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ABSTRACT. This study investigated differences in presence, immersion, and situational interest in small group learning
using augmented reality, based on the degree of tool sharing. 84 eighth-grade students participated in small groups of four.
Each group was randomly assigned to one of three environments based on marker and device sharing: the shared environment
(shared marker and device usage), the mixed environment (shared marker and individual device usage), and the individual
environment (individual marker and device usage). Small group learning using augmented reality was conducted for three
class periods, focusing on the "Characteristics of Matter" unit. One-way ANOVA results for the dependent variables revealed
that, compared to the shared environment, presence and situational interest were significantly higher in the mixed environ-
ment, while immersion and situational interest were significantly higher in the individual environment. MANOVA results for
the sub-components of each dependent variable showed significant differences in realness for presence, antecedents and expe-
riences for immersion, and instant enjoyment, novelty, and total interest for situational interest. Analysis of interviews and
classroom observations indicated that students in shared and individual environments tended to use their devices individually
when utilizing augmented reality. However, in mixed environments, students showed a tendency to use their devices collabo-
ratively, leading to more active interactions. Based on these findings, environments for using tools to enhance the effective-
ness of small group learning using augmented reality are discussed.
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Table 1. Participants and class placement in this study

Environments for using tools Class A Class B Class C Total
Shared (shared marker & device usage) 12 8 8 28
Mixed (shared marker & individual device usage) 8 12 8 28
Individual (individual marker & device usage) 8 8 12 28
Total 28 28 28 84
A& 50f, At I &H oz o Folsh= sH 278 HFo 2 AES F9l st Eol A4 2ntE
29 370), £ &H o2 o Fofsh= g 8 oz ¥ A ARS v FH HA] flof Zzp Abxle] 5
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Table 2. The result of one-way ANOVA on presence
Environments for using tools n M(SD) F )4
Shared 27 2.77 (.30)
Mixed 28 2.99 (.29)
3.911 .024%
Individual 24 2.91(.33)
Total 79 2.89 (.32)
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A 24 A= Table 337} . = A Zot, SH7IHAM. (B2 X330l M7t 2 H JAn
B4 A, 3Hd A2 BE Svo M §ol% 27t ofCl2 7tm 0l Z O§7IE St LIS X7t &
Aol 7k LhehbA] QROLA T AAIY SHol A folat A B8 A USH IHHIIN BolL,
o7} 91ich LSDS o] &3k Ak A4 27}, 34 47 (st C(E= 2tg)el e SoIAM]
£ 879 3P Abolol F94 2ol 7t 9 2Aehp=009)
uehbA P So] Y A& Aole F2 A S A (OFHE) 7h2d| £ $H=E siA 20| B JFiole
ot Aoz eyt HEXE 3 B0|(0HAH)E 720 £ HEES 20| ®o
AAGE ARH 0 R T AR 9] S et e T4 27 20| BHA OfF Z- 2% B 20| HojR?
2 EAoll Y WA, = ARE 2HE e 94 o Shdll A: otof, B HAU X Z0l= ESXI(OHH)E H=ES
Table 3. The results of MANOVA on sub-components of presence
Sub-component Environments for using tools n M (SD) F p
Shared 27 2.86 (.50)
Spatial presence In]:ili/);(eiial ii ggz Eig 1.402 252
Total 79 2.97 (44)
Shared 27 2.74 (36)
Mixed 28 2.88(.33)
Involvement Individual 4 284 (33) 1.294 280
Total 79 2.82 (.34)
Shared 27 2.66 (.51)
Realness Mixed 28 305(37) 3706 029
Individual 24 2.79 (.57)
Total 79 2.84 (.57)

£p<.05
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oA o3 Kol 7k et e
¥

A9] Spy TR o] SHUAL
Bl SuE F0A QUL 227 fEOR Halth
BrL ARG A918s F A4 BR8] MY

Cole

Ao} AULEEZS W A AHE-Sh= S ol A

ARt =gl o EUTt A S & Yehyitt
Flow State Scale®] o] 27 7|81¢] Csikszentmihalyi (1990)*°

o ¢ 84= EYES ] gt =Holu A9

o

s
&3

hE

R

A ST B Aol RS A e R 28 A0l U S, SU A 1
BrRL shySo] A4 BN ARGl B AFFE Fok FSHE 249 2 F 8 4 (experiences), 2L H
YEE Sjoisiid] BYEE SAUL WA BAR @ F Ll A *J Ade oujste Avtas
o} 7 A A o] Tk LA A Ed= Ako] Qloma 0w (effects) 2 JLEET}* o] o] Flow State Scale®] 319 @ A =
24 Wt A LS F8 = 237 o) E 24 AAIRE e A 4 A Table 5o A48T
& Baot ek webd] BRolA et ube 29 3 24 Ak BY Eua bl Al AT Aolo] §-2)3t
S Eo] Tes] 7H AA ot AFshe S At Zpol 7k EtUA] ghateut E9io] dalaaet Foas
TS Bl 2H Y S AR A ARelA A oAM= et 2ol 7} YRRt LSDE o]-8-3F AR A4
oih= S oldlst=S st FHH S TV W= Axf, d3aset FPas BF S S AE 2
oz 4T 4 gtk Apolell £-213t ZFol 7k Gl ATHA B R 4 p009, 3 H 2.4
p=.003).
=0l 0|x[= gt =99 A asoe gt Fi Ay, A HE A
FHRALS TG LT Gl A B AG APl A Bl Fuo] W F2HQ wEw A7, AT =4
o2 =l et A A B4 A= Table 494 Aot ol = A AAl 5ol AL, HH aaxofl= A of
A 23 F4ULS BEY AU AFA B @ nme] WERW AL, Q4T WBol BH ol 7
AHg B0l mek shgol LAl Belol fOlF Aok Ale] WS S u BESHE AUL & 4 Urk
Uehidt) LSDE o] 83 AL A4 A3k B4 AT o] B A 4] BN BT AFE B0 e Fol
8 330 Uk Aol 9@ Fol7k AUTHE=009). Z, /b Seldd Rt AP ek Z2H B AFH
uprl e} AubEES 24 71 BN SEE S0l ik AP R4 mEel YR ol drk. 53] A AR B4
Table 4. The result of one-way ANOVA on immersion
Environments for using tools n M (SD) F p
Shared 25 3.61 (43)
Mixed 28 3.82(.58)
Individual 24 4.01 (.51) 3.634 0317
Total 77 3.82(.53)
£p<.05
Table S. The results of MANOVA on sub-components of immersion
Sub-component Environments for using tools n M (SD) F p
Shared 25 3.57(.57)
Mixed 28 3.82(.73)
Antecedents Individual 24 4.06 (.56) 3392 0327
Total 77 3.81 (.65)
Shared 25 3.64 (.39)
Experiences Mixed 28 386(.57) 4833 O11*
Individual 24 4.08 (.51)
Total 77 3.86 (.52)
Shared 25 3.63 (.56)
Mixed 28 3.79 (.60)
Effects Individual 24 3.89 (.65) 1187 St
Total 77 3.77 (.60)

*p<.05
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ARE AOE Lot A7) BAF 4 Fol grkS 24
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FAEAS T8 2T Shgol A BT AHE SAo
W Ao et Q9 B4k B4 ATE Tuble 6

Table 6. The result of one-way ANOVA on situational interest

Cole

A4l 3

B4 A3 FARNS BEY £UT Hoold £
A& 27 o whet sHg o] L7l=
7} UEbtth LSDE o] 83 Abs 33 A3 3/ 2 &
2 o] Hek Abol(p=019)9F &/ % /N &7 o) A
o] (p=003)ell Zk7} §-213F ZHol7} Ugie. EF 2 7
749 Ak Apolof A= FJFh 2fol 7k yERA] kot

 ZhAp AOLEES AR T SheatE B Aee] sh
o] 3 o] AUPEES B ALET SAERC O £
F5ulg L7 Aoz ekl

Chen et al. 2001)72 A3-3 1S & 9%, £714 &
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Environments for using tools n M (SD) F p
Shared 26 3.33(.39)
Mixed 28 3.63 (:48)
5.394 .007**
Individual 22 3.75 (49)
Total 76 3.56 (48)

#5p< 01
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Table 7. The results of MANOVA on sub-components of situational interest

Sub-component Environments for using tools n M(SD) F P
Shared 26 3.43 (61)
o Mixed 28 3.53 (82)
Expl ‘ :
xploration intention Individual ” 372 (.66) 968 385
Total 76 3.55(71)
Shared 26 3.79(57)
, Mixed 28 4.18(.58)
Instant ¢ 6.417 003+
nstant ejoymen Individual » 436(.57)
Total 76 410 (61)
Shared 26 3.51(.79)
Novel Mixed 28 3.98 (.54) 172 oase
ovelty Individual 2 3.91 (.84) : '
Total 76 3.80 (.75)
Shared 26 3.57(54)
, Mixed 28 3.87 (63)
A 2.54 :
ttention demand Individual 2 3.90 (.54) 540 086
Total 76 3.77(:59)
Shared 26 1.93 (.64)
Mixed 28 2.25(91)
Chall 2.039 138
alenge Individual 2 236 (.74)
Total 76 2.17(79)
Shared 26 3.78(.58)
_ Mixed 28 3.99 (.56)
Total 4 036*
otal Interest Individual 2 423 (63) 3470 036
Total 76 3.99 (61)

*p<.05, **p<.01
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