ‘
\

Analysis of Earth science I textbook according to 7th
curriculum

\

‘ Extracting volcanic concepts relevant to Jeju island VFT ‘
|

‘ Selecting 25 VCI items ‘
{

‘ Reviewing validity of 25 VCI items \
{

‘ Correction of VCI items ‘
|

‘ Completion of VCI ‘

Fig. 4. Developmental procedure of volcanic concept inven-
tory.

VCI 1. 3Rt &=9] 2iol(1)
VCI 2. 3 =20

VCI 3. 82t E£= 01a0te]

VCI 4. Bt X[&io| ZEo} EX(3)

VCI 5. 22 S22 =522 g4 1Y o §23)
VCI 6. SRMRte ERet EX(4)

VCI 7. S| 29 2 22|Lizle] SfAF X[3(5)

Mg AN B N 2 Aol B g AR
7t 20le] efsiglont, A 5d oyl wEw

A7ast WA} sHelA B 74 2 e e

#3 AEE wo} 4 - 1eke] AL AH 3t )
9 AR E s BlEdE AFS Libarkin
(2008)°] 7i'd A W89 siMellM FAIA 9T
< sfof dthar A o] Al 7] S 24
S o] o]FRoixn)

T9| Ef=tz (construct validity): 0| 2E0IM CRD = F
M7t skt ofsholl ELEPt?

L2 EF=tz(content validity): O] 2&0| AXZ Skrol| CHsH
oSS EX5ta UTI?

OIAE EfZT (communication validity): L[EXP7} 0| =8

SR E A R e S

o7 Zn A

Z24A| mpc2fop 7|8 VFT E80] B2t AlZE
sHoll o0jxl= A&

Table 3& ZA| bl VFTE &8¢ A3
g B Y A - o) AY Aoy BA Ao F
b AZtsl T wslel £ A 2ol FAA fo
Yolr 7] 918t T F4(ANOVA) A&
A Fot}, o] APl Y Hus 54 A
ool FAAe] FREA X
AouZ AR HAE ¥

h:ol
T

Table 3. ANOVA results of the change in spatial visualization ability

Experimental

Control

p-value
Catego N MS df F .
o M SD M SD (2-tails)
Spatial relation Pre 3 306 275 172 19
(10) Post 1 sor ass 378 30s 1692 1 349 0066
Spatial manipulation Pre 32 5.59 3.66 5.88 3.74 "
0) Post 3 1347 502 1034 sos /821102500 0.002
Spatial penetration Pre 32 7.63 2.80 7.13 3.15
(15) Post 3 891 251 797 283 6.068 I 1698 0198
Sum Pre 3 1638 575 Mm esl oo
5) Post 32 2831 699 209 746 ' : :

No. of () means score by category

M, SD, MS, df, F indicate mean, standard deviation, mean square, degree of freedom, F-value, respectively
Levene’s test was conducted to verify homogeneity of error variance

*p<0.01
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e kol ZA] Jha‘ru} 7Igk VFT &80
s i olsll el a2t fle Aoes EAE
AtHp=0.095). 3t 7 olelle] T7H sh MFE]
g des vwd 23, VO 6@t FR9
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Table 4. Comparison of gain index* between two groups in spatial visualization ability

Group Category Spatial relation Spatial manipulation Spatial penetration Sum
Experimental 0.41 0.55 0.17 0.42
Control 0.25 0.32 0.11 0.24

*Gain Index=(%opost—opre)/(100—Yopre)
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Table 5. ANOVA results of the change in students’ understanding of volcanic concept

Experimental

Control

p-value
Catego! N MS df F .
o M SD M SD (2-tails)
VCI 1 Pre 32 0.75 0.44 0.59 0.50 0,019 i ol 0741
(1) Post 32 0.78 0.42 0.69 0.47 ’ ’ ’
VCI 2 Pre 32 2.84 0.81 2.25 0.95
4) Post 32 3.09 0.78 2.63 1.13 1.423 ! 1579 0214
VCI 3 Pre 32 2.84 1.17 2.31 1.00
®) Post 32 341 121 2.66 1.21 4.809 ! 3374 0.063
VCI 4 Pre 32 1.81 0.74 1.78 0.75
3) Post 32 1.81 0.69 1.84 0.63 0013 ! 0033 0857
VCI 5 Pre 32 1.47 0.72 1.28 1.08
3) Post 32 1.97 0.82 1.78 0.75 0262 ! 0481 0491
VCI 6 Pre 32 1.63 0.94 1.09 0.82 8.076 i 8723 0.004*
4) Post 32 2.09 1.03 1.16 0.99 ’ ' ’
VCI 7 Pre 32 1.47 1.02 1.28 1.05
®) Post 32 2.50 1.14 2.13 1.10 1.805 ! 1471 0230
Sum Pre 32 12.81 2.61 10.59 3.15 26981 ) 2878 0,095
25) Post 32 15.66 3.55 12.88 3.52 ’ ’ '

No. of () means score by category

M, SD, MS, df, F indicate mean, standard deviation, mean square, degree of freedom, F-value, respectively
Levene’s test was conducted to verify homogeneity of error variance

*p<0.05

(p=0.004).
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Table 7. Results of linear regression between spatial visualization ability and understanding of volcanic concept

Spatial visualization ability (A) Coeff. of
Spatial Spatial Spatial Sum determi.nation Regression model
relation  manipulation penetration ®R%)
Understanding Experimental Pre 0.168 0.087 0.382 0.338 0.084(8.4%) B=9.152+0.211A
of Volcanic Post 0341 0.413 0.384 0.559 029029.0%)  B=7.601+0.285A
concept Pre 0.208 0.168 0.327 0.317 0.070(7.0%) B=8.336+0.153A
®) Control - post 0319 0.306 0.132 0.388 0.122(12.2%) B=8.835+0.183A
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