Tech. Edu. J. 14(3): 571-582, Summer 2020

o~
i

TEJ

Technology of Education Journal
(TEJ)

Homepage: jte.sru.ac.ir P

ORIGINAL RESEARCH PAPER

The impact of interactive augmented reality based education on the learning and
remembering of empirical science lesson

S. A. Faregh “*, M. Jafari Sisi

I Faculty of Design, Tabriz Islamic Art University, Tabriz, Iran
2 Faculty of Multimedia, Tabriz Islamic Art University, Tabriz, Iran

ABSTRACT

Received: 11 January 2019
Reviewed: 17 Februry 2019
Revised: 25 April 2019
Accepted: 12 June 2019

KEYWORDS:
Augmented Reality
Learning
Remembering
Multimedia
Education

iCorresponding author
X sfaregh@tabriziau.ac.ir
@ (+9841) 35419713

EECICIRET Mo S Education plays a key role in human life. While the teaching of

experimental sciences is one of the most important topics that should be accompanied by student's direct
experience, in many cases, due to spatial, temporal, or cost-related constraints, it is based solely on
traditional books and one-dimensional media. With the spread of new technologies, there are new
opportunities for the emrgence of teaching and learning methods that can transform the educational
structure. Augmented Reality (AR) technology, as a novel paradigm, potentially adds a new feature to the
range of traditional student books. It not only adds multimedia elements to the content, but also allows
interactive engagement with the content of the textbooks. Augmented reality, as one of the ways of
distance learning, by simulating the real world in the form of animation, virtual objects, three-
dimensional images, sound and similar elements makes it possible for the user to interact with the
experiments of a lesson virtually. This study aims to evaluate the effect of interactive augmented reality
based education on the learning and remembering of the content of textbooks.

m An experimental study in the pre-test and post-test quasi-experimental framework was
performed on two groups of 18 sixth grade elementary school students. For this purpose, two scenarios
have been selected from student science book and implemented in an interactive augmented reality
application. The control group was trained through traditional teaching method. On the other hand, in
addition to the traditional teaching method, the experiment group’s training was reinforced with the AR
application. Students' learning and remembering evaluation was carried out through two tests. The
validity of tests was confirmed by the teachers of science in Education District 2 of Tabriz and their
reliability was estimated through Kuder-Richardson Formula.

mwe results of one-way analysis of covariance (ANCOVA) showed a significant statistical
difference between the control and experimental groups. Also, the learning and remembering in students
who were trained in interactive augmented reality were more incomparison to the control group.
According to the results of the experiments, and the comparative review of the theoretical
subjects, the use of augmented reality technology has been reported as a useful and effective
supplemental tool for textbooks that can, beyond the spatial and temporal constraints, facilitate the
training process. Also, the interaction in AR encourages learners to replace passive learning with active
learning and to learn the topics with more mental participation. On the other hand, the possibility of
repeating augmented reality scenarios in educational topics, regardless of spatial, temporal, and cost-
realted constraints, allows users to fix bugs and ambiguities, which are other advantages of using this
technology. Finally, by examining these capabilities and the ubiquity of mobile phones in today's world,
we can predict the presence of virtual laboratories in mobile smartphones in the near future; which can
be useful in deprived areas of the country as a replacement of the lack of minimum teaching facilities.

NUMBER OF REFERENCES

36

NUMBER OF FIGURES NUMBER OF TABLES
7 8




S. A. Faregh , M. Jafari Sisi OYY) st (6 2> Do (£ )8 e

Ry Al
S pake w3 (6y100L g s FOl Lol 059330 CarBly o b jgel U

i (6 pir Do T E Y e

Ol o o g oMol i olSitils >yl ouStils!
Ol i o g oMol i olSitills (ltiles iz 0aSCiils |

LRV

ool 5l Sl b Jea 25 )90 50 (2,25 psle (hjsel 0)l0 o Lo | L8 B,y (S5 o (b0l EURCIEREESAT
Slcassame Lo as adlye 6yl s 30 i b olyan j5al Ll ki o 28 b olyad sl a5 s | Slegds 5o
G5 b o pdy e Dyge gl 50 09250 (GanSS ladile ;5 (i <5 e e ) Ly Sl (S
Al o0 45 0058 o0 )8 25790 650k 5 el Slmes b 55y ey sz S0 (ng lais sl
@y s 63ly sty Sygo a5 ngd lossy plowar 035381 Cundly (55l S Jse |y (g0l Sl
Iy Tsio b olas (5ol slilos oz yolis 51 osliiusl 3 ogdle a5 i o Ll o500 ils i (SlaS s3g0ma

WAV o VY wcdl o )b
VWAV oo YO 1550l 70,6
VWAA g, O Mol )b
VWA olo 5 VY i s pdy )l

S5 d 88l5 Sl g3l L ggd ol 5l Giigel ool Sl (S e as g3l cdly S5l o jie 33 1ol o531
SBap olege (Sen gyd Slas b1 )5 Joles Sl aliie polis 5 lao cgaman pglal (gilme plucrl o] 03581 adly
Al 5 gy 5 (Slgime (55I00L 5 5Tk 2 alaS 02933l Cpadly e Biael 3B 23| Ghagi S5k
sl () 09750 G35, b ]
Seski VA 05,5 53 59, saslimmosesliin o—ilesl At wszlr )0 (2 (i S sy O
Oygods g bl ligel mils pele QLS 5l g i 90 jslaie oy el ools ploul plasl il IS lig0l idls
Soye a phaleil 0g)S 5 S e g (i (g0l Gayb 3l elsS 09,8 s Tond (g3l ool olss 00933l il
55 Bk 3l Olisel il ylosls 5 (550l (s azBS 18 e 550 00933l Copndly 5 DS Alegtr (B500] Jsis odkingi ®
55 ol (bl 5 9w 55 Ghgn s Giseel ¥ 4l psle plalae ik 5l gyl aly, & Céndy ©ppo g0 sfaregh@tabriziau.ac.ir
el 00l dlore guadlom = 1065 g, Gk SR-vaf Ay @
Gieleil 5 S 05,5 Sl |y 5 Josian el ST ANCOVA) Lol 58 o 5 40325 5l Jo b gl
Ohisel (sholas 00933l opnBly 52l 51 a5 Sligal ils 10 b (smmsyd Alas (5100l 5 550k (liee 00 ol
Feosthe 5 5 55e g 03,5 (b 1) Giigel Gl pom 0 090d 41 g (i LS L a5 (ol b dulie o wiog ey
Seslail v a5 e loo (Gl (o 5 talo3T 09,5 g 3 Shos o lel @l 4 ez g L
lacusgame slyy Wl so o5 el o (3,135 550 g dehe (guyd GLOLS JoSo (lgie 4y 03533l Coadly (551008
Grs—5 1) Ol S1y8 c009 33l Copadly 15 09250 Jolss craizran 0310y (B0l Slaai] b Joa—d & Sloj 5 SIS
o 3 Sl T3k @ S 08 S Lae by oo )S Jake 2B (R0l ) S 2 B S (o
(b 5 oy oI Glacusgamms I )1 (S0l ol 1o 03538 Coadly Slaga i (62, ISl S0
Sl 4 5108 Gl 5 S slacaze nlow 5145 ses oo 18 S Lzt o |y leleel 5 SISl 08, S
loanl G 5 Lo Goyel ez o olyen (A sla 355 5 pSaen § Lol cnl (o b icaled 5o il o0
St L Wl o0 &5 (S5az )5 (St oo (Al aiadisn sla o35S 50 1) il sleelRislel jpa Suo3
9> b (2l Lol (9,0 Cals ) slazn (nieS b s ) je 5 pgyme Gblie ujlae (s 9,58 (S e
35 ke ook

ngl.)oLl
slalo o

o)90]

S Sz O ygo 4y Sledlbl (5551058 059> 10 (938159, slad iy

ools )3 055 b o ) Ljenl pllss pgaas gSUsS slojlisle LSS Jos 3350 Col (S 9750 5250k 5 S50l (sloosed

lboss 3l 305 obigel (lsione adgs g o lb el dms 30 o el 39l a5 5 Sisel (sln axdly Garas Gl L
wYgou ol o 50 V] cal a3 5 g ) o (slmogads Coow 0 i DT st sy 03¥ (Koo 51 B9 S0k (503 0



Tech. of Edu. J. 14(3): 571-582, Summer 2020 bvY)

1199 leadli o o )lons o) F sl 5 jg0] (555U8 cale ay piii

S sileaiellys )0 s (Vb Jeaily 5 Al (6 i Cngeee
el (509381 b (559108l IVY] el ools lis g5 51 w0
DS @ alin OB g loo (Payy (gumdn polal (gjle sl
5 led oo ABLEl SUS @ ()5 w5l JoSe 5 (o5 5 Sl
LD 5 50k Y 5 g )8 S 5 oS Lawe (s Wl
als Jol oS5 5o [YY] sty sguge ol Jlice anT)p 0 1) by
8 b o |y glstoe 039> o5 Sy ol oS o] S5 4y iz
A3 o (LIS Egd50 (3285 (o) i Cad (i &lg 10 aS el ools
ol LAVEL Wl 3 13 1 5b cov i 1Sob sla g, a5
5 laile,diz Olgizme a5 a5 E8,5 00goli 1) pge ol Lo g9
Sapd oS gl e (0l 0sgl Cuably p (i
a8 Wlal b oS wuS e b |y oS i ash o
Ol i 5, ST il a4y 5 S czrge (hjgel anl b 4y sz
Ivol wgs

Siydg NS pe 59,0 3 el jle 0538l CoaBly (559108
aline 550 9 (pival (olid (gom dw igom 99l el (glne gl
a5l )8 s 5l aS oo Sl Comdge g asl b g (8l SLs
S99 Dyge 40 45 ek Slaeld adly slis 4 (sloads 00938l jaie
sl Lol o395 capebly lsie 4y e polic ol b IS el oISl
slis Gl 5o 03938l condly ol iy S sl VI Sgu o
Y O USE o a8 cal 00,8 &l (g l0ses pl Khs o 23lg 5 (55loxe
oS Sl (glailolis 00938l Coly 5 IS O jle 40,5 onnline g oo
Sloser 9 K550 0 Jolad CubBY KaiS 0 S 5 ) jlne g Consbley
Uinles BB o1 &b 5l glaile o § gom dw Glged g €0l
IA] «e

by ansls 093 (b ooz la iy o8 (sSi9el 5 Sligioee
5 SegSl Sjgon Sledbl ssled eje Gl 285 el
VL EENRY I¥] et sols B39 bl i b jells a1 0g5 glailu,uis
@) 09 Glr g peal 5 (o Sol> &5 (e (Suid Gl
PR 9 23> Glp oS Sl ool glailu iz (Sois xSl (glgne
SpS 0 oste wesl 5 poal dao 5 OlS1E i 4z e oS
R CE S P T [ S I PRI P PY NRVES S PO B £
Ol o 957 0l b 48 oo ) el SIS @ gy (35901 (s
OIS G ORS A Cad Ghsy el aSl e £505e
slagpioadl 5 polal (silre plazl (555 sladile, » opdle
Loy delign o o yali 5l oolaiwl b aS alice o)lg0 ¢ (gomsdw
Ol g ol QLS (gl @y 035381 Comdly (555108 51 S
L]l 00,5 Ml oo 1) OGS (slgiome oo 095 o0 oS 3
5 ooilym e GloniiSans am 0y5 ik 5 cleSy b a5
o 1 oLl arg b 4 a8 el glaile,air glheoll
UAJ‘P L ).A-AAA-\J J)L.M Lgl)" u‘).a)ls a)..ia| g0 ASL: ‘..\JLSA
O QM s yslid e igel SaS olge il 5 a0 oS
$5oke b €eagBadler (655108 oles ol 1LY T il (sloasss
Jdo 4y gl so 00el 5 AR JLais| 4y 45" AAugmented Reality
s D] lalojaiz sy polic (aniS (9o 4 50 055 slaculis

V2] 0,5 5 ooummey sl )53l S 4 4 Lo pas pioran

5 Jals BB (slyima b )l (65,0 8 Tiw (B59el 9 009381 Conndly 2 (ne B0l 5l (Siled ) S
w5l Wl o (6t Sl g Cppes oS0l 5 RAS jolite 4y (gamgd (sl b duglie 1o unian

sl

Fig. 1: A schematic of augmented reality based education vs. traditional one; in order to discover and
learn, user’s engagement with interactive and 3D content can be easier and more attractive than 2D one.
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Fig. 3: Some parts of the elementary science book of grade six; which uses text and picture to teach the function of the microscope
and its various components.
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Table 1: The overall design of the phases of research tests
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Fig. 5: Images a, b and c show the use of animation to work with a microscope. Images d and e show the simulated magnified objects under microscope
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Table 2: Descriptive statistics of learning and remembering variables of the first
and second groups in all three tests

Test E3 Test E2 Test E1

Number of people

(sD) (SD) (SD) in each group = 18
Av Av Av
o o o
First group
1.53 17.33 1.8 17.88 3.32 5.5 (experimental
group)

Second group

1.46 14.5 1.7 15.05 2.6 5.4
(control group)
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Table 3: Levene's test of equality of error variances for E2 (learning evaluation)

F df1 df2 Sig.

733 1 34 .398
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Fig. 6: The process of second scenario where the student interacts with the
objects of scene to learn "hydrogen gas experiment" during an augmented
reality game.
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Table 7: Results of ANCOVA for E2 (remembering evaluation)

Source Ss df Ms F p PES op*

Method  44.484 1 25.14 19.19 .000 .368 .989

*Computed using alpha = .05
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Table 8: Estimated marginal means for E3

95% Confidence interval

Std. Lower Upper
Meth M
ethod ean error bound bound
F!rSt group 17.338 412 16.500 18.175
(experimental group)
Second group (control ), g6 412 13.658 15.334

group)
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Table 4: Results of ANCOA for E2 (learning evaluation)

Source Ss df Ms F p PES oP*

Method 25.14 1 25.14 8.586 .006 .206 .812

*Computed using alpha = .05
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Table 5: Estimated marginal means for E2

95% Confidence interval

Std. Lower Upper
Meth M
ethod ean error bound bound
First group (experimental ;o0 444 16594  18.402
group)
Second group (control 15.502 444 14598  16.406
group)

o3l wilen 55 B3 (el sl ulilsS Jelos slaadgjio (o
Frepgem Sy (culpd) cud ((8on (o p Sz 2o 0dy &9 E2
e a5 05 (o) Laga3T i 5 JEe oite Jlie il 4y by o
b dsloes < AYY (gl sine gelans b < 10T b ol 2 E3 305 gl o]
il 8 Cenline Gl ol Al sei oline g )lol Ll 4y aS
A (y95en @Bly 50 5 W)l g loline Dslis 09,5 95 )3 g T
b (£0)5) Alres 5 Jiws jite G JolsS (92 il
RYSEIRVILIESUE SRUWE. B SVPUIJE PO

5 b eolinal oo) (gesl 5l 5 el (SRes oyn Gl
Sy 6 ains s el oanlie BB Y Jguz 40 45 455 Lo
s 31 5V a5 il o AV L ol s 6y sl i
Bl 05,5 55 (uily)ly nlpl sl jao (2305, slp Jod LB
55 ol g Kb 4o 5 AL pa b g foline Dglis (s Lo]
255 Lty Gl lsS” Jelow g3l lsiom ol alis ool 53

(o0l (23,0 B3 0gasl sl o) g3l Jelowi 5 328 @l # Sy
Table 6: Levene's test of equality of error variances for E3 (remembering
evaluation)

F df1 df2 Sig.

.012 1 34 914
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Fig. 7: Comparison of the two groups’ scores in terms of learning (left image - E2) and retention (image - E3)

S50 b (o ()0 I (e ol slagy )l (53lwosly
higel 0j9> 50 43S &g (sla bl g 00938l Cuadly (555103
bl slacs 51 5l (shegl 5 o900 Bl Sl (s )lool 5 5 550L)
Sl 3l o 8 GRegh slaaidl wed e Slaeld a3 ()
P35l S S 5 )bl slaals)l s slos slasiluosly sole
Olye 4 03938l Cunably (6551053 5 ooliinl g Conlond &l (g (p392

S oo IS e g die | (oys SOLS JoSe

2 slelss eag3l Soly e Ghigel b le g o
IR 05031 5 emsn S50 (omyd <5 Gl sl g 5pSoL
@bl s Gilwesks Tk I om G glaasl 288
e ooz)ly S e el pid pgle gy SUS I plag L
Condly 59108 5l eoliil a5 sl Gl 5 (Sl (ks g Sl
Foe DilgS co oy oS slgie (5100l g (5,50l Ho dolas 00433
3 a8 Sligel als 53 owyd lae (s)lasl 5 (6553 olyee 2l
SOl L alin ;o Wiy owps (bjsel Jolas 00933l Condly 3510
gy 03,5 (b Iy (bigel (al pgwye 03ed 4 g hw QLS L oS
F Sl ol plowl wlalllas raizren b onalive Sogllae 5 5 55
Ol GxSol By 0 a5 glyime b jeel il Jales a5 el

D Az g 25 Dlegdge Sl g S0 Lol ailgige i oo

il iz Lol conle a5 ool anils Gledl 55 adibe
(¥ T o0 S e (bl o 58 (shigal colie cnliz (28l ge
OB Rl 1y b B S (o0 Ba9i5 | 512 Jelss oS 1
3 Sl 650k & 6 (05 Sl b g 035 rine
il ABe g ol 5 0imo L ¢ olas a5 Censlesl ol 38 gy
S 8,150 el g8l IV ] el o lis codlad SO aslsl jglate 4
slooly 51 (S 1) (@95 aad 5 el ) ooliial (piagh plnl L
el (o yd Alae (65:51,2 5 adlllas @ gz gi 9 S0 j23 ol
dnlio b 50 [YY] o)) Sen 5 (oM Koo ogm 51 VAT il 00,8
(tlozzl Gaoloe 6,50k yo (Seig Sl g (g9 ojeel pllas
Klos S el (A590l )3 5 1) (Seig 1Y (6 550k Laoma ol
1 Goigel sskate & laill; slagsl 5l oolil 525 o)) So g (o g
IFT] s ol il oyl nlS sl Sl 5 52 5 i
izl 55 03933 Cuably jleslitul Cudidge Js 5 (e 5 55
ey (655 50 Cely aS Ailo oo S92 ge G Ay (GO (Al 03938l )
ol B8 55 IVFL 055 o s 50l el g ot lgima b IS
alos ez Jool 5l (B p oot Zale, (hlSen 5 Wiap ©)lse
03938l CuaBly bsel slaogsn 5o 1, (VO] jsus o sleilo iz

Lve] wlacesls 6,50l sgme 5 Ll 5 2upe
5 x50k » (lelss 00538l Canally 2 e gl 3l 2529 ol b
2,55 (5% A & ey SRR 53 (s )0 55 Sl 500k
5 >hb » e GRegi (nl )3 el Al g, g oo 2 il pl



S. A. Faregh , M. Jafari Sisi (OA+)

e (5 p8x2 OVeo £l e e

[6] Lukman R, Krajnc M. Exploring non-traditional learning
methods in virtual and real-world environments. Journal of
Educational Technology & Society. 2012; 15(1):237-47.

[7]1 Thiel T. Critical interventions into canonical spaces:
augmented reality at the 2011 venice and Istanbul Biennials. In
Geroimenko V (ed). Augmented Reality in Art. Switzerland:
Springer; 2014. pp. 31-60

[8] Azuma RT. A survey of augmented reality. Presence:
Teleoperators & Virtual Environments. 1997; 6(4):355-85.

[9] Martinez H, Laukkanen S, Mattila J. A new flexible
augmented reality platform for development of maintenance
and educational applications. International Journal of Virtual
Worlds and Human Computer Interaction. 2014; 2(1):18-27.

[10] Sommerauer P, Miller O. Augmented reality in informal
learning environments: A field experiment in a mathematics
exhibition. Computers & Education. 2014; 79:59-68.

[11] Sannikov S, Zhdanov F, Chebotarev P, Rabinovich P.
Interactive educational content based on augmented reality
and 3D visualization. Procedia Computer Science. 2015; 66:720-
9.

[12] Ibafiez MB, Di Serio A, Villaran D, Kloos CD. Experimenting
with electromagnetism using augmented reality: Impact on flow
student experience and educational effectiveness. Computers &
Education. 2014; 71:1-3.

[13] Fleck S, Simon G. An augmented reality environment for
astronomy learning in elementary grades: an exploratory study.
In Proceedings of the 25th Conference on I'Interaction Homme-
Machine. New York: Association for Computing Machiney; 2013
p. 14.

[14] Tsai MK, Lee YC, Lu CH, Chen MH, Chou TY, Yau NJ.
Integrating geographical information and augmented reality
techniques for mobile escape guidelines on nuclear accident
sites. Journal of Environmental Radioactivity. 2012; 109:36-44.

[15] Cerqueira C, Kirner C. Developing educational applications
with a non-programming augmented reality authoring tool. In
Proceedings of EdMedia+ Innovate Learning 2012. US:
Association for the Advancement of Computing in Education
(AACE); 2012. pp. 2816-2825

[16] Yeom S. Augmented Reality for Learning Anatomy. In
Proceedings ascilite Hobart; 2011. pp.1377-1383.

[17] Billinghurst M, Kato H, Poupyrev I. The magicbook-moving
seamlessly between reality and virtuality. IEEE Computer
Graphics and Applications. 2001; 21(3):6-8.

[18] Ziind F, Ryffel M, Magnenat S, Marra A, Nitti M, Kapadia M,
Noris G, Mitchell K, Gross M, Sumner RW. Augmented
creativity: bridging the real and virtual worlds to enhance
creative play. In SIGGRAPH Asia 2015 Mobile Graphics and
Interactive Applications. New York: Association for Computing

Machinery; 2015 Nov 2. p. 21

g Wb 5 g 5l LS Clae o 4 iy 5l Gt |y 5
Caxdly (59108 5l ool wgzge lacdlo p) a axg b aS cudl
ooliusl Lol tous ) cod 513 4y (53615 S (gl illae (0301 0038
&S glag IS cwlw Blaal gass b, ;o gjl‘bd)jig}é Oz 3l
oS Wil oo el oel (B9 5 Ghigel ol Jood ot o

D olaeld iy S (6l 9>

RS PLELN S E

(>l g Jgl ot g o o5 ieghy (S Syl g s L S
p5d odimygi bassi (g% (3155 5 Jelod cy903 e slmenly

‘sﬂé).\ﬁ 9 ,im.’ 3y

5 Ol ool g 1G] ol olhglid @ w8 5l abwy ol @
Sgi ol gl (69,90 Aiged dgd ;045 25 Y Al B9 n
w2l ) ol 9 Sloya8 JLoS s S s )b 1 b

&8Llwo (o ,la

Cowl oazd by Baiug s awsd a8l (o )lad 453 za®

»T.og@b.n

[1] Jafari Sisi M, Sakian H, Pirbabaei H, Alizadeh ashrafi B. A
study on the capability of Augmented reality technology to the
empowerment and gamification of textbooks through
interactive content simulation. Paper presented in the 1st
National research conference (DGRC), Trends, Technologies,
and Applications. Iran; 2017. Persian.

[2] Rohaya D, Rambli A, Matcha W, Sulaiman S, Nayan MY.
Design and development of an interactive augmented reality
edutainment storybook for preschool. IERI Procedia. 2012;
1(2):802-7.

[3] Mahmoudi MT, Badie K, Valipour M. Assessing the role of
AR-based content in improving learning performance
considering  Felder-Silverman learning style. In 2015
International Conference on Interactive Collaborative Learning
(ICL).. Florence, Italy: IEEE; 2015 Sep 20. pp. 838-843

[4] Dimitrios B, Labros S, Nikolaos K, Koutiva M, Athanasios K.
Traditional teaching methods vs. teaching through the
application of information and communication technologies in
the accounting field: Quo Vadis? European Scientific Journal.
2013; 9(28).

[5] Wilson KE, Martinez M, Mills C, D'Mello S, Smilek D, Risko EF.
Instructor presence effect: Liking does not always lead to
learning. Computers & Education. 2018; 1(122):205-20.


https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.civilica.com/Paper-DGRCONF01-DGRCONF01_080.html
https://www.researchgate.net/profile/Wannisa_Matcha/publication/274612926_Design_and_Development_of_an_Interactive_Augmented_Reality_Edutainment_Storybook_for_Preschool/links/55d1ac6608ae118c85c02375.pdf
https://www.researchgate.net/profile/Wannisa_Matcha/publication/274612926_Design_and_Development_of_an_Interactive_Augmented_Reality_Edutainment_Storybook_for_Preschool/links/55d1ac6608ae118c85c02375.pdf
https://www.researchgate.net/profile/Wannisa_Matcha/publication/274612926_Design_and_Development_of_an_Interactive_Augmented_Reality_Edutainment_Storybook_for_Preschool/links/55d1ac6608ae118c85c02375.pdf
https://www.researchgate.net/profile/Wannisa_Matcha/publication/274612926_Design_and_Development_of_an_Interactive_Augmented_Reality_Edutainment_Storybook_for_Preschool/links/55d1ac6608ae118c85c02375.pdf
https://ieeexplore.ieee.org/abstract/document/7318137
https://ieeexplore.ieee.org/abstract/document/7318137
https://ieeexplore.ieee.org/abstract/document/7318137
https://ieeexplore.ieee.org/abstract/document/7318137
https://ieeexplore.ieee.org/abstract/document/7318137
http://eujournal.org/index.php/esj/article/download/1885/1827
http://eujournal.org/index.php/esj/article/download/1885/1827
http://eujournal.org/index.php/esj/article/download/1885/1827
http://eujournal.org/index.php/esj/article/download/1885/1827
http://eujournal.org/index.php/esj/article/download/1885/1827
https://www.sciencedirect.com/science/article/pii/S0360131518300642
https://www.sciencedirect.com/science/article/pii/S0360131518300642
https://www.sciencedirect.com/science/article/pii/S0360131518300642
https://www.researchgate.net/profile/Majda_Krajnc/publication/267773452_Exploring_Non-traditional_Learning_Methods_in_Virtual_and_Real-world_Environments/links/55265b1f0cf2628d5afdd57e.pdf
https://www.researchgate.net/profile/Majda_Krajnc/publication/267773452_Exploring_Non-traditional_Learning_Methods_in_Virtual_and_Real-world_Environments/links/55265b1f0cf2628d5afdd57e.pdf
https://www.researchgate.net/profile/Majda_Krajnc/publication/267773452_Exploring_Non-traditional_Learning_Methods_in_Virtual_and_Real-world_Environments/links/55265b1f0cf2628d5afdd57e.pdf
https://link.springer.com/chapter/10.1007/978-3-319-06203-7_2
https://link.springer.com/chapter/10.1007/978-3-319-06203-7_2
https://link.springer.com/chapter/10.1007/978-3-319-06203-7_2
https://link.springer.com/chapter/10.1007/978-3-319-06203-7_2
https://www.mitpressjournals.org/doi/pdfplus/10.1162/pres.1997.6.4.355
https://www.mitpressjournals.org/doi/pdfplus/10.1162/pres.1997.6.4.355
https://vwhci.avestia.com/2014/PDF/003.pdf
https://vwhci.avestia.com/2014/PDF/003.pdf
https://vwhci.avestia.com/2014/PDF/003.pdf
https://vwhci.avestia.com/2014/PDF/003.pdf
https://www.researchgate.net/profile/Oliver_Mueller5/publication/264273959_Augmented_Reality_in_Informal_Learning_Environments_A_Field_Experiment_in_a_Mathematics_Exhibition/links/5a378f28a6fdcc769fd8314d/Augmented-Reality-in-Informal-Learning-Environments-A-Field-Experiment-in-a-Mathematics-Exhibition.pdf
https://www.researchgate.net/profile/Oliver_Mueller5/publication/264273959_Augmented_Reality_in_Informal_Learning_Environments_A_Field_Experiment_in_a_Mathematics_Exhibition/links/5a378f28a6fdcc769fd8314d/Augmented-Reality-in-Informal-Learning-Environments-A-Field-Experiment-in-a-Mathematics-Exhibition.pdf
https://www.researchgate.net/profile/Oliver_Mueller5/publication/264273959_Augmented_Reality_in_Informal_Learning_Environments_A_Field_Experiment_in_a_Mathematics_Exhibition/links/5a378f28a6fdcc769fd8314d/Augmented-Reality-in-Informal-Learning-Environments-A-Field-Experiment-in-a-Mathematics-Exhibition.pdf
https://www.sciencedirect.com/science/article/pii/S1877050915034316/pdf?md5=347979ce4ef62b7e5d00a63c2dd6618c&isDTMRedir=Y&pid=1-s2.0-S1877050915034316-main.pdf&_valck=1
https://www.sciencedirect.com/science/article/pii/S1877050915034316/pdf?md5=347979ce4ef62b7e5d00a63c2dd6618c&isDTMRedir=Y&pid=1-s2.0-S1877050915034316-main.pdf&_valck=1
https://www.sciencedirect.com/science/article/pii/S1877050915034316/pdf?md5=347979ce4ef62b7e5d00a63c2dd6618c&isDTMRedir=Y&pid=1-s2.0-S1877050915034316-main.pdf&_valck=1
https://www.sciencedirect.com/science/article/pii/S1877050915034316/pdf?md5=347979ce4ef62b7e5d00a63c2dd6618c&isDTMRedir=Y&pid=1-s2.0-S1877050915034316-main.pdf&_valck=1
https://e-archivo.uc3m.es/bitstream/handle/10016/19554/experimenting_CE_2014_ps.pdf?sequence=1
https://e-archivo.uc3m.es/bitstream/handle/10016/19554/experimenting_CE_2014_ps.pdf?sequence=1
https://e-archivo.uc3m.es/bitstream/handle/10016/19554/experimenting_CE_2014_ps.pdf?sequence=1
https://e-archivo.uc3m.es/bitstream/handle/10016/19554/experimenting_CE_2014_ps.pdf?sequence=1
https://hal.archives-ouvertes.fr/docs/00/87/04/78/PDF/1-3.pdf
https://hal.archives-ouvertes.fr/docs/00/87/04/78/PDF/1-3.pdf
https://hal.archives-ouvertes.fr/docs/00/87/04/78/PDF/1-3.pdf
https://hal.archives-ouvertes.fr/docs/00/87/04/78/PDF/1-3.pdf
https://hal.archives-ouvertes.fr/docs/00/87/04/78/PDF/1-3.pdf
https://www.sciencedirect.com/science/article/pii/S0265931X11003274
https://www.sciencedirect.com/science/article/pii/S0265931X11003274
https://www.sciencedirect.com/science/article/pii/S0265931X11003274
https://www.sciencedirect.com/science/article/pii/S0265931X11003274
https://www.researchgate.net/profile/Christopher_Cerqueira2/publication/272357991_Developing_Educational_Applications_with_a_Non-Programming_Augmented_Reality_Authoring_Tool/links/5803977c08ae6c2449f94cd7/Developing-Educational-Applications-with-a-Non-Programming-Augmented-Reality-Authoring-Tool.pdf
https://www.researchgate.net/profile/Christopher_Cerqueira2/publication/272357991_Developing_Educational_Applications_with_a_Non-Programming_Augmented_Reality_Authoring_Tool/links/5803977c08ae6c2449f94cd7/Developing-Educational-Applications-with-a-Non-Programming-Augmented-Reality-Authoring-Tool.pdf
https://www.researchgate.net/profile/Christopher_Cerqueira2/publication/272357991_Developing_Educational_Applications_with_a_Non-Programming_Augmented_Reality_Authoring_Tool/links/5803977c08ae6c2449f94cd7/Developing-Educational-Applications-with-a-Non-Programming-Augmented-Reality-Authoring-Tool.pdf
https://www.researchgate.net/profile/Christopher_Cerqueira2/publication/272357991_Developing_Educational_Applications_with_a_Non-Programming_Augmented_Reality_Authoring_Tool/links/5803977c08ae6c2449f94cd7/Developing-Educational-Applications-with-a-Non-Programming-Augmented-Reality-Authoring-Tool.pdf
https://www.researchgate.net/profile/Christopher_Cerqueira2/publication/272357991_Developing_Educational_Applications_with_a_Non-Programming_Augmented_Reality_Authoring_Tool/links/5803977c08ae6c2449f94cd7/Developing-Educational-Applications-with-a-Non-Programming-Augmented-Reality-Authoring-Tool.pdf
http://www.academia.edu/download/31596677/sYeom.pdf
http://www.academia.edu/download/31596677/sYeom.pdf
http://www.ivanpoupyrev.com/wp-content/uploads/2017/01/CGA_magicbook.pdf
http://www.ivanpoupyrev.com/wp-content/uploads/2017/01/CGA_magicbook.pdf
http://www.ivanpoupyrev.com/wp-content/uploads/2017/01/CGA_magicbook.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.705.8429&rep=rep1&type=pdf

Tech. of Edu. J. 14(3): 571-582, Summer 2020

1799 ylwol ol Jf’.l.la‘uﬁj}o/"_;)jw qole 4 il

[31] Brooks DW, Nolan DE, Gallagher SM. Web-teaching: A
guide to designing interactive teaching for the World Wide Web.
Switzerland: Springer Science & Business Media; 2006.

[32] Falahi M, Zaraii Zavaraki E, Nourozi, D. [Comparison of
social skills of students in in-person training and online system].
Technology of Education Journal. 2018; 13(1), 259-272. Persian.

[33] Nevisi Z, Shiri M, Minaei Bidgoli B. [Designing an intelligent
computer game for prediction of dyslexia based on cognitive
science]. Technology of Education Jorunal. 2018; 12(4), 309-
319. Persian.

[34] Ternier S, Klemke R, Kalz M, Van Ulzen P, Specht M.
ARLearn: Augmented Reality meets Augmented Virtuality. J.
UCS. 2012; 18(15):2143-64.

[35] Van Merriénboer JJ, Kester L. The four-component
instructional design model: Multimedia principles in
environments for complex learning. In Mayer RE (ed) The
Cambridge handbook of multimedia learning. Cambridge:
Cambridge University Press; 2005. pp. 71-93.

[36] Parhizkar B, Obeidy WK, Chowdhury SA, Gebril ZM, Ngan
MN, Lashkari AH. Android mobile augmented reality application
based on different learning theories for primary school children.
In 2012 International Conference on Multimedia Computing and
Systems. Tangier, Moroco: IEEE; 2012 May 10. pp. 404-408.

OB X g (S yro
AUTHOR(S) BIOSKETCHES

| MIRTSETS agel il E50 e vuw
e e S i oo a2,
55958 Lz olSsils 5l oless >3k 5
ol ola g loe 4 ol Jlo o g o
sl o olBiily ok caSlisls cdg plos

ablio g 3l o e 5 ieel Sl 4 Jyiie 5
VWA b Jlo alols jo 55 1) 355 wd)l owlis IS 5 sulis S
aly 5o g ol il slay sleye pwsn 0 WAV ol
9> (sole Cudlad Bae Jobo 50 5 Cenl 03503 (e (Sie (Hib
b et sla Lioled g b i o ale sumie OVl Gl e
Olee Sobon Sanl ouils) C a4y gonm 155 0,88 (2 Slass 938
addd 5 aplas Jolos gl psle 5 (F)b 039> (mlegd sl i,
Fhb (s pole 5 ALk s)l8) 5 psle 5 (L (b
dsie 355 (Phb Cupae g sl (AL (I lie  eloi]

el Lyl addllae g 4Bdle 550 Slegige 5l Slens >|b

Faregh, S. Assistant Professor, Tabriz Islamic Art University,
Tabriz, Iran
= sfaregh@tabriziau.ac.ir

[19] Ghafari A, Nomani P, Fallah J, Jafarzadeh Rounmiyani P. An
augmented reality application of English alphabet tutorials for
children between 5 to 8 years old. Paper presented in the 2nd
National Computer Games Conference; Opportunities and
Challenges, Isfahan, Isfahan University, Iran. 2016. Persian.

[20] Rahbarnia Z, Janani M. [Achievement to Solutions to
Improve the Educational Conditions of Master of Arts in
Illustrations (Through Comparison between the Educational
Program at Tehran University and the Academy of Art in San
Francisco]. Comparative Art Studies. 2016; 6 (11): 55-67.
Persian.

[21] Bonetti F, Warnaby G, Quinn L. Augmented reality and
virtual reality in physical and online retailing: A review,
synthesis and research agenda. In: Timothy J, Dieck T, Claudia
M(Eds.) Augmented reality and virtual reality. Switzerland:
Springer; 2018. pp. 119-132

[22] Jetter J, Eimecke J, Rese A. Augmented reality tools for
industrial applications: What are potential key performance
indicators and who benefits? Computers in Human Behavior.
2018; 87:18-33.

[23] Jetter J, Eimecke J, Rese A. Augmented reality tools for
industrial applications: What are potential key performance
indicators and who benefits? Computers in Human Behavior.
2018; 87:18-33.

[24] Hu NT, Tsai PS, Wu TF, Chen JY, Lee L. The environmental
navigation using geometric virtual reality. Advances in
Mechanical Engineering. 2018; 10(6):1687814018783636.

[25] Seo DW, Lee JY. Physical query interface for tangible
augmented tagging and interaction. Expert Systems with
Applications. 2013; 40(6):2032-42.

[26] The document on the fundamental transformation of
education. Iran: Secretariat of the Supreme Council of the
Cultural Revolution, Ministry of Education, Supreme Council of
Education; 2011. Persian.

[27] Kowsari M, Taheri A. [A Comparative Study from
Viewpoints of “Ludology” and “Narrotology” to Analysis of
Aesthetic Modalities of Serious Games]. Comparative art
studies; 7(14): 101-119. Persian.

[28] Neo TK, Neo M. Classroom innovation: engaging students
in interactive multimedia learning. Campus-Wide Information
Systems. 2004; 21(3):118-24.

[29] Najjar LJ. Multimedia information and learning. Journal of
Educational Multimedia and Hypermedia. 1996; 5(2): 129-150

[30] Khosheneshin Z. [An analytic review on blended learning
effects on students achievements in learning sciencel.
Technology of Educational Journal; 12(3): 231-238. Persian.


https://www.civilica.com/Paper-CGCO02-CGCO02_076.html
https://www.civilica.com/Paper-CGCO02-CGCO02_076.html
https://www.civilica.com/Paper-CGCO02-CGCO02_076.html
https://www.civilica.com/Paper-CGCO02-CGCO02_076.html
https://www.civilica.com/Paper-CGCO02-CGCO02_076.html
http://mth.aui.ac.ir/article-1-444-fa.pdf
http://mth.aui.ac.ir/article-1-444-fa.pdf
http://mth.aui.ac.ir/article-1-444-fa.pdf
http://mth.aui.ac.ir/article-1-444-fa.pdf
http://mth.aui.ac.ir/article-1-444-fa.pdf
http://mth.aui.ac.ir/article-1-444-fa.pdf
https://www.research.manchester.ac.uk/portal/files/50555991/50555922.Augmented_Reality_and_Virtual_Reality.docx
https://www.research.manchester.ac.uk/portal/files/50555991/50555922.Augmented_Reality_and_Virtual_Reality.docx
https://www.research.manchester.ac.uk/portal/files/50555991/50555922.Augmented_Reality_and_Virtual_Reality.docx
https://www.research.manchester.ac.uk/portal/files/50555991/50555922.Augmented_Reality_and_Virtual_Reality.docx
https://www.research.manchester.ac.uk/portal/files/50555991/50555922.Augmented_Reality_and_Virtual_Reality.docx
https://www.sciencedirect.com/science/article/pii/S074756321830222X
https://www.sciencedirect.com/science/article/pii/S074756321830222X
https://www.sciencedirect.com/science/article/pii/S074756321830222X
https://www.sciencedirect.com/science/article/pii/S074756321830222X
https://www.researchgate.net/profile/Tomas_Jerabek2/publication/272380116_Specifics_of_Visual_Perception_of_the_Augmented_Reality_in_the_Context_of_Education/links/5557825108ae6fd2d824f12d/Specifics-of-Visual-Perception-of-the-Augmented-Reality-in-the-Context-of-Education.pdf
https://www.researchgate.net/profile/Tomas_Jerabek2/publication/272380116_Specifics_of_Visual_Perception_of_the_Augmented_Reality_in_the_Context_of_Education/links/5557825108ae6fd2d824f12d/Specifics-of-Visual-Perception-of-the-Augmented-Reality-in-the-Context-of-Education.pdf
https://www.researchgate.net/profile/Tomas_Jerabek2/publication/272380116_Specifics_of_Visual_Perception_of_the_Augmented_Reality_in_the_Context_of_Education/links/5557825108ae6fd2d824f12d/Specifics-of-Visual-Perception-of-the-Augmented-Reality-in-the-Context-of-Education.pdf
https://www.researchgate.net/profile/Tomas_Jerabek2/publication/272380116_Specifics_of_Visual_Perception_of_the_Augmented_Reality_in_the_Context_of_Education/links/5557825108ae6fd2d824f12d/Specifics-of-Visual-Perception-of-the-Augmented-Reality-in-the-Context-of-Education.pdf
https://journals.sagepub.com/doi/full/10.1177/1687814018783636
https://journals.sagepub.com/doi/full/10.1177/1687814018783636
https://journals.sagepub.com/doi/full/10.1177/1687814018783636
https://www.sciencedirect.com/science/article/pii/S0957417412011347
https://www.sciencedirect.com/science/article/pii/S0957417412011347
https://www.sciencedirect.com/science/article/pii/S0957417412011347
http://yon.ir/T26up
http://yon.ir/T26up
http://yon.ir/T26up
http://yon.ir/T26up
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
https://www.emeraldinsight.com/doi/abs/10.1108/10650740410544018http:/mth.aui.ac.ir/article-1-867-fa.pdf
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.118.1654
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.118.1654
http://jte.sru.ac.ir/article_784_0d145bd32dcc081544c79bf555418c30.pdf
http://jte.sru.ac.ir/article_784_0d145bd32dcc081544c79bf555418c30.pdf
http://yon.ir/mRp0q
http://yon.ir/mRp0q
http://yon.ir/mRp0q
http://jte.sru.ac.ir/article_795_5004d0bad7d7e32bb8b60387aed23446.pdf
http://jte.sru.ac.ir/article_795_5004d0bad7d7e32bb8b60387aed23446.pdf
http://jte.sru.ac.ir/article_795_5004d0bad7d7e32bb8b60387aed23446.pdf
http://jte.sru.ac.ir/article_793_968e4345bb03cb3c6240b3d5474ab93e.pdf
http://jte.sru.ac.ir/article_793_968e4345bb03cb3c6240b3d5474ab93e.pdf
http://jte.sru.ac.ir/article_793_968e4345bb03cb3c6240b3d5474ab93e.pdf
http://jte.sru.ac.ir/article_793_968e4345bb03cb3c6240b3d5474ab93e.pdf
http://www.jucs.org/jucs_18_15/ARLearn_augmented_reality_meets/jucs_18_15_2143_2164_ternier.pdf
http://www.jucs.org/jucs_18_15/ARLearn_augmented_reality_meets/jucs_18_15_2143_2164_ternier.pdf
http://www.jucs.org/jucs_18_15/ARLearn_augmented_reality_meets/jucs_18_15_2143_2164_ternier.pdf
https://platform.europeanmoocs.eu/users/71/Multimediabook_2ndEd_FINAL.pdf
https://platform.europeanmoocs.eu/users/71/Multimediabook_2ndEd_FINAL.pdf
https://platform.europeanmoocs.eu/users/71/Multimediabook_2ndEd_FINAL.pdf
https://platform.europeanmoocs.eu/users/71/Multimediabook_2ndEd_FINAL.pdf
https://platform.europeanmoocs.eu/users/71/Multimediabook_2ndEd_FINAL.pdf
https://www.researchgate.net/profile/Arash_Habibi_Lashkari/publication/259624832_Android_mobile_augmented_reality_application_based_on_different_learning_theories_for_primary_school_children/links/55a9541008aea3d086803a84.pdf
https://www.researchgate.net/profile/Arash_Habibi_Lashkari/publication/259624832_Android_mobile_augmented_reality_application_based_on_different_learning_theories_for_primary_school_children/links/55a9541008aea3d086803a84.pdf
https://www.researchgate.net/profile/Arash_Habibi_Lashkari/publication/259624832_Android_mobile_augmented_reality_application_based_on_different_learning_theories_for_primary_school_children/links/55a9541008aea3d086803a84.pdf
https://www.researchgate.net/profile/Arash_Habibi_Lashkari/publication/259624832_Android_mobile_augmented_reality_application_based_on_different_learning_theories_for_primary_school_children/links/55a9541008aea3d086803a84.pdf
https://www.researchgate.net/profile/Arash_Habibi_Lashkari/publication/259624832_Android_mobile_augmented_reality_application_based_on_different_learning_theories_for_primary_school_children/links/55a9541008aea3d086803a84.pdf

S. A. Faregh , M. Jafari Sisi (OAY) s (6 a2 Mo (£ 8 e

e olas (lais 108 sty sl sl sslwesly 5 (b il )5 (59zmils qmuan (5 phazr Sno
S 5 3l e gaman gjludae w0033l 5 (glme Cuabl b ol e slally sleye ol
Obial (aads g adlllas 3,50 Dlegdge 5l slall) o5y slaogl> (33 Sove Ghial il wiedse sluand

bl oo Glaibo iz il (o 5 1) 995 (bl )8
P el e oRasls 5IAYAY gl e
09> ;o (shble (uibl) ailesges 28l )o
L bl Jlie byl (3590T oy slagisy (Jlazs slagsl

Jafari Sisi, M. MA, Computer Arts, Tabriz Islamic Art
University, Tabriz, Iran
B m.jafarisisi@tabriziau.ac.ir

Citation (Vancoure): Faregh S.A, Jafari Sisi M. [The impact of interactive augmented reality based education on
the learning and remembering of empirical science lesson]. Tech. Edu. J. 2020; 14(3): 571-582

& http://dx.doi.org/10.22061/jte.2019.4656.2099

COPYRIGHTS
@ ol ©2020 The author(s). This is an open access article distributed under the terms of the Creative Commons
N Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as

the original authors and source are cited. No permission is required from the authors or the publishers.



https://dx.doi.org/10.22061/jte.2019.4656.2099

