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Abstract: The construction and psychometric analysis of patient satisfaction questionnaires
are discussed. The discussion is based upon the classification of multi-item questionnaires into
scales or indices. Scales consist of items that describe the effects of the latent psychological
variable to be measured, and indices consist of items that describe the causes of this variable.
Whether patient satisfaction questionnaires should be constructed and analyzed as scales or as
indices depends upon the purpose for which these questionnaires are required. If the final aim
is improving care with regard to patients’ preferences, then these questionnaires should be con-
structed and analyzed as indices. This implies two requirements: 1) items for patient satisfaction
questionnaires should be selected in such a way that the universe of possible causes of patient sat-
isfaction is covered optimally and 2) Cronbach’s alpha, principal component analysis, exploratory
factor analysis, confirmatory factor analysis, and analyses with models from item response theory,
such as the Rasch Model, should not be applied for psychometric analyses. Instead, multivariate
regression analyses with a direct rating of patient satisfaction as the dependent variable and the indi-
vidual questionnaire items as independent variables should be performed. The coefficients produced
by such an analysis can be applied for selecting the best items and for weighting the selected items
when a sum score is determined. The lower boundaries of the validity of the unweighted and the
weighted sum scores can be estimated by their correlations with the direct satisfaction rating. While
the first requirement is fulfilled in the majority of the previous patient satisfaction questionnaires,
the second one deviates from previous practice. Hence, if patient satisfaction is actually measured
with the final aim of improving care with regard to patients’ preferences, then future practice should
be changed so that the second requirement is also fulfilled.

Keywords: patient satisfaction, questionnaires, psychometrics, reliability, validity, measure-

ment, methodology

Introduction
Patient satisfaction with care plays an important role in establishing a causal relationship
between patients’ preferences and patients’ adherence. The extent to which care corre-
sponds to the patients’ preferences will essentially determine satisfaction, and satisfaction,
in turn, will presumably essentially determine whether patients adhere to the medical
treatment and to the institution which provides the care. In addition to this, satisfaction in
itself is an important outcome of care. Hence, there is a strong need to maximize satisfac-
tion, and, consequently, a strong need to measure patient satisfaction with care adequately.
Accordingly, numerous questionnaires addressing patient satisfaction have meanwhile
been presented. In a recent review,' 33 different questionnaires were mentioned, and
there are more patient satisfaction questionnaires not included in this review.

Like all other measurement instruments, patient satisfaction questionnaires
should be reliable, that is, they should be associated with as little measurement error
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as possible, and they should be valid, that is, they should
measure what they are supposed to measure. To demonstrate
reliability and validity, psychometric analyses are usually
performed with each newly presented patient satisfaction
questionnaire. These psychometric analyses mostly conform
to a similar pattern. This includes performing a principal
component analysis (PCA), an exploratory factor analysis
(EFA), and/or a confirmatory factor analysis (CFA) with the
individual questionnaire items and computing Cronbach’s
alpha for the different components or factors.”* There are
also some contributions in which Rasch analyses have been
performed.?*2¢ In this paper, these approaches are discussed
critically. To this end, at first, a general conception pertain-
ing to multi-item measurement questionnaires is introduced;
subsequently, the measurement of patient satisfaction is
discussed on the basis of this conception; and, finally, con-
clusions are drawn from this discussion.

General conception

Multi-item questionnaires, which aim at producing quantitative
values for one or more latent psychological variables, can be
classified into two categories: 1) scales and 2) indices. These
two kinds of questionnaires differ with regard to the direction
of the relationship between the latent psychological variables
and the individual items: in scales, the items are effects of the
latent variables; in indices, they are causes?” (Figure 1).

A paradigmatic example of a scale is a test addressing
mathematical intelligence. Such a test usually consists of
several mathematical tasks. The latent variable “mathematical
intelligence” is defined as a construct which determines how
well the individual tasks are solved. There are different forms
of specifying the relationship between a latent variable and

One dimensional

Multidimensional

Figure | Types of multi-item questionnaires.
Notes: 7, 77k2 Latent psychological variables; x: item scores.

an effect item mathematically. When the response to the
item can be understood as a variable that possesses at least
interval scale level, the simplest formulation is

=An+e (1)

where z, is the z-transformed score of item i, 7 the latent
psychological variable, /4 a coefficient which reflects how
strongly the latent psychological variable influences item
i, and € an error variable. In this equation, 77 is assumed
to be distributed with a zero mean and a variance equal to
one, and €, with a zero mean and a zero correlation with 7).
This formulation is identical with the model, which is presup-
posed in PCA, EFA, and CFA when only the first factor is
extracted or, respectively, considered.*® This model refers to
z-transformed values and to 7 distributed with a zero mean
and a variance equal to one because, in this case, no addi-
tive parameter is required in the formulation and /4 is then
equal to the correlation between the latent and the observed
variable.

A slightly more complicated, but, in most cases, more
adequate formulation than Equation 1 would be a model from
item response theory (IRT), such as the Rasch model. In such
a model, the probabilities of achieving a specific level for
the item are predicted.’!

Scales can be multidimensional (Figure 1). There might
be, for example, two different latent psychological variables,
“mathematical intelligence” and “verbal intelligence”, which
affect the items of the same test in a different manner. To be
specific, verbal intelligence might have no influence on mere
algebraic tasks, but some influence on tasks in which a prob-
lem is verbally described. With analogous presuppositions as

Index

Scale
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in the description of the one-dimensional case, the simplest
mathematical specification of an item influenced by more
than one latent psychological variable is

(=X )+ e @

where m is the number of different latent psychological
variables, 77, is the latent psychological variable k, and /4,
is a coefficient, which reflects how much the latent psycho-
logical variable k& influences item i. The latent psychological
variable is again defined to be distributed with zero mean
and a variance of one. The remaining two parameters have
the same meaning as in Equation 1. The model described by
Equation 2 is the model upon which PCA, EFA, and CFA are
based when two or more than two variables are extracted or,
respectively, considered.® In the multidimensional case, a
model from IRT, such as a multidimensional Rasch model,
would also be possible.*

Paradigmatic examples of indices are instruments
addressing health-related quality of life. The items of these
indices are selfclassifiers, which address different aspects
of health, such as the ability to move or pain. Health-related
quality of life does not determine the ability to move or pain.
On the contrary, the ability to move and pain determine
health-related quality of life. The simplest mathematical
specification of items influencing the latent psychological
variable is

7= (2; ,5;;_) te 3)

where n is the number of items included in the question-
naire, ,6: a coefficient which reflects how much the feature
described by item i affects the latent psychological variable,
and & an error variable with zero mean and zero correlation
with the term in brackets. The terms 77 and z, have the same
meaning as in Equations 1 and 2, that is, 77 is defined to be
distributed with zero mean and a variance equal to one and
z_ is the z-transformed response to item i. As in Equations 1
and 2, this definition and this transformation are applied to
make an additive parameter in the model unnecessary.
There can also be multidimensional indices (Figure 1).
Such indices would emerge if the items of a multi-item
questionnaire are causes of different latent psychological
variables. An example might be a questionnaire with items
referring to different aspects of the health state which, in turn,
have a different impact on different domain-related forms of
health-related quality of life, such as health-related quality of

life experienced in the vocational context and health-related
quality of life experienced in leisure time. The simplest
mathematical specification of the idea that the same items
influence different latent psychological variables is

=218z + < )

where 7 is the latent psychological variable k, £ a
coefficient that reflects how much the aspect addressed by
item i affects the latent psychological variable k, and €, an
error variable with zero mean and zero correlation with the
term in brackets. Again, the latent psychological variable
is defined to be distributed with zero mean and a variance
of one. The remaining terms have the same meaning as in
Equation 3.

Scale models as described in Equations 1 and 2 have
completely different implications for the relationships
between the item scores than the index models as described in
Equations 3 and 4. The model of a one-dimensional scale as
described in Equation 1 implies that the scores of the individ-
ual items correlate with each other. The higher the coefficients
A are, the higher the correlations between the item scores
must be. The model of a multidimensional scale as described
in Equation 2 implies a specific pattern of correlations between
the item scores. The more the coefficients 4, for two dif-
ferent items are similar, the more these two different items
must correlate. In a similar way, any model of IRT implies
a specific structure within the probabilities of solving, or
respectively, endorsing the item. In contrast, the models for
indices (Equations 3 and 4) imply nothing at all for the rela-
tionships between the individual item scores. Two items that
do not correlate at all may both have the same impact on the
latent psychological variable. For example, experiencing pain
and being unable to move are two states which can very well
exist independently from each other; but both states have an
extreme impact on health-related quality of life.

Because of the differences regarding the relationships
between the individual items, statistics based upon these
relationships have completely different meanings for scales
and for indices. When a scale model holds, the relationships
between the items are determined by the latent psychological
variables. Therefore, in this case, Cronbach’s alpha is a char-
acteristic of the measurement instrument and can be expected
to be stable across different studies, as long as the variances
of the sum scores are the same in these different studies. This
stability across different studies is one necessary condition for
Cronbach’s alpha being interpreted as the lower boundary of
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the sum score’s reliability. In contrast, when an index model
holds, the correlations between the items are not determined
by the latent psychological variable. Therefore, in this case,
Cronbach’s alpha is not a characteristic of the measurement
instrument and cannot be expected to be stable across differ-
ent studies, even when the variances of the sum scores are the
same in these different studies. In this case, Cronbach’s alpha
reflects nothing about the sum score’s reliability.

For PCAs, EFAs, and CFAs, the argumentation is analo-
gous. When the multidimensional scale model as described
in Equation 2 holds, then the correlations between the items
reflect the influences of the different latent psychological
variables on the items and, accordingly, the results of PCAs,
EFAs, or CFAs reflect these influences. For this reason, the
results of PCAs, EFAs, or CFAs constitute characteristics of
the measurement instrument and can be expected to be similar
in different studies. In contrast, when a multidimensional
index model as described by Equation 4 holds, then the cor-
relations between the item scores are not determined by the
latent psychological variables. For this reason, the results of
PCAs, EFAs, or CFAs cannot reflect anything about these
variables. Moreover, these results do not constitute character-
istics of the measurement instrument and cannot be expected
to correspond to each other in different studies. When an
index model holds, the results of PCAs, EFAs, or CFAs only
reflect features of the context in which the study is applied,
but not features of the latent psychological variables.

For models of IRT, the argumentation is analogous. When
an IRT model holds, this implies a certain structure within
the probabilities of solving or, respectively, endorsing the
items. The parameters of the IRT model can be identified on
the basis of this structure, and the relationships between the
item parameters of the model can be expected to be more or
less the same in all person samples for which the model holds.
This should be the case independently of the context in which
the study is performed. In this sense, the item parameters
determined for the IRT model constitute features of the mea-
surement instrument. If, however, an IRT model is applied
when it is actually an index model that holds, then the item
parameters will vary with the context in which the study is
performed. Moreover, the IRT model cannot be expected to fit
to data at all. Accordingly, when it is actually an index model
that holds, analyses with an IRT model make no sense.

Because scale and index models differ with regard to
their implications for the relationships between the items,
Equations 1 and 2 have a completely different epistemological
function than Equations 3 and 4. Equations 1 and 2 constitute
basic models of statistical procedures with which the model

parameters can be estimated from the correlations between the
items, that is they constitute the basic models of PCA, EFA,
and CFA. As, in contrast, Equations 3 and 4 imply nothing
for the correlations between the items, the parameters within
these equations cannot be determined solely on the basis of
these correlations. The multiplicative parameters in Equations
3 and 4 can, however, be determined when a preliminary
measurement of the latent variable is also at hand. In this case,
amultivariate linear regression analysis with the preliminary
measure of the latent variable as the dependent variable
and the items as independent variables can be performed.
For Equation 3, this would be one single analysis and for
Equation 4, as many analyses as different latent variables
are considered. The standardized multiplicative parameters
obtained in these analyses would be estimations of the mul-
tiplicative parameters in Equations 3 and 4.

The quality of the estimations provided by the multiple
regression analysis depends upon the psychometric proper-
ties of the preliminary measure of the latent psychological
variable. According to classical test theory,* this preliminary
measure is a sum of true value and error. For the analyses
presupposed here, the true values should correlate as high
as possible with the latent psychological variable in ques-
tion. If this is the case and if, additionally, a large number of
cases are included in the multiple linear regression analysis,
then the multiplicative coefficients can be estimated quite
accurately, even when the preliminary measure of the latent
psychological variable is not particularly reliable. Apart
from those biases which result from the true values of the
preliminary measure being insufficiently correlated with
the latent variable, the accuracy of the estimations can be
judged by the corresponding standard errors obtained from
the multiple linear regression analysis.

When the estimations are sufficiently accurate, the mul-
tiplicative coefficients can be applied for selecting those
items which best address the latent psychological variable.
Moreover, the unstandardized coefficients of the multiple
linear regression can be applied as weights for the item
scores. The sum of the weighted item scores can be expected
to be more valid than the sum of the unweighted scores and
more reliable than the preliminary measure of the latent
psychological variable.

The preliminary measure of the latent psychological
variable can also be applied for investigating the validity
of both unweighted and weighted sum scores. The correla-
tions between both scores with the preliminary measure are
estimations of the lower boundaries of the validities of both
scores. If the validity of the weighted sum score is estimated
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with the same data that have been applied for determining
the weights by a multivariate linear regression, then this cor-
relation can be computed by drawing the square root of the
corresponding squared multiple correlation coefficient. As
the validity of a measurement instrument cannot be higher
than the square root of 'its reliability,* the squared estimations
of the validity can also be taken as estimations of the lower
boundary of reliability.

Patient satisfaction questionnaires

Based upon the general conception just described, two ques-

tions will now be discussed:

e Are present patient satisfaction questionnaires scales or
indices?

e Should future patient satisfaction questionnaires be con-
structed and analyzed as scales or as indices?

Present patient satisfaction

questionnaires

To decide whether present patient satisfaction questionnaires
are scales or indices, the causal relationships between the indi-
vidual items of these questionnaires and patient satisfaction
must be inspected. This will be done for two examples: 1) the
Client Satisfaction Questionnaire with eight items (CSQ-8)
of De Wilde and Hendriks® and 2) the Patient Assessment
of Health Care for Outpatients (O-PAHC) of Webster et al.??
The analysis will be performed from two different perspec-
tives: 1) only the content of the items is considered, and
2) additionally, psychological processes which might affect
the responses to the items.

Investigating the CSQ-8 from the first perspective yields
mixed results. The CSQ-8 contains two items, which are
neither effect nor causal items, that is, “How satisfied are
you with the amount of help you have received?”” and “In an
overall, general sense, how satisfied are you with the service
you have received?”. These items directly address special
types of satisfaction themselves. Two further items are clearly
effect items, that is, “If a friend were in need of similar help,
would you recommend our programme to him or her?” and
“If you were to seek help again, would you come back to our
programme?”. The remaining four items are “How would you
rate the quality of service received?”, “Did you get the kind
of service you wanted?”, “To what extent has our programme
met your needs?”, and “Have the services you received helped
you to deal more effectively with your problems?”. These
items can be seen as addressing causes of satisfaction.

Investigating the 14 items of O-PAHC from the first per-
spective yields uniform results. Three of these items address

whether the nurses “treat with courtesy and respect”, “listen
carefully”, and “explain things in an understandable way”’;
three items address the same features of behavior for the
doctors; four items address different aspects of the staff’s
communication regarding the disease and the treatment; and
two items address the tidiness of the location. Hence, all
these items refer to possible causes of satisfaction.

If one investigates present patient satisfaction question-
naires by only considering the content of the items, then
most of the present questionnaires exclusively consist of
causal items,>*8182223 that is, these questionnaires would
be classified as indices. There are, however, also several
questionnaires in which different kinds of items are applied
together.>>71%2! These questionnaires cannot be clearly
classified as either scales or indices. However, in all of these
questionnaires, the majority of the items address causes.
Hence, these questionnaires would rather be classified as
being indices than scales.

If one additionally takes into consideration that different
psychological processes affect the responses to the items, a
clear categorization of the items becomes more complicated.
It is well known that human judgments are not only deter-
mined by the object to be judged but also by the cognitive
system of the judge.** One effect that is produced by this
cognitive system is the so-called halo effect.* For example,
judges might answer different concrete questions regarding
a specific object quite positively when they have a generally
positive attitude toward this object, and quite negatively in
the opposite case. In the context of patient satisfaction ques-
tionnaires, this might mean that the patients answer all items
positively without caring much about the specific contents
of the items when they have a generally good feeling about
the care, and all items negatively in the opposite case. The
more difficult the individual items are to answer, the more
a halo effect will work. When such a halo effect exists, all
items that address a possible cause of satisfaction are also,
to a certain extent, effect items. Hence, when such halo
effects are also taken into consideration, no present patient
satisfaction questionnaire can be unambiguously classified
as either a scale or an index.

Future patient satisfaction questionnaires

There is no adequate psychometric approach for mixtures
between scales and indices.?® Hence, a decision must be
made. This decision regards both the selection of the items
and the psychometric treatment of these items. Presumably,
the best way to come to this decision is by referring to the
purpose for which patient satisfaction questionnaires are
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needed. There might, of course, be different purposes and
these different purposes might imply different specifications.
However, in this paper, only one purpose is considered:
improving care with regard to patients’ preferences. To
fulfill this purpose, one needs to know both the level of
satisfaction and the possible reasons of this level. In other
words, one needs good index measurement instruments. This
implies that only items referring to possible causes of patient
satisfaction should be selected, that the universe of possible
causes of patient satisfaction should be covered as fully as
possible by the items selected, and that the individual items
should be formulated so clearly and concretely that they
can easily be answered by the patients without resorting to
their general feeling of satisfaction. Moreover, the decision
for constructing an index implies that those psychometric
analyses should be applied, which have been proposed
earlier for indices.

As outlined earlier, reasonable psychometric analyses
for indices require a preliminary measurement of the latent
psychological variables to be at hand. For patient satisfac-
tion, the best preliminary measurement is, presumably,
a direct rating of satisfaction performed by the patients.
This direct rating might not be particularly reliable, but
it directly addresses what is meant to be measured by the
index. If only one satisfaction dimension is considered, the
patients should be asked for a rating of overall satisfaction;
in the multidimensional case, the patients should be asked for
ratings of the different domain-specific satisfactions such as
satisfaction with the physicians, satisfaction with the nurses,
and satisfaction with the locality. With such direct ratings
of satisfaction, items can be selected and the weights for
weighted sum scores can be estimated by multivariate linear
regression. Moreover, the validity of both the unweighted and
the weighted sum scores can be estimated by the correlations
between these sum scores and the rating. Some authors of
previous publications about patient satisfaction have already
analyzed the relationships between sum scores and direct
assessments of satisfaction,'>!1315182236 hyt only some of
them!*!%22 explicitly described this as a test of validity. In
a similar way, some authors of previous publications have
computed multivariate linear regressions with the items as
independent variables and a global satisfaction rating as a
dependent variable,*!>3 but without using the results of these
computations as scoring weights.

As the models described by Equations 3 and 4 only
constitute the simplest specifications of the idea of items
affecting latent psychological variables, there are still
more multivariate models that could fruitfully be applied
in this context, for example, models with nonlinear

relationships or with interactions between the predictor
variables.?® These models might lead to still more valid
scoring rules for the index and to a better understanding
of how the different aspects of care actually affect patient
satisfaction.

When patient satisfaction questionnaires are constructed
as indices as proposed here, then Cronbach’s alphas do
not reflect any characteristics of these questionnaires and,
therefore, do not provide any information about these
instruments’ reliability. Hence, Cronbach’s alpha should
not be used for estimating the reliability of these patient
satisfaction questionnaires. Moreover, striving for indices
with high Cronbach’s alphas makes little sense. When the
items of an index are meant to optimally cover the universe
of possible causes of satisfaction, then these items must
be, by and large, independent from each other. Striving for
this condition would mean minimizing and not maximizing
Cronbach’s alpha.’’*

Mathematically it is possible to perform PCAs, EFAs,
or CFAs with the individual items of indices constructed
as proposed here. These analyses, however, do not provide
any information about the characteristics of the measure-
ment instrument, but rather about the context in which the
measurement instrument is applied. If the results of PCAs,
EFAs, or CFAs applied to patient satisfaction questionnaires
are interpreted in this way, they can be valuable. For example,
the questionnaire might contain several items addressing the
behavior of the nurses and of the physicians. Imagine further
that this questionnaire is applied in two different studies
performed in the wards of two different hospitals. Imagine
also that, in one of these hospitals, nurses and physicians
act quite independently from each other, whereas in the
other hospital, they act very closely together. This might be
reflected by the PCAs, EFAs, or CFAs performed in both
studies. In one study, the items for the nurses’ behavior would
be associated with a different component or factor than the
items for the physicians’ behavior, whereas both sets of items
would be associated with the same component or factor in
the other study. In this way, the results of PCAs, EFAs, or
CFAs can be applied to detect context-specific dependencies
or independencies between the different possible causes of
patient satisfaction.

Mathematically, it is also possible to compute an IRT
model for the items of an index. However, as the structure
between the probabilities of endorsing the items is not
determined by one or more than one latent psychological
variables when an index model holds, the results of such
computations have no reasonably interpretable meaning.
Therefore, IRT models should not be applied for patient
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satisfaction questionnaires when they are constructed and
meant as proper indices.

Conclusion

If one wants to measure patient satisfaction with the final aim
of improving care with regard to the patients’ preferences,
then patient satisfaction questionnaires should be constructed
as indices. In fact, most previous patient satisfaction question-
naires actually are rather indices than scales. When patient
satisfaction questionnaires are constructed as proper indices,
then their reliability cannot be determined using Cronbach’s
alpha; PCAs, EFAs, or CFAs performed with such question-
naires do not provide information about the characteristics
of the measurement instrument, but rather about the context
in which the instrument is applied; and IRT models, such as
the Rasch model, should not be applied. For proper indices
of patient satisfaction, items can be selected and weights
for items can be determined using a multiple linear regres-
sion with a direct rating of satisfaction as the dependent
variable and the individual items as independent variables.
The weighted sum score formed with these weights can be
expected to be a more valid measure of satisfaction than
both direct rating and the unweighted sum score. The valid-
ity of both unweighted and weighted sum scores of patient
satisfaction indices can be estimated by their correlations
with direct assessments of satisfaction. The squares of these
correlations will also constitute lower boundaries of the sum
scores’ reliability.
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