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: health, for there are external factors, such
| as an accident, which could drastically alter
: future health levels but which are not an
t aspect of a person’s health.
| The conceptual basis for a health index
i narrows the range of questions that could
: possibly be asked, but a relatively broad
‘ choice remains among, for example, the
many questions that could be asked to mea-
sure “functional disability * Whether the
- index reflects a conceptual approach to
health o: whether it is developed on a
purely empirical basis, procedures of item
selection and item analysis are used to |
guide the final stages of selecting and val- -
idating the questions to be included in the
measurement. =

THE QUAILITY OF A
MEASUREMENT: VALIDITY
AND RELIABILITY

Someone learning archery must first learn
to hit the center of the target, and then
learn to do this consistently. This is analo-
gous to the validity and reliability of a
measusement (77) The consistency (or re-
liability) of a measurement would be repre-
sented by how close successive shots fall to
each other, wherever they land on the tar-
get Validity would be represented by the
aim of the shooting—how close, on aver-
age, the shots comeé to the center of the
target. Ideally, a close grouping of shots
should lie at the center of the target (reli-
able and valid), but a close grouping of
shots may strike away from the center,
representing an archer who is consistently
off target, or a test that is reliable but not
valid, perhaps due to bias in the mea-
surement.

The core idea in validity concerns the
meaning, or interpretation, of scores on
a measurement “Validity” is commonly
_defined as the extent to which a test mea-
sures what it is intended to measure. This
approach is commonly used in epidemiol-
ogy and underlies the notion of sensitivity.
This is not a sufficient explanation of valid-
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ity, however, for valuable interpretations
of a measurement may be found that go
beyond the original intent of the test. As
-an example, mortality rates were recorded
to indicate levels of health or need for care,
but the infant mortality rate may also serve
as a convenient indicator of the socioeco-
nomic development of a region or country.
Hence, a mote general definition holds that
validity describes the range of interpreta-
tions that can be appropriately placed on
a measurement score: What do the results
mean? What can we conclude about the
person who produced particular scores on
the test? By focusing attention on the
breadth of a measure, this approach also
reflects its specificity {see page 31) The
shift in definition is significant, for validity
is no longer a property of the measurement,
but rather of the interpretation we place
on the results. This view holds advantages
and disadvantages. It may stimulate a
search for other interpretations of an indi-
cator, as illustrated in the development of
unobtrusive measures {78). This can lead
to discovering links between constructs
thought to be independent. An advantage
of the broader definition is also seen in
the dementia screening tests we review in
Chapter 7. Most of these are valid in that
they succeed in their purpose of identifying
cognitive impairments (i.e., they are sensi-
tive). Howevet, several of the tests show
low specificity in that people with low edu-
cational attainment also achieve positive
scores, suggesting that the scales provide a
more general indicator of cognitive func-
tioning. A disadvantage of broadening the
definition of validity is that it may foster
sloppiness in defining the precise purpose
of a measurement. Because of this, im-
mense amounts of time have been wasted
over arcane speculation on what certain
scales of psychological well-being are actu-
ally supposed to measure This can best be
avoided by closely linking the validation
process to a comceptual expression of the
aims of the measurement and also linking
that concept with other, related concepts to

indicate alternative possiblé interpretations
of scores.

The practical concern then becomes how
we tell if 2 measurement is striking close
to the center of the target and measuring
what it is supposed to. Thete are many
ways of testing validity, The choice de- :
pends on the purpose of the method {e.g.,
screening test or outcome meéasurement) |
and on the level of abstraction of the topic |
to be measured. The following section gives
a brief introduction to the methods that
will be mentioned in the reviews. More
extensive discussions are given in many
sources (e.g , references 32, 34, 79-81).

ASSESSING VALIDITY

Most validation studies begin by referring
to content validity. Fach health measure-
ment represents a sampling of questions
from a larger number that could have been
included. Similarly, the selecton of a par-
ticular instrument is a choice among alter-
natives, and the score obtained at the end
of this multistage sampling process is of
interest to the extent that it is tepresenta-
tive of the universe of relevant questions
that could have been asked. “Content va-
lidity” refers to comprehensiveness, ot to
how adequately the sampling of questions
reflects the aims of the index that were
specified in the conceptual definition of its
scope. For example, in a patient satisfac-
tion scale, do all the items appear relevant
to the concept being measured, and are
all aspects of satisfaction covered? If not,
invalid conclusions may be drawn.
Feinstein has proposed the notion of sensi-
bility, which includes, but slightly extends,
the idea of content validity (82, Chapter
10) “Sensibility” refers to the clinical ap-
propriateness of the measure: is its design,
content and ease of use appropriate to the
measurement task? Feinstein offered a
check list of 21 attributes to be used in
judging sensibility; these involve subjective
assessments rather than statistical analyses.
Indeed, content validity is seldom tested
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formally; instead, the face validity or clini-
cal credibility of a measure is commonty
inferred from the comments of experts who
review its clarity and completeness. A com-
mon procedure to establish content validity
is to ask patients and experts in the field
to critically review the content of the scale.
Tt is difficult, perhaps impossible, to prove
formally that the items chosen are represen-
tative of all relevant items (83) Occasion-
ally, tests of linguistic clarity are used to
indicate whether the phrasing of the ques-
tions is clear.

Following content validation, mote for-
mal, statistical procedures are used to as-
sess the validity of a measurement. These
generally begin with “critetion validity,”
which considers whether the instrument
correlates highly with a “gold standard”
measure of the same theme. Criterion valid-
ity may test the accuracy of the complete
measurement, or of each question. The lat-
ter involves “item analysis.”

Several statistical procedures may be
used in testing criterion validity. In the
simplest case there is already an accepted
way to measure the concept in question, 2
criterion or gold standard against which
the new measurement may be compared.
This typically occurs when the new instru-
nent is being developed as a simpler, more
convenient alternative to an accepted mea-
sutement. The new and the established tests
are applied to a suitable sample of people
and the results are compared using an ap-
propriate indicator of agreement. Hence,
this is sometimes known as correlational
validity; typically, the correlation of each
question with the criterion score is used to
select the best questions and thereby refine
draft versions of the questionnaire. Crite-
tion validity is usually divided into “con-
current” and “predictive” validity, de-
perding on whether the criterion refers to
a current or future assessment In the for-
mer, a guestionnaire on hearing difficulties
might be compared with the results of au-
diometric testing. In predictive validation,
the test is applied in a prospective study in

which the measurements made at the start
of the study are compared to subsequent
patient ountcomes (moztality, discharge,
etc.). Since this may demand a long investi-
gation it is rarely used; there are also logi-
cal problems with the method. It is likely
that during the course of a piospective
study (and perbaps as a result of the predic-
tion) interventions will be applied to selec-
tively treat the individuals at highest risk.
If successful, the treatment will alter the
predicted outcome (contaminate the crite-
rion) and wrongly make the test appear
invalid. To avoid this predictive validity
paradox, predictions are more commonly
tested over a very brief time inteival, mak-
ing this approach equivalent to concurzent
validity.

Qur chapter on psychological measure-
ments describes several screening tests, and
their validation illustrates a major category
of criterion validation studies, Here the
criterion takes the form of a diagnosis
made by a clinician who does not see the
test result. The task is to show how well
the test agrees with this classification and
also to identify the threshold score on the
test that most clearly distinguishes between
well and sick respondents. The test is ap-
plied to contrasting groups of respondents
and the patterns of their responses are com-
pared. Two potential etrors are recognized:
a test may fail to identify people who have
the disease ot it may falsely classify people
without the disease as being sick. The “sen-
sitivity” of a test refers to the proportion
of persons with a particular disease who
are correctly classified as diseased by the
test, while “specificity” refers to the pro-
portion of people without the disease who
are so classified by the test. These terms
are quite logical: the sensitivity of the test
indicates whether the test can identify the
presence of a disease, while specificity indi-
cates the degree to which it responds only
to that disease Specificity hence corres-
ponds to “discriminal validity” in the lan-
guage of psychometrics. Accordingly, tests
of specificity may compare scores for peo-
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ple with the disease to others who have
different diseases, rather than to people
who are completely healthy; as so often in
research, the choice of comparison group
is subtle but critical. Several extensions to
sensitivity and specificity analyses exst,
some of which will be encountered in this
book. For example, Goldberg illustrates
various ways of combining sensitivity and
specificity estimates to give a single esti-
mate of the adequacy of a test. He also
gives formulae for calculating the preva-
lence of a disease using a screening test
of imperfect, but known, sensitivity and
specificity, correcting for the imperfections
in the test (56, p93).

Sensitivity and specificity analyses te-
quire that the scores obtained using the test
be divided into two categories, indicating
presumed sick and presumed well The
threshold score that divides these two cate-
gories is known as the cutting point or
cutting score; to avoid confusion it is often
expressed as two numbers, such as 23/24,
indicating that the threshold lies between
these, While simple, the division into two
categories fails to reflect the notion of dis-
ease as a continuum, and so results in a
loss of information. Several ways to de-
scribe the sensitivity of the test over a range
of possible cutting points have been pro-
posed. Changing the cutting point alters
the proportions of well and sick people
correctly classified by the test such that an
increase In sensitivity is generally associ-
ated with a decrease in specificity Because
of this, the two parameters may be plotted
graphically at different cutting points for
the test in a further application of the ROC
analyses described earlier. The true-positive
probability (sensitivity) is plotted against
the false-positive probability (1 — specific-
ity} for various cutting points. The resulting
curve illustrates the tradeoff between sensi-
tivity and specificity. The area under the
cutve (AUC) provides an indicator of the
usefulness of the test, indicating the proba-
bility that a randomly chosen, healthy per-
son will score higher than a randomly cho-
sen person with the disease (67, 84). AUC

values of 0.5 to 0 7 represent poor accu-
racy, 07 to 0 9 indicate “useful for some
purposes,” while values over 0.9 indicate
high accuracy (85). Likelihood ratios offer
another way of summarizing sensitivity and
specificity; their use seeks to avoid the un- -
due reliance on a single cutting point im- |
plicit in sensitivity analyses. The likelihood
ratio for a particular value of a diagnostic
test is the probability of the test result in
people with the disease, divided by the
probability of the same result in people
without the disease {86). This is clinically
useful, as it indicates how much more likely
the test result is to occur in people with the
disease than in those without.

Some caveats should be considered in
interpreting sensitivity and specificity fig-
ures. Sensitivity may be influenced by fac-
tors such as age or educational level, and
the dementia screening scales desciibed in
Chapter 7 illustrate this. It is convenient to
report sensitivity for a single cutting point,
but optimal detection may demand that the
cutting point be varied for different age or
educational groups. The reader should also
critically review the study design in which
sensitivity and specificity were estimated.
The ideal is a study in which the gold
standard and the test are applied to all
persons in a selected population. This is
rately feasible, however, for it implies ob-
taining gold standard assessments from
large numbers of people who de not have
the condition; there are often cost or ethical
constraints to this, Hence a common altez-
pative is to take samples of those with and
those without the condition, selected on
the basis of the gold standard; typically
these are people in whom the condition
was suspected and who ate attending hos-
pital for assessment. Sensitivity and speci-
ficity are calculated in the normal manner.
The problem is that the comparison group
typically includes patients with other con-
ditions; this may give misleading validity
results if the test is to be used on an anse-
lected population. An alternative approach
is often used in validating a screening test
in a population sample; here, the scteening
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test is applied, and those who score posi-
tively receive the gold standard assessment,
along with 2 random subsample of those
scoring negatively. 'This approach incurs a
bias known as diagnostic workup bias,
which inflates the estimate of sensitivity
and reduces that of specificity. This bias
must be corrected, although tegrettably of-
ten it is not. There are several alternative
formulae for this (87).

Construct Validity

Fot measurements of pain, quality of life,
and depression, gold standards do not ex-
ist; validity testing is more challenging. It
requires assembling multple indicators of
validity in a process known as construct
validation. This is akin to assembling evi-
dence to support or refute a complex scien-
tific theory and to show under what cir-
cumstances it holds true. Construct
validation begins with a conceptual defini-
tion of the topic or construct to be mea-
_sured, indicating the internal structure of
its components and the theoretical relation-
ship of scale scores to external criteria
These may be expressed as hypotheses indi-
cating, for example, what correlations
should be obtained with other instruments,
which respondents should score high or
low, or what other findings would be pre-
dicted from the scores. None of these chal-
lenges alone proves validity and each suf-
fers logical and practical limitations,
although when carefully applied they build
a composite pictuze of the adequacy of the
measurement. A well-developed theory is
required to specify such a detailed pattern
of data, a requirement that is not easily
met. The main types of evidence used to
indicate construct validity are briefly de-
scribed here; their practical application is
illustrated in the reviews of individual mea-
surements. '

Corzelational Evidence

Hypotheses are formulated which state that
the measurement will correlate with other
methods that measure the same concept;
the hypotheses are tested in the normal

way. This is known as a test of “convergent
validity” and is equivalent to assessing sen-
sitivity. Where no single criterion exists,
the measurement is sometimes compared
with several other indices using multivari-
ate procedures. Hypotheses may also state
that the measurement will #ot correlate
with others which measure different
themes. This is termed divergent validity,
and is equivalent to the concept of specific-
ity. For example, a test of “Type A behav-
ior patterns” may be expected to measute
something distinct from neurotic behavior.
Accordingly, a low correlation would be
hypothesized between the Type A scale and
a neuroticism index and, if obtained, would
lend reassurance that the test was not sim-
ply measuring neurotic behavior. Natu-
rally, this provides little information on
what it does measure

Correlating one method with another
would seem straightforward, but there are
logical problems. Because a new. measure-
ment is often not designed to replicate pre-
cisely the existing method against which it
is being compared (indeed, it may be in-
tended to be superior), the expected cozre-
lation may not be perfect. But how high
should it be, given that the two indices are
inexact measurements of similar, but not
identical, concepts? Here lies a common
weakness in reports of construct valida-
tion: few studies declare what levels of
correlation are to be taken as demonstra-
ting adequate validity. The literature con-
tains many illustrations of authors who
seem pleased to arbitrarily interpret virtu-
ally any level of correlation as supporting
the validity of their measure Construct
validation should begin with a reasoned
statement of the types of variable with
which the measure should logically be re-
lated; the recent studies of the EutoQol
illustzate this (88). The expected strength
of correlation coefficients (or of the vari-
ance to be explained) should be stated prior
to the empirical test of validity

Several guidelines may assist the reader
in interpreting reported validity correla-
tions. First, as there is always some error
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of measurement, the maximum correlation
can never reach 1.00. It can ouly rise to
the square root of the reliability of the
measutement Where two measurements
are compared, the maximum correlation
between them is the square root of the
product of their reliabilities (80, p84).
Where the reliability coefficients are
known, it is possible to compare the ob-
served correlation to the maximum theoret-
ically obtainable; this helps in interpreting
the convergent validity coefficients between
two scales. For example, a raw correlation
between two scales of, say, 0.6 seems mod-
est; but if their reliabilides zre 0.7 and
0.75, the maximum correlation between
them would only be 0.72, making the 0.6
seem quite high By extension, we can esti-
mate what the criterion validity cotrelation
would be if both scales were perfectly re-
liable:

) Txy

X' yy

in our example 0.83. These corrections are
only appropriate in large samples, of 300
or more; with smaller samples they can
lead to validity coefficients that exceed 1 0
this seems over-optimistic for most of the
measurements we 1eview.

The second guideline involves translating
a correlation coefficient into more inter-
pretable terms. This assumes that the mea-
surement is being used to predict a crite-
rion, and the purpose is to assess how much
the accuracy of prediction is increased by
knowing the score on the measurement
The simplest approach is to square the
correlation coefficient, showing the reduc-
tion in error of prediction that would be
achieved by using the measurement com-
pared to not using it. As an example, if a
health measurement correlates 0.70 with a
criterion, using the test will provide 0. 7%, ot
almost a 50% reduction in error compared
with simply guessing Applying this indi-
cates that the value of a measurement de-
clines rapidly below a validity coefficient
of roughly 0.50. The dezivation of this

approach is given by Helmstadter (80,
p119}), who also describes other ways of
interpreting validity coefficients.

The adequacy of validity {and reliability)
coefficients may be interpreted in light of
the values typically observed. The conve:-
gent validity corzelations between the tests
reviewed in this book are low, typically
falling between 0.40 and 0.60, with only
occasional correlations falling above 0.70
for very similar instrumnents {such as the
Barthel Index and PULSES Prefile). The
attenuation of validity coefficients due to
unreliability implies that a correlation of
0.60 between two measures represents an
extremely strong association

Pearson cotrelations are often used in
reporting reliability and validity findings,
but they should be interpreted with cau-
tion. If points azezdrawn on a graph to plot
one rating against another for a series of
patients, the correlation coefficient shows

"how closely the points lie to a straight line
- This ‘indicates how accurately ¢ne rating

can be predicted from another. Coefficients
range from —1.0 (indicating an inverse as-
sociation) through 0.0 (indicating no assc-
ciation at all) to+ 1 0. Pearson correlations
quantify the association between two mea-
surement scales, but do not indicate
agreement. This is because a perfect corze-
lation requires only that the pairs of read-
ings fall on a straight line but does not
specify which line For example, if one
sphygmomanometer  consistently — gives
blood pressuze readings 10 mmHg higher
than anothes, the correlation between them
would be 1.0, but the agreement would be
zero. Correlations are also influenced by
the range of the scale: wide: ranges tend
to produce higher correlations, even
though the agreement remains the same.
Bland and Altman discuss these limitations
and propose alternative approaches to ex-
pressing the agreement between two rat-
ings (89).

Factorial Validity

Factor analysis can be used to describe
the underlying conceptual structure of an
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instrument; it examines how far the items
accord In measuring one oI more COMION
themes It can therefore be used in studying
content validity: do the items fall into the
expected groupings? Using the pattern of
intercorrelations among replies to ques-
tions, the analysis forms the questions into
groups or factors that appear to measure
common themes, each factor being distinet
from the others. For example, Bradburn
selected questions to measure two aspects
of psychological well-being which he
termed positive and negative affe¢t Factor
analysis of the questions confirmed that
they fell into two distinct groups, which
were homogeneous and unrelated to each
other, and which by inspection appeared
to represent positive and negative feelings.
This analytic method is therefore com-
monly used to study the internal structure
of a health index that contains separate
components, each reflecting a different as-
pect of health. Typically, these components
of the measurement will be scored sepa-
rately Factor analysis can also be used
in construct validation by indicating the
association among several measurements.
Scales measuring the same topic would be
expected to be grouped by the analysis
onto the same factor (a test of convergent
validity), while scales measuring different
topics would group on different factors
(divergent validity).

Factor analysis is widely used, and all
too frequently misused, in the studies re-
pozted in this book; several principles guide
its apptopriate use (90, 91). The items to
be znalyzed should be measured at the
interval-scale level; the response distribu-
tions should be approximately normal and
there should be at least five (some authors
say 20) times more respondents in thé sam-
ple than there are variables to be analyzed.
Because so many health indices use categor-
ical response scales (such as “frequently,”
“sometimes,” “rarely,” and “never”) the
first and second of these principles are often
contravened. [ such cases latent trait anal-
ysis can be used to provide a factor analysis
applicable to binary {yes/no) responses. In

addition, for purposes of scale develop-
ment, items can be selected on the basis of
their association with the trait of interest

Group Differences ot
Discriminant Fvidence

An index that is intended to distinguish
between categories of respondent (e.g., well
and sick, before and after treatment) may
be tested by applying it to samples of each
group and by analyzing the scores for sig-
nificant differences. Significant differences
on the scores would disprove the null hy-
pothesis that the method fails to differenti-
ate between them. This approach is very
frequently used, but like all other valida-
tion procedures, it suffers logical limita-
tions. Screening tests for emotional disor-
der may compare psychiatric patients with
the general population but they will under-
estimate the adequacy of the method iff
some members of the general population
have undiagnosed emotional disorders.
Many indices are developed for highly se-
lected cases in clinical research centers. Just
as it is risky to generalize the results of
clinical trials from tertiary-care centers to
other settings, so referral patients may
scote highly on an index, yet high scores in
a community survey may not be diagnostic
(83). New measurements should be retested
in a variety of settings.

When the results of several drug trials are
combined in a meta-analysis, the average
impact of the treatment may be indicated
using the effect size statistic to compare
mean scores in treatment and controf
groups or before and after treatment. Re-
sults are expressed in standard deviation
units: (M, — M_/SD, The effect size is
compatable to a z score where, assuming a
normal distribution of scores, the effect size
indicates how far along the percentile range
of scores a patient will be expected to move
following treatment. With an effect size
of +1.00, a patient whose initial score lies
at the mean of the pretreatment distribu-
tion will be expected to rise to about the
84th percentile of the control, or untreated,
group after treatment. Meta-analyses are




36 THE IHEOREIICAI AND IECHNICAL FOQUNDATIONS

now beginning to summarize the results of
several trials in terms of the effect sizes
achieved by selected treatments; an exam-
ple is given by Felson et al. (92}

The idea of effect size for a treatment
can be turned on its side and applied to
measurement Instruments to compate how
sensitive they are In indicating change—an
example is given by Liang et al. (93}. For
outcome measurements, sensitivity to
change is a crucial characteristic, although
there is no clear consensus as to how this
should be assessed. Many indicators have
been proposed, and careful reading of arti-
cles is often needed to identify which statis-
tic has been used Most indicators agree
on the namerator, which is the raw score
change; there is little agreement on the
appropriate denominator. The basic mea-
sure of effect size is the raw score change
on the measure divided by the standard
deviation of the measure at time 1 (94).
Alternatives include a t-test approach
which divides the raw score change by its
standard error (95), or a responsiveness
statistic that divides the raw score change
by the standard deviation among stable
subjects (95); as an alternative, the stan-
dardized response mean divides the mean
change in score by the standard deviation
of individuals’ changes in scores (96). Fur-
ther alternatives include relative efficiency
{97), measurement sensitivity, receiver op-
erating characteristic analyses (in terms of
the ratio of signal to noise) {98, 99) and
an F-ratio comparison (100, 101). Re-
fineinents to the basic formulae correct for
the level of test—retest reliability (102). The
lazgest effect size that can be attained for
a given measuze in a given sample is the
baseline mean score divided by its standard
deviation As a general convention, effect
sizes of 0.2 to 0.49 are considered small;
0.5 to 0.79 are moderate, and 0.8 ot above
are laige {94}. These interpretations give a
guide to assessing the clinical importance
of an intervention: while large sample sizes
may make the comparison between drug
and placebo groups significant, the effect
size can be used to indicate whether the

difference is clinically important. Knowing
the effect size of an instrument is also valu-
able in calculating the power of a study
and the sample size required; as with all
sample size calculations, this requires a
prior estimate of the likely effect size for a
particular comparison (say, of drug and
placebo), with a particular measurement
instrument. To illustrate, if the effect size
is expected to be 02, about 400 subjects
will be required per group to show the
contrast as significant, setting alpha at 0.05
and power at 0.8 To detect a moderate
effect size of 0.5, one would need about 64
patients per group {94, pS187). Effect sizes
also help in comparing results from studies
that used different measurements: an in-
strument with a large effect size will show
a higher mean improvement following
treatment than an instrument with a
smaller effect size. Information on the ef-
fect sizes of various measwement instru-
ments is starting to accumulate; ene exam-
ple is in the depression field (103).
Construct validation of a health mea-
surement is part science and largely art
form. Construct validity cannot be proved
definitively, but it is a continuing process
in which testing often contributes to our
undesstanding of the construct, following
which new predictions are made and tested
This is the ideal, but the literatizre contains
examples of inadequate and seemingly at-
bitrary presentations of construct validity,
We still see statements of the type, “Our
mstrument correlated 0.34 with the Seren-
ity Scale, 0.21 with the Idiosyncrasy Index,
and 0.55 with the Turpitude Test and this
pattern of associations supports its coa-
struct validity ” In the absence of 2 priori
hypotheses of association, the reader may
well wonder what pattern of correlations
would have been interpreted as refuting
validity. Mercifully, thete are several exam-
ples of a more systematic approach to con-

-struct validation, such as those by McHot-

ney et al. (104) and Kantz et al. (105).
Good validation studies state clear hypoth-
eses and test them, with justification for
considering those hypotheses the most rele-
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vant. Good studies will also try to-disprove
the hypothesis that the method measuzes
something other than irs stated purpose,
cather than merely assembling information
on what it does measure A variety of ap-
proaches should be used in testing any in-
dex, rather than relying on a single valida-
tion procedure. Future developments
should see greater use of recently developed
structural modeling techniques that allow
theoretical and unmeasured variables to en-
ter into multivariate analyses of the links
among a series of measurements. An exam-
ple of this approach to construct validation
is given by Andrews (106).

ASSESSING RELIABILITY
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