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ABSTRACT 
Objective: To discuss and provide insights on how to 
critique the psychometric properties of measurement 
instruments used by nurses and nurse researchers.

Design and data sources: Methodological discussion 
paper that is based on our own experiences and 
research and is supported by literature.

Primary argument: Nurses routinely use a variety 
of measurement instruments during their everyday 
practice. They do so with the assumption that the 
instrument has been thoroughly validated and has 
been shown to be reliable. There is the real possibility 
that frontline nurses are using measurement 
instruments that have not been validated in their 
patient population or context. Critiquing the 
psychometric properties of measurement instruments 
is, however, particularly complex. Complicating 
matters, there are conflicting standards regarding 
the quality criteria needed for validating the 
psychometric properties of measurement instruments.

Conclusion: Nurses need to be aware of the 
limitations of the measurement instruments they 
use. Consequently, nurses need to have some 
understanding about the psychometric domains 
of measurement instruments and their associated 
measurement properties, as well as the quality 

criteria used for evaluating these measurement 
properties. Through discussing these aspects this 
paper aids frontline nurses and nurse researchers 
in critiquing the research literature regarding an 
instrument’s psychometric properties. This paper 
equips nurses for making informed decisions when 
evaluating whether an instrument is suitable for use.

What is already known about the topic?
•	There is the possibility that nurses are using 

measurement instruments that have not been 
validated in their patient population

•	A measurement instrument’s psychometric 
properties should be re-established when used in a 
different patient population or context to the index 
study

What this paper adds:
•	This paper provides nurses and nurse researchers 

with the necessary information for critiquing 
the research literature regarding an instrument’s 
psychometric properties

•	This paper equips nurses to make informed 
decisions for effecting change in deciding whether 
an instrument is suitable for use

Key words: Measure, instrument, utility, validity, 
reliability, psychometric
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INTRODUCTION
Measurement in research and health can be characterised 
as assigning a score to observations. In health, this is done 
in order to quantify a concept ([construct] e.g., falls or 
pressure injury risk) and in doing so, operationalise the 
construct.1 Regardless of an instrument’s purpose, however, 
it can be difficult for end users to quantify a measurement 
instrument’s efficacy and in doing so, ascertain if they should 
use a particular instrument. This is because there are a variety 
of psychometric domains and associated measurement 
properties needing to be considered when determining the 
efficacy of an instrument. Complicating matters, inconsistent 
and ambiguous information can be found in the literature 
regarding the terminology and definitions surrounding 
the measurement properties of instruments. Inconsistent 
information can also be found in the literature regarding the 
various statistical tests and associated quality criteria used 
when examining these properties.2 These inconstancies are 
a contemporary issue as ‘every time a scale is used in a new 
context, or with a different group of people, it is necessary 
to re-establish its psychometric properties.’3(p.161) This is 
because an instrument’s efficacy may be affected when used 
in a different patient context to the index study.4 Instrument 
efficacy is an important consideration for nurse managers 
and clinical leaders who often implement instruments into 
clinical practice. There is the real possibility that frontline 
nurses are using measurement instruments that have not 
been validated in their patient population or context; which 
in part prompted this discussion paper.

BACKGROUND
This is the eighth paper in a series of articles surrounding 
methodological aspects of health research. The overarching 
aim of this series is to assist nurses in critiquing the research 
literature to support evidence-based practice. Previous 
papers in the series have focused on considerations for falls 
risk screening tool selection versus development,5 research 
paradigms,6 the research process,7 quantitative research 
methods,8 considerations when choosing a statistical 
method for data analysis,9 conducting a critical review of the 
research literature,10 and most recently, quality appraisal of 
the research literature.11 In this paper we begin by providing 
some background context to psychometric properties of 
measurement instruments.

CLASSIFYING MEASUREMENT INSTRUMENTS 
USED IN HEALTH

When determining whether a measurement instrument 
is suitable for use, end users should first consider how 
the instrument is to be used, the concept to be measured 
and ultimately, how the instrument is classified.12 This is 
because how an instrument is classified can impact on 
which psychometric properties should be considered and 

what quality appraisal guidelines should be used to assist 
with critically examining an instrument’s measurement 
properties.13-15 There are various ways to classify measurement 
instruments used in health. Some classification criteria 
include the purpose or function of the measure, scope of 
the measure (descriptive) and methodological (technical) 
aspects.16 Having three broad categories, discriminative, 
predictive (diagnostic) and evaluative (assessment),15,16 
perhaps a classification system based on a measure’s function 
is the most clinically meaningful for nurses.

LATENT VARIABLES AND CONSTRUCTS

A latent variable is a variable that cannot be directly 
observed such as pain. The presence of latent variables can 
be estimated through measuring their relationship with 
variables that can be observed.17 Most constructs in research 
and health are made up of one or more latent variables. A 
primary goal of a measurement instrument used in health is 
to measure some underlying construct.18 Consequently, a first 
step in choosing or developing a measurement instrument is 
understanding the construct being measured.19 Identifying 
a construct’s theoretical and empirical underpinnings is 
imperative here. This is because a construct needs to be 
systematically defined before it can be operationalised 
through the examination of measurable variables that 
when combined, quantify the construct.1,17,20 For example, 
the construct or concept of falls risk cannot be directly 
observed but can be quantified by examining known patient 
characteristics that contribute to an increased risk for falls. 
In their prospective cohort study McKechnie, Fisher defined 
falls as an event which results in a person coming to rest 
inadvertently on the ground or floor or other lower level.21 
Using this definition, they collected data on observable 
variables (i.e., patient characteristics) at time of admission 
and first fall. The five resultant significant contributors 
to falls were then used to develop the Sydney Falls Risk 
Screening Tool through which the concept (construct) of falls 
risk is operationalised.

MEASUREMENT ERROR

Measurement error is the discrepancy between a measured 
value and the true or known value.22 No instrument can 
be completely accurate; all instruments have some form 
of measurement error.23 Measurement error can either 
be in the form of a systematic (constant, bias) error or 
random (chance) error.23 Systematic error occurs when a 
measure has consistent scores but they are inaccurate.19,20 
For example, if you know your true weight is 75 kilograms 
but when repeatedly tested using the same instrument it 
is 76 kilograms, the one kilogram difference is a systematic 
measurement error. This can occur when an instrument is 
incorrectly calibrated. Random error occurs when:  
(i) the observer misreads or misinterprets the findings 
of an instrument;20 (ii) there is a transient change in the 
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participant affecting the findings; or (iii) when there are 
instrument variations (intra-observer and inter-observer 
error).23

Classical measurement theory describes observed scores 
consisting of two components: a true fixed score and an 
unknown error variance being measurement error.19,23 
Consequently, the overarching aim of ensuring an 
instrument is valid and reliable is to minimise measurement 
error.1 Measurement error can have an impact on a clinician’s 
actions that were based on their interpretation of an 
instrument’s finding which in turn, affects the instrument’s 
clinical utility.17

AIM
To discuss and provide insights on how to critique the 
psychometric properties of measurement instruments used 
by nurses and nurse researchers.

DESIGN AND DATA SOURCES
Methodological discussion paper that is based on our own 
experiences and research and is supported by literature.

DISCUSSION
Determining whether a measurement instrument is suitable 
for use is not straightforward; there are several important 
considerations. Some include: (i) has the instrument been 
validated in the target population or context of intended 
use;24 (ii) what is the instrument to be used for and how 
is it administered (i.e., screen, assessment or test); (iii) is 
the instrument in the public domain; (iv) how well has the 
concept (construct) been defined; (v) do the instrument’s 
items reflect elements of the construct; and finally (vi) is 
there sufficient evidence for the instrument’s psychometric 
properties.1,23 Sample size of the index study and subsequent 
validation studies should also be considered. It has been 
recommended that a sample size of at least 400 subjects 
is required for precise estimates of reliability and validity 
coefficients,25 however, this may depend on the number of 
items in the instrument.

PSYCHOMETRIC PROPERTIES OF MEASUREMENT 
INSTRUMENTS

There are three principal psychometric domains of 
measurement instruments needing consideration: reliability 
(i.e., consistency), validity (i.e., accuracy) and responsiveness 
(i.e., precision).23,26 Within these three psychometric 
domains there are numerous measurement properties and 
associated statistical techniques needing consideration when 
examining the psychometric properties of an instrument. An 
instrument’s interpretability and clinical utility (i.e., efficacy) 
are also a consideration.

The reliability and validity of an instrument are equally 
important.1 By definition, however, an instrument can 
be deemed reliable but may not necessarily be valid and 
inversely, an instrument cannot be truly deemed valid 
unless it is reliable.1,17,23,27 Nonetheless, validity and reliability 
are relative concepts; they are not all-or-nothing concepts 
being comprised of many measurement properties.19,28 
Figure 1 is a model that illustrates how the three principal 
psychometric domains of measurement instruments and 
their measurement properties relate, considering that an 
instrument used in health needs to have been shown to be 
reliable for it to be considered valid. In the model clinical 
utility is included as the outermost ring as it is an important 
overarching consideration when evaluating an instrument’s 
efficacy; which is similar to the model for evaluating genetic 
tests in health.29 This is because if a health-related instrument 
has no beneficial outcomes (such as, health, economic or 
clinical) the instrument’s efficacy should be questioned, 
this is despite it being reliable and valid. Figure 2 shows the 
measurement properties represented in this model but as a 
general linear process illustrating when these measurement 
properties are a consideration during an instrument’s 
development and validation.

There continues to be inconsistent and conflicting 
information in the literature regarding the terminology, 
definitions, various statistical tests and quality criteria 
surrounding the measurement properties of instruments. 
This is despite Mokkink, Terwee who used the Delphi 
technique to identify and define a taxonomy of measurement 
properties to be considered when evaluating health-related 
instruments.26 For example, construct validity is described 
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FIGURE 1: MODEL ILLUSTRATING DOMAINS OF MEASUREMENT 
INSTRUMENTS AND THEIR ASSOCIATED MEASUREMENT 
PROPERTIES
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by some authors as essential to the overall validity of any 
instrument and as such, overarches the other measurement 
properties of validity being translation (how accurately a 
construct has been operationalised) and criterion (the extent 
to which an instrument’s score correlates with an external 
criterion) validity. 1,16,20,30 Other authors,23,28 however, describe 
the measurement properties of validity as a tripartite model 
with construct, criterion and translation (face and content) 
validity being equally important. While some authors use 
equivalence to describe a defined measurement property of 
reliability, 23,31 other authors use measurement error,26 which 
serves as another inconsistency. In this paper we have used 
the most widely referred to terminology in the research 
literature to describe the measurement properties of an 
instrument. When there is more than one term often used in 
the literature, we have made reference to both.

RELIABILITY

Reliability broadly refers to the consistency or stability of 
the measurement process across time, patients or observers 
(e.g., nurses).16,31 Reliability estimates change when an 
instrument is administered by different users or when used 
in a variety of contexts or situations.20,22 Being a function of 
measurement error, in classical test theory an instrument 
is said to be reliable when it measures the same thing twice 
and the same results are obtained and therefore, is free 
of random measurement error.17,26 However, no measure 
can be perfectly reliable.19 This is because reliability is not 
a unitary concept but rather an approximated concept 
that is determined through the evaluation of three 
underlying instrument properties: internal consistency, 
stability and equivalence.17,28,31 The relative importance 
of these measurement properties, and therefore whether 
they are used to approximate reliability, depends on 
how the instrument is administered, who is to use the 
instrument, and in what context and patient population is 
it administered.19,28 Reliability correlation coefficients are 
often used to approximate an instrument’s reliability. In 
this instance, the reliability coefficient statistic indicates the 

extent to which the individual items of a scale are related 
and show the ratio between true score variance and observed 
score variance.3 For instance, a reliability coefficient of 0.85 
indicates that 15% of the observed variance is due to random 
measurement error.16

Internal reliability

Internal reliability is concerned with the extent to which an 
instrument is consistent within itself, evidenced by providing 
consistent results. Internal consistency or homogeneity 
reflects the extent to which the individual items within 
an instrument are interrelated and unidimensional 
in measuring the one domain or construct.27,28 
Unidimensionality of multidimensional scales is also a 
consideration.18 For example, in an internally consistent 
unidimensional instrument each item equally contributes 
to the total score of the instrument and in the case of 
multidimensional scales, each subscale should measure 
different but related constructs.23 Internal consistency can be 
measured by comparing the correlations amongst items in an 
instrument using techniques such as item-to-item and item-
to-total item correlations, and the Split-half technique. While 
Cronbach’s alpha is the most widely reported coefficient 
for internal consistency, it is known for underestimating 
true reliability.32 McDonald’s omega and Revelle’s beta are 
alternatives statistical technique worth considering here.32-

34 Nonetheless, Zinbarg, Revelle advises that ‘choosing 
among these [three] indices should be based on one’s 
research question and considerations of dimensionality and 
equality of general factor loadings rather than which index is 
largest.’35(p.132) Quality criteria for Cronbach’s alpha and other 
statistical techniques commonly used are provided in table 1.

External reliability

External reliability is concerned with measuring the extent 
to which an instrument varies when used at different times 
(stability) and by different observers (equivalence).30

Stability

Stability or repeatability reliability refers to the stability of 
a measure over time which is examined using the test-retest 
statistical technique.20 The test-retest technique may not be 
suitable for phenomena that are likely to change over time, 
such as falls risk.30 This technique examines whether a self-
rated (intra-rater) or observer rated (intra-observer) measure 
produces constant results when used by/on the same patient 
under similar circumstances but taken/administered at 
two different points in time.27 This measures the degree of 
random measurement error an instrument might have when 
the measure is repeated.36 The test-retest intervals should be 
far enough apart to mitigate the effects of fatigue or patient 
learning, but close enough to avoid genuine changes in 
the construct being measured;19 two to 14 days is usually 
adequate.3,37

Measurement 
instrument

Development Once 
developed

Contextual 
factors

• Internal structure:
content validity, 
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• Interpretability
• Acceptability
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• Reliability: stability,
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• Validity: divergent,
face, convergent, 
contrast, criterion, 
cross-cultural, 
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FIGURE 2: A GENERAL LINEAR PROCESS ILLUSTRATING 
WHEN AN INSTRUMENT’S MEASUREMENT PROPERTIES ARE A 
CONSIDERATION DURING AN INSTRUMENT’S DEVELOPMENT 
AND VALIDATION
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Intra-class correlation coefficient (ICC) is the most 
commonly used indices to measure consistency of scores 
when continuous measures are used.19,24,38 See table 1 for ICC 
criteria when examining stability. ICC is now preferred over 
Pearson and rank-order (Spearman) correlation coefficients 
as these statistical techniques can exaggerate the impression 
of reliability and measure the strength of a relation between 
two variables not the agreement between them. 3,16,39 Being 
a product–moment correlation, the tetrachoric correlation 
can also be used which describes the linear relation between 
two continuous variables that have both been measured on a 
dichotomous scale.40 Parallel and alternate forms can also be 
used to approximate stability which are discussed next  
under equivalence.23

Equivalence

Equivalence, equal in value or worth, is concerned with the 
agreement or consistency among observers who use the  
same instrument and when altered forms of an instrument 
are used.23

Inter-rater reliability: Inter-rater or inter-observer reliability 
involves examining the strength of agreement or level of 
consensus between two or more observers (raters) when they 
are observing the same variable and rating their observations 
using the same instrument.27 Percent agreement, tetrachoric 
correlation or Kappa (see table 1) are used to measure inter-
rater reliability of categorical and nominal data.23,38 Cohen’s 
weighted kappa is commonly used for comparing agreement 
between two raters while Fleiss’ kappa is used when there are 
more than two raters.1,28 Modified Kappa, which is an ‘index 
of agreement among experts that indicates beyond chance 
that the item is relevant’, can also be used when there are two 
or more raters.41(p.1276) For measuring relationships between 
scores, Pearson’s correlation coefficient can be used for 
continuous data and Spearman’s rank correlation for ordinal 
data. Information regarding agreement and bias amongst 
raters can be evaluated by mean differences and confidence 
intervals.28 Finally, ICC can be used to examine intra-class 
and inter-rater reliabilities (i.e., strength of agreement) when 
examining interval-level data.23,42,43 In this instance, the ICC 

TABLE 1: MEASUREMENT PROPERTIES FOR RELIABILITY AND COMMONLY USED STATISTICAL TESTS AND CRITERIA

Measurement 
properties & 
their aspects

Definition/purpose Statistical test and criteria Considerations

Reliability: consistent results and stability of an instrument

Internal 
consistency

Extent to which items 
within an instrument 
are unidimensional and 
interrelated in measuring 
the same construct (aka 
homogeneity) 

•	 Split-half & Cronbach’s a (scale 
randomly split): <0.70 = low/
inadequate; 0.70-0.80 = adequate; 
≥0.8 = desired/excellent2 BUT 
>0.70 generally interpreted as 
sufficient3,24,27,45,46 AND EFA or CFA 
performed with adequate sample 
size24,33

•	 Item-to-total (omitting one item), 
Pearson correlation: >0.23 to >0.347  
considered as adequate

•	 inter-item correlation: coefficients 
ranging from 0.15 to 0.50 is 
considered as acceptable18 

•	 A Cronbach’s a statistic >0.90 may indicate 
redundancy of one or more items which 
could be removed without affecting the 
scale’s reliability3,48 BUT >0.95 has also been 
recommended for this.23,24 However, Bland and 
Altman49 recommends that for research purposes 
Cronbach’s a statistic >0.80 is suitable and for 
clinical practice >0.90 is acceptable but >0.95 is 
desired. For psychological or achievement tests an 
a >0.80 is desirable50

•	 The greater the number of items in a scale, the 
higher the Cronbach's a coefficient tends to be1,16

•	 Interpretation: reliability coefficient <0.5 = high 
and >0.9 low measurement error23

•	 Sample size: recommendations vary from 4 to 10 
subjects per variable but >100 subjects is needed 
to ensure stability for factor analysis24 and total 
number of subjects should exceed total number of 
variables by 5030

Stability  
test-retest

•	 The ability of a measure 
to produce the same 
results when used at two 
different points in time (aka 
repeatability reliability)

ICC, weighted Kappa & Tetrachoric 
correlation coefficient: generally 0.01-
0.20 = slight agreement; 0.21-0.50 
= fair/poor; 0.50-0.74 = moderate; 
0.75-0.89 = strong; >0.90 = excellent 
agreement/reliability19,38,51 BUT for 
most purposes <0.40 = poor; 0.40-
0.59 = fair; 0.60-0.74 = good; ≥0.75 = 
excellent agreement52,53 

•	 ICC criteria is arbitrary as acceptable reliability 
is a judgement call dependent on how the 
instrument and what test statistic is used16,19,20,52

•	 Terwee, Bot24 recommends 0.70 should be 
considered as minimum criteria for measures of 
external reliability in a sample size of 50 patients. 
For clinical measurements and ongoing progress 
measurement in treatment situations the ICC test-
retest for reliability should exceed 0.9054

•	 Must report what ICC is measuring (consistency or 
agreement) and classification of ICC (model and 
form) used24,43,55

•	 The magnitude of both Pearson’s correlations and 
ICCs can be influenced by the range of scores and 
presence of extreme values56

•	 Salkind27 comments that for inter-rater Kappa 
nothing less than 90% agreement should be 
accepted

Equivalence 
inter-rater

•	 Examining whether the 
same results are obtained 
when two or more 
observers use the same 
instrument

Parallel/ 
alternate 
forms

•	 Examines results 
consistency when altered 
versions of the same 
instrument or alternate 
instruments are used 
to measure the same 
construct

Abbreviations: ICC, intra-class correlation coefficient; EFA, exploratory factor analysis; CFA, confirmatory factor analysis.
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measures the proportion of variance of an observation that  
is the result of between and within subject variance in the 
true scores.28,44

Parallel and alternate forms reliability: parallel forms of 
reliability are applicable when scale items from the same 
‘pool’ are used to develop two differing instruments.23,30 
Alternate forms is applicable when two versions of the 
same measuring instrument are used to measure the 
same construct.19,20,27 The equivalence between the two 
instruments is examined to determine which set of questions 
or instrument is best to use. Correlation coefficients and 
Student’s t-test can be used for this.19

Summary of reliability evidence
•	 Internal consistency: same population, individual 

instrument items.

•	 Stability (test-retest): same observer (intra-rater) or  
same patient (intra-individual), same instrument,  
different times.

•	 Equivalence (inter-rater): different observers, same 
population, same instrument, same time.

•	 Equivalence (parallel/alternate forms): same observer, 
same population, different instruments or forms,  
same time.

VALIDITY

Validity broadly refers to the accuracy of an instrument and 
is subsequently concerned with systematic measurement 
error.19 A measurement instrument’s validity is the extent 
to which it is estimated to have correctly measured a 
construct (e.g., fall risk) it purports to measure within the 
context of which it was used.22,26,28 This estimate is based on 
inferences made in determining whether the results of an 
instrument are accurate.17 Therefore, validity is different to 
reliability in that, validity is not a property of the instrument 
itself (i.e., the item inventory) but rather inferences or 
interpretations of the test score that should be contextually 
relevant, meaningful and useful.1,28 Consequently, an 
instrument’s validity can only truly be evaluated within 
the context, circumstances and population of intended 
use.3,19 Measurement properties of validity include face, 
content, construct and criterion validity. During instrument 
development the items used need to be based on some 
theoretical underpinnings (content validity) after which the 
instrument’s construct (construct validity) can be examined 
and finally, the instrument can then be compared to an 
external criterion (criterion validity) (see figures 1 and 2).16

Face validity

Face validity is primarily concerned with whether an 
instrument superficially appears to, or ‘looks like’ it is 
going to, measure the concept (construct) it purports to 
measure.19,26 That is, the operationalisation of a construct.20 

While face and content validity are closely related, having 
face validity does not guarantee that the item inventory 
of an instrument represents the theoretical domain of 
the construct (i.e., content validity). Face validity is more 
concerned with the language/syntax of individual items 
and the flow/organisation of an instrument in its entirety.30 
Examining an instrument’s face validity is a subjective 
assessment after an instrument is developed, usually by those 
who administer it. Consequently, face validity is the weakest 
measurement property of validity.19,30

Content validity

Content validity relates to how well an instrument’s content 
domain (item inventory) truly represents the theoretical 
domain (e.g., what it means to be at risk of falls) of the latent 
construct, such as falls risk, it purports to measure in the 
context of its intended use.22,31 More simply, how accurately 
a construct has been operationalised while still representing 
the construct that is being measured.20,28 Content validity is 
more a qualitative judgement opposed to an absolute value.17 
The overall goal of examining content validity is to remove 
redundant items of an instrument so a minimal number 
of items remain while still defining and operationalising 
the construct, and retaining face validity.23,28 Content 
validity generally evolves out of the process of planning and 
developing an instrument. For instance, a systemic review 
of the research literature can assist with initially generating 
an instrument’s items. Following this, subject matter experts 
(such as, patients, researchers or clinicians) are often engaged 
through focus groups, questionnaires, interviews or the 
Delphi technique to generate new items and review existing 
ones.1,19,28 The RAND/UCLA disagreement index can be used to 
quantify agreement amongst raters in Delphi studies and the 
Content Validity Index can be used when multi-item scales 
are being rated (see table 2).19,41,57

The series of studies used to develop the Sydney Falls Risk 
Screening Tool is a good example of research techniques 
that could be used to ensure the face and content validity 
of an instrument. In the first instance an integrative 
review that used a systematic search strategy to identify 
quantitative papers was undertaken.58 This was followed 
by a retrospective nonequivalent case-control study that 
further described the characteristics of patients who fall 
in the target patient population and context.59 The patent 
characteristics identified in the review and case-control 
study formed the basis for the items included in a modified 
Delphi study.57 Participants had the ability to add additional 
patient characteristics that they believed contributed to 
falls in questionnaire round one. The resultant list of patient 
characteristics were then examined in a multisite prospective 
cohort study from which the five-item Sydney Falls Risk 
Screening Tool was developed.21
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Construct validity

Construct validity refers to whether an instrument 
measures an underlying construct, as defined by theory, 
which it purports to measure based on the established 
variables that define the construct.1,27 Exploratory and 
confirmatory factor analysis techniques are a consideration 
here as these statistical techniques can be used to examine 
dimensionality.32 Exploratory factor analysis (EFA) can be 
used to examine linear relationships of underlying factors 
that explain a construct.19 This is important for item pruning, 
when introducing new items and when evaluating revised 
instruments (structural validity).32 With EFA there are no 
prior assumptions regarding the relationships between 
factors and as such, EFA can be thought of as theory-
generating.19 Conversely, confirmatory factor analysis (CFA) 
can be thought of as theory-testing as it is used to examine 
if sample data fit a previously determined factor structure 
of a construct.19,24 Consequently, with CFA a model is 
proposed at the outset and the hypothesis, number of factors 
encountered and which variables should load onto each 
factor are all known.19

Exploratory Structural Equation Modeling (ESEM) is 
another consideration during instrument development 
and validation.28 ESEM incorporates some advantages of 
the less restrictive EFA (i.e., allowing cross-loadings) and 
advanced aspects of CFA (i.e., goodness-of-fit or multi-group 
models) creating a synergy between the two.60 Measurement 
properties for and associated quality criteria for construct 
validity, and associated statistical techniques for examining 
construct validity, are provided in table 2.

Criterion validity

Criterion validity of an instrument examines the extent to 
which an instrument’s score correlates with some external 
criterion. A key factor in establishing criterion validity is the 
quality of the criterion.27 Consequently, criterion validity, as 
well as convergent and divergent (discriminative) validity, 
can be difficult to evaluate when there is no ‘gold standard’ 
measure.2 In this case, these aspects of validity can ‘represent 
a form of construct validity in which the relationship to 
another measure is hypothesised’ or a well-established 
reference standard may be used.19, 36(p.194)

The criterion can either be another instrument, a discrete but 
related variable or an outcome that will occur in the future. 
Concurrent validity is studied when two instruments, one 
new and one the criterion (accepted reference standard), 
examine the same concept at the same time while attempting 
to identify the same existing condition.1,20,26 Predictive 
validity explores how well a measure of a construct predicts 
some future criterion being an outcome score, event or 
behaviour.16,23,28 For example, the ability of a falls risk 
screening tool to predict patients who end up falling.

The primary criterion-related evidence in health is an 
instrument’s classification or discriminatory accuracy 
in differentiating patients with and without a specific 
condition, that is, its diagnostic validity.19 Consequently, 
measures of sensitivity and specificity are used as criterion-
related evidence for validity (see table 2).28 Correlation 
coefficients, regression modelling and the ICC can also be 
used to examine criterion validity.19

RESPONSIVENESS

An instrument’s ability to detect or track clinically 
meaningful patient change over time (such as, between 
hospital admission and discharge) in a discrete patient 
condition is of interest in health.2,24,26 This relates to an 
instrument’s responsiveness, that is, its precision.36 While 
an instrument’s responsiveness is a relative concept being 
dependent on its reliability and validity, instrument 
responsiveness is a consideration when deciding whether it 
should be implemented into clinical practice.

Husted, Cook describe responsiveness as having two 
aspects.72 Firstly, internal responsiveness which relates 
to the ability of an instrument to measure change over a 
pre-determined period of time, or change before and after 
a treatment with a known effect.72 An instrument’s internal 
responsiveness can be measured using student’s paired t-test 
and measures of effect size (i.e., magnitude of difference/
change/effects between treatments or relationship between 
variables) (see table 3). External responsiveness is the same as 
internal responsiveness but is used when the responsiveness 
of two instruments are compared, usually a new instrument 
against an external standard or reference instrument.72(p.459) 
Measures of sensitivity and specificity, Pearson’s correlation 
coefficient and regression modelling can be used to examine 
external responsiveness as these statistical methods indicate 
how change in two measures vary together.72

Of consideration when examining an instrument’s 
responsiveness is its floor and ceiling effects ‘as they indicate 
limits to the range of detectable change beyond which no 
further improvement or deterioration can be noted.’36(p.194) 
Floor and ceiling effects of an instrument are measured by 
examining the proportion of patients that achieve the lowest 
and highest possible score.24 Patient characteristics, such as 
age and acuity, can have confounding effects on the floor and 
ceiling attributes of an instrument and therefore need to be 
considered.73

INTERPRETABILITY

By providing useful and informative information, a 
measurement instrument can contribute to a clinician’s 
decision making in identifying patients who will and will not 
benefit from particular actions.79 This information needs to 
be contextually relevant to be of worth; that is, have clinical 
meaningfulness.79,80 Interpretability of information provided 
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TABLE 2: MEASUREMENT PROPERTIES FOR VALIDITY AND COMMONLY USED STATISTICAL TESTS AND CRITERIA

Measurement 
properties & 
their aspects 

Definition/purpose Statistical test and criteria Considerations

Validity: accuracy of an instrument

Face & content validity: how accurately a construct has been operationalised while still reflecting the construct being measured

Face •	 Assesses whether an instrument 
superficially appears to measure the 
concept it purports to measure

•	 Item-level content validity index 
(I-CVI): Lynn61 average criteria = 1.00 
with 3 to 5 raters; >0.78 for 6 to 10 
raters62 AND

•	 Scale-level content validity index 
(S-CVI): >0.90 = acceptable 
agreement63,64 but other authors65 
recommend ≥0.80 agreement is 
acceptable

•	 All items are relevant to: (i) 
measurement aim; (ii) the construct 
being measured; (iii) the target 
population; (iv) the context of use; (v) 
together comprehensively reflect the 
construct to be measured; AND (vi) 
investigators or experts were involved 
in item selection24,45 

•	 Lynn61 suggests a minimum of 3 
experts and more than 10 is probably 
unnecessary for I-CVI analysis; 2 
raters are used in S-VCI analysis

•	 Lynn61 suggests a 4-point ordinal 
scale be used to prevent an 
ambivalent midpoint for CVI analysis 
where 1 = irrelevant and 4 = extremely 
relevant. The CVI of a scale item is 
the proportion of experts who rate 
the item as a 3 or 4.

Content •	 Examines the relevance of individual 
items in an instrument

Construct validity: a measure of the underlying construct based on the established variables that define the construct

Structural •	 The degree to which an instrument’s 
items and scores reflect the 
dimensionality of the construct being 
measured so facilitating the removal 
of redundant items (pruning).

•	 Classical test theory, item response 
theory and Rasch modeling66: EFA/
CFA19,45, ESEM28,60, CFI, TLI45,67

•	 EFA loadings: >0.32 = poor; 0.45 = 
fair; 0.55 = good; 0.63 = very good; 
>0.70 = excellent.68 These criteria are 
considered a rough guideline for CFA 
studies69

•	 Generally, factor loadings >0.40 
are considered meaningful30; some 
researchers use >0.3019

•	 Cutoff values for acceptable fit 
between the hypothesised model and 
observed continuous data: CFI/TLI = 
close to 0.95 or higher; SRMR = close 
to 0.08 or lower; RMSEA = close to 
0.06 or lower70

•	 Correlation statistics quantify 
the association between two 
measurement instruments and 
indicate how accurately one rating 
can be predicted from another, they 
do not indicate agreement16

•	 Correlation criteria depends on the 
measurement property and statistic 
used16

•	 Salkind 27 suggest general correlation 
criteria as: <0.20 = extremely poor; 
0.21-0.40 = week; 0.41-0.60 = 
moderate; 0.61-0.80 = strong; >0.81 
very strong

Contrasted 
groups

•	 To examine contrasting groups where 
one group is expected to score high 
and one low (aka extreme groups)

•	 ANOVA, Student‘s t-test and 
regression19

Convergent •	 The extent to which the similarities 
(sensitivity) between two 
instruments measure the same 
construct. High correlations are 
expected.

•	 Correlation statistics: ≤0.40 = 
poor; 0.41-0.75 = adequate; ≥75 
= excellent2; DeVon, Block30 
recommends ≥0.45 analysis. 

Divergent 
(discriminate)

•	 To examine the differences 
(specificity) between two instruments 
that measure the same construct and 
that conforms to a priori hypotheses. 
Low correlations are expected.

•	 Correlation statistics: DeVon, Block30 
recommends ≤0.45.

Hypothesis 
testing

•	 To examine if an instrument measures 
the construct being based on the 
theoretical underpinnings used to 
develop the instrument 

•	 Formal and discrete hypothesis 
formulated AND at least 75% of the 
results are in accordance with the 
hypotheses24

Cross-cultural •	 The degree to which the performance 
of the items on a translated or 
culturally adapted instrument reflect 
the original version

•	 Differential item functioning AND 
multiple group factor analysis45,67

Criterion validity: extent to which an instrument’s score correlates with an external criterion

Concurrent •	 Examines the correlation between a 
new and a validated instrument at 
the same time

1.	 Convincing evidence that the gold 
standard instrument has been 
identified24 AND

2.	 AUC: AUC generic standard: ≤0.5 = 
no discrimination; >0.5-0.7 = poor; 
≥0.7-0.8 = acceptable; ≥0.8-0.9 
excellent; ≥0.90 = outstanding 
discrimination71 BUT for criterion 
validity: ≥0.70 is acceptable67; OR

3.	 Correlation with gold standard: ≥0.70 
is acceptable24

•	 Sensitivity and specificity criteria 
are arbitrary as the chosen criteria 
depends on how the measure is to be 
used, what is being measured and in 
what context

•	 Consider other sensitivity and 
specificity statistics: PPV, NPV, DOR 
and LR16,28

Predictive •	 Examines the ability of an instrument 
to predict some future criterion

Abbreviations: AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; DOR, diagnostic odds ratio; LR, likelihood 
ratio; EFA, exploratory factor analysis; CFA, confirmatory factor analysis; ESEM, Exploratory Structural Equation Modeling; CFI, Comparative Fit 
Index; SRMR, standardised root mean squared residual; RMSEA, root mean squared error of approximation; TLI, Tucker-Lewis index.
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by an instrument is a consideration here. Mokkink, Terwee 
describe interpretability as, ‘the degree to which one can 
assign qualitative meaning – that is, clinical or commonly 
understood connotations – to an instrument’s quantitative 
scores or change in scores.’26(p.743) That is, how clinically 
meaningful is an instrument’s resultant score and are there 
consistent definitions and classifications for interpreting 
the results.36 Some authors suggest that interpretability 
should be one of the principal psychometric domains (i.e., 
validity, reliability, responsiveness) needing consideration 
when deciding whether an instrument should be used in 
health.24,26,36 Information in the index study, such as mean, 
SD and minimal important change, can aid in interpreting 
the clinical meaningfulness of a measurement instrument’s 
score.24 Interpretability is an important foundation for an 
instrument’s clinical utility.

CLINICAL UTILITY

Utility is generally described as a subjective outcome 
measure of satisfaction regarding how beneficial an 
action, intervention, product, or process is.80 The clinical 
utility of a measurement instrument refers to what 
extent the instrument contributes to beneficial health 
outcomes relative to best practice alternatives.79 These 
beneficial outcomes are not solely patient dependent but 
multidimensional that could include economic, clinical, 
administrative and subjective domains.36,80 Acceptability 
(respondent burden [the patient]) and feasibility 
(administrative burden [effort, time, expense, disruption]) 
of a patient or staff completing an instrument are important 
considerations here.2,36

As clinical utility is not a measurement property of an 
instrument, instruments do not have clinical utility 
per se; it is best-practice outcomes that determines the 
clinical utility of an instrument.81 The clinical utility of 
an instrument is, however, dependent on its reliability, 
validity and responsiveness. For instance, clinical utility 
of a falls risk screening tool is dependent on its predictive 
validity resulting in appropriate allocation of resources 
for preventing falls. Bossuyt, Reitsma describes clinical 
utility of health-related diagnostic tests as having four key 
elements:79 (i) individual and societal health outcomes; 
(ii) probabilistic (reliability as measured by diversity of 
outcomes); (iii) strategy being management strategy for 
testing and subsequent clinical actions; and (iv) comparative 
being relative to some comparator strategy, best practice or 
clinical actions.

Clinical utility is rarely quantified as it is a subjective concept 
and is context dependent.80 There are, however, some clinical 
utility indices that can be used to quantify the expected gain 
in the utility of a test.82 These indices can be used for tests ‘if 
the clinical situation can be described by pre-test probability 
of disease and the ratio of the cost of erroneously treating 
individuals without the disease to the net benefit of correctly 
treating individuals with the disease.’82(p.564)

TABLE 3: MEASUREMENT PROPERTIES FOR RESPONSIVENESS AND COMMONLY USED STATISTICAL TESTS AND 
CRITERIA

Domain & 
measurement 
properties

Definition/purpose Statistical test and criteria Considerations

Responsiveness (precision): an instrument’s ability to detect clinically important change over time in the construct to be measured

Internal An instrument’s ability to 
measure change over a  
pre-determined period

1.	 Effect size: standardised effect size, 
standardised response mean (SRM), Guyatt’s 
Index benchmark values: 0.20 = small; 0.50 = 
moderate; 0.80 = large responsiveness16,73

2.	 Effect size: Pearson’s correlation & Chi-
square/ ANOVA/multiple regression: small = 
0.10/0.10/0.20; medium = 0.30/0.25/0.15; large 
= 0.50/0.40/0.35, respectively73,74

3.	 Student’s paired t-test2,16

•	 SRM an estimate of change in the 
measure relative to the between 
patient variability in change scores

•	 Guyatt’s index examines repeated 
observations of the measure in 
clinically stable subjects providing 
information on MIC change on the 
measure71

•	 t-test used to test the hypothesis 
that there was no statistically 
significant change in the average 
response on the measure over the 
two time points

External A comparison of two 
instrument’s responsiveness

1.	 AUC: AUC generic standards as per table 2 
BUT for measuring responsiveness ≥0.70 is 
acceptable regarding MIC and MDC24,67

2.	 Pearson correlation coefficient 
3.	 Regression models

Floor/ceiling 
effects

An instruments limits in 
detecting change beyond 
which no further improvement 
or deterioration can be noted

•	 ≤15% = adequate for number of respondents 
either achieving the minimum (floor) or maximum 
(ceiling) score75 with a sample size >50 
participants24

Other authors recommend2,36 or have 
used ≤20% in their studies76,77

Abbreviations: ANOVA, analysis of variance; MIC, minimal important change; MDC, minimal detectable change; AUC, area under the curve.
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IMPLICATIONS FOR RESEARCH, POLICY 
AND PRACTICE
Nurse researchers and frontline nurses use a variety of 
measurement instruments during their everyday practice. 
They do so with the assumption that the instrument has 
been rigorously validated and has been shown to be reliable. 
However, determining whether an instrument is valid and 
reliable is complex. Nonetheless, nurses need to question 
the efficacy of the instruments they use. This is because there 
is the real possibility that nurses are using measurement 
instruments that have poor clinical utility. The discussion in 
this paper can enable frontline nurses and nurse researchers 
to confidently critique the research literature regarding an 
instrument’s psychometric properties and therefore, make 
informed decisions regarding whether it is suitable for use. 
Some recent studies that have examined the psychometric 
properties of health-related measurement instruments is 
provided in supplementary file 1. These papers provide some 
working examples describing what nurses should consider 
when critiquing the literature regarding the efficacy of a 
measurement instrument.

CONCLUSION
Fundamentally, nurses are caught between the clinical 
need to use an array of measurement instruments and the 
availability of contextually validated ones; falls risk screening 
tools are an example of this. Consequently, nurses need to 
be aware of the limitations of the measurement instruments 
they use. However, there continues to be inconsistent and 
conflicting information regarding the terminology and 
quality criteria surrounding the psychometric measurement 
properties of measurement instruments. These properties 
and their associated quality criteria have been discussed 
in this paper. This paper empowers nurses to confidently 
question the suitability of measurement instruments they 
may use.
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