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Shows how the Rasch model and a few natural decisions
about the nature of tests and their targets leads to simple
practical procedures for best test design and self-tailored
testing .

	

The error minimization necessary for best test
design is developed and applied . Tables for converting
scores observed on self-chosen segments of uniform tests
into test-free measures and their standard errors are pro-
vided .

	

Robustness with respect to design
errors in target location and item calibration is evaluated .
and a convenient unit of measurement for psychological and
educational variables suggested .
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When an examiner wishes to measure a person he must
obtain an appropriate measuring instrument . He may do this
by selecting from available standard forms or he may draw
upon a pool of calibrated items and compose a test tailored
to the requirements of his measurement target . He may be a
psychometrician constructing an integrated series of standard
forms from a national pool of well-calibrated items or a
teacher making a test for a pupil from items in his files .
In each case the examiner requires a clear way of thinking
about tests and targets which allows him to deduce from the



nature of the target he wishes to measure the characteristics
of the best possible test for the job . We will develop and
explain such a way of thinking and derive its practical con-
sequences for how to design, construct and administer best
tests .

A simple practical procedure is especially urgent if
the examiner wishes to bring test and target into the best
possible relationship during the process of testing . Tailored
testing (Lord, 1971) tries to do this by various stepwise
procedures .

	

Unfortunately most schemes are either expensive,
requiring computer assistance, or complicated, placing heavy
demands on test-taking ingenuity .

The .procedure we will develop lends itself to a simple,
practical and inexpensive scheme for self-tailored testing .
It makes it possible to present a target person with a stan
dard booklet of items sequenced in increasing difficulty and
to invite him to choose any starting point in the booklet
which suits him . Having chosen, he can work up into harder
items until he reaches items so difficult he no longer feels
he can do his best and/or down into easier items until he
reaches items so easy they no longer challenge him .

If the booklet is properly constructed, the examiner
can use the target person's performance on such a variable
segment of self-chosen items to estimate his ability . If the
items in the booklet are more or less equally spaced on a log-
odds scale and have been constructed to more or less . fit the
Rasch model, then three easy statistics : the sequence number
of the easiest item reached, the sequence number of the hardest
item reached and (through a simple self-scoring sheet) the
number of intervening items succeeded on, are sufficient for
reading the target person's estimated measure and its standard
error directly from a small family of easy-to-use tables . No
need for computer assistance, nor machine scoring, nor lengthy
calculations .

	

No need for pretests to identify the right
individualized test .

	

The process is self-tailoring .

	

As the
target person takes the test he finds for himself the items
in the test booklet of difficulty best for him .
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In order develop such a convenient system of measure-
ment, we must decide what it is reasonable to imagine happens
when a person to be tested responds to an item used to make
measurements . What could a response we might observe tell us
about a person we might wish to measure? What part does the item



play?

	

[low do item and person interact to show us some-
thing about the person's position on an interesting but
difficult to observe variable? How shall we think about
this "latent" variable along which item and person
supposedly interact?

	

The basic concepts we need to
establish and clarify are :

	

latent variable, response
model, measurement target and test design .

The T.3t2nt Va_r ; nj2 e

A fundamental problem in the systematic development
of our knowledge about the world is how to weave a useful
connection between experience and idea . Careful observa
tions are the core of our experience .

	

Our motive for
bothering to make careful observations is our idea about
how we suppose things to be . We know our specific obser-
vations to be limited and incomplete yet we try to see in
them indications of general ideas which we plan to use
comprehensively at other places and times not yet experienced .
The concept of a "latent variable" is intended to keep this
difference between passing experience and persisting idea
clearly before us and so to help us weave a useful connec-
tion between them .

The distinction between a latent or underlying
variable and a manifest or observable one is analogous
to the distinction between the parameter of a model and
a statistic intended to estimate it .

	

The parameter
represents an idealized conception of all that we wish
to know . The statistic represents a particular realiza-
tion of what little we can observe . Our interest is
focused on the latent variable and, whilst it can only
be known through its observable manifestations, it is
the latent variable which is the motive and meaning of
our observations .

In mental measurement the "intelligence," "ability"
or "achievement" variables along which both items and
persons are supposed to be positioned are latent vari
ables .

	

It is through the calibration of items along
these latent variables that we transform a person's
observable responses into his "unobservable" measure-
ments .

	

Our interest in his actual responses is transient .
Once we have used our knowledge of item calibration to
extract from his item responses an optimal indication of
his measure we have no further interest in the responses
themselves and turn instead to our motive for observing
these responses in the first place, namely our wish to
measure the person on the fundamental but latent variable .
In this discussion we will use the term ,"ability" to



refer to person measure and speak of persons as "dumb"
and "smart" and of items as "hard" and "easy ." But
the latent variable could as well be "achievement" or
"intelligence" or some "attitude" or "inclination" or
any other attribute for which we constructed relevant
observations .

But if a variable is latent and we cannot observe
it directly, how can we know what it is? How can we
arrive at its operational definition? The answer lies
in the items we use to make measurements . To be useful
these items must be calibrated along the latent variable .
Each item must have its own location, the position at
which its difficulty matches the ability of a person for
whom that item is just right . 1 When the pool of items
from which we select the elements for a best possible
test has been calibrated on a latent variable, then
these items and their locations on the latent variable
provide its operational definition . A measurement of
a person on the variable will place him among items
with difficulties near his estimated ability . The
meaning of his position on the variable will be defined
by these nearby items .
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In general the origin and scale of a latent vari-
able are arbitrary . We must make some specific choice
in order to proceed with measurement . If we ask, "What
is the distance to New York?", we find that a useful
answer depends on settling two prior questions : "From
where?" and "In what units?" These are requests for an
origin and scale . Thus even for the familiar variable
"distance" an origin and scale must be defined before
we can make useful measurements .

The origin is the place from which distance

We are not ready to derive more exactly what "just right"
might mean . For that we need to specify a model for what
happens when a person responds to an item . But we can an-
ticipate our final definition : "just right" will mean
that the probability of a correct response is exactly
one-half, that is "even odds for a correct response," or
"a log odds difference between person ability and item
difficulty of zero ."



along the latent variable will be "measured ." In general
there is no unique zero place . We have to decide upon a
choice convenient and useful for the measurements we want
to make .

	

The same is true for scale . We may be motivated
to make a choice of origin which frees us from fiddling
with negative numbers . We may be motivated to choose a
scale which frees us from decimals or uses the decimal
point in an informative way . When no more useful choice
is in sight we may even nominate a sample of person measure-
ments or item calibrations as our standard and take their
mean value as our origin and their standard deviation
as our scale . But whatever our pleasure we will be forced
to make some choice . In the discussion that follows we
will use either the center of our target or the center
of our test as our origin and the log odds for a correct
response as our scale . At the end we will recommend a
transformation of origin and scale with pleasing pro-
perties .

The concept of a latent variable is indispensible
for acquiring a grasp of what testing is all about and
essential for guiding our attempts to measure . A latent
variable is operationally defined by the pool of cali-
brated items which provides the elements for measuring
it . How to identify, select and calibrate items along
a latent variable is described in Rasch (1960), Wright
and Panchapakesan (1969), Andersen (1972a, 1972b, 1973)
and Wright and Douglas (1975) .

TbP RPSnnnsP MndPI

What do we observe when a person of unknown ability
tries a calibrated item of some estimated difficulty?
Usually just the binary response "right" or "wrong ."
In order to use this binary observation as a basis for
estimating a person's ability and hence for measuring
him we must formulate a plausible relationship between
his unknown position, or "ability," on the latent vari-
able, the calibrated "difficulty" of the item and the
observable "response ." We will call this relationship

More complex observations have been proposed and
modelled (Andersen, 1972a, Samejima, 1968 and Bock,
1972) but so far they have found few uses . Since our
aim is to formulate and develop procedures consistent
with common practice, we will not adventure into the
possibilities of more complex observations in this
article .



the "response model ." By what criteria shall we formu-
late it?

The response must be reasonable . The way persons
and items enter into it must be consistent with what we
already know .

	

We also want the simplest model which
will do the job . Beyond reasonableness and simplicity
we want the measurements resulting from the model to be
free from irrelevant influences such as how the items
happen to have been calibrated and on whom (Rasch, 1960) .

In particular we want to be able to adjust our inter-
pretation of the implications of each observed response
for the difficulty of the item prov6king it so that we
can reach an "item-free" estimate of the person's ability
IWright, 1967) .

	

Finally since making measurements will
amount to using a collection of well-designed observa-
tions to estimate a person's ability we want our response
model to have parameters which can be estimated satis-
factorily .

What kind of relationship can we expect between
the unobservable characteristics of person and item and
the observable response their interaction is supposed to
produce?

	

No matter how smart a person may be we cannot
be sure he will succeed on a particular item . No matter
how dumb, we cannot be sure he will fail . Therefore
our only reasonable course is to formulate a probabilistic
relationship between person ability, item difficulty and
the response they are supposed to influence .

How shall ability and difficulty combine to deter-
mine this probability for a successful response? We
expect a person's chances for success to increase with
his ability but to decrease with item difficulty . Either
the difference or the ratio of these two parameters will
express these expectations . Since differences are simpler
to work with, we will use them .

It only remains to formulate these differences in
such a way that,no matter what their values, they will define
a probability between zero and one . The simplest realiza
tion of these reasonable requirements is the response
model for binary observations proposed by Georg Rasch
11960) . s

3 For further comments on this kind of model see Birnbaum,
1968, 431-34 and 445-46 .



This particular response model meets all our
requirements .

	

Not only is the relationship between
person, item and the probability of a correct response
reasonable and simple, but, as the work of Rasch and
many others has so amply shown, the calibration of
items can be person-free and the measurement of persons
can be item-free .

What about the estimation of these person and
item parameters? It has always been popular to take
the number of right answers on a test as an indication
of the-ability of a person . That popular practice is
just what the Rasch model calls for . In fact, if we
take the widespread belief in the fundamental meaning-
fulness of an unweighted test score as our point of
departure and ask what response model this belief
implies, then we can deduce that the Rasch model is
the one and only reasonable model consistent with that
belief and its practice .

	

The very same statistic which,
according to the Rasch model, leads to an unbiased,
consistent and sufficient estimator of person ability
is that same unweighted test score which nearly everyone
already uses to make their measurements .

The Rasch model for what happens when person v
responds to item i with binary response Xvi=1 (for a

correct response) and X =0 (otherwise)vias :

where

P {xvi I Sv 1 d i ) =

8 v = the ability of person v, and

xvi (a v -d i.)e

the difficulty of item i

can be expressed

In order to emphasize that item difficulty in this
model is a persisting property of the item and not of the
person, we point out the difference between the colloquial
use of "difficulty" as in the complaint "That item is easy
for you but hard for me .", and the technical use in which
the item has its own fixed difficulty and the complaint
becomes "You are smart but I am dumb ." one value of the
response model is that it formulates the relationship
between these two kinds of difficulty explicitly . Collo-
































































































