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19232 19957
23 25
20 27
1-1
184(67.65%) 62(22.79%) 26(9.56%) 333
704(66.42%) 260(24.53%) 96(9.06%) 1244
10764(55.77%) | 4061(21.04%) 4475(23.19%) 19984
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1
curriculum-free analytical ability subtest

73 71 2
25 27 3
20
29
Item Response Theory,
1-item parameter 1PL
1P 3PL 2PL
2PL 1PL
2PL
1PL  3PL
biserial correlation
31
Unspeededness

20 4
9
IRT
3-item parameter 3PL
3PL IRT
IRT
Pearson correlation point
3.2
3-1 32



1.23%

31 %
1 1.23 0.48 0.26 0.06 0.12
2 0.37 1.67 0.18 0.08 0.13
3 0.16 0.14 0.12 0.01 0.06
4 0.07 0.10 0.05 0.01 0.02
5 0.03 0.08 0.03 0 0.02
3-2 %
1 .58 33 42 27
2 21 10 .26 .07
3 .05 A2 g1 .05
4 .04 .03 .66 .01
5 .02 .02 .06 .01
Pi
(item difficulty)
P =
N
R n R
i P P

pbi

. . . . r ..
Point-Biserial Correlation, P

pbi

Pearson product moment
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pbi
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25 3-3
26 31
52 61 4
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73
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(%)

pbi

(%)

pbi

1 63.6 0.25 38 78.9 0.29
2 54.6 0.23 39 4.7 0.32
3 57.1 0.28 40 67.9 0.55
4 68.7 0.32 41 70.1 0.43
5 65.3 0.47 42 66.0 0.30
6 64.2 0.52 43 61.7 0.44
7 99.7 0.27 44 55.6 0.48
8 66.4 0.19 45 63.9 0.42
9 51.5 0.31 46 93.9 0.33
10 91.1 011 47 35.0 0.21
11 80.4 0.35 48 53.4 0.45
12 63.1 0.32 49 42.5 0.38
13 69.9 0.42 50 44.9 0.16
14 47.3 0.11 51 55.9 0.43
15 53.3 0.20 52 86.1 0.31
16 44.1 0.28 53 58.0 0.20
17 35.9 0.32 54 81.7 0.23
18 29.4 0.33 55 59.5 0.21
19 28.8 0.40 56 66.7 0.42
20 88.1 0.31 S/ 60.5 0.43
21 86.7 0.38 58 61.0 0.42
22 64.9 0.40 59 48.0 0.40
23 70.6 0.35 60 41.7 0.32
24 54.6 0.40 61 37.0 0.24
25 45.3 0.26 62 88.8 0.18
26 66.6 0.24 63 78.9 0.20
27 69.5 0.06 64 81.0 0.42
28 35.4 0.31 65 71.3 0.50
29 71.3 0.43 66 66.7 0.19
30 31.3 0.23 67 55.0 0.27
31 18.6 0.17 68 58.2 0.44
32 95.4 0.31 69 39.5 0.14
33 72.8 0.27 70 334 0.25
34 91.0 0.25 71 32.2 0.04
35 87.4 0.39 72 27.6 0.04
36 88.2 0.33 73 53.6 0.42
37 79.6 0.35




(%)

pbi

(%)

pbi

1 63.6 0.22 14 47.3 0.12
2 54.6 0.21 15 53.3 0.20
3 o5/7.1 0.25 16 44.1 0.27
4 68.7 0.32 17 35.9 0.35
5 65.3 0.44 18 29.4 0.35
6 64.2 0.48 19 28.8 0.40
7 99.7 0.25 20 88.1 0.31
8 66.4 0.19 21 86.7 0.37
9 51.5 0.29 22 64.9 0.37
10 91.1 0.11 23 70.6 0.34
11 80.4 0.33 24 54.6 0.38
12 63.1 0.32 25 45.3 0.25
13 69.9 0.41
3-5
(%0) (%)
pbi pbi

32 95.4 .30 42 66.0 .28
33 72.8 .26 43 61.7 42
34 91.0 24 44 55.6 44
35 87.4 .38 45 63.9 41
36 88.2 31 46 93.9 .32
37 79.6 .35 47 35.0 .20
38 78.9 .28 48 53.4 45
39 54.7 31 49 42.5 .35
40 67.9 54 50 44.9 15
41 70.1 41 ol 55.9 41




3-6

(%0) (%)
r.pbi r.pbi
4 68.7 0.34 38 78.9 0.30
5 65.3 0.49 39 54.7 0.33
6 64.2 0.54 40 67.9 0.55
1 80.4 0.35 41 70.1 0.44
12 63.1 0.31 42 66.0 0.29
13 69.9 0.42 43 61.7 0.43
20 88.1 0.33 44 55.6 0.46
21 86.7 0.40 45 63.9 0.41
22 64.9 0.41 46 93.9 0.34
32 95.4 0.33 47 35.0 0.20
33 72.8 0.27 48 53.4 0.44
34 91.0 0.26 49 42.5 0.34
35 87.4 0.40 50 44.9 0.15
36 88.2 0.33 51 55.9 0.42
37 79.6 0.36
3.2
3-7 3-10
25 1 27 15
6 40%

28

10

47



(%0)

pbi

(%)

pbi

1 35.6 17 37 56.8 27
2 39.7 24 38 72.3 .55
3 30.0 .03 39 66.2 40
4 27.2 .26 40 47.4 .33
5 29.3 32 41 49.9 .38
6 26.5 .20 42 62.5 48
7 53.7 .20 43 51.0 22
8 39.7 .28 44 53.1 21
9 28.1 .18 45 47.1 41
10 75.8 .29 46 41.3 31
11 88.1 .16 47 41.5 15
12 81.1 .20 48 90.1 25
13 57.6 37 49 79.7 34
14 45.1 21 50 68.5 .32
15 42.0 34 51 73.0 34
16 41.2 .07 52 74.1 .35
17 43.8 .16 53 61.1 .18
18 25.9 17 54 .62.4 31
19 79.9 .26 55 51.7 .38
20 42.7 21 56 54.3 44
21 7.8 .09 S/ 55.8 40
22 72.8 .34 58 79.5 .36
23 66.0 44 59 35.7 27
24 50.8 45 60 34.4 12
25 57.0 .39 61 37.0 .02
26 29.4 25 62 87.4 27
27 31.9 22 63 83.3 27
28 89.4 .30 64 87.4 42
29 80.6 .39 65 74.1 42
30 79.1 A48 66 72.9 .28
31 76.6 41 67 67.5 .36
32 86.5 .35 68 61.7 37
33 80.2 42 69 55.6 22
34 715 51 70 50.4 .29
35 72.0 46 71 50.7 .30
36 63.6 46
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(%0)

pbi

(%)

pbi

1 35.6 15 15 42.0 31
2 39.7 .20 16 41.2 .06
3 30.0 .04 17 43.8 14
4 27.2 .25 18 25.9 .16
5 29.3 .32 19 79.9 .20
6 26.5 .20 20 42.7 .19
7 53.7 .19 21 7.8 .10
8 39.7 27 22 72.8 .32
9 28.1 A7 23 66.0 40
10 75.8 24 24 50.6 42
11 88.1 12 25 57.0 .35
12 81.1 .16 26 29.4 .23
13 57.6 .32 27 31.9 .20
14 45.1 A7 -
3-9
(%) (%) [ oo
rpbi
28 89.4 .29 38 72.3 54
29 80.6 .36 39 66.2 .39
30 79.1 48 40 474 31
31 76.6 42 41 49.9 37
32 86.5 .35 42 62.5 A48
33 80.2 43 43 51.0 .20
34 715 51 44 53.1 .18
35 72.0 46 45 471 .38
36 63.6 43 46 41.3 .29
37 56.8 .26 47 41.5 14




(%0)

pbi

(%)

pbi

4 27.2 .26 34 71.5 51
5 29.3 .33 35 72.0 46
6 26.5 22 36 63.6 44
13 57.6 .36 37 56.8 27
14 45.1 .20 38 72.3 .54
15 42.0 34 39 66.2 .39
22 72.8 .35 40 47.4 .32
23 66.0 44 41 49.9 .38
24 50.6 46 42 62.5 49
28 89.4 .29 43 51.0 21
29 80.6 .36 44 53.1 19
30 79.1 49 45 47.1 41
31 76.6 41 46 41.3 31
32 86.5 34 47 41.5 15
33 80.2 43
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IRT

Item Response Theory IRT
IRT
45
40 65 60 IRT
IRT IRT
IRT
Maximum Likelihood Estimation, ML Bayes
Estimation EAP (Expected A Posteriori) Maximum A Posterior ( MAP)
EAP EAP

empirical reliability

1PL 3PL IRT

4.1 4.2 (@)
Item Characteristic Curve ICC (2 (Test
information) (3) histogram  (4)
scatterplot
IRT (multi-dimensiona IRT)
IRT IRT
IRT 1PL 3PL 4.3

4.4

IRT
IRT IRT 1PL IRT 3PL
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IRT

(  1PL) IRT

IRT
1PL
q P@)
bh=0
q
[ exp( )
(Q'bi)
50
4-1 4-3
4-3 802

Information Curve

.50

41 4-3

R@)=

IRT 1
IRT
( 2PL  IRT
3PL IRT
(difficulty)
1
1+expl- (- b)]
q i b q
b b
P@)
exp(0)=1 exp(-1)=.3679 exp(1)=2.7183
P@)
1PL 1PL
4-1
Item
.50 IRT
scale score
b 4-1
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Item Characteristic Curve: ML09

Item Information Curve: MLO9

a= 0.802 b =-0.087
10 0.20
0.8
0.157
2 061 S
= T
E € 0.10]
o i
a 041 £
0.051
0.2
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 3
Ability Scale Score
1-Parameter Model, Logistic Metric Item: 9
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-1 1PL
Item Characteristic Curve: ML10 Item Information Curve: ML10
a= 0.802 b=-3.215
10 0.20
0.8
0.157
2 061 S
= 5]
E E 0.0
o 2
a 04 £
0.05+
0.2
0 T T T T O — 7T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ability Scale Score
1-Parameter Model, Logistic Metric Item: 10
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-2 1PL
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4-4
4-3
2PL

Item Characteristic Curve: ML11 Iltem Information Curve: ML11
a= 0.802 b=-1.981
10 0.20
0.8
0.157
2 061 S
3 T
3 E 0.101
o 2
@ 041 £
0.051
0.2
b
O Il T T T T T O T T T L L T T
3 2 1 0 1 2 3 -3 2 1 0 1 2
Ability Scale Score
1-Parameter Model, Logistic Metric Item: 11
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-3 1PL
IRT
(discrimination)
1PL a 2PL
1
R@)=
1+el- 3@~ b))
a(@-h)
a>1 O<a <1
4-4 4-6 2PL 4-1 4-3
4-1 4-5 4-2 4-6
4-5
4-2  -3.215 4-5 -5.692 4-6
4-3  -1.981 46 -1574
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4-4 <1 -.10

45
4-6
4-4
Item Characteristic Curve: ML09 Iltem Information Curve: ML09
a= 0.739 b=-0.100
10 14
1.2
0.8
1.0
= a 8
2 :
o 2 ]
5 04 1= 0.6
0.4+
0.2
0.21
b m
0 1 E |'l|' T 1 E O — T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ability Scale Score
2-Parameter Model, Logistic Metric Item: 9
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-4 2PL = .739
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Item Characteristic Curve: ML10 Iltem Information Curve: ML10
a= 0422 b=-5.692
10 14
1.2
0.8
1.0
= a 8
2 :
o L ]
2 04l £ 06
0.4+
0.2
0.21
O T T T 7 L T T T O' T T LA L L AL R LB L LN BB R
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ability Scale Score
2-Parameter Model, Logistic Metric Item: 10
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-5 2PL = 422
Item Characteristic Curve: ML11 Item Information Curve: ML11
a= 1.098 b=-1.574
10 14
1.2
0.8
107
> | c
= % 2 o081
= £
o £ ]
d 041 £ 06
041
0.2
0.2
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ability Scale Score
2-Parameter Model, Logistic Metric Item: 11
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, and the parameter b is an item location parameter.
4-6 2PL --- =1.098




IRT

guessing
2PL c 3PL 3PL
G
3PL
1-¢c)
P@)=c +1+ [ ' 0)]
expl- a(@-b)
4-7 4-9 4-1 4-3 4-4 46 4-7
4-9 3PL ML10
ML11 3PL 1PL
3PL
Item Characteristic Curve: ML0O9 Item Information Curve: ML09
a=0.853 b= 0.217 c= 0.098
10 20
0.8
1.5
2 061 S
% g 1.0
S S
& 041 £
0.54
021¢
D ﬂ
0 1 g T 7 |ll T 1 g (O i e e S L B S
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ability Scale Score
3-Parameter Model, Logistic Metric Item: 9
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, b is an item location parameter and c the guessing parameter.
4-7 3PL
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Item Characteristic Curve: ML10 Item Information Curve: ML10
a= 0.434b=-497% = 0.195
1.0 2.0
0.8+ 1
1.5
2 0.6 S
— m 4
% £ 10
< 5
a 0.41 c
0.5¢
0.2 |
0 ¥ T ¥ T ¥ T ¥ T ¥ T ¥ 0, v U v o v
-3 -2 -1 0 1 2 3 -3 -1 1 3
Ability Scale Score
3-Parameter Model, Logistic Metiiem: 10
The parameter a is the item discriminating power, the reciprocal (1/a) i
dispersion, b is an item location parameter and c the guessing parame
4-8 3PL --- =1.297
Item Characteristic Curve: ML11 Iltem Information Curve: ML11
a= 1.065 b=-1.476 c= 0.086
10 20
0.8
1.5
2 061 S
= T
E E 10
B S
@ 041 £
0.51
0.24c
0 ; ; ; ; ; 0 /\“
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2
Ability Scale Score
3-Parameter Model, Logistic Metric Item: 11
The parameter a is the item discriminating power, the reciprocal (1/a) is the item
dispersion, b is an item location parameter and c¢ the guessing parameter.
4-9 3PL --- =.753




2PL  3PL

1PL
sufficient statistic
IRT
EAP
( BilogMG3.0 )
1 Maximum Likelihood Estimation ML
ML
ML IRT
Bayes Estimation
2. Expected A Posteriori ( EAP)
prior distribution
(posterior distribution) EAP
EAP EAP
shrink toward the mean
EAP
3. Maximum A Posterior ( MAP)
mode BayesModal estimator
ML
MAP  EAP
MAP
EAP empirical reliability

(true score variance)
(observed variance)
(error variance)

IRT

(measurement error)



EAP (error
variance)
true score variance
BILOG-MG3.0
& 2 - ~\2
a_(S-E-q”j) a(qj'qj)
SAe2|rror = JT SAtEue score — J N
SAezl’l‘OI‘ S-Eq‘J qj SAtEue— score
N o~
: . a9,
. N =_J
qJ J q ] N
$ 2
EAP rxx = = true- SCOI”E >
S true score +S error
1PL 3PL
1PL 3PL 1PL 3PL
4.1 4.2
4.1
IRT 0.00 0.00
4-1 4-2
4-1 1PL
1PL 4-1 /
/
4-1 1PL .

73 -.751 1.290 2.076 -4.126
25 -.653 1.093 1.235 -3.104
20 -1.055 1.139 .719 -3.322
29 -1.078 .987 .710 -3.268
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4-2 3PL
73 -.139 1.802 | 9597 |-4.979
25 -.351 1319 | 2269 |-4.920
20 - 579 1212 | 1697 |-2.452
29 -.664 1.051 |1.658 |-2.481
4-1 4-2 3PL
4-1
4-2 3PL
4-3 3PL G
73 165 .089 394 026
25 112 075 287 016
20 155 .094 350 .050
29 149 .088 355 023
4-4 3PL
73 1.293 627 3253 |.120
25 1.071 1569 |6.382 |.255
20 1.747 851 4133 | .705
29 1.594 681 3613 |.708
45 1PL 3PL
.800 871 935 935

24




1PL 3PL 1PL 3PL | 1PL 3PL -1PL

1.000
1PL

0.983 1.0000
3PL

0.917 0.934 1.0000
1PL

0.916 0.949 0.985 1.000
3PL
1PL | 0.882 0.896 0.957 0.939 1.000
3PL | 0.884 0.918 0.943 0.960 0.975 | 1.000

0.885 0.863 0.806 0.806 0.692 | 0.704 1.000
1PL

0.858 0.860 0.813 0.821 0.688 | 0.702 0.951
3PL
4-5 4-6 3PL 1PL
4-5 1PL  3PL

.95 4-6

1PL

4-6 .70
4-7 1PL

.893 .763 .766 .828
4-8 3PL

919 .813 814 .859

4-7 4-8 3PL 1PL

25

1PL




4.2

4-9 4-10
49 b 4-1 1PL
27 3PL 1.020
4-9 1PL b
71 521 1356 | 3.52 318
27 273 1651 | 4.16 ~3.39
20 773 841 416 2.414
29 ~499 986 1239 | -2528
4-10 3PL b
71 242 1969 | 8668 |-3.747
27 1020 | 2277 |8472 |-3.738
20 231 1.003 | 1557 | -2.126
29 038 1021 | 1.757 | -2.156
4-11 3PL G
71 150 1091 442 035
27 139 077 384 051
20 163 103 346 024
29 161 104 422 021
4-12 3PL &
71 1.215 573 2.765 087
27 1.081 739 2.873 135
20 1.650 615 2.736 698
29 1.549 536 2.633 478
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4-13 1PL 3PL
783 750 954 952
4-13 1PL 3PL
1PL  3PL 121
3PL a ¢ b
b
4-14
1PL 3PL 1PL 3pPL | 1PL 3PL -1PL
1.000
1PL
985 1.000
3PL
927 937 1.000
1PL
921 951 082 1.000
3PL
1PL | .894 911 954 947 1.000
3PL | .891 925 942 967 979 1.000
869 824 804 785 682 689 | 1.000
1PL
846 835 829 825 685 695 | .934
3PL
934 414 3PL
1PL 1PL  3PL 93
1PL 3PL

27
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4-15 1PL

.884 .675 781 .829
4-16 3PL
911 .738 822 .860
4-15 4-16
3PL
1PL  3PL
41 4.2 1PL
IRT
(chi-sgquare)
3PL 1PL
3PL
IRT 1PL  3PL

normal distribution Z

28




3PL

4.3

4-10

100

23
100
298.9
100

100

1PL

3PL
3PL

298.9

-1.0

100

3PL
500

1PL

3PL IRT

-1.0

29

1PL
1000 14
100
3PL

3PL

.50
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curvilinear

4-15
4-17
50
=1 4.3
0
0
0
0
0
8
0

prb3pm038
C>theta3p

Os_jtm8
theta3p

3.000D. 000D. 0000000D. 0O00M. 000N. 00O00O0
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prb3pso08
C>theta3p

Os_jtsB
theta3p
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5.2
5.3

DIF:

item functioning

2000
DIF
DIF

internal validity

internal validity

(DIF) 2

DIF

54

DIF

content validity

5.1

DIF differentia

UNESCO,

DIF



fixed-effects model

robust variance clustering effect
j DIF
DIF
Yijk:boj +b1j(gir|)i U T € >1
Yijk K [ ] 1 0 Yijk
0 1 logistic regression
logit b, ] j+1
, 2002
OLS
robust
Yi=1
1
(girhik=1 (girhik =
O ujk e|jk
by, ] predicted
probability b;
blj le
bl] blj
by,
DIF
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13 .10
12

UNESCO, 2000
DIF

42
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5.2
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Ability scores are transformed to have a mean of zero and a standard deviation of 1.
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The total test information for a specific scale score is read from the left vertical axis.
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The total test information for a specific scale score is read from the left vertical axis.
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The total test information for a specific scale score is read from the left vertical axis.

The standard error for a specific scale score is read from the right vertical axis.

211
1.69
- @
S F1.27 2
- o
©
£ el
= m
£ F0.84 3
0.42
0
4
Scale Score
Test information curve: solid line Standard error curve: dotted line

-26 1PL

74




! Lo
11111

Matrix Plot of Item Characteristic Curves




IRT 1P

1.95187 o
o
o
o
o
] o
o
o
o
o
o
o
_ o
o
o
o
o
o
o
o
o
_ o
o
o
o
o
o
o]
-3.16163 | ©
T T T T T
1 29
-28 1PL r=.992

76



Frequency

2500

2000

1500

1000

500

Gaussian Fit to Ability Scores for Group: 1

Ability

Histogram of abilities
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JRALL FORM: 1

The total test information for a specific scale score is read from the left vertical axis.

The standard error for a specific scale score is read from the right vertical axis.
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The total test information for a specific scale score is read from the left vertical axis.

The standard error for a specific scale score is read from the right vertical axis.
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The total test information for a specific scale score is read from the left vertical axis.
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JRALL FORM: 1

The standard error for a specific scale score is read from the right vertical axis.

The total test information for a specific scale score is read from the left vertical axis.
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The standard error for a specific scale score is read from the right vertical axis.
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The standard error for a specific scale score is read from the right vertical axis.

The total test information for a specific scale score is read from the left vertical axis.
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The standard error for a specific scale score is read from the right vertical axis.

The total test information for a specific scale score is read from the left vertical axis.

6 1.43

5

] r1.15

4]
c ] @
s 086 8
b= o
= ]
= 9 2
o ] m
= ] F0.57 3

5] S

] L0.29

1_

0 LS S m S e S N R e e m p S e e p e S S e e e s m p ey e e e e e m 0

-4 -3 -2 -1 0 1 2 3 4

Scale Score
Test information curve: solid line Standard error curve: dotted line

-26 1PL

101




' Lo
11111




2.39294 °
o
o
o
o]
— o
[o]
o
o
o]
o
o
o
— o
o
o (o]
— o
o
& o
- o]
o]
o
n [o]
(o]
o
o
o
o
-2.78882 - ©
] I I I |
1 29
-28 1PL r=.997
Gaussian Fit to Ability Scores for Group: 1
>
o
c
()
>
(o
o
LL

Ability

Histogram of abilities
Ability scores are transformed to have a mean of zero and a standard deviation of 1.
The area under the bell-shaped curve equals the total area of the histogram.

-29 3PL

103




JRALL FORM: 1

The total test information for a specific scale score is read from the left vertical axis.

The standard error for a specific scale score is read from the right vertical axis.
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