«

2, (IRT)

( 2519 : 140)

(Law of Effect)
(Thorndike)
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(2524 35)
(Consequence)
(Avoidance)
(Escape) (Aversive Stimulus)
(Positive Reinforcer)
(Negative  Reinforcer)
(Pavlov)

(Unconditioned stimulus) (Condi-
tioned stimulus) (Conditioned
stimulus) (Munn 1961 : 377)

(Kuhlen 1968 : 260)

(Positive rein-
forcement) (Negative reinforce-
ment) (Direct reinforcement)

(Vacarious reinforcement)
(Kuhlen
1968 t 260)

(Positive reinforcement)

(Allport quoted in Wolman 1965 418-419)
(Stern)



£2)

(2519 | 142)

»

»

»

5 ( ! 2524

(Social reinforcer)

(Premack's Principle)

(Informative Feedback)
|

80X
(Token Economy)

18



N

(2519 t 144)

19
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?
?
2
(Item Response Theory)
IRT { (Latent trait theory)
(Fergusen) .. 1042 (Lawley) .. 1943 (Warm

1979 1 197 Lord and Novick 1968  369)
(Latent trait or ability or

skill) (Function) (
. 1952 (Lord) IRT
{ (Item Characteristic Curve Theory) {
(Item Characteristic Curve) { Normal

Ogive Normal Ogive Model {



IRT

21
IRT .. 1960 (Rasch)

1965

IRT (Warm 1979 19)

. 1960

«

19 - 21)
«
«

«

«

(Trait)
«

359)

1977 : 77-80)

«K

(Lord)

(Blrmbaum) Logistic Model 2
(Lord) IRT

12 3 (Warm 1979:

(Latent trait theory)

« (Trait) «
«

(Latent trait)

«

« (Lord and Novick 1968:

IRT 3 (Hambleton and Cook

« (Dimension of the Latent space)
Traits
(Homogeneous)

(Hambleton
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and Traub)
(Factor Analysis) ?)
(Factor) »
(Multidimensional) (Bejar 1980 t 283)
!
2 ! 2
Theoretical axis Principal axis I
2. (Local Independence)
»
(Local Independence) (Lazarsfeld quoted in Lord 1980 |
19) (Probability) i
J Iy i

3. » (Item Characteristic Curve)



.C.C *
I.C.C

(Monotonie increasing)

1

1
pg(0) item 1 item 2

0

0
1 perfect scale curve
a (Step function)

I.c.C

23



Py(0)

Pg(8)

item 1
item 2

2 Latent distance curves

( Guttman

W (Step function) |

item 1

item 2

3 Latent linear curves

«

24
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1
item 1 item 2
Pg(8)
%)
8
ﬂ’]w?; 4 one - parameter logistic curves
1
Pg(8) item 1 item 2
(%)
8
5 bwo - parameter logistic curves
1
Pg(8) item 1
item 2
()}

6 three - parameter logistic curves
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3,45 6 '
(Parameter) 3 (Difficulty)
(Discrimination) (Guessing) (Model) !
». (0) 4
2 5
3
3 6

' ' / » (Item
option characteristic curves)

1 (choice 2)

(choice 1, correct answer)

Pg(8) (choice 3)

7 ltem - option characteristic curve

I.c.c (ltem characteristic curve)

1.C.C
1.C.C
(Invariant)



Al

t IRT
IRT '
(Ability) (Performance) (0)
(Performance) | wn (Pt> Y
(performance) ' 1 Y>rl
ri Y<rl i
8 (0) Performance

(¥)

Performance (Y)

/ -
ability (0)
01 09 03
( )

' 1.C.C I.c.c 1

{ 1.C.C
P(0) =f(0)
P(0) =
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fl9) « I
1. The latent linear model (Hambleton and Cook 1977 : 7s)
Pa(0) = 0+ ao
po(0) 6 «
a0 =
0 -

> The latent distance model (Torgerson ioss 1 374y
Po<0) = 0-2a0s 08 00
0+a0; 0> 00
Guttman scale scale

3. Normal ogive model ; (Lord and Novick 1968  366)

ao (0 - 0)
PAO) = 0 (t) dt 59=1,23u
PO(0) a0, 0 1
BE
0(t) = Normal density function
4. Logistic Model (Hambleton and Cook 1977  §1-84)
I.C.C Normal Ogive Model 1.7 Model
3
4.1 Two parameter Logistic model Birnbaum (1968)
m « (Latent trait model) i.c.c 2

Logistic (Two-parameter logistic distribution
function)
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P0(0) P Mg ey ¢ "My (@ = 1,2
Po(0)
]
Scaling Factor 1.7
4.2 Three - parameter Logistic Model 3
L, <CQ)

PO(8) = CO + (1 - COY6™i<@'h)/(I +eD to-by’) (g=12..)

4.3 One - parameter Logistic Model (Rasch Model) Rasch

« Latent trait
Rasch  Model
Latent trait Rasch Model
Two - parameter Logistic Model Birnbaum a0
Po(0) pPSEE RGN e @MY (g=12
V(L +e'™-*1b) ( Da Scale)
a0 Rasch (Violeted)

(Model Robustness)
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Logistic Model

2
1. Nominal Response Model 12 *3
2 ol 0 Nominal
Response Model Bock (1972) liat SameJIma (1972)
? Character 1st1c
Curve
(Reliability) (Validity)

(Wang and Stanley i 1970  663)

™

™

Pok(0) = ebjk+*3K0/™ Lebflh+*IMb (g = 1,2 i )
K= 1,2 m)
bok = g k
aok = 0 k
1 m
=2 Two - parameter Logistic Model2
2. Other Models ™ Nominal Response Model
« Samejima (1969) ™

(Order) { ™



3l
IRT(Robustness of IRT) IRT
Dimension Local Independence

Hambleton
IRT
IRT IRT
(Fit) IRT
(Reliability) (Validity)
(Standard error of measurement)
IRT Test Information function

ltem Information function

(Lord 1980  65) Information function
}

ltem information function ( 1 {0, 0} )
(Blrnbaum 1968  449)

I te, 0} = P 0(e)2P(0)GLo(0)

P 0(0) derivative PLwith respect to 0
slope lcc 0 V()= TPO) /'
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m (Birnbaum 1968) < 2525 |
65-66) Test information function <IC0})
item information function

0} = 140, ;} = (XiPilVSPIQ;
(Optimal Weight)
() =P: [ P; Qe Test information

function (Lord 1980 , 74)

1C0} = ( 1Pj2/ P; QjJal2. PLQ (P; / PLQ;)a

=7Ni pli3fpi Q1
Test information function information
Optimal
score Y Y (Linear composite)
(=0 1) Optimal weight(W))
Y = IR
Logistic model Optimal weight 0
a.
( ) i
Information
Information  curves Test

information curve (U
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Information curve

2
Information function Y
Information function X Relative efficiency
Y ( X)  Relative efficiency Y=
1.50 | f
X Y
Information  curves ltem information curves lidt  Test

information curves
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9 Item information function 5

Test information function
Parameter Logistic 5 (Lord 1980 t 22)

b B Cy

0 11 20 05
1 -15 9 20
3 -01 16 16
0 24 L1 09
47 -0.4 4 20

49

30 2 08/

'i)

Infor- i
- ’ ‘
mat ion / / \

s \
oY -
/
I .
/ 13~ ~ ! ‘\ \\
/7 N .
k- L)
* .
/ \
. & -l
/ / \ . \
_ /’ /. R 30
B ‘. R >
5 o /, N < . -~
SN I s '..._ .__."'( ~
00 b e < —— '——1’7——-————:4—T-:‘-—_“—f—l—-_-_._a..__.£

Ability



Information
Information ft

Information curve

3
(Wright and stone 1979  69-79)
(Rasch) 2
1,
2,
(Analysis of Fit by Hanad)
(d.) bv - de
bv - d;
6 1

(Rasch)

3

(bv)



11
12
17

13
29

(d;)

1
4 5 7
0 1 1
11 1
1 0 1
1 1 1
11 0
11 0
11 2

-3.9 -3.3 -3.3 -2.9 -2.0

— O Ml s O

O b = s O

g
(Expected)
g
(Unexpected)
1 1
(d;)
8

36

12 1
(bv)

0 0 1 -1.2

0 0 2 -1.2

0 0 1 -0.6

1 0 1 0.0
10 3 0.0

0 1 3 0.0

2 1 1

17 2.8
Illll

Expected
IIOlI

Expected

4 <bv)
4 12

8 <hv)



313 Hat 29 T [ 12 14
2
) 1
bv dl
(Binary)
(Xv1) v 1 (Wright and stone 1977

P(XV. A, I> = expCXv1(Bv-81)D/Cl+exp(j3v-8 1)

1 51naugn
Tuisia {

»
A DA

Likelihood -A- <(XV1)) (1)

N L
4 = expcz\lng;(pv—sin /
i

£ Xvl = ry
<xvl = 1

Take Log Likelihood ( X)

N L

37

(1)

Il Il Citexp(B -8.01  (2)
v o

V
i

2)



X = InA= Zrvwv Zell In [+exp<Bv- 1)
1 Z 1=10 (3) First
Second Partial Derivative )  with respect to Bv list 1
Derivative
K = e T v o= IN
A - L, THviU-Tivi)
_ =-£ +Ej VI I =1L
>m ;
Ko = ErTviu-TTvi)
Ttvi = exp(Pv - £1)/ Cltexp A - 6i)3
[
i
br (Ability estimate)
[
1 = (Difficulty estimate)

r
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Pr1 = exp(b™-d.)/[1+exp(b-d )L (9)

Pr: l: nTvi

Xv1

Pv* = exp(bv-d;)/ I+exp(bv~d;) (10)

bv

1"
<

Pvl (Expected value) Xv:
(Expected variance) Xvl pffvi(Lvl)
Pvi(l - Pvi) 1v]

JA'S (Xj-P1)/[Pjd-P. 1'3 (11)
v; = (Standard Residua )

A (Normal Distribution)
Zvi v N(0,1)

ZW1 Chi-Square  Decree
of freedom 1
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Vi
(1) K= (X-P)/[P(1-P '3
= 20 = <-P) ] CP(1- P)3L3
=1 z1 = (1-P) 1 CP(1-P)31s3
P = exp (b-d) /[ Clt exp(b - d)3
P I (1-P) = exp (b-d)
(1-P) /1P exp (d - b)
Z Cexp (b - d)3!!?
L2 = exp (b-d) (12)
11 = t+exp [(d- b)31/3
1> exp (d - b) (13)
12 13 exp(b-d) |
exp(d-h)
202 1t2 Xvi
1
6
202 21*
(b-d) XV,
XV



n
12
17

13
29

41

2 (b-d) Cd-b)

45 7 6 8 1 U <hv)
2.1 1.2
17 0.8 1.2
2.1 0.6
1.7 0.0
3.3 2.9 1.7 0.0
3.3 2.0 28 0.0

de -39 -33 -33-29-20 17 2.8

XVi XV
1 (Expected) 0 (Expected)
0 (Unexpected) 1 (Unexpected
I exp(b-d) exp(d-h)

(b-d) (d-b) 12
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n 15 15
12 6 2 8
17 17 15

3 6 6
13 21 18 6 51
29 21 1 17 51

5 1 % 24 9 12 17 146

) za | Distribution  fia X*
(Wright Bnd stone) X2
P=1/(1 +22) P X2 Degree of
freedon =1 P 2 22
(Person Fit) ¥
2 (Standard mean squares
residual)

L .
vV o= Lz*vil L-1)~ Ft 1 ( F -
Distribution df = L-I)



ww —_
11 11

43

Cln(Vv) + W - 13 C(L-) /83wa*N (0,1)

MNZil (N- 1>~Fm 1,00

dn(V:;) v;- 13 C(N-1) /83,/2~ N (0;1)

v 1 Standardization

(V- 1) CL- 1)/23ly  NO,1)

CIn(\V)3 C(L - 1>/231'N (0, 1)

212 = Cln(V) + (V -1)3 CcL - 1)/831'K:N(0,1)

(Wright and stone 1979  167-169)



4 d(d-b)

@-\ oy
850.O
=<
wn 8 8
=~

S<h



Pattern

M
35F
M

» tv
3<tv<bh

.2 3

$S(Z2)  df(L-l)  MB(V)

2.8 35.0 8 44
0.3 16.8 14 1.2
3.2 7.3 10 0.7
oM )
35 08M

(Wright and stone)
tv<3

tv>h

4.9*
0.5
-0.7

»e
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1. ( (: 22
72 Misfit, {
2.
tv tv M isfit
il ( !
2
4
3 1.
0,1 2 IRT (P(9)) 3. (1)
1
; 0 9
A IRT (P(0)>
IRT (P(0) 3

(Three-parameter Logistic Model)
P (0) 2
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P0®)  p.(0) =0+ (I-Co) {0D5'0b0"}CI +eD' " )}

(g i 2 1,2 s )
Po()  P0) = g
0
0 = g
b0 = 0
D = Scaling Facter 1.7
IRT P:(0)
i ; 0 i 1 i
X = £;=1P10)Ul
(Lord and Hovick 1968 charpter 2, quoted in
Lord 1980 ! 45-46) (True score)
P:(0) -
4 - pi<g>
g =
)= 0
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P5(0) 9
P1(0)
<)
(Lord 1980 : 73-76)
Y=Z7ZW:U; ; q
0.1 Expectation
Y = X ;=1 11 , 0
1
Information Function
I {0.X; ! = <A 1?:)2/ 21,0
1 Y
(X)  Test Information function (X)
1 {0,x} = ( P12l PQ.
(0) = IP;Q;

Test information function

| (0, PUPQ}

( 3IPQY2{  P;Q;(P;/P;Q;)2

mf; P?/P-,<3;
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Information function I

I(PVP:Q ) . Test information function Information

Model

0 1 (0)



(Lord 1977 a

D= 17
CPY)
1
2.
. 1975
1
2.
119
. 1982

(al)
(C1)

123)

(Lord 1975  10)

«

(Hsu and C.Khampaliklt 1982
(1)

50



ol
RT

5 (Standard Error
of Measurement)

(Gulliksen 1950 » 42)
(Observed score)
(True score) (Lord 1980  46)
(Observed score)
(True score)

E e =
¥z
T , N = Equivalent True Score (")
2
(Constant Error) (Randon Error)
T (Classical
Test Theory) IRT (Item Response Theory)

(Gullilsen 1950 : 6-9, Lord 1980 « 3-4)



(Expectation) E 0

M =10
elT =0
2 A T
"“TE = 0
gET =0
(Gulliksen)
El E2
Tell2 = 0

(Variance)

BN
1

6T2/(5X2 + 6C2/6 X2

Equivatent ( =)

(D

52

T1X E

(2)

(%)
(Test Reliability J rxx)



(Ebel 1965 331)

CXT (Lord 1980 J 5) 2
1 = QaxT + 0e2/6x2 (3)
6/ 3 (4)
b - 6,)1-¢ ()

«

5 6 !
(Standard error of measurement)

IRT
12 = &(E01)
6e2 CE
(Lord and Novick 1968  60) (Gulliksen 1950  33)

Z(X-T)2IN

53



£(X-T)2N

I 1
(True Score)

E=XT (Ebel 1965  332)
18 -2 16
9 t1 10
15 12 17
21 +1 22
12 -2 10
15 0 15
18 2.8 20.8

72/ %2 = 18/20 =0.865

(Thorndike 1964 quoted in Lord and Novick 1960  27)
e



20.8

1-TXX

=4.56

456  1-0.865

4.56 X 0.367
1.67

(G
(Limit)

Expected

(T)
ulliksen 1950 - 30)

(Allen and Yen 1979 | 57)

\

(X) (E(X) =T)

Theoretical Distribution

}

A

55
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IRT
(Lord and Novick 1968  Chapter 2 quoted in Lord 1980 J
45) x/0 = 52i=1P;(0)
( X/s
o A',P,'Ol
£ = (Equivalent true scores)
P.() = (] 0
Pe(8)
(9) (A ' (
e =X-"
e (
(Error
Variance) (
IRT
X = :=1P.(8)
e = X-A
= A LP.(0)UiI - =1P4G
E o= ZY  1PIOUL- M PL(0))ai
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\M = 1INE °e”
1 A 6/\
A
IRT
(X) e = N 1-rxflidt e =tINfe>?
(X) 0 1
()
4 , ' WLo = ; - ;
WL/ 0 X
X = e
£= 20 (0
e = X-g¢
Cy =271 ;.1(0)
() e

(Error Variance)



Ebel

Z(X-T)3 IN

IRT |
(Lord and Novick)

g SRS SE = RN

¥GI_‘

" 6.9 I/H

58



E=X-T
() 3
(X) (T)
X
T
X
S " ==
@ X XX
(Classical Theory)
IRT m
2

(Cronbach and Merwin 1955  337)



60
CEbel 1965 | 20)

(Adams
1964 | 340) »
»
(Adams) (Cronbach and Merwin)
(Ebel)
(Mehrens and Lehmann 1975 :  100-103)
5
L. (Test Lenght)
(Split - half)
(Spearman - Brown)
rxx = Kr/(1+ (K- Dr)
rxx = K
[ =
K =
.60
3 »
[Xx = 3x.60/ 1+(3-1)x.60

818



2
(Heterogeneous)

e2
(Observed Score)
X2

(Speed)

61

Speed Test

' (Group Homogeneity)

(True Score) B2

(Item Difficulty)

(Objectivity)

)

(Heterogeneous)
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(Gronlund 1971 112 - 123) 1
A (Mehrens and Lahmann)
[

(Split - half method)
(Test - retest method)
(Equivalent - forms without time

intervnl)
(Equivalent - forms method with time interval)
A (Hopkins 1964 271 -
281)
L.
2.
3. (Format)
4, (Response style)
5.
6.
1.
8.
9.

[EEN
o
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« 1

(Pressey 1950 . 417-447 quoted in
Whetton and Childs 1981  336)

«

(Answer - until - correct AUC)

(Coombs 1953 : 308-313)

«

1-k



(2516 13-19)

(Confidence Welghting Procedures)
(Confidence Testing)

1930 1959 L '

(Echternacht
1972 218)

(2510 : 30-33)



5,4,3,2

-5,-4,-3,-2

214
1 83
2 14
3 5/

1

-1

<517 23 - 28)
0-1

0-1

65



0-1
2.
0-1
{
(2520 1 66-72)
3 |
4 810
3
1

0-1 «fa
%
0-1
3
3
| 9
0-1

2519
90

«

66



0-1
0-1

»

0-1

»

216

»

3
3
»
0-1
3 {
0-1
»
(2520 1 63-69)
[
| 1

67



i

68

01

01

<2525 1 36-37)

894

885



116

) ) 1 b 1
05
|
01
(Hevner 1932 359 - 362)
3 4 (1) (2)
(3)
3 2 1 (4)
3 -2 1

(Soderquish 1936 290-292)

432



10

8, -6, -4 2 }
2 (1) ! ! # ,
(2)
] |
]
V)

(Dressel and Schmid 1953:574-595 quoted in Echternacht
1972:217-234)

4
(1) (Free choice test)
(2) (A
degree - of certainly test)

} 4 (3)

(Amultiple - answer test)
(4)
2 (Atwo - answer test) 5
2

2



1

1 4 -1

2 3 -2

3 2 -3

4 1 -4

5 0

* 2

4 4
3 -3
2 2
1

(Difficulty level)

(Coombs, M thoiland and Vomer

195 13-37)
3 40



(Jackson High School)
3

S~ W N

Lackland Air Force

? 655

(Davis and Fifer 1959

Rase 65

159-170)

12
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4
. 1965 )7) (Ebel 1965 | 134-135)

(The University of Southern California)
. 1960 3 3

(Albert 1970 : 1619 - A

1) 25
1 2 »
1 3
11 0-1
1.2
1.3
2 2
2.1 1
2.2 1

146
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L
2.
3.
4,
(Patnaic and Traub 1973  281-285)
Dominion Group Test of Learning
Capacity (DLC) 60 30
10-13 1,054
) 6l
(Dav5 )
(Split - half) 0.881
0.915

(Predietive validity)



76
(Pugh Bnd BrunzB 1975 1 75-76)

L 1 , fm |
I
2 |
| )
|.ER. Intelligence Scales 48 2 2
1 84
3 28
1! 2
2
2
3
|
| | 0.85 057
(Abu-sayfand Diamond 1976 t 62-65)
152 4 60



"
fi

898
811
174
260
236 219

1980 (Lord 1980 73
SCAT Il Form 2 A 4
40
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