16. PARAMETER ESTIMATION

Parameter estimation for Rasch measurement is usually done by a computer program like
BICAL (Wright & Mead, 1976), BIGSCALE (Wright, Linacre & Schulz, 1990) or BIGSTEPS
(Wright & Linacre, 1997).

The PROX procedure, however, is amethod of estimation so easy to apply thatitis completely
manageable by hand. The simplicity of PROX is useful because it details exactly how the Rasch
model works in practice. PROX accomplishes the primary aims of Rasch item analysis:

1) linearization of item raw scores (P-values) onto an interval scale with relevant errors
of calibrations and

2) adjustment for the sampling effects of person ability.

In so doing, PROX almost always approximates the results obtained by more elaborate
procedures extremely well.

The simplification which enables PROX is to approximate the effects on item calibration of
sample ability with a sample mean and standard deviation and the effects on person measurement of
test item difficulty with a test mean and standard deviation. This simplification makes PROX easy
to apply by hand. Nothing more than the observed distributions of item and persons scores, a hand
calculator and pencil and paper are needed.

PROX is as applicable to large assessment problems like national item banking as it is to
evaluating a small classroom of examinees. The PROX algorithm is the working basis of most
successful computer assisted testing (CAT) programs.

In this chapter we

1) outline the PROX equations, and

2) explain how these equations implement Rasch measurement.

The chapter can be used to guide the user in calibrating items and measuring persons from their
own data. An example worked out in numerical detail can be found in the second chapter of Best Test
Design (Wright & Stone, 1979, pp. 28-45).

THE PROX ESTIMATION EQUATIONS

PROX simplifies the representation of person abilities b, to a normal distribution with sample

mean ability M and sample ability standard deviation O and the representation of item difficulties d,
to a normal distribution with test item mean difficulty H and test item difficulty standard deviation
w.
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When that is done, then the measure b, for person n with person score 7, on a test of L items
becomes

b, =H+Xlog[r,/(L-r,)] 16.1

where

H = mean difficulty of the L items taken,
X = the scaling necessary to adjust for the
difficulty standard deviation w of these L
items, r = the raw test score of person n ,

and the calibration d, for item ; with item score §; from a sample of N persons is

d,=M+Ylog[(N-s)/s] 16.2

where d,=M+Ylog[(N—s))/s]
M = mean ability of the N persons taking the test,
Y = the scaling necessary to adjust for the ability
standard deviation o of these N persons,

s, = the raw sample score of item i.
and X=[1+w/289)]" =[1+w?/58)] 16.3

y=[1+(c/289]" =[1+(c? /58)]. 16.4

The divisor 2.89 = 1.7° comes from the scaling factor 1.7 which, because the logistic ogive for
values of 1.7z, is never more than one percent different from the normal ogive for values of z, brings
the cumulative logistic distribution into approximate coincidence with the cumulative normal
distribution. PROX uses this coincidence to obtain its simplification.

The estimates b, and d, have standard errors
SE(b,)=X[L/r(L-r)]"*=25/L" 16.5

SE(d,)=Y[N/s,(N-5)]">=25/N"*. 16.6
APPLYING THE PROX ESTIMATION EQUATIONS

This estimation method can be applied to observed item scores s; by calculating the
sample score logit of item i as
x; =log[(N—s,)/s,] 16.7
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and to the observed person scores 7, by calculating the test score logit of person n as
¥, = loglr, /(L—=1,)] 16.8
The scaling coefficients X and Y can be estimated from
X={[1+(U/289)]/[1-(UV/8.35)]} | 16.9
for the person logit scaling coefficient and
Y={[1+(V/289)]/[1-(UV/835)]} 16.10
for the item logit scaling coefficient.
Where -(£#-)@- and 835 = 2.89* = 1.7*,

U=[fo—Lx?Jf(L—1) 16.11

is the item logit variance,

N
V= [z y: - Ny?] /(N=1) 16.12

L N
is the person logit variance, x, = le. / L is the item logit mean, and y, = Zyﬂ / N is the person
logit mean.

To complete the estimation, we anchor the scale “zero” at the center of the test by defining

H =0 so that
d, = N|+ Yx, = Y(x, — x,) because M = —Yx, 16.13

for each item difficulty and
b,=H+ Xy, = Xy, because H =0 16.14

for each person ability.
STANDARD ERRORS

The standard errors of these person and item estimates are

SE(b,)=X[L/r(L-r)]"?=25/L" 16.15
and
SE(d,)=Y[N/s,(N-s)]"*=25/N"*. 16.16
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