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ABSTRACT
Background: Appraisal of methodological quality of included studies is an important component
of conducting systematic reviews. Although several quality appraisal tools are available for
intervention studies, fewer tools are available for non-randomized designs, especially for studies
of measurement properties.
Objectives: The purpose of this study was to develop a quality appraisal tool specific to validity
studies (QAVALS) and to examine its reliability and validity.
Methods: Following identification of key concepts, an initial list of 34 possible items was devel-
oped. Content experts rated each item as either ‘essential’, ‘useful but not essential’, and ‘not
necessary’. The content validity ratio (CVR) and content validity index (CVI) were calculated to
establish content validity following two rounds of review. Inter-rater and test–retest reliability
were assessed by two external reviewers using weighted kappa coefficients.
Results: Items below a CVR of 0.50 were eliminated resulting in the modified version with 27 items.
Following the second round, the final tool with 24 items was developed. The content validity index of
QAVALS was 0.90. QAVALS demonstrated excellent test–retest reliability (k = 0.80–0.84, 95%
CI = 0.76–0.90) and good overall inter-rater reliability (k = 0.70, 95% CI = 0.61–0.79).
Limitations: Individual item reliability was low for four items. Further research is warranted to
examine reliability using larger number of studies and raters with different experience levels.
Conclusion: QAVALS is the first quality appraisal tool specifically designed to address common
types of validity. The QAVALS demonstrates strong content validity, good overall inter-rater and
excellent test–retest reliability.
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Introduction

One of the most important aspects of conducting
a systematic review is assessing the quality and risk of
bias of included studies. Bias within the studies included
in a systematic review is detrimental to the overall qual-
ity of evidence produced by the review (Kim et al., 2013).
Since quality of included studies can vary greatly in
terms of internal validity, external validity and the
quality of reporting, quality appraisal of studies forms
an integral component of a systematic review (Crowe
and Sheppard, 2011; Drucker, Fleming, and Chan,
2016; Gopalakrishnan and Ganeshkumar, 2013;
Institute of Medicine (US) Committee on Standards for
Systematic Reviews of Comparative Effectiveness
Research, 2011; Jarde, Losilla, Vives, and Rodrigo
(2013); Whiting et al., 2003). Quality appraisal is even
more important for non-randomized designs as these are
more susceptible to bias as compared to randomized

controlled trials (Jarde, Losilla, Vives, and Rodrigo,
2013). Valid and reliable quality appraisal tools provide
a high level of rigor when evaluating the available litera-
ture (Jarde, Losilla, Vives, and Rodrigo, 2013). While
several quality appraisal checklists are available for
assessment of randomized designs (Crowe and
Sheppard, 2011; Downs and Black, 1998), fewer tools
are available to assess the quality of non-randomized
designs, specifically for studies of measurement proper-
ties (Lucas, Macaskill, Irwig, and Bogduk, 2010).

Validity studies are types of non-randomized designs
that examine the ability to make inferences from mea-
surements and are of several types including face, con-
tent, construct, criterion validity, and diagnostic
accuracy (Portney and Watkins, 2009). Specific types
of validity studies have their own unique designs which
follow different methods and analyses.

Currently available validated quality appraisal tools for
studies of measurement properties include the quality
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appraisal of reliability studies (QAREL) and the quality
assessment of diagnostic accuracy studies (QUADAS and
QUADAS-2) (Lucas, Macaskill, Irwig, and Bogduk, 2010;
Whiting et al., 2003, 2011). The QAREL is specific to
studies of reliability (Lucas, Macaskill, Irwig, and
Bogduk, 2010). The QUADAS and QUADAS-2, are spe-
cific to diagnostic accuracy and therefore do not address
all the aspects of validity (Whiting et al., 2003, 2011). The
consensus-based standards for the selection of health
measurement instruments (COSMIN) checklist is
another tool that was developed for quality appraisal of
studies on measurement properties, however, limitations
including length of the tool (12 boxes with 119 items),
complexity of administration, redundancy of some items
and inconsistencies in terminology limit routine use of
the tool (Mokkink et al., 2010b, 2010c; Winser et al.,
2015). The psychometric properties of other quality
assessment tools for validity studies such as the checklist
for validation of physical activity instruments (Rennie and
Wareham, 1998) and the checklist for evaluating the
methodological quality of validation studies on self-
report instruments for physical activity and sedentary
behavior (Hagströmer, Ainsworth, Kwak, and Bowles,
2012), have not been evaluated (Lucas et al., 2013;
Whiting et al., 2005), limiting their applicability as com-
prehensive tools for quality appraisal of validity studies .

Currently, there are a limited number of tools that
can be specifically used to evaluate the quality of valid-
ity studies. Therefore, the purpose of this study was to
develop a quality appraisal tool specific to validity stu-
dies (QAVALS) and to examine its reliability and valid-
ity. Developing a tool for quality appraisal of validity
studies would serve as a means to evaluate common
types of validity of outcome measures assessed in clin-
ical practice and aid in improving the synthesis of
information in systematic reviews of the validity of
outcome measures. In this manuscript, we describe
the development of the Quality Appraisal tool for
Validity Studies (QAVALS). The research question
this study sought to answer was whether the QAVALS
demonstrated evidence of validity and reliability.

Methods

The Institutional Review Board at the University of
Michigan–Flint approved this study. The development
of the QAVALS followed methods utilized for the design
of existing quality appraisal tools including a four-stage
process starting with preliminary conceptual decisions,
item generation, assessment of content validity, and
assessment of reliability (Lucas, Macaskill, Irwig, and
Bogduk, 2010; Whiting et al., 2003).

Preliminary conceptual decisions

The preliminary conceptual decisions were based on the
design used for the development of the QUADAS and
QAREL tools (Lucas, Macaskill, Irwig, and Bogduk,
2010; Whiting et al., 2003). For this study, quality was
defined as the extent to which the design, methods, and
reporting of the study were in line with the objectives of
the study and the extent to which the results of the study
were applicable to the target population (Jarde, Losilla,
Vives, and Rodrigo, 2013; Lucas, Macaskill, Irwig, and
Bogduk, 2010; Whiting et al., 2003). A team of five PhD-
trained researchers with backgrounds and expertise in
rehabilitation outcomes, health-care epidemiology and
statistics was formed for the process of item generation
and to provide feedback throughout the process. The
researchers had extensive training in research design
and methodology, epidemiology, health-care research,
statistics and systematic reviews of measurement proper-
ties. Based on consensus among the research team, it was
agreed that the quality appraisal tool should be able to:
1) Be used to assess the quality of studies included in
systematic reviews of validity studies; 2) Be a generic tool
that could be used to assess quality of any validity study;
3) Be simple to use and easy to understand; 4) Allow for
a reliable assessment of quality by different raters; and 5)
Allow for an individual assessment of each item rather
than a summary score.

Previous quality appraisal tools have used numeric sum-
mary scores for ranking quality of included studies (Lucas,
Macaskill, Irwig, and Bogduk, 2010; Lucas et al., 2013).
However, the use of summary scores has been questioned
in the literature due to problems associated with weighting
of individual items (Whiting et al., 2005). Summed quality
scores have been shown to differ when items from the same
quality appraisal tools were weighted using different meth-
ods. Since each item on a quality appraisal tool can indivi-
dually impact the overall quality of the study, use of
summary scores for quality assessment in systematic
reviews has been discouraged (Jüni, Witschi, Bloch, and
Egger, 1999; Lucas, Macaskill, Irwig, and Bogduk, 2010;
Whiting et al., 2005). Based on these observations, it was
decided that each item on the QAVALS would be consid-
ered separately instead of using an overall quality score.

Item generation

The process of item generation began with an exhaustive
review of existing quality appraisal tools for both rando-
mized and non-randomized designs to identify common
items that might be relevant for inclusion on the
QAVALS. Previously developed rating systems (de Vet
et al., 1997; Downs and Black, 1998; Hagströmer,
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Ainsworth, Kwak, and Bowles, 2012; McNeely, Olivo, and
Magee, 2006; Rennie and Wareham, 1998); quality
appraisal tools including the QUADAS 1 and 2
(Whiting et al., 2003, 2011), QAREL (Lucas, Macaskill,
Irwig, and Bogduk, 2010), Risk of Bias Assessment tool
for Non-randomized designs (RoBANs and RoBINs)
(Kim et al., 2013; Sterne et al., 2016), Newcastle–Ottawa
scale (Lo, Mertz, and Loeb, 2014; Stang, 2010) and the
NIH Quality assessment tool, and quality reporting tools
including the STROBE and STARD (Bossuyt et al., 2003;
Vandenbroucke et al., 2007) were reviewed. The principal
investigator mediated feedback between the researchers
via online (email/telephonic) or in-person meetings and
compiled inputs from each team member regarding
potential items to be included. This was then followed
by a consensus meeting between research team members
to finalize the items that would be included on the initial
list. Using the conceptual principles, an initial list of 34
possible items was drafted by the research team for inclu-
sion on the QAVALS (Supplementary File 1).

For each item of the 34 items on the checklist,
a detailed list of instructions was developed to aid the
rater in the interpretation and scoring of the item and to
standardize the rating process (Lucas, Macaskill, Irwig,
and Bogduk, 2010). Each item on the tool was designed to
be rated on one of the three possible options based on
previous rating systems (de Vet et al., 1997; Fuller-
Thomson et al., 2009; McNeely, Olivo, and Magee, 2006;
National Institutes of Health): ‘Yes’ = meets the criterion,
‘No’ = does not meet the criterion, and ‘Other’ = cannot
be determined (CD)/not applicable (NA)/not reported
(NR). An item could be rated as CD if the answer to the
question could not be determined from the study, as NA if
the question was not applicable to the study, and as NR if
the information was not reported.

Content validity

A panel of content experts in research design and metho-
dology, statistics, and systematic reviews of measurement
properties was invited to establish the content validity of
the checklist. The number of panelists chosen was based on
previous recommendations (Gilbert and Prion, 2016;
Lynn, 1986). A panel of 5–10 experts has been documented
to be preferred, and more than 10 experts have been
rendered unnecessary for the purpose of content validation
(Gilbert and Prion, 2016; Lynn, 1986).

Content validation process round 1

The invited content evaluation panel of 10 experts was
provided with the initial version of the QAVALS with 34
items for scoring. They were also provided with an

explanation of the different items on the tool and detailed
instructions on scoring of the items. The content validity
ratio (CVR) was used for validation. The CVR is widely
recognized and one of the most widely used methods for
establishing content validity (Gilbert and Prion, 2016;
Lynn, 1986; Scally and Ayre, 2014; Wilson, Pan, and
Schumsky, 2012). The CVR provides a statistical measure
that helps in the decision to reject or retain individual
items and has been used extensively in the previous
research (Gilbert and Prion, 2016; Lawshe, 1975; Lynn,
1986). Panelists were instructed to independently rate
each item on the checklist as “essential”, “useful but not
essential”, or “not necessary” according to the criteria
originally developed by Lawshe (Gilbert and Prion,
2016; Lawshe, 1975). A period of three weeks was pro-
vided to the panelists to complete their ratings, and
reminder emails were sent at the end of each week.
Individual responses from all the panelists were collected
and the number of responses marked as “essential” was
identified for each item. For each item, the panelists were
also asked to provide reasons for their responses. The
CVR for each item was then calculated based on
Lawshe’s formula as CVR = (ne – N/2)/N/2, where ne is
the number of panelists identifying an item as “essential”
and N is the total number of panelists (Lawshe, 1975).

The CVR values range between −1 and +1. CVR values
above zero indicate that over half of the panelists agree on
an item as “essential”. Lawshe and Schipper’s table of
critical values was then used to assess the critical values
of CVR (CVR critical) to eliminate any chance agreements
between experts (Lawshe, 1975). CVR critical is the lowest
level of CVR such that, for a given level of significance, the
level of agreement exceeds that of chance for a given item
(Scally and Ayre, 2014). Items were retained in their
original form if the CVRs of the items were above the
critical value listed in the table (Lawshe, 1975). All items
below the critical CVR value were reviewed and modified
(Lawshe, 1975; Scally and Ayre, 2014).

Content validation process round 2

Based on the item CVR and panel feedback, items were
either modified or deleted. After modifications to the
initial tool were completed, the revised version was sent
to the panelists a second time for independent review.
Finally, the content validity index (CVI) of the final
tool was calculated. CVI is calculated as the mean of the
overall CVRs for all items included in the final instru-
ment (Gilbert and Prion, 2016). The CVI provides
a numeric value to the content validity of the total
scale. A CVI value greater than 0.80 was considered
as good content validity (Gilbert and Prion, 2016).
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Reliability

Following assessment of content validity, two physical
therapists (not involved in the initial development of the
QAVALS) with experience in research methods and cri-
tical appraisal of studies were invited to participate as
raters for reliability testing. Raters were first provided
with a trial assessment using a study that was not included
in the reliability testing. Following rating of this trial
study, raters met with the primary investigator to discuss
the criteria for interpretation of each item. After this
meeting, each of the two raters was asked to indepen-
dently rate 10 validity studies. To avoid any form of bias,
the raters did not discuss these 10 studies during the trial
meeting. The raters were blinded from each other’s rat-
ings and were not permitted to discuss their ratings dur-
ing this process. Both raters were provided with a detailed
list of scoring instructions for each item that was devel-
oped with the tool.

Since QAVALS was designed as an appraisal tool for
systematic reviews that typically evaluate a group of arti-
cles of similar content, it was decided to select all 10
studies from validity research on one specific research
area for testing reliability. A comprehensive search of
PubMed and CINAHL was conducted to locate potential
papers on the validity of physical activity monitors.
A total of 5392 records were screened to include 25
articles that met the inclusion criteria. Only articles that
reported validity of accelerometers were included for this
purpose. Of the 25 articles identified, 10 were randomly
selected for reliability testing of the QAVALS (Downs and
Black, 1998). Instructions on the interpretation of
QAVALS items were provided prior to its use.

For test–retest reliability, the raters were asked to rate
the same set of 10 studies a second time after a period of 2
weeks (Marx et al., 2003). The raters were advised to
destroy their initial ratings after the forms were returned
to the primary investigator following the first review to
avoid bias.

Analysis

The content validity for the QAVALS was calculated using
the CVR and CVI. These scores were used to make deci-
sions regarding item deletion or modification. The cut-off
CVR for item deletion was set at 0.50 or if disagreement
existed between three or more reviewers. Reliability analy-
sis was performed for the purposes of describing the initial
measurement properties of QAVALS, and reliability scores
were not utilized to make item deletion or modification
decisions. Inter-rater and test–retest reliability of the check-
list were assessed using weighted kappa coefficients. Inter-
rater reliability was examined first by assessing the overall

agreement between raters on all items (total number of yes,
no or other responses that were common between both
raters) as well as agreements between raters on individual
items. For reliability, kappa coefficient values of 0.8 or
more were interpreted as excellent agreement, 0.6–0.8 as
good or substantial level of agreement, 0.4–0.6 asmoderate,
0.2–0.4 as fair agreement, and values below 0.2 as poor
agreement (Portney and Watkins, 2009). Reliability of 0.4
or above was considered as acceptable (Lucas et al., 2013).
The level of significance was set at 0.05. All analyses were
performed in SPSS version 24.0 (SPSS Inc., Armonk, NY).

Results

Validity outcomes

Eight out of the 10 experts who initially agreed to take
part in the process returned completed checklists. One
reviewer dropped out due to lack of time and one did not
return the first review by the established deadline. Based
on the number of experts (n = 8), a CVR critical of 0.75
identified from the critical value table, was used to retain
items on the tool (Lawshe, 1975). All items that did not
reach the critical value of 0.75 were reviewed. Items that
were below a CVR of 0.50 or items on which three or
more experts disagreed on were eliminated from the
checklist. Items that had a CVR of less than 0.75 but
more than 0.5 were modified based on the feedback from
the experts (Downs and Black, 1998). Following the
results of the initial review, five items on the tool were
deleted, five items were reframed or modified using the
panelist feedback, and four items were combined into
two items (Supplementary File 1). The preliminary draft
of the QAVALS was modified to have 27 items following
the first review. The items that were removed were: 1)
Purpose of the study: Panelists felt that since the
QAVALs were intended for quality appraisal of validity
studies, asking if the purpose of the study was assessing
validity was a redundant item; 2) Original source cita-
tions: Panelists provided suggestions to combine this
item with other items or exclude it. This item as a stand-
alone item did not contribute to the quality of validity
studies; 3) Unplanned analysis: Panelists suggested that
as this item was not addressing the main effects of the
study, it was useful to know, but not essential to deter-
mine the quality; 4) Generalizability: Panelists thought
that individual factors already discussed in the tool were
sufficient to determine the generalizability. A separate
item was useful but not necessary; and 5) Clinical appli-
cation: Panelists thought that although this was impor-
tant, clinical applicability may not always hold true for
a validity study as there are studies that validate lab-based
instruments.
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The revised tool with 27 items was then sent to the
panelists a second time. Following the second round,
one item on tests of normality was deleted as it had
a CVR of 0.25. Based on the feedback received, four
additional items were combined to form two items,
resulting in the final tool with 24 items. All other
items with values above CVR critical were retained. The
details on CVR ratings and items modified are listed in
Supplementary File 2. The CVI of the items retained on
the tool was calculated and was found to be 0.90, which
indicated good content validity.

Reliability outcomes

Test–retest reliability for both raters was found to be excel-
lent (k = 0.84, 95% CI = 0.76–0.90 for one rater, and k =
0.80, 95%CI=0.76–0.90 for the other rater). The inter-rater
reliability of the overall tool was found to be good (k = 0.70,
95% CI = 0.61–0.79). When inter-rater reliability of indivi-
dual items was calculated, it was found to be low for some
items and high for some items. Moderate to excellent
agreement was observed for seven items (0.41–0.87), fair
agreement for two items (0.21–0.34), and poor to no agree-
ment for two items (−0.11 − 0.09). Weighted kappa coeffi-
cients for 13 out of the 24 items could not be assessed due to
both raters having the same responses to all items resulting
from a lack of variability between studies on the items.
Table 1 reports the inter-rater reliability of individual items.

The QAVALS

QAVALS consists of 24 questions addressing various
aspects of methodological rigor/quality. Each item on
the tool can be rated as “yes”, “no”, or “other” and on
average, it takes approximately 15 min to rate all the
items. The tool is presented in Table 2. A detailed
description of each item along with criteria for rating
is described in Supplementary File 3.

Discussion

QAVALS was developed using an evidence-based sys-
tematic approach to assess the quality of validity stu-
dies. The final tool has 24 items where each item can be
rated as ‘yes’, ‘no’, or ‘other’. For this study, it was
intentionally decided not to use summary scores.
Although an overall quantitative score on quality
makes the decision-making process easier, problems
identified with item weighting have been reported to
influence scores (Jüni, Witschi, Bloch, and Egger, 1999;
Whiting et al., 2005). Since each item on a quality
appraisal tool has its own importance in determining
the quality of the study, it is very difficult to find an

objective method to weigh individual items on a scale
as the criteria for weighting of items are usually sub-
jective and arbitrary (Whiting et al., 2005). Using sum-
mary scores in a systematic review can lead to different
conclusions, thereby affecting the overall quality of the
review (Whiting et al., 2005).

For this tool, an overall subjective quality grading (good,
fair, poor or low, moderate, high risk of bias) was not used
to determine the study quality. Variable responses were
received when content experts were asked to provide their
opinions regarding inclusion of an overall subjective grad-
ing. Although most experts thought that a subjective qual-
ity grading would be useful to the reader and more
informative, there was mutual consensus that inclusion of
quality grading would include the possibility of ambiguity
in the rating. Another problem with inclusion of overall
quality grading was the development of criteria to establish
quality. A straightforward method would be to count the
number of ‘yes’ responses and establish a cut off for ‘yes’
responses beyond which the study would qualify as a good
quality study. However, use of this method defies the very
concept of not using summary scores and would automa-
tically weight each item evenly. The other problemwith the
use of this method was that it would only consider the ‘yes’
responses to establish whether a study was of good quality.
Since QAVALS has several items that could be rated as ‘not
applicable’, a greater number of ‘NA’ items may inadver-
tently bring down the quality of the study irrespective of
design. Another way to approach this problem would be to
have the rater use his discretion based on his rating of
individual items to grade quality. However, since these
ratings would then be highly subjective and based on the
rater’s perspective of quality, the tool would become highly
specific to the use of experienced raters or would require
a high level of training before use of this tool.

Different cut-offs for CVI values have been reported
in the literature as criteria for establishing good content
validity ranging from 0.70 (Tilden, Nelson, and May,
1990) to as high as 0.80 (Davis, 1992). The CVI for
QAVALS was found to be 0.90 in this study which is
considered as evidence of strong content validity.

Overall, the QAVALS tool was found to have excel-
lent test-retest and good inter-rater reliability. Although
four items showed fair to poor agreement between
raters, most items demonstrated moderate to good
agreement. (Table 1). Based on these results, the
QAVALS is considered a sufficiently reliable tool to
assess the quality of studies of validity.

The two items that demonstrated poor agreement
between raters were items describing the outcomes to be
validated and the procedures for testing validity. Possible
explanation for the low reliability of these items could be
explained by the way these were structured, creating
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a degree of ambiguity in these items. For example, in item
6: “Did the study clearly describe the outcome measures to
be validated?” and item 7: “Did the study provide a clear
description of the procedures for testing validity?”, the use
of the word “clearly” made these questions open to inter-
pretation. What one rater considers as a ‘clear description’
might not be the same for another rater. Additionally, fair
reliability noted on two of the items could be attributed to
the lack of clarity in the detailed description of these items.
For item 8 “Was the testing procedure standardized for all
participants”, the detailed explanation (Supplementary File
3) was that all participants would have received testing in
the samemanner. However, the description of the item did
not include instructions on the order of examination which
may have led to differences in rating. Raters could consider
that the testing was standardized if the participants were
tested using the same instruments irrespective of the order
of examination. Similarly, for item 23: “Did the measures
used for convergent validity represent a similar construct as
the outcome measure of interest?”, the description of the
item did not specify that the measures used should be valid
for the evaluation of the construct in question. Not using

the term ‘validity’ in the descriptionmay not have provided
a clear direction to the raters.

Future research to examine the reliability of
QAVALS using studies on different outcome measures
should be performed. Weighted kappa coefficients
could not be calculated for 13 items on this tool
where both raters gave the same responses across all
studies. This was because of a lack of variability
between the studies on these response categories
(Chmura Kraemer, Periyakoil, and Noda, 2002). Since
weighted kappa coefficients compare the variability
between pairs of items to the total variability across
studies, low variance between studies may result in
large error variance in relation to the study variance
and hence, this measurement cannot be performed
(Chmura Kraemer, Periyakoil, and Noda, 2002;
Mokkink et al., 2010a). However, it is encouraging
that both raters gave the same responses across all
studies for those items. Future studies utilizing multiple
examiners and more studies to explore the inter-rater
reliability may potentially help in generating reliability
values for the remaining items.

Table 1. Inter-rater reliability of individual items on the QAVALS.

QAVALS item
Weighted
Kappa

p-Value
(95% CI)

1 Was the study design reported? -
2 Did the study provide an accurate description of the type of validity tested? 0.54 0.53

(0.44–1.04)
3 Was the study setting and time frame of participant recruitment clearly outlined and described? 0.44 0.48

(−0.2–1.08)
4 Were the criteria for participant selection clearly described? 0.87 0.001

(0.62–1.12)
5 Were the participants in the study representative of the sample population from which they were recruited? -
6 Did the study clearly describe the outcome measures to be validated? −0.11 0.72

(−0.26–0.42)
7 Did the study provide a clear description of the procedures for testing validity? 0.09 0.87

(−0.47–0.65)
8 Was the testing procedure standardized for all participants? 0.34 0.08

(−0.03–0.71)
9 Was a priori sample size calculation performed to ensure that the study had sufficient power? 0.60 0.03

(0.14–1.05)
10 Did the study describe and justify any attrition that may have occurred? -
11 Were the statistical analyses used to test validity appropriate for the study? -
12 When multiple comparisons were performed, were appropriate statistical adjustments used to control for the likelihood

of a type 1 error?
0.41 0.10

(−0.18–1.00)
13 Did the study identify potential confounding variables and if so, were measures taken to adjust for these confounders? -
14 Were the primary findings of the study clearly described? -
15 Were validity coefficients reported for primary outcomes? -
16 For primary outcomes, did the study report the standard deviation or confidence intervals for normally distributed data?

Or, if non-normally distributed data, did the study report the inter-quartile range for the main outcomes?
-

17 Was the process of selecting expert panel and their qualifications described? -
18 Did the study provide a rationale for the selection of the reference standard? 0.48 0.04

(−0.04–1.01)
19 When the index test was assessed by more than one rater, were the raters blinded to the findings of the other raters? -
20 When the index test was assessed by more than one rater, was the inter-rater reliability between raters established and

reported?
-

21 Was the time interval used between administration of reference standard and the test measure appropriate? 0.61 0.03
(−0.04–1.27)

22 Were subjects in different groups homogenous at baseline or if they weren’t homogenous at baseline, were differences
between groups accounted for during the analysis?

-

23 Did the measures used for convergent validity represent a similar construct as the outcome measure of interest? 0.21 0.49
(−0.43–0.85)

24 Did the measures used for discriminant validity represent a construct different from the outcome measure of interest? -

CI = confidence interval; ‘-‘ = the k statistic could not be calculated because both raters had same responses.
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The studies included for reliability testing in this study
were identified from a previous systematic review per-
formed. These studies were selected to limit the studies to
one area of interest, making it consistent with the usual
systematic review quality appraisal process. Lucas et al.
(2013) indicated that using studies of similar topic is
a preferredmethod for reliability testing of quality apprai-
sal studies. On the other hand, it has been noted that
limiting studies to only one area of diagnostic technology
may result in low inter-rater reliability (Hollingworth
et al., 2006). However, this was not observed in our study.

Limitations

QAVALS was limited in its ability to distinguish
between reporting quality and methodological quality.
The quality of a study strongly depends not only on the
design of methods but also on the reporting of methods
and results. Additionally, although the final version was
formed after removing several items from the original
pool, the tool still had 24 items and was considerably
lengthy. Future studies to develop a shorter version of
this checklist may be helpful. Since the reliability testing
was performed on a limited number of studies using
only two raters, future work is required to test the

reliability further using a larger number of studies and
multiple raters with expertise in varied areas of research
to potentially concise the tool.

This tool was designed to serve as a starting point for
quality appraisal of common validity types. Future stu-
dies should focus on development at tools for advance
validation methods including factor analysis and struc-
tural equation modeling.

Finally, it was found that the raters had difficulty
understanding the distinction between ‘unclear’ and ‘can-
not be determined’ responses and more clarity on these
responses would aid in a better rating. Since these
responses were part of a single rating category of ‘other’,
the difference in responses within this category did not
affect the overall reliability of the tool. However, a shorter
version of this tool in future may be developed with the
use of a single response category. The exploration of the
concurrent validity of QAVALS against other quality
appraisal tools is also recommended.

Conclusion

This study presents a new valid and reliable tool for
quality appraisal of validity studies and can be used in
the risk of bias assessment of included studies in

Table 2. Quality assessment of validity studies (QAVALS).

Item Item criteria Yes No
Other (CD, NR,

NA*

1 Was the study design reported?
2 Did the study provide an accurate description of the type of validity tested?
3 Was the study setting and time frame of participant recruitment clearly described?
4 Were the criteria for participant selection clearly described?
5 Were the participants in the study representative of the sample population from which they were recruited?
6 Did the study clearly describe the outcome measures to be validated?
7 Did the study provide a clear description of the procedures for testing validity?
8 Was the testing procedure standardized for all participants?
9 Was a priori sample size calculation performed to ensure that the study had sufficient power?
10 Did the study describe and justify any attrition that may have occurred?
11 Were statistical analyses used to test validity appropriate for the study?
12 When multiple comparisons were performed, were appropriate statistical adjustments used to control for the likelihood of

a type 1 error?
13 Did the study identify potential confounding variables and if so, were measures taken to adjust for these confounders?
14 Were primary findings of the study clearly described?
15 Were validity coefficients reported for primary outcomes?
16 For primary outcomes, did the study report standard deviations or confidence intervals for normally distributed data? If

non-normally distributed data, did the study report inter-quartile ranges for the main outcomes?
Face and content validity:
17 Was the process of selecting expert panel and their qualifications described?
Criterion validity:
18 Did the study provide a rationale for the selection of the reference standard?
19 When the index test was assessed by more than one rater, were the raters blinded to the findings of the other raters?
20 When the index test was assessed by more than one rater, was the inter-rater reliability between raters established and

reported?
21 Was the time interval used between administration of reference standard and the test measure appropriate?
Construct validity (known groups):
22 Were subjects in different groups homogenous at baseline? If they weren’t homogenous at baseline, were differences

between groups accounted for during the analysis?
Construct validity (convergent):
23 Did the measures used for convergent validity represent a similar construct as the outcome measure of interest?
Construct validity (discriminant):
24 Did the measures used for discriminant validity represent a construct different from the outcome measure of interest?

*CD = cannot be determined; NA = not applicable; NR = not reported.
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systematic reviews of validation studies. This tool
includes descriptors for each item and self-explanatory
scoring instructions that require no additional training.
Future research to examine its concurrent validity
against other quality appraisal tools as well as to
explore its reliability further using multiple raters is
recommended.
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