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Stevens, S. S. (1951). Mathematics, measurement,
and sychophysics. In S. S. Stevens (ed.).
Handbook of experimental psychology.

(pp. 1-49). New York: John Wiley & Sons, Inc.

The stature of a science is commonly measured
by the degree to which it makes use of mathematics.

(p. 1)

Before the paraphernalia of mathematics can be
of use to psychology, we must devise scales
of measurement. (p. 21)



R. Levy & R. J. Mislevy (2016)
Bayesian Psychometric Modeling.
Boca Raton: CRC Press

Psychometrics concerns
the principles and practices
of reasoning in assessment.

(p. xix)
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0.9 0.1
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FEXGE 0.1 0.9

0.1 X0.99=0.099 0.9x0.99=0.891 0.99
0.0094+0.099=0.108 0.001 +0.891=0.892
R A X3k

P(8,x) = P(x|0)P(O)
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Wy~ Wps wcti\ j]j_.-:“UA,B,Ca)§§1ta)ﬁE%§—a-o
Q1-0 Q1-1 Q2-0 Q2-1 Q3-0 Q3-1 Q4-0 Q4-1 Q5-0 Qb-1

-0.408 -0.707 -0.619 -0.532 -0.349 0.738 -0.099 0.810 0.801 -0.160
0.816 0.000 0.771 -0.2/0 0.814 -0.067 0.7/51 -0.320 -0.539 -0.614

C -0.408 0.707 -0.151 0.802 -0.465 -0.67/1 -0.653 -0.491 -0.262 O0.7/3
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Precision, Consistency, Predictive Power

=% X HA
Y. Okamoto (2017).
Three Aspects of Reliability in ltem

HART X b ZEBIbEREHERFRH XD EFE. 152 -155,



(EEE]E

Precision Consistency Predictive
Power



Precision

var(E1BE) _Varo‘,ﬁ\lJ'-':"’a—a,h\%)
Var(/,\J E 'f!é) Var(},\ 'K_'TI_)

Crocker & Algina (1986)
McDonald (1999)
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CorCAIEME — 1, RIEE —

Cronbach (1961)



Predictive Power

RIE REX
Raykov & Marcoulides (2011)

{Cor CRIZE1E, &E18)}°
Lord & Novick (1968)
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DIEFHY Samejima (1994)
(Substantial Science)  Toyoda (1989)
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Dimitrov (2003)
At FHY Kim & Feldt (2010)

Milanzi, Molenberghs,
Alonson, Verbeke &
De Boeck (2014)
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J. Gill (2015) “Bayesian Methods: A social and behavioral sciences
approach, 3rd ed.” p. xxv.
“Bayesian modeling has become standard and
MCMC is well-understood and trusted.”
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Precision

Pv(6,) = 1

p

Vpost(ep):

S 3 DDER S

Vpost(Hp)

Vprior(Hp)

o var(EE) _ Var(GRZE)
" varCAITE(E) T varCBIE(E)

V rim‘(Qp): 9190) SR EN(O 1)0)/\&
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Consistency/Stability

v

\
S(Xf(i)) S(Xl’p(i))
ép HA,p
N/

pa 5, = Cor(6p, bp)



Predictive Power

HASET L

ép = a29p + b2
HIB DR TE R

NN
Ry 0, — {Cor (6. 6p)}

p



vIal—3 kB

P2INTA—R AP RT 4 v ETI

1
1+ exp(—1.7ai(9 — bl))

P(Xlzllg):
Cli:]. bi:O

S(Xp@y) = X1, X}

Prior distribution for 8, ~ N(0, 1)



Precision

0, =-3,-2,-2,0,1,2,3 20 experiments/6,,
M=25
Pv(6,)
@ @ ® @D o
3 2 1 0 1 2 3 Hp

Figure 1. Scattergram of
points (Hp,pv(gp)) forM =5



Precision

0, =-3,-2,-2,0,1,2,3 20 experiments/6,
M =100
i Pv(6,)
. i —
2 g s
EEMEICEH 2 ER @D 0 (i)
15 B #% v
RISHT 3
15 H D %R
(HZE) T 2 5 1 1 1 g

Figure 2. Scattergram of
points (Hp,pv(gp)) for M = 100.



Stability/Consistency

1000 samples: 6, ~N(0,1)
!

M=5]
A / \
2V
0, 0,
r =0.720
B ® 8 ®
B » @« ’/l
gr| o® g ® %« %
‘s ®_® @ & ¢
®_® &8 & & |
Rl ® £ <« »

0, o
Figure 3. Scattergram of (6, 6;)
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Predictive Power
1000 samples: 6, ~N(0,1)
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6
p -
Figure 4. Scattergram of (Hp, Hp).
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