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Applying Extend-Augmented Reality in Teaching

Fundamental Earth Science in Junior High Schools
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Abstract

The construction of cognitive concepts is very important in the field of science
learning. In the past, it was common to use simulation approaches to teach. Currently,
Augmented Reality is a new technology that combines the real world with virtual
objects which allows the users to interact between virtuality and reality. An Extend
Augmented Reality system was developed and applied to the science and technology
course in junior high schools. A one-group pre-test/post-test experimental design was
implemented. While learning the unit of daily and seasonal change, speaking of the
relationship of the earth revolving around the sun, students need to have imagination
relating to the concept of space. In the learning process, students would learn better
and become more interested with multiple and interactive enhancement. 111 students
aged between 12 t0 14 years old participated in this experiment. To assess learning
achievement during the course, these students had pre tests prior to it and post tests
afterwards, respectively. After the course, a questionnaire of student satisfaction and
continuous usage intention on this system was delivered, in which student satisfaction
was measured by Technology Acceptance Model (TAM). Moreover, to understand
whether previous information technology skills of these students had an effect on their
learning as well as satisfaction with new technology, a test was conducted to examine
their information technology skills. In the past, studies showed that there was a
significant gender difference in science abilities and information technology skills. In
general, males were better than females. Thus, in this study, the variable of gender
was adopted; the relationship between gender difference and learning was discussed.
The results showed that it was helpful to students to use this system. The results
showed that with the use of the Extend Augmented Reality system, learning
achievement was improved. Also, students who are of high learning satisfaction and
continuous usage intention, they had higher learning achievement as well. Next, the
relationship between information technology skills and learning was explored. It
showed that students with higher information technology skills would have higher
learning achievement, higher learning satisfaction, and higher continuous usage
intention. Thus, it is possible that information technology skills might affect student
learning. Moreover, from the perspective of gender difference, averagely speaking,
information technology skills of males were better than those of females; however,
there was no significant difference on learning achievement. Lastly, it was discovered
that information technology enhanced courses are not for all of the students.

Keywords: interactive learning, Extend Augmented Reality, information skill,
learning satisfaction, learning achievement.
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ERC-HHATEHARIFL R BERBRPPEEFE AN E v FRE
Euad e

Azuma (1997) ia i M A B L- BY L L F 2 R nie o i 5

BERFERORE T Z RS P RTEI B AT 8 (Virtual Reality VR)
IREL Y 0SB FARILG § R 2RI mEE R KA o WHHF B G o
o FAUvELETEFEREL K - Milgram ~ Takemura ~ Utsumi £ Kishino
(1994) ma £ 2% (Mixed Reality » MR) & #_%& /& B E 8 4oBl 1l
FEOT e 3P FBRIFH T B BT 2 5 - BT B4R (see-throuth) BT 2 5C

S
¥ - f8 5 & or ® (monitor based ) &g > 5N o

l_i a5 EET (MR) —‘
! 1
A pn prry A%
(AR) (VR) o
AF-E# 24
Reality-Virtuality (RV) Continuum
B 1 2F-mEEiE

R ﬂ: :}Ez : “ Augmented Reality: A class of displays on the reality-virtuality
continuum,” by Milgram, et al, 1994, Telemanipulator and Telepresence
Technologies, 23(51), 283.
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A 1998# 4= » ®* d |IEEE (Institution of Electrical and Electronics
Engineers )~ ACM ( Association for Computing Machinery )~ ¥2 EUROGRAPUICS
iﬁﬁ’ﬁﬁiﬁﬁﬁ%ﬁ?ﬁ FA 6 ISMAR o 23R 0 S R B s

EEEI RS SN %ﬁﬁp”$%7+’ﬁW£4§‘%W§wﬁ
EAFRRAE CEAREE AL 2 F S A BHT R T ER T S B
PASBER I~ od AT ¢ AN E SFERTERAFHT D

Frwm=2 g% 78725 (Azuma, etal., 2001 ; 3% H 4 - HKE'T 8 ,2008) Ra >
WHF B HEML S5 F LRI (it 8 T ) o DR AT
AN A0 NP M Y nE 2o o AE Y LR BAEE & R

WEZRA R A0 F AR B4 FFE (Chehimi, etal,, 2007 ; Yuen, et

B A REY ARTASY NIRRT R LD T KT Ea
FAZ XLt fonfid 2o s HHFRLHRF T L DFY Ax
(Kaufmann, et al., 2003 ; Balog, Pribeanu, & lordache, 2007 ; Larsen, Buchholz,
Brosda, & Bogner, 2011) - F]* > #FH F i BB ERKE - EV¥ o 327

SO AT B PR 1 o

S S HHFRRETNEVZMEY

Billinghurst (2009) 45 M #3787 I EHET £ ¢ HFRFV F 7
R T I B E Y U ATORE e Y W A RE Y R R e
IFEYRF o FIFL BT BT ARTAAE ¢ T T APE
DEE T R B PRT F Y {00 37 bR i & (Balog, et
al., 2007) -

13



Shelton £r Hedley (2002) %3 F SRF 2 E Y p BT iz ¥ Uy

LR =7

‘T
\-'-1

RE B EE SEER XY G SRR B g
¥ o= aag 3 o Kirner ~ Zorzal 2 Kirner (2006) k3 — Z 33 7 5 cndssh > 2 ¢
- BERAGRRY F o £W FAET > WENRZEFORE > TEINEH
sk EEEY 55 o ¥ ¢h o Juan ~ Beatrice #2 Cano (2008) B # - £ ## F 5
ﬁ?‘@%?ﬁﬁg’ﬁgiiﬁ%Jm”W@TFﬁWﬁw’#g%ﬂwﬂr
IEF o MUTBATHFR RTARIAKEHE L B Y £ Feae AT Y

BT E kSRR T R RV 2 AT 0 oA 28R o

* 2
BERBERTEFEV 2 MF
E iEK B nFE %
Hsiao, K. F. L I - Ul B4R F o et
WHABE e 71 ARE KEVYFREMNTE -
B &
NN B‘r';ﬁffj"; Al %fé
J]‘::!“ ~ ‘{'g\’;f 4 ~ E”L&ﬁ{f!‘
N EREG e
Chang, H. . P FEE LR B4 s EgY s B
2013 Wu, H. K. FE BRI HHEE PRI R B EHRIERE
Hsu, Y. S. BT 4o~ sV RARL PR RE LR o
Cocciolo, A. R GeoStoryteller = #% %‘cgﬁdﬂzﬁag (o SR
Rabina, D. W R BB Y 0 LR BRETREE
L AR R A e A
BE S FexT
u}gg@ﬁb ,} 453
EE R &
By
Tsai, C. H. B2 RmEBARkA TR 1 HHF B foprad v
Yen, J. C. 5 BadEd BAFY Ao
Yang, J. Z. 2. ”i*fe”*%":‘??i
2012 g * A

L HEY 7 ROk
B slg Ry 84
=~ F)
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Matsutomo, S. R TRED ERCT PR ERE Fo
Miyauchi, T. P BEEAG | B Sns o ?E#” g
Noguchi, S HA A E R BE
Yamashita, H.
Yoon, S. A. B SERESFE AR BHIR CRT R B
Elinich, K. P AHREIRE PEMEAFR > F 23
Wang, J. g LA TG BAE S A A
Steinmeier, C. et F IR
Tucker, S.
Coles, T.R. FE  bmHREY3 BE L EHEBES 2
John, N.W. REmEHE A ORY O LREFER
Gould, D.A. PR FOEART PGS ERE T o
Caldwell, D.G.
Andujar, J.M. 1 ¥ ER/AT T HHTEEAET RLRS
Mejias, A. 142 fF%&E (ARL) 152 g S
2011 Maérquez, M.A. BEEY
Sheng, Y. FHR O RE-Ep kR BT B IEE 0 FEH A K
Yapo, T. C. P i R T R e
Young, C. Borso BV A7 RLZzFEE 3 TAARX
Cutler, B. B Sea, RS St o
FR e il
kil
Marti'n-Gutie” rrez, J. #%  £]22AR-Dehaes? #4472 Fmsr 3 8
Saori'n, J. L. oo I Y Ak
Contero, M. A Bl
Alcan™ iz, M.
2010 Pe" rez-Lo" pez, D. C.
Ortega, M.
Snyder, S.T. B OMBHTF B AR ia FREF SFRE T2
Elinich, K.J. g PFEEEHFE KERIFLIHE -
E
Lee, S. H. B RBREAREITF € Gfe | FARH K3 E
Choi, J. DK HF e Y BB o
2009 Park, J. ¢ BlE e
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Liu, T.Y. i OBHIBREF AR LB Y N KR
BRI oRFIE FAEFHFY ke
gy & i
Bor i oo
2008  Juan, C. p R AR IRE T LEAT AP IR &Y
Beatrice, F. g G * o
Cano, J. 2. * The HMD ¢ ¥_& 4R %
BLET D HFR A B
TRFE °
Qg b 33 B
I
2007  Squire, K. P8 BHIBRSEF CHRFLPEmighR
Klopfer, E. B EREA A A A
FEREBREFHF
Fh 2
2006  Kirner, C. wg WIS L BRI BEN- 2L x5
Zorzal, E.R. B Fde™ 4k B BiER ﬁaﬁ,%j
Kirner, G. 5 % 1. Avirtual jigsaw 1t E eI I d ek o
puzzle
2. Tic-tac-toe
Game
3.Game of Words
4. Musical Games
5. Magic Cubes
2005  Kaufmann, H. HBI® A G LR RS R
Steinbugl, K. LA eHE S o TR
Diinser, A. i 4 B LY BERS -
Gluck, J.
2004 Mou, W. 2 HET Sk AT G E R 1 1Y
Biocca, F Bt B s A gen HHFBIR MR
Owen, C. B. el 4 L) R R A
Tang, A.
Xiao, F.
Lim, L.
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2003  Kaufmann, g A0 EA BRHIZAEF LR

Schmalstieg P S Szl O
IR Y e 4 o
2002  Shelton, B. E. p R B B4 e A E2
Hedley, N. R. 8  pf o F DR GL eEE B
kM B R HimAinwoe
Lo

dFRDLRT IR FHTBE LT ARG g ZPEF 5T > £ A
A R ZBENEY  VABHIBL A2 2R TP TEPEE
g P hE Y L Fetehe RA o e W SRR IRE AR EE
W pEEe AFHPEr X Vg B R E e o RSN B

F Y o

Fr& FTRAPEaRIHEVLES

S FAREL A 2R EERR

d T E AL HE B i 0 13452008 & v R F an T FAY 4 & - F ik

ARHEE SR, 2 TR KT 4l T AT ik

AN Y

o)
2|
M
|

—-

¢ %
Er AR AR A RO RG R R ARKTHE BSOS T A
FEBRTRPHRAE PR P S 0BT TR AE TR HEEE

R RN EERAEY 5 FREE DL BASETALE Y T
REAEY (£ %% -2004) - McClure (1994) 3n% A % ¢ 5w BA > A
W % @ sE & (Traditional Literacy) ~ 4/ % % (Media Literacy) ~ 7 *9% %

(Computer Literacy ) £ g% % (Network Literacy) - @ st% & £4p - LFH
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FBIHER AR E A RET AR WA G T
Rar 4RI B TTRE M T RRG R R EAIT UL RRT R

LR P EE LRSS EY RS PR

Bk R RRAE A

B 2 McClure shi % % 24 B
F ALk : “Network literacy : Arole for libraries?,”by C.R. McClure, 1994, Information

Technology and Libraries, 13(2), 118.

Rl ORTRER REFFLNEEPD oot F FY R ALE
EoFAARAERETEMD O FREAHNT AN 2 LR AWF T D
Bt AR FRET BT ARY e AH AR BEREF TR B
Pisge ~ <5 # 1 (Bucher, 2000) - Kuhlthau (1987) 5z 3% & #-F 3 %
R rAT R AFL S EFRATANER A P e d ARE o KT
Faids ¢RFFL BV U FARET D AHEY F L oGS
KEFPFRRRRAT G FERPARMIEAEY 0 G BEVFAR
2z 5y (Russell, G., Finger, & Russell, N., 2000) -

Fae 4 3 Adp N g ITPHK A i 4 0 Csapo (2002) s a4 focF
SRR R HEAMEKE A AR TR A GEERER T e 4 o &
- APMWALT IR 0537 v 1 TARHEEF A F A AT D

Hig* Faf a4 (Kipnis, & Frisby, 2006) o @ > &% Filag * a3k & 3
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WU e A A ML RERAOF MR S T DS
Hoos BEEG AR o

FFRES 0 FART HFROR T FAFENFARBT AR LS F2
B o R B Y TR AR gk (FE R o e BB Y o B ED
FoeE I FRABRE KRR A F L R PR R A
Ra oW AHHFTREET L a5 A - F AT F 2 TR gk (T
BRATEHE R T AR 4 A PR s Y FIMKT I MRR

05T BR e o T fRE 2 T 4 AR

!
4!

S~ FRAEERAA A Y

FEFIMAYT W 4 AR F 2 R > & Herring ~ Tarter 22 Naylor
(2002) 7% ¢ » @ % PLUSHA T # M- #79 £ 0 FME 4 @ 7 B 2
NG RES SR PLUS B A #7304 A e Bh 3 A LR
% P & (Purpose ) ~ # g (Location) ~i¢ * (Use) frp 33=i (Self-Evaluation) -
WenF a4 o R Fe g A g Y {5 %F - Wang ~ Ke ~ Wu fr Hsu (2012) ¢
FIGEFRPPT e 2 it (T L RE KM p AP E oA # PR 2 30
PR RMERTIEFIHEY A LF 2RI FTAEA FRALAA
Siei 4 BMLEL A o SU(008) HHE D AR AL R T FRAH
KHPEY 5 BFAfHErie 7635 - BT ~PPT & e-plus #c#8 > #3325
Fampullife  blde TE - T ? Pity ¢RFEV 5 - 3
PR E S KPR A EA TP RAOF AR F g T 7
A F A R JHLT ARRTARSEFRT AN G L S FL LT
PHREEFALFTR Fla g REFIZFEDPF T AFTAR S HE2HY o

% £ 44 (Julien, & Barker, 2009) -
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T4 atu ¥ ugmy £ 84 Kubiatko (2007) # &% ¢ 7 %
A gr FARENYR PRI FF VRS L Fa T T~ F 2R
LB RAREA @ A MAhF I MY R R prpprt 9L 5 R

P o SN

W

v E AR R AT ERE T U
W S F Aok TR HE W W T A AT B bl
R RRA T SR FTHESALARILLNRYALT R bl4e

x2

g P LB ARy h

d»"

BIchPERL N E O RERRIEF T

=\

NN % |;
P+ 7743 (Gupta, & Houtz, 2000) - Ftic 4 § B iZs BEB A ~ KT

Bfoit g o BBl ATAHER A LR oL EFAHEY 2D e o

P16 PRE>EVIELR

CHHR Y2 LEERR

T T S R R I X T TR
5 (2005) i FAAHT E R UATHRA TR AT ARKEY 1Y - 4

WA 0 BRI 3T LT IR S TR L M T
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M3 o TR DL AW
TR ¢ (2005) o T PR A HF BT Lo AR PERT
3 7 5 38(6) 61 o

AT T APH G R SRR o~ AR T ER B KT RFEOR
LB CEPEFLRE T LRIV BEIOLTRE CET oA TR
T o B EGERT EBERH SR HEE Ll - BRTORTRE G R
ERFFORE 2 O HMER L E Y A2 s W B AFLARFERNE 2
AR Al - B E A I EME S FF AR F ¥ %5 (Duhaney, 2000 ; fr %
1 02002) c TR DR F T UEREFET|I R LN A4 B RE % R
FLa@pdmF Y 25 o5 {F0p LFV R (RER SRR HREH
56 TRk > 2008) o

Ko FAPLBEAHE B FY RS ﬂ’%”&ﬁ B L F S
AOBERNFRERLTHEB KRG L LTI F - Hayes (2007) 3 &R = 41v

TEREY FAPHZEFFRFT AR IR L TAPERKE T2 4
TREFRAHPEAE S AR RFE KPR 22 FTAPER > KF

~

B e SR DRI TR KT ot h o g - Bl
B Y TRE > RE S (2007) HFIRMFTAAER > BT BE KT 05
PIﬁﬁJﬁ*f?*mﬁ”%Eﬁﬁ”*f§4’af§4%* TR F

ViR T A E BB Y o

e

S
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-~ HERCFEVLHR

(=) ##HEEZH5 (Technology Acceptance Model )

ERFATEAFLEA LY AL R DI FEA PRI AR T
#oieid F %9 Davis ~ Bagozzi ¥2 Warshaw (1989) # 1 el 4% % 50

( Technology Acceptance Model, TAM ) » j&3x+-F * |+ (Perceived usefulness)

s 1 (Perceived ease of use) & 7 fz i * Aﬁ g * ;B (Attitude toward

using ) £? i¢ * % ¢ (Intentions to use )» ¥ # + it

bt R W R RS (Davis,
etal.,1989) > HAipR 7 XL @ 4
ko
,//ﬁ A A
p- r— B
o137 4% 55 ﬁ?ﬁ%_;ﬁﬁﬁ% | B AR
AEE &

- RSy ’]I":ﬁ']
\\\M A 4o

5 A

W4 s

#-;% (Technology Acceptance Model, TAM )
FA KR

“User acceptance of computer technology: a comparison of two

theoretical models,” by F. D. Davis, R. P. Bagozzi, & P. R. Warshaw, 1989
Management Science, 35(8), 984.

FHELHRG

T3 R F'\i’;—rﬁﬁ %r};‘pw”?;%r}g —égzléq*@}i’ﬁ’

Ad B AP

7ad®
S % Ht«}if‘?wu‘r‘ff # ,t}_?:’l—i—j,_—?' I Lm’ ;J:;,E_' FF"F‘;‘-" B * ;fﬂz
Fladp i * T kiRl 1 T s @

% 37 K BLENRRR 0 3RATT * G
R EARE R - BERLIARERFELTEARRR

R EFRER
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3

A s Gl G LR o BRI TR AR - BELL
WA FY A ORR 0 AR FEEARF IO A ARRIERT

PRESHN AR AR KT ER Y FERISEGITP DR T R
HEZIEGCELREY T EF RS RFERAT VAN Tk * § & (Davis,
& Venkatesh, 1996) « X @ » R A FURF e ~» §F ¥ cPAB% > o PFYALE Y kT
R HKT ARG T KRN FTARKSBOBEIREEF I F N1 8
FIE AT I f AT S R B f i R A RS Y
w7 & (Park, Lee, & Cheong, 2007) -

Yusoff ~ Zaman £ Ahmad (2011) £ #3220 4 2R £ 9 8 (Mix
Reality ) 3t & (78 ¥ » S2 E 0@ * ATFHDR Y G L BET 1
PR BLEAFFEEAREER Y AT HFT Y F 2w M % - Chow
Herold ~ Choo 4= Chan (2012) #:iE % = + 4 (Second Life) #pT Siz:i¢ - B
ATV R RERPE L BT LY FoR RieAn M A F R E
g € BEF 4 &Y o Sun > Tsai ~ Finger ~ Chen 2 Yeh (2008) i#i6 K %
BER T RFEFREALFIEES R FRLREY PB LA
W EA B E R I PAER F R REE A B BRER
FEF R S el v PR ERRE ST o R
SHRUEEHRFTIEYORLR -

SR RN F o T B R e Y @ R K 2 5 v
Fegyemp, 20 AT BREYAREY C FVSHALLIBSEEY A
BEEY BB ARTHABDERFAT Y » PFRBHIBE L HARLEY 200
AL R LR SFHR B G L - BRI R S AR R 2GR
PEIE FE TS B ORRE G KPRV T B g

EIMEE kB BEEY ko Ka » Bpru il A BRI B E R pRE
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FRAREOEAR HRY FA 0 2 o ¥R AR E 2T RO E B
RIPLPPAT it AR f 0 A2 S S RTERL 2 0 R R AT RO
PR EREY R FAENRERF ORTPEKRE BB E RS § VI RF - T
PO BRI R AN S TR GRS T e KB e
MRABH R RS AR -

Bt BP RF R A TN A R TN F
B4 PP Rz i ¥ a PRRIATHPHER Y DRREFY S0 xh
FEAAmE 2 RADT PG A SFY fp it o a (5] AP F ok g
PoFafsad iR BLFTHT T AR AP RGN

TR 4 B TR U W NFRH AR ARV R T
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(=) % ~ BRELFE

WS RGEE RN B 0 B D B EREH G180 i
Fue i MR BRI F A FE RS A £ 30 £ > 11 SPSS Statistics
20.0 %zt fickg e 7 % R & 5% ° Cronbach's o i& 0.817 » i¥ Cronbach'so & 0.70 12

r o AV RLZGREER

() RARER &ﬁ&“éﬁ"é

PE R A AL R ERRAEN S AEP NFEFFE w0 X
FRAGRALD BIER SRR T L ¥ RRPMEREF A L AF YRR
2R E o ABA R FHRE S EFRILIANERL > BP0 -FL S Ay
42 30 &> F »xh* ¥ o 12 SPSS Statistics 20.0 st HHE T A kH  FY AL A
Cronbach's o i& 0.894; % 3 & # Cronbach'sa ©35:£ 0.70 ¥+ » 2 7 EX 2 G R

B o B RBAELL 5

% 5
TN S GRA%- Th

oL oL, Fm e B -
ag e Fmw
Cronbach's a & Cronbach's a &
Aep v R 832
BrEILAE AR T 911 .894
3%:7?3%%?7 .800
BER LR 872

(=) Fapsnd plkps

EHEY L REF T AN AL, R K EEED
A g WY K AR N F o MFSRALD RN 02 g
Mo AIFEE FAT G B2 30 =8 4 > 12 SPSS Statistics 20.0 fuit #iodd i
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B ¥ M 3# % Cronbach's a & 5 0.801° 7~ i Cronbach'sa & 0.70 ™2 F » 5 ¥ £
220 RARE -
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FI8 FER%
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