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1.1 Parameter Recovery

We calculated the mean bias to describe the discrepancies between the sample estimates and
the corresponding population values. It is defined as the average deviation of the sample
estimate from the corresponding population value:
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where 431,, is the sample estimate of population parameter p for the rth replication, ¢, is
the corresponding population value of parameter p, and n,,, is the number of replications

Root mean squared error (RMSE) was calculated to aggregate information on bias and
variability into a single measure and is defined as
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The RMSE is equal to the square root of the squared bias plus the variance of the esti-
mates across replications. Small RMSE values indicate that there is only a small or no bias
and the estimates do not vary strongly across replications.

Mean bias and RMSE were calculated for all parameter types separately. Note that
mean bias and RMSE are unstandardized measures and can as such not be compared across
parameter types.
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Table 1.1. Mean bias of person parameter variances

pP-n N K  Omitted var(7) var(&) var(n)

0 % 0.00 0.77 0.13
35 17% 000 057 008

0 5% 0.0 0.93 0.05
S 17%_ 000 ( 0.28 0.06_

Pn= o 3% 0.00 0.52 0.05
750 - - _ 17% 000 021 0.03

0 5% 0.00 0.47 0.04

17% 0.00 0.25 0.04
’77””””16"57% 777777 000 083  -004
375 17% 000 047 001

0 5% 0.00 0.69 0.04
LO o 17% 0.00 037 002

P o 3% 20.00 0.23 20.01
750 - - _ 17% 000 021 0.00

0 5% 0.00 0.19 0.01

17% 0.00 0.16 0.01

Note: T: speed; &: omission propensity; n: omission speed; p, =0
and p  # 0 denote whether omission speed is uncorrelated or corre-
lated with ability, speed, and omission propensity; N: number of ex-
aminees; K: number of items. Ability variance var(0) was set to unity

for model identification.

Table 1.2. RMSE of person parameter variances

pP-n N K  Omitted var(7) var(&) var(n)

0 5% 0.01 177 032
375 17% 001 120 0.18

0 3% 0.01 132 0.22
0. 17% 002 075 0.12

Pn= o 3% 0.01 1,15 0.18
750 - _ 17% 001 070 0.10

0 3% 0.01 0387 0.13

17% 0.01 0.61 0.09
T e 000 180 T 026
375 17% 002 111 0.18

0 3% 0.02 121 0.19
0. 17% 002 0.76 0.14

pn 7 o 5% 0.01 0.83 0.19
250 17% 001 066 011

0 3% 0.01 085 0.15

17% 0.01 0.59 0.10

Note: t: speed; &: omission propensity; 1): omission speed; p., =0
and p. # 0 denote whether omission speed is uncorrelated or corre-
lated with ability, speed, and omission propensity; N: number of ex-
aminees; K: number of items. Ability variance var(0) was set to unity

for model identification.
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Table 1.3. Mean bias of person parameter correlations

0 % 0.00 0.02 0.02 -0.01 -0.01 -0.04
375 - 7% 0.00 0.00 001~ -001 001 1 0.01

0 3% -0.01 0.00 0.00 0.01 0.00 0.01
0 e 7% | 0.00 0.00 001 000 -0.00 0.00

P o % 0.00 0.00 0.01 2001 0.00 0.00
750 - - 7% 0.00 0.01  -0.01 000 000 1 0.00

20 % 0.00 0.01 0.00 0.00 0.01 0.00

17% 0.00 -0.01 0.01 0.00 0.00 -0.02
R i(; 5% 0.00 0.02 004  -001  -001  -006
375 - - 7% 0.01 0.0 001 -002  -002 001

0 3% -0.01 -0.01 0.00 0.00 0.00 20.01
L0 e 7% 001 - 0oL 000 000 000 001

P o % 0.00 0.00 0.00 0.00 -0.01 -0.03
750 - - 7% 0.00 0.00 001 000 -001 1 0.00

20 5% 0.00 0.00 0.00 0.00 0.00 20.01

17% 0.00 -0.01 0.00 0.00 0.00 0.00

Note: 0: ability; 7: speed; &: omission propensity; 11: omission speed; p., =0 and p ., 7 0 denote whether
omission speed is uncorrelated or correlated with ability, speed, and omission propensity; N: number of
examinees; K: number of items.

Table 1.4. RMSE of person parameter correlations

0 % 0.05 0.06 0.15 0.07 0.13 0.21
375 - 7% 0.06 0.6 __OIL_ 006 008 | 0.13

0 3% 0.05 0.05 0.11 0.06 0.1 0.14
S0 7% 0.05 0.04 0.08 005 007 0.9

P o0 5% 0.04 0.05 0.12 0.05 0.07 0.14
750 - - 7% 0.04 0.5 007 004 006 | 0.9

0 3% 0.03 0.04 0.09 0.04 0.08 0.11

17% 0.04 0.03 0.06 0.04 0.05 0.07
- i(; 5% 0.06 0.07 011 007 007 0.10
375 - 7% 0.05 0.06 007 005 005 | 0.04

0 3% 0.05 0.05 0.06 0.05 0.05 0.04
L0 i 7% | 0.05 0.04 0.06 005 003 | 0.03

P o 5% 0.04 0.05 0.08 0.05 0.04 0.05
750 - - 7% 0.04 0.4 005 004 004 | 0.03

0 3% 0.04 0.04 0.05 0.04 0.03 0.03

17% 0.04 0.03 0.04 0.04 0.02 0.02

Note: 0: ability; 7: speed; &: omission propensity; 11: omission speed; p , =0 and p., 7 0 denote whether
omission speed is uncorrelated or correlated with ability, speed, and omission propensity; N: number of
examinees; K: number of items.
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Table 1.5. Mean bias for different true values of item discrimination parameters v

Pn N K Omitted True Parameter
0.750 1.125 1.500 1.875 2.205
10 5% 0.05 0.02 0.07 0.10 0.21
375 - 7% 003 007 013 010 024
30 5% 0.06 0.09 0.13 0.17 0.22
0 oo 7% 007 01l | 014 0.18 024
Pn 10 5% 0.01 0.04 0.07 0.07 0.08
750 - - 7% 002 002 004 005 008
30 5% 0.04 0.05 0.06 0.08 0.11
17% 0.04 0.04 0.07 0.09 0.12
’777777777716775%777761%77776Iﬁ7777668777761§7777621777’
375 7% 002 005~ 010 016 050
30 5% 0.06 0.08 0.13 0.16 0.23
20 e 17% 006 011 | 014 020 027
Pn 10 5% 0.01 0.03 0.07 0.08 0.05
750 - - 7% 003 005 005 008 = 009
30 5% 0.03 0.04 0.06 0.07 0.09
17% 0.03 0.04 0.07 0.08 0.12

Note: p.y =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.6. RMSE for different true values of item discrimination parameters v

P N K Omitted True Parameter
0.750 1.125 1.500 1.875 2.250

10 5% 0.16 0.19 0.29 0.38 0.45
375 - 7% 015 023 032 03 = 047

30 5% 0.15 0.25 0.23 0.30 0.35
S0 7% 01y 02 0.30 ¢ 0.31 043

Pn 10 5% 0.11 0.14 0.18 0.20 0.31
750 7% 016 017 018 024 032

30 5% 0.11 0.15 0.18 0.17 0.27

17% 0.12 0.15 0.17 0.24 0.25
’777777777716775%77776?37777621777763677776337777636777’
375 - - 7% 021 020 029 038 = 053

30 5% 0.18 0.20 0.25 0.32 0.37
L0 o 7% 019 023 | 027 038 046

Pn 10 5% 0.13 0.16 0.18 0.22 0.29
750 - 7% o1t 017 017 028 = 027

30 5% 0.11 0.14 0.16 0.17 0.27

17% 0.13 0.13 0.17 0.20 0.24

Note: pp =0and p .y # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.
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Table 1.7. Mean bias for different true values of item difficulty parameters b

Pon N K Omitted True Parameter

—1.00 —0.50 0.00 0.50 1.00

10 5% -0.01 0.01 0.02 0.05 0.09
375 .- 7% 003 002 003 005 004

30 5% -0.02 -0.01 0.00 0.01 0.03
0 o 17%  -003 001 000 ( 0.01 003

Pn 10 5% 0.00 0.00 0.00 0.00 0.02
750 - - - - 7% 001 002 001 002 003

30 5% -0.02 -0.01 -0.01 0.00 0.01

17% -0.02 -0.01 0.00 0.01 0.01
’777777777716775%7777166577716657776b§77776637777166f77’
375 - 7% 005 003 000 000 002

30 5% -0.01 0.00 0.01 0.03 0.03
20 o 7% 002 000 0.00 ¢ 0.03 003

Pn 10 5% -0.02 -0.01 0.00 0.00 0.02
750 - - - - 7% 001 002~ 000 000 000

30 5% -0.02 -0.01 -0.02 0.00 0.00

17% -0.02 -0.01 0.00 0.00 0.01

Note: p.y =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.8. RMSE for different true values of item difficulty parameters b

Pn N K Omitted True Parameter

—1.00 —0.50 0.00 0.50 1.00

10 5% 0.16 0.18 0.16 0.15 0.26
375 - - - 7% 024 018 017 024 = 021

30 5% 0.18 0.16 0.16 0.16 0.18
B 7% __ 017 0l7 | 018 ¢ 016 020

Pn 10 5% 0.10 0.13 0.08 0.12 0.14
750 - - - - 7% 014 012 012 012 015

30 5% 0.12 0.11 0.10 0.13 0.12

17% 0.13 0.12 0.13 0.12 0.13
’777777777716775%77776]97777blé77776167777616777761§777’
375 - - 7% 019 018 017 017 017

30 5% 0.17 0.14 0.16 0.16 0.19
0 o 7% 016 017 | 018 ¢ 018 020

P o 5% 0.1 0.10 0.12 0.12 0.12
750 - - - - 7% 016 013 012 015~ 0l6

30 5% 0.12 0.12 0.12 0.11 0.12

17% 0.12 0.11 0.10 0.12 0.12

Note: p.y =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.
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Table 1.9. Mean bias for different true values of time intensity parameters 3

Pon N K  Omitted True Parameter

3.50 3.75 4.00 4.25 4.50

10 5% 0.00 0.00 0.00 0.00 0.00
375 - - 7% 000 000 000 000 000

30 5% 0.00 0.00 0.00 0.00 0.00
S0 oo 17% 000 000 | 0.00 ¢ 0.00 000

Pn 10 5% 0.00 0.00 0.00 0.00 0.00
750 - - - - 7% 0ot 000 000 001  -001

30 5% 0.00 0.00 0.00 0.00 0.00

17% 0.00 0.00 0.00 0.00 0.00
’777777777716775%777761@777761@77776@677776667777666777’
375 - - 7% 000 000 000 000 000

30 5% 0.00 0.00 0.00 0.00 0.00
2O 7% 000 000 0.00 ¢ 0.00 000

P 10 5% 0.00 0.00 0.00 0.00 0.00
750 - - - - 7% 000 000 000 000 000

30 5% 0.00 0.00 0.00 0.00 0.00

17% 0.00 0.00 0.00 0.00 0.00

Note: p. =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.10. RMSE for different true values of time intensity parameters 3

Pon N K  Omitted True Parameter

3.50 3.75 4.00 4.25 4.50

10 5% 0.04 0.03 0.03 0.03 0.03
375 17% 002 003 003 003 003

30 5% 0.03 0.03 0.03 0.03 0.03
0 e 7% 003 003 | 003 003 003

P o 5% 0.02 0.02 0.02 0.02 0.02
750 . _ 7% 002 002 002 002 002

30 5% 0.02 0.02 0.03 0.02 0.03

17% 0.02 0.02 0.02 0.02 0.02
7777777777716775%777761B777766277776@377776637777663777’
375 7% 003 003 003 004 003

30 5% 0.03 0.03 0.03 0.03 0.03
L0 o 17% 004 003 003 003 003

P-n 10 5% 0.02 0.01 0.02 0.02 0.02
750 . _ 17% 002 002 002 002 002

30 5% 0.02 0.02 0.02 0.02 0.02

17% 0.02 0.02 0.02 0.02 0.02

Note: p =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.
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Table 1.12. RMSE for different true values of omission difficulty parameters a

Pon N K  Omitted True Parameter
200 250 3.00 350 425 450 475 525 575 6.25
10 5% 0.40 048 049 055 061
375 - 7% 021 024 027 028 033
30 5% 0.35 038 046 049 0.61
0 7% 022 022 023 026 02
Pn 10 5% 0.30 034 036 039 046
750 - - - 17% __016 017 017 013 022
30 5% 0.23 025 029 030 0.37
17% 0.15 0.16 0.17 0.18 0.22
}11111&1@\“ ““““““““““““ 046 054 053 064 075
375 - 7% 026027 030 029 038
30 5% 0.34 036 041 050 058
40 e 7% 020 022 024 025 0
Pn 10 5% 0.23 025 031 029 0.39
750 - - - 7% 0.8 007 020 018 024
30 5% 0.23 026 029 033 0.39
17% 0.15 0.16 0.16 0.18 0.21

Note: Since omission difficulties were varied in order to yield different omission rates, different values were con-
sidered for conditions omission rates of 5% and 17%. py = 0 and p, # 0 denote whether omission speed is
uncorrelated or correlated with ability, speed, and omission propensity; N: number of examinees; K: number of
items.
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Table 1.13. Mean bias for different true values of omission time intensity parameters &

o N K  Omitted True Parameter

3.50 3.75 4.00 4.25 4.50

10 5% -0.05 -0.05 -0.06 -0.04 -0.05
375 - - 7% 000 002~ 000 000 001

30 5% 0.01 0.02 0.01 0.01 0.00
S0 oo 17% __ -001 000 001 000 000

Pn 10 5% 0.02 -0.01 0.01 -0.01 0.00
750 - - - - 7% 000 001~ -001 000 -001

30 5% 0.01 0.01 0.01 0.01 0.01

17% -0.01 -0.01 -0.01 0.00 -0.01
’777777777716775%7777idif77716157771666777166677716ﬂf77’
375 - - 7% 001 000 -00L 000 000

30 5% 0.00 -0.03 -0.03 -0.01 -0.01
L0 7% 001 001~ -001 ~ -00L 001

P 10 5% -0.04 -0.03 -0.04 -0.02 -0.04
750 - - - - 7% 000 000 000 000 000

30 5% 0.00 0.00 0.00 0.00 0.00

17% -0.01 0.00 0.00 -0.01 0.00

Note: p. =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.14. RMSE for different true values of omission time intensity parameters 6

Pon N K Omitted True Parameter

3.50 3.75 4.00 4.25 4.50

10 5% 0.37 0.33 0.37 0.32 0.31
375 - - 7% 0l7 . 017 015 020 018

30 5% 0.27 0.22 0.25 0.27 0.26
0 oo 7% 013 013 013 011 01l

Pn 10 5% 0.24 0.22 0.25 0.27 0.22
750 - - 7% 010 010 009 010 009

30 5% 0.17 0.17 0.17 0.17 0.18

17% 0.09 0.09 0.08 0.08 0.07
’777777777716775%77776317777633777763277776317777637777’
375 - 7% 016 01l 014 013 011

30 5% 0.22 0.21 0.21 0.19 0.20
L0 o 17% 010 01l | 012 0.10 Ol

Pn 10 5% 0.18 0.20 0.19 0.21 0.18
750 - - 7% 011 008 010 008 009

30 5% 0.13 0.13 0.14 0.16 0.14

17% 0.08 0.08 0.08 0.07 0.07

Note: pn =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.
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Table 1.15. Mean bias for different true values of time discrimination parameters o

Pn N K Omitted True Parameter

2.00 2.75 3.50 4.25 5.00

10 5% 0.01 -0.01 -0.03 0.00 0.02
375 - 7% 001 000~ -001 000 002

30 5% -0.01 0.00 0.00 0.00 -0.01
0 oo 7% -000 000 | 0.00 0.0 000

Pn 10 5% 0.00 -0.01 -0.01 0.01 0.00
750 - - 7% 000 -0.0L 001 001~ -001

30 5% 0.00 -0.01 -0.01 0.00 0.00

17% -0.01 0.00 0.00 -0.01 0.00
’777777777716775%7777166f777166f777166i7776617777?66f77’
375 7% 001 001 001~ -002 002

30 5% -0.01 -0.01 0.00 -0.01 -0.01
20 e 17% 000 000 001 -001 001

Pn 10 5% 0.00 -0.01 0.00 0.03 0.01
750 - - 7% 000 000 000 -002 000

30 5% 0.00 0.00 0.00 -0.01 -0.01

17% 0.00 0.00 0.00 0.00 0.00

Note: p.y =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.16. RMSE for different true values of time discrimination parameters o

P N K Omitted True Parameter

2.00 2.75 3.50 4.25 5.00

10 5% 0.07 0.12 0.14 0.16 0.20
375 7% 010 010 016 019 = 027

30 5% 0.08 0.11 0.14 0.16 0.20
0 7% 008 012 | 0.15 018 023

P o0 5% 0.06 0.08 0.11 0.11 0.17
750 . _ 7% 007 007 01l 018 013

30 5% 0.05 0.08 0.10 0.10 0.13

17% 0.05 0.07 0.10 0.14 0.16
’777777777716775%7777biﬁ7777bb§777761877776177777633777’
375 17% 008 014 014 019 025

30 5% 0.07 0.11 0.14 0.17 0.20
L0 o 17% 009 011 0.15 018 022

P-n 10 5% 0.06 0.08 0.10 0.13 0.17
750 - - - _ 17% 006 008 011 013 0I5

30 5% 0.05 0.08 0.08 0.12 0.14

17% 0.06 0.08 0.10 0.13 0.18

Note: pp =0and p .y # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

10
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Table 1.17. Mean bias for different true values of omission time discrimination
parameters @

Pon N K Omitted True Parameter
1.000 1.625 2.250 2.875 3.500
10 5% -0.05 -0.04 -0.07 -0.02 -0.13
375 - - 7% 000 002~ =003 000 001
30 5% -0.05 -0.05 -0.08 -0.12 -0.16
0 o 7% 000 001 002~ -003 002
P 10 5% -0.01 0.00 0.06 0.04 -0.07
750 - - - - 7% 000 001~ -00L ~ -002 002
30 5% -0.02 -0.02 -0.03 -0.04 -0.05
17% 0.00 0.00 -0.02 -0.01 -0.01
’777777777716775%77771667777166§77716@5777666777716§f77’
375 - - 7% 0ot 00l =002 002~ -002
30 5% -0.05 -0.04 -0.10 -0.06 -0.15
Y 7% 001 -001 ~ -003 ~ -001 ~ -001
Pn 10 5% -0.03 -0.03 -0.03 0.07 0.16
750 - - - - 7% 001 000 001 002 001
30 5% -0.02 -0.01 -0.03 -0.03 -0.04
17% 0.00 -0.01 -0.01 -0.02 -0.02

Note: p =0 and p  # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

Table 1.18. RMSE for different true values of omission time discrimination parameters @

Pon N K  Omitted True Parameter
1.000 1.625 2.250 2.875 3.500

10 5% 0.20 0.42 1.05 0.88 1.29
375 .- 7% 009 019 029 042 050

30 5% 0.23 0.47 0.58 0.85 1.14
0 oo 17% 010 019 | 027 ¢ 035 045

Pn 10 5% 0.12 0.43 0.60 0.63 1.05
750 - - - - 7% 007 016 021 028 = 046

30 5% 0.19 0.26 0.33 0.47 0.79

17% 0.08 0.11 0.19 0.26 0.30
’777777777716775%77776337777636777765977776997777137777’
375 - 7% 012 024 026 043 054

30 5% 0.24 0.40 0.79 0.92 0.95
20 7% 009 025 | 024 ¢ 034 045

P 10 5% 0.15 0.29 0.55 0.88 2.30
750 - - - - 17% __007 013 018 036 029

30 5% 0.16 0.28 0.39 0.47 0.63

17% 0.08 0.12 0.16 0.25 0.29

Note: p. =0 and p 5 # 0 denote whether omission speed is uncorrelated or correlated with
ability, speed, and omission propensity; N: number of examinees; K: number of items.

11
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1.2 Posterior Predictive Checks for the Empirical Example
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Figure 1.1. Posterior predictive probabilities correct for 30 random draws from
the posterior distribution as a function of observed sum scores for nine numeracy
items from PIAAC 2012. The simulated probabilities correct are superimposed on
observed proportions given by black dots.
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Figure 1.2.
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SUPPLEMENTARIES
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Figure 1.3. Posterior predictive distributions of observed response times for 30
random draws from the posterior distribution for nine numeracy items from PI-
AAC 2012. The simulated distributions are superimposed on histograms of ob-

served response times.
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Figure 1.4. Posterior predictive distributions of observed nonresponse times for
30 random draws from the posterior distribution for nine numeracy items from
PIAAC 2012. The simulated distributions are superimposed on histograms of ob-

served nonresponse times.
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