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Abstract

debated.

tional MCQ formats in the final MBBS exit examination.

more suitable for high-stakes examinations.

Background: Most universities around the world use the multiple-choice question (MCQ) examination format to evaluate medical
education. However, the suitability and advantages of traditional MCQs and extended matching questions (EMQs) continue to be

Objectives: This study mainly aimed to perform a comprehensive comparative analysis of the performance of the EMQ and tradi-

Methods: We conducted an item analysis of 80 EMQs, and 200 MCQs administered to 532 examinees across the four campuses of the
University of the West Indies during the final MBBS medicine and therapeutics examination of 2019. Exam performance measures
included central tendency, item discrimination, reliability, item difficulty, and distractor efficacy.

Results: For the 532 students who sat the exam, the highest, lowest, and mean (+ SD) scores for the EMQs were 93, 41, and 69.0 (+
9.8), respectively; for the MCQs, the respective values were 82, 41, and 62.7 (+ 7.4). The predictive value of the EMQ and MCQ grades
individually in the overall failure was 0.67 (95% CI=0.39, 0.87) and 0.89 (95% CI=0.65, 0.98), respectively. KR-20 coefficients for the
EMQs and MCQs ranged from 0.52 to 0.70 and 0.71 to 0.79, respectively. The proportion of questions with two or more functional
distractors was consistently higher for the MCQs than for the EMQs in all four cohorts of students.

Conclusions: The MCQs were more predictive of the overall failure and had higher inter-item reliability, making the MCQ format

Keywords: MBBS Examination, Item Analysis, Multiple Choice Questions, Extended Matching Questions

1. Background

Most universities around the world use the multiple-
choice question (MCQ) examination format in medical ed-
ucation to facilitate testing in large classes and provide bet-
ter reliability, validity, and objectivity compared to other
formats for evaluation (1-4). MCQs are especially suitable
for summative exit and licensing examinations in medical
sciences (5, 6). In the traditional MCQ, which is the most
widely used format for assessment in medical sciences, stu-
dents are required to select the single best answer from a
shortlist of 4 or 5 choices. However, it has been argued that
the traditional MCQ format does not adequately assess the
higherlevels in the cognitive domain of Bloom’s taxonomy

(7).

Extended matching questions (EMQs) are multiple-
choice items tapping a particular theme of interest orga-
nized into sets that use one list of options for all items in
the set. A well-constructed EMQ set includes four compo-
nents: a theme; an option list; a lead-in statement; and at
least two item stems (7). Extended matching questions pro-
vide a good alternative to MCQs (8, 9). Extended match-
ing questions can be used to evaluate clinical scenarios,
provided thatexaminers construct sufficiently long option
lists to minimize cueing and adequately assess clinical rea-
soning (10-12). Extended matching questions may offer ad-
vantages relative to MCQs in both basic and clinical exami-
nations through minimizing cueing effects (11, 12).

Although MCQs may be a standard assessment modal-
ity for the cognitive domain of medical education, the suit-
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ability and advantages of the different types of MCQs con-
tinue to be debated. Recent studies have shown that tra-
ditional MCQs may be superior to EMQs in discriminating
poor performing students (13, 14).

The University of the West Indies (UWI), a regional uni-
versity with campuses and medical faculties in Barbados,
Jamaica, Trinidad, and Bahamas, has an annual enrollment
of approximately 650 medical students in the 5-year MBBS
degree. On completion of the final (fifth) year of the MBBS,
students must sit a final exit examination in the three ma-
jor disciplines of medicine and therapeutics, obstetrics
and gynecology, and surgery. Students passing this exam-
ination are eligible to be provisionally licensed as medical
practitioners in most English-speaking Caribbean coun-
tries. Each of these three examinations has a written com-
ponent for assessment in the cognitive domain and a clin-
ical component in the form of objective structured clini-
cal examination (OSCE) for assessment in the affective and
sensory domains (15).

The written component of the medicine and therapeu-
tics exit examination comprises a combination of EMQs
and MCQs (16). In an ongoing effort to improve quality, we
revisited the effectiveness of the question format for this
examination. A large number of examinees from four ge-
ographically diverse campuses taking the same written ex-
amination in their final year of study provided an excellent
opportunity for robust assessment of the performance of
items in this examination.

2. Objectives

The present study’s main objective was to conduct a
comprehensive comparative analysis of the EMQ and MCQ
formats of the written medicine and therapeutics compo-
nent of the final MBBS examination.

3. Methods

The data for this study were collected from the written
medicine and therapeutics component of the final MBBS
examination of 2019 at UWI. We conducted an item analy-
sis of 80 EMQs, and 200 MCQs administered to 532 exami-
nees across the four UWI campuses. Specifically, the writ-
ten exam consisted of two papers, each with two sections
(A and B). Section A had 40 thematic EMQs, and section B
had 100 5-choice single-best-answer MCQs. The same ques-
tion papers were used on all four campuses. A university
examiner (UE) selected all questions from a question bank
using an established blueprint to ensure a representative

distribution of content. Two independent external exam-
iners reviewed and approved the finalized exam papers. Ev-
ery year, faculty members who have participated in work-
shops on writing effective exam items write new questions
and submit them to the UE. Submitted questions are peer-
reviewed and standard set for the level of item difficulty us-
ing the Modefied Angoff method (17). These newly vetted
items are continuously added to the question bank main-
tained by UWI.

The examination was administered simultaneously on
all four campuses in proctored examination centers using
paper and pencil. The answer sheets for the candidates on
all four campuses were collected by the UE and marked us-
ing the Scantron® optical scanner (18). Scantron Assess-
ment Solutions generated a database of scores for each can-
didate and provided item analysis for each section in both
papers. Further analysis was completed using SPSS® v25,
2017 (IBM Corporation). The data were anonymized by re-
moving student identification numbers and assigning a
duplicate ID used to link the exam scores to the candidates
without disclosing their identity.

This study involved analysis of de-identified examina-
tion data and, therefore, was exempt from review by the
research ethics committee. The authors followed the Dec-
laration of Helsinki during all phases of the study.

Exam performance measures included central ten-
dency, item discrimination, reliability, item difficulty, and
distractor efficacy. We computed point-biserial discrimi-
nation index (DI) scores for all items and used a thresh-
old of 0.2 to establish adequate discriminability (19). We
calculated Kuder-Richardson formula 20 (KR-20) to assess
the internal consistency of the MCQ and EMQ sections (19).
Item difficulty index (p) scores for each item in both sec-
tions were also analyzed (20). Items with P-value < 0.3 or
> 0.8 were considered non-discriminatory. Further, we cal-
culated distractor efficiency (DE) scores for the incorrect
options on each question. Distractors selected by > 5% of
the students were considered to be non-functional. Dis-
tractor efficiency was acceptable if the items had two or
more functional distractors (DE > 50%). We used the over-
all exam failure as the criterion for calculating the predic-
tive value of the EMQ and MCQ components. Candidates
are required to pass all exam components; therefore, stu-
dents who failed one or more of the six different compo-
nents of this examination failed the overall MBBS final ex-
amination. Differences in MCQ and EMQ scores were as-
sessed using one-way analysis of variance (ANOVA). Also,
50% was the minimum pass score; students scoring 65%
earned honors; and those scoring 75% achieved distinc-
tion.
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4. Results

Five hundred and thirty-two (532) students took the
written medicine and therapeutics component of the final
MBBS exam, of whom 63.6% were females, and 36.4% were
males. The students were divided into four cohorts (arbi-
trarily numbered 1 to 4 to avoid identifiable comparisons)
representing the different medical campuses of UWI, with
260,194, 43, and 35 students in the cohorts1, 2, 3, and 4, re-
spectively. Overall, 495 (93.1%; 95% CI=90.5%, 95%) students
were taking this exam for the first time, and 37 (7%; 95% CI
= 5%, 9.5%) students were taking the exam for the second
or third time. Of the 532 students who sat the exam, 513
passed, and 19 failed.

4.1. Scoring Pattern for EMQs and MCQs

Comparisons of scores from the EMQ and MCQ sections
are shown in Table 1. The maximum achievable score was
100 for each section. For the 532 students who sat the exam,
the highest, lowest, and mean (+ SD) scores for EMQs were
93, 41, and 69.0 (+ 9.8), respectively; for MCQs, the respec-
tive values were 82, 41, and 62.7 (+ 7.4). The difference be-
tween scores from the EMQ and MCQ sections for all 532
students was statistically significant (P < 0.0001). Based on
the EMQ scores alone, 14 (2.6%; 95% CI=1.5%, 4.5%) students
did not achieve passing scores; 261 (49.1%; 95% CI = 44.7%,
53.4%) students had passing scores; and 257 (48.3%; 95% CI
=44.0%, 52.7%) students performed at the honors level. The
corresponding figures from the MCQ section were 24 (4.5%;
95% CI = 3.0%, 6.7%) students; 402 (75.6%; 95% CI = 71.6%,
79.1%) students; and 106 (19.9%; 95% CI = 16.7%, 23.6%) stu-
dents. The proportion of students failing in the EMQ sec-
tion was not significantly different from that in the MCQ
section (OR = 0.57; 95% CI=0.29, 1.12; P = 0.099). The posi-
tive predictive value of the EMQ scores for overall failure in
the written component of the medicine and therapeutics
exam was 0.67 (95% CI = 0.39, 0.87) with likelihood ratios
(conventional) of 54.0 (95% CI =20.4, 142.6). The positive
predictive value of the MCQ scores for overall failure was
superior: 0.89 (95% CI = 0.65, 0.98) with likelihood ratios
of 188.11(95% CI=46.21,766.12).

4.2. Discrimination Index (DI or r) Values for EMQs and MCQs

The mean DI scores for the EMQ and MCQ components
of the examination are shown in Table 2. There were no
statistically significant differences in DI scores by question
type between the four cohorts. The proportion of EMQs
and MCQs with a DI > 0.2 (acceptable level of discrimina-
tion)is shown in Figure 1. The proportion of questions with
a DI > 0.2 was higher for the EMQs compared to the MCQs
in all four cohorts of students, although insignificant. OR
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for the proportion of EMQs that were acceptably discrim-
inatory when compared with the MCQs was 1.62 (95% CI =
0.87,3.02; P =0.13), 1.19 (95% CI = 0.69, 2.07; P = 0.05), 1.54
(95% CI=0.90,2.62; P=0.11), and 1.12 (95% CI=0.66,1.92; P
=0.67) for the cohorts 1,2, 3, and 4, respectively.

4.3. Reliability (Internal Consistency) of EMQs and MCQs

Internal consistency values for EMQs and MCQs are
summarized by campus cohort in Table 3. KR-20 coeffi-
cients for EMQs ranged from 0.66 to 0.70 and 0.52 to 0.69
in papers 1 and 2, respectively. The corresponding values
for MCQs were in the range of 0.75- 0.79 and 0.71- 0.77 for
papers1and 2, respectively.

4.4. Difficulty Index for EMQs and MCQs

Difficulty Index (DIFI) that refers to the proportion of
students correctly answering a question, for all the ques-
tions used in this examination, is shown in Figure 2. The
proportion of EMQs with a DIFI value between 0.3 and 0.8
ranged between 47.5% - 75% for the four cohorts of stu-
dents. The corresponding figure for the MCQs ranged from
43% to 62.5%. The difference in the proportion of ques-
tions in the three categories of the p-value (< 0.3,30.3-0.8,
and > 0.8) was statistically significant for the cohort1(P <
0.0001), but insignificant for any other cohort.

4.5. Distractor Efficiency of EMQs and MCQs

The proportions of EMQs and MCQs with functional
distractors for each cohort are shown in Figure 3. The pro-
portion of questions with two or more FDs was consis-
tently higher for the MCQs compared to the EMQs for all
cohorts. The proportion of questions with two or more FDs
ranged from 42.5% to 53.5% and 50.5% to 69% across the co-
horts for the EMQ and MCQ items, respectively. However,
the difference was statistically significant only for the co-
hort 2 (OR = 0.49; 95% CI = 0.29, 0.83; P = 0.007) and the
cohort 4 (OR=0.52;95% CI=0.31,0.89; P=0.02).

5. Discussion

Examinations required for medical qualification and
certification of fitness to practice must be designed with
careful attention to key issues, including blueprinting, va-
lidity, reliability, and standard setting, as well as clarity
about their formative or summative function (12). Items
used in assessment should be sufficiently discriminatory
for minimally competent and high-achieving students and
reasonably easy to construct. Additionally, an assessment
should reflect key educational objectives in all compo-
nents of the cognitive domain of Bloom’s taxonomy (21).
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Table 1. Comparison of the Extended Matching Question and Multiple-choice Question Scores Across the Four Campuses and Overall Using ANOVA in the Final Exit MBBS
Medicine and Therapeutics Examination of the University of the West Indies (2019)

Variables Cohort1 Cohort 2 Cohort 3 Cohort 4 Overall

EMQ MCQ EMQ MCQ EMQ MCQ EMQ MCQ EMQ MCQ
Highest score 91 77 93 81 93 82 84 72 93 82
Lowest score 43 44 44 41 51 51 41 44 41 41
Mean score 69.3 63.2 68.5 61.8 71.4 66.4 66.3 59.2 69.0 62.7
Standard deviation 9.9 6.7 9.7 7.7 9.5 7.9 9.5 8.0 9.8 7.4
Standard error 0.616 0.4 0.7 0.6 14 12 1.6 13 0.4 03
Variance 98.65 44.9 933 59.4 90.2 62.1 89.6 63.3 96.0 54.8
P-value < 0.0001 < 0.0001 0.0088 0.0012 < 0.0001

Abbreviations: EMQs, extended matching questions; DI, discrimination index; MCQs, multiple-choice questions.

Table 2. Comparison of the Mean Discrimination Index Scores of the Extended Matching Questions and Multiple-choice Questions Used in the Final Exit Medicine and Thera-
peutics Examination of the University of the West Indies (2019) Using Paired t-Test

Cohort Median DI EMQ Mean + SD DI EMQ Median DI MCQ Mean + SD DIMCQ P-Value *(t-Test)
Cohort1 0.25 037+ 0.25 0.24 0.27+ 0.47 0.0680
Cohort2 031 036+ 0.23 0.28 0.27+ 0.55 0.0783
Cohort3 0.31 0.34* 035 0.21 0.23+ 0.61 0.0526
Cohort 4 0.29 033+ 032 0.29 0.24* 0.56 0.0914

Abbreviations: EMQs, extended matching questions; DI, discrimination index; MCQs, multiple-choice questions.

EMQ MCQ EMQ MCQ EMQ MCQ EMQ MCQ
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Figure 1. The discrimination index scores of the extended matching questions (EMQs) and the multiple-choice questions (MCQs) in the four cohorts of students sitting the
final exit MBBS medicine and therapeutics examination of the University of the West Indies (2019).
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Table 3. Comparisons of the KR-20 Values for the Extended Matching Questions and the Multiple-choice Questions Used in the Final Exit MBBS Medicine and Therapeutics

Examination of the University of the West Indies (2019)

Paper1 Paper 2
Cohort
EMQs MCQs EMQs MCQs
Cohort1 0.69 0.72 0.69 0711
Cohort 2 0.66 0.79 0.66 0.73
Cohort3 0.70 0.75 0.61 0.77
Cohort 4 0.68 0.78 0.52 0.72

Abbreviations: EMQs, extended matching questions; MCQs, multiple-choice questions.
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M 80%-30%
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1 <30%

Figure 2. The difficulty index (percentage of students correctly answering a question) scores for the extended matching questions (EMQs) and the multiple-choice questions
(MCQs) in the four cohorts of students sitting the final exit MBBS medicine and therapeutics examination of the University of the West Indies, (2019).

High reliability is especially important for the final MBBS
examination, given its function to license medical practi-
tioners (22). Assessment processes should be continuously
evaluated, and the feedback should be used to improve
subsequent examinations. This study compared the relia-
bility, discrimination index, and quality of EMQs and MCQs
constructed by faculty members trained in item writing
and standard set using the modified Angoff method (17) for
the final MBBS examination completed by students from
campuses in four member countries of the same regional
university with the same curriculum and learning objec-

] Med Edu. 2022; 21(1):2129450.

tives. These attributes make this study unique and, to our
knowledge, the first such study to be reported in the med-
ical education literature.

5.1. Scoring Pattern for EMQs and MCQs

In the current study, the overall mean score (Table 1)
for the EMQs (69% + 9.8%) was significantly higher than
that for the MCQs (62.7% + 7.4%). Significantly higher mean
scores for the EMQs were seen for all four cohorts of stu-
dents who attempted this examination. Similar findings
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Figure 3. The distractor analysis of the extended matching questions (EMQs) and the multiple-choice questions (MCQs) in the four cohorts of students sitting the final exit
MBBS Medicine and Therapeutics Examination of the University of the West Indies, (2019).

have been reported in another comparative study of dif-
ferent modalities of assessment used in the MBBS exami-
nation (23). The scores from the EMQs had a larger spread
with higher standard deviation values and variance, which
would be advantageous and more discriminatory for feed-
back to students and teachers in the formative assessment.
An important finding from this study was that the score
from the MCQs had a higher positive predictive value for
the overall failure in the written examination when com-
pared to the score from the EMQs. One criticism of EMQs
in medical assessment has been that they are less capable
of detecting poor performers compared to MCQs (13). Our
study provides strength to this criticism.

5.2. Discrimination Index (DI or r) for EMQs and MCQs

The mean DI (24) was higher for the EMQs than for the
MCQs in all four cohorts, although the difference was not
statistically significant(Table 2). The mean DIs for the EMQs
(range: 0.33 + 0.32- 0.37 £ 0.25 among the four cohorts)
and the MCQs (range: 0.23 = 0.61- 0.27 = 0.47) were com-

parable to DIs for MCQs in previous studies (25, 26). Addi-
tionally, the proportion of questions with a DI > 0.02 was
higher for the EMQs than for the MCQs in all four cohorts,
although insignificant. As a general rule, items with DI val-
ues< 0.20 are considered poor, indicating that they should
be eliminated or revised, and items with DI values > 0.20
are considered fair to good (27). In the present analysis, be-
tween 50% - 70% of both EMQs and MCQs had DI values >
0.20, which are comparable to those reported for similar
high-stakes examinations (28, 29). The high proportion of
EMQs and MCQs with fair to good DIs in this exam analysis
supports the validity of the written assessment tool in this
examination (27).

5.3. Reliability (Internal Consistency) for EMQs and MCQs

The KR-20 for the EMQs, ranging from 0.52 to 0.70, was
lower than that for the MCQs, which ranged between 0.71
and 0.79 (Table 3). The KR-20 index ranges from 0 to 1, and it
is a measure of inter-item reliability. A higher value for an
exam indicates a stronger relationship between items on

] Med Edu. 2022; 21(1):€129450.
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the test. A low reliability coefficient may be reflected when
atest covers multiple topics and also reflects the total num-
ber of test questions. Generally, for a high-stakes or licens-
ing examination, a KR-20 value closer to 0.80 is preferred.
Of note, there were 80 EMQs and 200 MCQs in this exami-
nation. The lower KR-20 for the EMQs may partly be due to
the lower number of EMQs used in this examination. Also,
this examination covered a number of specialty topics for
which a KR-20 value of 0.50 would be an acceptable lower
limit (19).

5.4. Difficulty Index (DIFI or p) for EMQs and MCQs

Analysis of difficulty revealed that the proportion of
questions in each of the three categories based on p-values
(< 0.3,0.3-0.8and > 0.8) was not significantly different be-
tween the EMQs and the MCQs in three of the four cohorts
of students (Figure 2). Questions with p-values < 0.3 and
> 0.8 are usually non-discriminatory. In the present study,
the proportion of questions in each cohort with a P-value
between 0.3and 0.8 ranged from 47.5% to 75% and from 43%
to 62.5% for the EMQs and the MCQs, respectively. Overall,
55.25% and 49.43% of the questions had a DI between 0.3
and 0.8 for the EMQs and the MCQs, respectively. However,
the difference was not statistically significant. The p-values
for the EMQs and the MCQs in our study compared well
with those from other studies of medical examinations (28,
30-32).

5.5. Distractor Efficiency of EMQs and MCQs

Functional distractors for MCQs decrease correct
guessing and cueing. In fact, one advantage of EMQs over
MCQs is an increase in the number of distractors, decreas-
ing the likelihood of guessing and cueing (33, 34). In the
present study, a higher proportion of the MCQs had two or
more functional distractors when compared to the EMQs
in all four cohorts of students, although the difference was
statistically significant for only one of the four cohorts.
The increased number of distractors in EMQs makes item
writing more difficult by requiring more plausible distrac-
tors compared to MCQs. It is important to note that having
a higher proportion of functional distractors is especially
important in EMQs to avoid testing time increase without
having its given advantages. Overall, items with two or
more functional distractors in both EMQs and MCQs were
comparable to those reported from other studies (28, 31,
32). However, of concern was the finding that up to 30% of
the EMQs and 19% of the MCQs had no functional distrac-
tors. This finding may reflect poor item construction by
some examiners, as shown in other studies (35). Repeated
use of questions from a bank for successive examinations

] Med Edu. 2022; 21(1):2129450.

may negatively impact the performance of distractors.
Although fewer than 15% of items were questions that
were repeated from the recent final MBBS examinations,
this proportion may have been higher if all of the past
examinations were taken into account. With a higher
proportion of repeated questions, the distractors may be-
come less effective, and this may have partly contributed
to the finding of the high proportion of questions with no
functional distractor in this study.

Regular revision and replenishing are required to sus-
tain the viability of the question bank.

The observed wider spread of scores and higher mean
of EMQs compared to MCQs suggest that EMQs are more
suitable for feedback in formative assessment. However,
the MCQ scores were more predictive of overall exam fail-
ure on the written component, suggesting that MCQs are
more suitable for high-stakes assessments such as the final
MBBS examination.

5.6. Conclusions

Although there was no significant difference between
the DIs of the EMQ and MCQ items, the MCQs demon-
strated higher internal consistency. However, both EMQs
and MCQs demonstrated similar levels of difficulty. Also,
the EMQs displayed poorer distractor efficiency than the
MCQs, a finding that reflects the inherent difficulty in EMQ
item construction.
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