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The need to measure health outcomes
	 Assessment	and	quantification	happen	every	day	and	
enhance the capacity of making good decisions that can im-
pact a patient’s survival, quality of life and quality of health 
care provided. The true score of any health assessment 
relies on the strength and verisimilitude of the instrument 
that measures it. The strongest and most reliable method to 
assess	quantifiable	measures,	characteristics,	or	attributes	
is called the gold standard.1 Yet, gold standards are not im-
mutable. They exist up to a point in which they are replaced 
by	 faster,	 more	 cost-effective,	 or	 more	 reliable	 methods,	
that will then be considered the gold standards until a better 
method arises.2

 The less we know about a measure, the more need 
there is for creating an instrument that allows its reliable 
assessment. The need for stronger methods is greater for 
constructs, i.e., abstract concepts or ideas that are not di-
rectly observable but inferred from observable behaviors, 
attitudes, and characteristics, for example loneliness, and 
even more for those who never went through the process of 
scale validation.3-5

 The true score of a construct is like the horizon line. 
There is a need to understand what the most accurate way 
is of measuring its true score, but the path is hard.2 For ex-
ample, one can imagine all possible questions that can be 
asked to assess the construct of ‘poverty’. There are sever-
al questions that we can ask to assess poverty, and one can 
just hope to get close to the true score, because poverty will 
mean	different	things	to	different	people.	The	strategy	will	
be to come up with the largest possible number of questions 
and then to create a system to decrease its number in a 
cost-effective	way,	meaning	that	we	are	attempting	to	create	
an instrument with the lowest possible number of questions, 
but that maximizes the explained variance of the construct. 
Or, in other words, an instrument that optimizes parsimony 
and explanatory power.2 Explanatory power refers to the ex-
tent to which the instrument can account for the variation in 
the observed variables. A good instrument should identify 
a small number of factors that explain a large proportion of 

the variance in the data. This ensures that the factors identi-
fied	are	meaningful	and	relevant	to	the	research	question.	
Parsimony, on the other hand, refers to the simplicity of the 
instrument. A good instrument should be as simple as pos-
sible, while still being able to explain the observed variance. 
This is because a more parsimonious instrument is easier 
to interpret and use in practice. An instrument that optimizes 
parsimony and explanatory power is one that strikes a bal-
ance between being as simple as possible while still being 
able to explain most of the variation in the observed data. 
This ensures that the resulting factors are both meaningful 
and easy to use in subsequent analyses.
 Moreover, it is also necessary to consider the multicul-
tural dimension of assessing constructs.6 Countries such as 
Iceland, Angola, United States, Japan, and others will have 
different	views	of	what	poverty	is.	Even	within	each	country	
one	can	easily	identify	several	different	population	charac-
teristics in which the concept of poverty will vary. Therefore, 
it	is	sometimes	necessary	to	confirm	the	validation	of	scales	
that were previously validated in other populations.6

 When we do not know enough about a construct, the 
best methodological approach is exploratory. With this ap-
proach, researchers will attempt to propose an initial struc-
ture of variables to measure the construct.3,7,8 On the other 
hand, if a construct has already been studied and there is 
at least one proposed structure to assess it, one can move 
to	a	confirmatory	analysis,	which	will	test	if	a	previous	struc-
ture	can	be	applied	to	a	different	population	or	data.3,7,8

 We present a step-by-step guide to researchers inter-
ested in developing original instruments to measure health 
outcomes or attempt validations of previously created in-
struments. This guide does not intend to be exhaustive, but 
to address the key aspects of scale validation.

How to measure health outcomes
 There are several steps that should be followed in or-
der to develop an instrument to measure one or more con-
structs.
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 Stage 1: Construct and item selection
 Step 1 – Choosing the constructs: In this step the re-
search	constructs	are	identified	to	bind	the	item	generation	
process. This process can be deductive, i.e., if constructs 
already exist/ there is a lot of information about them, or 
inductive, where constructs do not previously exist/ there is 
limited information about them, or both.9

 Step 2 – Brainstorming in order to select items: After 
choosing the constructs, the generation of items/questions 
begins.	At	first,	 the	maximum	number	of	 items	 is	created.	
Initial inspections will allow the reduction in the number of 
items by clearing redundancies.9

 Stage 2: Content validity to ensure that the selected 
items are related to the research construct
 Step 3 – The initial structure of constructs and items is 
assessed for relevance and representativeness by a panel 
of	experts	in	the	field	of	research.5
 Step 4 – A panel of experts will assess the initial struc-
ture of constructs and items to check if the items are mea-
suring what they are supposed to (face validity).4,7

 Stage 3: Pre-test and pilot study
 Step 5 – A pre-test is conducted in a small sample of 
the target population to ensure that language is understand-
able,10-15 to estimate the necessary amount of time to an-
swer the questionnaire, to assess the graphical display, to 
gauge need for precoding, and to make sure that the pro-
vided answers will produce valid measurements.5,8,10

 Step 6 – Pilot study: A pilot questionnaire is applied to 
an initial convenience sample of 50 to 100 participants to fa-
cilitate data collection.6,10 After that, statistical analysis pro-
cesses are implemented to explore the item’s structure and 
the number of constructs. Usually, this is done with Principal 
Component Analysis.6

 Stage 4: Gathering data
 Step 7 – Prepare data collection: select the most unbi-
ased possible sample selection method; if possible random 
selection	or	stratified	random	selection,	considering	at	least	
10 to 15 observations per item with a minimum of 200 to 
300 observations.10-12

 Step 8 – Repeat data collection after a wash-out period, 
of at least three months to assess reproducibility.4,13

 Stage 5: Statistical analysis
 Step 8 – Identify the number of factors to extract and 
with	which	to	conduct	different	analysis	to	optimize	conclu-
sions: some examples are the Kaiser-criterion (eigenvalue 
> 1, used to determine the amount of variation in a dataset 
that is captured by each principal component),3,7 parallel 
analyses,7 scree plot,7 and very simple structure.4

 Step 9 – Exploratory factor analysis (EFA) that is used to 
determine the factorial structure of the scale.2-4,9

 Step 10 – Assess reliability with Cronbach’s alpha.2,4-6

 Step 11 – Assess validity (e.g., concurrent validity, the 
extent to which a new measurement or test correlates with 
an established measurement or test that measures the 
same construct, discriminant validity, the extent to which a 
test	is	not	related	to	other	tests	that	measure	different	con-
structs, construct validity, the extent to which a measure-
ment or test accurately measures the theoretical construct 
or concept it is intended to measure).1,2

 Stage 6: Test the model in a new sample
	 Step	12	–	Confirmatory	 factor	analysis	 that	 is	used	 to	
confirm	the	initial	structure.3,6

 Step 13 – Assess model: chi-square/degrees of free-
dom, root mean square error of approximation, root mean 
square of the residuals, Tucker Lewis Index, average vari-
ance extracted, composite reliability.4,7,14

 In their paper in Acta Médica Portuguesa, Barbosa and 
colleagues presented an original instrument to assess anxi-
ety during teleconsultations.15 Because the authors followed 
most of the proposed guidelines, they have constructed a 
valid and feasible instrument to measure anxiety during 
teleconsultations. The use of redundancies when selecting 
the number of factors to extract is a good way to protect 
against biased results. Through the use of a covariance-
based method like EFA, Barbosa and colleagues aimed 
to explore the underlying relationships between measured 
variables, thus exploring the underlying theoretical structure 
of the phenomena, in this case anxiety during teleconsulta-
tions. A covariance-based method is a statistical approach 
that uses the covariance matrix of the observed variables 
to estimate the factors. This method assumes that the rela-
tionship between the observed variables is explained by a 
smaller number of underlying factors. Moreover, in this pa-
per,	the	use	of	extent	fit	measures,	such	as	the	chi-square,	
root mean square error of approximation (RMSEA), root 
mean square of the residuals (RMSR), Tucker Lewis index 
of factoring reliability (TLI) along with composite reliability 
(CR) and average variance extracted (AVE) was appropri-
ate	because	they	provide	different	types	of	information	and	
allow more robust conclusions.
 Improvements could be done, namely in the sample col-
lection process, because a non-probabilistic sample was 
used, which means it was more exposed to selection bias, 
thus decreasing generalizability. Authors should consider 
collecting	a	new	sample	and	testing	their	model	with	confir-
matory factor analysis. One of the most common limitations 
in scale validation is the use of non-probabilistic samples, in 
which the selection probabilities of individuals in the sample 
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are not known. Because non-probabilistic sampling meth-
ods	can	result	in	different	probabilities	for	individuals	to	be	
included in the sample, they can compromise the gener-
alizability	of	 the	findings.	This	also	happens	 in	 this	paper.	
When sampling for scale validation, researchers should try 
to balance the need to avoid bias by collecting probabilistic 
samples with the resources (e.g., time, money) available to 
do it.

CONCLUSION
 This paper intends to be a short guide for researchers 
interested in building quantitative scales to measure health 

outcomes.	The	effort	to	build	a	scale	is	considerable,	but	the	
necessary procedures of scale validation will lead to more 
sound conclusions.
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