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ABSTRACT. This study explored the learning environment for promoting conceptual understanding, immersion, and situ-
ational interest in small group learning using augmented reality, according to the level of students’ self-regulation. 95
ninth-grade students from a coed high school in Seoul participated in this study. Students were divided into a group of four
and each group was randomly assigned to three learning environments that provide one marker and one smart device(1-1),
two markers and two smart devices(2-2), and four markers and four smart devices(4-4) for a group. Small group learning
using augmented reality was conducted for two class periods about the chemical bonding concept from the Integrated Sci-
ence subject. Two-way ANOVA results revealed that students in the 4-4 learning environment scored significantly higher
than those in the 1-1 or 2-2 learning environment in a conception test. Changes in the learning environment have affected
students with a low level of self-regulation. In an immersion test, students in the 4-4 learning environment scored signifi-
cantly higher than those in the 1-1 learning environment, and changes in the learning environment have affected students
with a high level of self-regulation. As a result of situational interest test, students in the 4-4 and 2-2 learning environ-
ments scored significantly higher than those in the 1-1 learning environment, and changes in the learning environment have
affected students with a low and a high level of self-regulation. Based on the results, the educational implications of the
learning environment for promoting conceptual understanding, immersion, and situational interest in small group learning
using augmented reality are discussed.
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Table 1. Numbers of subjects in the three AR learning environment by the level of self-regulation

AR learning environments

Level 1 Marker, 1 Device (1-1) 2 Markers, 2 Devices (2-2) 4 Markers, 4 Devices (4-4) Total
High 15 17 13 45
Low 19 14 17 50
Total 34 31 30 95
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Figure 1. Covalent bonding model of water molecule embodied
in augmented reality application.
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Table 2. Means and standard deviations of the conception test scores by the level of self-regulation

AR learning environments

Level 1-1 2-2 4-4
M SD M SD M SD
High 63.67 33.75 59.41 31.55 72.46 24.37
Low 25.26 25.16 29.14 21.62 52.47 32.33
Total 42.21 34.69 45.74 3.1 61.13 30.40
Table 3. The results of two-way ANOVA on the conception test scores
Source of variance SS df MS F p
Environment 6611.78 2 3305.89 4.02 021"
Level 20402.95 1 20402.95 24.80 .000™"
Environment X Level 1330.44 2 665.22 81 449
*p<.05, " p<.001
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Table 4. Means and standard deviations of the immersion test scores by the level of the self-regulation

AR learning environments

Level 1-1 2-2 4-4

M SD M SD M SD

High 3.43 44 3.72 73 3.98 44

Low 3.17 53 3.33 52 3.59 57

Total 3.29 .50 3.55 .66 3.76 .55

Table 5. The results of two-way ANOVA on the immersion test scores

Source of variance SS df MS F p
Environment 3.67 2 1.84 6.01 .004™
Level 2.85 1 2.85 9.31 003"
Environment X Level .088 2 .044 144 .866

#k

<01

Journal of the Korean Chemical Society



F4UANS BEI 2T S50l AW olsh L BY, AF FuIS 20 5 Ut o B T 367

7HEH AR E}dof FFS A QAN A2 E 0] 2T fofm gt 2ol 7k A eh(p=.006). &, SH AL S
E2 M2 AU ALE 7)7] b Sk 2 o AR 2 Shgoll A e W R SHAY o] 2} uhA
2 FFS L2 AR YEKT o AUbE 71715 AHEE = e 444 Bt S sl
A712d ol & IS 5544 s A E npA et AnkE 7)1 715 1709 Al gste 1-1 85 S 2
A Fete Aol Aoz utA e} 7]718 A AR &% FI7E E AL, Bl uhA ek AntE 77 2708 Al
o2y FY4 52 F8k= 1-1 sk S H ke 4 S0k 22 3H5 B 3 1-1 35 R A% S
Aoz SAAES AT oRN 35 oS 7 7F =kt
Sk 4-4 35 2ol &l ¥ 2 FFS F okl 34 4-4 3k5 eb7olut 2-2 Sy 2 9] SHYE2 1-1 S5
5 QT &, A7 2 o] 2 Sl nhA o & g o s E T AL S 22t 7MY AAIE B
TE 7|75 A AlESE ok el Qv o] & & ot 7137 iAoz o wol AlgE ot ek
U= A ARESoF StER 5FF] o7 of 2l 9] SHAAAS &3 2T 5ollA ol ¥ =2 A%
ol EYste dl olgsS A[MS 7HeAdol sl vhd, SHE =75 57] flsid s st Sl AR SA4d
A7) 2 pEo] W S ES v Y AnkE )7 & AL AS 22 9 HAE 735 ol ot &4 Al
Ao = gt SHA AR = Q= 44 St B9 of & Zlojt}. 3t o]4fo] Ait= FAAAL S o83t
M 27|28 o] w2 ol vls| Y S gk oA M S0l w7l Su7t S A ] Alwete
of Wtthar & 4= k. whEbA o2t Ayt yEhd A A oy 7S AAlel digt AE EF sl =
of tigt ddle E4staL, A2 d &0 @2 S 7]R1%tehs A3 Ate] Autet Kgtgict.
o] £9& FAT + e WS gAY gadol = sholl tigt A7 2 A 2o whE A Sl A4
Zo]t. o2 Fojulet zpo| 7k AL (p=.008), Sh5 2 AL
7|2 5 Abo] o] A2 AH-E Aib= o] shA] ekt
& =00 0jx|= I ol S EAS &I 2T TFollA A2 =
SRS 83 2 Gl A Sk 2o whE o] & 2 W Ao Hlsl =2 A% S =7
&8 o et Bt} EF HAES Table 60 A A5H o= Uity E3 o] A= A2 0] =
aL, ofof] thgk o] Y WwF B4 AIE Table 701 A A5 = AL g F717F =L ok W8l Hid Fojek
oh B4 AT BUATGASI) AR UG E 118 Alo] BoL, we shEe vttje] Aol gk Ao®
& BN 22, 44 Bt BAOE A4E ST A B AW AT Ao} Baach 7|2 W Sz
3 gol7k W FUeHE ATl Ut A ShG B 0hE Sk B3 AF Su9 Aol vlmar Ak, 49
of ubet shgol Lyl A Fult Fould dpolzk 9 SHYMS-138, F=5.16, p-008)7t 59l SHYMS-L0L,
L R02 Uebgthp=000). A FHLSD) B}, 443 F3.78, p=026) B Sh45 S W2 §2Ju]g Zo| 7k
& B0 AR F} 141 3k B0l HE) flmlaAl QUATh B AV 2 SF0] BAL WL S B 2 A
Lo (p=000), 2-2 3} B4 A Frlk 11 8ty Agel AlTHE nhAeh AnkE 7719 $71 3RS o
Table 6. Means and standard deviations of the situational interest test scores by the level of the self-regulation
AR learning environments
Level 1-1 2-2 4-4
M SD M SD M SD
High 3.38 49 3.64 Sl 3.92 A7
Low 3.04 57 345 49 3.57 54
Total 3.19 .56 3.56 .50 3.72 53
Table 7. The results of two-way ANOVA on the situational interest test scores
Source of variance SS df MS F p
Environment 4.63 2 232 8.65 .000™
Level 1.98 1 1.98 7.38 .008"™
Environment X Level 11 2 .05 20 .82
“p<01, " p<.001
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