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ᮏㄽᩥࡣ㸪Ꮫ⩦ᨭ࡚ࢀࢃ⾜ࡀ✲◊࡛✲◊࣒ࢸࢫࢩ
ࡓࡁ CAI(Computer-Assisted Instruction/Computer-Aided 

Instruction)ࡢࡑࡽᚋⓎᒎࡓࡋ㐺ᛂⓗ࡞ᨭࢆ┠ᣦ
ࡍ ITS(Intelligent Tutoring Systems)ࡢ◊✲㸪AI࡞ࣝࣜࢻ
ࢺࢫࢸ㐺ᛂᆺࢱ࣮ࣗࣆࣥࢥࡿࢀࡉ⏝࡛
(Computerized Adaptive Testing: CAT)ࡢ࡚࠸ࡘゎㄝࢆ
㸪CAI࠸⾜  ITS ࢀࡇ࡚ࡌ㏻ࢆ࣮ࣗࣅࣞ⫣ᩥࡿࡍ㛵
 㸬ࡿࡍ⤂࡚࠸ࡘྥືࡢ✲◊ࡢ࡛ࡲ
 
ᨭᩍ⫱(CAI)㸪Ꮫ⩦▱ⓗᏛࢱ࣮ࣗࣆࣥࢥ㸸ࢻ࣮࣮࣡࢟
⩦ᨭ࣒ࢸࢫࢩ(ITS)㸪ࢱ࣮ࣗࣆࣥࢥ㐺ᛂᆺࢺࢫࢸ(CAT), 

AIࣜࢻ  ࣝ

 ࡵࡌࡣ .1

ࡢ♫ໃ࡚ࡅཷࢆ㸪ࡲ࠸ୡ⏺࡛ࢆࣥࣛࣥ࢜

୰ᚰࡓࡋ㟁Ꮚ⎔ቃ࡛ࡢᏛࡀࡧᒎ㛤ࡿ࠸࡚ࢀࡉ㸬ࡋࡑ

࡚㸪ከࡢࡃᩍ⫱⪅ࡣ㸪ᤵᴗࡢࢶࣥࢸࣥࢥ⏬ືࡢసᡂࡽ

࠸࡚ࡗ㏦ࢆࠎ᪥ࡿࢀࢃ㏣㓄ಙ㸪᥇Ⅼᴗົࡢ⏬ືࡢࡑ

ࣝࣜࢻࡓࡋ⏝ࢆAIࡸ୰㸪㟁Ꮚᩍᮦసᡂࡓࡋ࠺ࡇ㸬ࡿ

ࡢ㸪ᩍᮦࡣ㸬ᅜእ࡛ࡿ࠸࡚ࡗࡲ㧗ࡀ┠ὀࡿࡍ㛵㛤Ⓨࡢ

㞟࡛ୖࢡ࣮࣡ࢺࢵࢿ㸪ࡃ࡞࡛ࡅࡔ᪉ἲࢬࣛࢱࢪࢹ

㸪Ꮫ⩦άື࡚࠸⏝ࢆࢱ࣮ࢹື⾜ࡢ⪅⩦Ꮫ࡞⭾ࡿࢀࡉ

ศ㔝✲◊࡞ࡓ᪂ࡿࡍ㛵ࢫ࢚ࣥࢧࢱ࣮ࢹࡿࡍศ㢮ࢆ

࡛⏝άᴟⓗ✚ࢆࢱ࣮ࢹࡓࡋ࠺ࡇ㸬ࡿ࠸࡚ࡋάⓎࡶ

Ꮫ⩦ᨭ࡞ࡓ᪂ࡿࢀࡉ㥑ືࡶࢆሗࡢࡑ㸪ࡤࢀࡁ

㸬୍᪉࡛ࡿࡀ࡞ࡘࡶ㛤Ⓨࡢ࣒ࢸࢫࢩ OECD(Greiff, 

Martin, Koenig, Mustafic, Herborn, Schweitzer, 2017)࡛ᣦ

㸪♫ⓗែᗘ㸪౯್ࣝ࢟ࢫࡸ㆑▱ࡿ࠶ࡢ㸪ᰂ㌾ᛶࡿࢀࡉ

ほ㸪ࡣࡢࡶࡓࡗ࠸࣮ࢩࣥࢸࣆࣥࢥ㸪ไ⣙ࡢከ࠸㟁Ꮚ⎔

ቃࡢ୰࡛࠺ࡼࡢ⫱ᡂ࡛࠺ࢁࡔࡢࡿࡁ㸬ࡓࡋ࠺ࡇ

୰㸪ㄆࡿ࠶ࢇࡉࡃࡓࡣㄢ㢟ࡿಀタィࡢ㛤Ⓨ࣒ࢸࢫࢩ

▱⛉ᏛࡸᏛ⩦⛉Ꮫ㸪ᩍ⫱ᕤᏛࢆᑓ㛛ࡀ⪅✲◊ࡿࡍ㆟

ㄽࢆࡣࡇࡃ࠸࡚࠼⪄ࡽࡀ࡞࠼ᚲせྍḞ࡛ࡿ࠶㸬 

௨ୖࡢ⫼ᬒࡽᮏㄽᩥ࡛ࡣ㸪ㄆ▱⛉ᏛࡢどⅬࡽ㸪ᩍ

⫱࣭ Ꮫ⩦ᨭࡿࡍࡇ࠺⾜ࢆ࣮ࣗࣅࣞࡢ✲◊ࡿࡍ㸬ࡇ

࠶࡛ࡳ⤌ࡾྲྀࡢᮇึࡢ✲◊࣒ࢸࢫࢩ㸪Ꮫ⩦ᨭࡣ࡛ࡇ

ࡿ CAI(Computer-Assisted Instruction/Computer-Aided 

Instruction)ࡢࡑࡽᚋⓎᒎࡓࡋ㐺ᛂⓗ࡞ᨭࢆ┠ᣦ

ࡍ ITS(Intelligent Tutoring Systems)ࡃ࠸࡚ࡳࢆ✲◊ࡢ㸬ࡑ

࡛ࡲࢀࡇ㸪࡚ࡋ CAIࡸ ITSࡢศ㔝࡛Ⓨ⾲ᩥࡓࢀࡉ⊩ࣞ

Ṕࡢ✲◊ࡿಀᏛ⩦ᨭࡢ࡛ࡲࢀࡇ㸪࡚ࡌ㏻ࢆ࣮ࣗࣅ

ࣙࢩࢵࢭࢻࢬࢼ࣮࢞࢜㸬ࡃ࠸࡚ࡳࢆྥືࡢ≦⌧ࡸྐ

⫱ᩍࡢ㸪ᚋ࡚ࡌ㏻ࢆ⾲Ⓨࡢ⪅✲◊ࡢ㸪␗ศ㔝ࡣ࡛ࣥ

ホ౯ࡢ࡚࠸ࡘࣥࣙࢩ࣮࣓࢛ࣇࢫࣥࣛࢺࣝࢱࢪࢹࡸ㆟

ㄽ࠸ࡓࡁ࠸࡚ࡗ⾜ࢆ㸬 

2. CAIࡽ ITS 

Ꮫ⩦ᨭࡣ࣒ࢸࢫࢩ㸪ᩍᤵ⪅ࡧࡼ࠾Ꮫ⩦⪅ࡗ࠸

࣭⫱㸪ᩍࡀࢨ࣮ࣘࡓ Ꮫ⩦㛵ࡿࡍሗࡸࡢࢶࣥࢸࣥࢥ

ࡇ㸬ࡿࢀࡽࡅ࡙⨨࡚ࡋ࣒ࢸࢫࢩሗ࠺⾜ࢆࡾࡾ

ᛶࣈࢸࢡࣛࢱࣥ㸪ࡣ࣒ࢸࢫࢩᏛ⩦ᨭ࠺ᢅ࡛ࡇ

ࡿࡍ᭷ࢆᚩ≉ࡸ⬟ᶵࡢ࡚ࡋ࣒ࠖࢸࢫࢩ⟆ᛂࠕࡘᣢࢆ

(▮㔝࣭ ᖹᔱ㸪2012)㸬ᛂ⟅ࡣࡇ࠺࠸ࡿ࠶࡛࣒ࢸࢫࢩ㸪

ධຊ࡚ࡌᛂෆᐜࡢࡑ㸪ࡋ⌮ฎࢆධຊሗࡢࢨ࣮ࣘ

ࡇࡘᣢࢆ⬟ᶵࡿࡁ࡛ࡢࡇࡿࡍฟຊࢆሗࡿ࡞␗

㸬ࣘࡿ࡞ ࢸࢫࢩ⟆ᛂࡓࡋⓗ┠ࢆᨭࡢ㸦Ꮫ⩦⪅㸧ࢨ࣮

⾜ࢆᏛ⩦άືࡸ㸪▱㆑ᩍᤵࡣࡇ࠺࠸ࡿࡍ㛤Ⓨࢆ࣒

ࡢ㸪ே㛫ࡽⅬࡓࡋ࠺ࡇ㸬ࡿ࡞ᚲせࡀ㆑▱ࡢࢨ࣮ࣘ࠺

▱ⓗ࣓ࢆ࣒ࢬࢽ࢝᥈✲ࡿࡍㄆ▱⛉ᏛࡸᏛ⩦⛉Ꮫࡢ▱ぢ

ࡁࡣࡇࡿࡍࣥࢨࢹࢆ࣒ࢸࢫࢩ㸪࡚ࢀධࡾྲྀࢆ

ࢩᏛ⩦ᨭࡢ࡛ࡲࢀࡇ㸬ᐇ㝿ࡿ࠼࠸ࡿ࠶ࡀ⩏ព࡞

⬟▱ேᕤࡽ㸪ㄆ▱⛉Ꮫࡣ୰ࡢ✲◊ࡿࡍ㛵࣒ࢸࢫ

◊✲㸪ᩍ⫱ᕤᏛ㸪ᩍ⫱ᚰ⌮Ꮫ࡛ࡲᖜᗈ᳨ࡃウ࡚ࢀࡉ࡞ࡀ

ࢀࡇ㸪ࡣ࡛✲◊ࡿࡍ㛵࣒ࢸࢫࢩᏛ⩦ᨭ࡚ࡋࡑ㸬ࡓࡁ

ࡸCAIࡓࢀグ࡛ゐୖ࡛ࡲ ITSࡃ࡞࡛ࡅࡔ㸪▱ⓗCAI㸪

ILE(Interactive/Intelligent Learning Environment)࠶ࡶ࡞

 ,Chambers & Sprecher, 1980; Lou, Abrami & d�Apollonia)ࡿ
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2001)㸬ึᮇࡢ㡭㛤ⓎࡓࢀࡉᏛ⩦ᨭࡣ࣒ࢸࢫࢩ㸪Ꮚ

౪⏝ࢢ࣑ࣥࣛࢢࣟࣉࡢゝㄒ(LOGO)ࢆ㏻ࣛࢱ࡚ࣥࡌ

ࢆࡇࡿࡁ࡛⏝࡚ࡋ㐨ලࡪᏛ࣭ࡿ࠼ᩍࣈࢸࢡ

┠ᶆ᳨ウࢀࡉ (Papert, 1980)㸪ࡢࡑᚋ㸪ᆅ⌮ࡢ࡞ศ

㔝࡛Ꮫ⩦⪅ಶูᑐヰࢆ㏻࡚ࡌ▱㆑ᩍᤵࢸࢫࢩ࠺⾜ࢆ

࣒ SCHOLAR(Carbonell, 1970)ࡀ࡞㛤Ⓨࡓࡁ࡚ࢀࡉ㸬

SCHOLAR ࡞ᕤᏛⓗ࠺࠸ࡿࡍ⌧ᐇࢆᑐヰ࡞㸪▱ⓗࡣ

ᡂຌࡃ࡞࡛ࡅࡔ㸪ே㛫ࡢ᥎ㄽἲ㸪ࡤ࠼ᅉᯝ᥎ㄽ㛵ࡍ

ࡁࡶㄆ▱⛉Ꮫࡸ⪅ᚰ⌮Ꮫ࠺⾜ࢆẚ㍑ࡢィ⟬ᶵࡿ

 㸬ࡓࡋṧࢆࢺࢡࣃࣥ࡞

㸪ࡿ㎺ࢆṔྐࡢ✲◊ࡢ࣒ࢸࢫࢩᏛ⩦ᨭࡓࡋ࠺ࡇ

Ꮫ⩦ᨭࡣ✲◊ࡢ࣒ࢸࢫࢩ CAI࣒ࢸࢫࢩጞࡾࡲ㸪ே

ᕤ▱⬟࣭ ▱㆑ᕤᏛࡢ▱ぢࡾྲྀࢆධࢀ㸪Ꮫ⩦⪅ࡢᏛ⩦άື

ᨭࡽࡀ࡞ࡋࢫ࣮ࣞࢺࢆഃ࡛Ꮫ⩦ෆᐜ࣒ࢸࢫࢩ࡚ࡋ༶

࠺⾜ࢆ ITS 㸬ᙜࡿ࠼࠸ࡓࡁ࡚ࡋⓎᒎ࣒ࢸࢫࢩ

ࡢึ CAIࡣ㸪ᚑ᮶ࡢᩍᐊ࡛⾜ࡓ࠸࡚ࢀࢃಶูⓗ࡞▱㆑

ᩍᤵࡗ࠶࡛ࡇࡿࡍ࠺ࡼࡿ࠼⾜࡛ୖࢱ࣮ࣗࣆࣥࢥࢆ

ࡔᘏ㛗ࡢ⩦Ꮫࡿࡅ࠾ᩍᐊࡢᚑ᮶ࡣ㸪ITS࡚ࡋᑐࡢࡓ

▱ㄆࡸࣉࢵࢸࢫྛࡢㄢ㢟㐙⾜ࡢ⪅⩦㸪Ꮫࡃ࡞ࡣ࡛ࡅ

άືᛂࡓࡌ㐺ᛂⓗ࡞ᨭ࠺⾜ࡶ㸬ࡓࡋ࠺ࡇ㐺ᛂⓗ࡞

ᨭࢆ┠ᣦࡍ ITS ࡞↛㸪ᙜࡣ࡚࠸࠾タィ࣒ࢸࢫࢩࡢ

࠼ഛࢆࣝࢹࣔࡢ㆑㸪ᩍᤵ᪉ἲ▱ࡢ⪅⩦Ꮫࡸᑓ㛛ࡽࡀ

⛉▱ㄆ࡚࠸࠾ᵓ⠏ࡢࣝࢹࣔࡢࡽࢀࡇ㸪ࡾ࠶ࡀᚲせࡿ

Ꮫࡸᚰ⌮Ꮫࡢே㛫ࡢᚰࡢാࡁ㛵ࡿࡍ⌮ㄽࢆᑟධࡿࡍ

ᙉࡢㄽ⌮ࡃ࡞࡛ࡅࡔࡾస࣒ࢸࢫࢩ࡞㸪㡹ࡣࡇ

 㸬ࡿࡀ࡞ࡘࡶ

3. ㄆ▱⛉Ꮫࡿࡅ࠾Ꮫ⩦ᨭ◊✲ 

ㄆ▱⛉Ꮫࡢ㡿ᇦ࡛㐺ᛂⓗ࡞Ꮫ⩦ᨭࡓࡗᢅࢆ௦⾲ⓗ

࣮ࢠࢿ࣮࢝㸪⡿ᅜ࡚ࡋ✲◊ࡢ࣒ࢸࢫࢩᏛ⩦ᨭ࡞

࣓ࣟࣥᏛࡢ John Anderson ࡓࢀࡉ⪄࡚ࡗࡼ

Cognitive Tutor ࡀ ᣲ ࡆ ࡽ ࢀ ࡿ (Anderson, Corbett, 

Koedinger & Pelletier, 1995)㸬Cognitive Tutorࡣ㸪㧗ᰯᩘ

Ꮫࡵࡌࡣࢆ⛉Ꮫᩍ⫱ᩘ࡞ࢢ࣑ࣥࣛࢢࣟࣉࡸከࡢࡃᑓ

㛛ศ㔝ᑐᛂࡋ㸪⡿ᅜࡢ㧗ᰯᩘࡵࡌࡣࢆ༓ࡢࡶᩍ⫱⌧

ሙ࡛ࡢ⏝ᐇ⦼ࢆᣲࡿ࠸࡚ࡆ㸬Cognitive Tutorࡣ㸪ACT-

R ⌮ㄽ(Anderson, 1983)ᇶ࡙࡚࠸タィࡾ࠾࡚ࢀࡉ㸪ㄆ

▱ᚰ⌮Ꮫࡿࡅ࠾ே㛫ࡢၥ㢟ゎỴࣔࢆࣝࢹ⌮ㄽⓗ࡞ᇶ

㸬ACT-Rࡿ࠸࡚ࢀࡉ㛤Ⓨ࡚ࡋ┙ ⌮ㄽࡣ㸪▱ぬ㐠

ࢆ࣮ࣝࣗࢪࣔࡢᚰࡢᩘ「ࡓࡵྵࢆື 1 ࣒ࢸࢫࢩࡢࡘ

ࡢࡽࢀࡇ㸬ࡿ࠶࡛ࣕࢳࢡࢸ࣮࢟▱ㄆ࡞ⓗྜ⤫ࡍ࡞ࡳ

ࡁ⥆㸪ᐉゝⓗ㸪ᡭࣝࢼࢪ࣐࣮ࣝࢦ㸪ࡣ࣮ࣝࣗࢪࣔ

ⓗ㸪⫈ぬ㸪Ⓨኌ㸪どぬ㸪㐠ືࡢࡶࡘࡃ࠸ࡓࡗ࠸✀㢮ࡢ

ࣇࢵࣂࡢ㸦࣮ࣝࣗࢪࣔࡢࢀࡒࢀࡑ㸪ࡾ࠶ࡀ࣮ࣝࣗࢪࣔ

ࣥࣙࢩࢡࢲࣟࣉࡕࡣ࡞ࡍ㸪࣒ࢸࢫࢩᆺࡁ⥆୰ኸᡭ㸧

ࡀ࣮ࣝࣗࢪࣔྛ࡚ࡗࡼࢢࣥࢳࢵ࣐㒊ศࡿࡼ࣮ࣝࣝ

┦స⏝࠺࠶ࡋᙧ࡛ືసࡿࡍ㸬ࡤ࠼㸪࡛ࣝࢹࣔࡢࡇ

3x X 5 = 7ᩘ࡞࠺ࡼ࠺࠸Ꮫࡢ᪉⛬ᘧࢆゎࡃ㝿ࡣ㸪௨

ୗࡀ࣮ࣝࣝࣥࣙࢩࢡࢲࣟࣉ࡞࠺ࡼࡢ⏝ࢆࡇࡿࢀࡉ

ᐃࡿࡍ(Anderson, 2007ࡾࡼᘬ⏝)㸬 

 

ᵧᶄᴾᶒᶆᶃᴾᶅᶍᵿᶊᴾᶇᶑᴾᶒᶍᴾᶑᶍᶊᶔᶃᴾᵿᶌᴾᶃᶏᶓᵿᶒᶇᶍᶌᵊᴾ

ᵟᶌᶂᴾ ᶒᶆᶃᴾ ᶃᶏᶓᵿᶒᶇᶍᶌᴾ ᶇᶑᴾ ᶍᶄᴾ ᶒᶆᶃᴾ ᶄᶍᶐᶋᴾ ḛ ᶃᶖᶎᶐᶃᶑᶑᶇᶍᶌᴾ ᵋᴾ

ᶌᶓᶋᶀᶃᶐᵏᵛᴾᶌᶓᶋᶀᶃᶐᵐᵊḜᴾ

ᵲᶆᶃᶌᴾᶕᶐᶇᶒᶃᴾ ḛᶃᶖᶎᶐᶃᶑᶑᶇᶍᶌᴾᵛᴾᶌᶓᶋᶀᶃᶐᵐᴾᵉᴾᶌᶓᶋᶀᶃᶐᵏᵊḜᴾᵏᵕᴾ

ࡢ┠⾜㸪2ࣇࢵࣂ࣮ࣝࢦࡣෆᐜࡢ┠⾜㸪1ࡣ࡛ࡇࡇ

ෆᐜࡣどぬࣇࢵࣂ㸪3⾜┠ࡢෆᐜືࡣసࣥࣙࢩࢡ

ᑐᛂࡋ㸪ࡢࡇෆᐜࢆฎ⌮ࡿࡍ㝿ࡢ࣮ࣝࣗࢪࣔ✀ྛࡣ

άᛶ࣮ࣝࣝࣥࣙࢩࢡࢲࣟࣉࡸෆࡢ▱㆑ࡢ᭦᪂㸪ࡋࡑ

࡚▱㆑ࡢᢳ㇟ືࡢࡵࡓࡢⓗࡀࢢࣥࢳࢵ࣐࣮ࣥࢱࣃ࡞

-㸪11ࡣ㸬Anderson㸦2005㸧࡛(Anderson, 2007)ࡿࢀࢃ⾜

14ᡯࢆᑐ㇟ࡓࡋ༢⣧࡞⥺ᙧ᪉⛬ᘧࢆゎࡃᐇ㦂࡛ᚓࡽ

ࣥࣙࢩ࣮࣑ࣞࣗࢩィ⟬ᶵࡓ࠸⏝ࢆACT-Rࢱ࣮ࢹࡓࢀ

ࡗ⾜ࢆㄝ᫂ࡢ࣒ࢬࢽ࣓࢝ࡢ⛬Ꮫ⩦㐣ࡢ㸪ே㛫࡚࠸⏝ࢆ

㸬Andersonࡿ࠸࡚ ୰ᚰࢆㄢ㢟ࡢ௦ᩘᏛ࡞࠺ࡼࡢࡇࡣࡽ

㸪ࡃ࡞࡛ࡅࡔ⌮グྕฎࡓ࠸࡚ࡗᢅࡽ㸪㛤Ⓨᙜึ࠸ᢅ

୪ิศᩓฎ⌮ࡸ⤫ィᏛⓗᡭἲࡾྲྀࡶධࢵࣜࣈࣁࡓࢀ

㸬ࡿ࠸࡚ࡅ⥆ࢀࡉࢺ࣮ࢹࣉࢵࡶ㏆ᖺ࡚ࡋࣝࢹࣔࢻ

ࡢጇᙜᛶ࡞㸪⬻⛉Ꮫⓗࡋ㞟ྲྀࢆࢱ࣮ࢹ࡞㸪⏕⌮Ꮫⓗࡓࡲ

᳨ドࡿ࠸࡚ࡗ⾜ࡶⅬࡶ⌮ㄽⓗ࡞ᙉࡢⅬ࡛ࡍ➹≉ࡶ

  㸬ࡿ࠶࡛ࡁ

Cognitive Tutorึࡢᮇࡣ࡛✲◊ࡢ㸪ࢢ࣑ࣥࣛࢢࣟࣉゝ

ㄒࡢᩍ⫱ࢆ┠ᣦࡓࡋ LISP Tutor ࠺ᢅࢆᗄఱᏛ

Geometry Tutorࡀ㛤Ⓨࡓࡁ࡚ࢀࡉ(Anderson, Corbett, 

Koedinger, & Pelletier, 1995)㸬࡛ࡇࡇᙼࡣࡽ㸪ࡢࡽࢀࡇᑐ

࣮ࣝࣥࣙࢩࢡࢲࣟࣉࢆ㆑▱࡞Ꮫ⩦㡿ᇦ࡛ᚲせࡿ࡞㇟

ࡿࡍ⏝࡚ࡏࢃྜࡳ⤌㸪ᐉゝⓗ▱㆑ࡋᙧ࡛グ㏙ࡢࣝ

ᚰⓗάືࠕࢆㄆ▱ࣝ࢟ࢫ ࣝ࢟ࢫ▱ㄆࡓࡋ࠺ࡑ㸪ࡧࠖ

ྛࡢ㸬ၥ㢟ゎỴࡔࢇ⤌ࡾྲྀᏛ⩦ᨭࡓࡅྥᚓ⋓ࡢ

ࣥࣙࢩࢡࢲࣟࣉࡍ⾲ࢆ⟇ゎỴ࡞㐺ษ࡚࠸࠾ࣉࢵࢸࢫ

⩦Ꮫࡢᐇ㝿ࣝࢹࣔࡢࡑ㸪ࡋ⌧⾲ෆ࡛ࣝࢹࣔࢆ࣮ࣝࣝ

ࡿࡍᐃุࢆᑐᛂ㛵ಀࡢάືࡢ⪅ model-tracing 

approach 㐺ᛂⓗࡿࡅ࠾㸪Ꮫ⩦ᨭ࡛ࡇࡿࡍ⏝᥇ࢆ

ࣔࡢࡇ㸪ࡣ㸬ලయⓗࡿ࠸࡚ࡋ⌧ᐇࢆࢡࢵࣂࢻ࣮ࣇ࡞

㐨ࡢ⟇ゎỴ࠸ࡋ㸪On-Path Actions (ṇ࡚ࡋ⏝ࢆࣝࢹ

ἢࡢࡿ࠶࡛(ື⾜ࡓࡗ㸪ࡣࡃࡋࡶ Off-Path Actions (ṇ

ࡶ࠺࠸ࡿࡍᐃุࡢࡿ࠶࡛(ື⾜ࡢゎỴ⟇௨እ࠸ࡋ
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ࡢᅾ⌧ࡀ࣒ࢸࢫࢩ㸪ࡋࡶ㸬(Anderson et al. 1995)ࡿ࠶࡛ࡢ

≧ែࢆ On-Path Actionsุᐃࡤࢀࢀࡉ㸪ࡲࡲࡢࡑゎỴ

ࡋࡶ㸪࠼ఏ⪅⩦Ꮫ࠺ࡼࡿ࠼⪄ࢆ⟇ Off-Path Actions

ࣇࡵࡓࡍᡠࢫࣃࡢゎỴ࠸ࡋ㸪ṇࡤࢀࢀࡉᐃุ

ࣙࢩ࣮ࢸࣜࢩࣇࡣࡃࡋࡶࢡࢵࣂࢻ࣮ 㸦ࣥࣉࣝ࣊㸧࡞

ㄪᩚ࡛ࡶᗘ⛬ࡢ㸪ᨭࡓࡲ㸬ࡿࡁ࡛ࡀࡇࡿࡍ♧ᥦࢆ

࡚ࡵồࢆㄝ᫂ࡿࡍ㛵ෆᐜࡢࡑ㸧㸪ࢪ࣮ࢭࢵ࣓ࢢࣂ㸦ࡁ

Ꮫ⩦⪅ࡢㄝ᫂άືࡍಁࢆ᪉ἲࡶ⪃ࢀࡉ㸪ᩘከࡢࡃᐇ

ドⓗࡀ✲◊࡞ᒎ㛤ࡿ࠸࡚ࢀࡉ㸦Koedinger, Anderson, 

Hadley, Mark, 1997; Aleven & Koedinger, 2002㸧㸬 

4. Ꮫ⩦ᨭࢬࣛࢼࢯ࣮ࣃࡢ㸸AIࣝࣜࢻ 

࠸⏝ࢆᩍᮦࣝࢱࢪࢹ㸪࠸కᬑཬࡢ⩦Ꮫࣥࣛࣥ࢜

࡞࠺ࡼࡿࢀࢃ⾜ࡃከࡶウ᳨ࡿࡍ㛵ᨭࡢ⪅⩦Ꮫࡓ

࣮࣍ࢺࢵࣛࣉࡿࡍࡵࡌࡣࢆ㸬e-learningࡿ࠸࡚ࡁ࡚ࡗ

࡞࠺ࡼࡓࡋ㸪ୖ㏙ࡣ࡚࠸࠾㛤Ⓨࡢ࣒ CAIࡸ ITSࢫࢩ

ウ᳨ࡿࡍ㛵⬟ᶵࡿࡍ㏣ຍࢆせ⣲࡞ⓗ▱࡚ࡋᑐ࣒ࢸ

ࢀࡉࢬࣛࢼࢯ࣮ࣃ⪅⩦᪉࡛㸪Ꮫ୍ࡿ࠸࡛ࢇ㐍ࡣ

࡚ࢀࢃ⾜ࡀウ᳨ࡃࡽ㛗ࡶウ᳨ࡿࡍ㛵ၥ㢟ᥦ♧᪉ἲࡓ

ࡓ࠶ᑟධࢆ࣒ࢸࢫࢩࡓࢀࡉࢬࣛࢼࢯ࣮ࣃ㸬ࡿ࠸

ࡽࢱ࣮ࢹ࡞⭾ࡿࢀࡉ㞟࡛ୖࣥࣛࣥ࢜㸪ࡣ࡚ࡗ

Ꮫ⩦⪅ࡢ⾜ືᒚṔࢆ㞟ࡋ㸪Ꮫ⩦⬟ຊࢆᣦᶆࡋ㸪ࢀࡑ

ࡇ㸬ࡿ࠶࡛ࡢࡶ࠺࠸ࡿࡍኚ᭦ࢆ♧ᥦࡢၥ㢟࡚࠸⏝ࢆ

㸪ࡣࢫࣅ࣮ࢧࡸ࢙࢘ࢺࣇࢯࡢࡵࡓࡢᏛ⩦ᨭࡓࡋ࠺

➼ᑠᏛᰯࡣ㸪㏆ᖺ࡛ࢀࡤࠖࣝࣜࢻAIࠕࡣࡓࡲࡕ

ࢀࡽぢࡣ㏆ᖺ࡛ࡶࡁືࡓࡅྥ〇ရࡢᏛ⩦ᩍᮦࡢ࡛

㸬୍ࡿ ᪉࡛㸪Ꮫ⩦ᨭࡢ࣒ࢸࢫࢩ◊✲ศ㔝࡛ࡓࡋ࠺ࡇࡣ

㛵Ꮫ⩦(personalized learning)ࡓࢀࡉࢬࣛࢼࢯ࣮ࣃ

ࢺࢫࢸ㐺ᛂᆺࢱ࣮ࣗࣆࣥࢥ㸪ࡃ㛗ࡣṔྐࡢウ᳨ࡿࡍ

(Computerized Adaptive Testing: CAT)᳨࡚ࡋ✲◊ࡢウ

⪅⩦Ꮫ㸪ᇶᮏⓗࡣ࡛✲◊ࡢࡽࢀࡇ㸬ࡓࡁ࡚ࢀࡽࡵ㐍ࡀ

␗ࡢ㞴᫆ᗘࡈಶேࡢࡑ㸪࡚ࡌᛂ࣮ࣥࢱࣃ⟆ᅇࡢ

୰ᚰࡀウ᳨ࡢ࣒ࢬࣜࢦࣝࡢࡵࡓࡿࡍ♧ᥦࢆၥ㢟ࡿ࡞

 㸪㡯┠ᛂ⌮ㄽ(Item Responseࡣ㸬ලయⓗࡿࢀࡉウ᳨

Theory: IRT)ࢡࢵࢸࢫࢪࣟࡿࢀࡤᅇᖐࣔࢆࣝࢹ⏝

 㸬ࡿࡍホ౯࡚ࡗࡼホ౯ᘧࡓ࠸

ܲ() = ଵଵାష(ష್)                            (1) 

ࢀࡇ㸬ࡍ♧ࢆ㞴᫆ᗘࡣᛶ㸪ܾ≉ࡢ⪅⩦Ꮫࡣ㸪࡛ࡇࡇ
ࡓࡏࢃྜࡳ⤌ࢆࢱ࣮࣓ࣛࣃࡢᩘ「ࡓࡋ࠺ࡇ㸪ࡣ࡛ࡲ

㝿㸪ࡶ᭱ࡀ࣒ࢬࣜࢦࣝ࡞࠺ࡼࡢຠ⋡ⓗᏛ⩦⪅

࡚ࡁ࡚ࢀࢃ⾜ࡀウ᳨ࡿࡍ㛵ࡢࡿࡁᥦ౪࡛ࢆᨭ

࡚ࢀࡉ㡿ᇦ᳨࡛ウࡢࡽࢀࡇ㸪ࡋࡔࡓ㸬(ศᑎ, 2019)ࡿ࠸

ࣝࢹࣔࡃᇶ࡙᥎ᐃ࡞㸪⤫ィᏛⓗࡣ࣒ࢬࣜࢦࣝࡿ࠸

㸪CAIࡾ࠶୰ᚰ࡛ࡀ ࡸ ITS ࠶㈋ᙅ࡛ࡔࡲࡔࡲ࡚ẚ

࠺ࡇ㸪ࡣ࡚ࡋㄢ㢟✲◊ࡢ㸬ᚋࡿ࠶ࡶᢈุࡓࡗ࠸ࡿ

ᡭἲࡓࡋ CAIࡸ ITS᳨ࡓࡏࢃྜࡳ⤌ࢆウࡶᚋࡣ㔜

せ࡛ࡿࢀࡽ࠼⪄ࡿ࠶㸬 

5. CAI ITS◊✲㛵ྥືࡢ✲◊ࡿࡍ 

௨ୗ࡛ࡣ㸪ୖグ࡛ゐࡓࢀ CAI ITS✲◊ࡢ㛵ࡿࡍ

㸬ࡃ࠸࡚ࡋᙧ࡛⤂࠺࠸࣮ࣗࣅࣞࡢ⫣ᩥࢆྥືࡢ✲◊

㸪ᩥࡣ࡛࣮ࣗࣅࣞࡢࡇ 㸪ࣥࢪ࢚ࣥ⣴᳨ࡢࢫ࣮࣋ࢱ࣮ࢹ⫣

Web of science(https://apps.webofknowledge.com/)࠸⏝ࢆ

㸪CAIࡣ࡛ࡇࡇ㸬ࡓ  �Computer-Assisted)ࡣ࡚ࡋ㛵

Instruction� OR �Computer-aided instruction�)㸪ITS

㛵ࡣ࡚ࡋ (�Intelligent Tutoring System�)ࢻ࣮࣮࣡࢟ࡋ

ࢻ࣮࣮࣡࢟⪅㸪ᢒ㘓㸪ⴭࣝࢺࢱ㸦ࢡࢵࣆࢺ㸪ࡋタᐃࢆ

㸧᳨࡞ ⣴ࡓࡗ⾜ࢆ㸬Ꮫ⾡㞧ㄅㄽ 㸦ᩥArticle㸧ࡳࡢ╔

ࡣᯝ㸪CAI⤖ࡓࡋ┠ 2,751௳㸪ITSࡣ ࡓࡗ࡞௳1,697

㸦᳨⣴᪥㸸2021ᖺ 4᭶ 30᪥㸧㸬ࡽࢀࡇᑐ࡚ࡋ㸪CAI

 ITS ࡳ࡚ࡳᖺ௦ูࢆㄽᩥᩘࡢᖺ௦ูࡢࢀࡒࢀࡑࡢ

㸪ᅗࡿ  㸬ࡓࢀࡽᚓࡀᯝ⤖࡞࠺ࡼࡢ1

 
ᅗ㸯㸬ᖺ௦ูࡢㄽᩥᩘࡢ᥎⛣ࡢẚ㍑⤖ᯝ㸬 

௨ୖࡢ⤖ᯝࡽ㸪ITS㛵ࡿࡍㄽᩥࡣㄆ▱⛉Ꮫࡢ◊✲

ࠎᚎࡽ90ᖺ௦㡭ࡓࡵጞࢀࡉᑟධ✲◊Ꮫ⩦ᨭࡀ

ቑࡀࡇࡿ࠸࡚ࡅ⥆࠼ఛࡿ࠼㸬ࡣࢀࡇ㸪ୖグ࡛ゐࡓࢀ

Cognitive Tutor 㐍ࡀ࣒ࢸࢫࢩ࡞㐺ᛂⓗࡿࡍࡵࡌࡣࢆ

㸬୍᪉࡛㸪CAIࡿ࡞㔜ࡶᮇࡔࢇ ࡘ✲◊ࡿࡍ㛵

ࡶࢀࡇ㸪ࡁㄆ࡛☜ࡶࡇࡿ࠸࡚࠼ቑࡽᮇྠࡶ࡚࠸

㸪CAIࡾࡲࡘ㸬ࡿ࠶Ⅼ࡛ࡁࡍ➹≉ ࡀ✲◊ ITS ✲◊

㸪CAIࡃ࡞ࡣ࡛ࡢࡿ࠸࡚ࡋ⾜⛣ ウ᳨࡚ࡋ⥆⥅ࡣ✲◊

㸬࡛ࡿ࠶࡛ࡇ࠺࠸ࡿ࠸࡚ࢀࢃ⾜ࡀ 㸪CAIࡣ ITS࡛

ࡼࡢ࡚ࡋᑐ㸪ㄡ࠸ᢅࢆศ㔝࡞࠺ࡼࡢࢀࡒࢀࡑ㸪ࡣ

 㸬࠺ࢁࡔࡢࡿ࠸࡚ࡋウ᳨ࢆෆᐜ࡞࠺

 ௨ୖࢆ㋃࡚࠼ࡲ㸪ḟWeb of Science࡛ศ㢮ࡿࢀࡉ

◊✲ศ㔝᳨ูࡢウࡓࡗ⾜ࢆ㸬ࡣ࡛ࡇࡇ㸪◊✲ศ㔝ࢆ

Education㸦ᩍ⫱㛵ಀ㸧㸪Computer Science㸦ィ⟬ᶵ⛉Ꮫ㸧㸪

Psychology(ᚰ⌮Ꮫ)㸪Linguistics(ゝㄒᏛ)ศ㢮ࡋ㸪ྛศ
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㔝ࡢẚ⋡ࢆ⟬ฟࡓࡋ㸦ᅗ 2ཧ↷㸬㸧 

 

ᅗ 2㸬ㄽᩥࡢศ㔝ูࡢྜࡢẚ㍑⤖ᯝ㸬  

ୖグࡢෆᐜࡾࡼ㸪ITS㛵㐃ࡿࡍㄽᩥ࡛ࡣ㸪CAIࡢㄽ

ࡿ࠸࡚ࡗᢅࢆෆᐜࡢᚰ⌮Ꮫ㛵㐃ࡸィ⟬ᶵ⛉Ꮫࡶࡾࡼᩥ

ୖࡾグ࡛ྲྀୖࡶࢀࡇ㸬ࡿ࠼ఛࡀࡇࡿ࠸࡚ࡋ♧ࢆࡇ

◊ࡢ࣒ࢸࢫࢩᏛ⩦ᨭࡿࡍࡵࡌࡣࢆ㸪ITS࠺ࡼࡓࡆ

ࢆウ᳨࡚ࢀධࡾྲྀࢆ࣒ࢬࢽ࣓࢝ࡢᚰ㸦ㄆ▱㸧ࡢே㛫ࡀ✲

㸬୍᪉࡛㸪CAIࡿ࠼ఛࡶࡇ࠸ከࡀㄽᩥࡿ࠸࡚ࡋ ㄽࡢ

ከࡀศ㔝(other)ࡢ௨እࣜࢦࢸ࢝ࡢࡽࢀࡇ㸪ࡣ࡛࠺ࡢᩥ

㸪ᢅࡃከࡶࡢࡶࡿࡍࡵࡌࡣࢆᗋศ㔝⮫ࡣࢀࡇ㸪ࡃ ᑓ࠺

㛛ศ㔝ࡢ㐪ࡀࡇࡿ࠶ࡶ࠸᫂░ࡓࡗ࡞㸬 

 ḟࡢࡽࢀࡇㄽᩥࡢ୰࡛㸪Ꮫ⩦⪅ᑐ࡚ࡗᢅ࡚ࡋ

㸪ୖࡣ࡛ࡇࡇ㸬ࡓࡗ⾜ࡶウ᳨ࡿࡍ㛵┠⛉ࡓ࠸ グᢳฟࡉ

࣭ᩘ⟭㸪ࡽ୰ࡢࢺࢡࣛࢺࢫࣈࡢㄽᩥࡢ࡚ࡍࡓࢀ ᩘ

Ꮫࡿࡍࡵࡌࡣࢆ⌮⣔ࡢศ㔝㛵ࡿࡍせ┠⛉࡞㛵

ࢻ࣮࣮࣡࢟ࡿࡍ Programming㸪Statistics㸪Algebra㸪

Fractions㸪Geometry㸪Chemistry ẚࡢ㸪ㄽᩥᩘࡋ⣴᳨ࢆ

㍑ࡓࡗ⾜ࢆ㸦ᅗ㸱ཧ↷㸧㸬 

 

ᅗ  ẚ㍑⤖ᯝ㸬ࡢㄽᩥᩘࡢู┠⛉ .3

௨ୖࡾࡼ㸪CAI ┠⛉ࡓࡗ࠸Ꮫࡸィ⤫ࡣㄽᩥ࡛ࡢ

ࡸࢢ࣑ࣥࣛࢢࣟࣉࡣㄽᩥ࡛ࡢ㸪ITSࡃẚ㍑ⓗከࡀㄽᩥࡢ

௦ᩘᏛࡢㄽᩥࡀከࡀࡢ࠸≉ᚩ࡛ࡿ࠶㸬 

᭱ᚋᏛ⩦⪅ᒙ㛵ࡿࡍศᯒ࡚ࡋ㸪university㸪

college㸪high school㸪middle school㸪junior㸪primary㸪

elementaryࡢࢻ࣮࣮࣡࢟ࡓࡋ┠╔ศᯒࡓࡗ⾜ࡶ㸬ᅗ 4

 㸬ࡍ♧ࢆᯝ⤖ࡢࡑࡣ

ᅗ 4. Ꮫᰯู㸦Ꮫ⩦⪅ᒙ㸧ࡢẚ㍑⤖ᯝ㸬 

ᅽࡀㄽᩥ✲◊ࡢ࡛⫱㧗➼ᩍࡢ➼㸪Ꮫࡽᯝ⤖ࡢࡇ

ಽⓗከࡾ࠾࡚ࢀࡉ♧ࡀࡇ࠸㸪ᑠ୰㧗࡛ࡢᏛ⩦ᨭ

ࡢࡵࡓࡢ➼ࢢࣥࢽ࣐ࡢࢱ࣮ࢹ⩦ᑟධ㸪Ꮫࡢ࣒ࢸࢫࢩ

Ꮫ⩦⎔ቃᩚࡢഛ୍ࡾࡼࡀࡇࡓࡗ࠸ᒙ㸪ᮇᚅࡿࢀࡉ㸬

ణࡋ㸪ࡢࡽࢀࡇ⤖ᯝࡣ㸪ࡔࡲ༢⣧᳨ࢻ࣮࣮࣡࢟࡞⣴ࡼ

ࢆㄆ☜ࡢᮏᩥෆᐜ࡞ヲ⣽ࡾࡼ㸪ࡵࡓࡿ࠶ศᯒ࡛࠸⢒ࡿ

ࡍศᯒ࡛ࢇ㎸ࡾ⤠ࡾࡼࢆ௳㸪᳨⣴᮲ࢡࢵ࢙ࢳ㔜ࡓ⤒

 㸬ࡿ࠶ࡶᚲせࡿ

 ࡵࡲ .6

ᮏㄽᩥ࡛ࡣ㸪ࡎࡲᏛ⩦ᨭึࡢ✲◊࣒ࢸࢫࢩᮇྲྀࡢ

ࡿ࠶࡛ࡳ⤌ࡾ CAIࡽ㐺ᛂⓗ࡞ᨭࢆ┠ᣦࡍㄆ▱⛉Ꮫ

࡞௦⾲ⓗࡢ ITS ࡑ㸬ࡓࡗ⾜ࢆ࣮ࣗࣅ࡚ࣞࡋ┠╔✲◊

࣮ࣗࣅࣞࡢ⫣ᩥࡓࢀࡉ⾲Ⓨࡢ࡛ࡲࢀࡇ㸪ࡣ㸪ᚋ༙࡛࡚ࡋ

⌧ࡸṔྐࡢ✲◊ࡿಀᏛ⩦ᨭࡢ࡛ࡲࢀࡇ㸪࡚ࡌ㏻ࢆ

ᯝ㸪ITS⤖ࡢࡑ㸬ࡓࡋศᯒࢆྥືࡢ≦ 㸪90ࡣ✲◊ ᖺ௦

ศ㔝ࡢᚰ⌮Ꮫ㛵ಀࡸ㸪ィ⟬ᶵ⛉Ꮫࡋቑࡀㄽᩥᩘࡽ
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