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ABSTRACT

The Extended matching Questions (EMQs), or R-type questions, are format of selected-
response. The validity evidence for this format is crucial, but there have been reports of
misunderstandings about validity. It is unclear what kinds of evidence should be presented
and how to present them to support their educational impact. This review explores the
pattern and quality of reporting the sources of validity evidence of EMQs in health profes-
sions education, encompassing content, response process, internal structure, relationship to
other variables, and consequences. A systematic search in the electronic databases including
MEDLINE via PubMed, Scopus, Web of Science, CINAHL, and ERIC was conducted to extract
studies that utilize EMQs. The framework for a unitary concept of validity was applied to
extract data. A total of 218 titles were initially selected, the final number of titles was 19. The
most reported pieces of evidence were the reliability coefficient, followed by the relationship
to another variable. Additionally, the adopted definition of validity is mostly the old tripartite
concept. This study found that reporting and presenting validity evidence appeared to be
deficient. The available evidence can hardly provide a strong validity argument that supports
the educational impact of EMQs. This review calls for more work on developing a tool to
measure the reporting and presenting validity evidence.
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Introduction
real-life clinical situations, fostering the application of

Extended matching questions (EMQs) were introduced
in the 1990s as an additional form of multiple-choice
questions. It was known as R-Type MCQs [1]. EMQs
possess distinctive characteristics that make them
a valuable tool in medical education and assessment [2].
They present clinical scenarios in a standardized patient
history format, compelling examinees to make decisions
and select the most appropriate option(s) from a list that
encompasses a spectrum of possible diagnoses, treat-
ments, or management strategies [1]. Unlike traditional
multiple-choice questions, EMQs offer a wider array of
choices, often ranging from 5 to 15 options, enabling
a more comprehensive evaluation of the examinee’s clin-
ical knowledge and reasoning abilities [1]. Furthermore,
EMQs require matching the clinical scenarios with the
suitable option(s), with the possibility of multiple correct
answers [1]. These questions are designed to replicate

theoretical knowledge to practical scenarios [1,2]. They
also assess an examinee’s skill in prioritizing actions
based on the urgency and clinical significance of various
factors [2]. Particularly, EMQs excel in evaluating an
individual’s aptitude for generating and refining
a differential diagnosis, a pivotal skill in medical decision-
making [2]. Additionally, by demanding the considera-
tion of multiple options and the application of clinical
reasoning, EMQs effectively gauge critical thinking skills,
a fundamental asset for healthcare professionals [1].
Example EMQ is shown in box 1.

The benefits of utilizing EMQs in medical education
can be better comprehended by juxtaposing them with
two other common question formats: traditional MCQs
(A-Type MCQs) and short answer questions. A-Type
MCQs, featuring four or five options, are widely recog-
nized for their reliability, objectivity in scoring, and
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Theme: Skin disease

Options:

(A) Acne vulgaris

(B) Herpes zoster

(C) Infective endocarditis
(D) Lupus erythematosus
(E) Measles

(F) Vitiligo

Lead-in question: Based on the list of diagnoses above, select the most appropriate one for each of the given scenarios below:

(1) A 15-year-old boy presented with fever and skin lesions. Examination revealed fluid-filled skin lesions less than 0.5 cm in diameter,
distributed on his left side of the chest along the 3rd rib. The patient also mentioned a burning or tingling sensation in the affected area

before the appearance of the lesions.

Answer: B) Herpes zoster

(2) An 18-year-old girl presented with painful skin lesions on her face. Examination revealed pus-filled lesions less than 0.5 cm in diameter. The
patient mentioned a recent history of increased oiliness of her facial skin and the presence of comedones (blackheads and whiteheads) on

her nose and cheeks.

Answer: A) Acne vulgaris

Box (1) example of extended matching questions (Adopted with permission from Gasmalla et al. (2023) [3].

scalability, making them suitable for assessing a large
number of students simultaneously. However, doubts
have been raised regarding their ability to effectively
assess higher-order cognitive skills and clinical reasoning
[4,5], in addition to concerns regarding the potential for
correct guessing [6]. On the other hand, free-response or
open-ended questions have the capacity to evaluate
higher cognitive functions and clinical reasoning in-
depth. Nevertheless, their limited content coverage
diminishes the validity of test score interpretations, and
logistical challenges associated with subjective scoring
further complicate their use [7]. EMQs, in the form of
R-Type MCQs, address the drawbacks of traditional
MCQs by minimizing the guessing effect through the
incorporation of a larger number of options. Moreover,
the objectivity of scoring in R-Type MCQs overcomes the
limitations of the subjective and time-consuming scoring
process involved with open-ended questions [7,8]. In
a study by van Bruggen, Manrique-van Woudenbergh
[9], various question formats, including EMQs (R-Type
MCQs), Script Concordance Test (SCT), Comprehensive
Integrative Puzzle (CIP), Modified Essay Question
(MEQ), Short Answer Question (SAQ), Long Menu
Question (LMQ), traditional MCQs (A-Type MCQs),
Multiple True/False Question (MTFQ), and Virtual
Patient (VP), were explored to recommend the most
effective assessment tool for clinical reasoning. The
authors concluded that a combination of CIP and
EMQs (R-Type MCQs) exhibited favorable validity, relia-
bility, and discriminatory effects [9].

Since the 2000s, EMQs (R-Type MCQs) have gained
prominence in high-stakes exams, notably being imple-
mented in the Royal Australian and New Zealand
College of Psychiatrists examinations in 2004 [10] and
in the Royal College of Obstetricians and Gynaecologists
examinations in the United Kingdom since 2006 [4,11].
However, this rapid paradigm shift has raised questions

regarding the validity of these MCQ formats in medical
assessment.

Understanding the concept of assessment validity
is paramount for educators, as it confers meaning to
the assessment process [12]. The classical validity
framework, encompassing content, criterion (con-
current and predictive), and construct validity, has
evolved into the contemporary standard framework
introduced in the 1990s [12]. This updated model
posits validity as a unitary concept that must be
supported by five sources of validity evidence: con-
tent, response process, internal structure, relation-
ship to other variables, and consequences [13,14].
Validity, thus, refers to the extent to which evidence
supports the appropriateness of test score interpreta-
tions, and validation is an ongoing process of col-
lecting and accumulating such evidence [14]. This
holistic perspective of validity holds a sacred place in
the realm of assessment, underpinning the credibil-
ity and defensibility of the results obtained [12].

Studies employing EMQs, and all other assessment
tools, must present sufficient evidence of validity
[14,15]. To the best of our knowledge, and based on
a piloting study conducted, no systematic reviews explor-
ing the reporting pattern and quality of validity evidence
in studies utilizing EMQs have been reported to date.
Hence, this systematic review aims to explore the pattern
and quality of reporting the sources of validity evidence of
EMQs in health professions education, encompassing
content, response process, internal structure, relationship
to other variables, and consequences, as delineated by
Downing [14].

This systematic review aims to address the follow-
ing questions:

(1) What is the pattern of validity evidence
reported for using EMQs in the assessment



of undergraduate and postgraduate candidates
in health professions education?

(2) What is the quality of reporting validity evi-
dence for using EMQs in the assessment of
undergraduate and postgraduate candidates
in health professions education?

Methods

In this review, we followed Best Evidence in Medical
Education (BEME) guidance [16]. The study protocol
was approved, registered and posted to the BEME
website. Authors reported the findings in alignment
with the STORIES (STructured apprOach to the
Reporting In healthcare education of Evidence
Synthesis) statement [17] and BEME guidance [16].

Study eligibility/selection criteria

The inclusion criteria are summarized in Table 1.
Our search span started from 1990 up to the
Sep 2023. The articles’ scope was defined as the
articles that utilize EMQs introduced to health pro-
fessions candidates at the undergraduate and post-
graduate levels. It must report at least one validity
evidence according to the framework explained by
Downing [14]. We defined health professions as
those of medicine, dentistry, pharmacy, nursing, and
allied health care professionals. We excluded any
paper that does not meet the criteria.

Search strategy and study identification

We performed a systematic search in five databases,
namely, PubMed, Scopus, Web of Science, CINAHL,
and ERIC. Our search was performed to extract titles
and abstracts (Figure 1). The search strategy included
forward and backward search and search of grey
literature as well. The search strategy also included
a hand-search: The authors have applied the search
terms in the search bar of the journals including
medical teacher, academic medicine, BMC medical
education, Advances in Health Sciences Education,
teaching and learning in medicine, and medical edu-
cation journals.

The search was initially carried out in
January 2021 and then again in September 2023,

Table 1. Inclusion criteria.
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with both searches spanning from 1990 to the
final day of September 2023. No new titles were
identified.

Search terms

The search terms were based on ‘MeSH Terms’
related to the assessment tool under inspection
‘Extended matching questions” OR ‘Extended match-
ing items’ OR ‘R-type items’ OR ‘R-type questions’
OR ‘EMQs’ OR ‘EMIs,” and terms related to the
population ‘health professions education” OR ‘medi-
cal education’ as well as terms related to ‘validity’ OR
‘reliability’. The terms were defined according to the
definition of terms (see appendix 1).

Study selection process

Due to the variability of accessibility to databases, this
task was divided between authors according to their
accessibility and institutional access. Each author per-
formed a systematic search in one database, all titles
were retrieved from citation managers and sent to
our librarian (MK) in which they were collected and
indexed using Mendeley, an excel spreadsheet was
created including all the retrieved titles and abstracts.

Three authors (HEG, MW and MT) independently
screened the titles and abstracts for all the pooled
titles. Disagreements were solved by discussion and
consensus was reached for all titles. To this end, the
three authors met online several times using ZOOM
software for an estimated total of two hours at this
stage.

Data extraction

In the piloting phase, all reviewers conducted
a meeting to design a template to be used for data
extraction. The form was based on the five validity
sources [14]. This template included the following
variables: study titles, authors, year of publication,
study purpose, the used methods, intervention (if
there), results, outcomes, and the existence of one
or more of the five sources of validity: i) content, ii)
response process, iii) internal structure, iv) relation to
other variables and v) related consequences, and the
decision about the article (to be included or not based

Criteria

Inclusion criteria

Type of paper

original articles (study designs included are controlled trials (randomized and non-randomized), quasi-experimental designs,

cohort studies, cross-sectional studies and case-control studies, as well as mixed-method).

Language included articles published in the English language
Period 1990 - 2023

Focus of study Focus on extended matching question

Context

Elements of

validity

Health profession education (Medical, dental, pharmacy, nursing, and other allied health care professionals)
Clear report of any category of validity as described by Downing [14]
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Figure 1. The process of identification and screening of titles.

on full-text screening). The template was pretested by
three authors (HEG, MW and MT) independently on
nine studies before commencing the review. The
authors performed initial data extraction for the
selected nine papers to ensure consistency. Then,
each author was assigned to extract data from
a database to ensure accuracy. Then, each author
checked the extracted data from the other two
authors. When there was any discrepancy between
the authors, the final decision was made by consensus
among the three authors in an online meeting using
software from Zoom Video Communications, Inc
©2020 version 5.0

In the systematic review, three authors (HEG, MW
and MT) independently reviewed the full texts of the
included articles (according to the ‘study selection
process’ mentioned above). Then the final list of
articles was extracted by the three authors.

Quality assessment

The quality of the included studies was evaluated
using the Medical Education Research Study Quality
Instrument (MERSQI) [18]. The three authors
appraised the quality of each one of the included



studies. The MERSQI was developed to evaluate the
quality of methods utilized in experimental, and
observational studies based on six domains. Those
domains are study design, study sampling ‘institutes
and response rate’, type of data, validity evidence for
evaluation instrument scores, data analysis: ‘sophisti-
cation and appropriateness’, and outcome). The
validity in the context of educational assessment is
a property of the interpretation of test scores, it is not
a property of the test (as a data collection tool) itself.
This is a common misconception about validity [12].
We also performed a quality assessment using an
approach that determines the quality of studies based
on the number of reported validity evidence. To the
best of our knowledge, all the operational cues defini-
tions of validity evidence were nine as indicated in
Table 3. We identified the number of validity evi-
dence reported in each manuscript and used it as an
indication of the quality of the manuscript.

Evidence synthesis

This review aimed to describe the pattern of report-
ing and presenting validity evidence of EMQs in
health professions education, and to provide
a comprehensive account of the quality of reporting
validity evidence, following the five sources of validity
that are content, response process, internal structure,
relationship to other variables and consequences (see
appendix 2), as explained by Downing [14].
A narrative description was produced after summar-
izing the data from the extraction form and reporting
data under the following headings: status of reporting
validity evidence, the quality of studies based on
reporting validity evidence, and patterns of present-
ing the reported validity evidence. A visual info-
graphic - figure 2 - was used to present key data,
the summary of the patterns of presenting validity
evidence in the included studies. Direct quotations
were extracted from papers including verbatim exam-
ples of patterns of presenting the reported validity
evidence are provided in appendix 4. A narrative
synthesis [37] with a content analysis approach was
used to identify dominant issues across studies by
categorizing data, both quantitative and qualitative,
into themes [38]. The narrative synthesis method
entails ‘collating study findings into a coherent tex-
tual narrative, with descriptions of the differences in
characteristics,” and capturing the validity and rele-
vance to the context where possible [39,40], using
qualitative synthesis reporting.

Results

Our search retrieved 219 titles initially, after removal
of duplicates (n=64) and screening by title and
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abstract the number of titles was 28. The main rea-
sons for excluding titles were: irrelevant to the scope
of the review (n = 116), the title is a review (n = 4), the
titles represent a population out of the scope of the
review (n = 3), the title represents a guideline (n =2),
viewpoint/commentary (n = 1), and the manuscript is
not in English language (n=1). This number was
further narrowed into 19 titles following screening
by full text. The justifications for exclusion by full-
text screening were the study is a viewpoint/commen-
tary (n=1); a guideline (n=1); a review (n=4), out
of scope (n=2) or not accessible (n=1) (Figure 1).

Kappa test

Inter-rater reliability analysis was performed between
the dependent samples of Rater 1, Rater 2 and Rater
3. For this purpose, the Fleiss Kappa was calculated,
which is a measure of the agreement between more
than two dependent categorical samples. The Fleiss
Kappa showed that there was a moderate agreement
between samples Rater 1, Rater 2 and Rater 3 with x
=0.54. Fleiss Kappa: 0.54, 95% CI (0.36-0.73) and
p-value <0.001

Included studies

Most of the studies were conducted during the period
from 2001 to 2010 (n=12, 63.16%). There were no
articles published during the period (1991 - 2000).
While in the period from 2011 to 2022 (n=7,
36.84%). Most of the articles were cross-sectional
studies (n =12, 63.16%), followed by Cohort studies
(n=2, 10.52%), randomised controlled trial (n =2,
10.52%). There was one article (n=1, 5.26%) repre-
senting each of the following designs: quasi-
experimental, retrospective study design on archival
records of a medical undergraduate assessment pro-
gram and one think aloud protocol.

The validity was defined in most of them, all the
manuscripts that defined validity (n=12, 63.16%)
adopted the old tripartite concept (i.e., dividing valid-
ity into construct, content, criterion, etc.). It was
notable that some papers presented the validity evi-
dence without defining the validity itself.

The results are shown in three categories: the first
category is the status of reporting validity evidence,
here the authors indicate whether evidence is
reported or not. The second category is the quality
of studies based on reporting validity evidence. The
third one is concerned with the patterns of presenting
the reported validity evidence, here the already
reported evidence is displayed according to the pat-
tern of their presentation.
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Status of reporting validity evidence

Based on the operational cues developed by the
authors, the number of reported validity evidence in
the included studies was denoted (Table 2). The relia-
bility coefficient as a description of item analysis was
the most frequent evidence of validity (n=14,
73.68%) to be reported [2,19-25,28-30,33,34].
Similarly, the description and/or mentioning of cor-
relations to another measure were reported with
73.68%. [2,20-22,25-28,30,31,33-36]. Followed by
the description and/or mentioning of revision and/
or meeting for item quality was the third most fre-
quent evidence of validity to be reported (n=16,
63.16%)  [2,19-24,27-31].  Difficulty  index
[19,24,26,31] was the least frequent evidence (n=4,
21.05%) to be reported (Table 2).

The quality of studies based on reporting validity
evidence

The quality of included articles is described with two
approaches. The first approach was the quality assess-
ment using Medical Education Research Study
Quality Instrument (MERSQI) [18]. The average
score based on (MERSQI) was 10.7 out of the max-
imum score of the instrument which is 18. The qual-
ity of included studies ranged from 13.8 (Maximum)
to 9.2 (Minimum).

The second approach is determining the quality of
studies based on reporting validity evidence. The
number of validity evidence reported in each manu-
script (Table 2) was used as an indication of the
quality of the manuscript. According to this
approach, the best quality was presented by about
three studies (15.8%), reporting seven out of nine
evidence. About half of them reported less than half
of the evidence (four and less than four reported
evidence) (Table 2).

Patterns of presenting the reported validity
evidence

The reported validity evidence among the included
studies are categorized according to their five
sources [14] into the following headings; a)
Content-related sources of validity including blue-
printing, quality of contents, and qualification of
the developers, b) Response process-related sources
of validity, c¢) Internal structure-related sources of
validity including difficulty index estimation, dis-
crimination index estimation, and internal consis-
tency estimation, d) Relationship to other variables
and e) consequence. A summary is presented in
Table 3 with verbatim examples for each category.
The whole thematic analysis and verbatim text are
presented in appendix 3.

MEDICAL EDUCATION ONLINE (&) 7

Content-related sources of validity evidence

Blueprinting

Blueprinting as a source of validity evidence was
reported in ten manuscripts (n=10, 52.63%) in
which two patterns were presented. The term ‘blue-
print’  was stated clearly in six studies
[2,19,20,22,25,26]. In the other pattern the term
‘blueprint’ wasn’t stated, instead, it was inferred in
four studies [21,23,24,27] (Table 3).

Quality of contents

The quality of the contents as a source of validity
evidence was reported in eight manuscripts. There
were five identified patterns of presentation among
the reported evidence. The first pattern was reporting
a panel meeting [22,24,28]. The second pattern was
mentioning that the test items were retrieved from
a Q-bank [20,23,27]. The third pattern was stating
that the items were developed based on guidelines
and textbooks [19,30]. The fourth pattern was indi-
cating that the training of developers was the base
items’ quality [2]. Moreover, the fifth group was
assembled in which there was no certain pattern,
[21,29-31], so we named it (other patterns). The
indication of the quality of items in this last group
was faint.

Qualification of the developers

The reporting of the qualification of the developers as
a source of validity evidence was presented in two
patterns. In the first pattern, the developers were
highlighted as content experts [2,22,28,29]. While in
the second pattern the test developers were high-
lighted as education experts [24,31] (in which the
test development was supervised by experts in med-
ical education). However, none of the manuscripts
made it clear if the content experts were education
experts as well, and vice versa.

Response process-related sources of validity
evidence

The reporting of the response process as a source of
validity evidence was presented in three patterns. The
first one is when procedures related to test organiza-
tion were stated [2,19,20,22,31]. The second pattern is
when procedures related to making candidates famil-
iar with the format were declared [28,29].
Vorstenbosch, Bouter [32] stated the procedures
that were meant to assess the response process, and
that was considered as a third pattern.

Difficulty index estimation

The reported difficulty index estimation as an inter-
nal structure-related source of validity was presented
in two patterns. The first one was the estimation of
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the difficulty index by calculating the percentage of
correct responses in the item [19,26,31]. Bhakta,
Tennant [24] estimation of difficulty index by other
more complex formulae was considered as another
pattern.

Discrimination index estimation

The reported discrimination index estimation as an
internal structure-related source of validity was pre-
sented in three patterns. One was the estimation of
the discrimination index by calculating the point
biserial index [30]. Bhakta, Tennant [24] presented
another pattern by using complex formulae/compar-
isons for the estimation of the discrimination index.
A third pattern was mentioning the discrimination
index without stating how it was estimated [21,29,31].

Internal consistency estimation

The reported internal consistency estimation as an
internal structure-related source of validity was pre-
sented in four patterns. Estimation of internal con-
sistency by Cronbach’s alpha [19,21,22,28,29,33].
Another pattern was the estimation of internal con-
sistency using Kuder - Richardson 20 (KR-20)
[25,30,34]. A third pattern was grouped into other
methods, in which the approach of estimation was
not specified [2,19,23,26]. Bhakta, Tennant [24] men-
tioned the Pearson-separation index and it was con-
sidered a fourth pattern.

Relationship to other variables-related sources of
validity evidence

The relationship to other variables as a source of
validity evidence was reported in three patterns.
One pattern is presenting the relationship between
two or more assessment tools [21,22,25,26,28,31,33-
36,41]. Another pattern is presenting the relationship
with similar assessments in different years [2,20]. The
third pattern by Beullens, Struyf [27] was presenting
the relationship between the assessment tool and the
assessed skill.

Consequence-related sources of validity evidence

The consequence as a source of validity evidence was
reported in two patterns. One pattern is presenting
the consequence of curriculum development
[19,20,22]. The other pattern was presenting the con-
sequence of the practices of test construction
[21,23,24,26,27,30,31,34].

Discussion

Assessment-related educational research is expected
to have enough evidence to build a strong validity
argument. However, misconceptions about validity
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and malpractices in implementing this concept in
assessment-related educational research have been
reported [42] and it remains unclear what sorts of
evidence to be presented [12,15] and how to present
them. This review aimed to explore the current status
of reporting and presenting those evidence in studies
that include EMQs.

In this review, the authors made a differentiation
between reporting and presenting validity evidence.
In which reporting means whether a certain source of
evidence was stated or not, so it’s a yes or no classi-
fication. While presenting the evidence refers to the
way it was expressed, for instance, if the source of
evidence is content, then what kind of evidence was
presented? Was it a blueprint? A proof of the quality
of the contents? If it is a blueprint, was it stated or
inferred? However, according to the inclusion cri-
teria, all the included studies had to report some
kind of validity evidence. In this study, the authors
indicate that (reporting some kind of validity evi-
dence) is not enough. The number of the reported
evidence is important as well as the source of the
reported evidence in which the consistency between
the evidence can help build a strong validity argu-
ment (e.g., arguing that a certain assessment tool can
provide wider coverage of the curricular contents
requires providing evidence such as -at least- blue-
printing and reliability coefficient together, and not
one of them alone, or other evidence of different
source).

Definition of validity

The adopted definition of validity in the included
studies is the old tripartite concept as described by
the American Psychological Association [43] (i.e.,
dividing validity into construct, content, criterion,
etc.) instead of implementing the current definition
of validity as a unitary concept [13]. It was adopted
by the majority of the included studies (n=12,
63.16%). The rest of the studies didn’t clarify the
adopted framework. Gasmalla and Tahir [12]
reported that the emphasis on the ‘types of validity’
rather than the ‘sources of validity evidence’ is
a common misconception among researchers. The
misidentification of the implemented validity frame-
work, not stating it, and/or embracing an outdating
framework has been previously reported [15,44]. This
misconception negatively impacted the practice of
reporting and presenting validity evidence.

Reporting and presenting validity evidence

Regarding reporting of validity evidence, the results
of this review indicated that validity evidence is suf-
fering under-reporting. Driving inferences about the
educational impact of the EMQs require better
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reporting and a clear presentation of the reported
evidence. The most-reported evidence in the included
studies was the reliability coefficient and its relation-
ship to another variable. These specific two pieces of
evidence support some features of the educational
impact of EMQs such as the ability of these questions
to encourage deep learning, assess clinical reasoning,
and differentiate experts from non-experts as well as
being more capable of assessing clinical reasoning
than A-type MCQs [2,27-29,33]. However, these
inferences about the educational impact of the
EMQs are jeopardized by the under-reporting of sig-
nificant evidence such as item difficulties (n =4,
21.05%) and item discrimination (n =5, 26.32%).

The presentation pattern of the reported validity
evidence affects the value of the evidence and
imposes a challenge when the weighting of the evi-
dence is considered to determine its value. For exam-
ple, presenting content-related sources of validity in
the included studies had its shortcoming as well.
Blueprint was only reported in ten studies (52.63%).
About half of them indicated blueprinting by infer-
ring to process rather than clearly stating a blueprint.
Blueprint is the crown jewel of the evidence related to
content. It shields against threats of validity [45,46].
Failing to report it can substantially weaken the valid-
ity argument by introducing construct under-
representation [6]. Regarding the presentation pat-
terns of the quality of the contents (Table 3), the
different four patterns add to the variability of the
weight of the evidence, i.e., is reporting a panel meet-
ing more valuable than retrieving items from
a Q-bank? Items retrieved from the question banks
are usually reviewed extensively by two different
committees [47] and were tested previously with
their difficulty index and point biserial coefficient
measured [48]. This makes presenting a question
bank as a source of items superior to presenting
a panel meeting when reporting the quality of the
contents. This example denotes that not only the
number of reported items is important, but also the
presentation pattern of the reported evidence matters
in weighting the value of the evidence.

Quality of included studies

For the assessment of the quality of the included
studies, two different approaches were used. In the
first approach, the quality of the included studies -
based on MERSQI- gives an average score of 10.7 out
of the maximum score of the instrument which is 18.
The MERSQI was developed to evaluate the quality of
methods utilized in experimental and observational
studies based on six domains. However, none of these
domains entails the quality of reporting and present-
ing validity evidence. Even the section (Validity evi-
dence for evaluation instrument scores) of the

MERSQ], involves validating the data collection tool
in the manuscript under scrutiny. This is quite dif-
ferent from reporting and presenting validity evi-
dence, for the validity in the context of educational
assessment is a property of the interpretation of test
scores, it is not a property of the test (as a data
collection tool) itself, this is a common misconcep-
tion about the validity [12]. To the best of our knowl-
edge, no tool involves this measure. Although there
are not many reports of the quality of assessment-
related educational research in reporting validity evi-
dence, the ‘less than ideal’ pattern is backdated since
Cook, Zendejas [49] set the alarm, followed by [44].
However, there is no clear guide on how to report
and present validity evidence in assessment-related
research.

Thus, the authors sought to assess the quality of
the included studies based on another approach,
which is by determining the number of reported
validity evidence. In this review, no study reported
all the aspects of validity evidence operational cues.
Among the total of nine defined operational cues in
this review, none of the included studies reported the
whole nine. The best record was reporting seven, and
even this was reported by only three studies (15.78%).
About half of the included studies failed to report
more than half of the operational cues (Table 2).

Implications

The implication of this study for educators is how
they should rely on assessment-related educational
research to build a strong validity argument in favor
of the educational impact of the EMQs. The outcome
of this study will positively impact future research
work involving assessment in terms of quality of
research, in which the quality of research should
utilize ‘reporting and presenting the sources of valid-
ity’ as a core part of the research. For considering
such research: a) the definition of validity as a unitary
concept has to be advocated and adopted by research-
ers in this field, and b) the validity evidence in assess-
ment-related educational research must be fairly
reported and presented. Another implication is that
quality assessment of such studies requires the devel-
opment of a suitable tool that evolves around report-
ing and presenting validity evidence. This as well
implies all assessment-related educational research.

Strengths

The authors presented a primary measure of the
quality of presenting validity evidence based on the
number of operational cues included in each study.
To this end, the second strong point is that we
included all studies utilizing EMQs even if they
didn’t present evidence of validity, this reflects the



real situation of the quality of the studies and pro-
vided wider inclusion of studies. A third strength is
that we extended our findings to not only report the
validity evidence but to describe the way they were
presented.

Limitations

Since there is no clear guidance on how to report and
present evidence of validity in assessment-related
research, it was difficult to extract and identify pat-
terns with the ambiguity of the authors’ reporting
validity evidence in the included studies. However,
the authors believe these limitations have little impact
on our conclusion since the pilot study provided the
authors with the necessary insights to identify and
evaluate the presented evidence of validity.
Furthermore, we managed the difficulty of the extrac-
tion by extracting the data independently and if were
there any discrepancies we solved them by consensus.
Another limitation is that our review included articles
published in the realms of Medicine, Dentistry,
Pharmacy and Nursing, this didn’t cover other spe-
cialties such as physiotherapy. Lastly, the search
included articles published only in the English
language.

Conclusions

This study concludes that reporting and presenting
validity evidence appeared to be deficient. Thus, the
available evidence can hardly provide a strong
validity argument that supports the educational
impact of EMQs. The most-reported pieces of evi-
dence were the reliability coefficient, as well as the
relationship to another variable. The least reported
evidence were item difficulties and discrimination.
These pieces of evidence are important indicators of
the educational impact. However, the discrepancy in
the reporting frequency between the most-reported
two first two pieces of evidence and the least-
reported last two pieces of evidence make it hard
to build a strong validity argument. Blueprint,
although crucial, was explicitly mentioned in less
than a third of the studies, which in turn added to
the challenge.

The lack of awareness of the existence of hypothe-
tical frameworks that considers validity as a unitary
concept seems to be a contributing factor. However,
and most importantly, the lack of prescriptive gui-
dance on how to apply that framework to assessment-
related research is likely the main issue. This work
also calls for more work on developing a tool to
measure the quality of both the reporting and the
presenting of validity evidence.
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Appendices

Appendix1: Full search strategy

PubMed: BT_001 ((((((Extended matching questions) OR (Extended matching items)) OR (R-type items)) OR (R-type
questions)) OR (EMQs)) OR (EMIs)) AND ((health professions education) OR (medical education)) AND ((validity) OR
(reliability)) AND (NULL)).

Scopus

(TITLE-ABS-KEY (extended AND matching AND questions) OR TITLE-ABS-KEY (r-type AND items) OR TITLE-ABS-
KEY (extended AND matching AND items) OR TITLE-ABS-KEY (r-type AND questions) OR TITLE-ABS-KEY (emq) OR
TITLE-ABS-KEY (emi) AND TITLE-ABS-KEY (health AND professions AND education) OR TITLE-ABS-KEY (medical
AND education) AND TITLE-ABS-KEY (validity) OR TITLE-ABS-KEY (reliability)).

Web of Sciences

(‘extended matching questions’) OR (‘extended matching items’) OR (‘EMQs’) OR (‘EMIs’).

CINAHL

((‘Extended matching questions’ OR ‘Extended matching items OR ‘R-type items’ OR ‘R-type questions’ OR ‘EMQs’ OR
‘EMIs’) AND (‘health professions education’ OR ‘medical education’) AND (‘validity’ OR ‘reliability’)).

ERIC

((‘Extended matching questions’ OR ‘Extended matching items’ OR ‘R-type items’ OR ‘R-type questions’ OR ‘EMQs’ OR
‘EMIs’) AND (‘health professions education’ OR ‘medical education’) AND (‘validity’ OR ‘reliability’)).

Appendix2: Thematic analysis of patterns of presenting the reported validity evidence

Theme 1

Content-related sources of validity

a) blueprinting

As shown in Table 1, there were two patterns. Either the term ‘blueprint’ was stated clearly or inferred. Verbatim examples
of the first pattern are shown below:

The test was blueprinted against internal and external guidelines. To ensure representative sampling of curriculum
content, selected themes were transferred into a blueprinting framework [19].

This was achieved by using a 2-dimensional blueprint design which matched the derived subject matter against relevant
basic and clinical science scenarios important to the PRHO [20].

The examination was blueprinted from the clinical core curriculum [26].

For each assessment tools, there is also a specific content blueprint to cover suitable course contents [25].

A subject matter expert (SME) panel constructed a blueprint [22].

A list of common clinical problems was made per medical discipline. From these problems, a list of corresponding
diseases was derived. For each disease, the aspects relevant for the 7th-year student were selected (e.g., diagnosis,
therapy). For some aspects, the required level of knowledge had to be specified (e.g., a thorough knowledge concerning
differential diagnosis or notions of therapy). Each discipline had to start from a table - called blueprint - formed by the
dimensions “diseases” and “aspects”. [2]

Verbatim examples of the second pattern ‘where the blueprint was inferred’ are shown below:
Only questions concerning diagnosis or pathogenesis were included. Half the questions concerned internal medicine

problems and the other half related to other disciplines. The main complaints involved in the 20 EMQs are shown in
Table 1 [27].
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The test covered four domains (chest, urogenital system, locomotor system, and dermatology) with 50 topics and 159
items nested within these topics [23].

An examination for four clinical presentations, each representing a different domain in gastrointestinal medicine, was
constructed: dysphagia, chronic diarrhea, nausea and vomiting, and elevated liver enzymes [21].

The examination consisted of 98 EMQs distributed across eight specialties and 27 themes, each with two to four EMQs.
There were 12 Oncology, 14 Anaesthetics, 12 Dermatology, 12 A&E, 12 Infectious Diseases, 16 Orthopaedics, 8
Rheumatology and 12 Rehabilitation EMQs [24].

b) quality of contents

There were four identified patterns, reporting a panel meeting, items retrieved from a Q-bank, items’ quality based on
following guidelines and textbooks, and items’ quality based on the training of developers. However, a fifth group was
assembled in which the was no certain pattern, so we named it (other patterns). Below are verbatim examples for each:

Reporting a panel meeting.

The assessment tools were constructed by a panel of subject matter experts (SME) [22].

All questions were devised by the lead educational supervisor within each specialty. Training in EMQ writing was
provided to the medical specialty supervisors [24].

All the vignettes and questions were constructed from the clinical situation representative of urological practice by 5
content experts (urologists) and assessed by a medical education expert in the first round prior to the administration of
the test [28].

Items retrieved from a Q-bank.

Twenty EMQs were selected from the examination question bank; these had been used in a previous examination and
had known psychometric quality [27].

Following item analysis and review, the test was modified extensively. Unsatisfactory items were revised or replaced by
similar questions from a predesigned bank and additional items were added to improve the reliability of the test [20].
The items were retrieved from an item bank used for the regional examination of general practice certification in the
Dutch-speaking part of the country and translated by a professional translater [23].

Items’ quality based on following guidelines and textbooks.

The researchers constructed each question using recommended published guidelines [19].

We qualitatively analyzed the item-writing manuals of three medical professions (podiatric, osteopathic, and allopathic
medicine) and felt that the one created by the National Board of Medical Examiners provided the most in-depth
information [30].

Items’ quality based on the training of developers.

The development of the EMQs started with an introduction session for “writing parties” led by Case and Swanson of the
National Board of Medical Examiners (NBME). The disciplines were autonomous in organizing writing groups and
composing their part of the test. The degree of compliance with the recommended procedure was not controlled [2].

Other patterns of presenting Items’ quality.

The items were predominantly clinical vignettes and either single-best-answer or extended-matching items [30].

The stems within each clinical presentation were designed to be as similar as possible in length, difficulty, and the
presence of distracters [21].

After reviewing the EMQ to ensure that all parts of the neuraxis were assessed, 10 items in which the localization was
repeatedly tested were discarded [29].

To select options statistically for three-, four-, five-, and eight-option A-type versions of the items, an option “priority”
was assigned to each incorrect response on the basis of response statistics in the previous study. Both the proportion of
examinees choosing an option and their performance on the test as a whole were used in selection, with options
frequently chosen by poorly performing examinees given a higher priority. The options assigned the highest priority
were then selected for the four A-type versions of the items used in the study. A similar procedure was used to select
options statistically for the five- and eight-option EMQ versions, with priorities combined across both items in an EMQ
set in choosing responses for inclusion [31].

Content-related sources of validity: qualification of the developers.
There were two patterns. The developers were highlighted either as content experts or as education experts. Verbatim

examples are shown below:

The developers as content experts.
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The EMQs were developed by staff members of 10 medical disciplines [2].

All the vignettes and questions were constructed from the clinical situation representative of urological practice by 5
content experts (urologists) and assessed by a medical education expert in the first round prior to the administration of
the test [28].

Consensus on the content was reached by expert discussion and agreement with a panel of 15 attending neurologists
from the Department of Neurology, National Neuroscience Institute, Singapore [29].

The assessment tools were constructed by a panel of subject matter experts (SME). The panel consisted of five clinical
pharmacists (one with a special interest in education), two medical consultants (one a professor of Clinical
Pharmacology and the other with a special interest in Clinical Pharmacology), three specialist registrars (one geriatric
medicine registrar with special interest in clinical pharmacology, one acute medicine registrar and one general surgeon),
four FY1 doctors, and one psychologist [22].

The developers as education experts.

Members of a United States Medical Licensing Examination (USMLE) Step 2 Clinical Knowledge (CK) Test Material
Development Committee served as content experts [31].
All questions were devised by the lead educational supervisor within each specialty [24].

Theme 2

Response process-related sources of validity

There were three patterns identified, stating procedures related to test organization. Mentioning procedures
related to making candidates familiar with the format, and declaring procedures meant to assess the response
process. Below are verbatim examples for each:

Stating procedures related to test organization.

The test was organized simultaneously in three lecture rooms. The instructions were presented auditively by
one “voice”. The booklets were presented in a random order. One co-worker per 20 students guaranteed the
distribution of the booklets. The student had to hand in the filled-out booklet before taking a break. The
students were not prepared for content, or for question format [2].

Participants needed a unique password to access the assessment, meaning substitutes could not take part.
The researcher invigilated each student to prevent cheating [19].

Access to the test for these students was offered via the internet over a 3-day period. Whilst this strategy
could undermine the security of the test, it was a formative exercise for the volunteers, who were well
aware that cheating on the test would be of no value to them and would undermine a research study being
undertaken by a fellow student. However, to improve test security, each final year volunteer required
a unique password to access the assessment through the Networked Learning Environment, meaning that
substitute students could not take part [20].

For each examinee, a small number of study items were randomly selected for presentation by test
administration software, subject to the constraint that the same examinee never saw more than one version
of any stem [31].

There was an allowance of 10 min for the completion of the WUSCE and 5 min for the EMQ. The same
assessments were carried out at all sites within a week [22].

Mentioning procedures to make candidates familiar with the format.

Pre-test familiarization of candidates with the testing and scoring system. Since the learners were not fully
aware of these methods of assessment, a voluntary practice session was held with them to make them familiar
with the format [28].

All items had the same lead-in; candidates were asked to work out the site of the lesion for each clinical
vignette [29].

Declaring procedures meant to assess the response process.
The aim of this study is to explore the effect of images on the validity of test items by investigating the

cognitive processes students use to answer them. Methods: At the start of the experiment, the participants were
informed about the procedure [32].
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Theme 3: Internal structure-related sources of validity

a) difficulty index estimation

There were two patterns identified. Estimation by calculating the percentage of correct responses in the item and by more
complex formulae. Below are verbatim examples for each:

Estimation by calculating the percentage of correct responses in the item.

We calculated the item difficulty (p value) of questions in each system to provide further evidence beyond the
blueprinting process for their similarity in standard, thus allowing the cross-comparison of scores between disciplines.
This is calculated by dividing the number of correct responses for each question by the total number of responses.
Values range between 0 and 1, a high value indicating more correct responses. The average item difficulty of
a musculoskeletal question was 40.71, for a cardiovascular question it was 0.71 and for a neurological question it was
0.69 [19].

Table 1 Descriptions of the individual examination components (average score 68.7%) [26].

For each version of each study item, six indices were calculated. The first was the item difficulty, proportion of
examinees who responded to the item correctly [31].

Estimation by more complex formulae.

It is within rash model; Location Value identifies question difficulty on logit scale [24].

b) discrimination index estimation

There were three patterns identified. Estimation by calculating point biserial index, using complex formulae/
comparison and the third patterns was not mentioning the method of estimation. Below are verbatim examples
for each:

Estimation by calculating point biserial index.

The PB correlation for the extended-matching item in Figure 2 was 0.53 (GA 2011 cohort), which indicates
excellent discriminative ability [30].

Estimation using complex formulae/comparisons.

A comparison between the classical approach and the Rasch approach regarding discrimination is given in
Figure 7 [24].

Method of estimation was not mentioned

The test was optimized using item analysis where overly concordant (i.e., items with a discrimination index
of less than 0.2) or discordant (i.e., items likely to be interpreted in different ways) questions were discarded,
trimming the test to 55 items [29].

For each version of each study item, six indices were calculated. The third was an index of item discrimina-
tion: the item-total (biserial) correlation, calculated as the correlation between the item (scored 0/1 for
incorrect/correct) and the reported Step 2 CK score [31].

Table 2 Extended-matching. Average discrimination index = 0.58 [21].

c) internal consistency estimation

There were four patterns identified. Estimation by Cronbach’s alpha, Kuder - Richardson 20 (KR-20) and the
third pattern was grouped into other methods (or not specified). Below are verbatim examples for each:

Internal consistency estimated by Cronbach’s alpha.

The internal consistency (Cronbach’s a) was 0.53 [28].
The reliability of this test was Cronbach’s alpha=0.75 [19].
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Internal consistency measured with Cronbach’s alpha was 0.88 in the first series, 0.87 in the second and 0.82
in the third series [33].

The 55-item EMQ showed good reliability (Cronbach’s a 5 0.85) and good generalizability (a G-coefficient
0.85 and a dependability coefficient of 0.83) [29].

Table 2 Extended-matching - Alpha coefficient = 0.66 [21].

The Cronbach’s alpha of the EMQs ranged from 0.55 to 0.78 [22].

Internal consistency estimated by Kuder - Richardson 20 (KR-20).

The KR-20 reliability estimates on 19 weekly quizzes in extended-matching format ranged from 0.44 to 0.89
with a mean of 0.64. [34].

EMQs reliability was calculated using Kuder - Richardson 20 (KR-20) showed a mean of 0.84 and standard
deviation of 0.11 for batch 2018, and a mean of 0.87 and standard deviation of 0.02 for batch 2019 [25].
Kuder-Richardson 20 coefficients of 0.71 to 0.76 [30].

Other methods (not specified).

The split-half reliability was between 0.73 and 0.86 [2].

The reliability (internal consistency) of this test was 0.6 [20].

The reliability of the composite examination was estimated using multivariate generalizability theory.
Weighting tests according to items per test or total test time gave improved reliabilities of 0.93 and 0.81,
respectively. Double weighting of the clinical component marginally affected the reliability (0.76) [26].
Increasing the number of topics with fewer items each would increase reliability but also testing time. The
results of the generalisability analysis G study are reported in Table 1. They indicate that the variance
component attributed to subjects was small (645 and 601 for 2005 and 2006, respectively), accounting for
only 2.64 and 2.50% of score variance. Variance attributed to items was over twice that of variance attributed
to topics. The variance attributed to interaction between subjects and items was the largest component
explaining around two-thirds of the total variance [23].

Person-separation index.

An estimate of the internal consistency reliability of the examination is based on the Person Separation Index
where the estimates on the logit scale for each person are used to calculate reliability. the Person Separation
Index was low, 0.50, indicating a low reliability. This, however, can be ascribed to the intrinsic homogeneity
of the students who are selected under rigorous criteria and who are all studying for the same exam [24].

Theme 4

Relationship to other variables -related sources of validity

There were three patterns identified. Relationship between two or more assessment tools, with similar assess-
ments in different years, and the relationship between assessment tool and assessed skill. Below are verbatim
examples for each:

Relationship between two or more assessment tools.

Both SCT and EMQs are capable of discriminating between learners according to their clinical experience in
urology. Both SCT and EMQs successfully differentiated residents from interns and students in one-way
analysis of variance (ANOVA) [28].

Table 2 gives the disattenuated correlations, i.e., the true correlations after factors contributing to the
variance between the tests have been corrected for, between the individual examination components [26].
Pearson correlations between DTI scores and EMQ examination scores were low but significant [33].
Strong positive correlations were found between total marks and MCQs, EMQs, and OSCE examinations (r
=0.857, 0.779 and 0.715, respectively). Moderate correlation was found between total marks and continuous
assessment (r =0.508). Additionally, moderate correlations were seen between OSCE and all other assess-
ment forms. Similarly, moderate correlations were observed between MCQs and EMQs. Objective Structured
Clinical Examinations (OSCE), extended matching questions (EMQ), and multiple-choice questions exams
(MCQ) are correlated [25].

Performance in SAQ and EMQ was positively correlated for students with and without dyslexia in all years
except for cohort 2004 (Pearsons r=0.52 p=NS) [35].
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This result was observed both for A-types and EMQs. The effect was largest for A-types with options selected
by committee, with mean item difficulties ranging from 0.728 for the base version to 0.816 for the three-
option version. The standard deviation of Step 2 CK scores for U.S./Canadian first-takers on the proportion-
correct scale is roughly 0.08, so the effect size should be viewed as moderate to large [31].

Students (>80%) reported that single-best-answer items were easier than extended-matching items [30].
Relationship of examination format to cognitive process. The results of the logistic regression analysis are as
follows, in Table 3. There was no difference in the odds of using “expert” methods of problem solving
(scheme- inductive or pattern recognition) across the two examination formats (MCQ or EMQ) [21].

The lack of correlation between the EMQs and WUSCE:s is explained, at least in part, by the EMQs being less
able to discriminate between the application of CPT knowledge than the WUSCEs [22].

Table 2. Correlations between individual assessment tools used in the psychiatry assessment [36].

We conclude that extended-matching quizzes were at least as effective as multiple-choice quizzes and oral
examinations and may be better for acquiring synthetic understanding of anatomical concepts especially in
combination with other means of knowledge assessment [34].

Relationship with similar assessments in different years.

Construct validity was checked by calculating correlations with exam results. The Pearson correlations
between the total test score per series and the total examination score of each of the 7 years of medical
education were modest to rather weak but statistically significant. These correlations varied from series to
series and from year to year but were in general moderate, which proves criterion validity [2].

Despite the relatively small number of items in each category, there was a significant difference in basic (F 14
39.61, p<0.001) and clinical science knowledge (F 14 71.43, p <0.001) between years. Using an ANOVA,
with a Tamhane’s T2 adjustment there was a significant difference at the 0.05 level between the mean
differences in basic science between Years 3, 4 and 5 but not between Years 1 and 2, or between Years 2 and
3. Significant differences in clinical science knowledge were found between Years 2 and 3 and Years 4 and 5
[20].

Relationship between assessment tool and assessed skill.

This study showed that subjects who gave more correct answers also used more forward reasoning, the form
of reasoning that is aimed for [27].

Theme 5: Consequence-related sources of validity

There were two patterns identified. Consequence on curriculum development, and the practices of test construction. Below
are verbatim examples for each:

Consequence on curriculum development.

Despite the disparity of teaching between musculoskeletal medicine and other major organ systems within Sheffield’s
integrated medical curriculum, the knowledge base of medical students in the basic and clinical musculoskeletal sciences
appears to be similar to that for cardiovascular medicine and neurology by the time of graduation [19].

Tested final year medical students at Sheffield University did possess sufficient knowledge. Its acquisition throughout the
5 years of the course appeared to be relatively independent of specialty-specific clinical teaching [20].

This study showed that a large proportion of FY1 doctors failed to demonstrate the level of CPT knowledge and
prescribing ability required at this stage of their careers. We identified areas of performance weakness that posed high
risk to patient safety and suggested ways to improve the prescribing by FY1 doctors [22].

Consequence on the practices of test construction.

Further research into the best format for testing clinical competence at the end of the undergraduate curriculum is
urgently needed [26].

It is possible to assess processes of clinical reasoning using EMQs [27].

Reliability of tests using EMIs would benefit from an increase in the number of topics rather than of items per
topic. Nevertheless, increasing the number of topics makes sense from a content-validity standpoint, especially in
general practice where the domain one wants to generalise to is so broad. Using topics which are more cross-
sectional may be one way to strike a balance between broad sampling of cases and satisfactory reliability per unit
of testing time [23].
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Use of the extended-matching format and smaller numbers of options per item (and more items) should result in more
efficient use of testing time and greater score precision per unit of testing time. From a practical perspective, this study
suggests that item-writing committees are fairly effective in selection of distracters, even without access to response
statistics [31].

Outcomes from students who recently took the APMLE Part I suggest that incorporation of USMLE-style items into the
general anatomy course was a successful measure and prepared them well [30].

The results are important to examination construction, by demonstrating direct evidence that problem solving
can be tested by pencil-and-paper formats, and specifically change some of the presented misperceptions about
the standard five-option MCQ format. Secondly, demonstrating that the two formats can evoke scheme utiliza-
tion is important [21].

The analysis clearly shows how students use options, and this information coupled with expert knowledge and under-
standing of the questions will help questions writers to create and improve the quality of EMQs. It allows for a formal
test of the unidimensionality of the questions and thus the validity of the summed score. Given the metric calibration
which follows fit to the model, it also allows for the establishment of items banks to facilitate continuity and equity in
exam standards. Thus modern psychometric methods based upon the work of Rasch provide a useful approach to the
calibration and analysis of EMQ undergraduate medical assessments [24].

In conclusion, extended-matching quizzes were educationally at least as effective as oral examinations, but
needed less time to perform and evaluate, and were certainly more objective. In comparison with multiple-
choice questions, they were also at least as effective. We recommend weekly quizzes based on extended-matching
format for monitoring student’s progress during a gross anatomy course. When combined with other means of
knowledge assessment, such as extended-matching quizzes, they may promote the development of higher level of
knowledge in gross anatomy [34].
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