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The past 50 years have seen great progress in the measurement of
patient-based outcomes for older populations. Most of the mea-
sures now used were created under the umbrella of a set of
assumptions and procedures known as classical test theory. A
recent alternative for health status assessment is item response
theory. Item response theory is superior to classical test theory
because it can eliminate test dependency and achieve more pre-
cise measurement through computerized adaptive testing. Com-
puterized adaptive testing reduces test administration times and

allows varied and precise estimates of ability. Several key chal-
lenges must be met before computerized adaptive testing be-
comes a productive reality. I discuss these challenges for the
health assessment of older persons in the form of 10 “Ds”: things
we need to deliberate, debate, decide, and do.
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In the past 50 years, great progress has been made in the
measurement of patient-based outcomes for older popu-

lations. More than 85 tools now measure basic and instru-
mental activities of daily living (1). Myriad depression
measures exist (2), some of which are specific to older per-
sons (3). Numerous measures of cognitive function (4) and
almost two dozen generic quality-of-life instruments (5)
have been developed, and hundreds of disease-specific in-
struments exist (6, 7). For patients with cancer alone, more
than 75 quality-of-life measures are available. Generic and
disease-specific quality-of-life measures have been widely
used in older populations. Although such advances in mea-
surement have served many useful purposes, a crucial
drawback is that the various assessment tools cannot speak
to one another. Data from one study cannot be compared
with data from another study that assesses the same trait by
using a different set of items. This state of affairs is called
test dependency. Thus, despite five decades of measurement
proliferation, each measure is still a separate yardstick—the
measures are on different planes rather than at different
spots on an underlying common continuum.

By far, most quality-of-life measures have been created
under the umbrella of classical test theory, a set of assump-
tions and procedures that has been used to develop tests for
much of the 20th century (8). Classical test theory has two
major shortcomings. The first is test dependency: Different
items assessing the same construct cannot be linked to a
common metric. The second is group dependency: Differ-
ent samples yield different item and scale parameter esti-
mates, thereby limiting the usefulness of a given set of item
parameters for different samples. These limitations of clas-
sical test theory have been discussed extensively (9–12).

In recent years, item response theory (IRT) has been
increasingly used in health status assessment (5). Item re-
sponse theory is a collection of quantitative techniques for
constructing, scaling, and equating tests. It can also iden-
tify item bias and support computerized adaptive testing
(CAT). If its assumptions are met, IRT can overcome some
of the limitations of classical test theory by providing
1) item parameters that are invariant with respect to the

sample of examinees and 2) ability parameters that are in-
variant with respect to the set of items used (9).

Item response theory can achieve more efficient and
precise measurement by using CAT (5), which uses a com-
puter to administer items to respondents. Because each
“test” is tailored to the unique ability level of each respon-
dent, CAT is adaptive. It functions much like an experi-
enced professor giving an oral examination. If a student
cannot answer a question, the professor’s next question is
easier. Conversely, if the student answers a question cor-
rectly, the next one is more difficult. In oral examinations,
the students are asked different questions because their in-
nate abilities and intelligence differ. Yet the erudite profes-
sor uses his or her superior knowledge to grade each stu-
dent. The same process is used in CAT, but the professor is
replaced by a computer and the teacher’s judgment is re-
placed by finely developed computer algorithms. In CAT,
each person takes a different version of the test because
questions are asked on the basis of the respondent’s previ-
ous answers. If a respondent cannot walk one block, the
computer knows not to ask whether he can walk a mile.
Instead, the computer asks whether he can walk across the
room. By use of IRT, all of the different forms of a test can
connect to each other on the same yardstick.

Computerized adaptive testing is used in educational
assessment (for example, in the Graduate Record Exami-
nation, the Graduate Management Admission Test, the
Computerized Placement Test, the Scholastic Aptitude
Test, and the Test of English as a Foreign Language), pro-
fessional credentialing (for example, in the National Boards
for Professional Teaching Standards Assessment), and pro-
fessional licensure (for example, by the National Board of
Medical Examiners). The U.S. military now uses CAT (for
example, in the Armed Services Vocational Aptitude Bat-
tery). Public schools are implementing CAT to assess apti-
tude. Computerized adaptive testing halves test administra-
tion time, and it allows ability to be estimated as precisely
as desired.

There is great enthusiasm for moving health status
assessment away from fixed-length tests and toward a more
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adaptive framework. However, several key challenges must
be met before CAT can become a productive reality. I
discuss these challenges for the health assessment of older
persons in the form of 10 “Ds”: things that we need to
deliberate, debate, decide, and do (Table).

DEFINITIONS OF HEALTH STATUS AND QUALITY OF LIFE

We have so many measurement tools in part because
of a lack of shared agreement about what constitutes func-
tional status, well-being, and quality of life (13, 14). Con-
ceptual frameworks have generally been insubstantial, often
blithely attributing conceptual foundations to the World
Health Organization framework of physical, social, and
mental health (15). Many instrument developers rely ex-
cessively on selecting items from existing measures, thus
leading them to overlook exactly what they seek to mea-
sure: the patient point of view. As we make the transition
from fixed-length, one-size-fits-all tests to more tailored
assessments, it will be imperative to develop item banks
that are driven by a clear conceptual framework. The strong
unidimensionality assumption underlying IRT and item
banking, discussed later in this paper, will force this con-
ceptual hand.

DISCOVERY METHODS

Item banks can be assembled through expert opinion
or by selecting items from existing instruments. However,
many published items are themselves the byproducts of
even earlier measures; thus, we have a large stock of items
that may have lost their salience over time. We should be
true to our stated intent—to measure patient-based out-
comes—and use patients as active participants in generat-
ing, selecting, and pretesting items. We should generate
items for item banks through patient focus groups, semi-
structured interviews with patients, and ethnography,
among other qualitative discovery methods. Item pretest-
ing should be more patient centered, and it should more
often use cognitive-testing methods (16). Through our use
of qualitative discovery methods, patients can identify the
need for new items to fill in gaps along the functioning and
well-being continuum and can help purge redundant
items. In short, the development process for item banks

needs to satisfy both patient-based and psychometric lit-
mus tests.

This is not to imply that we need to start from scratch,
paying no heed to the work that has been done in the past
50 years. However, deficiencies exist in some areas, most
notably in the assessment of higher-order behavioral func-
tioning and role functioning. The U.S. population is living
longer, and our measurement tools need to reflect the ob-
jective and subjective states and perceptions of health that
characterize older populations in the 21st century. We
must capitalize on the strengths of measures established to
date while recognizing their limitations and compensating
for these limitations with primary data collection done us-
ing both qualitative and quantitative methods.

DIFFERENTIAL ITEM FUNCTIONING

An item functions differentially if two persons with
equal ability (the same amount of the measured state or
trait) do not have the same probability of item endorse-
ment. For example, an item on crying in a mental health
assessment would function differentially if men and
women had the same underlying level of depression yet
answered the item differently. Self-report measures of func-
tioning and well-being can fall prey to differential item
functioning (DIF) because human beings interpret items
within the context of culturally and socially determined
mindsets. In educational and psychological testing, item
writers purify their items during item pretesting. In health
outcomes assessment, instrument developers have ignored
DIF or have identified it only long after a measure has been
in use. Differential item functioning has been identified in
studies of many outcome tools used in older populations,
including measures of functional status (1, 17–19), cogni-
tive status (20–23), and mental health (24–29). These
studies have identified DIF by age, sex, race, ethnicity,
socioeconomic status, language, and nationality. Differen-
tial item functioning has been great enough to cause mean-
ingful shifts in group means or case rates when DIF items
are removed from the scale (17, 25–28).

Culturally appropriate health outcomes tools (with
“culture” defined broadly as comprising sex, age, race, eth-
nicity, socioeconomic status, geographic location, and lan-
guage) are crucial to valid health status assessment across
diverse groups. If items in a health assessment instrument
are biased, detection rates can be overestimated or under-
estimated. This can lead to erroneous prevalence rates,
overtreatment or undertreatment, and overuse or underuse
of health services. Better identification and alleviation of
DIF will help ensure that current and future assessment
tools apply across diverse populations, elderly and noneld-
erly alike.

Because CAT efficiently tailors items to the respon-
dent’s ability, it requires fewer items than traditional
pencil-and-paper tests do (30, 31). Because fewer items are
used, it is crucial that the items be unbiased. The conse-

Table. Ten “Ds” To Advance Patient-Centered Outcomes
Measurement for Older Persons

Definitions of health status and quality of life
Discovery methods
Differential item functioning
Dimensionality
Item difficulty
Item discrimination
Dispute and divisiveness
Dynamic testing
Dangerous and detrimental
Debate
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quences of DIF become greater as the number of items
used to estimate scores decreases. Thus, item-bank devel-
opers will need to assess and eliminate DIF in advance of
use of such banks for CAT. If unidimensionality exists and
sample size is sufficiently large, IRT provides some power-
ful methods for assessing DIF (32).

DIMENSIONALITY

Unidimensionality concerns the extent to which a
measured attribute is a single unitary trait (for example,
functional status) rather than a multidimensional attribute
(for example, pain). Unidimensionality is an important un-
derlying assumption for IRT analysis (10). It is a strong
requisite for item banks and, thus, CAT (33, 34). Uni-
dimensionality also plays an important role in the study of
DIF because multidimensional items can be flagged as hav-
ing DIF. Thus, for both old and new applications of mea-
sures, unidimensionality assessment should be a standard-
ized and comprehensive aspect of instrument development
and validation. Unidimensionality should be assessed for
item banks before they are calibrated (that is, before item
difficulty and discrimination are estimated). Ideally, inves-
tigators will use several different methods to assess uni-
dimensionality (35). Principal components analysis, mod-
ified parallel analysis, and confirmatory factor analysis are
some traditional staples. Other software and methods in-
clude DIMTEST (36), NOHARM (37), TESTFACT
(38), and newer factor analysis programs (39).

ITEM DIFFICULTY

Easy items are those for which almost everyone en-
dorses the rated behavior, feeling, or attitude. Difficult
items are those for which few people endorse the rated
behavior, feeling, or attitude. In the general population, an
item assessing the ability to bathe would be easy; an item
assessing the ability to run 5 miles nonstop would be dif-
ficult. For the past decade, the field of health status assess-
ment has been entrenched in a paradigm of psychometric
efficiency (5) that has emphasized construction of measures
with as few items as possible. For such short-form mea-
sures, test developers often select items that are in the mid-
dle range of item difficulty and are alternate forms of one
another. One major consequence of this protocol is that
the end points of the health continuum are poorly defined,
yielding skewed and imprecise score distributions (5). The
most common reason for score imprecision is the selection
of items whose difficulty is incongruent with the ability of
the population of interest. Simply put, ceiling effects, and
the less common floor effects, derive from a poor marriage
between the difficulty of an item and the ability of the
targeted population (6). Ceiling effects occur when easy
items are administered to high-ability populations; floor
effects are seen when difficult items are administered to
low-ability groups.

Problems with precision pertain largely to measures of

physical, role, and social functioning (40). Most items as-
sessing basic and instrumental activities of daily living are
at the easy end of the item-difficulty continuum for elderly
persons (1, 17, 18, 41–44), and this leads to substantial
ceiling effects. Recent work on basic and instrumental ac-
tivities of daily living (17, 18, 41–44) has shown obvious
and manifold redundancies in measuring lower-level func-
tioning and conspicuous gaps in measuring higher-order
functioning. The challenge for future advances in measur-
ing physical, role, and social functioning is to more effec-
tively sample and distribute lower-level items while adding
items to fill in gaps in the assessment of higher-order func-
tioning, productive activities, executive functioning, leisure
exercise, and physical fitness.

Qualitative discovery methods, as discussed earlier in
this paper, should be used to glean from older persons
themselves facets of contemporary physical, role, and social
functioning. A combination of focus-group, diary, and
time-use methods might yield useful insights into what
types of basic, intermediate, and advanced activities are
done regularly, as well as what types of activities have been
abandoned and in what sequence. Qualitative methods
could also be used to discover how older persons adapt to
occult or incipient disability. Functional assessment might
also benefit from the development of rating scales that tap
functional compensation (45) rather than difficulty or de-
pendence per se.

ITEM DISCRIMINATION

Discrimination is an item’s ability to distinguish
among persons who have different levels of the trait being
measured. High-discrimination items yield more informa-
tion than low-discrimination items (46). To be useful, an
item bank must contain items that differ in difficulty.
However, the bank must also have high-discrimination
items to differentiate among persons close together in abil-
ity. One challenge for compilers of items banks is writing
high-discrimination items and eliminating low-discrimina-
tion items. Ambiguity can degrade an item’s discrimina-
tion (44). For example, ambiguity is increased and validity
is compromised if respondents confuse functional capacity
with functional performance (47). In one study (44), high-
discriminating functional status items (for example, items
asking about putting underclothes on, moving between
rooms, taking pants off, getting into bed) were almost be-
havioral measures: They targeted daily activities in a way
that was specific, explicit, and unequivocal. In short, they
were questions that respondents could understand (because
they were simple and concrete) and answer with respect to
their range of function (because they were in the realm of
daily experience). Item writing may be improved by scru-
tiny of low- and high-discrimination items (48, 49). In
addition, adherence to conventional item-writing standards
(for example, writing items that can be interpreted in only
one way; using clear, simple, direct language; and avoiding
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multiple attributions in a given item) may go far toward
improving item discrimination.

DISPUTE AND DIVISIVENESS

In health status and outcomes assessment, two types of
IRT practitioners have emerged: those who adhere solely to
the Rasch (one-parameter) model and those who use what-
ever model (one-, two-, or three-parameter) best fits the
data. The Rasch model estimates only item difficulty; items
are assumed to have equal discrimination. The two-param-
eter model estimates both difficulty and discrimination. In
studies of both physical and mental health status (1, 17,
20, 24, 44, 50, 51), item discrimination has been shown to
vary greatly. Because items often have unequal discrimina-
tion, Rasch researchers could needlessly remove potentially
informative items, perhaps compromising the content va-
lidity of the resulting item bank. Imbalanced content of
item banks could have negative consequences for CAT ap-
plications.

It is time for the field to move beyond polemics—or
religion, as some put it (52)—and toward head-to-head
comparisons of different models. It may make little sub-
stantive, clinical, or policy difference if the one- or the
two-parameter model is used to simply calibrate items.
However, as the field moves toward item banking and
CAT-based estimation of individual- and group-level abil-
ity, we need to understand the statistical and substantive
consequences of using different models. For example, does
one need more items in a bank if item discrimination is not
modeled? Does adherence to the Rasch model negatively
affect the spread of item difficulty parameters across the
ability distribution? Is the standard error of individual abil-
ity estimates greater without an estimated discrimination
parameter? Researchers in educational and psychological
measurement have long moved beyond iconoclastic debate.
We in outcomes assessment need to do the same, and we
need to do so while publicly debating the relative merits of
CAT.

DYNAMIC TESTING

Although IRT has been increasingly used in health
status assessment, it has most often been used for simple
item calibration. Fewer studies have appropriately used
IRT for test equating and linking (1, 44, 53), which are
cornerstones of item banking and CAT (otherwise known
as dynamic testing). Much needs to be done before devel-
opers and users can confidently take the next step toward
CAT. More work is needed on how many items should be
in an item bank. Some researchers argue for as few as 30
items (46); others assert that hundreds of items are re-
quired (52). What should be the range of difficulty and
discrimination estimates of banked items? Equally impor-
tant, what should be the distribution of difficulty and dis-
crimination estimates over theta (the unobserved ability
distribution)? Polytomous items are known to be more

informative than dichotomous items (46, 54). Should we
discourage banking with dichotomous items? We need
more profound knowledge of the substantive and statistical
implications of using CAT with the Rasch model and with
the two- or three-parameter model.

Practically speaking, much needs to be done to estab-
lish the infrastructure for CAT. We need to develop theo-
retically driven item banks that are constructed, at least in
part, from the patient point of view; meet unidimension-
ality requirements; and are free of DIF. We need more
experience with different equating and linking designs,
which are crucial to item banks and CAT (55). We need
more research on item selection (46, 52) and trait estima-
tion (54) procedures. Work on optimal stopping rules for
different applications (for example, individual-level versus
group-level ability estimation, or high-stakes versus low-
stakes testing) and populations (for example, socioeconom-
ically vulnerable groups and those in the digital divide)
needs to be done. We will need to pay attention to item
and test security and item theft (52) if item banking and
CAT becomes proprietary.

DANGEROUS AND DETRIMENTAL

Throughout the history of aptitude and psychological
testing, it has been assumed that testing is beneficial and
that it is desirable to expand testing and then later assess
the consequences of expansion. However, the U.S. experi-
ence with educational assessment has shown that testing is
not always benign (56). We should not assume that CAT-
based health status assessment will be beneficial across the
board. Health services research generally, and health status
and outcomes assessment specifically, has witnessed an in-
crease in proprietary markets (and marketing) for the prod-
ucts of scientific labor (57). Any organization that owns the
rights to a product, such as a measurement tool or system,
may be more interested in promoting it than in disclosing
its shortcomings as well as its virtues. As Shapiro argues,
“the proprietary appropriation of instruments in health ser-
vices research . . . involves introduction of the profit mo-
tive into the very marrow of the field” (57). Before CAT-
based health and outcomes assessment becomes the rule,
both developers and users need to seriously consider the
following questions: 1) Will CAT be devoted to commer-
cialism, promotion, profit, and institutional self-interest or
to public service and disinterested research? 2) Will it sim-
ply market its tools, or will it ponder the merits, uses, and
effectiveness of those tools? 3) Will it expand testing, or
will it promote basic science and public good? 4) Will it
promote secrecy or science? 5) Will it be monopolistic or
cooperative? 6) Will it overpromote test strengths while
minimizing weaknesses? 7) Will it suppress evidence that
does not support testing and marketing? 8) Will it be un-
responsive to its constituency (researchers, policymakers,
funders, payers)? 9) To whom will it be accountable and
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for what? 10) Will it lead to less objective and scientific
research?

“Caveat emptor” has always guided consumers in the
marketplace. It may soon guide potential users of CAT-
based health status assessment if we remain on the path
toward entrepreneurial and proprietary development. A
for-profit CAT-based assessment industry could lead to a
loss of openness between entrepreneurs and their constitu-
ency. Because CAT does not come in a standardized form,
users cannot visually see it as one sees other instruments. In
essence, CAT is a black box. Its virtue—a large repository
of items—is also its downside—anonymity of items and
procedures. How will the constituency know how many
items are in the bank, how the items were derived, whether
DIF has been assessed and eliminated, whether unidimen-
sionality holds, the number of item parameters that have
been calibrated, the number of item parameters that are
actually used, the size and representativeness of the calibra-
tion sample, the equating procedures, and the item selec-
tion and stopping rules? Users should demand and receive
complete and comprehensive disclosure on these, and
other, crucial questions.

DEBATE

The intellectual and technical infrastructure for item
banking and CAT under IRT is at hand. What is unclear is
whether it is desirable, intellectually or scientifically, for
health status and outcomes assessment to move in this di-
rection without serious debate about the merits and short-
comings of this approach. Myriad tools exist for measuring
the function and well-being of older persons. We have seen
both advances and redundancies among these measures.
The same, of course, could easily apply in the future to
item banks, with investigators arguing about the extent to
which “my bank is better than yours.” Further, the privat-
ization (57) of CAT-based assessment enterprises could sti-
fle scientific progress in measurement and assessment (and
its many applications) because 1) methods may not be in
the public domain, 2) results may not be in the public
domain, and 3) replication may be frustrated, if not im-
peded entirely.

An item bank is the result of the work of hundreds of
persons over decades. For the fairest and most productive
use, health banks should be in the public domain since
their constituent parts were most often developed with
public monies. Health banks could reside with the Na-
tional Center for Health Statistics, the Agency for Health-
care Research and Quality, or a nonprofit organization
similar to the Educational Testing Service. We need to
publicly debate the best way to administer and manage
item banks and CAT.

In health status and outcomes assessment, which has
more than two dozen generic measures (5) and hundreds of
disease-specific measures (6, 7), dialogue among measure-
ment specialists has sometimes resembled a childhood fight

with claims of “my tool is better than yours.” But at least
these discussions have taken place within the context of
peer-reviewed science. If measurement research moves
from academia to the private sector, we may continue to
hear the polemic of “my item bank is better than yours,”
but without the safeguard of peer review. We have already
witnessed some disadvantages of proprietary measurement
tools, with developers eschewing peer-reviewed publication
in favor of profit-yielding and non–peer-reviewed user’s
manuals. In the absence of peer review, how will the con-
stituency be able to differentiate between scientific truth
and advertising? As health status and outcomes assessment
begins to move toward the development and calibration of
item banks and CAT (5), earnest and critical thought is
needed about the extent to which the profit motive will
corrupt developments that are on the rise.

CONCLUSION

In the past 50 years, we have accomplished much in
the measurement of the function and well-being of older
persons. Measurement specialists are at the threshold of a
paradigm shift (5) away from classical test methods and
toward broader use of IRT methods. There is reason for
both excitement and caution as IRT methods are used for
test construction, scaling, and score equating, as well as for
the identification of DIF and the implementation of CAT.
It may be desirable for stakeholders—methodologists, us-
ers, policymakers, payers, and funders—to reach consensus
about the relative merits of the various courses that patient-
based measurement could follow before any one road is
definitively taken. I offer the 10 Ds as a platform for in-
forming and stimulating discussion about how and where
measurement advances might proceed in the years ahead.
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