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Abstract
This study aimed to observe and break the barriers

to physics problem solving via thought experiment us-

ing Thought Experiment Externalizer (TE-ext). TE-

ext enables students to visualize a problem situation.

We can observe the thought experiments of the par-

ticipants through the TE-ext. Our experiment iden-

tified three barriers to conducting an effectve thought

experiment. First, participants tended not to change

the situation from the original one; second, incorrect

or inappropriate knowledge was applied to the situa-

tion; third, the participants did not apply the results

of their TE to other situations. These factors pre-

vented participants from rejecting their initial incor-

rect model and finding a new one through TEs.

Keywords — Thought experiment; scientific

reasoning; physics problem solving

1. ͸͡Ίʹ
ۙ೥ͷՊֶڭҭʹ͓͍ͯɼݧ࣮ߟࢥ΁ͷ஫໨͕ߴ

·͍ͬͯΔ [1, 2]ɽຊڀݚͰ͸ɼݧ࣮ߟࢥΛ֎Խ͢Δγ

εςϜΛ༻͍ɼ෺ཧ໰୊ͷղܾʹ͓͍ͯɼݧ࣮ߟࢥΛ

௨ͨ͠಺తϞσϧͷमਖ਼Λ્͢֐ΔཁҼΛݕ౼͢Δɽ

ɼ4ͭ͠ࢦΛݧΕΔ࣮͞ࢪ࣮ʹͱ͸ɼ৺తݧ࣮ߟࢥ

ͷεςοϓ͔ΒͳΔ [3, 4, 5]ɽ·ͣɼݧ࣮ߟࢥΛ࣮͢ࢪ

Δঢ়گΛ৺తʹ૝૾͢Δ (εςοϓ 1)ɽଓ͍ͯɼͦͷ

ঢ়گΛมͨ͠ߋΓɼԿΒ͔ͷૢ࡞Λ࣮͢ࢪΔ (εςο

ϓ 2)ɽഎܠ৘ใ΍஌ࣝΛར༻͠ (εςοϓ 3)ɼ࣮ݧͷ

݁ՌΛ৺తʹ͢࡯؍Δ (εςοϓ 4)ɽঢ়گͷૢ࡞Λ௨

ͯ͠ɼͦΕ·Ͱ࢖༻Ͱ͖͍ͯͳ͔ͬͨ஌ࣝ΍֮ײతͳ

εΩʔϚΛར༻͢Δ͜ͱ͕Ͱ͖Δ [6, 7]ɽΞΠϯγϡ

λΠϯ΍ΨϦϨΦΒ͕ݧ࣮ߟࢥΛ௨͠Պֶతൃݟʹ

ʹͱ͞ΕΔΑ͏ͨͬࢸ [3, 8, 9]ɼݧ࣮ߟࢥ͸ͨͬޡ಺

తϞσϧͷमਖ਼ʹ༗ޮͰ͋Δͱ͑ߟΒΕΔɽ

2. Thought Experiment-externalizer
ຊڀݚͰ͸ɼݧ࣮ߟࢥͷ֤εςοϓΛ֎Խ͢Δγ

εςϜͰ͋Δ Thought Experiment externalizer (TE-

ext) Λ༻͍ɼֶੜͷݧ࣮ߟࢥΛऔಘ͢Δɽ

୊ࡐͱͯ͠ਤ ໰୊Λ༻͍Δɽଟ͖͘רࢳͨࣔ͠ʹ1

ͷֶੜ͕͖רࢳͷ࣠Λճసͷத৺ͱ͢Δͨͬޡ಺తϞ

σϧΛߏங͠ɼ͖רࢳ͸൓࣌ܭճΓʹࠨʹస͕Δͱճ

౴ͯ͠͠·͏ɽ࣮ࡍ͸صͱ͖רࢳͷ઀఺͕ճసͷத৺

ͱͳΓɼ͖רࢳ͸࣌ܭճΓʹӈʹస͕Δɽ࢛͍֯רࢳ

͖͕ӈʹҾ͖ͣΒΕΔ͜ͱΛ૝૾͢Δ͜ͱʹΑΓɼਖ਼

͍͠಺తϞσϧ΁ͷमਖ਼͕ߦΘΕ΍͍͢͜ͱ͕ࣔ͞Ε

͍ͯΔ [10]ɽ

ਤ 1 ໰୊͖רࢳ

ਤ 2ʹ TE-extΛࣔ͢ɽTE-ext͸͖רࢳ໰୊ʹ͓͚

Δݧ࣮ߟࢥͷ֤εςοϓΛ֎Խ͢ΔγεςϜͰ͋Δɽ

Խʹ͋ͨΔ໰୊֮ࢹͷگ͸ɼঢ়ݧ࣮ߟࢥ໰୊ͷ͖רࢳ

ঢ়گͷΠϝʔδ͔Β࢝·ΔɽTE-ext ͸͜ͷΠϝʔδ

Λਤ 2(a) ʹࣔͨ͠௨Γ࣮ࡍʹ PC Ϟχλ্ʹ֎Խ͢

Δɽଓ͍ͯɼεςοϓ 2ͷૢ࡞ͷ࣮ࢪʹ͋ͨΔ͖רࢳ

ͷଐੑͷૢߦ͕࡞ΘΕΔɽ७ਮͳݧ࣮ߟࢥͷ৔߹ɼ͜

ͷૢ࡞͸಄ͷதͰߦΘΕΔ͕ɼTE-extΛ࢖༻͢Δͱɼ

ਤ 2(b) ͷ͖רࢳʹࡍύωϧʹΑΓɼ࣮࡞ૢͨࣔ͠ʹ

ଐੑΛม͢ߋΔ͜ͱ͕ՄೳͰ͋Δɽ͖רࢳͷ࢒Γࢳͷ

ྔɼܗɼେ͖͞ɼࢳͷଠ͞ɼ͕͖޲มߋՄೳͰ͋Δɽ

εςοϓ 3Ͱ͸ɼૢݧ࣮ߟࢥ͖ͮجʹ࡞ʹඞཁͳ஌ࣝ

͕૝͞ىΕΔɽ֎Խ͕ࠔ೉Ͱ͋ΔͨΊɼࡏݱͷ TE-ext

͸͜ͷεςοϓͷ֎Խ͸ߦΘͳ͍ɽޙ࠷ʹɼ૝͞ىΕ
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(a) TE-ext ʹ͓͚Δ͖רࢳ

(b) ύωϧ࡞ૢ

ਤ 2 TE-extͷը໘ྫɽ(a)͖רࢳ෦෼ͱ (b)ૢ࡞ύωϧΛ֦େͯࣔ͢͠ɽ(a)ʹ͸صͷ্ʹஔ͔Ε͖ͨרࢳΛԣ

͔Βͨ͠࡯؍ঢ়ଶ͕ࣔ͞Ε͍ͯΔɽ(b)ͷૢ࡞ύωϧͰ͖רࢳͷ࢒Γࢳͷྔɼܗɼࢳͷଠ͕͞ૢ͞࡞ΕΔɽרࢳ

͖ͷେ͖͞ͱࢳઌͷҐஔͷૢ࡞͸ɼ(a) ʹࣔ͞ΕΔ੺ͱࠇͷ࢛֯Λυϥοά͢Δ͜ͱʹΑΓߦΘΕΔɽ·ͨɼΞ

χϝʔγϣϯͷճసํ޲ɼҠಈํ޲͸ɼΞχϝʔγϣϯϘλϯʹΑΓࢦఆ͞ΕΔɽ

ͨ஌ࣝʹ͖ͮجɼ͖רࢳͷಈ͖͕৺తʹ͞࡯؍ΕΔɽ

TE-ext Ͱ͸ɼ࣮ࡍʹΞχϝʔγϣϯΛઃఆ͠ɼרࢳ

͖Λಈ͔ͯ͢͠࡯؍Δ͜ͱ͕Ͱ͖ΔɽTE-ext Λ༻͍

Δ͜ͱʹΑΓɼ͖רࢳ໰୊ͷղܾͷͨΊʹߦΘΕͨࢥ

ͱͯ͠औಘ͢Δ͜ͱ͕Մྻܥ࡞ΛγεςϜͷૢݧ࣮ߟ

ೳͰ͋Δɽ

3. ໨త
ʹ໰୊ͷ಺తϞσϧͷमਖ਼͖רࢳΛ௨ͨ͠ݧ࣮ߟࢥ

͸ 3ͭͷ๦֐ཁҼ͕૝ఆ͞ΕΔɽୈҰʹɼ಺తϞσϧ

ͷमਖ਼ͷͨΊʹ͸ɼݧ࣮ߟࢥͷεςοϓ 2Ͱ༷ʑͳૢ

گɼख͕͔ΓͱͳΔঢ়͍ߦΛ࡞ (רࢳ͍࢛֯) Λ࡞Δ

ඞཁ͕͋Δɽ͔͠͠ɼ໰୊ͷॳظঢ়گͱҟͳΔঢ়گΛ

ཁ֐ͳ͍ͱ͍͏્͑ߦ͕࡞Ίଟ༷ͳૢ͍ͨ͘ʹ͑ߟ

Ҽ 1͕ଘ͢ࡏΔ [11]ɽଓ͍ͯɼख͕͔ΓͱͳΔঢ়گͰ

ͷݧ࣮ߟࢥͰ͸ɼεςοϓ 3Ͱঢ়گʹଈͨ͠஌ࣝ΍ܦ

Δඞཁ͕͋Δɽ͔͠͠ɼ͢Ͱʹ͍࣋ͬͯΔ͢༺࢖Λݧ

ཁҼ֐ͱ͍͏્͏·ͯ͠͠༺࢖಺తϞσϧΛͨͬޡ 2

͕ଘ͢ࡏΔ [12, 13]ɽ͞Βʹɼεςοϓ 4Ͱख͕͔Γ

ͱͳΔ݁ՌΛ͠࡯؍ɼ৽͍͠಺తϞσϧΛߏஙͨ͠ͳ

Β͹ɼͦΕΛ໰୊ঢ়گʹ౰ͯ͸ΊΔඞཁ͕͋Δɽͦ͜

ʹ͸ɼ࠷ॳͷ಺తϞσϧʹͯࣥ͠͠ݻ·͍ɼҟͳΔঢ়

౰ͯ͸ΊΔ͜ͱʹگஙͨ͠಺తϞσϧΛ໰୊ঢ়ߏͰگ

͕Ͱ͖ͳ͍ͱ͍͏્֐ཁҼ 3͕ଘ͢ࡏΔ [14]ɽຊڀݚ

Ͱ͸͜ΕΒͷ્֐ཁҼͷଘࡏͷ֬ೝͱ؇࿨ΛࢼΈΔɽ

4. ݧ࣮
4.1 ํ๏

4.1.1 Ճऀࢀ

จܥͷֶ෦ੜ Ճͨ͠ɽࢀʹݧ19໊͕࣮

4.1.2 खଓ͖

͸ݧ࣮ 3ͭͷϑΣʔζ͔ΒͳΔɽ࢝ΊʹɼࢀՃऀ͸

໰୊ʹճ౴ͨ͠ɽ͜ΕΛϑΣʔζ͖רࢳ໘্Ͱࢴ 0ͱ

͢Δɽଓ͍ͯɼ࣮ऀݧΑΓ TE-extͷ࢖༻ํ๏͕ࣔڭ

͞ΕɼͦͷޙɼࢀՃऀ͸͖רࢳ໰୊ͷճ౴Λ 5 ෼ؒɼ

TE-extΛ༻͍ࣗ༝ʹͨ͠ߟࢥɽͦͷޙɼࢀՃऀ͸ϓϨ

ςετͱಉ༷ʹ͖רࢳ໰୊ʹճ౴ͨ͠ɽ͜ΕΛϑΣʔ

ζ 1ͱͨ͠ɽϑΣʔζ 1ͷؒ࣌ߟࢥʹ͓͚Δૢ࡞ͷଟ

༷ੑ͔Βɼ๦֐ཁҼ 1ͷ༗ແΛ൑அͨ͠ɽ

ϑΣʔζ 2ͷ࢝Ίʹ͸ɼ૝ఆ͞ΕΔ๦֐ཁҼ 1Λ؇

࿨͢ΔͨΊͷߦ͕ࣔڭΘΕͨɽ۩ମతʹ͸ɼࢀՃऀʹ

༷ʑͳ͖רࢳͷଐੑͷมߋΛࣔ͠ɼͦΕΒͷଐੑΛม

Խͤͯ͞ճ౴Λ͑ߟΔΑ͏ͨࣔ͠ڭɽͦͷޙɼࢀՃऀ

͸ TE-ext Λ༻͍ͯɼ5 ෼ؒͷߟࢥΛͨͬߦɽ࣌ߟࢥ

ؒͷޙɼࢀՃऀ͸࠶ͼ͖רࢳ໰୊ͷճ౴Λͨͬߦɽ

ϑΣʔζʹޙ࠷ ΘΕͨɽϑΣʔζߦ3͕ 3Ͱ͸ɼࢀ

Ճऀ͸·ͣɼ࢛͍͖֯רࢳ໰୊ʹճ౴ͨ͠ɽ࢛͍֯෺

ମ͸ɼAnzai & yokoyama (1985) ʹ͓͍ͯɼ಺తϞσ
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ਤ 3 ໰୊ͷؔ࿈͖רࢳͷܗ໰୊ͱαϙʔτγʔτɼԁ͖רࢳ͍࢛֯

ϧͷमਖ਼ͷख͕͔Γͱ͞Ε͍ͯΔ [10] ɽ΋͠ɼ๦֐ཁ

Ҽ 2͕ଘ͍ͯ͠ࡏΔͳΒ͹ɼࢀՃऀ͸ࣗ਎ͷ࣋ͭ಺త

Ϟσϧʹै͍ɼظ଴͞ΕΔ ⌈ӈํ޲ɼճస͠ͳ͍ ⌋ͷ
૊Έ߹ΘͤҎ֎ͷબ୒Λͩ͏ߦΖ͏ɽͦͷޙɼࢀՃऀ

͸ TE-extΛ༻͍ͯ 5෼ؒͷߟࢥΛͨͬߦɽ

ϑΣʔζ 3ͷؒ࣌ߟࢥͰ͸ɼ࢛͍͖֯רࢳ໰୊Ͱ৽

͍͠಺తϞσϧΛߏஙͰ͖ͨࢀՃऀ͕ɼԁܗͷרࢳ

͖໰୊ʹͦͷ಺తϞσϧΛద༻Ͱ͖ΔΑ͏ɼਤ 3ʹࣔ

ͨ͠αϙʔτγʔτ͕༩͑ΒΕͨɽαϙʔτγʔτͰ

͸ɼࢀՃऀ͸࿡ɼീɼेɼेೋ֯ܗͷͦΕͧΕʹ͍ͭ

ͯɼԁܗͷ͖רࢳ໰୊ͱಉ༷ʹࢳΛҾ͍ͨ৔߹ͷಈ͖

Λճ౴͢Δ͜ͱ͕ٻΊΒΕͨɽαϙʔτγʔτʹ͓͍

ͯɼ࢛֯ܗΛঃʑʹԁܗʹ͚ۙͮɼ࿈ଓతʹ಺తϞσ

ϧΛ౰ͯ͸Ί͍ͯ͘͜ͱʹΑΓɼਤ 3 ʹࣔͨ͠௨Γɼ

๦֐ཁҼ 3͕؇࿨͞ΕɼࢀՃऀ͕࢛֯ܗͰߏஙͨ͠৽

͍͠಺తϞσϧΛԁܗͷ͖רࢳʹద༻͢Δ͢Δ͜ͱ͕

໰୊΁͖רࢳͷܗɼ΋͏Ұ౓ɼԁʹޙ࠷଴͞ΕΔɽظ

ͷճ౴͕ٻΊΒΕͨɽ

4.2 ݁Ռ

֤ϑΣʔζʹ͓͚Δࢴ໘্Ͱͷԁܗͷ͖רࢳ໰୊

΁ͷճ౴Λਤ 4ʹࣔ͢ɽਖ਼౴ʹࢀͨͬࢸՃऀ͸ଘͤࡏ

ͣɼ಺తϞσϧͷमਖ਼͕͜ىΒͳ͔ͬͨ͜ͱ͕ࣔ͞Ε

ΔɽશϑΣʔζͰճ౴ʹ༗ҙͳภΓ͕ଘ͠ࡏ (Fisher’s

exact test ps < .05)ɼ൓࣌ܭճΓͱࠨҠಈͷ૊Έ߹Θ

଴஋ΑΓ༗ҙʹଟ͘બ͹Ε͍ͯͨظ͕ͤ (ps < .002)ɽ

!"
#"
$"
%"
&"
'!"
'#"
'$"

()*+," -./" 0,12" ()*+," -./" 0,12" ()*+," -./" 0,12"
3-4356)0." 3478,.(3-4356)0." 09--"
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:+10."'"
:+10."#"
:+10.";"

!
"
#
$
%

&'!(% )&'!(% !*+,-%
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ਤ 4 ԁܗͷ͖רࢳ໰୊ͷճ౴

ଓ͍ͯɼਤ 5ʹ֤ϑΣʔζͷؒ࣌ߟࢥʹ͓͚ΔΞχ

ϝʔγϣϯ࣌ͷ͖רࢳͷܗͷׂ߹Λࣔ͢ɽ3 (ϑΣʔ

ζ) × 6 (ܗ) ͷ෼ࢄ෼ੳͷ݁Ռɼަ࡞ޓ༻͕༗ҙʹୡ

ͨ͠ (F (10, 180) = 13.84, p < .001)ɽϑΣʔζ 1Ͱ͸ɼ

ͷ୯७ओޮՌ͕༗ҙͰ͋Γܗ (F (5, 90) = 26.412, p <

.001)ɼଞͷଟ֯ܗΑΓ΋ԁܗͷ͖רࢳͰ༗ҙʹଟ͘ͷ

Ξχϝʔγϣϯ͕ߦΘΕ͍ͯͨ (ps < .05)ɽ͜ ͷ݁ՌΑ

Γɼ๦֐ཁҼ 1ͷଘ͕֬ࡏೝ͞Εͨɽ͜ ͷภΓ͸ϑΣʔ

ζ 2 ʹ͓͍ͯղফ͞Ε (F (5, 90) = 1.376, p = .241)ɼ

ཁҼ֐ΑΓ๦ʹࣔڭ 1͕؇࿨͞Εͨ͜ͱ͕ࣔ͞ΕΔɽ
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ਤ 5 Ξχϝʔγϣϯ࣮࣌ߦʹબ୒͞Ε͖ͨרࢳͷܗ

ϑΣʔζ 3 ʹ͓͚Δ࢛͍͖֯רࢳ໰୊ͱαϙʔτ

γʔτʹ͓͚Δ֤ଟ֯ܗͷҠಈɼճసํ޲ͷճ౴Λਤ

6ʹࣔ͢ɽ࢛֯ͷ͖רࢳʹ͓͍ͯɼճ౴ʹ༗ҙͳภΓ

͕͋Γ (Fisher’s exact test p = .024)ɼӈʹҾ͖ͣΒ

ΕΔͱ͍͏ճ౴͕༗ҙʹଟ͔ͬͨ (p = .002)ɽ൒਺Ҏ

্ͷࢀՃऀ͕ॳظͷ಺తϞσϧʹӨ͞ڹΕͣɼਖ਼͍͠

಺తϞσϧͷख͕͔ΓͱͳΔ݁ՌΛͨ͜͠࡯؍ͱ͕ࣔ

͞ΕΔɽҰํͰଞͷ൒਺ͷࢀՃऀ͸ͨͬޡ಺తϞσϧ

Ճऀࢀɼଞͷճ౴Λબ୒͍ͯͨ͠ɽ͜ΕΒͷ͖ͮجʹ

ʹؔͯ͠͸๦֐ཁҼ 2͕ಇ͍͍ͯͨͱ͑ߟΒΕΔɽ
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0:71(."
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345%

645%
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8945%

ਤ 6 ͷճ౴͖רࢳͱαϙʔτγʔτͷ͖רࢳ͍࢛֯

ཁҼ֐໰୊Ͱ๦͖רࢳ͍࢛֯ Εͳ͔ͬͨ͞࡯؍2͕

Δ͜ࢸʹ໰୊Ͱਖ਼౴͖רࢳͷܗऴతͳԁ࠷Ճऀ΋ɼࢀ

ͱ͸ͳ͔ͬͨ (ਤ 4)ɽਤ 6ΑΓɼଟ֯ܗͷ͕֯ଟ͘ͳ

2016年度日本認知科学会第33回大会 P2-20

771



ΔʹͭΕͯɼࠨճΓͷબ୒͕૿Ճ͍ͯ͠Δɽ͜Ε͸ɼ

൴Β͕ɼ࢛͍͖֯רࢳͰߏஙͰ͖ͨͰ͋Ζ͏৽͍͠಺

తϞσϧΛɼ໰୊ঢ়گʹద༻͢Δ͜ͱʹࣦഊͨ͜͠ͱ

Λࣔ͢ɽαϙʔτγʔτΛ༩͑ͨʹ΋͔͔ΘΒͣɼ๦

ཁҼ֐ 3͕؇࿨͞ΕΔ͜ͱ͸ͳ͔ͬͨɽ

5. ࡯ߟ
Ҏ্ͷ݁Ռ͔Βɼ૝ఆͨ͠ 3ͭͷ๦֐ཁҼͷଘ͕ࡏ

֬ೝ͞ΕͨɽୈҰʹɼ๦֐ཁҼ 1ʹؔͯ͠ɼࢀՃऀ͸

޷Λ࡯؍Λ༻͍ͨΞχϝʔγϣϯͷگຊతʹ໰୊ঢ়ج

Ή͜ͱ͕ࣔ͞Εͨɽ͔͠͠ɼ͜ͷ޲܏͸ࣔڭʹΑΓ؇

࿨͞ΕΔɽΑͬͯɼॳظঢ়گ΁ͷݻண͸ݧ࣮ߟࢥͷ๦

ΑΓൺֱత؆୯ʹ؇࿨͞ΕΔʹࣔڭཁҼͱͳΔ͕ɼ֐

ͨΊɼ಺తϞσϧमਖ਼ʹ͓͚Δେ͖ͳࠔ೉Ͱ͸ͳ͍ͱ

ΒΕΔɽ͑ߟ

ୈೋʹɼ๦֐ཁҼ 2ʹ͍ͭͯ͸ɼ৽͍͠಺తϞσϧ

ͷߏஙͷख͕͔ΓͱͳΔঢ়گͱͯ͠ઃఆ࢛͍ͨ֯͠ࢳ

ॳͷ಺తϞσ࠷Ճऀ͕ࢀ໰୊ʹ͓͍ͯɼ໿൒਺ͷ͖ר

ϧʹ͖ͮجɼ࣮ऀݧͷ૝ఆͱҟͳΔճ౴Λ͍ͯͨ͜͠

ͱ͔Βɼͦͷଘ͕ࣔ͞ࡏΕͨɽຊ࣮ݧͰ͸ɼ͜ͷ఺ʹ

ؔͯ͠ಛʹࢧԉΛ༩͍͑ͯͳ͍ɽͦͷͨΊɼޙࠓͷ՝

୊ͱͯ͠ɼ๦֐ཁҼ 2Λ؇࿨Ͱ͖ΔΑ͏ TE-extΛվ

ྑ͢Δඞཁ͕͋ΔɽTE-ext ͷվྑʹ͍ͭͯ͸ɼޙʹ

࿦ͣΔɽ·ͨɼ࢛͍͖֯רࢳ໰୊Ҏ֎ͷख͕͔Γͱͳ

Δঢ়گͷར༻΋༗ޮͰ͋Δͱ͑ߟΒΕΔɽ

ཁҼ֐ɼ๦ʹޙ࠷ 3ʹؔͯ͠͸ɼ࢛͍͖֯רࢳ໰୊

Ͱ͖רࢳʹಇ͘ӈ͖޲ͷྗʹؾ෇͍ͨࢀՃऀͰ͋ͬͯ

΋ɼਖ਼౴ʹ౸ୡ͠ͳ͔ͬͨ͜ͱ͔Βɼ৽͍͠಺తϞσ

ϧͷݩͷ໰୊΁ͷద༻͸༰қͰ͸ͳ͍͜ͱ͕ࣔ͞Ε

ͨɽࢀՃऀ͸ଟ֯ܗͷ֯Λ૿΍͢ʹै͍ɼॳظͷ಺త

Ϟσϧͷར༻ʹ໭͍͕ͬͯͨͬ͋͘޲܏ɽ·ͨɼ࠷ऴ

తͳճ౴ͷཧ༝ʹ͓͍ͯɼ͕֯গͳ͍͖רࢳͷಈ͖Λ

ྫ֎ͱͯ͠આ໌͍ͯͨ͠ (e.g., ล͕௕͍ͱຎ͕ྗࡲେ

͖͍͔Βӈʹಈ͕͘ɼԁͳΒ͹ࠨ΁స͕Δ)ɽ͜ͷ݁

Ռ͸ɼݧ࣮ߟࢥͷঢ়گͱԁܗͷ͖רࢳ໰୊ͷڞ௨఺Ͱ

͸ͳ͘૬ҧ఺ʹண໨ͯ͠͠·͍ɼݧ࣮ߟࢥͷ݁ՌΛར

༻ͯ͠಺తϞσϧΛमਖ਼͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨ͜ͱ

Λ͍ࣔͯ͠Δɽ

6. ͷ՝୊ޙࠓ
ຊ࣮ݧͷ݁Ռɼࡏݱͷ TE-ext͸ਖ਼͍͠಺తϞσϧ

΁ͷमਖ਼Λࢧԉ͢ΔγεςϜͱͯ͠ར༻͢ΔͨΊʹ

͸ɼෆे෼Ͱ͋Δ͜ͱ͕ࣔ͞Εͨɽࡏݱͷ TE-extͷ

໰୊఺ͱͯ͠ɼεςοϓ 3ͷࢧԉ͕ଘ͠ࡏͳ͍͜ͱ͕

ͲͷΑ͏ͳ஌͕ࣝ༻͍ΒΕͯʹݧ࣮ߟࢥΒΕΔɽ͛ڍ

͍Δ͔ʹؔͯ͠͸ɼ౷Ұͨ͠ݟղ͸ଘ͠ࡏͳ͍ɽ͔͠

͠ɼଟ͘ͷઌڀݚߦ͸ɼ࢖ʹݧ࣮ߟࢥ༻͞ΕΔ஌ࣝ͸ɼ

୯ͳΔ෺ཧతͳ๏ଇͰ͸ͳ͘ɼΑΓજࡏతͳ஌ࣝͰ͋

Δͱ͍ͯ͠Δ [5, 6, 15]ɽྫ͑͹ɼClement (2009) ͸ɼ

࣮ߟࢥҝͱ஌֮ͷ݁ͼ͖ͭʹ͋ͨΔɼ஌֮త஌͕ࣝߦ

ར༻͞ΕΔͱ͍ͯ͠Δʹݧ [6]ɽ͜ͷΑ͏ͳɼߦҝ΍஌

֮ɼ֮ײɼײ৘ͱ݁ͼ͍ͭͨ஌ࣝ͸ɼͦΕ͕֫ಘ͞Ε

ΑΓར༻͕ଅਐ͞ʹگҝɼঢ়ߦͱಉ༷ͷگҝ΍ঢ়ߦͨ

ΕΔ [16]ɽͦ͜ͰɼͦͷΑ͏ͳ஌ࣝͷ࢖༻Λଅਐͤ͞

ΔͨΊͷ TE-extͷվྑΛͨͬߦɽ

վྑલͷ TE-ext Ͱ͸͖רࢳͷಈ͖Λબ୒͢Δͱɼ

ࣗಈͰ͕ࢳ௚ઢతʹҾ͔Εɼબ୒͞Εͨಈ͖͕͞ݱ࠶

Εͨɽ͔͠͠ɼ͜ͷաఔͰɼֶशऀ͸ࣗ਎ͷ࣋ͭ஌ࣝ

͔ΒӡಈͷਪఆΛ͏ߦΑΓ΋ɼΞχϝʔγϣϯͷ࡯؍

ʹ஫ྗͯ͠͠·͏ɽͦͷͨΊɼ৽͍͠಺తϞσϧ͕ߏ

ங͞Εʹ͘͘ɼ͞Βʹɼ֤࡯؍Λݸผʹଊ͑ͯ͠·͍ɼ

৽͍͠಺తϞσϧͷద༻΋ࠔ೉ͱͳΔͱ͑ߟΒΕΔɽ

ͦ͜Ͱɼզʑ͸ɼTE-ext ͷݧ࣮ߟࢥϓϩηεʹɼਤ

7ͷΑ͏ʹֶशऀࣗΒ͕͖רࢳͷࢳΛҾ͘εςοϓΛ

௥Ճ͠ɼજࡏతͳ஌ࣝར༻ͷଅਐΛࢼΈΔվྑΛՃ͑

ͨɽ͜ͷվྑͷޮՌʹ͍ͭͯ͸ݕࡏݱ౼தͰ͋Δɽ

ਤ 7 վྑ͞Εͨ TE-extɽखͷΞΠίϯΛ͍࢖ɼֶश

ΛҾ͘͜ͱ͕Ͱ͖Δɽࢳ͕ऀ
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and role of thought experiments in solving conceptual
physics problems” Science & Education, Vol. 23, pp.
865-895.

2016年度日本認知科学会第33回大会 P2-20

772



[5] Reiner, M., (2006) “The context of thought experi-
ments in physics learning” Interchange, Vol. 37, pp.
97-113.

[6] Clement, J. J., (2009) “The role of imagistic simulation
in scientific thought experiments” Topics in Cognitive
Science, Vol. 1, pp. 686-710.

[7] Hegarty, M., (2004) “Mechanical reasoning by mental
simulation” Trends in Cognitive Sciences, Vol. 8, pp.
280-285.

[8] Brown, J. R., (1991) “The laboratory of the mind:
Thought experiments in the natural sciences” New
York, NY: Routledge.

[9] Nersessian, N. J., (2002) “The cognitive basis of model-
based reasoning in science” In P. Carruthers, S. Stich,
& M. Siegal (Eds.), The cognitive basis of science,
Cambridge: Cambridge University Press, pp. 133-153.

[10] Anzai, Y., & Yokoyama, T., (1984) “Internal models
in physics problem solving” Cognition and Instruction,
Vol. 1, pp. 397-450.

[11] Wason, P. C., (1960) “On the failure to eliminate hy-
potheses in a conceptual task” Quarterly Journal of
Experimental Psychology, Vol. 12, pp. 129-140.

[12] Chinn, C. A., & Brewer, W. F., (1993) “The role of
anomalous data in knowledge acquisition: A theoreti-
cal framework and implications for science instruction”
Review of Educational Research, Vol. 63, pp. 1-49.

[13] Dunbar, K., (1995) “How scientists really reason: Sci-
entific reasoning in real-world laboratories” In R. J.
Sternberg & J. E. Davidson (Eds.), The nature of in-
sight, Cambridge, MA: MIT Press, pp. 365-395.

[14] Gick, M. L., & Holyoak, K. J., (1980) “Analogical
problem solving” Cognitive psychology, Vol. 12, pp.
306-355.

[15] Chandrasekharan, S., & Nersessian, N. J., (2015)
“Building cognition: the construction of computa-
tional representations for scientific discovery” Cogni-
tive science, Vol. 39, pp. 1727-1763.

[16] Barsalou, L. W., (2008) “Grounded cognition” An-
nual Review of Psychology, Vol. 59, pp. 617-645.

2016年度日本認知科学会第33回大会 P2-20

773


