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In order to answer a research question. the researchers
have to design or select the appropriate research
instrument(s) or measurement tool(s) to obtain the
data related to the objective(s) of the study. Research
instruments are in different formats, techniques, or
methods including, but not limited to, questionnaires,
clinical interviews, laboratory tests, etc. When the
researchers want to measure something especially the
attributes that can’t be observed directly (e.g., quality
of life, attitude) they have to define observable or
measurable indicators to measure those attributes.
Such concrete indicators are considered as constructs
(aka components, dimensions, or factors) of the
attribute being measured. A questionnaire is defined
as an instrument for the measurement of one or more
concepts or constructs which are generally resulted in
aggregated item scores/scales.! An interview could be
completely structured similar to questionnaire or an
open-ended statements, questions, or stimulus word to
obtain responses given by the target study population.?
Laboratory tests involve medical procedures that
examine a sample of blood, urine, or other substance
from the body; the test results will be used to answer
the research questions in terms of determining
diagnosis, checking to see if treatment is working, or
monitoring the disease over time.?

What Determine “Good” Quality of a Research
Instrument?

The ability of a research instrument to measure the
constructs under study’s objectives is a vital factor in
selecting or applying the instrument. The qualities of a
good research instrument are (1) validity and (2)
reliability. Validity and reliability are concepts used to
indicate how well a method, technique or test measures
something.®* Reliability is the extent to which the
measurements is dependable, self-consistent, stable
and/or reproduceable when repeating under the same

conditions. Validity is the extent to which the results
really measure what they are supposed to measure.?

At this time, let’s focus on the quality of a structured
or unstructured questionnaire/interview developed for
use in a research study. For this kind of research
instrument, the researchers should consider, at the
minimum, attaining “content validity” and “internal
consistency” of the measurement. Content validity
means the extent to which the content or topic in the
instrument is truly representative of all aspects of the
concept(s) or construct(s) it is designed to measure.?
Internal consistency reliability defines the consistency
of the results delivered from the measurement tool,
ensuring that the various items measuring the topic(s)
of interest deliver consistent responses/scores.®

“Content Validity"—Do You Measure the
Concept(s) that You Want to Measure?

In fact, there are three common types of validity
including content, construct, and -criterion-related
validity. Content validity is considered as a
prerequisite for other validity and usually receives the
of a

highest priority in development process

questionnaire/interview forms.”

Content validity is also known as definition validity or
logical validity.” Content validity tells us how “good”
the instrument is at measuring a concept. A similar
idea of content validity is “Face validity” which also
employs similar approach by assigning a panel of
experts to use their theoretical and substantive
knowledge and respond to each item whether or not it
is or is not a good item.® However, face validity
indicates that the measure appears to be valid “on its
face” while content validity requires a more rigorous
process, such as using a panel of experts to evaluate
the logical content within the concept to be measured.®
Steps in evaluating content validity are as follow:"1-12
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Step 1. Determine the Content—Identification of
Concept/Construct and Item Generation

The first step is determining the content of the concept(s)
or construct(s) that the instrument intends to measure.
The content can be identified by literature review and/or
focus group discussion or interview with the people
familiar with concept. To make it manageable, a “Table
of Specifications” of the content for each concept should
be created. The researchers then develop items based on
the table of specification. When measuring data related
to behavior, feeling, or certain action that cannot be

captured in a single variable or item, it is recommended
to develop multiple
measurement error and gaining more accurate
responses.'? A sample of table of specifications adopted

items in consideration of

from part of the WHOQOL instrument (measuring
quality of life) composes of two constructs: physical
health and psychological health.!* Two items are
developed for the three topics (content) of each construct
(Table 1). In evaluating the content validity of this
instrument, the researchers may assess the content
validity of each construct separately and/or the entire
instrument that intends to measure quality of life.

Table 1. Example of table of specification for quality of life instrument

Concepts/Constructs

Items

Physical Health
I. Pain and discomfort

Il. Energy and fatigue

Il. Sleep and rest

O B WN R

. Do you worry about your pain or discomfort?

. How difficult is it for you to handle any pain or discomfort?
. How easily do you get tired?

. How much are you bothered by fatigue?

. Do you have any difficulties with sleeping?

. How much do any sleep problems worry you?

Psychological Health
I. Positive feelings

. How much do you enjoy life?

. How much do you experience positive feelings in your life?

. How much confidence do you have in yourself?

1
2
IIl. Self-esteem 3. How much do you value yourself?
4
5

[1. Bodily image and appearance

. Do you feel inhibited by your looks?

6. Is there any part of your appearance which makes you feel uncomfortable?

Note: Examples of concepts and items adopted from WHOQOL-100 Instrument.

Step 2: Judgment by Expert Panel—Appointment and
Consensus of the Experts’ Opinions

To confirm the validity, a specific number of experts
will be appointed to evaluate the items in the
instrument developed. The panel may include lay
experts who are the potential research subjects. The
number of experts to be appointed is arbitrary; at least
five people are generally recommended to avoid
agreement by chance. Should the number of experts
increase, the probability of chance agreement
decreases.

The researchers may conduct a “Delphi” method with
panel of experts by arranging series of iterative
questionnaires or meetings.'* The consensus among
the experts on the items in the instrument can be
obtained after intensive discussion in series of
meetings or it can be based on the anonymous
responses to the iterative questionnaires. The process
of multiple iterations collecting both qualitative and
quantitative data helps reduce the range of responses
and to reach consensus based on criteria chosen a
priori by the researcher.

The expert panel can provide their quantitative and
qualitative viewpoints on the relevancy or
representativeness, clarity and comprehensiveness of
the items to measure the specified construct. The
content experts may also recommend about language
and scores for the items in the instrument.

Step 3: Analysis of Content Validity—Assessing
Quality of the Items in the Instrument

To confirm the content validity, several statistics have
been proposed and used in literature. The most
common ones are based on interrater agreement:
content validity ratio (CVR) and content validity index
(CVI).710.11,16,17

In evaluating CVR. the experts are requested to specify
whether an item is “important” or “necessary” or
“essential” for the concept desired to measure or not.
The experts may be asked to score each item from 1 to
3 with the degree as shown in Table 2. The formula for
CVR = (N.-Nv2) / (Ny2), in which the N. is the number
of experts indicating “essential” and Ntis total number
of expert panel. CVR is easy to compute, but not so easy
to interpret; its values can range from -1.0 to +1.0,
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with CVR=0 when half the experts judge an item to be
relevant.'® The decision to eliminate or keep the item
is usually based on the acceptable level of significance
proposed by Lawshe.l” As shown in Table 3, with 5
experts in the panel and 6 items in the measurement

tool, the numbers of N. vary among all items. Only
item#1 passes the minimum value required under
Lawshe’s suggestion (i.e., using 5 experts requires
CVR=0.99). The not-passed items should be eliminated
or may require major revision.

Table 2. Proposed scoring for each item by expert panel

Score Relevancy Clarity Essential
1 Not relevant Not clear Not necessary
2 Must be revised Must be revised Useful, but not essential
3 Relevant with minor revision Clear with minor revision Essential
4 Very relevant Very clear

Table 3. Content validity ratio (CVR) based on number of experts evaluated the item essential

Item Ne-rat.e N:-Total CVR Decision
"Essential"

1 5 5 1 Keep
2 4 5 0.6 Eliminate
3 3 5 0.2 Eliminate
4 2 5 -0.2 Eliminate
5 1 5 -0.6 Eliminate
6 0 5 -1 Eliminate

Note: Content validity ratio (CVR) = (Ne-Ni/2) / (N/2), Ne: the number of experts indicating “essential”, N;: total number of expert panel
Decision on CVR based on Lawshe's Table for minimum values of CVR
Number of panelists and minimum acceptable CVR value: 5,6,7=0.99; 8=0.75; 9=0.78; 10=0.62

CVI is another commonly used in assessing content
validity. It is item-level information that can also be
used to make decision whether to keep, revise or
eliminate the items. In evaluating CVI, the experts are
asked to rate instrument items in terms of relevancy
and clarity in accordance with the concept the
researchers want to measure. The rating scores may
range between 1 to 4 as shown in Table 2.

The simplest form of item-level content validity index
(I-CVI) is based on the criteria that the researchers
simply set to make decision whether to keep, revise or
eliminate the items. In a typical approach the
researchers would appoint odd number of members for
an expert panel. The researchers then set the criteria
such that, if 2 of 3, 4 of 5, or 7 of 9 experts agreed on the

relevancy of an item, they will keep that item. Another

way to calculate I-CVI is based on the formula:
I-CVI = Nie /N; in which Ny is the number of experts
rating at level 3 or 4 to the relevancy and Ny is the total
number of experts in the panel. Thus, I-CVI reflects
the proportion of agreement ranging between 0 and 1
as shown in Table 4.

The CVI of all items can be summarized as the scale-
level content validity index (S-CVI). It can be calculated
as an average of the I-CVIs for all items on the scale, so-
called scale-level content validity index, averaging
calculation method (S-CVI/Ave).

The strict agreement rate can be calculated based on
absolute agreement on relevancy among experts, so-
called scale-level content validity index, universal
agreement calculation method (S-CVI/UA) as shown in
Table 4.

Table 4. Item content validity index based on number of items considered relevant by 5 panelists

Relevant Not relevant .
Item . . I-CVI Decision
(rating 3/4) (rating 1/2)

1 5 0 1 Excellent

2 4 1 0.8 Appropriate

3 3 2 0.6 Eliminate

4 2 3 0.4 Eliminate

5 1 4 0.2 Eliminate

6 0 5 0 Eliminate

Note: Scale-level content validity index, averaging calculation method (S-CVI/Ave) = 3/6 = 0.50
Scale-level content validity index, universal agreement calculation method (S-CVI/UA) =1/6 =0.17
Decision on I-CVI: >78% "Appropriate"; 70-79% "Need revision"; <70% "Eliminate"
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Step 4: Pre-testing the Instrument—Ensuring the
Questions and Answers are Comprehensible.

As recommended in literature, the draft of the
instrument should be administered to 5-15 people
representing targeted research participants in 2-3
rounds.’? The responses can be in the format of
of what they
understand while providing responses to the items in

verbalizing the mental process
the instrument. This step may be repeated with
revised version of the instrument should the items are
still unclear or misunderstood by the respondents.

Consistency™—Is Your Research

Instrument Reliable?

“Internal

Quality of research instrument should be assessed not
only for its validity but also its reliability. One of the
most common and simplest statistics for reliability of
data collected via questionnaire/interview forms is
Cronbach’s Alpha. Cronbach’s alpha reflects internal
consistency of a set of scores/scales of the items. It refers
to the extent to which the instrument is a consistent
measure of a concept.*® The researchers should
calculate reliability of the research instrument before
they actually use that tool. However, researchers can
also calculate it after they get the data for their research
project to confirm the quality of their tool.

In order to have the reliable and reproducible evidence
showing the consistency or stability of an instrument, the
researchers must try out the instrument with a sufficient
sample size. It is typically recommended to test the
instrument with 30 subjects. However, for a single
coefficient alpha test, assuming the null hypothesis of
Cronbach’s alpha coefficient=0, the sample size may be
less than 30 to achieve a minimum desired effect size of
0.7 but if the null hypothesis set the coefficient larger
than zero, a larger sample size is needed.'®

Cronbach’s alpha is computed by comparing the variances
for all individual item scores with the variance of the
total score: The formula is a = (k/(k-1))(1-Y0yi%/0x?)
in which k refers to the number of items, oyi2 is the
variance of item i, and ox? is the variance of the
observed total scores (Table 5). Another way to
calculate Cronbach’s alpha is based on correlations
among the items. The formula based on correlations for
standardized o = Kk ravg / (1 +((k-1) ravg)) in which k
refers to the number of items and rav is the average of
all correlations among all pairs of items (Table 6).192°

When the item is measured as binary (yes-no) rather
than scores/scales (e.g., Likert’s scale or others),
Cronbach’s alpha formula will be adjusted to the so-
called Kuder-Richardson 20 formula. The use and
interpretation of the Kuder-Richardson 20 formula is
similar to the Cronbach’s alpha.

Table 5. Cronbach’s alpha based on item variance and total variance

Item 1 2 3 4 5 6 Total
Subject y y y y y y X
1 y y y y y y X
2 y y y y y y X
3 y y y y y y X
: y y y y y y X
n y y y y Y y X
o2 op° o032 o’ oys? O’ O

Table 6. Cronbach’s alpha based on interitem correlations

Item 1 2 3 4 5 6
1 1 ri ri ria ris rie
2 1 ra3 raa ras re
3 1 raa ras r3e
4 1 ras rae
5 1 rse
6 1

Note: rqyg = average of r's
]

Coefficient of reliability ranges from 0 to 1. As a rule of
thumb, the meaningful level of reliability is typically
set as an acceptable threshold; for Cronbach’s alpha
reliability it is usually set at the minimum value of 0.7
or preferable 0.8.1°

It is important to note that the value of alpha is
dependent to the number of items; with high number
of items, the alpha coefficient could be somewhat high
even when the average interitem correlation is low. For
example, the alpha coefficient is 0.71 when the average
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interitem correlation of 10 items is 0.2.%° It is thus
recommended that a minimum alpha coefficient should
be set at higher level when making important decisions
from the use of a particular instrument; some suggest
to use reliability at the level of 0.9 or above.®2! It should
also be noted that Cronbach’s alpha is not a measure
of unidimensionality. The instrument may have high
alpha even when there are multiple underlying
dimensions or constructs. Test of constructs is a part of
“construct validity” which can be analyzed by other
kind of statistics, i.e., factor analysis.

Conclusion

So, you now know how to confirm the quality of your
research instrument regarding the content validity
and internal consistency. But...are you sure that your
instrument has captured all essential theoretical
constructs, or it will be reproducible when the entire
research process is conducted again? That will need
further steps.
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