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KEY CONCEPTS IN CLINICAL EPIDEMIOLOGY
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Abstract

Any measurement starts with determining what to measure (ie, which outcome) and how to measure it (ie, which outcome measurement
instrument). This article is the first from a series of the COnsensus-based Standards for the selection of health Measurement INstruments
perspective in which we will explain measurements and how to evaluate measurement quality. In this first perspective, we explain the ratio-
nale for defining an outcome and operationalizing it into an outcome measurement instrument. An outcome should first be defined based on
theory, and next be operationalized into one or more observable items, questions, tasks or parameters. But a measurement instrument is
more than its items or machine. Any type of measurement instrument consist of 5 components: (1) equipment, (2) preparatory actions,
(3) unprocessed data collection or collection of the biological sample(s), (4) processing and storage, and (5) assignment of the score or
determination of the value of the biological sample. Thinking in terms of the components of measurement instruments can enhance the
design and understanding of studies on measurement properties. © 2025 The Author(s). Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Background different measurement properties and measurement-related
issues. In this first perspective, we will start with the core
of measurement: determining what you want to measure
(ie, which outcome) and how you want to measure it (ie,
which outcome measurement instrument). We offer a
perspective for defining and operationalizing outcomes,
and guidance on how to develop and delineate or select a
measurement instrument. In future perspectives we will
reflect on how to check whether the operationalization fits
the outcome, that is, evaluating the measurement properties
of measurement instruments (see also [1]).

COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) was initiated by an
international group of researchers aiming to improve the se-
lection of outcome measurement instruments of health out-
comes by developing and encouraging the use of
transparent methodology and practical tools to select the
most suitable outcome measurement instruments in research
and clinical practice. This includes consensus-based guide-
lines for conducting and reporting studies of measurement
properties and systematic reviews of outcome measurement
instruments. By now, COSMIN has become more than a set
of standards and tools. It is a way of thinking and asking the
right questions about measurement instruments. In a series
of papers, called COSMIN perspectives, we will explain An outcome refers to what is being measured. It is also

called a construct, domain, concept, or factor of interest.
Sometimes, an outcome is a latent construct, which is a
e ) S ) phenomenon that cannot be directly measured, such as fa-
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2. What is an outcome? Its definition
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equipment to do so. Examples of such outcomes are blood
pressure, muscle thickness, and hemoglobin levels.

People may have different ideas of what an outcome re-
fers to. For instance, quality of life can refer to different
(sub)constructs [2], or pain can refer to current pain inten-
sity, average pain last week, pain duration, etc. Therefore,
it is important to further specify in more detail what one
wants to measure. This can be done by defining the outcome,
which is essentially a statement of one’s understanding of
the outcome. The definition of the outcome should be
detailed enough to understand exactly what belongs to the
outcome and what doesn’t. This is important both in the
development of an instrument and in the selection of an ex-
isting instrument for a study or clinical application.

In the process of defining an outcome, a conceptual
model is essential. Examples of conceptual models are
the model developed by Wilson and Cleary, who distin-
guished multiple levels of health [3], the International Clas-
sification of Functioning, Disability and Health, developed
by the World Health Organization [4], or the OMERACT
filter 2.0 framework [5]. These models may help understand
what the outcome of interest is and what it is not. In the
Wilson and Cleary model, for instance, a distinction is be-
ing made between symptoms and functional status (among
other levels of health). If the purpose is to measure physical
function, which is an aspect of functional status, one should
not mix it up with measures of symptoms that may influ-
ence physical function, such as fatigue or pain. So, refer-
ences to symptoms should not be included in the
definition of physical function. If an outcome is multidi-
mensional, each suboutcome should be defined separately.
The choice for a specific conceptual model depends on
what works best for the outcome of interest.

Defining the outcome is also very important for deciding
how to measure it. For instance, if one wants to measure phys-
ical function, one must first define physical function in more
detail before an instrument can be chosen. Physical function
can be defined as “what a person can do in a standardized
controlled environment” (also called “capacity”) [6]. This
is best measured with a performance-based test, for instance,
in a hospital or lab. However, physical function can also be
defined as “what a person actually does in the usual circum-
stances of his/her everyday life” (which is—unfortunately—
also called “performance”) [6], which is best measured with
an accelerometer. Lastly, one can define physical function as
self-reported capability (ie, “what a person perceives or expe-
riences they are capable of doing in their daily environment”
[6]) rather than actual performance of physical activities [7],
which is best measured with a patient-reported outcome mea-
sure (PROM).

3. What is a measurement instrument? An operation-
alization of an outcome

Once the outcome has been defined, a measurement in-
strument should be developed or a suitable instrument should

be selected. A measurement instrument can be considered an
operationalization of the outcome. An operationalization of
an outcome is the process by which outcome and theories
are converted into concrete, measurable and executable
terms. Depending on the choice of the type of measurement
instrument, it can be operationalized into (one or more)
observable items, questions, tasks or parameters.

The goal of measuring, that is, applying a measurement
instrument, is to quantify a well-defined outcome. Different
types of measurement instruments exist, for example,
PROMs, clinical ratings, imaging-based instruments,
performance-based test, and laboratory tests. All types of
measurement instruments can be considered a set of com-
ponents that make up (or delineate) the instrument. In a
Delphi study [8] we developed 2 sets: 1 for outcome mea-
surement instruments that do not involve biological sam-
pling and 1 for outcomes measurement instruments that
involve biological sampling.

The first set consists of the following components [1]: the
equipment (all equipment used in preparation, administration,
and assigning scores) [2]; preparatory actions (“first time on-
ly” general preparatory actions, such as required expertise or
training for professionals to prepare, administer, store, or
assign the scores; as well as specific preparatory actions for
each measurement, such as preparations of equipment by pro-
fessionals (eg, calibration), preparations of the patient by the
professional (eg, giving instructions), and preparations under-
taken by the patients (eg, follow-up dietary restrictions)) [3];
unprocessed data collection (what the patient and/or profes-
sionals actually do to obtain the unprocessed data) [4]; data
processing and storage (all actions undertaken on the unpro-
cessed data to allow the assignment of the score); and [5]
assignment of the score (methods used to transform processed
data into a final score on the outcome measurement instru-
ment) [8]. In Figure we give an example of the components
of a PROM as well as for an magnetic resonance imaging
(MRI) based parameter.

For instruments where biological sampling is involved
(eg, to measure laboratory values) the components are
[1]: equipment [2], preparatory actions preceding sample
collection [3], collection of the biological sample(s) [4],
biological sampling processing and storage, and [5] deter-
mination of the value of the biological sample. More details
are described elsewhere [8].

A measurement instrument is much more than its equip-
ment: equipment is the head—the score is the tail. Some
measurement instruments are very simple, for example,
containing only one question that a patient can answer with
a five-point Likert scale, even without any instructions.
Other measurement instruments are rather complex. For
instance, an MRI machine is not the measurement instru-
ment, it is only the equipment. The measurement instru-
ment could for instance be ‘“MRI-determined muscle
anatomical cross-sectional area”. In this case, the term
“measurement protocol” may be preferred over ‘“measure-
ment instrument”’. The protocol describes all of the above-
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Figure. Components of measurement instruments of a PROM and an MRI-based parameter. MRI, magnetic resonance imaging.

mentioned components in detail (see Fig), including how
the final score for the specific outcome is finally deter-
mined. Therefore, each parameter measured with an MRI
machine refers to a different measurement instrument. This
may seem exaggerated, but when one wants to evaluate the
quality of the measurement instruments (ie, evaluating
whether the outcome is well operationalized), each score
must correspond to a (specific) outcome.

4. Checking the quality of the operationalization

The process of defining and operationalizing an outcome
is an iterative process, based on theory, literature and expert
(eg, patient and health professional) opinion. Once the
outcome has been operationalized (that is, the instrument
has been developed or selected), it is necessary to return
to the theory and definition of the outcome that is being
measured to ascertain whether the instrument is aligned
with the defined outcome. In other words, if the instrument
is valid for measuring the outcome of interest. Hopefully,
this has been properly done by others, and you can select
an existing measurement instrument. If not, or if the
outcome of interest (or the population) is (slightly) different
from where the instrument was developed for, the measure-
ment instrument needs to be modified or newly developed.

Instrument quality refers to the measurement properties
(validity, reliability, and responsiveness) of the instrument.
These should be assessed and documented before an instru-
ment can be used in research or clinical practice. Thinking
in terms of the components of measurement instruments can
enhance the design and understanding of studies on measure-
ment properties. For instance, by considering how the compo-
nents of the instrument under study are operationalized or
what part of the measurement instrument is the focus of

interest in a specific study (eg, to evaluate reliability). In future
COSMIN Perspectives we will explain this in more detail.
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