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ABSTRACT

Objective: The purpose of this paper was to critically review the concepts and types of measurement reliability, validity, and
responsiveness, and to discuss their implications for rehabilitation research and high-quality clinical practice. Method: A critical
literature review considering the strengths, limitations, and appropriate applications of measurement properties in rehabilitation
was conducted. Results and Discussion: Measurement quality is assessed using criteria such as reliability, validity, and respon-
siveness. Many published studies do not report these measurement properties, which are related, sometimes overlapping, and
are frequently confused. This review paper clarifies the meanings of the concepts and types of reliability, validity, and respon-
siveness. It gives examples that are relevant for the field of rehabilitation. It discusses how the measurement properties interact
with each other and influence the size of the effect and the power of studies. Conclusion: Measurements are essential in reha-
bilitation research and clinical evaluation. Measurement properties should be reported to allow readers to evaluate the quality
of the results presented. The clarification of measurement properties provided in this paper may contribute towards standardizing
definitions and improving the quality of rehabilitation research and clinical practice.

Key words: measurements, reliability, validity, responsiveness, study power.

RESUMO
Importancia e Esclarecimento das Propriedades de Medida em Reabilitacédo

Objetivo: O objetivo do presente artigo foi revisar criticamente os conceitos e tipos de confiabilidade, validade e responsividade
de medidas, e discutir suas implicacGes para a pesquisa em reabilitacdo e para a pratica clinica de qualidade. Método: Uma revisdo
critica da literatura foi realizada considerando as vantagens, as limitagBes e o uso adequado das propriedades de medida em
reabilitacdo. Resultados e Discussdo: A qualidade das medidas é avaliada por critérios tais como confiabilidade, validade e
responsividade. Muitos estudos publicados ndo apresentam estas propriedades de medida as quais estdo relacionadas e algumas
vezes sobrepGe-se sendo freqiientemente confundidas. Este artigo de revisdo esclareceu os conceitos e tipos de confiabilidade,
validade e responsividade. Exemplos relevantes para a &rea de reabilitacdo foram apresentados. Discutiu-se como as
propriedades de medida interagem entre si e influenciam o tamanho do efeito e o poder dos estudos. Conclusbes: Medidas s&o
essenciais na pesquisa em reabilitacdo e na avaliagdo clinica. As propriedades de medida devem ser apresentadas para permitir
que o leitor possa avaliar a qualidade dos resultados apresentados. Os esclarecimentos das propriedades de medida apresentados
neste artigo podem contribuir para a padronizacdo das defini¢cbes e para a melhoria da qualidade da pesquisa em reabilitacdo
e da pratica clinica.

Palavras-chave: medidas, confiabilidade, validade, responsividade, poder do estudo.
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INTRODUCTION

With the increasing awareness of the importance of
evidence based practice, researchers and clinicians are
interested on objective evaluations of the value and
effectiveness of rehabilitation assessment and treatment
techniques. These objective evaluations can only be performed
by accurately measuring research results and/or treatment
outcomes. Thus, meaningful measurement has become an
essential part of the rehabilitation process. Measurement is
the act or process that allows quantitative comparison of
results. However, the usefulness of measurements in clinical
research and in the decision making process depends on the
extent to which one can rely on the data as accurate and
meaningful indicator of behavior, attribute, or phenomena®.
The quality of a measurement is often judged by such criteria
as reliability, validity, and responsiveness. Measurement
validity, reliability, and responsiveness are important
characteristics that should be considered when reading and/
or writing a paper, but often, they are not reported in
rehabilitation studies. These measurement characteristics are
related to each other and sometimes overlap. In addition,
authors frequently disagree on their definitions and sub-
classifications. The terms are frequently confused, often used
generally (neglecting the sub-classifications) or
interchangeably, and sometimes they are used inappropriately
or incorrectly. Thus, a review and clarification of the concepts
is important.

Ideally, any measurement should be reliable, valid,
responsive, practical, and easy to obtain. Thus, a gold standard
measurement should fulfill several requirements in order to
be justifiable and clinically useful. The degree of reliability,
validity, and responsiveness necessary for each study
(experimental or clinical), the applicability of the intended
instrument in each setting, as well as the purposes of the
research or clinical assessment should be of concern to both
rehabilitation researchers and clinicians in order to choose
the most appropriate measurement in specific situations. Thus,
the characteristics of a measurement, along with the objectives
of measuring the event in question, should guide the decision
concerning which measurements proprieties or its types, are
the most important for a specific study?2.

The purpose of this paper was to critically review the
concepts and types of measurement reliability, validity, and
responsiveness, and to discuss the implications of their
inclusion in studies for high quality rehabilitation research
and clinical practice. It is hoped this paper will contribute
to improve the quality of measurements which are
fundamental for good evidence based practice. Examples
were used to facilitate comprehension of the measurements
properties and their sub-classifications. The Lachman’s test
was used in most of the examples to standardize the
comparisons. This test was chosen due to the fact that it
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has been frequently studied, it is used clinically in rehabilitation,
and its outcomes are important to the patient. The Lachman’s
test was developed to assess anterior knee instability resulting
from injury to the anterior cruciate ligament*. The test
evaluates anterior displacement of the tibia in relation to the
femur. Injuries to the anterior cruciate ligament may cause
progressive dysfunction leading to rotatory instability, meniscal
tears, articular cartilage degeneration, and possible arthritis®.

MEASUREMENT RELIABILITY

Reliability is defined as the degree to which a measure
is free of random error (measurement mistakes by chance)™.
It is quantified by the degree to which measurements are
consistent (constant/stable) and reproducible (repeatable)®.
For example, the measurements performed, before and after
a treatment, need to be reliable in order to show any
differences pre and post treatment. In this case, if there were
no changes (the treatment had no effect) the measurements
would be the same. If the reliability of the measurements is
not reported in a study, the consistency of the measurements
performed may be questionable and consequently, the results
of the study may also be questioned because differences found
(or the lack of it) in the study could have been caused by
random measurement errors and not real changes (or the
absence of it) in the variable been evaluated. Measurements
that are composed of the true value of the variable being
assessed along with measurement error are not reliable’, unless
one knows what the measurement error is and corrects it.
Thus, reliability is an essential characteristic of a meaningful
measurement because often it is not possible to distinguish
between the true value and the amount of measurement error®.

The statistical analysis of measurement reliability is
frequently performed using the Pearson correlation coefficient
and the intraclass correlation coefficient (ICC). Correlation
values range from -1.0 to 1.0. There is no consensus for
cut-point values, but it is usually agreed that the values should
be greater than 0.75 to indicate good reliability and those
below 0.75 indicate poor to moderate reliability!. Another
form of statistically testing reliability is the non-parametric
Kappa test, which is a measure of rater agreement on a
discrete outcome (nominal scale of measurement) such as
“yes” [ “no” for classifying treatment effect, for example.
The Kappa test results range from 0.0 to 1.0. Kappa values
between 0.61 and 0.80 are considered as demonstrating
“substantial” reliability and values greater than 0.80 are
considered as demonstrating “almost perfect agreement™.

There are different types of measurement reliability. They
are influenced by errors introduced by the tester (e.g. lack
of proficiency, non-standardization of procedures), the
instrument (e.g. technical problems), and/or by the subjects
being measured (e.g. changes in performance, lack of
cooperation or comprehension, and misrepresentation of
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capabilities due to pain, fear, and psychosocial issues). The
different types of reliability are presented and exemplified
on the following sub-sections.

Intra-Tester Reliability

Intra-tester reliability, or intra-rater reliability, is related
to the repeatability of measurements taken by the same tester
at different times (stability over-time). It demonstrates the
consistency of the tester to measure the same “thing”
repeatedly?®. The subject, the performance level (see intra-
subject reliability), and the instrument remain the same. For
example, the intra-tester reliability of the Lachman’s test was
assessed on 32 subjects with knee problems*. Each subject
was assessed two times. The intra-tester reliability (Kappa
test) was 0.51. The Kappa value should be at least 0.61 to
be considered reliable. Therefore, Lachman’s test was found
to have low intra-tester reliability in this study.

Inter-Tester Reliability

Inter-tester reliability, or inter-rater reliability, evaluates
the reproducibility of measurements taken by different testers.
It is used to detect whether the recorded values change when
different testers measure the same “thing”*. As in the case
of intra-tester reliability, the tester is evaluated as a possible
source of bias and error, but in the case of inter-tester
reliability, possible differences between testers measuring
the same thing are assessed. For example, the inter-tester
reliability of the Lachman’s test was also evaluated by
Cooperman et al.**. Measures of four testers were compared.
They found Kappa values equal or less than 0.42 (low inter-
tester reliability). One of the justifications of the author for
the low inter-tester reliability was that the method of
administration of the Lachman’s test was not standardized
in their study.

Intra-Subject Reliability

Intra-subject reliability involves the reproducibility of
the subjects’ performance. It compares the measures of the
same subject taken at two or more times when the same tester
performs the measures. In this case, the intra-tester reliability
must be high so that any possible variations in the
measurements can be attributed to the subject’s performance
variation®. Low intra-tester reliability (<0.75) can be a
confounder for the intra-subject reliability assessment and
the reverse is also true. Thus, high intra-tester reliability is
a pre-requisite for testing intra-subject reliability and vice-
versa. For example, a possible explanation for the low intra-
tester reliability found for the Lachman’s test by Cooperman
et al.™ is a low intra-subject reliability. The subjects may have
been more relaxed or in less pain in one trial than on the other.
Consequently different levels of muscular activity may have
occurred around their knee joints during one of the tests
affecting the results.
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Instrument Reliability

Instrument reliability, or test-retest reliability, evaluates
the ability of the measuring instrument or test (e.g. device,
tool, scale, questionnaire, or interview protocol) to give the
same consistent measurements or results. It is tested by taking
repeated measures of the same “thing” using the same
instrument or test'®. Low intra-tester reliability can be a
confounder for the instrument reliability assessment. Thus,
high intra-tester reliability is a pre-requisite to assess the
instrument reliability and vice-versa. For example, Johnson
et al.’2 evaluated the instrument reliability of the Lachman’s
test. The authors controlled the intra-tester reliability by
repeating the Lachman’s test measurements at least 3 times
or until reaching equal values within the testing session. Two
sessions were performed in different days and the results
were compared. The differences between the measurement
sessions were not significant (p=0.07). For this reason, the
authors considered the instrument (Lachman’s test) reliability
to be satisfactory. Many other studies do not report or
consider the intra-tester reliability when assessing the
instrument reliability making it impossible to separate the two.
In addition to high intra-tester reliability, high intra-subject
reliability is needed to test the instrument reliability with no
confounders. In other words, if the instrument reliability is
the ability of the instrument to replicate its own measures,
the consistency of the subject and tester must be ensured.

Internal Consistency

Internal consistency reflects the degree to which different
items or set of questions in a test, scale, questionnaire, or
interview protocol are associated to each other. Such
instruments are ideally composed of questions or items that
measure particular parts or attributes of a greater question.
The most common approach to testing the internal consistency
of questionnaires and interview protocols involves the
calculation of the correlation between different items of the
instrument®. In this case, high internal consistency depends
on good correlation (r> 0.75) among the items of the
instrument®. For example, the internal consistency of the
International Knee Documentation Committee Questionnaire
to assess knee function was tested by Irrgang et al.®. The
results showed that the questionnaire had high internal
consistency; meaning the items were highly correlated to each
other (r= 0.92).

Parallel Reliability

Parallel reliability, or equivalence reliability, is determined
by comparing the values or results taken by different
instruments or tests at the same time. It evaluates whether
measurements or results from different devices or tests are
similar or the same?®, Thus, parallel reliability is used when
one wants to provide an alternative and/or similar measurement
instrument or test'®. Therefore, the measures taken should
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be highly correlated or not differ significantly when the same
variable is assessed at the same time. It is important to note
that for the parallel reliability analysis, the referential tool needs
to have been previously tested and reliable. For example, the
parallel reliability of the measures of a new device (Rolimeter)
to test anterior knee instability and of the Lachman’s test
measures was assessed using the KT-1000 arthrometer
measures as reference!*. Thirty healthy subjects and 30 patients
with anterior knee joint instability participated in the study.
No significant differences between the measures of the
Rolimeter and of the KT-1000 arthrometer were found, but
significant differences were found between the Lachman’s
test measures and the KT-1000 arthrometer measures
(p<0.05). Therefore, since the KT-1000 was considered the
reference device, the Rolimeter device showed high parallel
reliability, while the Lachman’s test measures presented low
parallel reliability. In other words, given that the measures
from the KT-1000 were considered as reference and the
measures of the Rolimeter agreed with them, the Rolimeter
measures demonstrated high parallel reliability. On the other
hand, since the measures of the Lachman’s test did not agree
with the KT-1000 ones, the former presented low parallel
reliability.

Overall, the inter-tester and the parallel reliability tend
to be respectively lower than the intra-tester and the
instrument reliability because the former involve
measurements of different raters or different devices which
are susceptible to grater variation. Confounders, such as
increased muscle contraction during the Lachman’s test, for
example, could affect most of the reliability measures, such
as instrument vs. subject reliability, for example, and should
be discussed in the studies.

MEASUREMENT VALIDITY

Validity is a quality that is attributed to those
measurements that quantify what they are supposed to and
that provide a true depiction of what is being measured?1°5,
In other words, does the instrument truly measure what it
says it does? For example, the Lachman’s test is supposed
to measure anterior knee joint instability. Thus, it needs to
represent anterior knee stability and nothing else. If the validity
of the Lachman’s test (or any other measurement) is not tested,
the statements made from the results are questionable. When
a measurement is valid, the inferences made from the results
are appropriate. In other words, a valid measure allows one
to rely on the study (test) results and interpretations when
making clinical decisions. Therefore, validity deals with
accuracy (correctness), with the ability to make inferences
(conclusions reached on the basis of evidence), and also with
the presence of no systematic errors (lack of consistent
measurement mistakes)?. A systematic error of 15%, for
example, occurs when the measurements are consistently
15% lower than the actual value.
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The Pearson correlation and ICC tests are statistical
methods often used to analyse the validity of measurements.
The difference between Pearson and ICC is that the latter
not only tests the correlation between variables, but also the
agreement between them. If the Pearson correlation is used
to assess the validity of a measurement, then the regression
equation that the Pearson correlation coefficient relates to
needs to be evaluated to assess possible systematic errors.
ANOVA and T-tests may also be used to test if there are
significant differences between the variables. If there are
significant differences between the variables under study,
the measurements are not valid. ICC, T-test, and ANOVA
should only be used when the units (e.g. cm, degrees, kg)
of the variables under study are the same or are normalized.
Meaning that the numbers need to be directly comparable.

Face Validity

Face validity, the lowest level of validity, is related to
the intuitive “feeling” that a measurement seems to be valid®®.
The evaluator accepts the assumption that the measurement
is valid at “face value”. It offers no evidence on which to
base the assumption. For example, without doing any analysis
of the test, the measurement of the knee instability obtained
using the Lachman’s test seem to be valid (face validity).

Construct Validity

Construct validity is similar to face validity, but it
includes a theoretical framework and reasoning to support
that the measurement is valid. Construct validity is divided
into convergent validity and discriminate validity:
Convergent validity

Supports those measurements that are believed to

reflect the same variables that yield similar results and are
comparable. For example, since the anterior drawer test, the
Lachman test, and the pivot shift test are three of the most
commonly applied tests to determine an anterior cruciate
ligament injury?®, their results are expected to be very similar
if not the same.
Discriminate validity

Indicates that measurements that are supposed to assess
different characteristics yield different results and are not
comparable®. Thus, discriminative validity depends on the
fact that measurements that lack a relationship should not
be related. For example, the Lachman’s test is used to
determine anterior cruciate ligament injuries while the posterior
drawer test is used to determine posterior cruciate ligament
injuriest’. Therefore, if a subject has an anterior cruciate
ligament injury but the posterior cruciate ligament is not injured,
the Lachman’s test should be positive, but the posterior
drawer test should be negative.

Content Validity
Content validity is usually applied to study questionnaires
rather than to evaluate devices or measurement tools®. It
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deals with the scope of the evaluation method and with how
well the information gathered fully reflects the variable under
study®®. An example of a question that deals with content
validity is “Do the questions in this independence for daily
activities’ assessment questionnaire fully cover the problems
that a disable person will face in his/hers daily life activities?”
In this case, the measurements of pain included in the
questionnaire (for example) will have a higher “content
validity” if the questionnaire includes an assessment of different
characteristics of pain such as location, type, duration, and
intensity®.

Criterion-Related Validity
This type of validity can be determined by comparing

a measurement with a particular factor or criterion, and it
can be divided into predictive, concurrent, and prescriptive
validity:
Predictive validity

Can be assessed by determining whether the predictions
originating from the measurements come true. In this case,
the outcomes act as the criterion? The predictive value of
a positive test is the number of true positives divided by the
total number of positive responses (true and false positives).
The predictive value of a negative test is the number of true
negatives divided by the total number of negatives responses
(true and false negatives). For example, the predictive validity
of the Lachman’s test was evaluated by Cooperman et al.™.
In this study, the predictive value of a positive Lachman’s
test was defined as the likelihood that a subject with a positive
test had an injured anterior cruciate ligament. The predictive
value of a negative test was defined as the likelihood that a
subject with a negative Lachman’s test did not to have an
injured anterior cruciate ligament. The authors found 47%
predictive value for a positive test, and 70% predicted value
for a negative test. This means that in less that half of the
cases when the Lachman’s test was positive the subjects had
an injured anterior cruciate ligament, while in 7 out of 10 cases
with negative Lachman’s test the ligament was not injured.
Concurrent validity

Evaluates whether measurements taken using different
instruments agree with each other™, It is used to test whether
a new instrument is interchangeable with an established “gold
standard”®®. Concurrent validity and parallel reliability are
similar. The difference is that concurrent validity requires
the reference measurements to come from a valid instrument,
while parallel reliability only requires reliable measurements
from the criterion instrument®. Thus, reliability is a pre-
requisite for validity. For example, the concurrent validity
of the Lachman’s test can be tested using the arthroscopy
examination as a reference to evaluate anterior cruciate ligament
injury because this examination is considered the valid gold
standard, while the parallel reliability of this the Lachman’s
test can be tested using the Rolimeter because this instrument
was shown to have high parallel reliability®*.
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Prescriptive validity

Is related to how appropriate it is to use a measurement
to recommend a treatment®. It is determined by the positive
or negative outcome of a prescribed treatment?3. For example,
the Lachman’s test was performed immediately before and
24 months after anterior cruciate ligament reconstruction in
subjects with acute or chronic injury to the anterior cruciate
ligament confirmed by magnetic resonance imaging and
arthroscopy examination?®, Before ligament reconstruction,
72% of the subjects had a moderate or severe Lachman’s
test (n=128). Two years after the reconstruction, no patient
had a moderate or severe Lachman’s test. Thus, a moderate
or severe Lachman’s test seems to have high prescriptive
validity for success of reconstruction.

MEASUREMENT VALIDITY VS. STUDY
VALIDITY

In addition to “measurement” validity discussed in the
previous section, there is another concept called “study”
validity that is related to the study in general. Study validity
refers to the internal and external validity of the study. The
external validity of a study is related to the extent to which
the results of a study can be generalized outside the
experimental situation. In other words, how much the research
findings and conclusions of the study on a given sample are
applicable to a larger population. On the other hand, internal
validity of a study refers to the degree to which the relationship
between the independent and dependent variables are free
from the effects of extraneous factors and/or confounders®.
Internal and external validity are related to the study itself
and not specifically to the validity of the measurements taken.

INSTRUMENT RESPONSIVENESS

Instrument responsiveness is the ability of the instrument,
device, tool, test, or scale to accurately detect meaningful
changes?®. The measurements of an instrument used for clinical
evaluation needs to identify clinically significant differences
between and within patients over time?. For example, the
Lachman’s test must detect meaningful changes in knee
stability before and after treatment (i.e. ligament reconstruc-
tion). The measurements should show changes in the variable
being assessed, but they should not be influenced by changes
in other variables if the one under study remains stable (does
not change)?. Instrument responsiveness includes the concepts
of sensitivity and specificity.

Sensitivity

The ability of an instrument to detect changes in the
variable under study, when they occur, is defined as the
instrument’s sensitivity to change. For example, the ability
of the Lachman’s test to detect improvement in the knee
instability after anterior cruciate ligament reconstruction in
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subjects with acute or chronic injury is a measure of its
sensitivity!®, The Lachman’s test was performed in subject
before and after anterior cruciate ligament reconstruction;
no patient presented moderate or severe Lachman’s test after
the reconstruction, while 72% of the patients had moderate
or severe Lachman’s test before the reconstruction.
Therefore, the measurements using Lachman’s test is
considered as having sensitivity because it was able to detect
meaningful changes after treatment.

Specificity

The stability or ability of an instrument measure not to
change when no changes in the variable under study occur
is defined as the instrument’s specificity. Note that changes
to other variables may happen, but if the variable of interest
remains stable, the measurement taken should not change
(specificity). Thus, specificity is related to the actual testing
of the discriminate validity of a measure (see construct validity).
In other words, specificity evaluates if the variable under
study is not influenced by changes in other variables. It can
be considered as the actual analysis of the discriminate validity
(see construct validity). For example, the Lachman’s test
specificity can be analyzed by performing the test in subjects
with non-injured anterior cruciate ligament but with injured
posterior cruciate ligament. The tests’ results would have
to be negative because there would be no anterior cruciate
ligament injury and the test is supposed to detect injuries to
this ligament and not injuries to the posterior cruciate
ligament?’.

Sensitivity and specificity of diagnostic tests

In studies involving a diagnostic test, such as the
Lachman’s test, the assessment of the instrument’s sensitivity
corresponds to the probability that the measures will detect
a positive test among patients with disease or injury (true
positive test). When a test incorrectly identifies problem as
positive or negative, this is referred to as a false positive or
false negative respectively. The sensitivity of a diagnostic
test is calculated as true positive tests divided by true positives
plus false negatives®. If the test detects several positive tests
in subjects without the dysfunction, the false positives increase
and consequently, the credibility of the test decreases and
it may not be useful for what it is trying to measure. For
example, when testing for knee instability using the Lachman’s
test, the sensitivity is represented by the ability of the test
to detect positive results (abnormal laxity in the anterior
cruciate ligament) in subjects who have the abnormality. Kim
and Kim® evaluated the sensitivity of diagnostic tests for
injuries of anterior cruciate ligament. The tests evaluated were
the anterior drawer test, the Lachman’s test, and the pivot
shift test. One-hundred forty-seven patients with an injured
anterior cruciate ligament (confirmed by arthroscopy) were
tested under anesthesia before surgery. The anterior drawer,
Lachman, and pivot shift tests were positive, respectively,
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on approximately 80%, 99%, and 90% of the sample. Thus,
the Lachman’s test was the most sensitive diagnostic test
with only 1% false negatives.The false negatives in the
Lachman’s test (n = 2) were explained by arthroscopically
confirmed combination of firm reattachment of the injured
anterior cruciate ligament to the posterior cruciate ligament
and bucket handle tear of the medial meniscus increasing
the anterior stability of the knee®. It is important to know
that the sensitivity of the tests is decreased when the subjects
are not under anesthesia, due to pain (hamstring muscle
contraction/spasm). However, in the Donaldson et al.? study,
these factors did not significantly affect the results of the
Lachman’s test. They found positive Lachman’s tests on
100% and 99% of the sample, respectively with and without
anesthesia. On the other hand, the authors found positive
pivot shift tests on 98% and 35% of the sample, respectively
with and without anesthesia??. This means that the Lachman’s
test was robust to overcome possible confounders presented
by muscle contraction while the pivot shift test was not.

Instrument specificity is evaluated by the probability
of a negative test among patients without disease or injury
(true negative test). The specificity of a diagnostic test can
be calculated as true negative tests divided by true negatives
plus false positives®. For example, when testing for knee
instability using the Lachman’s test, the specificity is
represented by the ability of the test to detect negative results
(normal laxity) in subjects who are normal. Katz and
Fingeroth? found that the specificity of the Lachman, anterior
drawer sign, and pivot shift tests were higher than 95%.

When a study evaluates instrument responsiveness in
a sample of subjects with a disease or dysfunction, only
sensitivity can be tested because only false negatives can be
found. Without including normal subjects (without the disease
or dysfunction), it is impossible to analyze if the test has false
positives. Both sensitivity and specificity of a test need to
be known because a test should have low frequency of both
false positives and false negatives in order to be useful in
the decision making process.

INTERACTIONS BETWEEN
MEASUREMENT PROPRIETIES

The measurement properties can be presented and tested
separately; however, they are inter-related and affect each
other. Table 1 presents the different measurements properties
and examples for the Lachman’s test. Selected interactions
between measurements properties are presented in the
following sections.

Reliability and Validity

Reliability is a pre-requisite for validity?. A measure can
be reliable but not valid'®*®, however, a measurement cannot
be valid if it is not reliable'®. A measurement can only be
considered valid when it has no systematic error or random
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Table 1. Overview of measurement reliability, validity and responsiveness.

CONCEPTS TYPES SUBDIVISIONS EXAMPLES FOR LACHMAN’S TEST CUT-POINT
Intra-tester NA Kappa = 0.51" > 0.60
Inter-tester NA Kappa = 0.42" > 0.60
Reliability Intra-subject NA NF NA
Instrument NA p=0.07" >0.05
Internal consistency NA r>0.75" >0.75
Parallel NA p <0.05* >0.05
Face NA NA NA
Construct Convergent/Discriminate NA NA
Content NA NA NA
Validity Criterion-related predictive 47% of a positive test, and 70% of a negative test™ *
concurrent NF NA
prescriptive Improvement measured with the test after surgery'® NA
Responsiveness sensitivity NA 99%° *
specificity NA > 9504% *

NA= Not Applicable; NF= Not Found; *The decision of determine these cut-points depend on the importance of these measurement properties

for the study?.

error (reliability). Consistent and reproducible measurements
do not indicate that the variable of interest is in fact being
measured. For example, a questionnaire can have internal
consistency (homogeneity among items), but not content
validity (the items do not reflect the variable under study).
High reliability (low random errors) along with low systematic
error results in validity (assuming that the measurement in
fact reflects what it is supposed to measure)®™, It is important
to note that the measurement properties can be tested
separately, but they depend on each other to provide useful
measures.

Validity and Responsiveness

A measure that is valid at one point in time should also
be valid at a different point in time. Consequently, in order
to provide valid measurement, an instrument should be
responsive to changes over time®. Thus, a valid measure needs
to be responsive (and have high reliability as discussed before).
However, some measures can be valid only at one point in
time. For example, the concurrent validity of the Lachman’s
test can be tested in normal subjects using arthroscopy. The
measures may be responsive and valid, but they may be
different if a second Lachman’s test was performed. The
second measure may be different because the knee stability
has changed or was affected by muscle contraction/spasm

and the measurements captured the change or confounding
muscle stabilization.

According to Portney and Watkins® and Hays and
Hadorn?®, responsiveness is one aspect of validity rather than
a separate characteristic. Hays and Hadorn®® stated that the
fact that an instrument’s measurements are responsive to a
clinical intervention supports the hypothesis that the
instrument’s measurements are valid. The instrument
responsiveness adds longitudinal information (i.e. the ability
to capture changes over time) into the process of evaluating
measurement validity®. When selecting an instrument for
evaluation, one should extend his or her concern for
measurement validity beyond the face and construct validity
to the discussion of the responsiveness of the instruments,
On the other hand, Guyatt et al.* proposed that responsiveness
is distinct from reliability and validity. They stated that an
instrument’s measurements can have reliability, but no
responsiveness; have responsiveness, but no validity; and
have no reliability, but responsiveness. Despite, all
measurement characteristics that may affect the findings
should be addressed in a study’s discussion section in order
to provide a full understanding of the strengths and
weaknesses of the results and conclusions. The measurement
properties may need to be evaluated separately depending on
the objectives of the study.
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Reliability and Responsiveness

A measurement can have high reliability (consistency),
even when the instrument is unresponsive (i.e. not able to
detect meaningful differences). Conversely, a measurement
can have low reliability, yet the instrument may be responsive?.
Both reliability and responsiveness are pre-requisite of validity,
but responsiveness is not a pre-requisite for reliability.

IMPLICATIONS OF NEGLECTING
MEASUREMENT PROPERTIES

Many published studies fail to report the validity,
reliability, and responsiveness of the measurements taken.
Some instruments are often used but their measurement
characteristics are frequently overlooked and assumed to
be adequate. However, this may not be true, and the
measurements may have low quality resulting in insufficient
statistical power. The power of a study is the extent to which
an investigator can detect a difference when a true difference
exists. It may also be stated as the probability of correctly
rejecting the null hypothesis that “there are no differences”
when null hypothesis is false®. Thus, the power of a study
relates to how capable the measurement is in detecting
differences between or within groups. Every study should
have sufficient ability (power) to detect the effect caused
by the application of an independent variable (e.g. treatment
technique). It should also have a low probability of a type
I (alpha) error, which corresponds to rejecting the null
hypothesis, when it should not be rejected (for example:
finding differences before and after a treatment when, in
reality, there were no changes). The determinants of the
power of a study include:

Sample size

The larger the sample, the greater the power, because
with a large sample, the general population is more likely to
be represented. This means the study has greater external
validity. Therefore, the results can be generalized to a larger
population, and the true differences between groups are more
likely to be recognized.

Effect size

The larger the effect size, the greater the power. Effect
size is the magnitude of the difference before and after
treatment, or between groups?. Thus, the power is influenced
by the size of the effect of the experimental variable (e.g.
treatment). The larger the effect produced by a treatment
on a given dependent variable (e.g. knee stability), the more
likely it is that the differences before and after will be
statistically significant®.

Statistical significance level used (o-level)

The higher the a-level (i.e. higher than 0.05), the
greater the power, but also the higher the chances of making
a type I error. The o-level is the probability that the researcher
is willing to accept that he or she might be wrong in rejecting
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the null hypothesis, or the extent to which the researcher
could be wrong in saying that there are differences. The most
common o-level used is 0.05 which means that the researcher
is accepting that he or she could be wrong in rejecting the
null hypothesis 5 times out of 100 or 5% of the time.
Lowering the a-level reduces the chances of a type | error
by requiring stronger evidence to demonstrate significant
differences. Increasing the o-level makes it easier to find
differences (it may increase the power), but the probability
that one will find a difference that actually does not exist (type
I error) also increases.

Variability of the data

The lower the variance, the greater the power. Variance
is a measure of the variability within the group (e.g. injured
vs. non-injured; before vs. after treatment). The ability to
detect a difference between groups is enhanced when the
groups are distinctly different. When the variability within
groups is large, the difference between groups will be less
evident because the measurements may overlap. This, in turn
will lower the power or the ability to detect a difference®.

Most of the determinants of power described above
depend on the quality of the measurements. If the
measurements’ reliability, validity, and responsiveness are
not adequate the study’s ability to detect the effect of an
independent variable (e.g. treatment) will be low or inexistent.
For example, the amount of variation in the scores obtained
for a particular sample or group (i.e. the standard deviation)
depends on the variation in the scores and the amount of
random measurement error. When the measurement error
is big (e.g. the measurements have low reliability), differences
between groups and changes over time may become
undetectable. Thus, the effect size will be small decreasing
the power of the study?. The responsiveness of a
measurement instrument is also related to the effect size and
will also influence the power of a study. If the instrument
measures are not precise enough to capture meaningful
changes (low responsiveness), then the differences may be
too small to be identifiable. This, in turn, will cause the effect
size and the power of the study to be small.

Studies with limited power do not always yield erroneous
conclusions but their findings are questionable. The chances
that such studies will detect differences rejecting the null
hypothesis are small. In other words, studies with low power
may not be able to identify differences that exist between
groups, leading to erroneous results and conclusions. Many
studies in the literature fail to achieve statistical significance
which is often related to the low power of the study and not
to an actual lack of difference between groups or sample
populations®. It is relevant to state that the power of the study
may be a problem only when no significant differences are
found between groups. But, the measurements properties
are important even when differences are found because they
may be related to inadequate measures. In general, the power
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of a study will be big enough if the statistical techniques, study
design, including sample size and measurements are
adequate??, Thus, assessing and reporting the measurement
properties should be a standard procedure in order to increase
power and to allow readers to rely on the presented results.
Unfortunately, this procedure is still an exception rather than
the rule in the rehabilitation field.

MEASUREMENT PROPERTIES IN THE
CRITICAL ANALYSIS OF
REHABILITATION RESEARCH

A critical analysis of the rehabilitation research found
common methodological limitations that resulted in weak
studies®. Flaws were found in the experimental design,
measurement techniques, procedures to control for
confounding variables, sample size, and in the statistical
analysis of the studies. Thus, there is a need to improve the
quality of rehabilitation research studies. The following are
examples of questions that should be asked when designing,
presenting and analyzing the quality of published studies. The
answers to these questions are essential if one is to accept
the results and conclusions of a study.

1) Did the study report the reliability, validity, and
responsiveness of the measurements used?

2) Did the study control the sources of measurement
error?

3) Did the study have sufficient power to detect possible
difference between groups?

FINAL CONSIDERATIONS

Not all measurements properties and their types need
to be tested in one study. For example, if the Lachman’s test
is used to measure knee laxity of a subject on three consecutive
occasions by the same tester, then the intra-tester reliability
of the measurements may be of the most concern. However,
if the absolute value of a measurement taken with an alternative
instrument (other than the gold standard) is important to make
a decision about whether a patient will or will not undergo
surgery (for example), then the concurrent validity of the
measurements may be the most important aspect to consider.
When assessing a treatment outcome, the responsiveness
of the instrument is essential because the instrument must
be able to detect meaningful differences due to treatment.
Independently, the measurement properties that are important
for the study should always be reported. One alternative to
actually testing measurement characteristics in the study is
to use previous studies about these measurement
characteristics to justify the use of specific procedures or
instruments. A word of caution must be added. To use
measurement characteristics from another study, the
researcher must ensure the same “thing” is being measured.
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For example, visual analogue scales have been show to be
valid and reliable for some pain measures, but they have not
been showed to be valid and reliable for many of the other
variables they are purported to measure. Sometimes the
concepts of measurements properties are incorrectly used
to define the measurement characteristic being tested. For
example, reliability and validity, and responsiveness and its
sub-division of sensitivity to change have been used to denote
the same property.

This review paper clarified the meanings of the concepts
and types of reliability, validity, and responsiveness. It gave
examples that are relevant to the rehabilitation field. It discussed
how the measurement properties interact with each other and
influence the effect size and power of studies. The authors
hope that the presented definitions, explanations, and
discussions contribute to the dissemination and encourage
the use of common terminology and meanings for these
measurement properties to facilitate improved communication
between researchers and clinical practitioners. Reporting the
measurement characteristics can improve the quality of
rehabilitation research and clinical evaluation processes which
are fundamental for ideal evidence based practice.
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