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Some Practical Issues in EquatingRobert L. Brennan and Michael J. Kolen
American College Testing Program

The practice of equating frequently involves not
only the choice of a statistical equating procedure but
also consideration of practical issues that bear upon
the use and/or interpretation of equating results. In this
paper, major emphasis is given to issues involved in
identifying, quantifying, and (to the extent possible)
eliminating various sources of error in equating. Other
topics considered include content specifications and
equating, equating in the context of cutting scores,
reequating, and the effects of a security breach on
equating. To simplify discussion, some issues are
treated from the linear equating perspective in Kolen
and Brennan (1987).

The previous paper in this issue (Kolen & Bren-

nan, 1987) provided a relatively detailed consid-
eration of statistical issues associated with the Tucker
and Levine linear equating methods for the com-
mon-item nonequivalent-populations design. In ac-
tual practice, equating necessitates not only knowl-
of such statistical models but also consideration
of many other issues. Frequently these issues have
important practical consequences for the use and/
or interpretation of equating results, no matter what
statistical procedure is employed. Some of these
practical issues are the focus of this paper.

Major emphasis is given below to considerations
relevant to identifying, quantifying, and (to the
extent possible) eliminating various sources of er-

ror in equating. Other topics considered include
content specifications and equating, equating in the
context of cutting scores, reequating, and the ef-
fects of a security breach on equating. To simplify
the discussion, some issues are treated from the
linear equating perspective in Kolen and Brennan
(1987), but none of these issues is inherently linked
to any particular statistical equating procedure or
approach. Obviously, not all of these issues are
necessarily involved in every equating context, but
they arise often enough to merit more consideration
than they have heretofore received in the literature.

Errors

Any statistical or measurement procedure nec-
essarily involves error in generalizing the obtained
results to some idealized situation. Classical sta-
tistics usually concentrates on generalization from
a sample of persons to a population of persons. By
contrast, measurement usually concentrates on
generalization from a particular test or measure-
ment procedure to a potential universe of such tests
or measurement procedures. In principle, although
consideration of equating error should involve both
types of generalization, &dquo;statistical generaliza-
tion&dquo; has received much more emphasis in the
literature. The following discussion is relevant to
both types of generalization.

Provided below is an overview of currently
available procedures for estimating standard errors
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of equ~tin~-pr~edures that take into account only
random sampling of examinees. Attention then turns
to other types of errors in equating, including sys-
tematic bias, error that accumulates over multiple
equatings, and errors associated with generalizing
from equated scores obtained on one occasion to
equated scores that might be obtained on similar
occasions. Finally, consideration is given to a set
of issues relevant to equating errors including, for
example, methods for examining equating stabil-
ity, rounding error, and conditions conducive to
satisfactory equating.

Standard Errors of Equating
for Random SampMg of Examinees

Using the delta method (see Kendall & Stuart,
1977, pp. 246-247), Lord (1950) presented stan-
dard errors of linear equating for a variety of data
collection designs. (Most of Lord’s results are also
reported by Angoff, 1971.) Although Lord’s re-
sults can be useful, they are restrictive in that their
derivation requires certain normality assumptions
that are described by Kolen (1985b).

Recently, Braun and Holland (1982, pp. 32-35)
derived a standard error formula for linear equating
using the delta method without making any nor-
mality assumptions for the situation in which ran-
domly equivalent groups of examinees are admin-
istered the forms to be equated. Their resulting
standard error expression suggests that standard er-
rors of equating based on normality assumptions
may produce misleading results when score distri-
butions are skewed or are more peaked than a nor-
mal distribution.

Because skewed distributions are typical of many
testing programs, especially in licensure and cer-
tification areas, and because Tucker equating is

frequently employed in such areas, Kolen (1985b)
used the delta method to derive standard errors for
Tucker equating without any normality assump-
tions.

At about the same time, Jarjoura and Kolen (1985)
derived standard errors for equipercentile equating
with the common-item nonequivalent-populations
design (the so-called frequency estimation method
referred to by Angoff, 1971, and outlined by Braun

& Holland, 1982, pp. 21-23). Kolen and Jarjoura
(1987) described how these standard errors can be
used in a cubic-spline analytic smoothing proce-
dure for equipercentile equating under the com-
mon-item nonequivalent-populations design.

It must be emphasized that the aforementioned
standard errors only index equating error that is
due to random of examinees9 that is, all
other things being equal, the magnitude of these
standard errors will decrease as sample size in-

creases. Practitioners often think of these standard
errors as if they index equating error over multiple
test forms or multiple administrations of the same
test, which they do not.

Other Types of Errors in Equating

One type of equating error not taken into account
by the above standard errors is bias in equating (or
what might be called model misspecification error).
One obvious issue in dealing with the problem of
equating bias is specifying some criterion for equat-
ing in some context. Some perspectives on this
issue are provided by Petersen, Cook, and Stocking
(19~3), Petersen, Marco, ar~d Stewart (1982), and
Kolen and Jarjoura (1987).

Consider, for example, the following situation.
For a given integer score, a, on Form let ii be
some estimated linear equivalent, and let t; be its
expectation over random samples of examinees.
Also, let e, be the presumably &dquo;true&dquo; equipercen-
tile equivalent for integer score z . The quantity
~(~ 1- et)2 is a measure of squared error, associated
with an integer score of a on Form X, in using the
particular linear equating function as an estimate
of the presumably true equipercentile equivalent.
This squared error quantity can be decomposed as

Note that E(&euro;, &horbar; fi)2 is the variance of the random
errors (i.e., the square of the standard error) in
using as an estimate of and (fi-e )2 is the
square of the bias or systematic error in using the
linear function rather than the presumably true
equipercentile relationship.
When viewed from this perspective, it is clear

that an equating procedure that has relatively little
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random error in some context (as indexed by the
square of the standard error of equating) might have
considerable systematic error (as indexed by squared
bias relative to some criterion). Consequently, it

would seem sensible to select an equating proce-
dure that minimizes squared total error. The prob-
lems in doing so, however, are sometimes formi-
dable. First, of course, an appropriate criterion must
be selected, which is not necessarily a simple task.
1 h~~a, the data necessary to estimate squared bias
must be obtained, which may require an experi-
ment that is difficult and costly to conduct.

The random and systematic errors discussed above
are the only types of errors that have received sub-
stantial attention in the equating literature, with
greater attention given to random error. However,
a broad perspective on error in contexts where
equating is employed necessitates consideration of
other potential sources of error. For example,
sometimes researchers or practitioners are inter-
ested in the extent to which examinees’ equated
scores correspond to scores on the initial form in
an equating linkage plan, or perhaps some other
form of special interest. In particular, the form to
which a new form is equated is frequently of little
inherent interest; the old form employed is used
because it is convenient. This is defensible because

the old form itself has been equated (directly or
indirectly) to an even older form that is of more
fundamental interest, in some sense. With few ex-

ceptions (see Braun & Holland, 1982, p. 36), the
error that accumulates as a result of multiple equat-
ings in an equating linkage plan or chain has not
been considered in the literature. At a minimum,
it would seem sensible that the degree of confidence
in the stability of equating should be inversely re-
lated to the number of equatings necessary to pro-
gress from the new form to the initial form or some
form of special interest.

Another potential source of error, and one that
is frequently overlooked, is the error introduced
when equated scores are rounded to the units digit
(or any digit, for that matter) for the ostensible
purpose of simplifying the scores reported to ex-
aminees and decision-makers. As discussed rather

extensively by Kolen ( 19~6), the mere act of round-
ing an equated score can be a source of considerable

error. Furthermore, if reported scores are rounded,
it is important that the unrounded equated scores
(or estimates of parameters based on unrounded

equated scores, such as means and standard devia-
tions) be used in arriving at the equating relation-
ship. Otherwise, the error introduced by rounding
will accumulate, and the equating chains will prop-
agate the error to subsequent equatings.

Also, a broader conception of equating error
should recognize that decision-makers almost al-
ways interpret equated scores as being more or less
invariant over some time period during which ex-
aminee ability is likely to remain unchanged. This
concern suggests a consideration of measurement
error in the sense of generalization over occasions
of administration. It might be argued that this type
of error is not properly viewed as part of the total
error in equating. However, practitioners and de-
cision-makers do not really care about the finer
points of what should or should not be incorporated
in equating error per se. Usually, what they want
is an answer to a question of the following type:
6 ‘H&reg;w likely is it that an examinee with a particular
equated score would get the same score on a dif-
ferent form administered on a (slightly) different
occasion?&dquo; Implicit in this question is a consid-
eration of all of the types of error discussed above.

However, there currently does not seem to be an
answer to this question that is both practical and
theoretically defensible.

Additional Issues

Relevant to Equating Error

Congeneric model procedures. In Tucker

equating the statistical assumptions and procedures
make no reference to underlying true scores or mea-
surement error variances. Rubin (1982), among
others, expressed a clear preference for such pro-
cedures. Procedures that ignore true scores are rel-
atively easy to understand and often simple to use.
Also, even though the literature on comparing
equating procedures is not very extensive, the lit-
erature that does exist tends to lend favorable sup-
port to these procedures.

However, there is something a bit disconcerting
and seemingly inconsistent about using equating
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procedures that neglect quantities such as true scores
and error (of measurement), when these quantities
are such an integral part of the other psychometric
procedures routinely employed in the same testing
programs. This point might be used as a basis for
preferring Levine’s procedures, but the literature
provides, at best, inconclusive support for Levine’s s
procedures in many equating situations (see, e.g.,
Kolen, 1985a; Petersen et al., 1982).

Petersen et al. (1982) reported results for con-
generic-model procedures that were suggested by
Lord and Tucker in personal communications. Also,
Rock (1982) discussed a confirmatory factor anal-
ysis model for equating that employs congeneric
tests, and Woodruff (1986) considered congeneric
models for equating. Although some of the work
in this area appears promising, congeneric-model
approaches are not as yet widely accepted or used,
even though they have considerable intuitive ap-
peal. Why is this so? Perhaps there is some subtle
inconsistency between such models and what oc-
curs in practice, or perhaps one of the available
models is much better than current evidence or

practice suggests. In any case, congeneric models
for equating are worthy of further pursuit, because
they offer the possibility of systematically incor-
porating consideration of measurement error vari-
ance in equating contexts.

Inconsistencies between idealized de-
Signs and equating practice. In the common-item

nonequivalent-populations design a new Form X,
which is administered to a sample from Population
1, is equated to an old Form Y, which was ad-
ministered to a sample from Population 2. At least
that is the way the design is usually described.
Actually, however, nothing in the assumptions or
derivations of the Tucker or Levine equating pro-
cedures takes into account the time-dependent
statement about old and new forms. Consequently,
the mathematics in Kolen and Brennan (1987) would
proceed unchanged without specifying which form
is the new one and which is the old one. This is

part of what it means to say that an equating func-
tion is invertible or symmetric, as opposed to the
situation in regression analysis where the regres-
sion of Y on X is not the same as the regression
of X on Y.

Furthermore, in terms of assumptions and der-
ivations, the equating procedures discussed in the
literature do not directly take into account the form(s)
to which the so-called old form was itself equated.
In other words, these procedures do not directly
take into account the set of linkages in a full equat-
ing plan. Rather, these linkages are taken into ac-
count through the so-called transitive property of
~q~ati~~-na~ely, if X is equated to Y, and Y is
equated to Z, then X is equated to Z.

With regard to these symmetric and transitive
properties of equating, it is worth noting that in
many equating contexts (especially in licensure and
certification areas) these properties are untestable,
at least in any manner that approaches optimality.
The principal problems with testing these assump-
tions are that only one form is administered on any
given test date, and it is virtually impossible to
readminister an old form. These constraints are

largely the result of security concerns that have
been exacerbated by current movements toward
(almost) full test disclosure. In short, it is often

unknown whether these properties hold in practice.
Also, because the actual process of equating so

often involves a clearly time-dependent plan in which
old forms are indeed old, it may be reasonable to
ask an heretical question about whether the sym-
metric and transitive properties of equating should
be sacrosanct in all cases. For example, practi-
tioners sometimes seem more interested in pre-
dicted true scores, in some sense, than scores that
would have been obtained on some other form of

a test. However, traditional predictors of true scores
(e.g., regressed score estimators) are seldom sen-
sible in equating contexts, because they assume
parallel test forms, and equating is unnecessary in
such circumstances. One alternative would be to

use the best linear predictors of composite universe
scores discussed by Jarjoura (1983), but this is a
difficult method and it has not yet been employed.

Examining equating adequacy. The new Stan-

dards for educational and psychological testing
(American Psychological Association, 1985) en-
courage the practice of periodic checks
on the adequacy (they actually use the word &dquo;sta-

bility&dquo;) of equating. It would be foolish to argue

against such a well-intentioned goal, but it would
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be equally foolish to claim that optimum checks
on equating are achievable, given the practical con-
straints that typify most testing programs. Perhaps
the ideal check would involve periodically
readministering and reequating previously equated
forms, and examining the extent to which the

equating functions are invariant. However, it is

often impossible, or at best impractical, to imple-
ment such a procedure.
What can be done is usually much less ambi-

tious, and the results are likely to be much less
compelling. For example, a new form can be linked
(whenever possible) to two old forms. If the two
links give similar results, then there is evidence of
equating consistency for the particular form being
equated. Also, most persons who have performed
equating for a particular program over at least sev-
eral years have learned to expect certain kinds of
similarities in certain statistics involved in equat-
ing. If these similarities are not evident, then the
statistics and their context are usually reconsidered,
with the expectation of finding some concrete ex-
planation for the inconsistency. This admittedly
highly subjective check on stability often turns out
to be much more valuable and informative than

might be expected.
Another approach to examining equating stabil-

ity-an approach that has become somewhat pop-
uiar-is to use existing data and equate a form to
itself through two or more forms. This is sometimes
called equating in a circle, and is illustrated in

Figure 1 where X is equated to Y, Y to Z, and Z
to X. Under this paradigm, assuming that the pro-
cess begins with raw scores on X, the third equating

gives equated raw scores for X; these will equal
the actual raw scores for X if equating is perfect.

Specifically, suppose the three equatings are lin-
ear and are represented by

Then, it is easy to show that the equated raw scores
for x are given by

Note that x’ = x can be guaranteed by setting all
the slopes to 1 and all the intercepts to 0. In other
words, if the results of equating a test to itself

through the circular equating paradigm are viewed
simplistically as the criterion for good equating,
then &dquo;perfect&dquo; equating can be achieved through
no equating. This result is strictly an artifact of the
paradigm, not a statement about the relative merits
of equating versus no equating.

Sometimes a particular circular equating para-
digm is used to examine equating adequacy for a
variety of potential equating procedures. In this

case, an equating procedure involving the esti-
mation of only one or two moments often tends to
appear better than one involving the estimation of
many moments. For example, using this paradigm
with real data, mean equating often appears to be
better than linear equating, which in turn often
appears to be better than equipercentile equating.
This is largely an artifact of the paradigm, not a
statement about the relative merits of mean, linear,

Figure 1
Circular Equating Paradigm
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and equipercentile equating. Therefore, it is po-
tentially quite misleading to evaluate the relative
merits of a linear equating procedure versus an
equipercentile procedure using the circular equat-
ing paradigm. It is more sensible to use this par-
adigm only for comparisons of equating procedures
involving the same number of moments (e.g., com-
paring two different linear equating procedures),
but even then, results should be interpreted cau-
tiously. One reason for such caution is discussed
below.

Another potential source of ambiguity with the
criterion of equating a test to itself is that different
results can be obtained depending upon which test
is equated to itself. For ex~r~ple9 given the situation
described above, equating Form Y to itself gives

and equating Form Z to itself gives

Equations 5, 6, and 7 have the same slope but
different intercepts. However, in the present au-
thors’ experience with real data, the discrepancies
in intercepts are not likely to be too serious.

Conditions conducive to good equating. In ac-

tual equating practice, the task of selecting an
equating procedure generally involves some mix-
ture of knowledge of psychometrics and equating
procedures, combined with some well-informed
experience with equating in general and the pro-
gram under consideration in particular. Indeed, in
the present authors’ opinion, the state of the art is
not yet far enough advanced to justifiably permit
statistical rules or tests to be the sole determinant
in selecting an equating procedure. One reason for
the need for reliance on subjective judgment is that,
in practice, it is often impossible to check empir-
ically the assumptions involved in an equating pro-
cedure. (See Braun & Holland, 1982, pp. 27-31 1
for methods to check some of the assumptions for
the nonequivalent-populations design.)
Even so, reasonable guidelines can be identified

for facilitating good equating. Table 1 lists some
conditions that have been found to be conducive

to satisfactory equating in many circumstances.
Often, as more of these conditions are met, it be-
comes easier (i.e., less ambiguous) to select and

defend an appropriate equating procedure. How-
ever, it should be noted that adherence to the con-

ditions in Table 1 places a considerable burden on
test development personnel.
Good equating usually requires a collaborative

effort between test development personnel and psy-
chometricians. In particular, test development per-
sonnel are seriously misinformed if they believe
psychometricians can employ equating procedures
to eradicate test development problems. Equally,
psychometricians run a real risk of coming up with
nonsensical equating results if they are ignorant of
the testing program or the realistic issues that con-
front test development personnel. In equating there
is little room for letting territorial imperatives over-
ride collaborative efforts among persons whose pri-
mary responsibilities may differ.

~ ~ Other Issues

Content Specifications and Equating

In horizontal equating, the forms to be equated
should measure the same abilities. For tests orga-
nized according to a table of specifications, this

requirement means, among other things, that the
same table of specifications should apply to all

forms. Also, there is evidence to suggest that equat-
ing is improved when the common items linking
these forms constitute a miniature version of the

full-length test, especially in the sense of having
the same proportional representation of items from
content categories in the table of specifications (see
Klein & Jarjoura, 1985). In many testing programs
content specifications change over time, and logic
suggests that any substantial content changes should
trigger a rescaling and renorming of the test with
a new &dquo;&reg;ri~ir~~l&dquo; form to which subsequent forms
are equated. However, it is sometimes not clear

what should be judged to constitute a &dquo;substantial&dquo; 
9

content change, and usually it is content experts,
not psychometricians, who possess the qualifica-
tions to make this judgment. Also, from a practical
point of view, it is sometimes politically unpalat-
able to undertake a rescaling and renorming, be-
cause users often tend to resist the reeducation re-

quired to interpret and use new scores.

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



285

Table 1
Some Conditions Conducive to a Satisfactory Equating

Even so, changes in test specifications are per-
haps more prevalent than is generally realized.
Consider, for example, a longstanding program
testing knowledge of law. In such a program, the
content matter may change over time as older laws
or interpretations of such laws are superseded by
newer ones. It may even be the case that the correct

answers to certain items change over time with
changes in the law. The same type of situation
frequently occurs in medical testing programs where
new research suggests a change in the preferred
treatment for certain illnesses. Furthermore, in ad-
mission testing programs like the ACT Assessment
and the SAT, there have probably been enough
changes in content over the years to cast at least
some doubt on the meaningfulness of interpreting
a current score on a recent form in terms of how
an examinee would have performed on the original
form.

Given the almost inevitable shifts in test content
over time for most longstanding testing programs,
it may be reasonable to consider developing equat-

ing procedures, or adjustments to equating results,
that take into account gradual changes in content
specifications without necessitating a complete break
with the original score scale. It is not clear how

best to do this, but it does seem that score inter-

pretability would be enhanced if such procedures
could be developed.

Equating in the Context
of Cutting Scores

In many testing programs, especially licensure
and certification programs, test forms are equated
using a currently available procedure, but principal
interest focuses on a particular score or range of
scores that are the primary basis for decision mak-
ing. For example, suppose that a score of 70 on
the original form was defined as the passing score,
and the principal purpose of conducting equating
is to assure that an equated score of 70 on subse-
quent forms has the same meaning as the score of
70 on the original form. Currently available equat-
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ing procedures can be employed for this purpose,
but they do not take into account the fact that main-
taining the meaning of a scaled score of 70 is likely
to be much more important than maintaining the
meaning of other scaled scores. Furthermore, in
many licensure and certification testing programs, 9
cutting scores are often at a point considerably be-
low the mean, where the linear equating procedures
previously discussed are likely to provide less sta-
ble results than at points closer to the mean.

In such situations it would seem desirable to have

procedures that pay particular attention to equating
in the region of a cutting score, even at the potential
expense of poorer equating at other scores. (In-
deed, in some cases, there is no need for equating
at other scores.) One approach to achieving this
goal might be to use the frequency estimation method
for nonequivalent populations that was mentioned
in the previous discussion of standard errors of
equating. For example, a conceptually simple ap-
proach would be to find the new-form equipercen-
tile equivalent of the passing score that was estab-
lished for the original form, and then employ some
modification of one of the linear equating proce-
dures such that a straight line passes through this
point. In effect, in such an approach, the equiper-
centile equivalent of the passing score would play
the role of a ‘bpi~&reg;t9 ~ point for the linear relation-
ship, just as a mean score plays such a role in the
currently available linear equating procedures.

Reequating

Anyone who has been involved in equating for
a substantial period of time has almost certainly
encountered the following type of situation. A form
of a test has been administered and equated, and
subsequently it is discovered (usually through an
irregularity report generated by a question from a
particularly insightful examinee) that an item pos-
sesses some type of ambiguity that makes the keyed
alternative technically incorrect, or that the keyed
alternative is only one of two or more technically
correct answers. Suppose for the sake of specificity
that after reconsidering such an item, content mat-
ter specialists decide that the originally keyed al-
ternative (say, a) is indeed correct, but the other

alternatives (say, ~, c, and d) can also be defended
as correct, based on an obscure fact or facts. Clearly,
decisions must be made about whether to give all
examinees credit for the item and whether to re-

equate the form with that item scored correct for
all examinees. (For the sake of the present discus-
sion, assume that even examinees who omitted the
item would be given credit for it. )

Suppose a firm decision on these matters is post-
poned until the form is reequated under the as-
sumption of giving all examinees credit for the
item. At this point, there are four conceivable ways
to arrive at examinee &dquo;equated&dquo; scores:
1 e Original key applied with original equating re-

lationship ;
2. Original key applied with revised equating re-

lationship ;
3. Revised key applied with original equating re-

lationship ; and
4. Revised key applied with revised equating re-

lationship. e
The first option essentially means acting as if the
item is not flawed. The examinee who discovered
the flaw may well consider this option to be unfair
and, in all likelihood, the public will share the
examinee’s concern. However, often an examinee
who is insightful enough to recognize such a flaw
is also insightful enough to choose the alternative
that was intended as the correct answer, rather than
one of the other alternatives that are correct based

on an obscure fact. If so, the first option does not
really treat that particular examinee unfairly, al-

though it would be unfair for some other uniden-
tified examinee who chose one of the other alter-

natives for a correct reason.
The second option, using the original key with

the revised equating relationship, is difficult to de-
fend under any reasonable scenario.

The third option, using the revised key with the
original equating relationship, may appear to be an
option that is generous to examinees. In effect, all
examinees who selected alternatives b, c, or d (or
omitted the item) will receive a higher &dquo;equated&dquo; 

9

score, whatever the reason for selecting that alter-
native. However, those examinees who are given
credit unjustifiably (e.g., those who had misinfor-
mation or no information about the item) will fare
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better than their equally able counterparts, espe-
cially in a quota-based decision process. Thus, while
this option is generous for some examinees, that
very generosity may create a potential disservice
to other examinees. The point here is that in eval-
uating the fairness or reasonableness of any of these
options, it is necessary to be mindful of the con-

sequences for not only examinees who are directly
affected, but also examinees who are indirectly
affected by the decision.
The fourth option, using the revised key with

the revised equating relationship, essentially avoids
the problems mentioned above with the third op-
tion, and the fourth option has a fair amount of
face validity. Indeed, most people believe that the
fourth option is obviously the best one to employ,
and more often than not this appearance of face

validity is judged to be an overwhelming argument
in favor of the fourth option.

However, under some circumstances it can be

argued that the first option may well be preferable
psychometrically to the fourth if the goal is to be
as fair as possible to all examinees, not just those
who voice a legitimate complaint. For example,
when everybody is given credit for an item, the
effective test length is reduced by one item, which,
on average, benefits lower-ability examinees and
works to the disadvantage of higher-ability ex-
aminees. To put it another way, when all alter-
natives are keyed correct because an item possesses
an obscure ambiguity, it is likely that many ex-
aminees will be given credit for the item who would
not otherwise have answered the item correctly.
This fact will cause these examinees to appear more

able than they actually are, and other examinees
will appear less able by comparison. Indeed, ex-
aminees who selected alternative a (the response
originally keyed as correct) will receive l&reg;~~~
equated score under the fourth option than under
the first option. Reequating cannot really eradicate
these problems. Indeed, reequating can never com-
pletely remove a test development flaw; the best it
can do is mitigate the impact of such a flaw.

The above points are not intended to be inter-
preted as arguments in favor of never rescoring or
reequating when a Sawed item is discovered. Even
if the psychometric arguments were rather com-

pelting, arguments from other perspectives could
be even more compelling. Nor are these points to
be interpreted as arguments relevant to the differ-
ential utility of benefiting lower-ability examinees
versus disadvantaging higher-ability examinees.
When such judgments need to be made, they should
be based on a much broader set of considerations
than merely psychometrics. The point here is that
the issues involved in rescoring and reequating are
quite complex, and certain unintended negative
consequences can easily be overlooked. (These
problems become even more complex when the
flawed item is in a common-item equating section.)

Effects of Security Breach
on Equating

It is unfortunately true that security breaches oc-
casionaily occur in the administration of a test. If
a security breach occurs in specifically identifiable
test centers, then examinees in such centers should

be excluded from the sample used for obtaining an
equating relationship. However, on occasion a se-
curity breach may be more pervasive, or it may
not be discovered until after equated scores are
reported. Whatever the circumstances surrounding
a security breach, it is useful to have some per-

spective on the potential effect of such an abnor-
mality on equated scores if no corrective action

were taken. In no sense should the following dis-
cussion of this issue be interpreted as support for
a 6d&reg;-~&reg;thi~~~ ~ position. The intent here is simply
to examine some of the consequences on equated
scores of a security breach that went undetected or
uncorrected. In order to keep the problem man-
ageable without losing too much generality, a sim-
ple case is considered below.

Suppose that, in the absence of a security breach,

where the notational conventions are those in Kolen
and Brennan (1987). These assumptions imply that
the two groups are indistinguishable and the two
forms are indistinguishable in the linear equating
context considered here. Also, to simplify results,
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assume that, for the synthetic population, w, = 1

and w, = 0, and V is an internal set of common
items. Under these circumstances, it is easily shown
that

which will be called the &dquo;true&dquo; equating relation-
ship. Considered below are two simple cases il-

lustrating what happens when a security breach
affects only Form X.

Caste 1. Suppose the security breach has a con-
stant effect on all examinees in the equating sample
for the new Form but the security breach affects
only the common item section of Form X. Even
more specifically, suppose that as a result of the
security breach a very difficult common item be-
comes very easy for examinees who took Form X.

Under these circumstances, the mean of the com-
mon items in Form X will be almost one point
higher than it would have been without the security
breach, but the standard deviation of the common
item scores, ~1(V), will remain essentially un-
changed. These assumptions, applied to the first

five equations in Table 3 in Kolen and Brennan
(1987), yield

Note that for the &dquo;true&dquo; equating relationship in
Equation 10, the assumptions ~(~) ~ ~L,(X) and
>i(V) = ~L2(V) imply that ~a( ~’) - W (~) _ 0 for
the &dquo;true&dquo; equating. In terms of an estimate, how-
ever, ~L2(y) - ~i(~) = ~ 1 because examinees in
the equating sample who took Form X answered
approximately one more common item correctly.
Hence, y

For the linear equating methods considered here, 9
’Y2 &dquo; I (with an internal set of common items) is
necessarily positive, and therefore, &euro;(jc) in Equa-
tion 12 provides an upwardly biased estimate of
&euro;(:c) in Equation 10.

In evaluating the effect of the biased estimate in
Equation 12, it is necessary to distinguish between
examinees who benefited from the security breach

and those who did not. Consider, for example, two
examinees who would have answered 9 items cor-

rectly without benefiting from the security breach
[i.e., 9 ~~x) _ 9], and assume that the first examinee
actually did benefit from the security breach but
the second examinee did not. For the first examin-

ee,

and for the second examinee

because -y, > 1. In other words, both examinees
have upwardly biased estimates of &euro;(~), but the
bias is 1 point greater for the examinee who bene-
fited from the security breach.
Case 2. As in Case 1, suppose the security

breach has a constant effect on all examinees in
the equating sample for the new Form X. However,
for Case 2 assume that the security breach affects
only the non-common item section of Form X.
Specifically, suppose that a very difficult non-com-
mon item becomes very easy for examinees who
benefited from the security breach. In this case, all
of the assumptions that led to the &dquo;true&dquo; equating
relationship in Equation 10 still hold (to a high
level of approximation) except that in this case
~(X) ~ !JL,(T). Specifically,

because VL,(X) is inflated by examinee performance
on the single, compromised non-common item.

Consider, again, two examinees who would have
answered 9 items correctly without benefiting from
the security breach [i.e., t(x) = 9], and assume
that the first examinee actually did benefit from the
security breach but the second examinee did not.
For the first examinee,

but for the second examinee

In other words, when a security breach occurs in
the non-common item section of a new form, ex-
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aminees who benefit from the security breach re-
ceive their ‘6correct&dquo; equated scores, but examin-
ees who do not benefit from the security breach
receive equated scores that are too low.

Even though these two cases are oversimplified,
the above results illustrate some of the pitfalls of
assuming that a security breach will always have
a similar effect on all examinees’ equated scores.
The situation is much more complicated than that.
The direction and magnitude of the effect of a
security breach on an examinee’s equated score
depends on which items are affected (common or
non-common items) and whether or not an exam-
inee benefited from the security breach.

Conclusions

It has been asserted that equating is impossible
unless forms are perfectly parallel, but if forms are
perfectly parallel, then equating is unnecessary.
Such assertions are based on a stringent definition
of equating that is simply unattainable in practice.
From a pragmatic point of view, therefore, the
(frequently unstated) goal of equating is to arrive
at a conversion equation, function, or table that
approximates an ideal equating in some sense. Just
as there is no such thing as the reliability of a test,
so too there is no such thing as the conversion
equation for a test form. There are many possible
conversion equations, depending on any number
of assumptions-many of which are often untest-
able in practice. Therefore, it behooves those who
perform equating and employ the results of equat-
ing to be knowledgeable about and sensitive to the
types of issues raised in this paper.
Merely raising these issues may well cause prac-

titioners, examinees, and decision-makers under-
standable uneasiness. One very practical additional
issue, therefore, is that psychometricians accu-
rately communicate the limitations, restrictions, and
errors in equated scores without leaving the impres-
sion that equating is a needless, useless, or hope-
lessly confusing process. This type of communi-
cation may be difficult, but its absence can easily
lead to inappropriate, exaggerated, or misleading
interpretations of scores.
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