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AFRSCE, AR AT MM CHISEDM T4 T
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Instruction) > & & D& FsE U 7o) S 72 38 4 H s
9 ITS(Intelligent Tutoring Systems)DHF5E, Al KU L7432
FTHHI N a v Ea— XN T X b
(Computerized Adaptive Testing: CAT)(Z D\ "C DL %
1TV, CAI & ITS IZBF 2L B2 —Z2l Ll TIh
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1. [FL®IC

WS OHAER 22T T, WERIRTEH T4 v %
Fb e LIEEFRETCOFUORREIN TS, £L
T, <K OHEEHL, WREOBE =2 T 2 DIERLDS
ZOEEORUE, FAERKITBDILD H A 2% T
5. ZH L, EFEMERS AL ZFH LI KUV
DORFICET AR BE E - TV A, BN T, #hto
TR TA XFEL T TR, Ry NU—7 ETIUE
SNDWRI2FHEOITET — 2 2T, FEIEHE)
BT BT — WA T R B HiT e ey B
HLIERILL TS, 29 LT —& 2 RiiciE i<
XU, FOERE S L ICERE S A HiT el
VAT AORFEIZH O D. —J7 T OECD(Greiff,
Martin, Koenig, Mustafic, Herborn, Schweitzer, 2017) Cf& i
D, FHRMED B HHFEA XV, HRREEE, flifl
Bl, a7 r—Lnom b0, HiOZWVETER
BROFTEDIIICERTELDEA5M. ZH LT
VAT LB OBFHAR DT SAH DT, §R
AR RE, BB LM L+ a0
MERZINOEZ TN Z EIIMERARTHD.

LI EDOTE BN DAL TIE, RAREOESEND, #
B R TETANEOL Ea—2{TO) L LT 5. =

TTE, FESAR Y AT DMFEOYIIOER Y #7 Th
% CAI(Computer-Assisted Instruction/Computer-Aided
Instruction)7)> & % DL ITFE R L 7= HY 72 X % B 5
9~ ITS(Intelligent Tutoring Systems) DAFFE & A TN . &
LC, ZMETCALRITS OB THE Sk L
Ea—%BU T, T E COFESHRIARDMIEOME
HRBLROEM 2 A TN, A—HFA A REyv 3
VT, BOAYBOMIEE L ORKEE LT, SHOHE
AT VA N T VAT F A3 AT ONT DR
AT TNETZL,

2. CAIMBITS

FEIARD AT L LT, BEREBIOEEE L Vo
Tea—YN, EE - FEET 2EHR=a Ty EoR
DLV EATHIHFMI AT LE LTEST LN, 2
T FEIR AT NX, A E T T T
RO DBV AT L) & L TOBRBRREE AT 5
(REF R, 2012). JEE T AT L THDH EVH T LI,
2—HPFDOASERELIEL, ZONFIISTCTATIE
R DERELIT D EDOTE LM REAFFOZ L1
7%, 2= (FEE) OZELZANE LISES AT
LEFFT DLV T I, HRREEC IR 21T
) —F ORI LD, 2 LIcsnn, AHO
HIFY A Ty = A L2 RIET DB oA Bl B o Fn R
ZWOANT, YAT LT A 0§52 LITIERE
REEPODENVZD. EERZZNVE TOFE IR
AT DZBET ORI, FREERE D N LA
WHE, 208 157, BE DY £ CRIR a2 ST
Tl LUTUEEIAR VAT AT AT, 2
£ TIZ ERE Tl 7z CATRITS 7217 T722 <, KA CALL
ILE(Interactive/Intelligent Learning Environment)72 £ % &
% (Chambers & Sprecher, 1980; Lou, Abrami & d’ Apollonia,
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2001). FIHAOEZBIR SN2 FE ARV AT AL, T
HO 7 v 77 I v 7V SEELOGO) W L TA ¥ T
IT4THZD - FSERE LUTHATE S &%
HELZRE &4 (Papert, 1980), ZDfk, HiFRZR Xy
O L ERIX RS A U CHRREAR 21T O VAT
2 SCHOLAR(Carbonell, 1970)72 E3BAF ST & 7=,
SCHOLAR [, Fi7e%tahia EE8LT 2 &) TRy
FRENTZT TR <, NEIOHERRE, 1 2 1 XK SR I < BE 9
LHEtERE E O ZAT O DB SORAREIC b K&
oA Ny FEFR LT,

29 LI Ry AT AOMFEORE 235 &
RN AT AOFREIL CAL AT MZHEE Y, A
TLHNRE - sk L0 LA IR0 A, FEE OFEER)

WAL T AT MUTCHEENEZ FL— A LR B X
TEATO ITS VAT LNEFHRELTELENVZD. Y
WD CAL X, HERDEE TITHOIV TN E B 72 kil
ﬂ%‘é%z‘/t";—&if“ﬁié It rz2LTho

ﬂlﬁfﬁSiﬁ%@ﬁéukTé%”@@Eﬁ
ifi&< FEE ORISR TREDOR AT 7 RFH
%ﬁmﬁut@ﬁ%@i&%ﬁﬁ Z 9 L@ 7
FAB A HEET ITS OV AT ARFHIBWTIL, Y4k
D DY FEE OGS, BAZTIEOET VA Z
HLERHY, TS DOET VOREEIZBWCGGRER
FRLEED N OLOEE T 2B A2 EAT D
Z &g, R AT AED 121 T  BlEm ok
HORND.

3. FRHMMZFICEITHFEIIEMR

FRFNRL ORI TS 7228 SR A > ToARER Y

IRFHESAR T AT LOWZEFI & LT, KRED —RF—
A1 RO John Anderson (2 X > THER Iz
i & 41 % (Anderson, Corbett,
Koedinger & Pelletier, 1995). Cognitive Tutor (%, =%
FERIILDRFHESC T 07 I 077 8RS 0%
FAZEFICKRIS L, KEOEKZ XU OB T H OHEBL
G COFIHFEREZ 21T T 5. Cognitive Tutor (%, ACT-
R HRiA(Anderson, 1983) 2 SWCREFFENLTERY, &
LA I 1T D AN O RTBEMERE 7\ % PR 70 1
L LTRSS TS, ACTR Pam &1L, A5 &iE
BE GOl EEOLDEY 2—LE | DDV AT LE
HIRTHRERIBRRINT —F% T 7 F v ThdH. ZhbD
VUL, IS~ TN, BEN, Tl
(), R, FE5, R, EBE Voo b ORED

Cognitive Tutor 725 %%
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EVa—R1HY, TNEFNOET 22— (DRy T
7) EHRFHERM L 2T A RIS s gy
=N K DES~ v F o I L > THEY 2 — /LN
FEER LS ST TENET 2. #lzIE, ZOET LT
3xX5=7 &) KO B o TRAE M BITE, B
TokoskTur sy g —ARNHHENLZ &%
FHE9" 5 (Anderson, 2007 X ¥ 5| ).

If the goal is to solve an equation,

And the equation is of the form “ expression -
number 1= number2,”
Then write “expression = number2 + number1,” 17

ZITE, MITRORNEZT— "y 77, 29THD
NI N> 7 7, 3ITHORRITENET 7 > a 1T
MG L, ZOWNAZLHT DERICIIBHEE Y 22—/ D
T a &7 v a L — IV INORRROFH, + L
THFEOMBAL DT D DB I3 8 — v~ F o IR
174> % (Anderson, 2007). Anderson (2005) Ti%, 11-
14?%ﬁ%&Lt@ﬁ&ﬁ%ﬁ&ﬁ%m<%%f%%
NIZF—% & ACTR Z - aFEs S 2 L— g
ZHWT, ANMOFERRO 2 = X LAOFE1T-
TW%. Anderson 51 D X 5 Z2REFEOFREEZ L
23, B A B> TOEE B2 ¢ <,
A F BB PRI FIE B I ANTe A 7] v
RETZNE LCGEELT v 77— F ST TV 5.
F 7z, ATF T — 2 2GR L, MR 25 0
RRE ST > TV D S BERRAYRTRL D jL T H R~
EThS.

Cognitive Tutor DD TIL, 7 s/ I7I 075
FEOHE % HEE L7z LISP Tutor & A5 % 5
Geometry Tutor 73 =2 BH%E X 41T & 7= (Anderson, Corbett,
Koedinger, & Pelletier, 1995). Z Z T HI1E, T b %t
%k@é?@u@f%%&ﬂ&%7ﬂ&7/a/w—
NOFTRIR L, BEEHE & HAE DS THMT %
DHTEENZ [REAIA T V] EREDY, £ 5 L7ciBaA %L
DRELFZIMT 7= AR MHA TS, AR O
ATy AW CHY R R e R T nd r a
N—VEETNVNTERIEL, ZOET VL FEEREOFH
FOVEE) & O xb IS B4R & ] E T % model-tracing
approach ZHRH3 5 Z & T, FEIHRICEIT DG
87 4 — Ry 7 BFEBR LTS, BERICE, Z0F
7/&%%! | LC, On-Path Actions (IE LV MIERIRDIEIC

HBoTATEN TH H00, b L < Off-Path Actions (IF
LRI OITEN TH L2 D0 HET D E 09 b
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DTH H(Andersonetal. 1995). & L, AT ADBIED
JREE% On-Path Actions & HIE ST, #OF FEk
RaeBEZDHEOITFEFIUEZ, b L Off-Path Actions
LHEENAUL, ELWHRRAO S AR 2127
4 =Ry 7 LFT7 7 I T—var () e
ERIERTDHZEMTED. o, IAROBELIRE T
& (NI AyE—), ZONFIZET HFAZRD T
FEEODINEHZRT HELZRIN, BHEZDFE
RERY 72 9T N B ST % (Koedinger, Anderson,
Hadley, Mark, 1997; Aleven & Koedinger, 2002) .

4. FEXEODN—YFTTAXI:A KJIL

AT A EEOW RN, T VX VER & D
T BEBFE ORI 2T b2 <AThivd L o1tk
S>TETND. eleaming X LHETLHTT v hil—
LOBFIZEN T, FRL7=X 972 CAIRITS v A&
T BT U TR 7R B BT A AEREIC BE 9 2 ARt
IFEATWDL =T, FEE—VFT T4 En
TR R R BT 2t b R b <t T T
Wo. NV F I SNV AT LEBANTHT-
ST, 74 v ETIRSNDW KR T — 55
ERFEOITENRIBAIGE L, RN EEELL, Th
EHOCHBEOIR REERT DN bDOTHS. =
S LI ETBED DD Y 7 h 7 = TR — R,
HEITE TAI RU V) EFETH, JEFE IR
TOEBHEM ORI AT 28 & HITETIER O
D. —HT, FEIE AT LD TIEZ O Lz
IN—=F T A R E T2 (personalized learning)(Z 3
TOMMOERITELS, arya—2ias 2 ~
(Computerized Adaptive Testing: CAT)DAFFZE & L CHat
PHED SN T X, ZAHOBIFETIE, AR
DEENRZ—AJET T, ZOENZ L ICEESE DR
PR HREEIE TR T D200 T 3 ) X AOREAHIL
IR S D BRE9IZIE, T B OGS PRRR(Ttem Response
Theory: IRT) L FHEN D 0 VAT ¢ v 7 [AlFET /L%
W2 FHIRLC Lo TREES .

: 6))

1+e~(@=D)

P(@) =

ZIT, QIFEEEEORE, b IS A RT. T
FTITE, 29 LIEEHONRT A—2 2 llHabE T
BRI, ED& D IRT LY R ABE AR
ISR AT X B OB A REM TR TE T
WDH(53RF, 2019). 727EL, Zhb O TR ST
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WHT T Y AN, FEHFRRHEEICESSET L
MHLTHY, CAIRITS ICHANTEEEEEH TH
HEWoT b B 5. S%OMZEREE LTIE, 29
L7=THEIC CAI R ITS ZflAA b et b A tkiITE
FEThdEEZEZLND.

5. CAl & ITS HIRICEY SR DEIE

PARNTIE, kRl Cfilidz CAL & ITS OWFEIZEET %
WFEDER % CERO L B 22— LW TE TR LT <.
ZOLEa2—TE, LT —F = 2ADBRT T,
Web of science(https:/apps.webofknowledge.com/) z H V>
72. Z ZTiE, CAI 2B L TiE(“Computer-Assisted
Instruction” OR  “Computer-aided instruction” ), ITS (Z
B L TiZ (“Intelligent Tutoring System”) & L¥—U— R
EREL, Ny 7 (FA ML, 8k, EEHEX—T—R
12E) BREAT T, FIHESR S (Article) DATAE
H L7, CALIE 2,751, ITS 13 1,697 fE& 727

(g H 2021 424 H 30 H). ZAHICk LT, CAL
& ITS DENENOERBI O A FRBN AT H
&, B DX IERPELNT.

LD HER

1. FRBIOFRSELDOHER D LS 5.

LI EORERDG, ITS (B8 5 R SC R AR A OMHSE
DIFETRFTUNEA S HURD T2 0 FAREH N DR % 1T
BAT TV D Z EnMaz 5. Jiud, Lt Cfiliise
Cognitive Tutor %1% Ud & 3 D@72 T AT AH3itE
ATERE L B E R D, —J5C, CAL ICBIF 2HF%EIC >
WTHRIFEIN S TWA Z L LR TE, Zhd
FPETRERTHD. DFED, CALBFZAN ITS A%~
ERATL TV DD TR, CAL AFFEIFMkE L TR
PATONTND EWND 2L THDS. TiE, CAI L ITS T
1L, ZNENED LD 2B AR, HECH L TED X
D IRNE LI L TWDDES 5

LI b2 E % T, RIC Web of Science THYE SN S
W BRI OfRF 21T > 7. 2 2 Tl, o %
Education (5 B9f%), Computer Science (FHHAERLF)
Psychology(:0:¥E7), Linguistics(SaBPIIHEL, &7
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4 2. FRSCOEFRIOENG D G S

FREEONE LY, ITS (2B 253 TlE, CAI D
LD b HAERR RO LI ONE R - T D
TEERLTWAZENMAZD. Zhh B TR
Flz X 91 ITS ZIF U LT 558 TR AT L O
TN DL GREN) DA T = X LEED ATtz
LTWOEINENZ &bz b, —FHT, CAl D
LOIE D T, BB T 2 Y LSO 5y B (other) 735
<, TR ZIZCD ETEHLDOHEL, FHEE
FIBFOENGL 5D Z ERHHIRE 72~ 7.

WIZZNE DO T, FEEITH L - T
WERHEIZET At biTo 7. 2 2Tl bRthhih &
NEETRTCOMILDOT T A RT 7 hOhnG, Filk-$%
FEIIUD LT DEROEIZEET 2 FE AR B I
95 % — U — N Programming, Statistics, Algebra,
Fractions, Geometry, Chemistry Z %2 L, i CEDtt
WEITo7- (X3,

3> mCh
13
25
rl
: \(30 @ 0&'3' & .Zxc\ L}(‘\
& > & & & &
& < 2 & o £
W b &
&

3. Bt H B ORRSCE D Heagshi .

LIEXY, CAl O TR &V > 7R
DS HAIZ < ITS OF LTI r 77 I 7%
RECEEORSINZ N ODFHETH 5.

BRBRICFEERIZEET 5081 & LT, university,
college, high school, middle school, junior, primary,
elementary (235 H L72¥—T— RO bi7-72. X4
(T2 ORERERT.
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B 4. R (CFEERE) OHGER.

ZORERID, KFEORFEHE COMIEGHRCHE
BIHINZZ N2 EAVRENTEY, /INHETOFEE R
VAT LDEN, FERT—E O~ A = TEDIZDD
FEBBEORE L Vo2 LNk 8, s h .
BL, 26O, 7MY —Y— FRRICK
NG CTH D720, KV EE7ASTNE ORER
Rl “HF =y 7, BRBERNE LR IAALTHITT
HE BB D.

6. F&ENH

AFSLTHE, ETFEIAET AT 2RO HIH DO
VLA TH D CAL DS 7e 38 4 B IR 3 78Rk
DORFEA2 ITS MHEICER L CL B a—% To7. &
LG #BFTHE, INETOREINZIRO L B2 —
ZHEUT, ZIVETOFESHRITBRDIEOME R LB
WKoshmz o8 Lic. EOREE, TS #F5EiE, 90 44%
DAOESCHDHR L, FHRRRN 0. LRI O 43 B
TORRNLNZ LIVRENT. T, AROEIG
TR XARIZIANT T, BRI LA A T TW
5z L&Y, F£7z, Cognitive Tutor X U8 &9 B
HIZRFE SRS AT DT 2% < ORI, Tr s
T I TRREFEEPLICERERT TS, 22T
KR LT3R v AT BUSND U AT A, #R(2018)
BRI,

BRI SC T -7, CAIRITS L o725
BXE AT AE, LIRLIERZRDFEHBIC L >
HINDZ ENRHY, CAUITITEIEFN, ITS ITRRE
M E VST TOMIRS TN D (REF, SR, 2012).
—J7, TNHONMETINZ T, WG Tk -
F 72 8 e SRS D RIEER SRR LT,
H R & L o L 7= CSCL(Computer Supported
Collaborative Learning) DFFFEAN Z 5 L7253 3 A
T AOHFFRIZ b IHAZBLL, ZIUItatli i
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S E LTEBEEN TV D, Ll it D28 gy
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a2 —F YA T RO Z T IR B AT
FHTHEMTONTE WS, FT VXLV ET
AT F A= aNlEoT, SHROFTFELED> TV
LT EBBXLI, BN FE RO FIEIZDONT
FlafiEisim L QO BERDH .
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IRFODOERRD IO DR FE R AT M T 5

WA OB AT -, Z ZIEoE %2
3R

Aleven, V. A., & Koedinger, K. R. (2002). An
effective metacognitive strategy: Learning by
doing and explaining with a computer-based
cognitive tutor. Cognitive Science, 26, 147—
179.

Anderson, J. R. (1983). The Architecture of
Cognition. Cambridge, MA: Harvard
University Press.

Andersond. R. (2005).

manipulation with an integrated cognitive

Human  symbol
architecture. Cognitive Science, 29, 313-342.

Anderson,d. R., Corbett,A. T., Koedinger. L. R., &
Pelletier, R. (1995).
Lessons Learned, Journal of the Learning
Sciences, 4(2), 167-207.

Anderson, J. R. (2007). Oxford series on cognitive

models and architectures. How can the

Cognitive Tutors:

human mind occur in the physical universe?
Oxford University Press.

Carbonell, J. R. (1970). Al in CAI: An artificial-
intelligence approach to computer-assisted
instruction. [EEE transactions on man-
machine systems, 11(4), 190-202.

Chambers, J. A. & Sprecher, J. W. (1980).
Computer current

assisted instruction:

trends and critical issues. Communications

CS15- 4

of the ACM, 256), 332-342.

Greiff, S., Martin, R., Koenig, V., Mustafic, M.,
Herborn, K. & Schweitzer, N. (2017). PISA
2015 collaborative problem solving (CPS)
validation study final report (tech. Rep.).
PISA Governing Board (PGB) and
Organization for Economic Co-operation and
Development (OECD).

Koedinger, K, R., Anderson,J. R., Hadley,W, H.
Mark, M, A., (1997). Intelligent tutoring goes
to school in the big city, International Journal
of Artificial Intelligence in Education, 8(1),
30-43.

Lou, Y., Abrami, P. C., & d’Apollonia, S. (2001).
Small group and individual learning with
technology: A meta-analysis. Review of
Educational Research, 71(3), 449-521.

Papert, S. A. (2020). Mindstorms: Children,
computers, and powerful ideas. Basic books.
(BLF 7 (BEER) (1998). w1 v KA h—
LAy, avea—4, ZLUTEART AT
7 R3E4t)Anderson, J. R. (1983). The
Architecture of Cognition. Cambridge, MA:
Harvard University Press.

Papert, S. & Solomon, C. (1971) Twenty things to

do with a computer, Al laboratory, MIT.

FRBPAHE, PIRTH(2012) HE L L v AT LB,
IxRNT 7 ERE

HBEE018) FADT v 7 ~—2 [FIREE S E T A
7 2 (Intelligent Tutoring Systems) | , A 747
FE, 33(4), 527-530. < https//www.ai-
gakkai.or.jp/resource/my-bookmark/my-
bookmark vol33-no4/>(2021 4 4 A 30 H)

S SEA T (2019) HIBRIEH O & 25T 2 M2k
JDIEREIRT L2 ) X AO R, HAT
A MEeEE, 16(1), 1-20.




