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EPIDEMIOLOGY AND BIOSTATISTICS APPLIED TO DERMATOLOGY

Field work I: selecting the instrument for data collection*
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Abstract: The selection of instruments that will be used to collect data is a crucial step in the research process.
Validity and reliability of the collected data and, above all, their potential comparability with data from previous
investigations must be prioritized during this phase. We present a decision tree, which is intended to guide the
selection of the instruments employed in research projects. Studies conducted along these lines have greater poten-
tial to broaden the knowledge on the studied subject and contribute to addressing truly socially relevant needs.
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INTRODUCTION
This article discusses one of the most trivial

aspects of a researcher’s daily tasks, which is to select
among various available options the instruments to
perform data collection that meet the intended objec-
tives and, at the same time, respect budgetary and
temporal restrictions as well as other equally relevant
issues when conducting a research. The instrument
for data collection is a key element of the traditional
questionnaires, which are used to investigate various
topics of interest among participants of scientific stud-
ies. It is through questionnaires / instruments aimed
to assess, for example, sun exposure, family history of
skin diseases and mental disorders, that it is possible
to measure these phenomena and analyze their asso-
ciations in health surveys. In this paper, we discuss
only questionnaires and their elementary components
- the instruments; the reader should refer to special-
ized literature for knowledge and proper manage-
ment of other resources available for data collection,
including, for example, equipment to measure blood
pressure, exams on cutaneous surface lesions and col-
lection of biological material in studies focused on
biochemical markers, such as blood parameters etc.
Even so, it is argued that the guiding principles pre-
sented in this text widely apply, with minor adapta-
tions, to all data collection processes. 

As discussed earlier, all scientific investiga-
tions, including those in the field of Dermatology,

must start with a clear and predefined question.1 Only
after formulating a pertinent research question may
the researcher and his/her team plan and implement
a series of procedures, which will be able to answer
such a question with acceptable levels of validity and
reliability. This means that the scientific activity is
organized by framing questions and executing a series
of procedures to address them, including, for exam-
ple, the use of questionnaires and their constituent
instruments. Such procedures should be recognized as
processes that respect ethical research guidelines and
whose results are accepted by the scientific communi-
ty, i.e. they are valid and reliable. However, it should
be clarified before moving forward, albeit briefly and
partially, what is commonly meant by validity and
reliability in science. 

In general, validity is considered to be present
in an instrument, procedure or research as a whole,
when they produce results that reflect what they ini-
tially aimed to evaluate or measure.2 A research can be
judged both in terms of internal validity when its con-
clusions are correct for that sample of studied individ-
uals, as well as external validity, when its results can
be generalized to other contexts and population
domains.3 For example, in a survey that estimates the
frequency of pediatric atopic dermatitis in Southeast
Brazil, the closer the results are to the examined sub-
jects’ reality, the greater their internal validity. In other
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words, if the actual frequency of atopic dermatitis
were 12.5%   for this region and population, a research
that achieved a similar result would be considered
internally valid.4 The ability to generalize or extrapo-
late those results to other regions in the country
would be reflected in the study’s external validity.
Furthermore, to be valid in any dimension this
research should have used an established instrument,
able to distinguish individuals who actually have this
dermatological condition from those who do not have
it. So, the study’s validity research depends on the
validity of the very instruments that are used.

A research instrument is deemed reliable when
it is able to consistently generate the same results after
being applied repeatedly to the same group of sub-
jects. This concept is often used in multiple stages of
the research process including, for example, when a
data collection supervisor performs a quality control
check, reapplying some questions to the same subjects
already interviewed or even during the construction
of a new instrument in the test-retest phase in which
the reliability and consistency of the given answers
are examined. The Acne-Specific Quality of Life
Questionnaire was considered reliable after recording
consistent data on the same individuals in an interval
of seven days between the first and second adminis-
trations.5 Moreover, a study will be more reliable as
more precise instruments are used in data collection
and as more subjects are recruited - studies with a sig-
nificant number of participants present results with a
smaller margin of error. It is noteworthy that,
although the concept of reliability extrapolates the
question of temporal consistency (test-retest), we will
address this aspect in a more limited fashion in this
article. The interested reader should consult specific
publications for further discussion of this topic.6

Resuming our original question, it must be
noted that the need for careful selection of instru-
ments to be used in scientific investigations must have
a solid theoretical basis and should not be considered
as a mere fad. Ultimately, the wrong choice of an
instrument can compromise the internal validity of
the study, producing misleading results, which are
therefore unable to answer the research question orig-
inally formulated. Besides, the choice of an instrument
also has implications in the ability to generalize the
research results (external validity), and to compare
them with those of other studies conducted nationally
or internationally on the same subject - researchers
using equivalent instruments can establish an effective
dialogue, which enables a more comprehensive analy-
sis of the phenomenon in question, including its
antecedents and consequences.7

In order to justify the need to carefully select
the instruments to be used in scientific research and

also provide basic guidelines so that these decisions
are based on solid grounds, we will divide this article
into the following sections: (1) On the comparative
nature the of scientific research; (2) How to select the
most appropriate instrument for my research when
there are prototypes available in the scientific litera-
ture; and (3) What to do when there are no available
instruments to assess the phenomenon of interest to
the researcher.

ON THE COMPARATIVE NATURE OF SCIENTIF-
IC RESEARCH

The inherently comparative nature of scientific
research represents an aspect that may sometimes
pass unnoticed even to the more experienced
researcher. However, the careful examination of a pro-
ject’s theoretical framework, the discussion of a scien-
tific article and also the study results are sufficient to
easily demonstrate this comparative nature. 

Investigations in the field of   Social
Anthropology, for example, are based on comparisons
of complex cultural systems; the identification of idio-
syncrasies in a particular cultural system is only possi-
ble after its confrontation with the characteristics of
another system.8 So, the conclusion that a specific
South American indigenous population exhibits dis-
tinct kinship relations from those observed in the hege-
monic Western family composition only occurs when
these two forms of cultural systems are compared.

The same occurs in the healthcare field - com-
parisons are crucial to arrive at conclusions, including
the evaluation of consistency of certain scientific find-
ings among a set of previously conducted studies.
Likewise, if a researcher is interested in examining the
quality of life of patients affected by the pain caused
by lower-limb ulcers, he and his team should neces-
sarily make comparisons.

In this case, the comparison is between two dis-
tinct groups of subjects with lower-limb ulcers, one of
them with pain and the other without it, to ascertain
whether the levels of quality of life found in both
groups are similar or not. If the researcher observes,
by comparison, that the group with pain has a dimin-
ished quality of life compared to the group without
pain, he may conclude that there is a negative correla-
tion between quality of life and pain related to lower-
limb ulcers. 

However, the comparative principle goes
beyond contrasting internal groups in a study, as illus-
trated above. Researchers of a particular subject, for
example, the development of melanocytic lesions, can
only confirm that the use of sunscreen prevents their
occurrence, when multiple scientific studies evaluat-
ing this question have previously shown it. In other
words, by comparing the results generated by several
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investigations on the same topic, the scientific com-
munity can judge the consistency of the findings and
thus make a solid conclusion about the subject matter.

Considering that the comparison of results
from different studies is a key aspect of the production
and consolidation of scientific knowledge, the follow-
ing question arises: How should one conduct scientif-
ic studies so that their results are comparable to each
other? Invariably, the answer to this question includes
the use of scientific research instruments that are
valid, reliable, and equivalent in different studies. So,
what are the basic elements of the selection and use of
these tools that enables this scientific dialogue? This is
exactly what the subsequent section aims to answer.

HOW TO SELECT THE MOST APPROPRIATE
INSTRUMENTS FOR MY RESEARCH, WHEN
THERE ARE PROTOTYPES AVAILABLE IN THE
SCIENTIFIC LITERATURE

We assume that the researcher has already for-
mulated a clear and pertinent research question,
which he or she wants to answer by conducting a sci-
entific research. To illustrate the situation, imagine
that a researcher is interested in estimating the fre-
quency of depression and anxiety in a population of
caregivers of pediatric patients with chronic der-
matoses. The research question could be worded
specifically in this way: What is the frequency of anxiety
and depression in caregivers of children under five years of
age, with chronic dermatoses (atopic dermatitis, vitiligo
and psoriasis) residing in the city of Porto Alegre in 2014?

Considering that the phenomenon to be evalu-
ated is restricted to anxiety and depression, how
should the investigator proceed in this regard? There
are at least two possible alternatives: the researcher
can develop a set of entirely original items (instru-
ment) to measure both mental disorders cited or select
valid and reliable instruments already available in the
scientific literature to assess such disorders.

Both alternatives have their own implications.
Developing a new instrument means conducting an
additional research project that will require consider-
able effort and time to be carried out. The scientific lit-
erature on to the development and adaptation of
instruments emphatically condemns this decision.9

Often, researchers who choose to develop new instru-
ments overestimate the deficiencies of the existing
ones and disregard the time and effort needed to con-
struct a new and appropriate prototype. In most cases,
the optimistic and to some extent naive expectations of
these researchers are frustrated by the development of
a new instrument whose flaws are potentially similar
to or even greater than the ones found in existing
instruments, but with an additional aggravating fac-
tor: the possibility of comparing the results of a study

performed with the newly developed instrument to
those of previous studies employing other measuring
tools is, at least initially, nonexistent. In general, we
recommend developing new instruments only when
there are no other options for measuring the phenom-
enon in question or when the existing ones have huge
and confirmed limitations.

If the researcher has taken the (right) decision
to use an existing instrument to assess anxiety and
depression, we suggest that he or she should cover the
following steps:9

1 - Conduct a very broad and thorough literature
search to retrieve the instruments that assess the
phenomenon in question. The bibliographic search
can start in the traditional bibliographical resources
in healthcare, such as PubMed, but it must also take
in consideration those available in other scientific
fields, such as psychology and education whenever
necessary;
2 - Identify all the available instruments to measure
the phenomenon of interest. Eventually, some may
not have been published in books, book chapters or
as scientific articles. In these cases, it is essential to
make contact with the researchers working in the
area to ask them about the existence of unpublished
measuring instruments (gray literature);
3 - Based on the elements presented in Table 1,
reassess the course of development of each identi-
fied instrument, seeking to distinguish those with
established results, good indicators of validity and
reliability and in particular, those extensively used
by the scientific community.10 Ideally, the instru-
ments of choice are those that were also evaluated
by independent research groups, i.e., groups which
were not involved with their initial design; and
4 - Select an instrument that meets the goals of your
study, considering ethical, budgetary and time con-
straints, among others. Whenever the chosen
instrument has been created in a research context
significantly distinct from that of your investiga-
tion, search the literature for studies of cross-cultur-
al adaptation that aimed to produce an equivalent
version of the instrument for the language and cul-
tural specificities of your research context.11 Thus,
as argued by Reichenheim & Moares, “the process
of cross-cultural adaptation should be a combina-
tion between a component of literal translation of
words and phrases from one language to another
and a meticulous tuning process, that addresses the
cultural context and lifestyle of the target-popula-
tion to which the version will be applied.”10

Proceeding as described above, the privileged
scenario will be the one in which studies addressing
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Validity Dimensional 
validity

Construct 
validity

Criterion-
related 
validity

Reliability Internal 
consistency

Temporal 
stability

This refers to the correspondence that should exist bet-
ween the instrument’s internal structure and the one that
was theorized regarding the phenomenon to be evalua-
ted. For example, if the instrument aims to measure men-
tal disorders and includes depression and anxiety as its
two dimensions of interest, a statistical analysis of it
should reveal such dimensions.

The instrument’s ability to measure what it intends to
assess when there is not another tool considered the "gold
standard" for measuring the phenomenon of interest.
Construct validity can be determined by several methods,
including: 
• Extreme groups: the instrument is applied to two groups,
one supposedly with the presence of the characteristic of
interest and the other without it. 
• Convergent validity: comparison between the asses-
sments obtained with the instrument of interest versus
those resulting from another scale used for measuring the
same phenomenon.
• Discriminant or divergent validity: it can be obtained by
testing the correlation between the results of an instru-
ment and those of another one used for measuring a dif-
ferent construct.

Ability of the instrument to measure what it proposes,
whenever there are instruments considered as the "gold
standard". The verification of this validity involves the
application of two instruments, the one intended to be
used and another considered as reference, and also by the
observation of their correlation. Criterion validity is typi-
cally divided into two subtypes:
• Concurrent or simultaneous validity: tests the correlation
of the instrument of interest with a "gold standard" after
applying both simultaneously.
• Predictive validity: determined by the ability of the ins-
trument to predict a future event, which will be based on
the subsequent application of the reference instrument.

As an illustration, if we wish to measure the functional
capacity of individuals and we have several items (ques-
tions) to measure it, they should have a high correlation
among themselves.
The measures used to assess internal consistency are the
Cronbach's alpha coefficient and the Kuder-Richardson
coefficient, among others. In all cases, it is possible to esti-
mate the internal consistency with a single application of
the instrument to the sample under evaluation.

Stability may be assessed in different ways, including: 
• The degree of agreement between different observers,
using the same instrument (inter-observer reliability). 
• The consistency of the observations made by the same
examiner at different moments in time (intra-observer
reliability or test-retest).

Results of exploratory and confirmatory factor
analyzes, demonstrating the correspondence
between the postulated structure for the pheno-
menon and the loading of the instrument items
on their respective dimensions.
Returning to the example, a factor analysis
of the instrument for common mental disor-
ders should demonstrate that the questions
regarding anxiety are grouped in the dimen-
sion that concerns them (anxiety) and the
questions about depression are associated
with their underlying factor (depression).

Finding that the instrument confirms the
hypothesis that one group has the feature of
interest and the other does not, is an indica-
tion of the instrument’s validity through the
comparison of extreme groups. 

In the convergent validity example, it is
expected that the results from both instru-
ments point in the same direction (that they
are positively correlated with each other). 

The correlation between the results of diffe-
rent instruments must be zero when evalua-
ting the discriminant validity.

In both cases the correlation between the
instrument of interest and the "gold stan-
dard" one support the validity argument for
the former.

The minimum acceptable value for these
coefficients is 0.8.

The minimum acceptable value for these
coefficients is 0.5.

TABLE 1: Aspects regarding validity and reliability (quality) of measurement instruments*

*This Table was designed based on data published by Reichenheim & Moraes10 and Streiner & Norman9 that must be consulted if the reader wishes to advance further in these topics. 

Aspect Characteristic Conceptual definition and strategies What to observe 
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the same phenomena shall be conducted with equiva-
lent instruments to assess them and therefore their
results will be readily comparable. This would be the
same as having a study conducted in different coun-
tries on the topics of depression and anxiety in care-
givers of pediatric patients with chronic skin diseases
and each one would use a version of the instrument
adapted for the respective research contexts. So, while
in Brazil the Hospital Anxiety and Depression Scale
would be used in a version adapted to Brazilian
Portuguese, the equivalent version of this same
instrument in Japanese would be used in Japan.
Therefore, the rates of these common mental disor-
ders, estimated by both studies would be directly
comparable at the end of each survey.

WHAT TO DO WHEN THERE ARE NO AVAIL-
ABLE INSTRUMENTS FOR MEASURING THE
PHENOMENON OF INTEREST TO THE
RESEARCHER

Whenever the researcher is confronted with the
lack of instruments for measuring the phenomenon of
interest, it is possible to follow at least one of these leads:

1 - Ultimately, review the research question and
replace it with one that does not involve the assess-
ment of the phenomenon for which there are no
measurement tools available; 
2 - Develop an ancillary research program, whose
main objective is to perform a cross-cultural adap-
tation of a measurement instrument to the context
in which the investigation will be conducted. In

Start

Yes

No

Definition of the
research and its starting

question

Develop an entirely new
instrument

(not recommended)

Rephrase the
research question

Temporarily suspend the
original research initiative,

and wait for another
research group to create
(not recommended) or
adapt an instrument to

assess the phenomenon of
interest

Review the 
literature to 

identify available
validated 

instruments, 
although adapted
to other research

contexts

Perform 
cross-cultural 
adaptation of

the instrument
validated  in
the literature

Adapted 
instrument 
available?

Identification of
which phenomena

will be evaluated, in
order to answer the

question

Are the instruments to
measure the phenomena
available and validated
and were they adapted

to the sociocultural 
context being assessed?

Perform the
research with
the necessary
instruments

Yes

No

FIGURE 1: Decision tree to guide the process of choosing an instrument to collect scientific research data 
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this case, one must consider the need to postpone
the original study until the adapted version of the
instrument is available - something that takes in
the most optimistic prediction, two to three years;
or 
3 - Temporarily suspend the research initiative,
waiting until other researchers have provided an
adapted version of the selected instrument, mak-
ing it possible to execute the study in a similar soci-
ocultural context.

The synthesis of the entire process suggested in
this article is illustrated in the decision tree, depicted
in Figure 1. We believe that the conduct of studies
along these lines has an even greater potential to
increase the knowledge on the particularities of any
topic of interest and, ultimately, contribute to
approaching socially relevant demands.q
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