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ABSTRACT. This study investigated the effects of the level of enrichment for analogies upon students” mapping, conceptual
understanding, and the types of mapping errors in concept learning about Boyle’s Law. Analogical reasoning ability test was
administered and the score was used as a blocking variable. Three types (simple, enriched, and extended analogies) of learning
materials according to the level of enrichment for analogies were studied by randomly assigned middle school students, and a
conceptions test and a mapping test were administered immediately. The retention tests of both were administered four weeks
later. Analyses of the results revealed that there was no main effect in the level of enrichment for analogies, but there was
interaction effect with analogical reasoning ability in the post test on mapping. And the score of enriched analogy group was
significantly higher than those of simple analogy group, but the score differences among three groups were not significant in the
retention test on conceptual understanding. The frequency of the total mapping errors in the simple analogy group was the highest,
and the frequencies of most types of mapping errors in the enriched and the extended analogy groups were less than those in the
simple analogy group. There were also some differences in the frequencies of mapping errors with respect to the level of
analogical reasoning ability. Therefore, these results will help science teachers plan and practice instructions using analogy.
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Table 1. The subjects of the three groups by the level of analogi-
cal reasoning ability

Simple Enriched Extended
High 51 45 42
Low 29 35 28
Total 80 80 70

Simple: Simple analogy group, Enriched: Enriched analogy group,
Extended: Extended analogy group
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Table 2. The types of students’ mapping errors
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Types of mapping errors

Explanation

Failure to map

Failure to map as the lack of mapping of shared attributes

Overmapping

Mapping of unshared attributes from the analog to the target

Rash mapping

Mapping from the attribute only of the analog to any attribute of target

Rejection of shared attributes

Mapping of shared attributes between analog and target as unshared attributes

Artificial mapping

Mapping of shared attributes that include artificial interprets about the relation of the analog
and target by learners’ experiences or prejudices

Mapping of surficial feature similarity of word

Mapping of shared attributes from the analog to unshared attributes from target by surficial

Mismapping

Incorrect or inappropriate mapping of shared attributes

Retention of a base feature

Retain base features when describing target in mapping between analog and target

Impossible mapping

Attempt to map though important attributes of the target do not exist in the analog
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Fig. 1. The scores of post test of mapping by the level of analogi-

cal reasoning ability.

Table 3. Means and standard deviations of the scores of post and retention tests of mapping and conceptual understanding by the level

of analogical reasoning ability

Simple (n = 80)

Enriched (n = 80) Extended (n = 70)

M (SD) M (SD) M (SD)

High Low Total High Low Total High Low Total

Manbin 4.29 3.34 3.95 591 3.23 4.74 4.90 3.75 4.44

Post pping (2.01) (2.22) (2.13) (2.34) (1.81) (2.50) (2.28) (2.17) (2.30)

0s

Conception 4.45 3.07 3.95 5.40 3.40 4.52 4.57 3.36 4.09

P (1.75) (1.44) (1.76) (1.75) (2.13) (2.16) (1.70) (1.83) (1.84)

Manbin 3.86 3.24 3.64 5.18 3.09 4.26 436 3.64 4.07

Retenti pping (2.05) (1.94) (2.02) (2.38) (1.27) (2.22) (2.15) (1.75) (2.02)
etention

Concention 4.55 2.93 3.96 5.49 4.06 4.86 4.79 3.82 4.40

p (1.78) (1.58) (1.87) (1.78) (1.77) (1.90) (1.30) (1.81) (1.58)
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Table 4. The frequencies of students’ mapping errors in post test of mapping

Simple Enriched Extended
High Low Total High Low Total High Low Total
(m=51) (n=29) (Mm=80) (=450 (=35 (@m=80) @N=42) (@=28) (n=70)
. 77 54 131 40 70 110 37 50 87
Failure to map (1517 (1.86)  (1.64)  (0.89)  (2.00) (1.38)  (0.88)  (1.79)  (1.24)
Overmannin 32 13 45 31 18 49 15 13 28
ppIng (0.63)  (045)  (0.56)  (0.69)  (0.51  (0.61)  (036)  (0.46)  (0.40)
. 20 15 35 7 11 18 3 15 18
Rash mapping (039)  (0.52)  (0.44) (0.16)  (0.31)  (0.23) 0.07)  (0.54)  (0.26)
. . 13 9 22 21 8 29 9 6 15
Rejection of shared attributes —— yy5) 31y (028)  (047)  (028) (0.36)  (021)  (021)  (0.21)
. . 12 4 16 10 3 13 4 5 9
Autificial mapping (024)  (0.14)  (0.20)  (0.22)  (0.09) (0.16)  (0.10)  (0.18)  (0.13)
. . 6 6 12 2 4 6 2 6 8
Mapping of surficial feature (0.12)  (0.21)  (0.15) (0.04)  (0.11)  (0.08) (0.05)  (0.21)  (0.1D)
Mismapping 2 3 S 1 3 4 2 2 4
(0.04)  (0.10)  (0.06)  (0.02)  (0.09) (0.05)  (0.05)  (0.07)  (0.06)
. 2 2 1 1 1 1 2
Retention of a base feature (0.04) - (0.03) - 003)  (0.01)  (002)  (0.04)  (0.03)
. . 1 1 1 1
Impossible mapping - - - (0.02) - (0.01) - 0.04)  (0.01)
Total 164 104 268 113 118 231 73 99 172
(322)  (339) (335  (251)  (337) (289)  (1.74)  (3.54)  (2.46)

*Frequencies of the mapping errors per student
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Table 5. The frequencies of students’ mapping errors in retention test of mapping

Simple Enriched Extended
High Low Total High Low Total High Low Total
(m=51) (n=29) (Mm=80) [m=45) (=35 (@m=80) @N=42) (@=28) (n=70)
Failure o ma 69 34 103 40 47 87 52 33 85
P (1350  (L17)  (1.29)  (0.89)  (1.34)  (1.09)  (124)  (1.18)  (1.21)
Overmanin 30 16 46 34 18 52 24 13 37
pping (0.59)  (0.55)  (0.58)  (0.76)  (0.51)  (0.65)  (0.57)  (0.46)  (0.53)
Rash manoin 2 15 37 13 20 33 12 16 28
Sh mapping (043)  (0.52)  (0.46)  (0.29)  (0.57)  (0.41)  (029)  (0.57)  (0.40)
L . 18 10 28 2 9 31 14 14 28
Rejection of shared attributes 559 034y (035)  (049)  (026) (039)  (0.33)  (0.50)  (0.40)
Artificial mappin 3 : 4 4 ! 3 4 3 7

¢ pping 0.06)  (0.03)  (0.05)  (0.09)  (0.03)  (0.06) .1 (0.11)  (0.10)

. . 1 8 19 4 7 11 2 2 4
Mapping of surficial feafure (022)  (028)  (0.24)  (0.09)  (0.20) (0.14)  (0.05)  (0.07)  (0.06)
Mismannin 3 1 4 1 6 7 3 4 7

Smapping (0.06)  (0.03)  (0.05)  (0.02)  (0.17) (0.09)  (0.07)  (0.14)  (0.10)
Retention of a base feature 0 })2) - © })1) - - - - - -
Impossible mapping - - - - - - - - -
Total 157 85 242 118 108 226 111 85 196

(3.08)  (2.93) (3.03)  (262)  (3.09) (2.83)  (2.64) (3.04)  (2.80)
*Frequencies of the mapping errors per student
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