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Figure A1. Option response functions for the 20 GRM items in simulation 1 and for the equivalent 

NRM items used in simulation 2. 
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Figure A2. Identical to Fig. 11, but using NRM data from simulation 2. 
 
 

 
 
Figure A3. Identical to Fig. 11, but using GRM data from simulation 3. 

(a) Response distribution

Item 15

1 2 3 4 5
   0

 100

 200

 300

 400

 500

11 5

88
149

247

F
re

qu
en

cy

(b) True NRM

-4 -2 0 2 4
P

ro
ba

bi
lit

y
0.0

0.2

0.4

0.6

0.8

1.0

(c) Estimated GRM

bk
-2.33
-2.12
-0.81
0.16

-4 -2 0 2 4

(d) Estimated GPCM

τk
-1.82
-4.61
-1.25
0.23

-4 -2 0 2 4

(e) Estimated NRM
ak ck

-2.80 -3.67
-1.53 -2.66
-0.56 1.17
1.35 2.63
3.54 2.53

-4 -2 0 2 4

Item 18

1 2 3 4 5
   0

 100

 200

 300

 400

 500

132 123
57 85 103

F
re

qu
en

cy

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

bk
-0.64
0.17
0.53
1.17

-4 -2 0 2 4

τk
-0.32
0.87
0.22
1.00

-4 -2 0 2 4

ak ck

-2.47 0.25
-0.99 0.83
0.24 -0.05
0.82 0.10
2.40 -1.13

-4 -2 0 2 4

Item 8

1 2 3 4 5
   0

 100

 200

 300

 400

 500

6 3
59 63

369

F
re

qu
en

cy

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

bk
-2.69
-2.48
-1.16
-0.60

-4 -2 0 2 4

τk
-2.00
-4.93
-1.19
-1.64

-4 -2 0 2 4

ak ck

-1.99 -3.36
-2.08 -4.21
-0.43 1.01
1.26 2.36
3.25 4.20

-4 -2 0 2 4

Item 20

1 2 3 4 5
   0

 100

 200

 300

 400

 500
402

56
17 12 13

F
re

qu
en

cy

Response category
-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

Trait, θ

bk
1.11
1.71
2.02
2.38

-4 -2 0 2 4

Trait, θ

τk
3.28
4.31
4.38
4.74

-4 -2 0 2 4

Trait, θ

ak ck

-3.95 6.19
-0.82 2.36
-0.41 0.67
1.97 -3.39
3.21 -5.83

-4 -2 0 2 4

Trait, θ

(a) Response distribution

Item 2

1 2 3 4 5
   0

 100

 200

 300

 400

226

104 106
47

17

F
re

qu
en

cy

(b) True GRM

bk
-0.26
0.40
1.31
2.13

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

(c) Estimated GRM

bk
-0.98
-0.36
0.53
1.30

-4 -2 0 2 4

(d) Estimated GPCM

τk
-2.10
-1.25
1.08
2.57

-4 -2 0 2 4

(e) Estimated NRM
ak ck

-4.96 -1.42
-1.99 1.00
0.12 1.87
2.81 0.32
4.01 -1.77

-4 -2 0 2 4

Item 11

1 2 3 4 5
   0

 100

 200

 300

 400

252

125
90

29
4

F
re

qu
en

cy bk
-0.04
0.69
1.65
2.58

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

bk
-0.82
0.05
1.10
2.25

-4 -2 0 2 4

τk
-1.08
-0.22
1.60
3.44

-4 -2 0 2 4

ak ck

-3.08 0.17
-1.04 1.40
0.46 1.36
1.65 -0.32
2.00 -2.62

-4 -2 0 2 4

Item 20

1 2 3 4 5
   0

 100

 200

 300

 400

235

145
90

22 8

F
re

qu
en

cy bk
-0.02
0.87
1.86
2.83

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

bk
-0.92
0.15
1.25
2.04

-4 -2 0 2 4

τk
-1.15
-0.07
1.77
2.16

-4 -2 0 2 4

ak ck

-2.84 -0.11
-0.76 1.43
0.67 1.18
0.74 -0.24
2.19 -2.27

-4 -2 0 2 4

Item 27

1 2 3 4 5
   0

 100

 200

 300

 400
301

111
63

22 3

F
re

qu
en

cy

Response category

bk
0.19
1.01
2.01
3.13

-4 -2 0 2 4

P
ro

ba
bi

lit
y

0.0

0.2

0.4

0.6

0.8

1.0

Trait, θ

bk
-0.52
0.38
1.31
2.48

-4 -2 0 2 4

Trait, θ

τk
-0.64
0.33
1.83
3.83

-4 -2 0 2 4

Trait, θ

ak ck

-3.10 1.05
-1.10 1.66
0.63 1.03
1.47 -0.53
2.11 -3.20

-4 -2 0 2 4

Trait, θ



 - 4 - 

 

 
 
Figure A4. Option response functions for the 20 GRM items in simulation 1 and for the equivalent 

GPCM items. 
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Figure A5. Option response functions for the items used in the simulations of Fig. 15 with the 

original 4-category scale and the collapsed 3-category scale. 
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