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In this study, we compared discourse by environments for using tools in terms of participation types,
discourse types, and knowledge building processes. 24 first-year high school students were divided into
six groups. They were assigned to the sharing tools environment, which used one marker and one smart
device, or the individual tools environment, which used markers and smart devices individually. Students
participated in small group learning using AR application based on the concept of chemical bonding.
All classes were video- and audio-taped. Semi-structured interviews were conducted with six students
who voluntarily agreed. The results of the study revealed that the sharing tools environment had a high
proportion of one-student dominating type, while the individual tools environment had a high proportion
of partly participating type and most students participating type. In the individual tools environment,
the ratio of knowledge sharing and knowledge construction discourse was similar compared to the tool
sharing environment, and the sub-discourse types were also diverse. In the sharing tools environment,

only some students had a meaningful knowledge building process. On the other hand, in the individual
tools environment, most of the group members constructed knowledge about the target concept, and
had a meaningful knowledge building process. In addition, the misconceptions that appeared to some
group members were corrected through small group discussions.
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Comparison of Discourse by Environments for Using Tools in Small Group Learning with Augmented Reality
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Table 1. Analytical framework for discourse types
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Table 2. Frequency and percentage of types of participation by environments for using tools

L Sharing tools environment Individual tools environment
Types of participation
A (%) B (%) C (%) Total (%) D (%) E (%) F (%) Total (%)
One-student dominating 7 (46.7) 19 (55.9) 22 (81.5) 48 (63.2) 6 (13.6) 10 (20.4) 11 (19.3) 27 (18.0)
Partly participating 7 (46.7) 11 (324) 4 (14.8) 22 (28.9) 18 (40.9) 28 (57.1) 25 (43.9) 71 (47.3)
Most students participating 1(6.7) 4 (11.8) 1 (3.7 6 (7.9) 20 (45.5) 11 (224) 21 (36.8) 52 (34.7)
Total 15 (100.0) 34 (100.0) 27 (100.0) 76 (100.0) 44 (100.0) 49 (100.0) 57 (100.0) 150 (100.0)
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Table 3. Frequency and percentage of discourse types by environments for using tools

Sharing tools environment Individual tools environment
Category A B C Total D E F Total
(%) (%) (%) (%) (%) (%) (%) (%)
. i 1 1 3 5 3 3 5 11
Recalling existing knowledge 67 29 (L) (66 68) (61) (88  (73)
o . . . 4 8 7 19 7 7 6 20
Identifying the formation of virtual objects Q67) (35 (259) (250 [19] (159)  (143) (105 (133) [20]
Krsllievlvrlifldge Introductory level discussions 7 13 12 32 [6] 8 18 19 4 [16]
e uctory fevel dised (467) (382) (444) (42.1) (182)  (367) (333) (30.0)
Introductory level discussions based on 1 2 1 4 i 1 2 3 6 i
external information 6.7) 5.9 3.7 53) 2.3) “.1) (5.3) 4.0)
13 24 23 60 19 30 33 82
Sub-total (86.7) (70.6) (852) (78.9) [23] (432)  (612) (579) (54.7) [36]
. . . 1 2 3 6 3 5 3 11
Analyzing ways of virtual objects 67 69 arn a9 O 68 @2 63 @3 U
. . 1 8 1 10 9 8 15 32
Advanced level discussions 6.7) (23.5) 3.7) (132) [2] 205)  (163) (263) (13) [23]
Organizing new information 0 0 0 0 - 4 0 0 4 2]
ganizimg new 00)  (00)  (00)  (0.0) ©.1) (00 (00 @27
Knowledge
. N . 0 0 0 0 2 5 2 9
construction  Sharing ideas at different levels 0.0) (0.0) (0.0) 0.0) - @5) (102) 35) (6.0) [9]
T . 0 0 0 0 2 1 4 7
Critiquing ideas at different levels 0.0) (0.0) (0.0) 0.0) - 5) 2.0) (7.0) 4.7 [7]
Efforts to rise above current levels of 0 0 0 0 ) 5 0 0 5 5]
explanation (0.0)  (0.0) (0.0) (0.0 (11.4)  0.0) (0.0) (33)
2 10 4 16 25 19 24 68
Sub-total 133) 04) 48 Ly Bl s68) (388 @21y @3 P
15 34 27 76 44 49 57 150
Total (100)  (100)  (100)  (100) 331 (100)  (100)  (100)  (100) 931

‘[ T’: The cumulative number of discourse referring to the augmented reality
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