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ABSTRACT. In this study, we investigated the differences of mapping understanding and the types of mapping errors by the levels of
students’ cognitive/affective variables and the relationships between mapping understanding and these variables in learning
‘concentration and reaction rate’ with analogy. After administering the tests regarding logical thinking ability, visual imagery ability,
analogical reasoning ability, self efficacy, and need for cognition as pretests, students learned with analogy. Then, students’ familiarity
and mapping understanding were examined. Analyses of the results revealed that the scores of the mapping understanding for the
students with higher levels of all cognitive/affective variables except visual imagery ability and familiarity were significantly higher
than those for the students with lower levels. The differences in the types of the mapping errors such as overmapping, failure to map,
impossible mapping, artificial mapping, mismapping, rash mapping, and retention of a base feature were also found by the levels of
students’ cognitive and affective variables. The scores of students’ mapping understanding were positively correlated with those of all
cognitive and affective variables. The results of multiple regression analysis indicated that students’ science achievement, logical
thinking ability, and familiarity were significant predictors of mapping understanding. Educational implications of these findings are
discussed.
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152 RFESE SCRR
Table 1. Reliability coefficients of the tests
. _ . . Analogical qe s
Logical thinking  Visual imagery reasoning Familiarity Self efficacy = Need for cognition
Cronbach's a .67 .94 .65 .92 79

FARg WA o 2 ARSGTE F, WA} S B sl A AR AR AP L s HAE AR =
e F Ol E L 2N, FEAT L B Wl G APshe 38 Ee Al dsle] ALl sich. Ao} £%4 A
o E N A S FH R st onl(F208),  HEF AYSI oF A 99l i stel UL D
v]§-2] Al &g ol sl A= dF3HA] gkt aabe] Ad o] o} 2.7] $]3}o] Motivated Strategies for Learning Questionnaire
Bt 5o A ol s = AARE A sk 258, THE (MSLQ)” F ARok e Ak M F-0] 95 Abg-stsl ek «ql Al
Aol Ao ® AAFS A A STk B el e xae o] w8 AAP = Q1A A relo] I 28k dE o] o] sle] = A ek
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Table 2. Means, standard deviations and t-test results of mapping understanding test scores by the levels of cognitive and affective variables

Cognitive variables

Affective variables

Mapping Science Logical L Analogical - Need for Total
under- achievement thinking Visual imagery reasoning Familiarity Self efficacy cognition
standing High Low High Low High Low High Low High Low High Low High Low N=245

(1=122) (n=123) (n=115) (n=130) (n=123) (n=122) (n=116) (n=129) (n=134) (n=111) (n=132) (n=113) (n=128) (n=117)

Mean® 645 526 637 540 607 564 620

5.54 6.02  5.65 6.09 5.58 6.12 556 585

(SD)  (1.65) (1.66) (158) (1.79) (1.68) (1.81) (1.78) (1.69) (1.62) (1.89) (1.66) (1.84) (1.63) (1.84) (1.76)
t-value 5.629 4.456 1.907 2.964 1.664 2.311 2.488
p .000™ .000"" .058 .003™ .097 .022° 014"
*full score: 10, "p < .05, “p <.01.
ol Zb ol ARake] FAE 7he] oS- A o dll = A e} 23]l s Eo] 319] A EH o o8 A o] s = A 57}
& 7 Rl 2] 2po] & 2 AFal7] 93l 2F A4 A 72 S =9k, 2 Zpol 7t BAIH o Z f-ov] 5t} o] = sy I}
HE7NFoR FASE A TS R R v, A5 3shr] $18l 283 Y4 E A st A= o
=3 % * t % Z(independent t-test)S- A A 3} o}, rE gk o -3 Ql Rpo} EE=717Be] =g Qx| A Ql o] ¢ & A}
A o] dl| o} AR A - A o)A Wl & 7he] A E AL 58 Folshs AA ST 2S5 F oS- B ol g
g5 -8 A o] =5 A Wl o Z QXA - Ao W old| 7} FH= evlgitt. &, Afol A5 At A St =
Q152 oflel Hal o 7 3l Al A v}5 3] 9] H-4 (stepwise L AL B 5 AFEE Sl A v FEESEH FE
multiple regression analysis)& A A 5}ef 2+ ¥ qlo] A v =d-&- Ho] $AES FE3] 2 RAE Fetsle = Bl A=
ZALEFo et Al HeE B ozA SukE o3& o & & 5 9lsl7]
W g0 2 AL g, A E A A5HA] o2 wlF
Za} gl =9 =5 Tl A AFE-3h= 7 F-oll = v = A Aol gl o] 3
F-Fo] 2318 S E el gt ol E el d o= Ao
QIX|H - Mo|x| HOIZ0 [}E CHS 24 Olsl = 2 oA gl o} n)f-Eol ek X5 whE oS- 3
ZAF Z 1t Al o]l =] A Apo] = A A S E f-of vl EhA] gkt 1
AAA - A o)A Wl Fe] AFahe] el whE o8 A o 557 EL AEY o8 A ol = Ar A=
ol = AAL Ao H, EF ALY 55 2A 4= A E7h G S ER T F2 S B o Z(p=.097), A
+= Table 29} 7t} SE7FRE AR Shg A of] v A = od FFell &) F71
AAA Wl et A H &, =2 A A v FE 5 Al A7) E g e
H pEe] gl FAE] S A olsl =318 FAE
EE]‘ Skar, FAA L2 f-enl gk Apo] 7k ol gt o] = & QIXIN - Mol HQIE0 IE [HS 27 PI= Zn}
So] #ef W &5 A ofslfstar, 1A e Felv FAFO] XA A A WA EE el whE g &
"Er YAE 7re] WA S 2R Y] 242 5 H ) T+ T3 W = E Table 3ol Al A8kl ch F = o} Hh-g-4 & 7Y
He F8 S5 SAE Y WS IAE A o] el 3l Bl -5 A8t Shast = A ol A A E2 3
et J&e B FEoh ! A F7hA] vlfo) ralor & o -8, t-8 Eoldl, Brhagt -8, /191 &, F-A A3
FAA ] ARE FAA R A s oM o] H o] H -8, FaE G S v frE HA T2 77 738 9
F3 FAYSoA EoS Fe AR o AT {5 W Ao Z vepgth A A - Ao A wglel w}
A3}, ) f AFS- ol A A Eo] t A E SHEEA o] A=k A A9 ARG S 2 FE W= Hl
?SH?‘V] A A = ek A A oAb -] IR A 5 o] =7} Eokh 53], 1AA W]l 343 A E(p =.000), =
T2 5 = Ao E vebydt &9, A1 7A A 5 2] A AL (p =.000), A 2HA A1 A3 53 (p =.010), ¥ 5
/‘oL-?/] A2 319] A Fell vl &l o3 A o] =7t <F7E 58 (p=.001)7} A 2] A Wl 2] AR & (p=.046)°l 4] &
F-ATFE B o TAACE fro|v g Ato]= gt AL 2 ol vk Bl e Apo] 7} vpebdet. o] = Bl =3t 5
(p=.058). L&} Al 7HA A3t 53 2 )& ARs Y E NG A HAE 7H WS BAE SHlEA A A=
ol dFE vH = 2o R AldH wglomR  FFo) o] dlelliz e ) Gooll B oSt =l A A, A2 Al
3}7] $18kubE A& #1387l 3l 58, v f FE 58 59 AAA T AAAH HAE
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154 RFESE SCRR
Table 3. Frequencies of students' mapping errors
Cognitive variables Affective variables
. Science . . Visual Analogical o Need for ~ Total
Mapping achievement Logical thinking imagery reasot%ing Familiarity Self efficacy cognition
errors
High Low High Low High Low High Low High Low High Low High Low

(n=122) (n=123) (n=115) (n=130) (n=123)(n=122) (n=116) (n=129) (n=134) (n=111) (n=132) (n=113) (n=128) (n=117)

N=245

Over- 87 84 82 89 81 90 77 94 95 76 97 74 91 80 171
mapping  (0.71)" (0.68) (0.71) (0.68) (0.66) (0.74) (0.66) (0.73) (0.71) (0.68) (0.73) (0.65) (0.71) (0.68) (0.70)
Failure to 34 74 33 75 49 59 42 66 56 52 51 57 44 64 108
map (0.28) (0.60) (0.29) (0.58) (0.40) (0.48) (0.36) (0.51) (0.42) (0.47) (0.39) (0.50) (0.34) (0.55) (0.44)
Impossible 20 44 21 43 27 37 21 43 38 26 32 32 36 28 64
mapping  (0.16) (0.36) (0.18) (0.33) (0.22) (0.30) (0.18) (0.33) (0.28) (0.23) (0.24) (0.28) (0.28) (0.24) (0.26)
Artificial 8 5 10 3 7 6 8 5 5 8 6 7 10 3 13
mapping  (0.07) (0.04) (0.09) (0.02) (0.06) (0.05) (0.07) (0.04) (0.04) (0.07) (0.05) (0.06) (0.08) (0.03) (0.05)
Mis- 4 6 4 6 2 8 5 5 4 6 5 5 5 5 10
mapping  (0.03) (0.05) (0.03) (0.05) (0.02) (0.07) (0.04) (0.04) (0.03) (0.05) (0.04) (0.04) (0.04) (0.04) (0.04)
Rash 4 2 4 2 3 3 4 2 3 3 3 3 4 2 6
mapping  (0.03) (0.02) (0.03) (0.02) (0.02) (0.02) (0.03) (0.02) (0.02) (0.03) (0.02) (0.03) (0.03) (0.02) (0.02)
ORISSE:;;“ 4 1 4 14 4 1 3 2 1 4 ] 55
feature (0.01) (0.03) (0.01) (0.03) (0.01) (0.03) (0.03) (0.01) (0.02) (0.02) (0.01) (0.04) (0.04) (0.02)
Total 158 219 155 222 170 207 161 216 204 173 195 182 190 187 377
(1.30) (1.78) (1.35) (1.71) (1.38) (1.70) (1.39) (1.67) (1.52) (1.56) (1.48) (l.61) (1.48) (1.60) (1.54)
*Frequencies of the mapping errors per student.
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Table 4. Correlation coefficients among the test scores of cognitive variables, affective variables, and mapping understanding

S_mence Lpglc_:al _Vlsual Analog_lcal Familiarity Self efficacy Neec_i _for Mapplng_
achievement thinking imagery reasoning cognition understanding
Science achievement 1.000
Logical thinking .526™ 1.000
Visual imagery 262" 162 1.000
Analogical reasoning 470" 479" 219" 1.000
Familiarity .031 .046 207 .058 1.000
Self efficacy .593* 413 391 .309™ .105 1.000
Need for cognition 346" 321 327 .230™ 216" 538 1.000
Mapping understanding 381 377 212% 227 .158° 254™ 173* 1.000
*p<.05,"p<.0l
Table 5. Summary of multiple regression analysis
Step Variable entered p Multiple R Accum. R R change
1 Science achievement 252 381 142 145"
2 Logical thinking 238 434 181 043"
3 Familiarity 139 456 .198 .019°

*p<.05,"p<.0l
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