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In this study, we investigated the effects of the multiple representation-based learning strategies using
augmented reality in terms of students’ conceptual understanding, achievement, and enjoyment of science
lessons. 136 8"-grade students in a coed middle school were randomly assigned to the treatment and
the control group. The students learned the concept of the particulate nature of matter related to the
properties of substances for four class periods. The multiple representation-based learning strategies
designed to facilitate the connecting and integrating representations provided from augmented reality were
developed and administered to the students of the treatment group. Results of two-way ANCOVA revealed
that the scores of a conceptions test and enjoyment of science lessons test of the treatment group were
significantly higher than those of the control group, regardless of their prior science achievement. In
a conceptions test, there was a significant difference in the concept of preservation of particles. However,
the difference was not statistically significant in the concept of distribution and motion of particles. In

terms of an achievement test, there was a significant interaction effect by their prior science achievement.
The scores of low-level students were significantly improved, but the effects were not significant to
high-level students. On the bases of the results, educational implications for effective teaching and learning
using augmented reality are discussed.
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Table 1. The numbers of the participants by the level of
the prior science achievement

Control group Experimental group Total
High 28 (20.6) 31 (22.8) 59 (43.4)
Low 44 (32.4) 33 (24.3) 77 (56.6)
Total 72 (52.9) 64 (47.1) 136 (100.0)
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Figure 1. Examples of worksheet and augmented reality contents

Table 2. Contents of post-conceptions test

Target concept
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Table 3. Numbers of the subjects, means, standard deviations, and adjusted means of the conception test scores by the level
of the prior science achievement

Control group Experimental group
n M (SD) Adj. M n M (SD) Adj. M
High 28 2.75 (1.76) 242 31 3.32 (1.62) 3.33
Low 44 1.39 (1.56) 1.77 33 221 (1.49) 1.97
Total 72 1.92 (1.76) 64 2.75 (1.64)

Table 4. Results of two-way ANCOVA on the conception test scores

Source of variation df MS F p
Treatment 1 10.190 4772 031"
Level 1 32211 15.084 000"
Treatment X Level 1 3.729 1.746 189
p<.05, "p<.001
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Table 5. Numbers of the subjects, means, standard deviations, and adjusted means of the achievement test scores by the

level of the prior science achievement

Control group

Experimental group

n M (SD) Adj. M n M (SD) Adj. M
High 28 7.00 (2.23) 6.43 31 6.42 (2.23) 5.98
Low 44 3.02 (2.09) 3.26 33 3.85 (1.95) 442
Total 72 4.57 (2.89) 64 5.09 (2.45)
Table 6. Results of two-way ANCOVA on the achievement test scores
Source of variation df MS F p
Treatment 1 4.014 1.068 303
Level 1 145.544 38.739 .000™
Treatment x Level 1 21.301 5.670 019
Treatment in high level 1 2.690 .676 414
Treatment in low level 1 22.404 6.214 .015%

e

p<.05, " p<.001
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Table 7. Numbers of the subjects, means, standard deviations, and adjusted means of the enjoyment of science lessons test

scores by the level of the prior science achievement

Control group

Experimental group

n M (SD) Adj. M n M (SD) Adj. M
High 28 3.52(.59) 3.45 31 3.69(.69) 3.68
Low 44 3.34(.58) 338 33 3.62(.62) 3.65
Total 72 3.41(.59) 64 3.66(.65)
Table 8. Results of two-way ANCOVA on the enjoyment of science lessons test scores
Source of variation df MS F p
Treatment 1 2.026 5.667 019
Level 1 079 222 .638
Treatment x Level 1 015 .043 .837

<05
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