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Abstract

One of the crucial goals in the twelve-year compulsory education reform is to
encourage students to actively participate in learning activities. Through the pedagogy
that incorporating digital games into 5E learning cycle, this study was anticipated that
students can learn scientific concepts by exploring the games. In this study, the
pedagogical design focused on the concepts of refraction and reflection. A
quasi-experimental design was adopted to investigate how the pedagogical design
might impact on students’ learning of the concepts. A total of 65 eighth graders from
two classes participated in this study. One class with 31 students was taught with the
new pedagogical design, while the other class with 34 students was taught with
traditional lecturing method. An assessment of conceptual understanding was used to
examine the students’ learning outcomes. Qualitatively, the students’ worksheets were
analyzed in order to look into the factors that might account for their conceptual
change. Regarding the comparison between the two classes, ANCOVA was adopted to
examine how students’ gender and different levels of achievement, and the types (texts
or pictures) of assessment items might influence students’ learning. The findings
showed that both the experimental and the control group significantly improved their
understandings of the concepts after the instruction (the experiment group: t=-4.995;
p<.001; the control group: t=-2.239; p<.05). According to the effect size (E. S.), the
experiment group reached a medium level (E.S.=0.791) while the control group had a
lower effect size (E.S.=0.403). This indicates that the experimental group with the
new pedagogical design had larger effect size. The one-way ANCOVA analysis showed
that there was no significant difference in the students’ conceptual understandings
between the two groups (F =3.718; p>.05). Also, there was no sinificant difference in

the students’ conceptual understandings between male and female students in both
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groups (the control group: F=0.006; p>.05; the experimental group: F=0.156; p>.05).
Students’ different academic levels significantly influenced their understanding of the
concepts (F=15.182; p<.01). Regarding the types of the assessment items, students in
the experimental group scored significantly higher on the items presented with
pictures than those in the control group (F=4.655; p<.05). The analysis of qualitative
data showed how students’ conceptual understandings were changed by the
pedagogy that incorporating digital games into 5E learning cycle, the experimental
group. For instances, the students’ conceptual changes in the concept of plane
mirrors: (1) Students became more aware of that the object distance is the same as
the image distance after the instruction. (2) Fewer students understood that the size of
the object was actually the same as that of its image. (3) Most of the students thought
the farther the object was, the smaller the image would be. For the students’
conceptual changes in the concept of concave mirrors: (1) Influenced by the concept
of plane mirror, students thought the object distance is the same as the image distance.
(2) Part of the students thought the images of a concave mirror are always larger than
the object no matter the object distance. For the students’ conceptual changes in the
concept of convex mirrors: (1) Students were able to draw the path of the light, the
image and its location in a diagram. (2) Some students still had the myth that through a
convex mirror, light converges in a focal point. For the students’ conceptual changes in
the concept of convex lenses: (1) Influenced by the concept of plane mirrors, part of
the students thought the formation of the image is because of reflection. (2) Influenced
by the concept of convex mirrors, some students thought that through convex lenses,
the images are always smaller than the object. (3) Some students thought that as
double-convex lenses have the same shapes on both sides, the object and the nature of
its images on both sides would be the same. (4) Some students were able to state that

through convex lenses, light will deflect to the thicker side of the lens; through the lens,
\



parallel light will converge on the focal point at the other side of the lens. (5) Most of
the students were able to draw correct optical path and images in a diagram. For the
students’ conceptual changes in the concept of concave lenses: (1) influenced by the
concept of concave mirrors, some students thought that the images of the concave
mirrors are bigger than the object. (2) After completing the worksheets on the topic that
differet distance results in different size of the image, some students were able to state that
to a concave lens, the closer the object is, the bigger its image would be. I suggest that
in the future, with students learning in groups, the research may focus on how
cooperative learning might impact on students’ learning of the concepts of refraction
and reflection in a pedagogical design that combined both the digital-game and

interactive whiteboard.
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A5 A PH PL A A
1 0.697 1.000 0.400 0.700 0.600
2 0.879 1.000 0.700 0.850 0.300
3 0.636 1.000 0.200 0.600 0.800
4 0.636 0.889 0.600 0.744 0.289
5 0.636 0.889 0.500 0.694 0.389
6 0.576 0.778 0.200 0.489 0.578
7 0.788 1.000 0.400 0.700 0.600
8 0.697 1.000 0.300 0.650 0.700
9 0.576 1.000 0.200 0.600 0.800
10 0.515 0.667 0.300 0.483 0.367
11 0.636 0.889 0.300 0.594 0.589
12 0.273 0.333 0.300 0.317 0.033
13 0.485 0.778 0.300 0.539 0.478
14 0.667 0.889 0.300 0.594 0.589
15 0.212 0.444 0.000 0.222 0.444
16 0.515 0.889 0.400 0.644 0.489
17 0.364 0.667 0.200 0.433 0.467
18 0.758 1.000 0.500 0.750 0.500
19 0.636 1.000 0.300 0.650 0.700
20 0.697 0.889 0.400 0.644 0.489
21 0.152 0.556 0.000 0.278 0.556
22 0.576 1.000 0.400 0.700 0.600
23 0.333 0.556 0.200 0.378 0.356
24 0.303 0.778 0.200 0.489 0.578
25 0.545 1.000 0.100 0.550 0.900
26 0.455 0.889 0.400 0.644 0.489
27 0.182 0.333 0.100 0.217 0.233
28 0.333 0.889 0.200 0.544 0.689
29 0.515 0.889 0.400 0.644 0.489
30 0.212 0.222 0.100 0.161 0.122
31 0.182 0.333 0.100 0.217 0.233
32 0.364 0.556 0.100 0.328 0.456
33 0.515 0.889 0.100 0.494 0.789
34 0.424 0.556 0.100 0.328 0.456
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F(ERE) gHBEMARRKRSR S (RFHE) DRTL > 7 B ENHHER M
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BB RFSUDAL S AP o B g e ik bE Gl LB > TR T R RS T -
2428 F et I uF L PRE RIS T R R 2 i Rk TR RS 2
7 SRR SR T 1

% A M T4 df  TeToaqe  F p
R b s 764078° 3 254603 10987 000
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R R R R Y SRS 2§ AT

3% A M= df EmEsge p
R 957.001* 3 319.030 25.078 000
# 5 90.503 1 90.503 7.114 021
FoReB MEY S
: YRR 37596 1 37.596  2.955 111
= 56;,‘_@_% Y 33 A2
o N FVORE 23775 1 23.775  1.869 197
ST
PRl f MY S38
ERRE TR RTC 2 3234 1 3234 254 623
RN
WA 152.659 12 12.722
@ 6366.000 16
KD 15 e, 1109.750 15

*p<.05 **p<.01 ***p<.001

ML OB LY ST L ST o0 24012 F R E Y S F A s
ot 12.238(4 4-3-6) £ 437 S H FF £ REA P HE L PEA KL FEY
AT LG RIHRT R A (LA IR FFY A RT L MERIR LR N Y
(k%) D %x’%%ﬁ?*%?i%ﬁ@M%@wﬁ@ﬁ%ﬁﬁ%%iiF
©=15182 1 p<.05 - EAEF R > 273 B FY S22 0§ o tpior 5E

VIRKEFEY T MR AV SR PHLE

61



kR (P F HALEK

M SD B T ok
FEY Y 25.75 3.845 24.012°
MY 2k 10.50 3.295 12.238°
£ AT AL FHY ST H A LRSI L
R FRE Y SRS 2 R F K
% ik SV [T df T T e F
I {8 st 953.856° 2 476.928 39.771 .000
BB 87.758 1 87.758 7.318 .018
FoEg ME
VoARE 23.606 1 23.606 1.969 184
7l
FoREF ME
§agesa 182.060 1 182.060 15.182 .002
£k S 155.894 13 11.992
R 6366.000 16
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