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ARTICLE INFO ABSTRACT

Background: Scale development or tool development is an important area of interest in health
research. Psychologically validated tools have made it possible to measure various variables which
are not amenable for observation to get evaluated. Development and evaluation of the instrument
should be carried out with absolute diligence, as the health measures evaluated through them becomes
the basis for many health policies and program delivery. However, the novice researchers find it
cumbersome to go through the stringent process in developing a tool which results in less efficient
tools which are unable to capture the whole construct. Henceforth the current literature review was
undertaken to contribute substantial information on tool development to the scientific world at large.
Methods: A comprehensive search was conducted across different databases namely PUBMED,
INDMED, Scopus, MEDLINE with the following MESH keywords; test construction, scale
development, item analysis and instrument validation. Potential full-text articles were retrieved
followed by a narrative synthesis of data from various articles. Results: A wide disparity was
observed in the steps observed by different authors in the development of the tool. However, the
general steps in the development of tool can be summarized as follows; gap identification,
conceptualization, choice of the measurement method, development of measures, scale evaluation and
refinement and validation. Conclusion: If a clinical or educational practice is to be enhanced or
changed using findings derived from questionnaire/scale-based methods, the questionnaire must be
sufficiently developed.

Copyright © 2020, Abin Varghese and Deepika C Khakha. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

The use of questionnaire as a method of data collection has
been increased in health care research as many of the concepts
are latent and require a detailed specification of items that
measure the latent construct. The scales on which the data are
gathered decide the type of statistical analysis to be conducted.
Henceforth the measurement is an important aspect of
scientific research irrespective of the disciplines-natural, social
or health sciences. Health measurements measured using
instruments or diagnostic tests are objective and straight ford
but the latent constructs such as anxiety, depression, attitude,
personality, intelligence, behaviours, and so on which cannot
be observed directly and are subjective need to have scales
with multiple items to measure it. Thousands of scales have
been developed that can measure a range of social,
psychological, and health behaviours and experiences.
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As science advances and novel research questions are put
forth, new scales become necessary. Scale development is not,
however, an obvious or a straightforward endeavour and
involves multiple steps. The current literature review was
undertaken to provide a baseline for novice researchers in
developing tools.

MATERIAL AND METHODS

A comprehensive literature review was undertaken across
different databases; namely PUBMED, INDMED, Scopus,
MEDLINE with the following MESH keywords; test
construction, scale development, item analysis and instrument
validation. Furthermore, boolean operators AND or Not were
used to combine keywords. Potential full-text articles were
retrieved followed by a narrative synthesis of data from
various articles.
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Multiple authors have different viewpoints concerning the
development of tools. A summary of the steps as suggested by
authors are described in Table 1. Henceforth, the tool
development can be summarized into the following steps; gap
identification, conceptualization, choice of the measurement
method, development of measures, scale evaluation and
refinement and validation.

Gap identification: The initial step in developing a tool is to
identify the gaps in existing tools measuring the particular
construct.

Conceptualization: Conceptualization requires the description
of the construct and the variables to be measured. When the
construct is not observable directly (latent variable), the best
choice is to develop a multi-item instrument. When the
observable items are consequences of the construct, this is
called a reflective model. When the observable items are
determinants of the construct, this is called a formative model
(Bagozzi,2011).

Choice of the measurement method: The investigator should
decide the measurement method which can better capture the
construct under study. There are various instruments available
to capture objective measurements such as body temperature,
blood pressure. However, subjective attributes such as
achievement, attitude, social skills, aptitude and personality
require reliable and validated tools.

Development of Measures

Generate items to represent the construct: The first stage of
scale development is the creation of items to assess the
construct under examination (Hinkin,1995). The key to
successful item generation is the development of a well-
articulated theoretical foundation that would indicate the
content domain for the new measure. At this point, the goal of
the researcher is to develop items that will result in measures
that sample the theoretical domain of interest to demonstrate
content validity. Domain sampling theory states that it is not
possible to measure the complete domain of interest, but that
the sample of items drawn from potential items adequately
must represent the construct under examination (Kline, 1993).

There are two ways of proceeding towards item generation:
deductive and inductive scale development. Deductive scale
development requires an understanding of the phenomenon to
be investigated and a thorough review of the literature to
develop the theoretical definition of the construct under
examination (Schwab, 1980). While the inductive approach
may be appropriate when the conceptual basis for a construct
may not result in easily identifiable dimensions for which
items can then be generated. Researchers usually develop
scales inductively by asking a sample of respondents regarding
the phenomenon being studied (Hinkin,1995)

Figure 1. Scree test (Jones & Johnston 2003)

Sources of item generation (Irvine and Kyllonen,
2002; Morgado, et al 2018): Available tools and inventories;
the existing tools can be a good measure to identify the items
for the new scale construction. Many of the items can be
selected based on the relevance of such items to tap the
studying construct ii)Focus groups: It involves a discussion in
which a small group of informants (six to twelve people),
guided by a facilitator, talk freely and spontaneously about
themes considered important to the investigation. The
participants are selected from a target group whose opinions
and ideas are of interest to the researcher. Once the items have
been written, focus groups can be again used to discuss
whether these items are relevant, clear, unambiguous, written
in terms that are understood by potential respondents and if all
the main themes have been covered. (Morgan, 1996) iii) Key
informant interviews.

Table 1. Literature review related to steps in tool development

S. No. Author Year Steps

1. Crocker &Algina 1986 Set primary test purpose, set test specification, Prepare item pool, Review pool items, Pilot test pool,
Revise pool, Field test pool, Item analysis, Norming manual

2. De Vellis,
RF

2017 Set object of measurement, generate item pool, set format for measurement, expert panel review of pool,
consider the inclusion of validation items, validation study, evaluate the items, optimize scale length

3. Furr 2011 Set construct and context, set response format, assemble item pool, collect data, examine psychometric
properties

4. Streiner et al 2016 Gap identified, generate items, test items, revise items, reliability studies, validity studies, present results.
5. Price 2017 Set theoretical foundation, set the purpose, select construct attributes, define the testing population, set

content of the items, develop administration procedures, pilot test, revise test, develop norms, develop the
technical manual

6. Irwing &hughes 2018 Definition, overall planning, item writing, panel review, piloting, factor analysis and item response theory,
reliability validation, test scoring and norming, test specification, implementation and testing, technical
manual

Table 2. Criteria for Item wording

S. No Author(year) Criteria for Item wording

1. Barker, et al.,2016 Clarity, simplicity, specificity, single question at each item. brevity
2. Furr,2011 No complex words, no psychology jargon, no double negatives, no double-barreled items
3. Fabrigar & Ebel-Lam, 2007 Brevity, unambiguity, clarity, no double-barreled items
4. Saville & MacIver, 2017 Targeted and simple, short and comprehensive, direct and without idioms, positively phrased

and self-referent, work relevant and international
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These are in-depth interviews with a small number of people
who are chosen because of their unique knowledge. These can
be patients who have, or have had, the disorder, for example,
and who can articulate what they felt; or clinicians who have
extensive experience with the patients and can explain it from
their perspective. (Lavrakas, 2008) iv) Clinical observation;
Clinical observation is perhaps one of the most fruitful sources
of items. Scales are simply a way of gathering these clinical
observations in a systematic fashion so that all the observers
are ensured of looking for the same thing or all subjects of
responding to the same items. v) Theory: The term theory, in
this context, is used very broadly, encompassing not only
formal, refutable models of how things relate to one another
but also to vaguely formed hunches of how or why people
behave, if only within a relatively narrow domain vi)
Research; Research findings can be a fruitful source of items
and subscales. For scale construction, research can be of two
types: a literature review of studies that have been done in the
area or new research carried out specifically to develop the
scale. In both cases, the scale or questionnaire would be
comprised of items which have been shown empirically to be
the characteristics of a group of people or which differentiate
them from other people. vii) Expert opinion; experts working
in the area of the construct to be explored, helps to identify
different areas within the domain of interest (Morgado,2018)
C) Item Wording (Tay, L., & Jebb, A. 2017; Sudman  &
Bradburn NM).

The item wording is important because the way a question is
phrased can determine the response.1) Avoid items in the past
tense2) Construct items that include a single thought 3) Avoid
double-negatives 4) Prefer items with simple sentence
structure5) Avoid words denoting absoluteness such as only or
just, always, none 6) Avoid items likely to be endorsed by
everyone7) Avoid items with multiple interpretations8) Use
simple and clear language9) Keep items under 20 words. The
criteria for item wording as described in literature are shown in
Table 2.

Item Order: Consideration should be given to the order in
which items are presented, e.g. it is best to avoid presenting
controversial or emotive items at the beginning of the
questionnaire. To engage participants and prevent boredom,
demographic and/or clinical data may be presented at the end.

Response Scale Specifications (Streiner et al., 2015). One of
the first decisions when developing a questionnaire is whether
to include open (allowing answer in the respondent’s own
words) or closed questions (forcing responses from a set of
choices). The vast majority of items are closed, although some
open questions are used in survey research or items requiring a
numerical input e.g. age, weight. Nevertheless, the items used
in questionnaires/tests of psychological research are closed-
ended because this permits the generated data to be analyzed.
Scaling in closed-ended items can be categorized as i) Level of
measurement, i.e. nominal- labelling variables without any
quantitative value, ordinal- Ranks objects based on their
relative standing on an attribute, interval- are numeric scales in
which we know not only the order but also the exact
differences between the values but they don’t have an absolute
zero and ratio- provide information about the absolute
magnitude of the attribute with a meaningful zero
ii)Categorical scale in which score is obtained by summing (or
averaging) items receiving answers with binary values (i.e. 1 =
true, 0 = false) and continuous scale in which, the scores are

summed (or averaged) based on items with numbers assigned
to response categories, i.e. from 1 = strongly disagree to 5 =
strongly agree for a five-point)

Response Scale Format (Weijters, et al., 2010): The
response scale format denotes the way items are worded and
responses are obtained and evaluated. Common scale formats
are i). Categorical judgements: The items requiring a check-
Yes/No ii). Continuous Judgements: The item judgements can
be quantified (Likert scale, semantic differential scale, visual
Analog Scale/Graphic rating scale, face scale) iii) comparative
methods: There will be a series of alternatives that have been
previously calibrated by a separate criterion group (Thurstone
method, paired comparison, Guttman scaling, comparative
rating scale). Among the response scale formats, the most
commonly used is the Likert scale.

Likert Scale: Respondent indicates the degree of agreement
and disagreement with a variety of statements about some
attitude, object, person, or event. Respondents may be offered
a choice of five to seven or even nine precoded responses with
the neutral point being neither agree nor disagree. George
Miller(1956) determined that 7 “chunks” of information is the
most that short-term memory can retain. Seven (± 2) is also the
most points that people can discriminate along a continuum.

Content Validity of items (Lynn,1986): Content validity, also
known as “theoretical analysis”, refers to the “adequacy with
which a measure assesses the domain of interest”
(Salkind,2010). Furthermore, content validity specifies content
relevance and content representations measuring the relevant
experience of the target population being examined. Content
validity is mainly assessed through evaluation by expert and
target population judges.

Evaluation by Experts: Expert judges are highly
knowledgeable about the domain of interest and/or scale
development. They evaluate each of the items to determine
whether they represent the domain of interest. Multiple judges
have been used (typically ranging from5 to 7). Their
assessments have been quantified using formalized scaling and
statistical procedures such as the content validity ratio for
quantifying consensus, content validity index for measuring
proportional agreement, or Cohen’s coefficient kappa (k) for
measuring inter-rater or expert agreement. The raters evaluate
each item on a 4-point scale: 4 = Highly Relevant; 3 = Quite
Relevant or Highly Relevant But Needs Rewording; 2
=Somewhat Relevant; and 1 = Not Relevant. The CVR for
each item is defined as CVR = (ne – N/2)/N/2, where ne is the
number of raters who deem the item to be essential (i.e. a
rating of 3 or 4) and N is the total number of raters. The CVR
can range between –1 and +1, and a value of 0 means that half
of the panel feel that the item is essential (Waltz, C. W., &
Bausell, R. B. 1981; Lynn,1986). To ensure that the results are
not due to chance, Lawshe (1975) recommended a value of
0.99 for five or six raters (the minimum number), 0.85 for
eight raters, and 0.62 for 10 raters; items with lower values
would be discarded. Content validity index is also being used
to rate the relevancy and clarity(1-not relevant,2-item need
some revision,3-relevant but need minor revision,4-very
clear)To obtain content validity index for relevancy and clarity
of each item (I-CVIs), the number of those judging the item as
relevant or clear (rating 3 or 4) is divided by the number of
content experts but for relevancy, content validity index can be
calculated both for item level (I-CVIs) and the scale-level (S-
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CVI). In item level, I-CVI is computed as the number of
experts giving a rating 3 or 4 to the relevancy of each item,
divided by the total number of experts. The I-CVI expresses
the proportion of agreement on the relevancy of each item,
which is between zero and one and the SCVI is defined as “the
proportion of total items judged content valid” or “the
proportion of items on an instrument that achieved a rating of 3
or 4 by the content experts”.

There are two methods for calculating SCVI- universal
agreement among experts (S-CVI/UA) and averaging the item-
level CVIs (S-CVI/Ave). For calculating them, first, the scale
is dichotomized by combining values 3 and 4 and 2 and 1 and
two dichotomous categories of responses including “relevant
and not relevant” are formed for each item. Then, in the
universal agreement approach, the number of items considered
relevant by all the judges (or the number of items with CVI
equal to 1) is divided by the total number of items. In the
average approach, the sum of I-CVIs is divided by the total
number of items. Judgment on each item is made as follows: If
the I-CVI is higher than 79 per cent, the item will be
appropriate. If it is between 70 and 79 per cent, it needs
revision. If it is less than 70 per cent, it is eliminated (Shi J,
2012)

Evaluation by Target Population: Target population judges
are experts at evaluating face validity, which is a component of
content validity. They will be asked to identify the items they
thought are the most important for them, and grade their
importance on a 5-point Likert scale including very important -
5, important-4, relatively important-3, slightly important-2, and
1-unimportant. In quantities method, for calculation item
impact score, the first is calculated the per cent of patients who
scored 4 or 5 to item importance (frequency), and the mean
importance score of the item (importance) and then item
impact score of instrument items were calculated by the
following formula: Item Impact Score= frequency×Importance
If the item impact of an item is equal to or greater than 1.5
(which corresponds to a mean frequency of 50% and an
important mean of 3 on the 5-point Likert scale), it is
maintained in the instrument; otherwise, it is eliminated
(Streiner et al.,2015)

Scale Evaluation and Refinement

Pilot testing of the tool: Ideally, the questionnaire should be
piloted on a smaller sample of intended respondents, but with a
sample size sufficient to perform a systematic appraisal of its
performance. The test should be tried out on preferably as
many as 10 subjects for every one item on the test. The pilot
testing should be conducted under circumstances that are as
identical as possible to the conditions under which the
standardized test will be administered. Content validity by the
target population is also a method of piloting the study. Pre-
testing helps to ensure that items are meaningful to the target
population before the survey is administered, i.e., it minimizes
misunderstanding and subsequent measurement error. Because
pre-testing eliminates poorly worded items and facilitates
revision of phrasing to be maximally understood, it also serves
to reduce the cognitive burden on research participants (Irwing
& Hughes, 2018). Item analysis is one way to pilot a
questionnaire. Item analysis provides a way of measuring the
quality of questions - seeing how appropriate they were for the
candidates and how well they measured their ability.

Components of item analysis

Reliability (Strainer, et al., 2015): Reliability refers to the
consistency exhibited by a tool when it is repeated under
similar conditions. The various types of reliability are; test-
retest- measured by the correlation between scores obtained
from the instrument administered at different times, internal-
consistency- this statistic uses inter-item correlations to
determine whether constituent items are measuring the same
domain. If the items are measuring the same underlying
concept then each item should correlate with the total score
from the questionnaire or domain (Priest et al. 1995), inter-
rater-refers to the degree of agreement between different raters
usually utilizing kappa statistics. When there are 2 raters, the
statistic used is Cohen’s kappa, more than 2 raters the statistic
used is Fleiss Kappa and items with continuous data set-Intra
class correlation is used, intra-rater- a test-retest within one
observer where correlations among repeated values obtained
by the same observer (over time) are assessed (Sim, et al;2005)

Validity: Validity refers to whether a questionnaire is
measuring what it purports to (Bryman & Cramer 1997;
Bowling 1997). Different types of validity are; face, content,
criterion and construct validity. Face validity is the degree to
which the questionnaire appears to measure what it is expected
to measure, in the opinion of experts and the respondents.
Criterion validity is the degree to which there is a relationship
between a given test score and performance on another
measure of particular relevance, typically referred to as
criterion” (De Vellis RF, 2017). There are two forms of
criterion validity: predictive (criterion) validity and concurrent
(criterion) validity. Predictive validity is “the extent to which a
measure predicts the answers to some other question or a result
to which it ought to be related with. Concurrent criterion
validity is the extent to which test scores have a stronger
relationship with criterion (gold standard) measurement made
at the time of test administration or shortly afterwards. This
can be estimated using Pearson product-moment correlation
(Clark, 1995; Frey, 2018).

Construct validity is the extent to which an instrument assesses
a construct of concern and is associated with evidence that
measures other constructs in that domain and measures specific
real-world criteria. The different types of construct validity are
convergent validity, discriminant validity and differentiation
by known groups. Convergent validity is the extent to which a
construct measured in different ways yields similar results.
(Raykov et al, 2011; Ginty, 2013). Evidence of convergent
validity of a construct can be provided by the extent to which
the newly developed scale correlates highly with other
variables designed to measure the same construct.
Discriminant validity is the extent to which a measure is novel
and not simply a reflection of some other construct.
Specifically, it is the “degree to which scores on a studied
instrument are differentiated from behavioural manifestations
of other constructs, which on theoretical grounds can be
expected not to be related to the construct underlying the
instrument under investigation” (Hubley, 2014; Frey, 2018).
Differentiation or comparison between known groups
examines the distribution of a newly developed scale score
over known binary items. This is premised on previous
theoretical and empirical knowledge of the performance of the
binary groups.

Factor analysis: Factor analysis is one statistical technique
that can be used to determine the constructs or domains within
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the developing measure. This approach can, therefore,
contribute to establishing construct validity. Following initial
pilot work and item deletion, the questionnaire should be
administered to a sample of sufficient size to allow factor
analytic techniques to be performed. Ferguson and Cox (1993)
suggest that 100 respondents are the absolute minimum
number to be able to undertake this analysis. (Bryman &
Cramer 1997).

Exploratory Factor analysis: The first step in exploratory
factor analysis is principal components analysis (PCA) to
determine the number of factors that underlie the set of items.
It provides a basis for the removal of redundant or unnecessary
items in a developing measure (Anthony 1999) and can
identify the associated underlying concepts, domains or
subscales of a questionnaire (Oppenheim 1992, Ferguson &
Cox 1993 Two main methods are used to decide upon the
number of emerging factors, Kaiser’s criterion for those factors
with an eigenvalue of >1 and the scree test. An eigenvalue is
an estimate of variance explained by a factor in a data set
(Ferguson & Cox 1993), and a value >1 indicates greater than
an average variance. A scree plot always displays the
eigenvalues in a downward curve, ordering the eigenvalues
from largest to smallest. According to the scree test, the
"elbow" of the graph where the eigenvalues seem to level off is
found and factors or components to the left of this point should
be retained as significant (Figure 1). Next steps in an EFA after
deciding on the number of factors are to choose a method of
extraction. The extraction method is the statistical algorithm
used to estimate loadings There are several to choose from, of
which principal factors (principal axis factoring) or maximum
likelihood seem to perform the best. Agius et al. (1996)
describe an iterative process of removing variables with
general loadings (of 0.40 on more than one factor) and weak
loadings (failing to load above 0.39 on any factor).

Factor rotation maximizes the loadings of variables with a
strong association with a factor, and minimizes those with a
weaker one (Oppenheim 1992) and often helps make sense of
the proposed factor structure. Varimax rotation, which is an
orthogonal rotation (i.e. one in which the factors do not
correlate), is often used, particularly if the proposed factors are
thought to be independent of each other (Ferguson &Cox
1993). However, oblimin rotation may be used, when factors
are thought to have some relationship, e.g. Jones and Johnston
(1999). It is, therefore, vital to state a priori the number of
factors you expect to emerge and to have decided which
rotation method you will use ahead of any analysis.

Confirmatory factor analysis: Confirmatory Factor Analysis
allows a researcher to figure out if a relationship between a set
of observed variables (also known as manifest variables) and
their underlying constructs exists.

Conclusion

In developing the evidence base for health care using the
questionnaire as a method of data collection, the researcher
must incorporate methods to establish reliability and validity,
particularly of new questionnaires. Failure to develop a
questionnaire sufficiently may lead to difficulty interpreting
results. For example, failure to demonstrate an expected
correlation of a new measure with an established scale may
arise because of limited variation in scores on a developing
questionnaire and the subsequent suppression of correlations
between scores on the two questionnaires. Alternatively, there

may be no reliable relationship between such variables. If a
measure is poorly designed and has had an insufficient
psychometric evaluation, it may be difficult to judge between
such competing explanations. Besides, it may not be possible
to use the findings from an established measure, if that
measure cannot be shown to be reliable in a particular sample.
If a clinical or educational practice is to be enhanced or
changed using findings derived from questionnaire-based
methods, the questionnaire must be sufficiently developed.
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