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ORIGINAL ARTICLE

Descriptive Analysis of the Psychometric Properties of Extended
Matching Questions Conducted among Anaesthesia Residents

Background: Clinical reasoning is one of the core features of clinical
competency. Training and assessing clinical reasoning is vital in post-
graduate training. Extended matching questions (EMQs) are effective
in assessing problem-solving and clinical reasoning abilities, but not
commonly used in Postgraduate training. Covid-19 pandemic, which
prevented both patient encounter and regular academic activities,
warranted the introduction of innovative Teaching-Learning methods
to sustain clinical reasoning skills. Hence, we aimed to introduce
EMQs in formative assessment among anesthesia residents and
analyzed its psychometric properties.

Methods: The study was conducted at the Department of Anaesthesiology,
Mahatma Gandhi Medical College and Research Institute
(MGMCRY), Pondicherry, India. Four modules of EMQs as part of a
formative assessment was conducted among residents (n=20). A
total of 40 clinical vignettes and 60 options were administered.
Post-validation of the EMQs was done by item analysis. Test
reliability was estimated by the Kuder-Richardson 20 formula.
Difficulty index (DIF-I), discrimination index (DIS-I), and distractor
functionality were analyzed.

Results: The KR-20 reliability coefficient was 0.72. The mean DIF-I was
0.43+0.17, from which 72.5% (29) were in the acceptable range, 20%
(8) difficult, and 7.5% (3) easy. The mean DIS-I was 0.28+0.24, where
40% (16) had acceptable, 27.5% (11) excellent, and 20% had poor
discrimination. Ninety percent of distractors were functional. The DIS-
I exhibited a positive correlation with DIF-I (r= 0.2155, P=0.0185).
Conclusions: The results of the present study indicated that EMQs
have acceptable test reliability. The majority of the items (80%)
followed the principles of MCQs. We concluded that EMQs can be
effectively used as part of the postgraduate assessment to test
higher-order knowledge and clinical competency.

Keywords: Extended matching questions, Item Analysis, Difficulty
Index, Clinical competency
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INTRODUCTION

Clinical competency is one of the most important attributes
in postgraduate training as well as clinical reasoning is the
core component of clinical competency. Pattern recognition,
knowledge application, and intuitions are part of clinical
reasoning (1). This makes it necessary to have an assessment
system that is comprehensive, authentic and looks for the
application of knowledge and not just factual recollection
Q).

Assessment is the driving force for learning (3). It is one of
the important influences on a student’s learning experience
and on the quality of learning. Every assessment method has
its strength and weakness but its impact on the student’s
motivation and guidance to future learning is more valuable
than these flaws (4). Miller’s pyramid provides a conceptual
framework for student assessment, including factual
knowledge to problem-solving skills. Despite the availability
of various tools for the formative assessment (FA) of
postgraduates, most of the facilitators still practice traditional
methods such as essay questions and case presentations.
Although traditional assessment tools have good
psychometric properties, their role in FA is minimal. Lack of
effective feedback and scoring discrepancies are some of the
pitfalls of traditional tools for FA (5). Newer methods of
assessment such as Mini CEX, OSCE, Script concordance test,
various forms of multiple-choice questions (MCQs) can be
effectively used for FA of clinical reasoning.

Using MCQs could be the first step for the assessment of
clinical competence (6). MCQs, in most situation, tests only
factual knowledge and lower level of knowledge
application, which is not sufficient for postgraduate
assessment. To overcome the shortcomings of MCQ,
extended matching questions (EMQ) were introduced.
EMQs a variant of MCQ, is valid, feasible, and can be
effectively employed for assessing problem-solving and
clinical reasoning abilities in medical postgraduates (7,8).
EMQs are less time consuming, easy to administer and can
give immediate feedback. Despite these well-known
advantages of EMQs, it is not commonly used in
Postgraduate assessment. ~ The Covid-19 pandemic
hindered regular academic activities and also patient
encounter for clinical training. This led us to introduce
innovative teaching-learning and assessment strategy to
sustain clinical reasoning and problem solving skills.
Acknowledging the advantages of EMQs and its applicability
during non-contact learning activities, we introduced EMQs
among anaesthesia residents as part of the formative
assessment and analysed its psychometric properties.

METHODS

After obtaining institutional ethics committee approval, the
present item analysis of EMQs was conducted in the
Department of Anaesthesiology, Mahatma Gandhi Medical
College and Research Institute, Pondicherry. A series of EMQ
tests were conducted in a “pen and paper” format as part of
FA to our postgraduates from March 2020 to May 2020. The
test was conducted among second and third-year residents
only (n=20).

Counstruction and Pre-Validation of MCQs

All the EMQ items were based on the syllabus covered over
the past six months. The items were prepared by two faculty
trained appropriateness of the content, grammar, and
construction. The EMQ test was divided into 4 modules; each
module was based on a single theme which had a set of 10
questions and 15 options. The themes were a) Intra-
operative critical incidents b) Post-operative complications c)
Trauma and emergency d) Critical care management. A total
of 40 clinical vignettes and 60 options were administered.
Each correct answer was scored 1 mark and there was no
negative marking for wrong answers. Cumulative score more
than 50% was considered ‘Pass’

Data processing:

For analysing the psychometric properties of the EMQs, the
student’s cumulative scores of all four modules were taken.
Steps of item analysis:

1) The scores of all residents were arranged in
descending order. 2) The upper third was considered a high
achievers group (HAG) and the lower third as low achievers
group (LAG) and the rest as Middle (MAG). 3) Data of HAG
and LAG were considered for analysis.

Item Analysis:

Item analysis involved 4 major parameter, i.e. test reliability,
difficulty index (DIS-I), discrimination index (DIF-I) and
distractor efficiency (DE). Reliability suggests whether an
assessment tool is internally consistent and reproducible, it
reflects the extent to which items within the test measures
various aspects of the test. DIF-I shows whether the item was
difficult or easy and how many students got the item correct.
It ranged from 0 to 100%, where 0 indicated none of the
students got the answer correct and 100% when all have got
the item correct. DIS-I shows the ability of the item to
differentiate a high achiever from a low achiever. It is
expressed as a bi serial point correlation ranging from -1 to
+1. Higher the index, better the item can differentiate
achievers. Another important parameter was distractor
functionality which is an independent indicator of the quality
of an item. Distractors are said to be functional if it is selected
by more than 5% of the students (9). Distractor efficiency is
measured based on the number of non-functional distractors
(NFD) in an item. It ranges from 0 to 100%. Items with 3, 2,
1 and 0 NFD had a distractor efficiency of 0, 33.3%, 66.6%
and 100% respectively (10). Table 1 shows the interpretation
of the item analysis parameters

Statistical analysis:

All data documentation and analysis was done using
Microsoft® Excel (2013), IBM SPSS Statistics for
Windows version 22, Armonk, NY: IBM Corp. Reliability
co-efficient was calculated using the Kuder-Richardson 20
formula (KR-20). DIF-I and DIS-I were calculated and
reported as mean and standard deviation. FD and NFD
were expressed as percentages. The relationship between
DIF-I and DIS-I was determined by Pearson correlation
analysis and p-value of < 0.05 was considered statistically
significant.
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Table 1. Parameters of Item Analysis

Discrimination Index

(HAG-LAG) x 2 /N

Parameters Formula Interpretation of values
Range = 0to 1
Reliabilit Kuder Richardson 20 0=no reliability
¢ ¥ uder sie S0 >(.7 = acceptable reliability
1 = high reliability
Range = 0to 100%
Difficulty Index < 30% = difficult
(DIF-T) (HAGHLAG) x 100/N 30% to 70% = acceptable

>70% = easy

Range =-1to + 1
(Bi-serial point correlation)
0-0.19 = Poor discrimination

(DIS-I 0.2 to 0.29 = Acceptable discrimination
0.3 to 0.39 = Good discrimination
> (0.4 = Excellent discrimination
Range = 0to 100%
— 0,
Distractor Efficiency Percentages of non- functional distractors in an II\\II]{“:[[)) ? _ 612%0//0
(DE) item( > 5% = functional distractor) o0

NFD 2=33.3%
NED 3= 0%

*N = Total number of students in both upper 1/3™ and lower 1/3" groups, HAG= the number of students in upper 1/3™ group who

answered correct, LAG= the number of students in lower 1/3™ group who answered correct. NFD = Non-functional distractor.

RESULTS

The present item analysis assessed 40 EMQs with 60 options
divided into 4 modules, each module consisted of 10 EMQs
with 15 options. The reliability coefficient of the test was
0.72. The mean test score was 24.5 = 5.09, the highest score
was 33 and the lowest was 11. Fifteen out of 20 residents had
scored more than 50% marks (pass score). The mean test
score according to the groups were: HAG 29.6 += 2.5, MAG
23.8 = 1.1, and LAG 19.6 = 4.0, respectively.

Table 2 shows the overall analysis of the EMQ items. Table 3
shows distribution of items based on item difficulty and item
discrimination. The mean difficulty index was 0.43 *+ 0.17
with approximately 1/3™ of the items had moderate difficulty,
20% was difficult and only 3 items were easy. The mean item
discrimination (0.28 +0.24) with 5% negative discrimination,

DIF-I and DIS-I of the total EMQs, DIF-I with the lowest value
of 0.05 and the highest was 0.74 whereas the lowest DIS-I
value was -0.42 and the highest was 0.85.

Distractor analysis showed 6(10%) NFDs, 54(90%) were FD.
Distribution of items based on the number of functional
distractor showed, 13(32.5%) EMQs with one FD, 12(30%)
items with two, and 6(15%) items with three FD.

The scattered diagram (Figure 2) represents the correlation
between DIF-I and DIS-I of 40 items. The analysis showed a
positive correlation between DIF-I and DIS-I (r = 0.215,
p=0.018). The items on both poles of the difficulty index
spectrum had poor or negative discrimination. Items with a
moderate level of difficulty had exhibited good to excellent
discrimination. Table 4 shows the relationship between DIF- I

20% of the ,ltems Weore having p 0.0[‘ d1scr1rn1f1a-t10n power (0 Table 3. Distribution of EMQs based on item difficulty
0.19), while 27.5% of the items exhibited excellent and item discrimination
discrimination (>0.4). The remaining items were acceptable
and good, out of which 25% of the items had an acceptable Parameter  Interpretation EMQ items
range (0.2 to 0.29) and 21% of the items showed good N %
discrimination (0.3- 0.39). Figure 1 shows the distribution of | pifficulty Index (DIF-I)
<0.3 Difficult 8 20%
0.3-0.7 Moderate 29 72.5%
Table 2. Descriptive analysis of EMQ items 0.7-1 Easy 3 7.5%
Discrimination Index (DIS-I)
Parameter Mean (SD) <0 Negative 2 50,
Total test 243 +5.09
o fest seore 0-0.19 Poor 8 20%
KR 20 (reliability coefficient) 0.72 02 t0 0.29 Acceptable 16 40%
DIF-1 0.43+0.17
0.3 t0 0.39 Good 3 7.5%
DIS-I 0.28 +£0.24
>0.4 Excellent 11 27.5%
Di FD- 90%
IStaclos NED- 10% Total 40 100%
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Table 4. Relationship between difficulty index and discrimination index of EMQs
D];i,l_ T Excellent Good Acceptable Poor Negative
! >0.4 0.3-0.39 0.2-0.29 0.0-0.19 <0
Acceptable
0.3-0.7) 10 3 15 0 1
Easy
(0.7-1) 0 0 0 3 0
Difficult
<03 1 1 0 5 1
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and DIF-I for each item. Considering both DIFI and DIS-I
together, 28 (10+3, 70%) EMQ items were acceptable.
Another 2 (5%) EMQs, in spite of being difficult, were able to
discriminate well between HAG and LAG. All easy items and
6 out of 8 difficult items were poor discriminators.

DISCUSSION

The present study focused on the application of extended
matching questions for training and assessing clinical
reasoning skills in anaesthesia postgraduates. This study
showed an acceptable reliability coefficient of 0.72. Further
analysis showed that 80% of the items had moderate difficulty
and 70% items had good discrimination index. DIS-I and DIF-
I correlated positively where, item discrimination increased
with increase in item difficulty.

Clinical reasoning is one of the core features of clinical
competency. There are various obstacles and challenges in
integrating and assessing clinical reasoning in postgraduate
training. FA should be able to capture the analytical capacity
of the resident and identify areas for improvement. MCQs
which are commonly used in medical education may not
always assess higher-order thinking. Baig et al analysed MCQ
in basic medical science exams and concluded that one-third
of the MCQs tested recall of isolated facts while none of the
MCQs assessed higher-order cognition (11). Recall of facts or
eliminating incorrect answers is not a satisfactory way to
master the subject. New assessment methods like script
concordance test, key feature test, EMQs have shown good
validity and reliability for assessing clinical reasoning. It can
prevent answering by guess-work or pattern recognition
(12). Item analysis is a quality control procedure for ensuring
high-quality items. Similar to MCQs, EMQs have qualitative
analysis for content, format, and writing procedures and
quantitative analysis for psychometric properties.

The present item analysis assessed 40 EMQs with 60 options
divided into 4 themes, each theme consisted of 10 EMQs with
15 options. This study showed a reliability co-efficient of 0.72
which is within the desirable range. The KR 20 Value of 0.7
was acceptable for a good assessment tool. Value close to 1
had higher homogeneity and consistency. Case et al showed
that EMQs had higher reliability compared to an equal
number of MCQ (0.55 vs. 0.42). A total of 52 EMQs are
required to achieve a reliability of 0.72 and 105 EMQs for
0.85 (13).

The mean difficulty index of the EMQ items were
0.43+0.17, in the present study. The majority of the items
of study had moderate difficulty and 20% of the items were
very difficult. The DIF- I of this study is similar to other
studies that evaluated EMQs and MCQs. Vuma § et al
reported a mean DIF-I of ranged from 0.491 to 0.719
among three courses of EMQs conducted for third-year
medical students (14). Keralia et al. reported mean DIF-I
between 0.47-0.58 in MCQ items from 10 summative
papers (15). Our analysis showed 7.5% EMQs were easy for
both groups. Authors recommend the inclusion of items
with all levels of DIF- I in a test but care should be taken to
not compromise the quality of the paper. Edwardo
Beckhoff set the median difficulty level at 0.5-0.6 with the
following distribution: “easy items, 5%; items of medium-

low difficulty, 20%; items of medium difficulty, 50%;
medium-hard items, 20%; and difficult items, 5%” (16).

The mean DIS-I in the present study was 0.28 * 0.24, where
most of the items were good at discriminating high achievers
from low achievers. Items with a high level of discrimination
indices should be included in a test to enhance critical
thinking. The authors recommend a DIS-I >0.2 to be
included in the assessment. Similar to our results, studies
have shown CPBR within 0.118 to 0.255 (14). The
distribution of the DIS-I in the present study showed that
27% of the items had excellent and 40% had good
discrimination. A total of 8 (20%) and 2 (5%) had poor and
negative DIS-I in this study, respectively. Poor DIS-I can result
in a low score due to a flaw in the items and needs to be
removed from the bank. Too easy or too difficult items have
poor discrimination which will decrease the reliability of the
tool. These flawed items need to be reviewed for
modification or discarded.

In the present study, item difficulty and item discrimination
had a positive correlation (r = 0.215, p=0.018). The
correlation was not linear, but more or less pyramidal/doom
shaped. Several studies have also shown a dome-shaped
correlation, items which are very easy or very difficult had
poor discrimination capacity (17,18). Maximum DIS-I was
seen in items with DIF-I between 0.3-0.7. Vuma et al also
showed a positive correlation between DIF-I and DIS- in
EMQ tests (14). Contrary to our findings, Mitra et al, and
Habib et al showed a significant negative correlation which
indicates an inverse relationship between DIF-I and DIS-I:
increase in difficulty index leads to a decrease in
discrimination index (19). Our analysis combining the two
indices (DIS-I and DIF-I) showed that 28 (70%) items could
be called 'ideal' having a DIF-I between 0.3 - 0.7, as well as a
DIS-I > 0.20.

Reducing the number of non-functional distractors and
having more plausible options is one of the main aspects of
a good quality item (20)° Number of non-functional
distractors in an jtem is inversely related to the
discrimination power of an item and conversely higher
distractor efficiency makes the item more difficult.
Distractors of EMQs are not like MCQs, the pool of options
applies to all the vignettes within the set. An answer to one
clinical vignette can be a distractor for another vignette. Out
of the 60 options, 54(90%) of the options were functional
and only 6 (10%) options were selected by less than 5% of
students. Previous studies have shown EMQs having 70 to
85% functional distractors and 14%-28% of NFD (14). The
present also showed 1/3™ (13) of the items had one FD,
another 1/3* (13) had two FD. Several studies have debated
the right number of options to create a good quality item. A
large number of distractors decrease guesswork and
increases reliability and validity. However, if a majority are
non-functional in the option list it will only act as fillers and
increase test time (21).

The overall analysis of the EMQ items showed that
31(77.5%) fulfilled the criteria for good quality items
and can be retained for further use, while 2 items
had negative discrimination which requires review. Items
too easy or difficult with poor discrimination needed
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to be discarded.

There are several limitations to this study. First, the total
number of EMQs were small (n=40). But as a whole, the 40
EMQ items had good reliability (0.72) compared to studies
which showed that 75 to 100 EMQ items are required to
achieve a reliability > 0.75. Secondly, we did not elicit the
perception of the student or faculty on the new format of FA.
The study did not document the time taken to complete the
test. Several studies have stated an increase in test time with
an increase in the number of options. But in our study, the
students completed the assessment well in time. Time taken
for the EMQ test is much less compared to the conventional
written assessment.

The present researchers concluded that EMQs have DIF-I and
DIS-I within acceptable levels. Their continued use for
assessing clinical reasoning in postgraduates as part of the FA
is recommended. It is valid, reliable, and feasible and also has
a good educational impact. Item analysis provides valuable
information to improve reliability and validity. Faculty
development and training in newer assessment tools like

EMQs are required to prepare and bank quality items.
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