
Construct Validity Comparisons of
Three Methods for Measuring Patient
Compliance
K. Michael Cummings, John P. Kirscht,
Marshall H. Becker, and Nathan W. Levin

A multitrait-multimethod design was employed to assess the construct validity of
three commonly used methods for assessing patient compliance: physiological
assessments (e.g., blood chemistries), ratings by health professionals, and patient
self-reports. Subjects were patients receiving ambulatory hemodialysis treatments
for end-stage renal disease, whose regimen required them to take medications, to
follow dietary restrictions, and to limitfluid intake. Studyfindings indicated that
of the three methods examined, the nurse rating approach was the most valid
(although it contained only about 50 percent valid variance). Measures derived
from physiological assessments contained a substantial proportion of residual error
(over 70 percent), and the patient self-report method contained only about 12
percent valid variance (with about 18 percent method-effects variance, and 68
percent residual-error variance). These results make clear the needfor additional
research directed at developing valid methods for evaluating patient compliance
behaviors.

While the problem of compliance with medical recommendations is
now widely recognized and studied, relatively little is known about the
accuracy of different methods used to measure patient compliance
behaviors [1,2]. A conceptual definition of compliance includes both
medical recommendation and behavioral performance, with the latter
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judged in light of the former. At issue in measuring compliance is an
assessment of patient behaviors.

Relatively simple to measure are those behaviors in which a for-
mal record is made of an individual's actions. For example, assess-
ments of appointment-keeping or of receipt of an immunization are
relatively straightforward (although not all visits and services are accu-
rately recorded). However, most patient behaviors are not subject to
direct observation and regular recording in medical records. As a
result, investigators have had to develop additional ways to measure
compliance behaviors, and these methods vary considerably in their
levels of directness and apparent validity.

Many researchers have relied upon patient self-reports to assess
compliance. While fairly direct, patient reports of their behaviors are
subject to several sources of invalidity-the natural desire to report
"good" behaviors, for example, and the inability to recall instances of
noncompliance. In general, studies which have compared self-reported
compliance with other methods of measuring regimen adherence (e.g.,
physiological measures, such as blood sianples and urine tests to detect
trace levels of medication; pill counts; health outcomes) have found
that patients tend to overestimate their compliance with' recommenda-
tions [3,4].

Judgments by health professionals have also been employed as a
method for estimating patient compliance. While it seems reasonable
that health professionals would be in a good position to evaluate the
compliance behaviors of their patients, studies of physicians' ability to
predict compliance in patients have revealed only chance levels of
accuracy [5-7].

Physiological assessments of cooperation with therapy include
such approaches as measuring changes in body weight, seeking traces
of drugs or metabolites in blood or urine samples, obtaining reductions
in blood pressure, and achieving desired health outcomes (i.e., disease
control). As measures of patient compliance, such assessments have the
advantage of being relatively unaffected by human judgments; how-
ever, they are often costly to obtain- and, if patients know they are to
be tested, they may alter their behaviors [8]. Moreover, physiological
assessments and health outcomes are often influenced by factors unre-
lated to patient compliance behavior (e.g., natural recuperative pro-
cesses, physical characteristics of the individual, time when the mea-
sure is taken).

Without some knowledge of the relative accuracy of the various
methods used to evaluate patient compliance, one risks making inap-
propriate judgments in research directed at uncovering the causes of
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noncompliance or at determining the therapeutic effectiveness of dif-
ferent medical recommendations. Certainly, not all methods of mea-
surement are equally good; to permit rational choices among them that
will lead to subsequent application, it is necessary to assess their rela-
tive strengths and weaknesses. In addition, the continued improve-
ment of assessment methods needs to be guided by an evaluation of the
comparative success of different approaches in the past.

The measurement literature traditionally distinguishes three types
of validity: construct validity, concurrent validity, and predictive valid-
ity. Construct validity refers to the relationship of an observed variable
to a theoretical construct (or "concept"); concurrent and predictive
validities both involve relating an observed measure to an assumed
valid criterion variable.

Our research for this article involved examining the validity of
three commonly used methods for assessing compliance among hemo-
dialysis patients with taking medications, following dietary restrictions,
and limiting fluid intake. At issue were the validity of physiological
assessment (blood chemistries and weight gain between dialysis treat-
ments), ratings by health professionals, and self-reports by the
patients. Because each method of measuring compliance relies on indi-
rect assessments of patient behaviors, as previously noted, the methods
may be subject to measurement error. For example, although most
studies of compliance with medical regimens by hemodialysis patients
have relied exclusively on physiological outcomes as a basis for evalua-
tion, these measures cannot be assumed to be valid indicators of
patient behaviors. We do not believe that appropriate criterion varia-
bles exist for validating measures of compliance in dialysis patients.
Hence, our study of the validity of compliance measures focused on
construct validity.

METHODS

BACKGROUND AND SUBJECTS

The study group consisted of those patients with end-stage renal dis-
ease receiving hemodialysis treatments provided in two outpatient dial-
ysis clinics located in southeastern Michigan. Participation in the study
was limited to persons over 18 years of age who had been receiving
these treatments for a minimum of 3 months. Of the 120 eligible study
participants, 4 refused to participate (n = 116, a 97 percent response
rate).
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Patients ranged in age from 21-76 years (mean = 54.8 years).
Fifty-four percent were male, and half were white. The median educa-
tional level achieved was high school graduation, and median family
income was $10,000-$10,999 per year, with 16 percent receiving less
than $5,000 annually. Most of the participants were married (67 per-
cent); 9 percent had never married; and the remaining 24 percent were
widowed, separated, or divorced. The average length of time patients
had been obtaining dialysis treatments was 29 months; most subjects
(87 percent) were receiving dialysis treatments three times per week.
Only a quarter of the patients (n = 28) indicated that they expected to
have a kidney transplant in the future.

COMPLIANCE MEASURES

Patient compliance behaviors relative to taking phosphate-binding
medication, following dietary restrictions (especially with regard to
consumption of foods high in potassium), and limiting fluid intake
were examined using three measurement approaches.

Physiological Assessments

Dialysis patients need to control the amount of phosphorus in their
blood since their kidneys can no longer perform this function ade-
quately. Phosphate-binding medications are used to help control the
amount of phosphorus which is absorbed in the intestinal tract. Thus,
the serum phosphorus level (SPHL) provides an indirect measure of
patient compliance with instructions for taking phosphate-binding
medicine. In this study, compliance with taking phosphate-binding
medicine was assessed by averaging each patient's SPHLs over a 2-3
month period. For the great majority of patients, SPHLs were
obtained routinely once every month.

Since patients with renal failure are unable to excrete potassium
adequately, dietary restrictions are imposed to help the patient main-
tain proper levels of potassium in the blood. Thus, serum potassium
level (SPL) is an indirect indicator of compliance with dietary restric-
tions on food high in potassium (primarily fruits and vegetables). In
this study, compliance with dietary restrictions was evaluated by aver-
aging the patients' SPLs over a 1-2 week period. A total of three
measures were obtained on each patient. SPLs were assessed routinely
each time the patient came for dialysis.

To avoid excessive fluid buildups, dialysis patients are restricted in
the amount of fluid permitted between dialysis treatments. The degree
of fluid restriction depends on the patient's ability to excrete fluid.
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Thus, interdialysis weight gain is an indirect measure of patient com-
pliance with fluid restrictions. In this study, compliance with limiting
fluid intake was appraised by averaging the patients' between-dialysis
weight gains over a 1-2 week period. Between-dialysis weight gains
were calculated by subtracting from each patient's predialysis weight
the previous treatment's postdialysis weight. Pre- and postdialysis
weights were obtained routinely at each treatment session.

Health-Professional Ratings

One nurse from each clinic was instructed to estimate the degree to
which each patient was following instructions for the phosphate-
binding medicine, the diet, and the limit on fluid intake. The direction
and degree of patient compliance was rated on a seven-point scale,
where responses ranged from "poor" to "excellent" compliance. Due to
a rotating work schedule for nurses in both clinics, the nurse raters
were personally familiar with each patient they rated. It should be
pointed out that nurses in the clinic also did have access to the physio-
logical test results of patients.

Patient Reports

As part of an interview designed to assess health beliefs and knowledge
about their illness, patients were asked to rate the degree to which they
were complying with instructions about their phosphate-binding medi-
cine, their diet, and their between-dialysis fluid intake limit. Patients
rated the direction and degree of compliance to each of the three com-
ponents of the medical regimen on the same seven-point scale as that
used by the nurse raters. Interviews were conducted by trained inter-
viewers (not employees of the dinic) while the patients were receiving
their dialysis treatments.

Means and standard deviations for each of the compliance mea-
sures are shown in Table 1.

ANALYSES

Since theoretical constructs are unmeasured variables, a study of con-
struct validity requires an estimate of relationships between observed
measures and hypothetical (unobserved) variables. Such an investiga-
tion depends both on a network of relationships within a set of observed
measures and on a series of theoretical assumptions about the relation-
ship of specified hypothetical constructs to one another and to the
observed measures.
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Table 1: Means, Standard Deviations, and Number of
Respondents for Study Measures of Compliance

Number of Standrd
Compliane Messures Rspones Mean Dviatins
Serum phosphorus level (mg/dL) 98 6.05 1.68
Serum potassium level (mEq/L) 106 4.96 0.72
Weight gain between dialysis

treatments (kilograms) 108 2.59 .1.13
Nurse report of patient compliance

with taking phosphate-binding
medicine 98 4.18 1.55

Nurse report of patient compliance
with diet regimen 111 4.07 1.24

Nurse report of patient compliance
with fluid restriction 108 3.87 1.45

Patient report of compliance with
taking phosphate-binding medi-
cine 98 6.02 1.21

Patient report of compliance with
diet regimen 111 4.88 1.47

Patient report of compliance with
fluid restriction 100 5.00 1.41

Campbell and Fiske [9] argue that evidence for construct validity
exists when convergence occurs among independent measures of the
same trait and discrimination is noted among measures of different
traits. The authors demonstrate that it is possible to examine conver-
gence and divergence within a matrix of intercorrelations among three
or more theoretically unrelated traits measured by three or more inde-
pendent methods. Evidence for convergence exists when the correla-
tions among measures of the same trait are positive and significantly
different from zero. Evidence of discrimination is threefold:

1. The observed correlations among measures of the same trait
using different methods should be greater than the correla-
tions among measures of different traits using the same
method.

2. Different traits measured by the same method should have a
lower intercorrelation than different measures of the same
trait.

3. The pattern of trait interrelationship should be the same
within and among different measures.

Although the Campbell and Fiske approach represented an
important advance, it did not provide precise estimates of construct
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validity at the time of its publication; and, in the case of large matrixes,
it continues to be quite difficult to interpret. A number of procedures
for quantifying the multitrait-multimethod approach have been sug-
gested in the literature [10-12] for assessing construct validity, but
truly precise use of this technique seems to be possible only when it is
wedded to methods of structural analysis. Many writers [13-16] have
discussed applications of structural analysis to multitrait-multimethod
problems. J6reskog [17] developed a powerful maximum-likelihood
procedure which partitions the variance of a measure into three parts:
(1) valid variance (reflecting what the measure is intended to measure),
(2) correlated error variance (reflecting influences other than those that
the measure was designed to tap, and which also affect other mea-
sures), and (3) residual variance (reflecting that portion of variance
which is not otherwise accounted for).

The general form of the structural equation model used in this
investigation appears in Figure 1. The variances of the observed mea-
sures are represented by rectangles. The cirdes on the left are linked
directly to all of the measures designed to tap identical constructs; thus,
the circles represent what the observed measures have in common
(which, in this case, is compliance with a particular aspect of the
medical regimen). The values for parameters linking measures to the
circles on the left are interpreted as 'validity coefficients" -the correla-
tion (Pearson's product-moment, r) between the true condition and the
observed measures of the condition. The square of the validity coeffi-
cient gives the proportion of observed variance that is true variance.
The linkages among the circles on the left incorporate the expectation
that compliance in one area will be related to compliance with other
areas of the regimen.

A similar set of assumptions is involved in the specification of
linkages with the circles on the right. These linkages are intended to
represent the correlated error component of a measure. A "method
effects coefficient" is the correlation (Pearson's product-moment, r)
between the method factor and the observed measure. The square of
the method effects coefficient gives the proportion of observed variance
that is correlated error variance. The correlated error component of a
measure is that portion of the variance which reflects influences other
than those that the measure was primarily designed to tap and which
itself influences other measures as well. Several types of influences may
result in correlated errors. The effects of individuals' biases and differ-
ences in interpretation are "errors," and if they appear in more than one
measure -especially likely to happen when the measures are based on
the same method - they result in a spurious degree of correlation
among the measures. Different measurement methods activate differ-



Figure 1: Structural Equation Model and Parameter Estimates
for Three Types of Compliance Behaviors
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ent biases, which then act to produce different patterns of correlation
among the measures. Examining these patterns makes it possible to
obtain estimates of correlated errors associated with a particular
method.

In addition to the specification of linkages, a constraint was
imposed on the model with regard to the linkages among the method
factors (circles on the right) and the observed measures (rectangles).
The magnitude of the linkages from any one method factor was con-
strained to become equal for all measures using the same method. This
constraint on the model reflects the belief that error due to the effects of
a method should be equal for all measures which use the same mea-
surement method. The linkages among the circles on the right were
fixed at zero, reflecting our assumption that the method factors are
independent. Models of this form have sometimes been called "confir-
matory" or "restricted" factor analysis models [16,17].

The assumption of independence among the measurement meth-
ods is violated to some extent by the fact that the nurses had access to
the physiological measurement information in the patients' medical
records. However, the modest correlations (ranging from 0.20 to 0.45)
between the nurse rating measures and the physiological measures
suggest that the nurses did not base their ratings of patient compliance
solely on the results of the physiological tests.

The vectors extending from the right side of each of the nine
rectangles represent the residual error component of the measures
(i.e., that portion of the variance that can be attributed neither to true
effects nor to correlated errors). Included here are the random effects of
all of the occurrences that may influence a particular score on a mea-
sure: e.g., the respondent might have heard or interpreted the question
incorrectly; a technician might have read the blood value incorrectly;
some error might have been introduced as the answer was being pre-
pared for computer processing. By definition, the residual errors in the
model are assumed to be independent.

Maximum-likelihood estimates of all parameters in the structural
model were obtained using the LISREL IV computer program. Input
data for the structural equation analysis was a matrix of correlations
(Pearson's product-moment,r) among the observed measures (Table 2).

To evaluate the efficacy of the model, a Chi-square goodness-of-fit
statistic was computed. The Chi-square is a direction function of the
discrepancy between the sample correlation matrix and that repro-
duced by the parameter estimates of the model. The null hypothesis
initially proposes that a sample correlation matrix is obtained from a
population having the proposed causal structure. If the obtained Chi-
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square corresponds to a probability level greater than 0.05, it is con-
cluded that the null hypothesis cannot be rejected [16].

RESULTS

Figure 1 shows the estimated validity, method effect, and residual error
coefficients for the nine compliance measures. The validity coefficients
ranged from 0.26 to 0.76. The nurse rating method of measuring
patient compliance produced validities of about 0.7. Data obtained
using the physiological assessments had lower average validity (0.5),
while the patient-report method yielded validities of about 0.4.

On the basis of these results, it can be inferred that single-item
measures using the nurse-report method to assess patient compliance
with different components of the medical regimen contain approxi-
mately 50 percent valid variance. At the low end, the patient-report
method results in about 12 percent valid variance; and falling between,
the physiological-assessment method yields about 23 percent valid
variance.

As indicators of specific constructs, self-reports by patients of
compliance in limiting fluids and physiological assessments of patients'
serum potassium levels appear to be especially poor measures of the
constructs they are intended to tap.

Sharp differences appear in the method-effect coefficients associ-
ated with the different methods of measurement. The percentage of
total variance attributable to method effects was about 35 percent for
the nurse-rating method, about 18 percent for the patient-report
approach, and about 5 percent using the physiological assessments.

Inspection of the residual error values reveals a substantial
amount of unaccounted-for variance for each of the patient-report
measures (60 percent) and the physiological assessment measures (72
percent). However, the observed measures, which include the nurse-
rating method, contain only a small proportion of total variance as
uncorrelated error variance (11 percent).

One additional set of parameter estimates appears in Figure 1.
Linkages among the hypothesized constructs indicate a strong positive
association among all three types of compliance. This result suggests
that if a patient is found to comply with one aspect of the medical
regimen, he/she is likely to comply with other components of the regi-
men as well.

The parameter estimates obtained for the model shown in Figure
1 fit the data well. The estimated relationships among the measures
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(there are 45 such relationships) show a mean deviation from the
observed correlations of 0.037 (in no instance was the discrepancy
more than 0.19). The Chi-square test comparing the sample correla-
tion matrix with the one reproduced by the parameter estimates of the
model yields a nonsignificant Chi-square (X2 = 24.14, df = 21, p =
0.28).

DISCUSSION

It appears that the nurse rating approach is the most nearly valid of the
three methods of measuring patient compliance studied (even though,
as mentioned elsewhere, it contains about 50 percent valid variance).
The physiological-assessment method does not perform as well with
respect to validity, although it is an adequate indicator of between-
dialysis weight gain and, thus, of compliance with fluid limiting
instructions. The patient-report technique, with only about 12 percent
valid variance, seems to be a rather doubtful method of measuring
compliance.

The notably high residual-error variances produced by the
physiological-assessment measures may represent a significant empiri-
cal finding in their own right. Apparently, much of the variation in the
physiological-assessment measure (over 70 percent) can be attributed
to factors unrelated to patient compliance. For example, the serum
potassium level is not very sensitive to changes in dietary behavior.
Moreover, both serum potassium and serum phosphorus levels can be
influenced by the presence of a coexisting catabolic process or by the
degree of adequacy of the dialysis treatment. The high residual-error
variance associated with the between-dialysis weight gain measure is
less easily understood and is probably the result of several factors:
(1) failure to adjust for varying lengths of time between dialysis treat-
ments (they varied from 2 to 3 days); (2) failure to take account of the
fact that some patients had urine output; (3) lack of standardized mea-
surement procedures for obtaining pre-postdialysis weight gains; and
(4) errors in recording pre-postdialysis weights.

The relatively high method effects in measures obtained from
nurses' ratings reflect a tendency on the part of the nurses to classify
patients as either "compliant" or "noncompliant" without discriminat-
ing among compliance behaviors relative to different aspects of the
medical regimen. Correlations between nurse ratings of patient com-
pliance and selected patient characteristics revealed that the nurses
consistently rated patients who had more formal education, who were
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married, and who were white, as compliant with all three aspects of the
medical regimen. Thus, it appears that an important component of the
nurse rating which contributes to its consistency across different types
of compliance is a set of stereotypes reflecting assumed sociodemo-
graphic patient characteristics.

The strong positive correlations obtained among the three types of
compliance indicate substantial overlap among the different con-
structs. These findings suggest that compliance with one aspect of the
regimen represents compliance with other components of the regimen
as well. This pattern of response is by no means typical of adherence to
medical advice; it simply may be more characteristic of behaviors that
are similar in form.

The likelihood of generalizing the results of this research is limited
both by the sample of patients represented and the measurement meth-
ods used. The sample of dialysis patients studied does not represent all
dialysis patients, nor are dialysis patients similar to most other types of
patients. Further, only three methods of measurement were compared.
Since, in overview, external validity can only be deduced, replication is
always essential. The same methods and materials reported here
should be employed with other types of patients (copies of all study
materials may be obtained from the authors), and the research
extended to incorporate new methods.

As a study of construct validity, the research for this article treats
the set of measures as potentially equivalent- no "true" criterion is
available in this situation. Physiological measures do not manifest
themselves as the most coherent, consistent measures of adherence. By
the standards of validity, these measures could not be taken as "true" or
as criteria against which to judge the adequacy of other forms of mea-
surement. Practically speaking, it appears that a multiple assessment of
adherence, using a variety of measurement processes, is the best way to
assure accuracy in gauging levels of patient adherence to medical
instructions.
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