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In this study, we investigated the effects of individualized learning adapted to students' conceptions using
smart devices in science instruction upon students' conceptual understanding, the retention of conception,
achievement, learning motivation, enjoyment of science lessons, and perception about individualized
learning using smart devices. Four seventh-grade classes at a coed middle school in Seoul were assigned
to a control group and a treatment group. Students were taught about molecular motions for seven class
periods. Two-way ANCOVA results revealed that the scores of a conception test, the retention of the
conception test, a learning motivation test, and an enjoyment of science lessons test for the treatment
group were significantly higher than those for the control group. Although the score of the treatment
group was higher than that of the control group in the achievement test, the difference was not statistically
significant. Students' perceptions about individualized learning using smart devices were also found to
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w4 A A|(intelligent tutoring system)L} 232 4=¢] A|A|(adaptive
instructional system) 5] 14>3ks5 WRol| thsf] A7 o] FofHrt
(Reiser & Dempsey, 2006; Tomlinson, 2001). I} w ol A= 7S}
S ] SI) AEslE 22w Selolut A A ol
7o A8-A sk AHERS AASRTHKim ef al., 2006; Song & Keller,
2001; Yang & Yu, 2003; Zangyuan, 2003).
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Table 1. Numbers of the subjects by the level of the prior
science achievement

Control group Experimental group

High 27 29
Low 31 25
Total 27 29
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Table 2. An example of the individualized learning materials
adapted to students’ conceptions

Target . . .
&e Type of conception Key elements of learning materials
conception
Misconception of Explaining about the preservation of
molecular size the molecule
. . Explaining about the molecular
Molecular Misconception of plaining . .
. velocity according to ambient
movement of molecular velocity
temperature
ases .
5 . . . Explaining about the molecular
according to  Misconception of T . .
. R distribution according to ambient
ambient molecular distribution
temperature
temperature

Appropriate scientific
conception

Explaining about the relationship
between energy and movement of
a molecule
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AAF A g A AAF J4=9)
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Bigo] ABHQ B Wt SYE] A ofsfol] BTHYL o
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Table 3. Means, standard deviations, and adjusted means of the

conception and the retention of conception test scores
by the level of the prior science achievement

Control group Experimental group

M (SD)  Adj. M M (SD)  Adj. M

High 6.82 (2.04) 607 7.6 (1.40) 7.0l

Conception

Low 548 (232) 6.05 6.20 (2.26) 7.03

test

Total 6.10 (2.28) 6.06 6.98 (1.97) 7.02

Retention of High  6.96 (1.89) 6.35 7.79 (1.42) 7.26

conception Low  5.68 (2.17) 6.14 6.44 (1.61) 7.12
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Aol disfirle= AR dete] Aate deEA] ei(FitzPatrick, ef
al, 2011; Kang et al., 2014). o]of| T3l ArlE 7]7]2] 3hH Agto =
Q18 7] 0 AW olalrt AstElo] ol Rabh waE 4 lcke
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Table 5. Means, standard deviations, and adjusted means of
the achievement test scores by the level of the prior
science achievement

test Total  6.28 (2.13) 6.24 7.17 (1.65) 7.20
Control group Experimental group
Table 4. Results of two-way ANCOVA on the conception and : LRED) £l b LRED) £l b
the retention of conception test scores High 8.00 (1.52) 7.43 8.03 (1.32) 7.54
s — — — B Low 6.58 (2.01) 7.01 6.84 (2.04) 748
QU OF RO ) p Total 724 (1.92) 7.4 7.48 (1.78) 752
Treatment 1 25.33 7.06 .009
Conception Level 1 .00 .00 993 .
Table 6. Results of two-way ANCOVA on the achievement test
test Treatment X
Level 1 .01 .00 951 scores
o of Treatment 1 24.58 8.47 .004 Source of variation af MS F p
Retentlor,l © Level 1 43 15 701 Treatment 1 2.26 .83 366
con:epttlon Treatment x 03 0 013 Level 1 .83 .30 584
° Level ! : 01 Al Treatment x Level 1 87 32 574
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Table 7. Means, standard deviations, and adjusted means of
the science learning motivation test scores by the level
of the prior science achievement

Control group Experimental group

M (SD) Adj. M M (SD) Adj. M
High  3.60 (.67) 3.42 3.89 (.56) 3.71
Low 3.4 (.62) 3.47 3.61 (.62) 3.83
Total  3.46 (.65) 3.45 3.76 (.60) 3.77

Table 8. Results of two-way ANCOVA on the science learning
motivation test scores

Source of variance df MS F p

Treatment 1 3.10 22.58 .000
Level 1 .19 1.39 241
Treatment x Level 1 .04 .30 588

Table 9. Means, standard deviations, and adjusted means of
the scores of the enjoyment of science lessons test
by the level of the prior science achievement

Control group Experimental group

M (SD) Adj. M M (SD) Adj. M
High  3.63 (.99) 3.40 3.86 (.66) 3.71
Low  3.24 (88) 3.39 3.56 (.64) 3.78
Total 342 (.95) 3.39 3.72 (.66) 3.75

Table 10. Results of two-way ANCOVA on the scores of
the enjoyment of science lessons test
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Table 11. Students' perceptions toward using smart devices in
science instruction (%)

Response (n=54)

Source of variation df MS F p ltem High Medium Low

Treatment 1 3.48 11.65 .001 Interest 38 (70.4) 15 (27.8) 1 (1.9)
Level 1 .02 .08 781 Usefulness 42 (77.8) 10 (18.5) 2 (3.7
Treatment x Level 1 .04 13 719 Preference 34 (63.0) 15 (27.8) 5 (9.26)
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