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Abstract

The present study is carried out from standpoints of multi-stage decision problem to determine,

through dynamic programming, the optimal instructional items and sequences. We also con-

sidered the various factors which affected the learner’s assessment in the selection of offered

courses which had different type of criteria.

‘We discussed the merits and restrictions of the approach based on the stochastic learning

theory in the synthesis of optimal instructional system through the actual case studies. Finally,

we further propose that an instructional system must be equipped with the structure of critrion

which reflects the costs of information processing for the instructional feedback, i. e., diagnosis

for the starte of learner’s understanding.
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_.-==01 (Correct)

©0 (Incorrect )

L°: Unlearned state

L : Learned state

¢ : Transition probability from L° to L

g : Correct response probability at L
Fig.1 The all or none model
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LRBROFETHEEEORELHET 2.
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BE#REOT IV 7Y S TRAEFBEDONE. €0
fit, Y27 LAKTREREEBKEN2HEEhTSH
OEHOBBLICH LT, Y274 JCREEBEEK
BRSBINTERCRRINZE S EB VLS
5. b, EHIEHE O HORKELE TS
DT, YA7LKTi3 20 HOIHBA1LFEE 2L 0%

CALGULATE
INITIAL ERROR
PROBABILITY

CALGULATE ;
EACH STATE | |

OR
EAGH STAGE

|PRESENT ITEM% DETERMINE
| TO LEARNER OPTIMAL STRATEGY

NO
——( HAS STAG| PROGESS
BEEI\% N(F)?%A%FED? )
YES
TERMINAL TEST

Fig. 2 Flow diagram of list presentation for the
N-stage process of instrtctional system

i 21 Nov. 1977

BEHX D ONTWADIHLT, YRAF4Ji2 40
BOHEB THRT 3. YR7FAK0oFMO L5 —HR
2EE1, HE2icH¥LT, 2hEh Tableln k>
KRETS. ZORRE ORBI W(n, s.), d(n, sa)
% Table1 >k Sicisy, BEEEZ Table2 ok
315, WRMEFBICEZ. YAF4JTiE 40 HOER
OBERRIEAF £ H - T,

v25 4 K,J 12 FACOM U-200(8k /¥4 +) %
FMELTYRATFLbEh, 74—V RNy Ity 4~y
ERIENT IV S THEBREMBERING, VAT
ART Y77 —2BAOTEREN TS, 750,
BHBLZA 774 CHEIN, Z20BIc LT
A—FRRCLIBBEELBET 3.

KERICIE 6 ZORTEMNASEE T MO Y E o HER
BELLTBmMLE cho o BBED S 534,

Table 1 The iterative computation of example 2.
Win,sn) d(n, sn)

eas e ‘ . .
ember| gl | dniel | ew sce Eiel | Qotima
1 (.03, .90) I 1.06
(.07, .45) Covar !
(.15, .22) . 162
(.30, .11) 1.58
(.60, .05) ’ 1.34
2 (.07, .90) 1 (.03, .90) | 1.06 2
2 (07, .45) | 1.47
(.15, .45) 1 (.07, .45) | 1.47 2
2 (15, .22) | 1.62
(.30, .22) 1 (.15, .22) | 1l.62 1
2 (.30, .11) | 1.58
(.60, .11) 1 (.30, .11) | 1.58 1
2 (.60, .05) | 1.34
3 | (15, .90) 1 (07, .90) | 1.47 2
2 (15, .45) | 1.62 |
(.30, .45) 1 (.15, .45) | 1.62 lor2
2 (.30, .22) | 1.62
(.60, .22) 1 (.30, .22) | L.62 1
2 (60, .11) | 1.58
4 (.30, .90) 1 (15, .90 | 1.62 | lor2
i 2 (.30, .45) 162 |
(.60, .45) 1 (.30, .45) | 1.62 - lro2
| 2 | (.60, .22) 162
5 | (60, .90) 1 (.30, .90) = 1.62 | lor2
2 (.60, .45)  1.62
51=0.6 §#=0.9 a=0.50

Table 2 The optimal sequence of item presentation

Stage 1 I Stage 2 Stage 3 | Stage 4
Item 1 | Item 2 Item 2 |  Item 1
Item 1 ! Item 2 Item 1 Item 2
Item 2 Ttem 1 Ttem 1 | Item 2
Item 2 Item 2 Item 1 \ Ttem 1
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BOTEA (@-@) V27 4KT, SBET2D0
EREALZRR LI L 2OBREOKBRIEOFERE
TH3. COEBF o RIBEFBHC LB -TE
HEHEFBHCRRLIAERTH 5. Fig. 313K
KTRAPORBELSBTRA TEEHR L BT
3. B (O-0) RedBKic X 2 BB Ol
BroexE2RLTWE. Y257 4 JOFERR (O-O)

1.0f

09
£08
0.7
&

= 0.6

0B,

<)

~
T

0.1+

0 1 1 1 ) 1
INITIAL st 20d  3rd  A4th

1 !

INITIAL ~ DELAYED

STATE DAY DAY DAY DAY POSI- POST-
SUCCESIVE 4-DAY TRAINING BLOCKS ~ TEST TEST

Fig. 3 Probability of correct response in linear
model and standard procedure. The opti-
mal policy in linear model is (item 1, item
2, item 2, item 1), 5,=0.6, 5,=0.9
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Table 3 Probability of Correct Response in Linear
Model and Standard Procedure which are
obtained from the results of experiment
under System K and System Jf.

Initial 1st 2nd 3rd 4th Initial Delayed

Subjects State  day day day day post-test post-test
No.1 | & 0.20 0.30 0.50 0.55 0.65 0,55 0.50
b 0.20 0.25 0.32 0.40 0.45 0.35 0.25
No. 2 a 0.20 0.40 0.65 0.70 0.80 0.75 0.65
b 010 0.30 0,50 0.70 0.75 0.65 0.50
No. 3 a 0.20 0.40 0.45 0.50 0.65 0.60 0.45
b 0.20 0.30 0.40 0.50 0.55 0.45 0.40

TRHBENTVE. ISv—7 (1) OEBRERII Table
3B INT5. Table 3 @ (a), (b)id, 2h
Zhyv A7 4 K J CEBEBRETOESRLRLT
W3,

ZR Sv—F(L)ovRTF LK 3 8ET
i, BEBCREIC Lt cl 2 OBBEDOHB S ot
A&, BEBCRICK MBS o R L2 HKT 5L,
ERORBIBRLPERELHELULTEY, EER
REELBMEREZRLTHS. £/, YAoK
EJEERBTRE, ok, YAFAKILEZE
EREDOHH, EXERBLIURKTFAPELTINT
B0, BEBROMESEDI T3 EEL SN
3. ZDTEEILI, BRIIZBREER L DN
Table 3 TH 3. Tiibd, WFhoHEBED, >
257 AKIC L B3FBREDHH, YAFAJLVBHE
BEBIUHEHRT R PORESFH O T & 2R LTH
3.

PEnS, BEOHBR oA L dici—F Ry
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BEBBEHTHS. £, BERF R MCBVT,
Hi%0D, BXU2A%OFEROT R FOKRIR, £h
ZhEHEE BIORMEROHREELSNS.
INSOHMBEOHRIZBNTD, BE—F R —4%=E
FNC Utz YVAF LAKDENTIATHE. b
bAhA, REORRICGHAT A7-01Ti}, 5105
DEBRBCLIRFABMETH 525, BOOIVv—T
(I)oFEFRIcH LT, 7v—7T(0) ABOER S
bhi-c &z, ZREORBBIROTE®EZHRELX
EEZILND.

VETROE - -PBIL, FEBCBOhA&HEZ S0
2RAENYSEELTVELY, CAl ¥ 25 4 0% (B
0w, 1969, Mz, 1973) KB Td, BAED
EZ RN (implicit) it@Ebh TV 3. T4b
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EDL&i3 25 A2HBTx3. 48K, BHFX
FOSEHEE N, EEDE XiT 30 AMASh 3.
FREIRD2DDS5LDVThHOREICEH 3.
{&ﬂ HEHE~OF X MCER
S=2 EBHAE~OF A bicE%

ZLT, EBBOE (I, 0) DA 7Y a vy 2RDELS
K3 d=1 BORITHE, d=2 BRI TH¥E T
3. TOM, BEELOR, REEBORERT,
Table4 THELLEERANTVS. EXLELH
2, BEITRELVVOEEBRELODT, to&i,
s»=1 (iIE%) TH-7:ELTd, KD se-1 BEZF L
IEHMERIT0.4 LEVHET, BELLIHRIZ0.6T
3. Mg, BEITR, s.=1 Thhld, RLEE
THRAEVIERIZ1ITHEbDET 3, Table 4 i
1324 & 7l ga(ssd) SIRULTHB. 2hd D%
BOTHEL-0H Tables ThH 2. NEEVTOD
BB ADTH 3. Table 5 D d(n, s.) icBEHEE
RLTWS, F1AER, BRITHERCA - EWE
L, $EnBIRMULTR, &7 o0eXOFELHE
L, BEIILERET 3.

Table 4 Structure of criterion

Instructional

Decision P(Su-1]sm dn) Expected value
dy=1 _Sny=1 say=2 gn(l,1)=25
sa=1| 0.4 0.6 &x(1,2)=-15
Sp=2 0.2 0.8
dn=2 Suo1=1 sg_;=2 2n(2,1)=10
se=1] L0 o 2n(2.2)=—5
sw=2| 0.7 0.3

1 for strategy I

Instructional decision D:{2 for strategy 11

__f1 for correct response
State of Learner S—{Q for incorrect response
Final value Ww(0,1)=30
W(0,2)= 0

Table 5 Iterative computation of dynamic

programming
n | se|dn W, (n, sx) W (n,sq)|d(n, s«)
1| 1] 1| 25+0.4(30)+0.6(0) =37 0 2
1| 1{ 2{10430=40
11 2| 1| —1540.2(30)+0.8(0)=—9 16 2
1| 2| 2| —5+0.7(30)%40.3(0) =16
2| 11 1] 2540.4(40)+0.6(16) =50.6=>51 51 1
2] 1| 2|10440=50
2| 2| 1| —1540.2(40)+0.8(16) =5.8=6 28 2
2| 2| 2| —540.7(40)+0.3(16) =27.8=28
3| 1| 1|2540.4(51)+0.6(28) =62.2=62
3| 1| 2| 10+51=61 ) 62 1
3| 2| 1| —1540.2(51)+0.8(28)=17.6=18 | 4o 2
3| 2| 2| —5+0.7(51)40.3(28) =39.1=39
41 1 11 25+0.4(62)+0.6(39) =72.4="72
i 1] 2| Bieisy ) 2 | lor2
4| 2| 1|-15+0.2(62) +0.8(39)=28.6=20 | o 5
4| 2| 2| —5+0.7(62)+0.3(39) =50.1=50




Vol. 18 No. 11

24.2 ¥EEORAT 7B EEERBIL
TROMETCIRRAENER VR F LA~DISAME T
EEZTOIRNOY, FEEDOHLD F 705 BRI
REDLINERBRLBRLTCHFIZLVDEESR
7. ROBKTIR, 351, EBO VYR FLLHERT
IVERSINERERBE S v X £ OB ELH OB
HEULEFEALS. BE FEZOMBERZORY
FOFHOMEL LD & ST 20 &0 5 FEIC
7D, AMoEERER (ERY, 1971) offic A
2TK3. 25K, 3T TRHBa—-RDBIRMY
FRBCHLIANI L2, FOXSBEELOEE
I—-ROBREFTID, £, TOERMOREBE
AN—NEMBILOFHE S S 1973, KFH, A :
5 HOW: 1974) TRITTAZELTRETS 3.
xic, BEBRBLOBILIERT 5701, HBK
REEFTE3ZLb, &K, ¥EEOERREL LN
TAKETI2IR MERATEHENS L. CDL
%, ZBRBEALRESREORBBEOMSELRELT
LRE» S, FRHEOBBRELZLH T3 2B
MET ZRGEEICRBET 2 &5 TR 3. bbb, %
BEOHMRES FBRIcHD ExiT, (BEICHS
ELLXDBMIADAR L Cu, ¥BEDOXTY
TOBERRE b ofH H ~02Ma X + % CH)
ET5. RE b KHBHR Phi) 35&, C(H)
RBRAD LI ICHEBTE, BMaIRAFEHALIES
OERMBTE 3.
CUﬂ:ﬁngPM&Cu (28)
ERICIZ, ERBEORE ri LTHhiIZE@8)RRIKD
XowET 3.
aHhﬂ=ﬁn§HMh&G. (29)
Lici-T, BBF 0w ATHASHLOEMQ DR
Bokic, 7 2B 0l XA @RI TED
Iha.
ELC(H|@1=Z{P(r ) min[ £P(hi1r.)Ca |
J k i
(30)
ZHUeER bk, HE Q ~OEBEDISE r;
AROT, (BREOBEBRECHILEICERREL
IxZWTEaR b ARMET 2REIcERETAC &
HEHETHS. CTREHORBTHEDNZ RS X
OEEOBA (HO, £/ 1972, &R, EOW:
1973) 2L ICEZ TSV, CALOFfi7 L —
LHOFBHECEATE I V-4 22T 3 HHkic
kullback OFER{ABAT ZTA, £HE? (1974) OFF

EREHERVRATFLAORE 1137

RHIHALEZL SN 3.

3. t ¥+ U

ARV EBREORE S 0+ A OEE{LEBTIFHE
Eicb ESOTERL L. BIEERIR, RThE
{132 LHBERVEBRICEE E WD “WTOBN %
o EBREHALONBEEREEFVILLETI 2T
—FERE LTHNHEREERT 5 L, REMICHEE
BERVATLACHATEZCEEAELEERTRL
7o, Ric, EERFMIHFEOEATRDLELIKD
BRR#EE, FREORIA7058HL, FED
Yiab—vavBIFTERLL. X5k, FEHEO
Bl FTERRORELRRLT, ZBEHa X+
OFEEBALERLL:. 2O LFAR, &ES
DR AEITSINAFCHR IO E LT,
HEd HHRER BERRER ISKATLHER
(carbonell, J.R., 1973%) 7: & A2 HBAIICIOY ANT
W Z LI > TEHEBRALEDITHDOTH 5.

Koit, ARXREZESHEAKRELEPBTTEH
FEREHRBER L SCRKEEES, ERABTRERR
BREBEBEO b L ~RHAFELBIcEIN/IHODT
$3. AE BEEFEO-FRE, NEROERIC R
T3LLbIE, AHEELFTL TR0, BR
ERAZETYRERETIENEE LRERER LY L
THEHEEESCRHMTIRETHS. o, RAER
TR 47 EERKARBRENSRRICE-TED, A
FHERiC a9 5.

2 EF XM

1) Atkinson, R.C. & Paulson, J.A.: An Approach
to the Psycholog of Instruction, Psych. Bull,
(1972), 78, pp. 40~61.

2) Bruner, J.S.: Some Theorms on Instruction
State with Reference to Mathematics. In E.R.
Hilgard (Ed.), Theories of Learning and Instruc-
tion: The Sixty Third Yearbook of National
Society for the Study of Education, Chicago;
The University of Chicago Press, pp. 306~335
(1964)

3) Carbonell, J.R. & Collins, A.M.: Natural
Semantics in Artificial Intelligence, Proceeding
of IJCAI3, pp. 344~351, Stanford, California
(1973)

4) HEL— NRAGAED: CAL 24 7 b b—
F =DV T, BT BEEFLEEBRRAREEE,
BEEIES E 72-4, pp. 89~97 (1972)

5) Groen, G.J. & Atkinson, R.C.,: Models for
Optimizing the Learning Process, Psychological



1138 # #

Bulletin, Vol. 66, pp. 309~320 (19686)

6) #, B0, BN HELERE HEME, EXN
= (1973)

7) Kopstein, F.F. & Seidel, R.]J.,: Computer as
Adaptive Instructional Decision Maker, Profes-
sional paper 1-74, HumRRO, Division No. 1,
Alexandria, Virginia (1970)

8) Matheson, J.,: Optimum Teaching Procedures
Drived from Mathematical Learning Models,
EES Tech. Report No. CCS-2, Stanford Univ.
(1964) . .

9) =EHET, BOXE: 3/ Pa—-FYRTA
W, A — okt (1973)

10) BERX—: %8 REERFER Bk (1971)

11) FEOXHE: HEESLicET 3 AM—BRS >~
2—2724 X, AMBT%¥, Vol.5 No.6, pp. 389
~396 (1969)

12) MOXHE: v X7 o0ME RTHIRBEHE
DvRF LI, EREEBED v R 7 &L,
pp. 23~45, BRANE (1971)

13) HOSUE, hERE: CAT BiZRE L BUEHA,
BRIBEREFZLSEBELMHARSZE, E72-4, pp,
T1~80 (1972)

14) #OSCHE, Lo CAI HIRRE & FEER
EibE, BHLE, Vol 15, No. 2, pp. 101
~109 (1974)

7 i

Nov. 1977

15) #O3CHE: Conjoint Measurement $EiTiC & 5
BWTREBRA~DT 7 a—F, IE review, Vol.
15, No. 3, pp. 117~128 (1974)

16) kMEE=, WAL—3I»H:SP £ (R5—n/
5 4) ORBEFM~OA, B 1ETHHERS
bR, pp. 116~117 (1973)

17) Neisser, U, : Cognitive Psychology, Appleton-
Century-Crofts ; New York (1967)

18) {EfapE, BOSUHE: ~4 XBWo vy 2ick3
CAl vz 74, BTEEFLLBEEMNHRLE
¥, ET 73-7 (1973)

19) #:ikpet®: CAL g2 T, 1§HLE, Vol 11,
No. 3, pp. 155~167 (1970)

20) {EEEREME: CMIic2\vT, tH8ULE, Vol 12.
No. 5, pp. 368~379 (1973)

21) Smallwood, R. D.; The Analysis of Economic
Teaching Strategies for a Simple Learning
Model, Journal of Mathematical Psychology,
Vol. 8, pp. 285~301 (1971)

22) Takeya, M. & Sato, T.,: Construction and
Evaluation Methods for Instructional Programs
in CAI, NEC Research & Development, No.
pp. 31~38 (1974)

(mF504E 9 A 18 A3ZAY)
(M 51410 A 4 BEER)




