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Classical Test Theory (CTT)

•
• :
• CTT
•

–
–
–
–

(data matrix)

Xij i j item response
I sample size
J: number of items/variables

Sub. Item 1 2 … j … J
1 X11 X12 … X1j … X1J
2 X21 X22 … X2j … X2J

i Xi1 Xi2 … Xij … XiJ

I XI1 XI2 … XIj … XIJ

(missing indicator matrix)
Sub. Item 1 2 … j … J

1 Z11 Z12 … Z1j … Z1J
2 Z21 Z22 … Z2j … Z2J

i Zi1 Zi2 … Zij … ZiJ

I ZI1 ZI2 … ZIj … ZIJ
Zij i j missing indicator

1 0 2
(binary data/dichotomous data)
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• Z score
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• Number of correct responses (sum)
•
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• Correct response rate (mean)
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• Threshold
•
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• (0 1 2 3)
• pjk (0.2 0.4 0.3 0.1)
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• Standard deviation (SD)
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• Item entropy
• Kj j
• Pk: k
• [0, Log2Kj]

•
• 0

• SD
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• Item total correlation
• [ 1, 1]: 1
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Observation total correlation
[ 1, 1]: 1

vice versa

Sub. Item 1 2 … j … J t Rem.
1 X11 X12 … X1j … X1J t1 t1 X12
2 X21 X22 … X2j … X2J t2 t2 X22

i Xi1 Xi2 … Xij … XiJ ti ti Xi2

I XI1 XI2 … XIj … XIJ tI tI XI2

IR

• Item remainder correlation
• [ 1, 1]: 1

vice versa
• IT

• Item total biserial correlation
• 2
• 2
• IT
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• Item total polyserial correlation
•
• 2
• IT
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• Inter item tetrachoric correlation
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• Inter item polychoric correlation
•
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Cronbach (1)

•
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– 2 Kuder Richardson 20 (KR20)
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Cronbach (2)

• (weakly parallel)
– 1 1/n

Cronbach (3)
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McDonald (1)
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McDonald (2)

• (weakly congeneric)
– 1
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SKIP (2)

•

–
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•
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• G (generalizability study)
–

• D (decision study)
– G

SKIP

• Item response theory (IRT)
•

– TOEFL
– TOEIC
–
–
–

IRT
• (parametric)
•

•

– (item response function)
– (test response function)
– (information function)

– 2 IRT

(latent scale)
• (theta)

–
–
–

•
•
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2
2 parameter logistic (2PL) model

• A slope parameter
• B location parameter

3
3 parameter logistic (3PL) model

• C
• lo� er asymptote parameter

4
4 parameter logistic (4PL) model

• D
• upper asymptote parameter

5
5 parameter logistic (5PL) model

• E asymmetry parameter

qPL q 1PL

• 5PL

• E�1.0 5PL 4PL

• D�1.0 4PL 3PL

• C�0.0 3PL 2PL

• 2PL

• 3PL

• 4PL

• 5PL

Test Response Function (TRF)
•

(Item Information Function�IIF)
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Test Information Function (TIF)

•
•

�0.4 SE
0.333

IRF
IIF

IRT

• (unidimensionality)
–
–
–
–

• (local independence)
–
– IRT

(assumption of local independence)

• i

•
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•
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• N 1 500 2 1000 3
5000

– N�500 3
– Lord N�1000 3
– SE� 100

•
–
– 1
–
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• polytomous data�polychotomous data
• 2

•
•
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•
– A1 73kg
– fW(A1)=73

• fW (A1) 74
• fW (A1) 72

•
– B1 73
– fT(B1)=73

• fT(B1) 74 ?
• fT(B1) 72 ?

accuracy discrimination

•
– A1 73kg
– A2 75kg

• fW(A1)<fW (A2)

•
– B1 73
– B2 75

• fT(B1)<fT (B2) ?

resolution

•
– A1 73kg
– A2 75kg
– A3

•
– B1 73
– B2 75
– B3kg T
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Examinee 5

(ATRISCAL)
Asymmetric Triangulation Scaling

•
•
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• LRT
•
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•
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Item Category Reference Profile
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• (item reference profile)
– ICRP IRP

• (test reference profile)
– IRP 2
–

• Rank membership profile
– 2

• Rank membership distribution
–
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• LRT
•

–
–
–
–
–
–
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Boundary Category Reference Profile
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• (item reference profile)
– BCRP
–

• (test reference profile)
– IRP 2
–

• Rank membership profile
– 2

• Rank membership distribution
–

SKIP

Exametrika

SKIP

Exametrika
• LRT GTM

– generative topographic mapping
–
– 3000

• LRT SOM
– Self organizing map
–
– 3000
– GTM IRP

• (Number of latent ranks)
– N

SKIP Exametrika
• (monotonicity constraint)

– IRP ICRP
BCRP

• (prior distribution)
–
– Ver. 5.3

• (target latent rank dist.)
–
–

SKIP

Exametrika
• 2

– IRP

•
– ICRP

•
–
–

SKIP

• Chi square (df, p value)
• NFI (normed fit index): [0, 1] 1.0
• RFI (relative fit index) : [0, 1] 1.0
• IFI (incremental fit index) : [0, 1] 1.0
• TLI (Tucker Lewis index) : [0, 1] 1.0
• CFI (comparative fit index) : [0, 1] 1.0
• RMSEA (root mean square error of
approxima on) : [0, ] 0.0

SKIP



• AIC (Akaike information criterion)
• CAIC (consistent AIC)
• BIC (Bayesian information criterion)
•

– LRT

•
• DF
• AIC
• CAIC BIC

SKIP

• LRT
–
–
–

•
–

• Shojima (2011) , 
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Latent Rank Scale
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Item 1 Item 2
0 0.038
1 0.730

Item 1 Item 2
0 0.033
1 0.561

Item 1 Item 2
0 0.029
1 0.431

2

1
R1

3

2

1
R3

3

2

1
R2

3
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Item 4 5 Item 6
0 0 0.005
0 1 0.101
1 0 0.020
1 1 0.697

6

4
R4

7

5

Item 4 5 Item 6
0 0 0.008
0 1 0.123
1 0 0.038
1 1 0.799
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